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Abstract

Drones (or Unmanned Aerial Vehicles) can become an important tool for performing the
regular inspection of overhead power lines in difficult terrain. This currently requires a
pilot, but if we could detect the position of the power line using magnetic field sensors,
we might be able to automatically navigate alongside it. This would also be useful in
remotely measuring the amount of current flowing through the conductors.

We then focus on the magnetic field around a three-phase single-circuit power line.
Using either a mathematical model, or a FFT (Fast-Fourier Transform) of 8 samples
of the field, we compute two values per component that are invariant to the unknown
current, but depend on the location of the drone. Using CMA-ES (Covariance Matrix
Adaptation Evolution Strategy), we estimate the corresponding point given at least two
sensors and four invariants per sensor. As suggested by experimental data, we also
consider the possibility that each conductor is carrying a different amount of current.

Using this approach, we successfully navigate a simulated drone using three magnetic
field sensors, where two is the minimum. The estimated position is accurate down to
about 1.8 mm, needing about 350 ms of computational time on a desktop computer.

This enables us to position a drone with better accuracy than using a GPS alone.
We can also use this method to cancel drift in an INS (Inertial Navigation System).
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I’d like to especially thank Åge Andersen for his invaluable technical expertise, and
Tom Ryen for his continued support and guidance. I’d also like to thank Arild Kramme
Berstad in Statnett for supplying accurate magnetic field simulations in exploratory
phase of the thesis.

1



Contents

List of Figures 4

List of Tables 6

1 Introduction 7
1.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.2 Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

1.2.1 Problem Statement . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.3 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

1.3.1 Mechanical Solution . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.4 Report Outline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

2 Magnetic Field of a Transmission Line 10
2.1 Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.2 Magnetic Field of a Single Wire . . . . . . . . . . . . . . . . . . . . . . . 10

2.2.1 Cartesian Representation . . . . . . . . . . . . . . . . . . . . . . 11
2.2.2 Polar Representation . . . . . . . . . . . . . . . . . . . . . . . . . 12
2.2.3 Magnetic Field Inside a Wire . . . . . . . . . . . . . . . . . . . . 13

2.3 Magnetic Field of Multiple Wires . . . . . . . . . . . . . . . . . . . . . . 13
2.3.1 Alternating Current in Power Lines . . . . . . . . . . . . . . . . 15
2.3.2 Changing Magnetic Field . . . . . . . . . . . . . . . . . . . . . . 16
2.3.3 Sinusoidal Vector Sum . . . . . . . . . . . . . . . . . . . . . . . . 19

3 Drone Positioning 22
3.1 Positioning with a Single Sensor . . . . . . . . . . . . . . . . . . . . . . 22

3.1.1 Amplitude of the Magnetic Field . . . . . . . . . . . . . . . . . . 22
3.1.2 Phase of the Magnetic Field . . . . . . . . . . . . . . . . . . . . . 24
3.1.3 Algebraic Solution? . . . . . . . . . . . . . . . . . . . . . . . . . 26

3.2 Positioning with Multiple Sensors . . . . . . . . . . . . . . . . . . . . . . 27
3.3 Determine Orientation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

3.3.1 Rotation of a Rigid Body . . . . . . . . . . . . . . . . . . . . . . 29
3.3.2 Drone Rotation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
3.3.3 GPS Assisted Orientation . . . . . . . . . . . . . . . . . . . . . . 30
3.3.4 Magnetic Field Orientation . . . . . . . . . . . . . . . . . . . . . 30

3.4 Phase Sequence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
3.4.1 Effect on Field Invariants . . . . . . . . . . . . . . . . . . . . . . 33

3.5 Real-World Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . 33
3.5.1 Frequency Deviations . . . . . . . . . . . . . . . . . . . . . . . . 34
3.5.2 Current Imbalance . . . . . . . . . . . . . . . . . . . . . . . . . . 34

3.6 Estimating Conductor Currents . . . . . . . . . . . . . . . . . . . . . . . 36

2



4 Computer Simulation 38
4.1 Implementation in Mathematica . . . . . . . . . . . . . . . . . . . . . . 38
4.2 Overview of Java Implementation . . . . . . . . . . . . . . . . . . . . . . 40

4.2.1 Build Tool . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
4.2.2 Command Line Interface . . . . . . . . . . . . . . . . . . . . . . . 40
4.2.3 Logarithm of Both Positive and Negative Values . . . . . . . . . 41
4.2.4 Plotting TSV data . . . . . . . . . . . . . . . . . . . . . . . . . . 43

4.3 Code Abstractions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
4.3.1 Scalar Field Abstractions . . . . . . . . . . . . . . . . . . . . . . 44
4.3.2 Vector Field Abstractions . . . . . . . . . . . . . . . . . . . . . . 46
4.3.3 Positioning Abstractions . . . . . . . . . . . . . . . . . . . . . . . 48
4.3.4 Power Line Model . . . . . . . . . . . . . . . . . . . . . . . . . . 50
4.3.5 Plotting System . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

5 Algorithms 55
5.1 Fast-Fourier Transform . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
5.2 Covariance Matrix Adaptation Evolution Strategy . . . . . . . . . . . . 56

5.2.1 Initial Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . 57
5.2.2 Main Iteration . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

6 Results 60
6.1 Single Sensor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

6.1.1 Evaluating BOBYQA and CMA-ES . . . . . . . . . . . . . . . . 60
6.1.2 Points of High Inaccuracy . . . . . . . . . . . . . . . . . . . . . . 62

6.2 Multiple Sensors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
6.2.1 Problematic Points . . . . . . . . . . . . . . . . . . . . . . . . . . 63

6.3 Improving Accuracy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
6.3.1 Select the Lowest Invariant Distance . . . . . . . . . . . . . . . . 63
6.3.2 Restricting the Search Area . . . . . . . . . . . . . . . . . . . . . 64
6.3.3 Virtual Sensors . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

6.4 Simulating Navigation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
6.4.1 Proposed Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . 67
6.4.2 Effect of Frequency Deviation . . . . . . . . . . . . . . . . . . . . 68
6.4.3 Effect of Current Imbalance . . . . . . . . . . . . . . . . . . . . . 69

7 Conclusion 72

8 Future Work 73

A Code Listings 74
A.1 Mathematica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
A.2 Java . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75

A.2.1 Field Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
A.3 PlotCSV Commands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
A.4 Attached Files . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

B Bibliography 81

3



List of Figures

2.1 Example power line with three conductors . . . . . . . . . . . . . . . . . 11
2.2 Magnetic field of an infinitely long wire . . . . . . . . . . . . . . . . . . 11
2.3 Polar Representation of B, with respect to r. . . . . . . . . . . . . . . . 13
2.4 Magnitude (in Tesla) of a magnetic field around a wire . . . . . . . . . . 14
2.5 Magnitude (in Tesla) of a magnetic field around three wires . . . . . . . 15
2.6 The current of the wires in a three-phase system . . . . . . . . . . . . . 16
2.7 The magnetic field in the x-axis experienced by point (0, 30). . . . . . . 17
2.8 The magnetic field in the y-axis experienced by point (0, 30). . . . . . . 17
2.9 Magnitude of the magnetic field 1/4 into the 50 Hertz cycle . . . . . . . 18
2.10 Direction of the magnetic field 1/4 into the 50 Hertz cycle (1/200 s). . . 19

3.1 Amplitudes of each sinusoidal component in the magnetic field . . . . . 23
3.2 Weekly variation in average power consumption in Norway . . . . . . . 23
3.3 Magnetic field vector over a reflected point . . . . . . . . . . . . . . . . 25
3.4 The phases associated with each sinusoidal component in a magnetic field 26
3.5 Summation of the amplitudes as vectors. . . . . . . . . . . . . . . . . . . 27
3.6 The sinusoidal phase in x subtracted from the one in y . . . . . . . . . . 28
3.7 The pitch, yaw and roll that define an arbitrary rotation of a drone. . . 29
3.8 A selection of orthogonal vectors in R3 . . . . . . . . . . . . . . . . . . . 31
3.9 Effect of rotating a reference frame around a static environment . . . . . 32
3.10 A transposition scheme applied to a power line. . . . . . . . . . . . . . . 33
3.11 The phase difference when the phase sequence is negative. The color scale

goes from 0 to 2π radians. . . . . . . . . . . . . . . . . . . . . . . . . . . 34
3.12 The effect of changing the system frequency . . . . . . . . . . . . . . . . 35
3.13 The current in three conductors over time . . . . . . . . . . . . . . . . . 36

4.1 The inaccuracy of listing 4.1, in meters. . . . . . . . . . . . . . . . . . . 39
4.2 Comparison of the log-modulus transformation . . . . . . . . . . . . . . 43
4.3 The magnetic field data provided by Statnett . . . . . . . . . . . . . . . 44
4.4 Data structure used by fillComponents . . . . . . . . . . . . . . . . . . . 48
4.5 Log-modulus plot of the x and y components of the magnetic field . . . 49
4.6 Plot of the angle difference of the second and fourth component . . . . . 49
4.7 Mapping of the red, green and blue color channel in RainbowGradient . 51

5.1 Convergence to the global optimum using the CMA-ES algorithm . . . . 56

6.1 Visualization of both the phase difference and the amplitude angle . . . 62
6.2 Plot of miss distances when using CMAES and the two field invariants. 64
6.3 The miss distance contra the invariant distance . . . . . . . . . . . . . . 66
6.4 Position of the drone, and the estimated position. . . . . . . . . . . . . . 68

4



6.5 Distance between the estimated position and the true position . . . . . 69
6.6 Comparison of attempting to navigate in a field with a high current im-

balance (HCD), using a = b = 1, or by allowing CMA-ES to estimate a
and b. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

5



List of Tables

2.1 Position and current of each wire. . . . . . . . . . . . . . . . . . . . . . . 18

3.1 Sequences of phase offsets in a three-phase system . . . . . . . . . . . . 33
3.2 Average and SD (Standard Deviation) of the current in the three conduc-

tors (L1, L2 and L3). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
3.3 Times when the SD of the conductor currents at a instant is lowest or

highest. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

4.1 Table of common flags in our CLI. . . . . . . . . . . . . . . . . . . . . . 41
4.2 Table of flags for customizing the magnetic field generator. . . . . . . . 42

6.1 Testing BOBYQA and CMAES with 10000 random points . . . . . . . . 61
6.2 The ten most inaccurate results in a CMAES run . . . . . . . . . . . . . 65
6.3 The effect of adding additional sensor inputs with known relative offsets. 65
6.4 Selecting the lowest invariant distance over repeat runs . . . . . . . . . . 66
6.5 Accuracy after restricting the search area . . . . . . . . . . . . . . . . . 67
6.6 The accuracy of virtual sensors with a set repeat count . . . . . . . . . . 67
6.7 Effect of Frequency Deviation . . . . . . . . . . . . . . . . . . . . . . . . 69
6.8 Current Imbalance Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
6.9 Including a and b as dimensions in the search space . . . . . . . . . . . . 70

A.1 Assorted Commands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

6



Chapter 1

Introduction

1.1 Background

In recent years, we have seen a rise in the application of drones (unmanned aerial vehicle)
to perform tasks that would otherwise be too costly, dangerous or boring for humans
to perform. Early development was primarily spearheaded by the military (and the
government), much like a great deal of other novel technologies, but now commercial
interests have also begun to follow suit [9].

One such application is visual inspection of power lines to detect signs of early
failure, or the encroachment of growing vegetation. This must be performed regularly,
at least once a year. Complicating matters further, many sections are located in rugged
or mountainous terrain that can only be accessed by foot or helicopter (dangerous in
bad weather), at considerable cost. However, recently a number of electric utilities
have invested in drone technology to augment their inspection process. The drones are
typically equipped with a live video feed and a GPS, allowing a pilot to operate them
remotely (RPA).

1.2 Motivation

Unfortunately, the accuracy of GPS is variable, usually no better than approximately 7
meters horizontally, and certainly not ideal in the vertical direction. If we can use the
electromagnetic field for positioning, it might be better at keeping the drone centred over
the power line and ensuring the drone is at a safe distance from the live conductors.
There are also many cheap and accurate magnetic field sensors small enough to be
installed on a drone (see [18]).

It might even be theoretically possible to extract more than just positional data from
the magnetic field, such as the amount of current flowing through each wire. This kind
of data might prove useful during an inspection, but it could just as well be implemented
as a mobile application for human inspectors.

1.2.1 Problem Statement

Given a mathematical model or a data set of the electromagnetic field emanating from
a power line, is it possible estimate the current position of an arbitrary point within
range by using direct measurements of the field in nearby points?

� What is the minimum number of sensors needed get valid results? What is their
optimal placement on a drone?
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� What kind of positional information and at what accuracy is it possible to achieve
in this manner?

� Given the characteristics of electromagnetic sensors what are the minimum dis-
tance between sensors to get valid results. What kind of computer algorithms can
be used for recognizing the patterns of the electromagnetic fields?

1.3 Related Work

The concept of using a changing or static magnetic field for positioning is not new. We
will give a short run down of the systems currently in development or in production
that use magnetic field for positioning, particularly those that rely on existing magnetic
fields.

As an example of a recent commercial effort, the Finnish start-up IndoorAtlas has
developed an indoor navigation system based solely on local distortions of Earth’s mag-
netic field, which are unique but static in a specific indoor location, and a function of
the permeability of the different materials surrounding it. By surveying these static
distortions in advance, the company claims to achieve an accuracy less than 3 meters
using only consumer grade sensors on smartphones [3].

There is also a theoretical and experimental study of measuring the magnetic field
of low-voltage power lines to estimate the position and orientation of a bird-scale drone,
in order to potentially move within close range and extract power from the electric
field using induction [18]. Using cheap low-weight hardware, the authors performed a
rudimentary test on a magnetic field produced by a wire loop to verify the feasibility of
the concept in practice.

In simulations, they were successful in tracking a drone cruising at 8 m/s at a
distance of 4 meters from the power line, though its unclear how accurate this would
be in practice. They did not, however, extend their simulation to three conductors,
or consider the implication of current imbalance in the conductors, as we shall see in
section 6.4.3.

Unrelated to their work, there is also a patent in the US covering a system of esti-
mating the position and orientation of a drone, and the amount of current carried by
the power line [27].

1.3.1 Mechanical Solution

An alternative approach to automate power line inspection, would be to construct a
robot that is capable of physically traversing the conductors or the earth wire them-
selves, and then somehow bypass the suspender clamps in each transmission tower [17].
Expliner [7] is one intriguing example of such a solution, which uses movable wheel axles
to drive along a bundle of conductors.

Restricting the degrees of freedom to one dimension is an appealing simplification,
though one should first evaluate any potential risks associated with permitting a heavy
semi-automated drone physical access to the structure of the power line. Granted, the
complexity of navigating a drone might incur a greater chance of failure, but that must
be weighted against the amount of damage it can actually cause.

Keep also in mind that the design of a line walking robot may not general enough
to traverse any type of power line, unlike a drone, nor can it position the sensors and
cameras at an arbitrary nearby point to capture the best possible data.
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1.4 Report Outline

We will first develop the mathematical foundations for computing a static magnetic field
generated by the current of multiple wires in chapter 2. Next, we introduce alternating
current (assuming a low frequency), and show that this results in a sinusoidal magnetic
field components with equations for computing their amplitude and phase.

In chapter 3, we transform these sinusoids into invariants that are independent on
the conductor currents, allowing us to look up the current position in the magnetic field
based on measured invariants. The drone orientation is found using the vector cross
product of two magnetic field vectors from the same point. Finally, we discuss potential
real-world sources of inaccuracies in the final algorithm, such as frequency deviation or
current imbalance.

The algorithms needed to extract the sinusoid from the magnetic field and looking
up the corresponding point in the model, are defined in chapter 5. We then delve
into the Java implementation of the magnetic field model, the plotting and finally, the
positioning algorithm.

Finally, chapter 6 presents the accuracy of the positioning algorithm.

9



Chapter 2

Magnetic Field of a Transmission
Line

2.1 Overview

Consider an overhead three-phase power line with three conductors, as illustrated in
figure 2.1. To approximate its magnetic field, we first disregard the presence of each
metallic tower structure and the earth wires along the top of the power line. Then the
magnetic fields of each conducting wire is considered separately, before taking the total
vector sum using the principle of superposition [20].

When suspended between multiple towers, each conductor is a sequence of straight
wire segments when viewed from above [12]. Though these segments make parabolas of
variable height (depending on temperature) relative to the ground, they are nevertheless
at a fairly shallow angle. Over distance, the vertical displacement can be significant,
but this will only aid our goal of navigating along the power line at a constant distance.

At the scale we are studying (< 8m, or the accuracy of GPS [2]), the wire segments
just reduce to an infinitely long straight wire. This is the model we will use for the
magnetic field.

2.2 Magnetic Field of a Single Wire

Given an infinite straight wire parallel to the z-axis in R3, any conducting current will
generate a magnetic vector field. If the current is constant (DC), the magnetic flux
density (B) experienced by a point p can be calculated using the Biot-Savart law [?]:

B(r) =
µoIw ẑ× (r− rw)

2π |r− rw|2
(2.1)

The derivation of this expression will be skipped, as it is well known and covered in
most elementary introductions to the subject.

In 2.1, µo is the magnetic permeability of free space (4π 10−7 N/A2), Iw is the constant
current conducted by the wire, and ẑ is a unit vector in the direction of the conducted
current (parallel to the z-axis). Projecting p onto the x–y plane yields position vector
r, and vector rw is the point where the wire and the x–y plane intersects. Lastly, the ×
operator is the cross product. Let us define this explicitly:

r = pxx̂+ pyŷ (2.2)

ẑ =
[
0 0 1

]T
(2.3)

10



BA C

G1 G2

Figure 2.1: Example of a power line construction containing three conductors (A, B, C)
in a three-phase system, with two overhead earth wires (G1 and G2) at the top. The
wires travel through the plane of this paper.

Using the right-hand rule, we determine that the field lines of the resulting magnetic
field are consecutive circles centred on the wire (see figure 2.2), where the magnetic flux
density decreases quadratically by the radius of the circle. Note that we can ignore the

W

y

x

z

Figure 2.2: Magnetic field of an infinitely long wire (W) parallel to the z-axis. The
current is flowing in positive z direction.

magnetic permeability of air, as it almost identical to the permeability of free space
(u = 1.00000037u0).

2.2.1 Cartesian Representation

Next, we can determine the exact components of B by evaluating the cross product of
ẑ and the distance vector r− rw. Also note the definition of the cross product in terms

11



of its components [5]:

a× b = (aybz − azby)x̂ + (azbx − axbz)ŷ + (axby − aybx)ẑ (2.4)

Applying the definition in 2.4 to the last part of the nominator in 2.1, we find:

ẑ× (r− rw) = ẑ× [(rx − rwx)x̂ + (ry − rwy)ŷ] (2.5)

= (ry − rwy)x̂− (rx − rwx)ŷ (2.6)

=

 ry − rwy
−(rx − rwx)

0

 (2.7)

To simplify the final expression, we define the distance vector d, which is the distance
between the field point we are computing, and the center of the wire:

d = r− rw =

rx − rwxry − rwy
0

 (2.8)

Combining 2.8 and 2.7 with 2.1, we end up with the following expressions for the
magnetic field density in the x-axis and y-axis:

Bx =
µoIw dy

2π (d2x + d2y)
(2.9)

By = − µoIw dx
2π (d2x + d2y)

(2.10)

This formulation will be particularly useful when we need to compute the magnetic field
efficiently, as it only involves simple algebraic operations.

2.2.2 Polar Representation

The magnetic field equation in 2.1 can also be expressed in a polar coordinate system,
using a similar approach.

But, we will use the conventional definition of the cross product this time:

a× b = |a||b| sin θ n̂ (2.11)

Here |a| and |b| is the magnitude of the vectors, θ is the angle between the vectors, and
n̂ is a unit-vector orthogonal to both vectors (as specified by the right-hand rule).

We then proceed like in equation 2.7, except using defintion 2.11. Due to the right-
hand rule, the angle of n̂ must be in a 90° clockwise rotation off from d, which makes it
a tangent on the magnetic field line. This is illustrated in figure 2.3.

The angle between d and ẑ is always 90°, so the magnitude of |B| reduces to:

|B| =
∣∣∣∣µoIw ẑ× (r− rw)

2π |r− rw|2

∣∣∣∣ (2.12)

=
µoIw ��|ẑ| |d|����sin 90°��|n̂|

2π |d|2
(2.13)

=
µoIw �

�|d|
2π |d|�2

(2.14)

=
µoIw
2π |d|

(2.15)

Finally, the angle of B, Bθ, is the angle of the distance vector d rotated 90° clockwise:

Bθ = dθ − 90° (2.16)
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θ

r

d

d
|d|

r

|B|

wx

y

d

Figure 2.3: Polar Representation of B, with respect to r.

2.2.3 Magnetic Field Inside a Wire

As a side note, although the magnetic field as defined by 2.15 does suggest the magnitude
of the field tends towards infinity as the distance to the wire center rw approaches zero,
this does not apply to wires in reality. Unlike our wire point w, they possess a non-zero
radius where the current spreads evenly throughout the cross section (assuming DC):

lim
|d|→0

µoIw
2π |d|

= +∞

Using Ampere’s law, which can be derived from the Biot-Savart law, one can show that
the magnetic field inside a wire of radius R decreases linearly from the wire surface to
the inner core [16]:

|B| =


µoIw
2π R2

|d|, if |d| ≤ R

µoIw
2π |d|

, otherwise
(2.17)

This result can be useful if we need to avoid singularities in our model, though we
typically don’t need to know the exact magnitudes in this case, as the drone will never
be in a position to measure the inside of a wire.

The magnitude of the magnetic field around a wire travelling through z is illustrated
in figure 2.4.

2.3 Magnetic Field of Multiple Wires

In order to determine the combined magnetic field of the wires in our example (2.1), we
apply the principle of superposition [20] and perform a vector addition of the contribu-
tions from each wire. Note that we ignore any optional neutral wires, as the voltage sum
of the three conductors usually is zero, meaning no current will flow through neutral.

Let us begin by extending the definition of B (2.1) with this in mind. Assume that
wi and Ii is the position and current of the i-th wire respectively, given n wires in total.
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(a) Plot from above (b) Plot from below

Figure 2.4: Magnitude (in Tesla) of a magnetic field around a wire whose center is at
(0, 0) (black line) and has a radius of 1 unit.

Furthermore, ẑi is a unit vector representing the direction of the current, which in our
example is identical for all wires. Then we end up with the following expression:

Bn(r) =

n∑
i=1

µoIi ẑi × (r− ri)

2π |r− ri|2
(2.18)

Similarly, we parametrize the distance vector d:

d(i) = r− ri (2.19)

And the Cartesian representation in 2.9 and 2.10:

Bnx =
n∑
i=1

µoIi d(i)y
2π (d(i)2x + d(i)2y)

(2.20)

Bny = −
n∑
i=1

µoIi d(i)x
2π (d(i)2x + d(i)2y)

(2.21)

Unfortunately, there is no such simple extension for polar coordinates, so we’re forced
to base it on 2.20 and 2.21 instead

|Bn| =
√
B2
nx +B2

ny (2.22)

Bnθ = atan2(Bny, Bnx) (2.23)

Here, atan2(y, x) is a modified version of tan−1 that computes the angle of a vector[
x y

]
in the same quadrant as the vector. The following definition assumes all angles

are expressed in radians:

atan2(y, x) =



tan−1 yx x > 0

tan−1 yx + π y ≥ 0, x < 0

tan−1 yx − π y < 0, x < 0

+π
2 y > 0, x = 0

−π
2 y < 0, x = 0

undefined y = 0, x = 0

(2.24)
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To illustrate the effect of this vector sum, consider figure 2.5. It displays the mag-
nitude of the total magnetic field resulting from three conductors at (-8, 0), (0, 0) and
(8, 0), each having a radius of 1 unit, and conducting 1 Ampers of current.

Note the two valleys between the middle conductor at (0, 0), and the two conductors
at (-8, 0) and (8, 0) respectively. This is because the direction of the magnetic field of a
wire in a point to the left is exactly opposite of a mirrored point to the right (see figure
2.2), and thus the magnetic fields cancel out.

Figure 2.5: Magnitude (in Tesla) of a magnetic field around three wires whose center is
at (-8, 0), (0, 0) and (0, 0) - and all have a radius of 1 unit.

2.3.1 Alternating Current in Power Lines

Up until this point, we have restricted our view to magnetic fields generated by the flow
of direct current (DC), yet we’re dealing with alternating current in reality. Both the
classical formulation of Ampere’s circuital law and the Biot-Savart law presupposes a
steady flow current, and may produce incorrect results if this assumption is violated.

Maxwell’s extension of Ampere’s law [16] solves this limitation by adding a new
quantity - the displacement current, which is related to the rate of change of the electric
displacement field.

Quasi-Static Approximation

However, by taking into account the low frequency of the alternating current (50/60
Hz), and thus rate of change of the electric field, we can find an approximate distance
where the contribution of the displacement current can be ignored [20]:

|d| � δ = 503

√
pg
f

(2.25)

Here, pg is the earth resistivity in Ωm, and f is the frequency of the current in Hertz.
Typical values of pg reside in the range of 10 - 1000 Ωm, which suggests δ is in the range
of 223 m to 2249 m (assuming f is 50 Hertz).
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Thus, as long as the maximum distance to a conductor is much less than 223 m, which
we expect as the GPS will be used beyond 20 meters, the displacement current can be
justifiably ignored and we’re left with Ampere’s original formulation (the magnetostatic
part). This simplification is also known as the quasi-static approximation.

Modelling

Per the quasi-static approximation, we assume the system is in equilibrium at all times,
and simply calculate the magnetic field as a function of a sinusoidal current:

Ii = Ai sin(2πft+ ϕi) (2.26)

Here, f is the aforementioned 50 Hertz frequency, t is time in seconds and ϕi is the
phase-offset specific to the current wire.

Most modern electrical grids are based on three-phase alternating current in order
to achieve balanced loads and constant power transfer. This requires three conductors,
each offset at 0°, 120° and 240° respectively:

I1 = Ip sin(ωt+ 0°)

I2 = Ip sin(ωt+ 120°)

I3 = Ip sin(ωt+ 240°)

This is illustrated in figure 2.6. The angular frequency ω is 2πf radians per second, or
360f degrees per second - which in the case of 50 Hertz is expected to be 18000 degrees
per second (barring any deviations due to imbalance in power generation and the load).
The shared amplitude Ip is the peak current of the power line, which can deviate de-
pending on the overall load of the connected grid.

0.005 0.010 0.015 0.020

-1.0

-0.5

0.5

1.0

sin((18000t + 0) °) sin((18000t + 120) °)

sin((18000t + 240) °)

Figure 2.6: The current of three wires (blue, yellow, green) in a three-phase system over
1/50 of a second, assuming Ip is 1 A.

2.3.2 Changing Magnetic Field

The sinusoidal currents causes the overall magnetic field to change in both magnitude
and direction over a single cycle ( 1

50 second).
In order to get a better understanding just how the field changes, let us re-examine

the example in 2.1 and specify the position and currents of each conductor in x−y space,
and let the radius of each wire be 0.04 meters. See table 2.1 for the exact positions.
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0.005 0.010 0.015 0.020
t

-0.0001

-0.00005

0.00005

0.0001

Bx

Figure 2.7: The magnetic field in the x-axis experienced by point (0, 30).

0.005 0.010 0.015 0.020
t

-0.0002

-0.0001

0.0001

0.0002

By

Figure 2.8: The magnetic field in the y-axis experienced by point (0, 30).

Next, pick the point (0, 30), which is 10 meters above wire B, for our investigation.
Substituting the current for our changing sinusoid, we can plot the magnetic field in the
x- and y-axis, as seen in figure 2.7 and 2.8.
It is very evident from these figures that we are dealing with sinusoids, an observation
that will be substantiated in the next section.

As this is how the magnetic field appears to a drone sensor in a given point, it
must contain some information about the current position if our task is achievable. The
features we extract from the sinusoid should also be independent of the time we started
to measure the magnetic field, as we cannot predict the exact phase of the current in
each wire, only that they differ by 120°.

Figure 2.9 and figure 2.10, which is a plot of the magnitude and direction of the
magnetic field from (-20, 0) to (20, 40) at 0.005 s, show just how the magnetic field
changes throughout the target area. To see an animation of the magnetic field over a
full AC period, please refer to the YouTube link in reference [25], or link [24].

The magnitude is shaped much like in figure 2.5, especially near the wire centres
with the same recurring tall peaks. However, as evident by figure 2.6, the current of the
left-most wire is flowing in the opposite direction to the two other wires at t = 0.005,
causing the area in-between to plateau instead of turning into a deep valley. This is
because the inverse direction of the current results in magnetic field lines (see 2.2) going
counter-clockwise instead of clockwise, ensuring that vectors on opposite sides of two
wires contribute instead of cancelling each other out.

Figure 2.10 displays the angle of the magnetic field as a hue in the color spectrum,
going from 0 to 2π radians. The hue ensures that the transition between 0 and 2π is
not a sharp divide, unlike a simple RGB scale.
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Wire X Position Y Position Wire Radius Current [A]

A -9 m 20 m 0.04 m 12000 sin(18000t+ 0°)
B 0 m 20 m 0.04 m 12000 sin(18000t+ 120°)
C 9 m 20 m 0.04 m 12000 sin(18000t+ 240°)

Table 2.1: Position and current of each wire.

Figure 2.9: Log-plot of the magnitude of the magnetic field 1/4 into the 50 Hertz cycle
(0.005 s). The red curve displays the maximum magnitude of every point with a given
x position.
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Figure 2.10: Direction of the magnetic field 1/4 into the 50 Hertz cycle (1/200 s).

2.3.3 Sinusoidal Vector Sum

Combining the vector summation in 2.18 with the definition of alternating current in
2.26, we end up with a summation of sinusoids in each axis:

Bnx =
n∑
i=1

µo d(i)y
2π (d(i)2x + d(i)2y)

Ip sin(ωt+ ϕi) (2.27)

=
n∑
i=1

Aix sin(ωt+ ϕi) (2.28)

= Ax sin(ωt+ δx) (2.29)

Bny = −
n∑
i=1

µo d(i)x
2π (d(i)2x + d(i)2y)

Ip sin(ωt+ ϕi) (2.30)

=

n∑
i=1

Aiy sin(ωt+ ϕi) (2.31)

= Ay sin(ωt+ δy) (2.32)

Note that Aix and Aiy is the amplitude of the magnetic field of the i -th wire.
Moreover, the sum of these sinusoids can always be expressed as another sinusoid

[29], as we saw in the previous section. This shall become important later on, seeing
how the phase and amplitude of the final sinusoid can be determined efficiently using
the Harmonic Addition Theorem.

Harmonic Addition Theorem

The Harmonic Addition Theorem enables the summation of N sinusoids of the following
form:

Ψ =
N∑
i=1

Ai cos(ωt+ δi) = A cos(ωt+ δ) (2.33)
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The final sinusoid is characterized by a new amplitude . . . :

A2 =
N∑
i=1

N∑
j=1

AiAj cos(δi − δj) (2.34)

=

N∑
i=1

A2
i + 2

N∑
i=1

N∑
j>i

AiAj cos(δi − δj) (2.35)

. . . and a new phase:

tan δ =

∑N
i=1Ai sin δi∑N
i=1Ai cos δi

(2.36)

Sinusoidal Sum The definition of a sinusoidal used by this theorem is based on the
cos function, while our current (and thus the magnetic field) is defined using the sin
function. However, we can easily convert between the two representations using the
following identities:

A sin(ωt+ δ) = A cos(ωt+ δ̂) (2.37)

δ̂ = δ − π

2
(2.38)

Sum of Three Conductors

If we are measuring the magnetic field of a simple three-phase power line, such as example
2.1, it may prove difficult or impossible to know the exact phases of each conductor in
advance. But we can most certainly rely on the fact that each conductor is be offset
from each other by 120°, or expressed as an unknown initial offset Ψ:

δ1 = Ψ + 0° (2.39)

δ2 = Ψ + 120° (2.40)

δ3 = Ψ + 240° (2.41)

(2.42)

Amplitude Assuming we have these three conductors, the amplitude in 2.28 and 2.31
then reduces to:

A2
x =

3∑
i

A2
ix + 2[A1xA2x cos(δ1 − δ2) +A1xA3x cos(δ1 − δ3)

+A2xA3x cos(δ2 − δ3)]

=

3∑
i

A2
ix + 2[A1xA2x cos(−120°) +A1xA3x cos(−240°)

+A2xA3x cos(−120°)]

= A2
1x +A2

2x +A2
3x −A1xA2x −A1xA3x −A2xA3x (2.43)

Recall that Aix and Aiy is the amplitude of the magnetic field of the i -th wire in the
x-axis and y-axis:

Aix =
µo d(i)yIp

2π (d(i)2x + d(i)2y)
(2.44)

Aiy = − µo d(i)xIp
2π (d(i)2x + d(i)2y)

(2.45)
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A similar approach leads us to the expression for Ay:

A2
y = A2

1y +A2
2y +A2

3y −A1yA2y −A1yA3y −A2yA3y (2.46)

Phase We can also determine the final phase of 2.28 and 2.31 for these three conduc-
tors, using 2.36:

tan δx =
A1x sin δ1x +A2x sin δ2x +A3x sin δ3x
A1x cos δ1x +A2x cos δ2x +A3x cos δ3x

(2.47)

Substituting in the phases of the wires, we get:

tan δx =
A1x sin Ψ +A2x sin(Ψ + 120°) +A3x sin(Ψ + 240°)

A1x cos Ψ +A2x cos(Ψ + 120°) +A3x cos(Ψ + 240°)
(2.48)

And the same for δy:

tan δy =
A1y sin Ψ +A2y sin(Ψ + 120°) +A3y sin(Ψ + 240°)

A1y cos Ψ +A2y cos(Ψ + 120°) +A3y cos(Ψ + 240°)
(2.49)

We could elect to use tan−1 to compute the angles δx and δy, but we would lose the
quadrant position in the process. It is better to use atan2 from equation 2.24 instead.
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Chapter 3

Drone Positioning

Now that we have a more detailed understanding of the magnetic field around a power
line, we can begin to pin down a strategy for determining the current position using direct
measurements from the field; in particular on a drone approximately 5 - 20 meters or
more from the closest conductor in the power line.

The magnetic field will need to be measured from one or more magnetometer sensors
on-board, capable of detecting both the strength and direction of the field. While we can
adjust the number of sensors installed, as well as their individual positions for maximum
accuracy, we’ll first focus on the simple case of a single sensor.

3.1 Positioning with a Single Sensor

As seen in section 2.3.3, the magnetic field produced by a power line conducting al-
ternating current is a sinusoid (see equation 2.28 and 2.31) in the x and y component.
If the sensor can sample the field at a discrete interval at least twice the frequency of
the alternating current (Nyquist-frequency) [21], then an application of the FFT should
be able to reconstruct the amplitude (Ax) and phase (δx) of the sinusoids. Note that
in practice, one might aim for more than twice frequency to avoid aliasing induced by
high-frequency noise.

The amplitudes of the x and y sinusoidal components is seen in figure 3.1, but

illustrated using the magnitude (
√
A2
x +A2

y) and the angle (tan−1
Ay
Ax

) instead of Ax

and Ay directly.

3.1.1 Amplitude of the Magnetic Field

Initially, it might be tempting to use the amplitude Ax and Ay, as an input for our
algorithm. However, here we encounter a significant hurdle; the amplitudes Ax (see
2.43) and Ay are proportional to the magnetic fields or each wire, which in turn depend
on the amount of current flowing through each wire (see 2.1):

A2
x = A2

1x +A2
2x +A2

3x −A1xA2x −A1xA3x −A2xA3x (3.1)

= I2p
[
N2

1x +N2
2x +N2

3x −N1xN2x −N1xN3x −N2xN3x

]
(3.2)

Where Nxi is a normalized amplitude of the magnetic field of a wire conducting a current
Ip of one Ampere:

Nix =
µo d(i)y

2π (d(i)2x + d(i)2y)
(3.3)
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(a) Log-plot of Magnitude (b) Plot of Angle

Figure 3.1: Plot of the amplitudes and angles (in radians) associated with each sinusoidal
component in the magnetic field from (-20 m, 0 m) to (20 m, 40 m).

This suggests that both Ax and Ay are functions of the current Ip. Unfortunately, pre-
dicting this current is a non-trivial task, as this depend on the exact demand experienced
by the power grid at any given time, which in turn can vary significantly from peak load
(usually at 9 PM) to the lowest load. This variation in load can be seen in figure 3.2.
In addition to weekly variation, the load profile also depend on the current season and
the distribution of holidays.

Figure 3.2: Weekly variation in average power consumption (168 hours in one week) for
each customer connected to a Norwegian grid, separated into households and general
industry. [8]

23



Magnitude The same can be said of the magnitude of A = [Ax, Ay], which has been
plotted in figure 3.1:

|A| =
√
A2
x +A2

y =
√
I2p (N2

1x + . . . ) + I2p (N2
1y + . . . )

= Ip

√
N2

1x + · · ·+N2
1y + . . .

This has the effect of scaling the magnitude of the amplitude A by the square of Ip,
unsurprisingly, as we expect the peak of the sinusoid to increase as the magnetic fields
from each wire increase in strength.

Angle Looking at figure 3.1, one might postulate that the angle is independent of Ip,
given that it is divided into four reflected quadrants containing every angle from 0 to
pi/2 radians. We’ll determine if this is actually the case:

Aθ = tan−1
Ay
Ax

(3.4)

= tan−1 �
�I2p (N2

1y + . . . )

�
�I2p (N2

1x + . . . )

= tan−1
N2

1y +N2
2y +N2

3y −N1yN2y −N1yN3y −N2yN3y

N2
1x +N2

2x +N2
3x −N1xN2x −N1xN3x −N2xN3x

(3.5)

As we suspected, Aθ is not a function of Ip. That enables it to be used in our position
algorithm. Note also that we will use atan2 in place of tan−1 in our final implementation.

3.1.2 Phase of the Magnetic Field

Next, let us consider the phase of the sinusoid B. Unfortunately, after applying the FFT
algorithm, the resulting phase will be shifted by an unknown angle Ψ. For instance,
consider the magnetic field strength in figure 2.7, and assume we start sampling at time
t0 = 0.005. In that case the sinusoid will be shifted backwards by 1/4 of a period,
making the unknown angle Ψ = π

2 radians. Starting at any other time relative to the
beginning of the period results in different values of Ψ.

It may be difficult to determine Ψ in advance, especially seeing how we have no
convenient way of measuring the network voltage directly, unlike automatic systems
that synchronize power generators against the grid. Theoretically, one could use a high-
precision clock (such as GPS with 4 or more satellites) and a frequently updated database
to supply Ψ given an exact location and time, but this is a rather complex and brittle
solution. Notably given all the unpredictable frequency fluctuations that occur when
the demand exceeds the supply of electric power, causing Ψ to drift over time. Granted,
the frequency is adjusted daily to match the ideal frequency (some devices use the AC
frequency for time-keeping), but this might prove too infrequent for our purposes.

Figure 3.4 displays the phase of each the sinusoid in Bx and By. Curiously, that
there is an extremely sharp transition between the line y = 20, where points at the top
right (green) and bottom right (magenta) are clearly approximately π radians apart.

Sharp Transition To understand this, consider a point p in the green section, and its
reflected counterpart p̂ across the dividing line y = 20. Figure 3.3 displays these points
in relation to one of the conducting wires w. Both points are at the same distance r to
the wire w, and share the same magnitude as predicted by the polar representation in
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equation 2.15. The angle of the field vector in p̂ has been rotated by 90° clockwise, and
as a result, Ax and Âx has the opposite sign.

The last observation is crucial, as it every the magnitude from A1x to A3x in equation
2.48 to switch sign. This inversion is cancelled by the fraction, but it does effect the
angle if we use atan2 instead (see definition 2.24), as evident by the following identity:

atan2(y,−x) =

{
π − atan2(y, x) y > 0

−π + atan2(y, x) y < 0
(3.6)

This is the source of the transition.

r

r

p

p^ Ax

Ay

Ax

Ay

^

^

w 45°

Figure 3.3: Comparing the magnetic field vector of a reflected point across y = 20.

Finding an Invariant Before we discard the idea of relying on the sinusoidal phase,
let us examine just how it changes due to different values of Ψ.

Recall that the final phase δx is defined by equation 2.48. One way to interpret this
equation, is to think of the amplitude Aix as a vector of length Aix and angle δix:

Vi = Aix δix =

[
Aix cos δix
Aix sin δix

]
(3.7)

And similarly for Aiy:

Wi = Aiy δiy =

[
Aiy cos δiy
Aiy sin δiy

]
(3.8)

Then the numerator in equation 2.48 is simply the sum of the y components of V1, V2

and V3; while the denominator is the sum of the x components of said vectors.
Taking this one step further, one can interpret the equation as the angle of the vector

sum V = V1 + V2 + V3:

tanVθ =
Vy
Vx

=
V1y + V2y + V3y
V1x + V2x + V3x

=
A1x sin δ1x +A2x sin δ2x +A3x sin δ3x
A1x cos δ1x +A2x cos δ2x +A3x cos δ3x

= ��Ip [N1x sin δ1x +N2x sin δ2x +N3x sin δ3x]

��Ip [N1x cos δ1x +N2x cos δ2x +N3x cos δ3x]
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(a) x component (b) y component

Figure 3.4: Plot of the phase angles associated with each sinusoidal component in the
magnetic field from (-20 m, 0 m) to (20 m, 40 m), assuming Ψ = 0. The angles are all
in radians.

Keep in mind that the current Ip is also cancelled in the expression. Now, the unknown
offset Ψ then becomes the initial angle of vector V1, while the angle between each
subsequent vector vi is 120°. This is all illustrated in figure 3.5. Any increase or decrease
of Ψ causes each vector to be rotated by a corresponding amount, which is of course
self-evident from 2.42. However, because rotation is a linear transformation [26], the
final vector V will also be rotated by the same amount.

∆ = Ψ1 −Ψ0

Vθ1 = Vθ0 + ∆

Wθ1 = Wθ0 + ∆

Here is the interesting part - because both Vθ1 and Wθ1 is shifted by the same ∆, the
angle difference between the two will be constant and independent of Ψ:

Wθ1 − Vθ1 = AngleDiff(δy, δx) = Zθ (3.9)

The angle difference function (AngleDiff) is necessary here, as there are two distinct
ways we can measure the difference between two angles, either counter clockwise or
clockwise. The most common solution is just select the smallest possible angle; one
computationally efficient definition that satisfies this property is as follows:

AngleDiff(a, b) =

{
2π − a+ b if a > b

b− a if a ≤ b
(3.10)

Zθ can thus be used an another input in our position algorithm. Figure 3.6 displays Zθ
over the usual area of interest.

3.1.3 Algebraic Solution?

Given the invariant found in the amplitude angle (3.5) and phase difference (3.9), we do
have a system of two equations and two unknowns - x and y - which is likely determined
and thus solvable.
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V 1

V 2

V 3

ψ120°

120° 120°

(a) Vectors V1, V2 and V3

V  +V  +V1 2 3

(b) The vector sum V

Figure 3.5: Summation of the amplitudes as vectors.

A algebraic solution would be even more desirable, but it seems very unlikely that
one would exist. Many parts of the equations (B, δ and A) are transcendental, with a
rather complex layered structure. Resorting to a CAS, such as the Solve[f ] method in
Mathematica (requires code listing A.1), did not yield any promising results either:

Solve[{tan−1
(

amplitudey(x, y)

amplitudex(x, y)

)
= A,

angleDifference(phasey(x, y, 0),phasex(x, y, 0)) = B}, {x, y},R]

Solve::inex: Solve was unable to solve the system with inexact coefficients or the
system obtained by direct rationalization of inexact numbers present in the system.
Since many of the methods used by Solve require exact input, providing Solve with
an exact version of the system may help.

Unfortunately, substituting exact values for A and B as suggested did not change any-
thing.

It is beyond the scope of this thesis to prove or disprove the existence of an analytical
solution, or if an approximate solution is possible. Though if the latter is the case, it
might still be more accurate or efficient to use numerical optimization or a root finding
algorithm. We will explore the use of numerical algorithms in chapter 4.

3.2 Positioning with Multiple Sensors

It is fairly straight forward to incorporate the input of multiple sensors in our model.
First, install N sensors on the drone at a relative offset to a given reference point (center
of the drone), and supply these offsets to the algorithm responsible for lookup of the
current position.

Each of the N sensors output two magnetic field invariants. We can call the resulting
array of invariants the feature vector of point p:

f(p) =
[
Zθ(1) Aθ(1) · · · Zθ(N) Aθ(N)

]
(3.11)
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Figure 3.6: The phase of the sinusoid in the y component subtracted from the phase in
the x component, using the AngleDiff function.

Here, Zθ(i) and Aθ(i) is the phase difference of i-th sensor. The optimal search algorithm
(CMA-ES) is given a feature vector xf and the offsets of the corresponding sensors, and
attempts to find the true point xp by looking at points with the nearest feature vector.
However, most algorithms expect a scalar field, so we have to minimize the invariant
distance to the target. The invariant distance is just the distance between the two
vectors:

d(f1, f2) = |f1 − f2| (3.12)

Let us next define the miss distance is then the distance between the true point (xp)
and the resulting point r:

m = |xp − r| (3.13)

. This metric will become useful later when we need to evaluate the accuracy of different
numerical algorithms.

3.3 Determine Orientation

Throughout this chapter, we have implicitly simplified the positioning problem by as-
suming that each conductor is always parallel to the relative Z-axis of the sensor(s). This
had the effect of reducing the dimensionality of the problem to the two dimensional case.
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In reality, the drone (or craft) carrying the sensor exists in three dimensions and
should continuously align itself according to the changing direction of the wires, or we
run the risk of violating our assumptions. This is particularly important if we need to
use multiple sensors located at a relative offset to each other, as any deviations in the
angle relative to the wire will alter their true position in the x–y plane.

3.3.1 Rotation of a Rigid Body

Let us begin by defining the three angles of rotation that uniquely define an orientation
of a rigid body (our drone) in R3, after Euler [28] and the xyz (pitch-roll-yaw) convention
that is ubiquitous in aerospace engineering.

This convention decomposes an arbitrary rotation into the three elemental rotations
about each of the axes in the coordinate system, represented as a transformation matrix:

R = Rz(α)Ry(β)Rx(γ) (3.14)

Where α, β and γ is the yaw, pitch and roll Euler angles respectively, as illustrated in
figure 3.7. The elementary transformation matrices are given by:

Rx(θ) =

1 0 0
0 cos θ − sin θ
0 sin θ cos θ

 (3.15)

Ry(θ) =

 cos θ 0 sin θ
0 1 0

− sin θ 0 cos θ

 (3.16)

Rz(θ) =

cos θ − sin θ 0
sin θ cos θ 0

0 0 1

 (3.17)

To rotate a point p, we pre-multiply it with the transformation matrix: p̂ = Rp.

Figure 3.7: The pitch, yaw and roll that define an arbitrary rotation of a drone.
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3.3.2 Drone Rotation

We can eliminate the roll angle right from the bat, given the fact that a power line is
nearly always level with the horizon looking perpendicular to the wire direction (x axis).
Then, assuming the drone is equipped with an IMU (Intertial Measurment Unit), which
tracks the current velocity, acceleration and orientation of the craft, we can instruct the
navigational system to keep level with the horizon as well.

Unfortunately, the effect of the other two angles are not quite so trivial. For instance,
a conductor will have a certain sag over a given distance, and two transmission towers
may even be constructed at different elevations, usually in mountainous regions where
conductors follow the steep gradient of the local terrain. This has the effect of shifting the
position of sensors that are offset in the y axis. We will need to apply a minor adjustment
of the pitch to compensate, though only in the range 0°−80° and 280°−360°. Exceeding
this range does not make any sense, as a power line upside down is indistinguishable to
the drone.

The last Euler angle, the yaw, is needed to orient the drone according to the cardinal
direction of the power line, which can change whenever it passes a transmission tower.
Assume a drone is carrying multiple magnetic field sensors and is rotated 45° clockwise

about the Y-axis (yaw). Then a sensor located at point
[
1 0 0

]T
relative to another

will sample the following relative point instead:

p′ =

[
1√
2

0 − 1√
2

]T
3.3.3 GPS Assisted Orientation

To synchronize the orientation of the drone and the power line, we might defer to a pre-
recorded geographical path of the power line in a database (containing both the height
gradient and the geographic coordinates), found using the current location estimated by
GPS.

Granted, this does rely on the accuracy and completeness of the power line map, but
this is exactly the kind of information that should be readably available to the power
utility companies that inspect power line, assuming it exists. However, if the positioning
technology would prove useful to applications beyond power line inspection, it may not
necessarily be legal or practical to distribute this kind of high-precision information.

3.3.4 Magnetic Field Orientation

We know, based on equation 2.1 and figure 2.2, that every magnetic field vector is
orthogonal to the z axis relative to the power line. This implies that a measured magnetic
field vector v satisfies v.ẑ = 0, where ẑ is the unit vector representing the direction of
the power line. In R3, this equation has an infinite number of vector solutions in the
same plane, which is illustrated by figure 3.8. To find an orthogonal vector w to an
arbitrary vector v, we will use one of the following vectors (wa or wb, whichever have
a non-zero magnitude:

v =

xy
z

 wa =

−yx
0

 wb =

 0
−z
y


Determine Pitch Only While we cannot uniquely determine the ẑ vector with single
non-zero sample of the magnetic field, we can nevertheless compute the plane that
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contains it and adjust the pitch angle of the drone such that it is orthogonal to said
plane. Now every possible yaw angle (0°−360°) essentially represents the infinite number
of vectors that could be ẑ.

v

w1

w2
w3

w4

Figure 3.8: A selection of orthogonal vectors of v in R3: w1,w2, · · · ,w4.

Determine Pitch and Yaw To determine the yaw angle as well, we need a second
vector sample that that been rotated by the same angles. Assuming the angular velocity
of the drone (and thus sensor) is zero, we know that the same sensor will measure
magnetic field vectors rotated by the same amount relative to the power line, even over
time. Similarly, the sensor is stationary, it should also measure different vectors given
that the magnetic field is constantly changing direction (within an AC period).

The solution is therefore to sample a sensor at different time instants in order to
read at least two different vectors (v and u). We then know that the cross product of
these two vectors (v × u) is by definition orthogonal to both, and must be parallel to
the ẑ vector we are seeking. That gives us the direction of the power line, which allows
us to adjust correctly adjust the pitch, yaw and roll angles.

If the drone is subject to a non-zero angular velocity (tracked by a gyroscope or
IMU), then we have to to compensate by undoing the rotation of the second vector
given the amount the drone has rotated in the elapsed time between the two samples.

Adjusting the Rotation Correcting the drone rotation given ẑ is equivalent to the
problem if rotating the current reference frame such that a vector v appears as vector
t.

To understand this problem, let’s first consider the two dimensional case and vector

a =
[
0 1

]T
. If we rotate the coordinate counter-clockwise α degrees, without altering

or touching vector a, we see that the vector now appears to have rotated anti-clockwise
α degrees in the new coordinate system, as illustrated in figure 3.9.

To undo the rotation, we look at the angle of a before (aα) and after (aγ), and
compute the difference:

α̂ = aγ − aα
= (aα − α)− aα = −α
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(a) Non-rotated reference frame (b) Rotated reference frame

Figure 3.9: The effect of rotating a reference frame around a static environment. Note
that the apparent rotation of the vector is in the opposite direction.

Clearly, we need to subtract the new angle from the old desired angle to reverse the
rotation.

To summarize, in order to rotate our drone such that a vector v appears to be

parallel to t, we compute their elementary rotations compared to
[
1 1 1

]T
and rotate

according to these equations:

∆α = tα − vα (3.18)

∆β = tβ − vβ (3.19)

∆γ = tγ − vγ (3.20)

3.4 Phase Sequence

As previously established in subsection 2.3.1, the AC current in in a three-phase system
must be sequentially offset by 120°. We have also seen that an initial starting degree,
Ψ, is irrelevant to our field invariants. Thus, we only have to focus on phase offsets 0°,
120° and 240°, which we will henceforth call δ1, δ2 and δ3, respectively.

In table 2.1, we arbitrarily assigned phase offset δ1 to the current of wire A, then
δ2 to wire B, and lastly δ3 to wire C. However, this is only one out of 3! = 6 possible
combinations, and we have no reason to believe any one in particular is universally
correct.

In fact, because the space between nearby conductors (and the ground) exhibit a
non-zero capacitance as function of distance, and the middle wire is closer to the other
two wires (in our example) than they are to their counterparts, the total capacitance
is not the same for all three wires. However, it is desirable that the current in the
three-phase system is identical in order for the neutral wires to carry as little current
as possible. So, when this effect would be is too pronounced (typically when the length
exceed 140 km), we can negate it by swapping the positions of the wires (transposition)
1
3 and 2

3 into the total distance, such that each wire is the middle wire exactly 1
3 of the

total length. This is all illustrated by figure 3.10.
Unfortunately, when this scheme is used, we can no longer assume each phase is

permanently assigned to a specific wire position. But does this actually pose a problem?
Let us investigate the different possible ways in which we can arrange the different phase
offsets.

Table 3.1 enumerates every possible phase sequence in a three-phase system. Next, if
we add the angle 120° or 240° to every phase offset using Ψ, we can see that we are only
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{ {
Transposition 1 Transposition 2

1/3 1/3 1/3

Figure 3.10: A transposition scheme applied to a power line.

Wire A Wire B Wire C Ψ = 120° Ψ = 240° Category

1 2 3 231 312 Positive
1 3 2 213 321 Negative
2 1 3 321 132 Negative
2 3 1 312 123 Positive
3 1 2 123 231 Positive
3 2 1 132 132 Negative

Table 3.1: Every possible sequence of phase offsets that we can arrange with three
conductors. Note that they are only two real categories, if we reduce the common offset
Ψ.

really dealing with to types of sequences: δ1δ2δ3 (or 123) — the positive sequence — or
δ3δ2δ1 (321), the negative sequence. Every other sequence is merely a shifted version of
those two fundamental sequences, and as we’ve seen in our field invariants, shifting by
a common constant can be completely discounted.

3.4.1 Effect on Field Invariants

The phase sequence used in table 2.1 is positive, but what happens to our field invariants
if we substitute a negative phase sequence?

Clearly, it will have no effect on the angle of the amplitude (equation 3.5), as it does
not reference the phase offsets in any manner. This is in contrast to the phase difference
(equation 3.9), which is very much a function of the AC phase offsets.

Figure 3.11 displays the phase difference in the x–y plane when the phase sequence
is negative. It is evident that it is merely a version of rotated 180° (both the x and y
axes are flipped). It is perhaps not surprising that the x axis is flipped, as we can go
from a positive phase sequence to a negative sequence, simply by rotating the drone
180° about the y axis (pitch).

In order to determine if the phase sequence is negative or positive, we might exploit
the fact that the phase invariant is flipped vertically, and measure whether or not moving
upwards produces an increases in the estimated y position by our algorithm. If it does
not, we know we should use the opposite phase sequence category.

3.5 Real-World Considerations

We have yet to take into account a number of real-world sources of inaccuracy, such as
the normal operating range of the utility frequency, or the fact that the three conductors
may not individually carry the same amount of current.
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Figure 3.11: The phase difference when the phase sequence is negative. The color scale
goes from 0 to 2π radians.

3.5.1 Frequency Deviations

The target frequency of the AC current flowing in electrical grid of Norway is 50 Hz, just
like most other European countries. The frequency is regulated to be within a range of
0.2 Hz (49.9 Hz - 50.1 Hz) in most circumstances, but in recent years it has begun to
deviate more often from this norm (up to 4 hours a day) [4], likely spurred on by the
growth of electricity trade within the European marked.

Looking purely at the deviation itself, and not the change over time, the biggest
concern is the change in phase offset of the observed sinusoids [1]. With that in mind,
we will first numerically investigate the effects of significantly changing the frequency to
the field invariants we have discovered.

Using the conductors described in table 2.1, we look at the phase of the magnetic field
sinusoids Bnx and Bny (equation 2.28 and 2.31 respectively) when the utility frequency
is 47 Hz, 50 Hz and 53 Hz, and then the resulting phase difference. This is well beyond
the acceptable range of frequency deviation, but we should exaggerate the effect to be
sure we have observed its implications.

The effect of changing the frequency can be seen in figure 3.12. It does appear
that even the phase difference is coupled with the frequency deviation, though a bit
less than either δx or δy by themselves. We will determine just how this translates into
inaccuracies in the positional algorithm later in chapter 6.

3.5.2 Current Imbalance

The last and final practical consideration, is the slight current imbalance of the three
conductors in a three-phase system.

We will use a minute-by-minute measurement of the average imbalance over the three
conductors in a power line at a 300 kV power line in Frogner, Oslo, over 30 minutes,
presented as figure 3.13. There is a similar downward trend for all three conductors, and
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Figure 3.12: The effect of changing the frequency on point (-20, 0), expressed in δx, δy
and Zθ.

they seem to be approximately equidistant (subject to random variation). The global
average and SD (Standard Deviation) of each conductor is listed in table 3.2.

To use this information in our simulation, let us consider the local SD of the the
conductors at a specific time, and select the times when this SD is at the lowest and the
highest value (see table 3.3). We can then use these values in our simulation directly,
given that the invariants we are using are insensitive to the absolute current.

L1 L2 L3 Average

Average 154.357 156.288 160.785 157.144
SD 3.888 4.016 4.071 3.992

Table 3.2: Average and SD (Standard Deviation) of the current in the three conductors
(L1, L2 and L3).

Extreme Time Local SD L1 L2 L3

Lowest Local SD 15 1.502 151.270 154.871 153.727
Highest Local SD 21 5.130 154.521 150.847 163.09

Table 3.3: Times when the SD of the conductor currents at a instant is lowest or highest.

Balance Parameters If the current balance do turn out to matter, how will be then
encode it along with the field invariants? These invariants are indifferent to the absolute
value of the currents, but they are affected by the relative current difference between
the wires.

One way to represent this, is to normalize the currents against the current of the
middle wire (assuming three wires), and define the two resulting non-trivial fractions as
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Figure 3.13: The current in three conductors (L1, L2 and L3) of a 300 kV power line
during a 30 minute window.

a and b:

I ′1 =
I1
I2

= a (3.21)

I ′2 =
I2
I2

= 1 (3.22)

I ′3 =
I3
I2

= b (3.23)

Next, in the experimental data, a and b never exceed the interval 0.94 - 1.08, but we
will limit them to 0.90 - 1.1 for good measure.

0.9 ≤ a ≤ 1.1 (3.24)

0.9 ≤ b ≤ 1.1 (3.25)

Any further imbalance is very unlikely, given that it would completely negate the benefits
of using a three-phase system in the first place, and thus quickly be corrected as a faulty
state.

3.6 Estimating Conductor Currents

Assuming we can accurately determine our current position, we are able to calculate the
current I in each conductor.

Let Ax be the amplitude of the measured sinusoid in the x component, and Nix

be the normalized amplitude (see equation 3.3) of conductor i carrying 1 A of current.
Then we can estimate the true current Ip by rearranging equation 3.2:

Ip =

√
A2
x

N2
1x +N2

2x +N2
3x −N1xN2x −N1xN3x −N2xN3x

(3.26)
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If the conductor currents differ by the relative fractions a and b, as defined in 3.23,
we can nevertheless find I2 as follows:

I2 =

√
A2
x

a2N2
1x +N2

2x + b2N2
3x − aN1xN2x − abN1xN3x − bN2xN3x

(3.27)

Then I1 and I2 follows directly.
Note that we can substitute Ay and Niy into these equations directly, without making

any other changes.
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Chapter 4

Computer Simulation

It is fairly trivial to simulate the magnetic field, and the associated amplitude angle
(3.5) and phase difference (3.9) in Mathematica, or any equivalent CAS such as Maple
or MATLAB.

Code listing A.1 contains a fairly straight-forward implementation in under 48 lines,
with reasonable performance on a desktop computer. Despite the succinctness of such
a high-level implementation, we will nevertheless aim to target a more general-purpose
language platform, such as Java or C. These languages can offer more control over
every performance trade-off associated with the algorithm, and not to mention enable
extensive micro-optimizations. There is also the matter of a more restrictive license,
particularly with regards to Mathematica, and the issue of compiling the solution to a
stand-alone program.

The potential performance boost of using a more low-level language could be crucial
in getting the algorithm to run at an acceptable speed on an embedded device, like on the
Raspberry Pi [10]. With that in mind, we will select Java for our final implementation. It
is a fairly good compromise between low-level complexity (C) and high-level succinctness,
while retaining most of the performance benefits of C (on a modern JVM), though other
languages (such as Go) might have been an even better choice [19].

4.1 Implementation in Mathematica

The Mathematica implementation (A.1) is structured using a layered definition of the
two field invariants of interest, with separate definitions for both the x and y component.
Starting with the magnetic field strengths (fieldx and fieldy) emanating from a single
wire, we compute the the sinusoidal magnetic field sum in Bnx and Bny (see 2.28 and
2.31), both in terms of its phase δ (phasex and phasey) and its amplitude A (amplitudex
and amplitudey). Finally we compute the amplitude angle (3.5) in AmplitudeAngle.

With this as a basic foundation, one can map a given phase difference and amplitude
angle to a near correct x and y coordinate using numeric optimization:

Listing 4.1: Finding a point by the amplitude and phase.

FindPoint [ A , B ] :=
Module [{ x , y} ,
NMinimize [ { ( AmplitudeAngle [ x , y ] − A)ˆ2 +

( a n g l e D i f f e r e n c e [ phasey [ x , y , 0 ] , phasex [ x , y , 0 ] ] − B)ˆ2 ,
−20 <= x <= 20 , 0 <= y <= 40} , {x , y} ,
Method −> ” SimulatedAnneal ing ” ] ]
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We are looking for the global minimum, so NMinimize is an appropriate tool for the
job. To test and plot the accuracy of this position algorithm, we compute the values of
our two invariants given a x and y, and then return the point distance to the proposed
answer:

Listing 4.2: Plotting the accuracy of the Mathematica solution.

AccuracyTest [ x , y ] := Module [{R, V, W} ,
R = Test [ x , y ] ;
V = R[ [ 3 , 2 , 1 , 2 ] ] ;
W = R[ [ 3 , 2 , 2 , 2 ] ] ;
Sqrt [ ( x − V)ˆ2 + ( y − W) ˆ 2 ] ]

DiscretePlot3D [ AccuracyTest [ x , y ] ,
{x , −20, 20 , 1} , {y , 0 , 40 , 1} ]

It’s clear from the output plot 4.1 that certain areas are extremely inaccurate, deviating
over 40 meters from the correct position. It would be possible to filter out results that
extreme, using either GPS or the previous position and speed of the drone (INS), but
this still does not address the milder inaccuracies near the center.

It is particularly troublesome that the hotspots are concentrated around the diago-
nals, as the drone is likely to fly over the power line through these diagonals, coupled
with the fact that the upper part seems to be more inaccurate than the bottom part.
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Figure 4.1: The inaccuracy of listing 4.1, in meters.

Still, the accuracy might improve if we add additional sensors at a different relative
position. But before we investigate the possibility, we present the Java implementation
of our position algorithm.
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4.2 Overview of Java Implementation

The Java program was initially developed to plot the magnetic field based on a very
large data set (4000 rows x 4000 columns) generated by Statnett, given that very few
open source plotting programs (such GnuPlot) could even handle the sheer amount of
data. It then seemed natural to compute the magnetic field ourselves, and use the same
program for plotting the result, making it feasible to visually verify our calculation.

It was extended further to find invariants for our position algorithm, allowing us,
among other things, to plot and better understand the amplitude and phase of the
sinusoidal magnetic field. Finally, after evaluating the performance and accuracy of a
number of different algorithms, we settled on using CMA-ES.

We will use Java 8 and Apache Maven [11] in our project. But before we get to the
results, let us discuss all the basic aspects of the implementation.

4.2.1 Build Tool

A good build tool ensures the build process is consistently able to produce the same
compiled output, regardless of the current system environment. Maven is common
build tool for Java projects, and is capable of both installing and upgrading library
dependencies from any external sources, as well as manage more complex build steps
than the standard tooling (such as embedding dependencies in a single JAR-file).

Given these clear benefits, and the fact that common build are now well integrated in
modern IDEs, we felt justified in choosing Maven. We will use it to include the following
Java libraries:

� PngEncoder from ObjectPlanet, Benchmarks on Oracle’s JDK on Windows
7 have shown that this library is many times faster than the standard method for
saving PNG images - ImageIO.

� UniVocity CSV/TSV Parsers, A library optimized for fast and correct pars-
ing.

� Google Guava, Generic utility-classes and methods that simplify common op-
erations, such as I/O, collections and implementing object methods. We also use
its Stopwatch class to time method calls.

� Apache Commons Bean Utils, This library is used to translate command
line arguments to property assignments that initialize certain objects.

� Apache Commons Math, Provides an implementation of the FFT, as well as
the CMA-ES algorithm.

We also instruct Maven to merge all the dependencies and the program itself into a
single JAR-file, using the maven-shade-plugin. Superfluous dependency code is filtered
with ProGuard, reducing the final JAR file by 4.3 MiB (83%).

4.2.2 Command Line Interface

The syntax of our command line interface developed organically over time, primarily
to avoid having to recompile every time we needed to change some parameter or the
appearance of the density plots. Nevertheless, it is fairly conventional, where each
option or flag is delimited by space characters, and options are prefixed with the hyphen
character.
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The exact syntax can be seen in listing 4.3. Flags are divided three categories; firstly,
general flags that apply to both plotting CSV/TSV and generated data (see table 4.1),
secondly and thirdly, required and optional flags that is only valid when we compute
the magnetic field from a model (see table 4.2).

Listing 4.3: Syntax of our Java program.

PlotCSV [−d f i l e ] [−m f i l e ] [−c co lorscheme ] [−ms source ]
[− s scheme ] [−x s t a r t : end : count ] [ y s t a r t : end : count ]
[ z s t a r t : end ] [− t s t a r t : end : count ]
[−v m| a | x | y | y−x | ydivx ] [− l ] [−a ] [−d x : y ]
[−dp count ] [−dr rad iu s ] [−dm] [− s o l v e r name ]
[− f bool ] [−ag name1 , name2 , name3 ] [− o f format ]
[−ax l a b e l : t ickCount : width ]
[−ay l a b e l : t ickCount : he ight ]
[−gx s t a r t : end ] [−gz s t a r t : end ] output

Flag Description

-d[ata] Path to a CSV-file containing the magnitude data to plot.
-m[odel] Path to an XML-file containing the model that will be simulated.
-s[cheme] The color scheme used in the output image. Rainbow is default. Other

schemes include Temperature, HSV, HSV2 and HSV10.
-z The minimum and maximum z value to display using a color scheme.

This is computed automatically if left out. The count is ignored.
-l[og] Apply the common logarithm to the values before they are visualized.
-a[bslog] Apply a modified form of the log-modulus transformation (equation 4.1)

to each value.
-gy Display a graph of the maximum value in a given column, using the,given

range in the Y axis.
-gz Range of values in the displayed graph. If not specified, the z range will

be used instead.
-ax Display the x axis with a label, a given number of ticks and a width.
-ay Display the y axis with a label, a given number of ticks and a height.
output Format of the output file(s), where %d is the current frame index.

Table 4.1: Table of common flags in our CLI.

Incidentally, every density plot in this thesis is generated using our PlotCSV Java
program. Instructions for reproducing every figure can be found in section A.3.

4.2.3 Logarithm of Both Positive and Negative Values

Due to equation 2.15, the magnetic flux density is inversely proportional to the distance
|d|, and difficult to plot on a linear scale given widely different orders of magnitude. We
can improve the visualization of this kind of data by plotting the values on a logarithmic
scale, like in figure 2.9, but this approach breaks down entirely if we have to deal with
both negative and positive values, such as the individual magnetic field components x
and y.

One key observation is that at a certain point, values extremely close to zero might
as well be zero due to limitations in the sensitivity of the sensor hardware. Therefore,
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Flag Required Description

-v[alue] X The value that will actually be visualized. Can be either one of
m[agnitude], a[ngle], x, y, y-x or ydivx [y / x].

-x X The minimum and maximum x coordinate of each pixel in model
space, and the final width of the output image. Default is -1:1:640.

-y X The minimum and maximum y coordinate of each pixel in model
space, and the final height of the output image. Default is -1:1:480.

-t X The starting and ending time in milliseconds, along with the num-
ber of frames to generate. Each frame is incremented by a regular
time step.

-d[rone] Test the CMA-ES algorithm once using a given drone location (x,
y).

-dp Test the CMA-ES algorithm count times and print the resulting
probability distribution of the error distance.

-dm Test the CMA-ES algortihm for every point specified by the x and
y options, and write the resulting error distance map to an image.

-dr Optional argument to the previous two CMAES tests - if set, limits
the search area around the drone to radius meters.

-solver The algorithm used in the previous tests. Default is CMAES. The
other alternative is BOBYGA.

-f If TRUE, ensure the animation or image is written to the file
system. Otherwise, disable it.

-ag A list of aggregate functions that should be applied to every frame
in the animation. These functions include AVERAGE, MAX,
XYD [phase difference of the peak angle in x and y], XYF [phase
difference by computing the sinusoid in x and y] and AMPF [am-
plitude difference by computing the sinusoid in x and y].

-of The output format of the generated image(s). Default is PNG,
but it can also be CSV.

Table 4.2: Table of flags for customizing the magnetic field generator.

a lot of the negative end of the logarithmic scale is wasted on values that we cannot
measure in the first place.

We can avoid this problem by applying the log-modulus transformation [15] instead,
causing extreme outliers in both directions to fit in the plot using a logarithmic scale,
whereas very small values close to zero become linear. The definition of this transfor-
mation is as follows:

L(x) = sgn(x) log (|x|+ 1)

We compare this function against the natural logarithm in figure 4.2. Unlike the natural
logarithm, L(x) is entirely defined in R for negative numbers, and when −1 ≤ x ≤ 1,
the function is approximately linear.

The linear range is a bit too large for our data set, given that the magnetic field
density is entirely within -1 to 1 T, so we’ll scale it down by multiplying x by a large
constant:

L̂(x) = sgn(x) log (|1000x|+ 1) (4.1)
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Figure 4.2: Comparison of the log-modulus transformation and the ordinary natural
logarithm.

4.2.4 Plotting TSV data

We were able to obtain a raw TSV output of a simulated magnetic field from a source at
Statnett. This 91.6 MiB file contains exactly 16 million data points, ranging from point (-
20, 0) to (20, 40) using a 1 cm increment in both directions. The virtual model simulated
is almost identical to figure 2.1, with the exception of the actual wire coordinates. Every
data point represent the average field strength of the corresponding point in microtesla,
as depicted in figure 4.3.

The overhead ground wires are also visible in the figure, though their effect on the
magnetic field appears to be minimal and local in scope. Thus, we can just ignore them
in our simulation.

A snippet of the Statnett data set can be seen in listing 4.4. This format is loaded
into memory by our CvsFieldParser class, which in turn uses the Java library uniVocity-
parsers to perform the actual TSV parsing.

Listing 4.4: Illustration of the TSV data set provided by Statnett.

x\z [m]
B[mT] 0 .000 0 .010 0 .020 ( . . . 3996 . . . ) 40 .000
−20.000 0 .059 0 .059 0 .059 0 .059 0 .059 0 .036
−19.990 0 .059 0 .059 0 .059 0 .059 0 .059 0 .036
. . . (3997) . . .
20 .000 0 .057 0 .057 0 .057 0 .057 0 .057 0 .036

The core of CsvFieldParser is its parse method that accepts a java.io.Reader object,
and returns a ScalarArrayField that represents the TSV data in memory. This is a
concrete class that implements the interface using a primitive double array, and in turn
DiscreteField.

4.3 Code Abstractions

In this section we will explore the motivation behind the object-oriented abstractions
within the implementation, especially with regards to the balance between performance
and good design.

We will also cover parts of the implementation that powers the plotting feature, and
not just the final position algorithm.
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Figure 4.3: Log-plot of the data set provided by Statnett. Note that the field strength
is measured in microtesla, and that the x and y coordinates of each wire have been
accidentally flipped.

4.3.1 Scalar Field Abstractions

The interface ScalarField, (see listing 4.6) a specialization of the more general inter-
face DiscreteField (see listing 4.5), is an abstraction over a discrete grid of cells of
floating point values, where each column or row is associated with a corresponding x or
y coordinate, respectively.

This abstraction allows us to treat pre-computed data, such as data loaded from
a TSV file, exactly the same as data generated on-the-fly from a virtual model. In
addition, the DiscreteField interface naturally associates meta-data such as the x and
y coordinate of each cell, making it easier to supply this information to algorithms
and the graphical plotting. This approach also has the advantage of expose algorithms
directly on the object (such as ScalarField.getRange), with the ability to specialize each
algorithm with a more optimized implementation in descendant concrete classes.

Scalar Field Methods

Note the use of default methods in listing 4.6. This is a new feature introduced in
Java 8 that let interfaces specify a default behaviour in the absence of a concrete imple-
mentation, originally intended to enable interface evolution without sacrificing binary
compatibility. We can use it in place of abstract classes, and write a sensible default
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Listing 4.5: Essential methods in the discrete field interface. See
appendix listing A.2 for more details.

1 public interface DiscreteField {
2 double getColumn(int column);
3 double getRow(int row);
4 int getColumns();
5 int getRows();

Listing 4.6: Interface of a scalar field. See listing A.3 for more.

1 public interface ScalarField extends DiscreteField {
2 double getValue(int column, int row);
3
4 default void fillValues(int startColumn, int endColumn,
5 int startRow, int endRow, double[] outputValues) {
6 /* Use getValue() to fill the array */
7 }

algorithm for each method, making it easier to implement the interface. The comments
in the code listings are summaries of the actual implementation in code.

We’ve also left out all of the less relevant methods in the ScalarField interface that
deal with conversion to other representations (stream, rows, toDoubleArray and toAr-
rayField), or perform aggregate computation (such as getRange). They can all be found
in the more complete code listing A.3 in the appendix.

The two important methods of the interface are getValue and fillValues. Still, only
getValue, which simply returns the value of a cell at a given row and column, is actually
required, as fillValues can be implemented in terms of getValue.

Performance Considerations

The primary motivation for adding fillValues is performance - the computation in some
implementations may depend on intermediate values that are shared amongst a subset
of every, but critically not every cell. In that case, the fill method may be able to exploit
this fact and reuse these intermediate values, unlike the direct method.

Additionally, on modern CPUs, the time needed to process an instruction have
significantly outpaced the time it takes to look up a single section of data in RAM; as a
result, data must be preloaded in much faster (but smaller) caches to avoid CPU stalls,
where the CPU must waste significant amount of time waiting for the main memory.
It is thus imperative to keep the amount of memory needed to be loaded in cache to a
minimum, or we can suffer at worst a hundred fold reduction in performance as CPU
stalls begin to dominate. This fact led us to the design of fillValues - by allowing an
object to do a significant chunk of processing before passing on the torch, we can avoid
the need to access the memory of multiple objects too often when we construct a chain of
scalar fields, each processing the value of the next. And it is exactly this of construction
that is useful in OOP, as it divides up the computational responsibility (and complexity)
among multiple objects.

However, one should also consider the impact of over using fillValues. It could lead
to the overhead of copying data back and forth from main memory overshadowing any
savings, especially given that a simple sequence of getValue calls would primarily use
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the CPU registers instead. With that in mind, we should always turn to benchmarks
- first to determine if there even is an issue, and secondly to choose between different
performance optimizations [14].

4.3.2 Vector Field Abstractions

Continuous Vector Field

The discrete field abstractions can be useful, they are not always appropriate. Many nu-
merical optimization algorithms, such as BOBYQA [22], cannot be applied to a discrete
grid of values if they assume very close points have similar value, but are nevertheless
different. This expectation is clearly violated on a grid when we compare points on the
same cell.

Listing 4.7: Interface of a continuous vector field. See listing
A.4 for more

1 public interface ContinuousField {
2 int getComponents();
3
4 void addComponents(double x, double y, int startComponent,
5 int endComponent, double[] destination,
6 int destinationOffset);

It is also necessary to prove that our algorithms work on a continuous field, as this
is better representation of magnetic fields in reality. Finally, we need the ability to
represent a vector field, where each point in space is associated with a vector instead of
a scalar value.

Arguably the most elegant design would be a straight forward getter method that
accepts a coordinate to a point, and return the corresponding vector value, as seen in
listing 4.8.

Listing 4.8: Simple definition of a vector field.

1 interface SimpleVectorField {
2 /* RealVector is an object that represents a
3 n-dimensional vector */
4 RealVector getVector(double x, double y);
5 }

Unfortunately, we cannot represent an n-dimensional vector in a primitive type (such
as double), so the return type must be a reference type. Here it is a RealVector from
Apache Math, which can cause additional object allocations for each method call. Ad-
mittedly, this is not necessarily an issue on a modern JVMs - garbage collectors are
typically optimized to handle a large number of short-lived objects, and the JIT com-
piler can even move allocations off the heap through escape analysis [14]. But we are
potentially dealing with millions of objects, all of which may be temporarily stored in an
array and finally transformed to a scalar field. The flyweight pattern might be a better
fit here, or we can simply flatten the vectors into a single primitive array, as they’re all
of the same length.

We chose the latter in ContinuousField by declaring a method named addCompo-
nents (see listing 4.7), as well as exposing the simple getter method above as getVector).
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Instead of returning an object, we add the components of the vector to a given double
array starting at a specified index. Specifying the starting index allows us to store the
vector components of multiple points in a single flattened double array.

There is also an overloaded method that includes the parameters startComponent
(a) and endComponent (b). This instructs the method to write every component with
an index i within the interval [a, b), where i is a zero-based.

Four Dimensional Continuous Field

If the balance of current in the three conductors turns out to be crucial, we may need
to represent the balance (or imbalance) as two unknown dimensions a and b (defined in
subsection 3.5.2.

In order to compute the magnetic field of a point, subject to a different a and
b, we add these dimensions to addComponent in an extended version of the interface
ContinuousField, called FourDimensionalField. This interface can be seen in code
listing 4.9.

Listing 4.9: Interface of a four dimensional vector field.

1 interface FourDimensionalField extends ContinuousField {
2 void addComponents(double x, double y, double z, double t,
3 int startComponent, int endComponent, double[] destination, int

destinationOffset);
4 }

Continuous Field of a Wire

With these basic building blocks, we can begin translating the mathematical modelling
of the magnetic field to Java. The magnetic field surrounding a single wire is computed
by WireContinuousField, a concrete class based on ContinuousField, and is based on
equation 2.9 and 2.10 when |d| ≥ R, and equation 2.17 otherwise. The result can be
seen in listing 4.10.

Note that both components of the magnetic field vector reuse the same three inter-
mediate variables - dX, dY and r2. Incidentally, this is also why we discarded a simpler
possibility: a method that returned a given component of a vector in point (x, y). In
that case, we would have been forced to recompute the intermediate values for each
component in the vector.

Discrete Vector Fields

We can also define an analogous vector field interface for the discrete case by combining
ContinuousField and ScalarField, resulting in the VectorField interface in listing
4.11.

Callers of method fillComponents specify the region of vector points of interest, using
an interval of columns and rows, coupled with a interval of components, that should be
flatten into an array of floating points and copied one-by-one to the destination array
starting at the given destination index.

The main purpose of permitting a component interval, is to simplify the process of
extracting a single component off every vector in the field. This is, among other things,
needed when specifying x or y as a value flag to our CLI.
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Individual vector components are copied first, then vectors by column and then
finally by row. This is all illustrated in figure 4.4.
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Figure 4.4: Illustration of the distinct way data is structured in the destination array of
fillComponents.

Discrete Magnetic Field for Multiple Wires

In order to simulate the magnetic field of multiple wires, we create a concrete class Vec-
torSimulatedField that implements the previously mentioned VectorField interface.
As established in section 2.3, the aggregate magnetic field is simply equal to the sum-
mation of the magnetic field contributions from each wire. We can replicate this by
accepting a collection of WireContinuousField objects, and then add their components
in fillCompnents, as depicted in code listing 4.12.

Using the log-modulus transformation (selected using the flag abslog), we can plot
the individual components of the magnetic field in this class on a logarithmic scale. The
result is given in figure 4.5.

4.3.3 Positioning Abstractions

The final abstraction is a vector field that represents the sinusoidal magnetic field
strengths in both components, which will be essential to compute the magnetic field
invariants found in chapter 3.

Sinusoidal Vector Field

Equation 2.28 and 2.31 established that the magnetic field strengths is a sinusoid, which
can represent in a vector field consisting of these four quantities as components: Ax, δx,
Ay and δy. The angular frequency ω can safely be disregarded, as it is approximately
constant and independent of the current position.

To model this, we introduce the class HarmonicSumField that implements the
interface ContinuousField, and, similar to VectorSimulatedField, uses a collection of
WireContinuousField objects to compute Aix (given by equation 2.44 and 2.45).

Then it is simply a matter of translating equation 2.35 and 2.36 into addCompo-
nents. The only real issue is correctly handling the interval of components to extract
(startComponent and endComponent), and recognize that we can cache the cosines in
equation 2.35 through a lookup table. The very core of this implementation can be seen
in listing 4.13.
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(a) The x component. (b) The y component.

Figure 4.5: The modified log-modulus transformation plot of the x and y components
of the magnetic field in our power line example, 1/3 into the cycle.

We can become more confident in the the correctness of our implementation, by
extracting and comparing the exact same components from VectorSimulatedField using
the FFT instead (see section 5.1). This was actually done in figure 3.6, so all that
remains is to plot the phase difference of the second and fourth component in the Har-
monicSumField, which can be seen in figure 4.6.

If we compare the two figures, we see that the phase difference is the same whether
or not we use the FFT or the Harmonic Addition Theorem, as implemented in our
program. Thus, we can be reasonably certain in our implementation.

Figure 4.6: Plot of the angle difference of the second and fourth component in Har-
monicSumField. Should be identical to figure 3.6.
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Drone Vector Field

We can transform the sinusoidal parameters in HarmonicSumField to yet another
vector field - the DroneVectorField. Here, each component in a point vector represent
the input to the position algorithm, which will mainly be the amplitude angle 3.5 and/or
the phase difference 3.9 of one or more points in HarmonicSumField.

We will determine the optimal definition of the input components later, particularly
with regards to the number of points (and their relative offset) to extract from the
harmonic sum field.

4.3.4 Power Line Model

One missing ingredient is the details of the power line model, such as the position and
current of each of the conductors. This is a necessary input to every WireContinuous-
Field object that in turn constitute the basis for every higher level vector field.

We can supply these missing values using a simple XML configuration file - the file
in listings 4.14 have been used to produce every density plot up until this point. It
reflects the position and currents of table 2.1 by specifying the number of conductors
in the x–y plane plane, their individual position (x and y), wire thickness (radius) and
the state of the alternating current.

This current is provided as a sinusoid, where amp is the amplitude, in Ampers, freq is
the angular frequency in degrees per second, and phase is the is the phase displacement
in degrees. There is also a DC offset (dc), which is simply a constant current added to
the sinusoid, yielding the following equation for the current in a wire:

I = amp · sin (freq · t+ phase) + dc

4.3.5 Plotting System

As mentioned previously, we had to construct a custom system for plotting the density
of x–y planescalar fields to get decent performance when generating high-resolution
animations. This also informed the design of the vector field abstractions, as explained
in section 4.3.1.

The plotting itself is controlled by the FieldGraph class. It is cable of taking a
ScalarField, a region in XYZ space, a value mapping function (such as lnx) and
whether or not to include XYZ axes, and produce a BufferedImage as a result.

These classes and interfaces are used to support the graphing operation:

� Gradient, An interface representing a mapping of normalized values in the in-
terval 0 ≤ x ≤ 1 to an RGB color. This is used to colourize density plots.

� RainbowGradient, This is the main gradient used throughout the paper, map-
ping a value to the red, green and blue color channel using trapezoids as seen in
figure 4.7.

� GraphAxis, Represents the thickness, number of ticks and label of an x or y
axis.

� LineGraph, A class that can draw a simple curve, such as the red curve in figure
2.9.
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Figure 4.7: Mapping of the red, green and blue color channel in RainbowGradient
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Listing 4.10: A magnetic vector field around a wire.

1 public class WireContinuousField implements ContinuousField {
2 /* ... */
3
4 public WireContinuousField(double centerX, double centerY,
5 double wireRadius, double wireCurrent, double permeability)

{
6 /* ... */
7 }
8
9 public int getComponents() {

10 return 2;
11 }
12
13 public void addComponents(double x, double y,
14 int startComponent, int endComponent,
15 double[] destination, int destinationOffset) {
16 double dX = x - centerX;
17 double dY = y - centerY;
18 double r2 = dX * dX + dY * dY; // Always positive
19
20 if (r2 < wireRadiusSquared) {
21 // This factor is negative when the current is negative,
22 // rotating the resulting vector 180 degrees
23 if (startComponent == 0) {
24 destination[destinationOffset++] += dY * factorWire;
25 }
26 if (endComponent == 2) {
27 destination[destinationOffset] += -dX * factorWire;
28 }
29 } else {
30 if (startComponent == 0) {
31 destination[destinationOffset++] += dY * numeratorSpace

/ r2;
32 }
33 if (endComponent == 2) {
34 destination[destinationOffset] += -dX * numeratorSpace /

r2;
35 }
36 }
37 }
38 }

Listing 4.11: Interface of a vector field. See listing A.5 for more

1 public interface VectorField extends DiscreteField {
2 int getComponents();
3
4 void fillComponents(int startColumn, int endColumn,
5 int startRow, int endRow,
6 int startComponent, int endComponent, double[] destination,
7 int destinationOffset, boolean zeroDestination);
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Listing 4.12: Computing the total magnetic field by bridging
WireContinuousField and VectorField.

1 public class VectorSimulatedField implements VectorField {
2 public VectorSimulatedField(Collection<ContinuousField> sources,
3 double[] xCoordinates, double[] yCoordinates) {
4 /* ... */
5 }
6
7 public void fillComponents(int startColumn, int endColumn,
8 int startRow, int endRow,
9 int startComponent, int endComponent, double[] destination,

10 int destinationOffset, boolean zeroDestination) {
11
12 /* ... */
13
14 for (int i = 0; i < sources.size(); i++) {
15 ContinuousField source = sources.get(i);
16 int position = destinationOffset;
17
18 for (int row = startRow; row < endRow; row++) {
19 for (int col = startColumn; col < endColumn; col++) {
20 source.addComponents(xCoordinates[col],
21 yCoordinates[row], startComponent,
22 endComponent, destination, position);
23 position += endColumn - startColumn;
24 }
25 }
26 }
27 }
28 }

Listing 4.13: Computing the parameters of the sinusoids in the
magnetic field.

1 double amplitude = 0;
2 double phaseNumerator = 0;
3 double phaseDenominator = 0;
4
5 for (int i = 0; i < conductorList.size(); i++) {
6 // Amplitude of conductor at index i
7 double iConductor = conductors[i * condNumComponents + component];
8
9 // Prepare phase

10 phaseNumerator += iConductor * sineTable[i];
11 phaseDenominator += iConductor * cosineTable[i];
12
13 // Self-contribution
14 amplitude += iConductor * iConductor;
15
16 for (int j = i + 1; j < conductorList.size(); j++) {
17 amplitude += iConductor * conductors[j * condNumComponents +
18 component] * differenceTable.getCosine(i, j);
19 }
20 }
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Listing 4.14: A simple model of a power line.

<?xml version="1.0"?>
<model>

<conductors>
<conductor x="-9.0" y="20.0" radius="0.04">

<current amp="12000" freq="18000"
phase="0" dc="0" />

</conductor>
<conductor x="0" y="20.0" radius="0.04">

<current amp="12000" freq="18000"
phase="120" dc="0" />

</conductor>
<conductor x="9.0" y="20.0" radius="0.04">

<current amp="12000" freq="18000"
phase="240" dc="0" />

</conductor>
</conductors>

</model>
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Chapter 5

Algorithms

Now that we have constructed an accurate model of the magnetic field, along with
feature invariants that only depend on the current position, we can start evaluating
different optimization algorithms that can reverse the process and correlate a feature
with a position.

We will mostly bypass all the minute details of the implementations underlying
each algorithm in this chapter, as they are provided by the open-source project Apache
Commons Math, and instead focus on their theoretical foundations.

5.1 Fast-Fourier Transform

This essential signal-processing algorithm is so ubiquitous it almost needs no introduc-
tion. Up until this point, we have also only used it to verify our work on Harmonic-
SumField—by comparing its output to the sinusoid in VectorSimulatedField. But
it will become useful later when we need to extract the amplitude and phase of the
magnetic field through a magnetometer.

The FFT is an efficient algorithm for computing the Discrete Fourier Transform,
which is considered a special case of the continuous Fourier transform theory, defined
by the this Fourier integral [6]:

H(f) =

∫ ∞
−∞

h(t)e−j2πft dt (5.1)

Here, H(f) is a complex-valued function that encode the amplitude and phase of a
every wave that constitute the frequency domain of h(t). It is also possible to recover
the time-domain h(t) from H(t) through the inverse Fourier Transform:

h(t) =

∫ ∞
−∞

H(f)ej2πft df (5.2)

Keep in mind that h(t) can be complex-valued as well.
In the discrete case, we extract N samples from a periodic function h(t) at a fixed

interval T over a duration T0, ensuring that 1/T is at least twice the highest frequency
in h(t) (sampling theorem) to avoid time aliasing.

Ĥ
( n

NT

)
= Xk =

N−1∑
k=0

h(kT )e−j2πn
k
N n = 0, 1, · · · , N − 1 (5.3)
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This relies on the connection between the Fourier Transform and the Fourier Series,
which also allows us to extract the amplitude A and phase φ of the sinusoid we were
looking for in section 4.3.3:

A =
|Xk|
N

=

√
<(Xk)2 + =(Xk)2

N
(5.4)

φ = Atan2(=(Xk),<(Xk)) (5.5)

5.2 Covariance Matrix Adaptation Evolution Strategy

The CMA-ES is an optimization method that can find the global minimum of a real-
valued cost n-dimensional function f , without requiring a gradient or a Jacobian. It
is centred around an iterative process where a subset of λ random candidate solutions
sampled from a distribution are selected based on the corresponding function value to
influence the sampling of the generation, akin to the process of natural selection by
evolution. [13]

It belongs to the family of randomized search algorithms, and is ideal to optimize
”noisy” functions that exhibit discontinuities or ridges, and many local optima. This
includes function with a very high and erratic gradient (ill-conditioned) that cannot be
separated into n 1-dimensional problems (which is significantly easier to solve).

Figure 5.1 illustrates how the algorithm is able to converge on a global optimum over
a short number of generations.

Figure 5.1: Figure illustrating how the CMA-ES algorithm converges on the global
optimum on a spherical two-dimensional function. Note how the 3-sigma ellipsoid of the
multivariate normal distribution (dotted lines) changes over the generations. [23]
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5.2.1 Initial Parameters

Before introducing the main iterative loop, we need to define every parameter that tune
the evolutionary algorithm, like the population count (λ) and step-size (ω) (which control
the mutation rate), and their default values that have been experimentally determined.
However, the specific problem domain may call for values that differ with these defaults.

The population count, and the number of selected candidates (µ), depend on the
dimensionality of the fitness function (n):

λ = 4 + b3 lnnc (5.6)

µ =
⌊
µ′
⌋
, µ′ =

λ

2
(5.7)

Next, the contributions of each candidate that survives the selection phase is weighted
according to ωi, where i is their individual ranking given the function values; the point
associated with the lowest function value has the first rank (i = 1), and so on:

ωi =
ω′i∑µ
j=1 ω

′
j

, w′i = ln(µ′ + 0.5)− ln i for i = 1, · · · , µ (5.8)

Where
∑µ

i=1 ωi = 1. We also dynamically alter the rate the distribution adapts to
new information, in order to maximize performance. The core idea is to keep track of
the length of the evolution path, loosely stated as the total distance the mean of the
stochastic distribution has translated due to evolution (discounting ω), and compare it
against the expected path length as if the distribution was static and not subject to
evolution.

If the evolution path is shorter than expected, then we must be close to the global
minimum and we are very likely walking back and forth in a circle, cancelling steps.
As a result, the step size should be decreased. We have the opposite case when the
evolution path is longer than expected — then most steps will be pointing in the same
direction, and we ought to increase the step size in order to get to the minimum faster:

cω =
µθ + 2

n+ µθ + 5
, dω = 1 + 2 max

(
0,

√
µθ − 1

n+ 1
− 1

)
+ cω (5.9)

Where uθ is the variance effective selection mass:

uθ =
1∑µ
i=1 ω

2
i

≥ 1 (5.10)

We also need to specify the learning rate of both the rank-one update and the rank-µ-
update to ensure old information is not discarded immediately:

cc =
4 + µθ/n

n+ 4 + 2uθ/n
(5.11)

c1 =
2

(n+ 1.3)2 + µθ
(5.12)

cµ = min

(
1− c1, αµ

µθ − 2 + 1/µθ
(n+ 2)2 + αµθ/2

)
where αµ = 2 (5.13)

5.2.2 Main Iteration

Once all the external parameters have been set to their appropriate values, we can begin
iterating through the generations until we have reached some specific termination goal,
generally when additional CPU time would not have yield any further results.
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Initialization Before the first generation, let the evolution path be p
(g=0)
ω = 0 and

the conjugate evolution path be p
(g=0)
c = 0. The covariance matrix of the multivariate

normal distribution X, C(g=0), should be set to the identity matrix I. The generation
index starts at zero, and is incremented by one.

It is also necessary to supply an initial starting point m(g=0) ∈ Rn that will serve
as the mean of the random distribution, and a initial step-size ω(g=0) ∈ R. Note the
subscript x(g=0) — this limits the scope to the initial generation, and suggest the variable
will change in the next generation.

Sampling The first step in generation g is to sample λ points, with index k = 1, · · · , λ,
from the stochastic distribution X:

z
(g)
k ∼ N (0, I) (5.14)

y
(g)
k = B(g)D(g)zk ∼ N (0,C(g)) (5.15)

x
(g)
k = m(g) + σ(g)y

(g)
k ∼ N (m(g), (σ(g))2C(g)) (5.16)

Here, B(g) and D(g) are based on an eigen-decomposition of the covariance matrix C(g):

C = BD2BT = BDDBT (5.17)

To be precise, B(g) is an orthonormal basis of the eigenvectors, and D(g) is a diagonal
matrix consisting of the square roots of the corresponding eigenvalues.

Candidate Selection Then we order every point x
(g)
k such that x

(g)
i:λ is the i-th small-

est point according to f(x
(g)
i:λ ), and select a subset µ of the result:

〈y〉w =

µ∑
i=1

ωiy
(g)
i:λ (5.18)

m(g+1) = m(g) + σ(g) + 〈y〉w =

µ∑
i=1

ωix
(g)
i:λ (5.19)

Here, y
(g)
i:λ is simply:

y
(g)
i:λ =

x
(g)
i:λ −m(g)

σ(g)
(5.20)

Dynamic Step-Size Further, we ensure the step-size σ is optimal:

p(g+1)
σ = (1− cσ)p(g)

σ +
√
cσ(2− cσ)µθ(C

(g))−
1
2 〈y〉w (5.21)

σ(g+1) = σ(g) × exp

(
cσ
dσ

(
||p(g+1)

σ ||
E||N (0, I)||

− 1

))
(5.22)

Where (C(g))−
1
2 is deduced from equation 5.17:

(C(g))−
1
2 = BD−1BT (5.23)

And the expectation of the Euclidian norm of a N (0, I) distribution is as follows:

E||N (0, I)|| =
√

2Γ(
n+ 1

2
)/Γ(

n

2
) (5.24)
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Covariance Matrix Adaptation And finally, we update the covariance matrix of
the normal distribution X:

p
(g+1)
c = (1− cc)p(g)

c + hσ
√
cc(2− cc)µθ〈y〉w (5.25)

C(g+1) = (1− c1 − cµ)C(g) + c1

(
p
(g+1)
c (p

(g+1)
c )T + δ(hσ)C(g)

)
+ cµ

µ∑
i=1

ωiy
(g)
i:λ (y

(g)
i:λ )T (5.26)

Where h is the Heaviside step function:

hσ =

 1 if ||p(g+1)
σ ||√

1−(1−cσ)2×(g+1)
< (1.4 + 2

n+1)E||N (0, I)||

0 otherwise
(5.27)

And δ is:
δ(hσ) = (1− hσ)cc(2− cc) ≤ 1 (5.28)

Then we increment the generation index and repeat from candidate selection, until our
end conditions have been satisfied.
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Chapter 6

Results

We are now ready to test the feasibility of the magnetic field invariants we found in
chapter 3.

6.1 Single Sensor

Let us evaluate the accuracy of a single sensor, located at (0, 0) relative to the drone
position. We will extract the amplitude and phase of the sinusoids in both the x and
y axis, using the FFT algorithm, and use them to look up the corresponding position
in the model based on the field invariants phase difference (equation 3.9 and figure 3.6)
and amplitude angle (equation 3.5 and figure 3.1).

We can visualize these two invariants by normalizing them (using the scale given by
the figures), and taking the magnitude as a vector, as seen in figure 6.1:√(

Zθ
2π

)2

+

(
2Aθ
π

)2

6.1.1 Evaluating BOBYQA and CMA-ES

To confirm the need for a stochastic algorithm such as CMA-ES, we will also attempt
to solve this problem with the much simpler BOBYQA method.

BOBYQA Settings

For BOBYQA, we will select the largest number of interpolation points possible (6 in
our case), and a stopping radius of 10−13[meters]. We’ll also set the maximum number
of iterations to 200 000 and maximum number of function evaluations to 100 000, as a
start. Code listing 6.1 shows how the algorithm is initialized from Apache Math.

CMA-ES Settings

To give the CMA-ES algorithm the best possible chance of success, we will initially set
all the parameters to a very high level, such as the population count and convergence
threshold. Later they may be decreased to improve performance, assuming the algorithm
remains accurate. Specifically, the algorithm is set to a population count λ of 1000, a
maximum generation count to 4000, and the absolute convergence threshold to ∆ <
10−12. This can all be seen in code listing 6.2
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Listing 6.1: Initialization of the BOBYQA algorithm.

1 private int interpolationPoints = 6;
2 public double stoppingRadius = 1E-13;
3
4 public PointValuePair findMinimum(ContinuousField field, double[]

target, double[] guessPoint, BoundingBox boundingBox) {
5 BOBYQAOptimizer optimizer = new

BOBYQAOptimizer(interpolationPoints,
boundingBox.getExtent().getMaxValue(), stoppingRadius);

6
7 // Real solution
8 return optimizer.optimize(
9 new SimpleBounds(boundingBox.getLowerBound().toArray(),

boundingBox.getUpperBound().toArray()),
10 new InitialGuess(guessPoint),
11 new MaxIter(200000),
12 new MaxEval(100000),
13 new

ObjectiveFunction(ContinuousField.withSquareDistance(field,
target)));

14 }

Random Sampling

To test both approaches, we will take 10 000 random points from the region starting
from point [-35, 0] to [34, 40], extract the corresponding field invariants, and then find
the point with the closest invariants in the model using either BOBYQA and CMA-ES.
We will let the wires be configured according to table 2.1.

Algorithm Aθ Zθ Avg Elapsed [ms] Avg Miss [m] Miss >1 Miss >10 Failures

BOBYQA X 2.97 30.38 8060 7499 1936
BOBYQA X 2.18 23,52 9595 8727 393
BOBYQA X X 2.78 32.16 9868 9274 129
CMAES X 76.77 8.28 8894 2818 0
CMAES X 209.00 26.67 9751 7803 0
CMAES X X 95.93 3.61 2623 1602 0

Table 6.1: Testing BOBYQA and CMAES with 10000 random points. The columns
Aθ and Zθ indicate whether or not we used the amplitude angle and phase difference
in our search. ”Miss” is the distance from the correct point to the point found by the
algorithm.

Figure 6.1 displays the result of this test. We also test the effect of using either the
amplitude angle (Aθ), the phase difference (Zθ), or both at the same time.

It is evident that BOBYQA is not suitable for this problem. In fact, out of just 10
000 samples, it was unable to find more than 4 points with a miss distance of less than
1 meters. Not to mention the 1% - 19% error rate, caused by an inability to reduce the
trust region.

In contrast, CMA-ES is tremendously more effective, and is able to accurately find
the correct point within 1 meters in more than 73.7% of the time when using both Aθ
and Zθ. Not surprisingly, its accuracy drops heavily (0.02%) when it is only relying
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Figure 6.1: Visualization of both the phase difference and the amplitude angle. This
normalizes both as components in a vector, and displays the magnitude of said vector.

on the amplitude angle, as this invariant does not differ significantly from quadrant to
quadrant. Phase difference Zθ does a lot better on its own, but it is still less accurate
combining the two invariants.

We can also plot the miss distances in a coordinate system, as seen in figure 6.2.
The problematic points seems to be concentrated along the diagonals, and in an ellipsoid
around the center.

6.1.2 Points of High Inaccuracy

In order to improve the accuracy of the CMA-ES algorithm, we must determine why the
result was more than 10 meters off the correct point in 16% of the cases. If we look at
the top 10 most inaccurate results (table 6.2), we see that the field invariants between
the original point and the incorrect result point are almost identical. We have therefore
likely exhausted the potential of algorithmic improvement, and we must turn elsewhere
to get a better result.

6.2 Multiple Sensors

It appears we need additional information to be able to improve the accuracy of our
method. One approach is to install multiple sensors on the drone, with known relative
offsets from each other.

Like in section 3.2, we will use the convention (a,b)(c,d)· · · (x,y) to indicate a set of
sensors with relative positions, and after trying out a couple of different configurations
(see table 6.3) where we assume the maximum relative offset is about 1 meters (a decent
size for a drone), we seem to hit diminishing returns after 3 or 4 sensors.

Beside the average miss distance, we also should focus on minimizing the number of
miss distances that exceed 1 meter.
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Listing 6.2: Initialization of the CMA-ES algorithm.

1 private int iterations = 2000;
2 private int populationSize = 4000;
3 private double threshold = 0.000000000001;
4
5 public PointValuePair findMinimum(ContinuousField field,
6 double[] target, double[] guessPoint, BoundingBox boundingBox) {
7 CMAESOptimizer optimizer = new CMAESOptimizer(iterations, 0,

true, 0, 0, new JDKRandomGenerator(), false, new
SimpleValueChecker(-1, threshold));

8
9 // Real solution

10 return optimizer.optimize(
11 new SimpleBounds(boundingBox.getLowerBound().toArray(),

boundingBox.getUpperBound().toArray()),
12 new InitialGuess(guessPoint),
13 new CMAESOptimizer.Sigma(boundingBox.getExtent().toArray()),
14 new CMAESOptimizer.PopulationSize(populationSize),

GoalType.MINIMIZE,
15 new MaxIter(2000000),
16 new MaxEval(10000000),
17 new ObjectiveFunction(ContinuousField.withSquareDistance(
18 field, target)));
19 }

6.2.1 Problematic Points

Even five sensors (S5) is unable to completely eliminate the error rate, but is this due
to insufficient information or stochastic errors? We can attempt to answer this by
repeatedly applying the CMA-ES algorithm to the point with the highest miss distance
in run S5, which happened to be (7.1909021317, 21.6243214568), and plot the miss
distance against the distance between the target field invariants and the field invariants
of the resulting point.

This plotting can be seen in figure 6.3, and it does appear to solidify our intuition
that two sensors or more are necessary. Specifically, the correlation between a lower
invariant distance and a low miss distance is hampered by the two blue points near
10 meters in miss distance, which also have a fairly low invariant distance. The cluster
of incorrect points for S2 are, in contrast, much higher up. There’s also only a single
cluster, unlike S1, which have an additional cluster near 40 meters.

6.3 Improving Accuracy

Now that we have established the need for multiple sensors, we can begin to improve its
accuracy further. We present two general approaches.

6.3.1 Select the Lowest Invariant Distance

If the correlation between accuracy and invariant distance visible in figure 6.3 is true,
we could simply repeat the CMA-ES algorithm N times and select the result with the
lowest invariant distance.

This does actually improve the accuracy, as seen in table 6.4, but at the cost of a
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Figure 6.2: Plot of miss distances when using CMAES and the two field invariants.

significant increase in CPU time. Though, the most valuable improvement is the lower
number of misses that exceed 10 meters.

One possible optimization is find some acceptable level of invariant distance (say,
10−5 m), and only repeat the computation if the distance is above this limit.

6.3.2 Restricting the Search Area

Up until now, we have allowed the algorithm to scan the entire area of interest (-35, 0)
to (35, 40), as we cannot necessarily guarantee that the GPS device will produce a more
accurate fix on our location (especially in the vertical axis).

However, once we have begun to pin down our position more precisely due to the
relative offset calculated by our method, we could use a smaller search area in our
algorithm using the previous known approximate position and a INS (coupled with
GPS) to estimate the maximum distance we could have travelled. If we also account
for the maximum drift of the INS device, and use the bearing of the drone, we can
determine just how far the drone could have travelled in the x–y plane, and shrink the
search area accordingly.

Table 6.5 suggests that this is a particularly successful method of getting a high
accuracy, so we will attempt to integrate it in our final position algorithm.

6.3.3 Virtual Sensors

A third option is to try to sample the magnetic field invariants from a larger area than is
ordinary possible with multiple on-board sensors, specifically by travelling a set distance
and measure the field at regular intervals.
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X0 Y0 Z0 A0 Xr Yr Zr Ar

7.8221 19.3169 3.2425 1.0851 -12.1178 18.4412 3.2441 1.0853
7.9134 19.5518 3.2225 1.2047 -35.0000 9.0976 3.2277 1.2054
7.7232 20.7658 0.1140 1.0764 -33.7411 34.8873 0.1140 1.0764
8.0429 20.2188 0.0624 1.3578 -35.0000 26.0632 0.0725 1.3583
6.9213 17.8390 3.4551 0.9220 V -28.9125 0.2126 3.4299 0.8705
6.8622 22.3903 0.3431 0.9032 6.7668 22.5136 0.3684 0.9097
6.6792 17.2851 3.5424 0.9053 6.7547 17.4480 3.5154 0.9076
7.8488 19.9612 3.2176 1.5393 -29.6948 19.3075 3.2176 1.5393
-6.4891 23.7175 2.6202 0.8523 26.0178 40.0000 2.6296 0.8031

Table 6.2: The ten most inaccurate results in the CMAES run of two invariants and one
sensor. Here, X0 and Y0 are the coordinates of the test point, and Z0 with A0 are the
two field invariants. The resulting point (Xr and Yr ) have the invariants Zr and Ar.

Sensor Configuration Avg Elapsed (ms) Avg Miss (m) Miss >1 Miss >10

S1 = (0,0) 95.9302047 3.614360296 2623 1602
S2 = (0,0)(1,0) 115.8416916 0.431728231 508 118
S3 = (0,0)(1,0)(12 , 1

2) 137.8660531 0.280135445 502 53
S4 = (0,0)(1,0)(1,1)(0,1) 146.9185581 0.205809262 366 41
S5 = (0,0)(1,0)(1,1)(0,1)(12 ,12) 152.9552156 0.226309288 432 37

Table 6.3: The effect of adding additional sensor inputs with known relative offsets.

If we first orient the drone such that is it parallel to the conductor wires, and then
ascend vertically to a height well below the conductors, taking measurements every 3
meters. This would effectively create a large number of virtual sensors by sacrificing
temporal accuracy.

Note that this method requires some knowledge of the speed and acceleration of
the drone over the period of measurements, or we would not be able to specify the
relative offset of each sample. It also cannot handle changing conductor positions in the
x–y plane, which we pretty much expect when the drone is at high speed (due to the
wire hang).

We perform three different tests, with either zero or five repeats per point each. The
first test requires a single sensor at (0, 0), and that the drone moves 9 meters up or
down, sampling the magnetic field every 3 meters. The second test uses two sensors (0,
0) and (1, 0) over the same distance, resulting in 8 overall virtual sensors. In the last
test we have the drone move horizontally instead, again sampling at every 3 meters.
The result can be seen in table 6.6.

Interestingly enough, the horizontal sensors are an order of magnitude more accurate
than the virtual sensors. This approach will be useful if we are already hovering above
the power line at a constant height, and enter from the left or right in the x–y plane.
Then we only need to fly 9 meters to accurately pin-point our location.

However, if we happen to launch the drone underneath or near the power line, it
might be prudent to use the vertical virtual sensors to get an more approximate fix on
a position. That might theoretically allow us to ascend from the ground automatically,
without having to secure a separate launch site with a free line-of-sight of the sky, and
instead depend on the fact that power lines will be clear of any structures or foliage.
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Figure 6.3: The miss distance contra the invariant distance when looking up the invari-
ants of point p = (7.19, 21.62) against S1, S2, S3 and S4. S5 is not included as it is
almost indistinguishable from S4. Note that we only display the first 100 points for each
run.

Repeat Count Avg Elapsed (ms) Avg Miss (m) Miss >0.1 Miss >1 Miss >10

0 156.2293226 0.298607616 119 55 6
3 603.4885498 0.138980042 95 24 6
6 1023.382991 0.06902604 86 16 2
10 1625.373811 0.04376276 73 12 0

Table 6.4: The effect of selecting the lowest invariant distance of 1 + Repeat Count runs
of the CMA-ES algortihm on the same point, using 1000 test points. We assume the
drone is carrying three sensors (S3).

Note that there’s very little to gain from using two sensors (1 meter apart) in the vertical
case.

6.4 Simulating Navigation

We now made all the necessary preparations to use our algorithm in a simple drone
navigation simulation. As always, we will use the model in table 2.1 as our reference.

The drone will have a maximum speed of 1 m/s and be restricted to a maximum
acceleration of 1 m/s2. It will be instructed to perform a simple task—starting from a
point unknown to itself, it must ascend to point (20,40), and then cruise sideways to
point (0,40). The route should be as direct as possible. In our test, the starting point
will be (30, 0). For this particular run, we will assume the magnetic field sensors are
ideal with no loss of precision, and the conductors carry a perfect AC current with no
frequency variation or amplitude variation between each other.
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Sensors Radius Avg Elapsed (ms) Avg Miss (m) Miss >0.1 Miss >1 Miss >10

3 1 94.76944309 3.28E-06 0 0 0
3 2 109.4988193 2.59E-06 0 0 0
3 4 107.3388309 2.83E-06 0 0 0
3 8 116.5809785 3.74E-04 1 0 0
3 12 122.0760691 0.002862963 14 1 0
3 16 131.4016354 0.04825665 28 5 0

Table 6.5: The accuracy of the CMA-ES algorithm after incrementally increasing the
radius of the search area, using 1000 test points.

Virtual Sensors RC Avg Elapsed (ms) Avg Miss (m) Miss >0.1 Miss >1 Miss >10

4V. 3 meters 0 158.5018123 0.011278116 234 7 1
4V. 3 meters 5 225.4582485 0.002968629 126 0 0
4V. 2R. 3 meters 0 199.8190648 0.011107173 218 4 2
4V. 2R. 3 meters 5 261.8589657 0.002598686 109 0 0
4H. 3 meters 0 156.4985323 0.001459634 18 6 0
4H. 3 meters 5 159.0923529 1.21E-04 4 0 0

Table 6.6: Testing the accuracy of virtual sensors over 10000 points, coupled with a
repeat count (RC) of 5. The first test (4V) measures the effect of 4 virtual horizontal
sensors. In the second test (4V. 2R), we have two rows 1 meter apart, with 4 virtual
horizontal sensors each. The third test is a repeat of the first, except using 4 horizontal
sensors (4H).

6.4.1 Proposed Algorithm

1. Ascend 9 meters and sample the magnetic field using a single sensor every 3 meters.
This step may require an INS if the drone cannot guarantee a known constant
ascension speed. Using these four samples, we use the virtual sensor approach as
detailed in subsection 6.3.3, which yields our first estimate of the current position.
If, according to the algorithm, we have moved downwards instead of upwards as
expected, we know the assumed phase sequence is wrong and we have to use the
opposite phase category (see 3.4.1).

2. If we now need to estimate the orientation, we use the methods described in
3.3.4—either use GPS, or compute the cross-product of two different magnetic
field vectors from the same sensor.

3. We can now use this position estimate to restrict the search area for any subsequent
position lookups. Using the maximum speed of the drone and the time the position
estimate was calculated, we deduce the maximum extent of the search area. This
area can then be extended, just in case.

4. Given a previous position and conservative search area, we use the method in
subsection 6.3.2 to more accurately find the current position. Repeat as often as
sensible.

Let us put this algorithm to the test. It has been implemented by the DroneSimu-
lation class, and it can be started by our PlotCSV program using the commend seen in
code listing 6.3.
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Listing 6.3: Computing the amplitude angle and phase difference in
Mathematica.

java −j a r PlotCSV . j a r −m Model . xml −modelsource d3 −x
−35:35:1920 −y 0 :40 : 1000 −t 0 : 0 : 1 −v m −f FALSE
−drone s imu la t i on −dr 6 −s o l v e r cmaes
−s o l v e r . i t e r a t i o n s 4000 −s o l v e r . popu la t i onS i z e 1000
−s o l v e r . th r e sho ld 0.000000000000001 drone2\output . png

The drone position during the test is illustrated by figure 6.4, and the distance from
the estimated position and the true1 position is plotted by figure 6.5. The miss distance
on our estimated position over the course of the flight averages out to about 0.31 mm
(SD: 6.09 mm).
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Figure 6.4: Position of the drone, and the estimated position.

6.4.2 Effect of Frequency Deviation

In subsection 3.5.1, we theorized that small deviations in the system frequency (ideally
50 Hz) might negatively impact the accuracy of our algorithm. We are now ready to put
this idea to the test, simply by computing the field invariants at point p using a slightly
lower or higher frequency, and then try to locate the original point p in a comparison
model that is running at the ideal frequency.

If we use the S3 configuration, along with restricting the radius to 6 meters and
setting the repeat count to 5, we end up with the results in table 6.7. The frequency
was altered in the model XML-file by changing the freq attribute to 47 ∗ 360 = 16920
and 53 ∗ 360 = 19080, respectively. Note that the frequency is typically within a range
of 49.1 to 50.1, so these constitute extreme deviations from the norm. Nevertheless, the
accuracy of the algorithm remained unchanged, so it is clear that random deviations in
the frequency will have essentially no effect.

We can thus safely ignore the frequency deviation.
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Figure 6.5: The distance between the estimated position and the true position of the
drone, over time. This assumes the currents are perfectly balanced.

Frequency Avg Elapsed (ms) Avg Miss (m) Miss Std (m) Miss >0.1

50 (Ideal) 130.166 1.864E-05 0.004 0
47 109.894 3.783E-05 0.006 0
53 117.831 1.493E-05 0.004 0

Table 6.7: The effect of changing the frequency of the sample model, against a compar-
ison model (always at 50 Hz). This is done on the same 1000 random points.

6.4.3 Effect of Current Imbalance

Continuing from subsection 3.5.2, we test the effect of using the currents from the lowest
local SD and the highest local SD (see table 3.3), on the algorithm accuracy. This is
done both using the configuration in S3 and 4 vertical virtual sensors (4V), an presented
in table 6.8. Sadly, it looks like the current imbalance is having a massive negative effect
on the overall accuracy of our algorithm, where the average miss distance is 2.368 meters
in the worst case (HCD, or the highest local SD).

To correct this, we need to include the current imbalance as a dimension in our
search space, using a and b as defined in 3.23. The CMA-ES algorithm will then simply
use four dimensions in the search points - the x and y coordinate of the point, along
with the a and b parameters that adjust the global current imbalance. The imbalance
itself is restricted by the interval in 3.25.

The result of adding these two new dimensions is displayed in table 6.9. Here, C(a, i)
is a shorthand for configuration A, which specifies a test using a repeat count of 5, a
restricted radius of 6 meters and sensors Si. While in Cb,i, we use 4 vertical virtual
sensors in i number of rows.

Finally, we also limit the maximum invariant distance (3.12) to 0.3, and fail the
search otherwise (see the failure count in the table). That way, we avoid the very
problematic spots, and instead encourage the drone to move to another location and try
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Setup Avg Elapsed Avg Miss Miss Std (m) Miss >0.1 Miss >1

S3. LCD 771.002 ms 2.903 m 0.948 m 928 689
S3. HCD 946.791 ms 4.368 m 2.090 m 971 857
4V. LCD 932.899 ms 1.081 m 1.040 m 805 399
4V. HCD 1059.090 ms 4.319 m 2.078 m 911 667

Table 6.8: The effect of two different current imbalances LCD (Low Current Deviation)
and HCD (High Current Deviation), using three sensors S3 and four vertical sensors 4V.
We use 1000 random points in each test.

again. Estimated points that miss by over 10 meters could also be filtered out by a GPS
and known power line path, if the invariant distance does not do it already.

Table 6.9: If we a and b as dimensions in the search space, we get the following results.
The same 1000 random points is used here as well. The number of misses that exceeded
10 meters is recorded in the Failures column in parenthesis.

Setup Avg Elapsed Avg Miss: Std: Miss >0.1 Miss >1 Failures

Ca,1 + HCD 246,086 ms 1,781 m 1,335 m 975 755 0
Ca,2 + HCD 310,184 ms 0,018 m 0,018 m 7 0 0
Ca,3 + LCD 376.067 ms 0.018 m 0.134 m 4 3 0
Ca,3 + HCD 424.571 ms 0.008 m 0.092 m 3 2 0
Cb,1 + HCD 1355.476 ms 0.100 m 0.316 m 25 5 11 (2)
Cb,2 + HCD 1584.745 ms 0.013 m 0.114 m 22 4 14

It seems that the miss distance is adequately low the Ca,2 and Ca,3 case, provided
that we have a good initial location. In contrast, the single drone sensor case, Ca,2,
is practically unusable. The initial location is supplied by Cb,1 and Cb,2, which unfor-
tunately is not quite as good — in particular, there is a large number of cases where
the algorithm fails to find a point with a low enough invariant distance (0.3 or less). It
also appears to be necessary to use two rows of 4 virtual sensors, to avoid misses over
10 meters that are undetectable by high invariant distances.

Summary To sum up, in order to account for current imbalance, we should amend
our proposed algorithm in subsection 6.4.1 by adding two additional dimensions a and
b, and also use at least two rows of virtual columns in the initial search phase. If that
first initial step fails, we simply repeat until we get a low field invariant distance.

Finally, let us rerun the drone simulation using Cb,1 initially, and Ca,3 after we have
our initial fix, all under the most difficult condition (HCD). This is displayed in figure
6.6.

The average miss distance after turning on a and b estimation, was about 1.80 mm
(SD: 30.88 mm). This is just over six times less accurate than when the current is
perfectly balanced (0.31 mm), yet it is still perfectly acceptable.
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(a) Navigating without estimating a and b, which fails completely.
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(b) Navigating while also estimating a and b.

Figure 6.6: Comparison of attempting to navigate in a field with a high current imbal-
ance (HCD), using a = b = 1, or by allowing CMA-ES to estimate a and b.
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Chapter 7

Conclusion

We demonstrated that it is possible to extract very accurate positional information from
the magnetic field generated by a power line, using either multiple measurements over
time or at least two sensors and a previous position. By aligning the drone with the
plane of the magnetic field lines, we could follow the path of the power line at an average
accuracy of 0.31 mm.

After taking into account that the current in each wire deviates from the average
current at most 10%, we nevertheless achieve the very respectable accuracy of 1.80 mm.

The only remaining issue is the computational cost, where a single evaluation requires
approximately 350 ms on a modern desktop computer.
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Chapter 8

Future Work

� Investigate ways of improving the performance of the algorithm, either by switch-
ing to a faster alternative to CMA-ES or possibly by designing an equivalent
Kalman filter [18]. Also ensure that performance is competitive on an embedded
computer, such as the Raspberry Pi.

� Currently, most of our work is theoretical. It is necessary to eventually test the
algorithm in practice, using real hardware near a power line or something equiv-
alent. That would reveal any real-world considerations we did not consider, or
hardware limitations that we failed to take into account.

� Determine if this method works on power lines consisting of multiple three-phase
circuits, not just a single circuit. Can it be also be extended to ground wires?

� Our work assumes we know the exact type of power line, and the spacing between
each conductor. Can these parameters be estimated with no prior knowledge,
using only samples from the magnetic field?
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Appendix A

Code Listings

A.1 Mathematica

Mathematica was primarily used to plot every 3D figure, though it turned out to be
more than capable of computing the solution to the position problem.

The amplitude angle and phase difference (3.5 and 3.9) can be computed as follows.
This assumes that each wire is positioned according to table 2.1:

Listing A.1: Computing the amplitude angle and phase difference in
Mathematica.

f i e l d x [ x , y , cX , cY , r , I , p ] := Module [{dX,dY, r2 } ,
dX=x−cX ;dY=y−cY ; r2=dXˆ2+dYˆ2 ;
dY* ( ( p* I )/(2*Pi ) )/ r2 ]

f i e l d y [ x , y , cX , cY , r , I , p ] := Module [{dX,dY, r2 } ,
dX=x−cX ;dY=y−cY ; r2=dXˆ2+dYˆ2 ;
−dX* ( ( p* I )/(2*Pi ) )/ r2 ]

phasex [ x , y , o ] :=Module [{p , c1 , c2 , c3 } ,
p=4.0*Pi*10ˆ(−7);
c1=f i e l d x [ x , y , −9 ,20 ,0 .04 ,12000 , p ] ;
c2=f i e l d x [ x , y , 0 , 20 , 0 . 04 , 12000 , p ] ;
c3=f i e l d x [ x , y , 9 , 20 , 0 . 04 , 12000 , p ] ;
ArcTan [ c1 * Sin [(0+ o ) Degree]+c2*Sin [(120+ o ) Degree]+

c3*Sin [(240+ o ) Degree ] ,
c1 * Cos[(0+ o ) Degree]+c2*Cos[(120+ o ) Degree]+

c3*Cos [(240+ o )Degree ] ] ]

phasey [ x , y , o ] :=Module [{p , c1 , c2 , c3 } ,
p=4.0*Pi*10ˆ(−7);
c1=f i e l d y [ x , y , −9 ,20 ,0 .04 ,12000 , p ] ;
c2=f i e l d y [ x , y , 0 , 20 , 0 . 04 , 12000 , p ] ;
c3=f i e l d y [ x , y , 9 , 20 , 0 . 04 , 12000 , p ] ;
ArcTan [ c1 * Sin [(0+ o ) Degree]+c2*Sin [(120+ o ) Degree]+

c3*Sin [(240+ o ) Degree ] ,
c1 * Cos[(0+ o ) Degree]+c2*Cos[(120+ o ) Degree]+

c3*Cos [(240+ o ) Degree ] ] ]
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a n g l e D i f f e r e n c e [ a , b ]:=−Mod[ b−a , 2 Pi,−Pi ]

amplitudex [ x , y ] := Module [{p , c1 , c2 , c3 } ,
p=4.0*Pi*10ˆ(−7);
c1=f i e l d x [ x , y , −9 ,20 ,0 .04 ,12000 , p ] ;
c2=f i e l d x [ x , y , 0 , 20 , 0 . 04 , 12000 , p ] ;
c3=f i e l d x [ x , y , 9 , 20 , 0 . 04 , 12000 , p ] ;
Sqrt [ c1ˆ2+c2ˆ2+c3ˆ2−c1*c2−c1*c3−c2* c3 ] ]

amplitudey [ x , y ] := Module [{p , c1 , c2 , c3 } ,
p=4.0*Pi*10ˆ(−7);
c1=f i e l d y [ x , y , −9 ,20 ,0 .04 ,12000 , p ] ;
c2=f i e l d y [ x , y , 0 , 20 , 0 . 04 , 12000 , p ] ;
c3=f i e l d y [ x , y , 9 , 20 , 0 . 04 , 12000 , p ] ;
Sqrt [ c1ˆ2+c2ˆ2+c3ˆ2−c1*c2−c1*c3−c2* c3 ] ]

AmplitudeAngle [ x , y ] := Module [{ ax , ay } ,
ax = amplitudex [ x , y ] ;
ay = amplitudey [ x , y ] ;
I f [ ax != 0 , ArcTan [ ay/ax ] , Sign [ ay ] * ( Pi / 2 ) ] ]

A.2 Java

A.2.1 Field Interfaces

This section contains unabridged versions of all the field interfaces presented in chapter 4,
baring the actual implementation of every default method. Please consult the attached
source code to view the interfaces in full, complete with the default implementation of
every method.

Listing A.2: Every method in the DiscreteField interface.

1 import org.apache.commons.math3.geometry.**;
2
3 public interface DiscreteField {
4 double getColumn(int column);
5 double getRow(int row);
6 int getColumns();
7 int getRows();
8
9 default Vector2D getNearestPoint(double x, double y) {

10 /* Return the cell that is nearest
11 the given point. */
12 }
13 default double[] toColumnArray() {
14 /* Return current column X coordinates
15 as an array. */
16 }
17 default double[] toRowArray() {
18 /* Return the current row Y coordinates
19 as an array. */
20 }
21 }
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Listing A.3: Every method in the ScalarField interface.

1 import com.google.common.collect.Range;
2
3 public interface ScalarField extends DiscreteField {
4 double getValue(int column, int row);
5
6 default void fillValues(int startColumn, int endColumn,
7 int startRow, int endRow, double[] outputValues) {
8 /* Use getValue() to fill the array */
9 }

10 default DoubleStream stream() {
11 /* View this field as a stream of cell values. */
12 }
13 default Range<Double> getRange() {
14 /* Return the minimum and maximum cell
15 value expressed as a range. */
16 }
17 default Stream<double[]> rows() {
18 /* Return a stream of all the rows of
19 values in the field. */
20 }
21 default double[][] toDoubleArray() {
22 /* Convert current scalar field to a jagged array. */
23 }
24 default ScalarArrayField toArrayField() {
25 /* Convert the current scalar field to an
26 array scalar field */
27 }
28 }

Listing A.4: Every method in the ContinuousField interface.

1 import org.apache.commons.math3.linear.RealVector;
2
3 public interface ContinuousField {
4 int getComponents();
5
6 void addComponents(double x, double y, int startComponent,
7 int endComponent, double[] destination,
8 int destinationOffset);
9

10 default void addComponents(double x, double y,
11 double[] destination, int destinationOffset) {
12 /* Default parameters */
13 }
14
15 default VectorField toVectorField(double[] xCoordinates,
16 double[] yCoordinates) {
17 /* Convert this continuous field to a discrete
18 vector field. */
19 }
20 default double getMagnitude(double x, double y) {
21 /* Retrieve the magnitude of the given cell. */
22 }
23 default RealVector getAngle(double x, double y) {
24 /* Retrieve the polar angles of the given cell. */
25 }
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26 default RealVector getVector(double x, double y) {
27 /* Retrieve the value of the given cell. */
28 }

Listing A.5: Every method in the VectorField interface.

1 public interface VectorField extends DiscreteField {
2 int getComponents();
3
4 void fillComponents(int startColumn, int endColumn,
5 int startRow, int endRow,
6 int startComponent, int endComponent, double[] destination,
7 int destinationOffset, boolean zeroDestination);
8
9 default RealVector getVector(int column, int row) {

10 /* Retrieve the value of the given cell. */
11 }
12
13 default double getMagnitude(int column, int row) {
14 /* Retrieve the magnitude of the given cell. */
15 }
16 default RealVector getAngle(int column, int row) {
17 /* Retrieve the polar angles of the given cell. */
18 }
19 default RealVector getNearestValue(double x, double y) {
20 /* Retrieve the value of the cell nearest the given point. */
21 }
22
23 default double[] getComponentsArray(int startColumn, int

endColumn,
24 int startRow, int endRow) {
25 /* Retrieve an array of all the components in the given

rectangle. */
26 }
27 default double[] getComponentsArray(int startColumn, int

endColumn,
28 int startRow, int endRow, int startComponent, int

endComponent) {
29 /* Retrieve an array of the given components in the given

rectangle. */
30 }
31
32 default void fillComponents(int startColumn, int endColumn, int

startRow, int endRow,
33 double[] destination, int destinationOffset) {
34 /* Fill the destination array with the respective values of

the components in the cell vectors. */
35 }
36
37 default ScalarField magnitudes() {
38 /* View the magnitude of each cell in this vector field. */
39 }
40 default ScalarField x() {
41 /* View the magnitude of the x component in this vector field.

*/
42 }
43 default ScalarField y() {
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44 /* View the magnitude of the y component in this vector field.

*/
45 }
46 default DiscreteField angles() {
47 /* View the angle of each cell in this vector field. */
48 }
49 default ScalarField map(DoubleBinaryOperator operator) {
50 /* Create a scalar field from a two dimensional vector field.

*/
51 }
52 default ScalarField map(ScalarMapping operator) {
53 /* Create a scalar field from the X and Y values of this

vector field. */
54 }

A.3 PlotCSV Commands

We also list the PlotCSV command lines needed to produce a number if figures in this
paper in table A.1.

A.4 Attached Files

The following files of the source code and executable is contained within the digital
PDF-version of this paper:

� Source Code:

� Compiled Binary:
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PlotCSV/.gitignore

# Created by .ignore support plugin (hsz.mobi)
### Java template
*.class

# Mobile Tools for Java (J2ME)
.mtj.tmp/

# IntelliJ
.idea/workspace.xml
.idea/tasks.xml
.idea/libraries/**

# Package Files #
*.jar
*.war
*.ear

# virtual machine crash logs, see http://www.java.com/en/download/help/error_hotspot.xml
hs_err_pid*









PlotCSV/.git/COMMIT_EDITMSG

Calculate the current imbalance as well.

This is a bit hacky, as we are running out of time.







PlotCSV/.git/config

[core]
	repositoryformatversion = 0
	filemode = false
	bare = false
	logallrefupdates = true
	symlinks = false
	ignorecase = true
	hideDotFiles = dotGitOnly
[remote "origin"]
	url = //192.168.1.189/IdeaProjects/PlotCSV
	fetch = +refs/heads/*:refs/remotes/origin/*
[gui]
	wmstate = normal
	geometry = 887x427+106+39 171 192







PlotCSV/.git/description

Unnamed repository; edit this file 'description' to name the repository.







PlotCSV/.git/HEAD

ref: refs/heads/levenberg







PlotCSV/.git/hooks/applypatch-msg.sample

#!/bin/sh
#
# An example hook script to check the commit log message taken by
# applypatch from an e-mail message.
#
# The hook should exit with non-zero status after issuing an
# appropriate message if it wants to stop the commit.  The hook is
# allowed to edit the commit message file.
#
# To enable this hook, rename this file to "applypatch-msg".

. git-sh-setup
test -x "$GIT_DIR/hooks/commit-msg" &&
	exec "$GIT_DIR/hooks/commit-msg" ${1+"$@"}
:







PlotCSV/.git/hooks/commit-msg.sample

#!/bin/sh
#
# An example hook script to check the commit log message.
# Called by "git commit" with one argument, the name of the file
# that has the commit message.  The hook should exit with non-zero
# status after issuing an appropriate message if it wants to stop the
# commit.  The hook is allowed to edit the commit message file.
#
# To enable this hook, rename this file to "commit-msg".

# Uncomment the below to add a Signed-off-by line to the message.
# Doing this in a hook is a bad idea in general, but the prepare-commit-msg
# hook is more suited to it.
#
# SOB=$(git var GIT_AUTHOR_IDENT | sed -n 's/^\(.*>\).*$/Signed-off-by: \1/p')
# grep -qs "^$SOB" "$1" || echo "$SOB" >> "$1"

# This example catches duplicate Signed-off-by lines.

test "" = "$(grep '^Signed-off-by: ' "$1" |
	 sort | uniq -c | sed -e '/^[ 	]*1[ 	]/d')" || {
	echo >&2 Duplicate Signed-off-by lines.
	exit 1
}







PlotCSV/.git/hooks/post-update.sample

#!/bin/sh
#
# An example hook script to prepare a packed repository for use over
# dumb transports.
#
# To enable this hook, rename this file to "post-update".

exec git update-server-info







PlotCSV/.git/hooks/pre-applypatch.sample

#!/bin/sh
#
# An example hook script to verify what is about to be committed
# by applypatch from an e-mail message.
#
# The hook should exit with non-zero status after issuing an
# appropriate message if it wants to stop the commit.
#
# To enable this hook, rename this file to "pre-applypatch".

. git-sh-setup
test -x "$GIT_DIR/hooks/pre-commit" &&
	exec "$GIT_DIR/hooks/pre-commit" ${1+"$@"}
:







PlotCSV/.git/hooks/pre-commit.sample

#!/bin/sh
#
# An example hook script to verify what is about to be committed.
# Called by "git commit" with no arguments.  The hook should
# exit with non-zero status after issuing an appropriate message if
# it wants to stop the commit.
#
# To enable this hook, rename this file to "pre-commit".

if git rev-parse --verify HEAD >/dev/null 2>&1
then
	against=HEAD
else
	# Initial commit: diff against an empty tree object
	against=4b825dc642cb6eb9a060e54bf8d69288fbee4904
fi

# If you want to allow non-ASCII filenames set this variable to true.
allownonascii=$(git config --bool hooks.allownonascii)

# Redirect output to stderr.
exec 1>&2

# Cross platform projects tend to avoid non-ASCII filenames; prevent
# them from being added to the repository. We exploit the fact that the
# printable range starts at the space character and ends with tilde.
if [ "$allownonascii" != "true" ] &&
	# Note that the use of brackets around a tr range is ok here, (it's
	# even required, for portability to Solaris 10's /usr/bin/tr), since
	# the square bracket bytes happen to fall in the designated range.
	test $(git diff --cached --name-only --diff-filter=A -z $against |
	  LC_ALL=C tr -d '[ -~]\0' | wc -c) != 0
then
	cat <<\EOF
Error: Attempt to add a non-ASCII file name.

This can cause problems if you want to work with people on other platforms.

To be portable it is advisable to rename the file.

If you know what you are doing you can disable this check using:

  git config hooks.allownonascii true
EOF
	exit 1
fi

# If there are whitespace errors, print the offending file names and fail.
exec git diff-index --check --cached $against --







PlotCSV/.git/hooks/pre-push.sample

#!/bin/sh

# An example hook script to verify what is about to be pushed.  Called by "git
# push" after it has checked the remote status, but before anything has been
# pushed.  If this script exits with a non-zero status nothing will be pushed.
#
# This hook is called with the following parameters:
#
# $1 -- Name of the remote to which the push is being done
# $2 -- URL to which the push is being done
#
# If pushing without using a named remote those arguments will be equal.
#
# Information about the commits which are being pushed is supplied as lines to
# the standard input in the form:
#
#   <local ref> <local sha1> <remote ref> <remote sha1>
#
# This sample shows how to prevent push of commits where the log message starts
# with "WIP" (work in progress).

remote="$1"
url="$2"

z40=0000000000000000000000000000000000000000

IFS=' '
while read local_ref local_sha remote_ref remote_sha
do
	if [ "$local_sha" = $z40 ]
	then
		# Handle delete
		:
	else
		if [ "$remote_sha" = $z40 ]
		then
			# New branch, examine all commits
			range="$local_sha"
		else
			# Update to existing branch, examine new commits
			range="$remote_sha..$local_sha"
		fi

		# Check for WIP commit
		commit=`git rev-list -n 1 --grep '^WIP' "$range"`
		if [ -n "$commit" ]
		then
			echo "Found WIP commit in $local_ref, not pushing"
			exit 1
		fi
	fi
done

exit 0







PlotCSV/.git/hooks/pre-rebase.sample

#!/bin/sh
#
# Copyright (c) 2006, 2008 Junio C Hamano
#
# The "pre-rebase" hook is run just before "git rebase" starts doing
# its job, and can prevent the command from running by exiting with
# non-zero status.
#
# The hook is called with the following parameters:
#
# $1 -- the upstream the series was forked from.
# $2 -- the branch being rebased (or empty when rebasing the current branch).
#
# This sample shows how to prevent topic branches that are already
# merged to 'next' branch from getting rebased, because allowing it
# would result in rebasing already published history.

publish=next
basebranch="$1"
if test "$#" = 2
then
	topic="refs/heads/$2"
else
	topic=`git symbolic-ref HEAD` ||
	exit 0 ;# we do not interrupt rebasing detached HEAD
fi

case "$topic" in
refs/heads/??/*)
	;;
*)
	exit 0 ;# we do not interrupt others.
	;;
esac

# Now we are dealing with a topic branch being rebased
# on top of master.  Is it OK to rebase it?

# Does the topic really exist?
git show-ref -q "$topic" || {
	echo >&2 "No such branch $topic"
	exit 1
}

# Is topic fully merged to master?
not_in_master=`git rev-list --pretty=oneline ^master "$topic"`
if test -z "$not_in_master"
then
	echo >&2 "$topic is fully merged to master; better remove it."
	exit 1 ;# we could allow it, but there is no point.
fi

# Is topic ever merged to next?  If so you should not be rebasing it.
only_next_1=`git rev-list ^master "^$topic" ${publish} | sort`
only_next_2=`git rev-list ^master           ${publish} | sort`
if test "$only_next_1" = "$only_next_2"
then
	not_in_topic=`git rev-list "^$topic" master`
	if test -z "$not_in_topic"
	then
		echo >&2 "$topic is already up-to-date with master"
		exit 1 ;# we could allow it, but there is no point.
	else
		exit 0
	fi
else
	not_in_next=`git rev-list --pretty=oneline ^${publish} "$topic"`
	/usr/bin/perl -e '
		my $topic = $ARGV[0];
		my $msg = "* $topic has commits already merged to public branch:\n";
		my (%not_in_next) = map {
			/^([0-9a-f]+) /;
			($1 => 1);
		} split(/\n/, $ARGV[1]);
		for my $elem (map {
				/^([0-9a-f]+) (.*)$/;
				[$1 => $2];
			} split(/\n/, $ARGV[2])) {
			if (!exists $not_in_next{$elem->[0]}) {
				if ($msg) {
					print STDERR $msg;
					undef $msg;
				}
				print STDERR " $elem->[1]\n";
			}
		}
	' "$topic" "$not_in_next" "$not_in_master"
	exit 1
fi

exit 0

################################################################

This sample hook safeguards topic branches that have been
published from being rewound.

The workflow assumed here is:

 * Once a topic branch forks from "master", "master" is never
   merged into it again (either directly or indirectly).

 * Once a topic branch is fully cooked and merged into "master",
   it is deleted.  If you need to build on top of it to correct
   earlier mistakes, a new topic branch is created by forking at
   the tip of the "master".  This is not strictly necessary, but
   it makes it easier to keep your history simple.

 * Whenever you need to test or publish your changes to topic
   branches, merge them into "next" branch.

The script, being an example, hardcodes the publish branch name
to be "next", but it is trivial to make it configurable via
$GIT_DIR/config mechanism.

With this workflow, you would want to know:

(1) ... if a topic branch has ever been merged to "next".  Young
    topic branches can have stupid mistakes you would rather
    clean up before publishing, and things that have not been
    merged into other branches can be easily rebased without
    affecting other people.  But once it is published, you would
    not want to rewind it.

(2) ... if a topic branch has been fully merged to "master".
    Then you can delete it.  More importantly, you should not
    build on top of it -- other people may already want to
    change things related to the topic as patches against your
    "master", so if you need further changes, it is better to
    fork the topic (perhaps with the same name) afresh from the
    tip of "master".

Let's look at this example:

		   o---o---o---o---o---o---o---o---o---o "next"
		  /       /           /           /
		 /   a---a---b A     /           /
		/   /               /           /
	       /   /   c---c---c---c B         /
	      /   /   /             \         /
	     /   /   /   b---b C     \       /
	    /   /   /   /             \     /
    ---o---o---o---o---o---o---o---o---o---o---o "master"


A, B and C are topic branches.

 * A has one fix since it was merged up to "next".

 * B has finished.  It has been fully merged up to "master" and "next",
   and is ready to be deleted.

 * C has not merged to "next" at all.

We would want to allow C to be rebased, refuse A, and encourage
B to be deleted.

To compute (1):

	git rev-list ^master ^topic next
	git rev-list ^master        next

	if these match, topic has not merged in next at all.

To compute (2):

	git rev-list master..topic

	if this is empty, it is fully merged to "master".







PlotCSV/.git/hooks/prepare-commit-msg.sample

#!/bin/sh
#
# An example hook script to prepare the commit log message.
# Called by "git commit" with the name of the file that has the
# commit message, followed by the description of the commit
# message's source.  The hook's purpose is to edit the commit
# message file.  If the hook fails with a non-zero status,
# the commit is aborted.
#
# To enable this hook, rename this file to "prepare-commit-msg".

# This hook includes three examples.  The first comments out the
# "Conflicts:" part of a merge commit.
#
# The second includes the output of "git diff --name-status -r"
# into the message, just before the "git status" output.  It is
# commented because it doesn't cope with --amend or with squashed
# commits.
#
# The third example adds a Signed-off-by line to the message, that can
# still be edited.  This is rarely a good idea.

case "$2,$3" in
  merge,)
    /usr/bin/perl -i.bak -ne 's/^/# /, s/^# #/#/ if /^Conflicts/ .. /#/; print' "$1" ;;

# ,|template,)
#   /usr/bin/perl -i.bak -pe '
#      print "\n" . `git diff --cached --name-status -r`
#	 if /^#/ && $first++ == 0' "$1" ;;

  *) ;;
esac

# SOB=$(git var GIT_AUTHOR_IDENT | sed -n 's/^\(.*>\).*$/Signed-off-by: \1/p')
# grep -qs "^$SOB" "$1" || echo "$SOB" >> "$1"







PlotCSV/.git/hooks/update.sample

#!/bin/sh
#
# An example hook script to blocks unannotated tags from entering.
# Called by "git receive-pack" with arguments: refname sha1-old sha1-new
#
# To enable this hook, rename this file to "update".
#
# Config
# ------
# hooks.allowunannotated
#   This boolean sets whether unannotated tags will be allowed into the
#   repository.  By default they won't be.
# hooks.allowdeletetag
#   This boolean sets whether deleting tags will be allowed in the
#   repository.  By default they won't be.
# hooks.allowmodifytag
#   This boolean sets whether a tag may be modified after creation. By default
#   it won't be.
# hooks.allowdeletebranch
#   This boolean sets whether deleting branches will be allowed in the
#   repository.  By default they won't be.
# hooks.denycreatebranch
#   This boolean sets whether remotely creating branches will be denied
#   in the repository.  By default this is allowed.
#

# --- Command line
refname="$1"
oldrev="$2"
newrev="$3"

# --- Safety check
if [ -z "$GIT_DIR" ]; then
	echo "Don't run this script from the command line." >&2
	echo " (if you want, you could supply GIT_DIR then run" >&2
	echo "  $0 <ref> <oldrev> <newrev>)" >&2
	exit 1
fi

if [ -z "$refname" -o -z "$oldrev" -o -z "$newrev" ]; then
	echo "usage: $0 <ref> <oldrev> <newrev>" >&2
	exit 1
fi

# --- Config
allowunannotated=$(git config --bool hooks.allowunannotated)
allowdeletebranch=$(git config --bool hooks.allowdeletebranch)
denycreatebranch=$(git config --bool hooks.denycreatebranch)
allowdeletetag=$(git config --bool hooks.allowdeletetag)
allowmodifytag=$(git config --bool hooks.allowmodifytag)

# check for no description
projectdesc=$(sed -e '1q' "$GIT_DIR/description")
case "$projectdesc" in
"Unnamed repository"* | "")
	echo "*** Project description file hasn't been set" >&2
	exit 1
	;;
esac

# --- Check types
# if $newrev is 0000...0000, it's a commit to delete a ref.
zero="0000000000000000000000000000000000000000"
if [ "$newrev" = "$zero" ]; then
	newrev_type=delete
else
	newrev_type=$(git cat-file -t $newrev)
fi

case "$refname","$newrev_type" in
	refs/tags/*,commit)
		# un-annotated tag
		short_refname=${refname##refs/tags/}
		if [ "$allowunannotated" != "true" ]; then
			echo "*** The un-annotated tag, $short_refname, is not allowed in this repository" >&2
			echo "*** Use 'git tag [ -a | -s ]' for tags you want to propagate." >&2
			exit 1
		fi
		;;
	refs/tags/*,delete)
		# delete tag
		if [ "$allowdeletetag" != "true" ]; then
			echo "*** Deleting a tag is not allowed in this repository" >&2
			exit 1
		fi
		;;
	refs/tags/*,tag)
		# annotated tag
		if [ "$allowmodifytag" != "true" ] && git rev-parse $refname > /dev/null 2>&1
		then
			echo "*** Tag '$refname' already exists." >&2
			echo "*** Modifying a tag is not allowed in this repository." >&2
			exit 1
		fi
		;;
	refs/heads/*,commit)
		# branch
		if [ "$oldrev" = "$zero" -a "$denycreatebranch" = "true" ]; then
			echo "*** Creating a branch is not allowed in this repository" >&2
			exit 1
		fi
		;;
	refs/heads/*,delete)
		# delete branch
		if [ "$allowdeletebranch" != "true" ]; then
			echo "*** Deleting a branch is not allowed in this repository" >&2
			exit 1
		fi
		;;
	refs/remotes/*,commit)
		# tracking branch
		;;
	refs/remotes/*,delete)
		# delete tracking branch
		if [ "$allowdeletebranch" != "true" ]; then
			echo "*** Deleting a tracking branch is not allowed in this repository" >&2
			exit 1
		fi
		;;
	*)
		# Anything else (is there anything else?)
		echo "*** Update hook: unknown type of update to ref $refname of type $newrev_type" >&2
		exit 1
		;;
esac

# --- Finished
exit 0







PlotCSV/.git/index





PlotCSV/.git/info/exclude

# git ls-files --others --exclude-from=.git/info/exclude
# Lines that start with '#' are comments.
# For a project mostly in C, the following would be a good set of
# exclude patterns (uncomment them if you want to use them):
# *.[oa]
# *~







PlotCSV/.git/info/refs

37a2baefd9019217c4a29dcc56a7a8f65f04416b	refs/heads/master
37a2baefd9019217c4a29dcc56a7a8f65f04416b	refs/remotes/origin/master







PlotCSV/.git/logs/HEAD

0000000000000000000000000000000000000000 37a2baefd9019217c4a29dcc56a7a8f65f04416b Kristian S. Stangeland <kr_stang@hotmail.com> 1422287112 +0100	
37a2baefd9019217c4a29dcc56a7a8f65f04416b 2dcac628e5537b88474b3e72d037b21c07ac0a07 Kristian S. Stangeland <kr_stang@hotmail.com> 1422380532 +0100	commit: Turn PlotCSV into a more formal console program, with actual flags.
2dcac628e5537b88474b3e72d037b21c07ac0a07 aca609a97c68651f61afca5120020ecba46bee7d Kristian S. Stangeland <kr_stang@hotmail.com> 1422395221 +0100	commit: Improve performance even more by switching to a third-party PNG encoder. Also ensure every CPU core is used.
aca609a97c68651f61afca5120020ecba46bee7d e264db4fc71266d01ec53faaea72acbea85d51c7 Kristian S. Stangeland <kr_stang@hotmail.com> 1422400557 +0100	commit: Added a line graph to display the maximum value in some axis.
e264db4fc71266d01ec53faaea72acbea85d51c7 ff1ec4e2817590ac1a8aa8a20cdc510541ef52f4 Kristian S. Stangeland <kr_stang@hotmail.com> 1422402327 +0100	commit: Avoid hard coding the graph line.
ff1ec4e2817590ac1a8aa8a20cdc510541ef52f4 4ba519e92508f154c987390d59d07b596b4b5790 Kristian S. Stangeland <kr_stang@hotmail.com> 1422404651 +0100	commit: Use ProGuard to optimize the size of the final JAR.
4ba519e92508f154c987390d59d07b596b4b5790 8c176a9099627c1fdcbf01bacce953b3b5c3540f Kristian S. Stangeland <kr_stang@hotmail.com> 1422406566 +0100	commit: Improve logic for creating parent folder.
8c176a9099627c1fdcbf01bacce953b3b5c3540f 025026b8756bfc6eaaa5c14d3b34da4abb0ba122 Kristian S. Stangeland <kr_stang@hotmail.com> 1422415077 +0100	commit: Slight micro-optimization when computing the vector of the magnetic field.
025026b8756bfc6eaaa5c14d3b34da4abb0ba122 b65d1b26aa8b98f0a9db0ac09210004761e71e27 Kristian S. Stangeland <kr_stang@hotmail.com> 1422939050 +0100	commit: Adding x and y plots using a "temperature" scale (red for positive numbers, blue for negative).
b65d1b26aa8b98f0a9db0ac09210004761e71e27 b65d1b26aa8b98f0a9db0ac09210004761e71e27 Kristian S. Stangeland <kr_stang@hotmail.com> 1423770828 +0100	checkout: moving from master to levenberg
b65d1b26aa8b98f0a9db0ac09210004761e71e27 cefa853f09de7e212b6bf43e77bf67ae2a85af85 Kristian S. Stangeland <kr_stang@hotmail.com> 1423835971 +0100	commit: Adding an attempt.
cefa853f09de7e212b6bf43e77bf67ae2a85af85 4cae24cbe9cc50155f96ab875e05fb5a5d16972e Kristian S. Stangeland <kr_stang@hotmail.com> 1424109119 +0100	commit: Initial attempt to numerically solve the magnetic field.
4cae24cbe9cc50155f96ab875e05fb5a5d16972e 2f926a40b066be7b13eb9615aa75e3efb6ae33e1 Kristian S. Stangeland <kr_stang@hotmail.com> 1424124614 +0100	commit: Use brute force instead.
2f926a40b066be7b13eb9615aa75e3efb6ae33e1 030e40397a711801b6cc4f81972c81586a12a901 Kristian S. Stangeland <kr_stang@hotmail.com> 1424229955 +0100	commit: Adding support for aggregate functions.
030e40397a711801b6cc4f81972c81586a12a901 cc9bfd6cd1facbef5c54ac4f2ebe69421c0de44d Kristian S. Stangeland <kr_stang@hotmail.com> 1424760392 +0100	commit: Cell values over time change as a sinusoid. Use FFT to improve detection of the peak value.
cc9bfd6cd1facbef5c54ac4f2ebe69421c0de44d a552c18fbaa632fa688432974bc4e61f4625ce26 Kristian S. Stangeland <kr_stang@hotmail.com> 1424769575 +0100	commit: Enable display of the amplitude of each sinusoid.
a552c18fbaa632fa688432974bc4e61f4625ce26 ffdfe091f34c91d3569d8f9ed349800364ca4ba1 Kristian S. Stangeland <kr_stang@hotmail.com> 1424794796 +0100	commit: WIP
ffdfe091f34c91d3569d8f9ed349800364ca4ba1 8a4850012c7351dc9c928fc093875a5a75234004 Kristian S. Stangeland <kr_stang@hotmail.com> 1425388755 +0100	commit: Small improvements
8a4850012c7351dc9c928fc093875a5a75234004 c11b8886f0c32e601b3b46c3a39e4e672240a99d Kristian S. Stangeland <kr_stang@hotmail.com> 1425933368 +0100	commit: Make VectorField multi-dimensional.
c11b8886f0c32e601b3b46c3a39e4e672240a99d 531d9384d922e2c1a4d06d2b78590d22619c9637 Kristian S. Stangeland <kr_stang@hotmail.com> 1426520028 +0100	commit: Compute the correlation between the amplitude and the phase.
531d9384d922e2c1a4d06d2b78590d22619c9637 3510f8cf723171a7d6f25e505989bc02ecefe215 Kristian S. Stangeland <kr_stang@hotmail.com> 1426600660 +0100	commit: Attempted to use KD trees for fast lookup. Takes 7 hours to compute the error map ...
3510f8cf723171a7d6f25e505989bc02ecefe215 b4e57037eb75483e408e49c1d07adc6d2f90312c Kristian S. Stangeland <kr_stang@hotmail.com> 1427739960 +0200	commit: Adding more gradients.
b4e57037eb75483e408e49c1d07adc6d2f90312c 583ed9ed73e08ab16651893e7980ab0a7f1dfeca Kristian S. Stangeland <kr_stang@hotmail.com> 1427914622 +0200	commit: Use the harmonic addition theorem to avoid FFT and its complexity.
583ed9ed73e08ab16651893e7980ab0a7f1dfeca f66204768dcd703d30b74d3ca15bcc0f8b728d76 Kristian S. Stangeland <kr_stang@hotmail.com> 1427930079 +0200	commit: Refactor out the drone vector field.
f66204768dcd703d30b74d3ca15bcc0f8b728d76 502209cb8446b4e0c5592ad3572ed160729e92cb Kristian S. Stangeland <kr_stang@hotmail.com> 1427942075 +0200	commit: Convert to ContinuousField - that way, we can use more general solvers.
502209cb8446b4e0c5592ad3572ed160729e92cb 1cf849f587fb106c4bceab11f60bced84a469b4f Kristian S. Stangeland <kr_stang@hotmail.com> 1427979082 +0200	commit: Working on adding an optimizer.
1cf849f587fb106c4bceab11f60bced84a469b4f 1edb369ef91b7894db43943c0c2c7ccf21b1b278 Kristian S. Stangeland <kr_stang@hotmail.com> 1428461786 +0200	commit: Adding a number of direct solvers.
1edb369ef91b7894db43943c0c2c7ccf21b1b278 70b7beb4c03e6ce5c53d5d12c7f47db836f131ef Kristian S. Stangeland <kr_stang@hotmail.com> 1428502155 +0200	commit: Parallelize computation of the drone PDF.
70b7beb4c03e6ce5c53d5d12c7f47db836f131ef e61af1915c29897a3ed19152f19ca07a7429474f Kristian S. Stangeland <kr_stang@hotmail.com> 1428670325 +0200	commit: More implementation
e61af1915c29897a3ed19152f19ca07a7429474f c8806f47a1e3933f9c5eab56f9b6448a89cbe017 Kristian S. Stangeland <kr_stang@hotmail.com> 1429129310 +0200	commit: Adding support for writing output to a CSV (TSV) file instead
c8806f47a1e3933f9c5eab56f9b6448a89cbe017 0e4e3c599ffef27d153ef8518c9f6d4f3125de3c Kristian S. Stangeland <kr_stang@hotmail.com> 1429146423 +0200	commit: Added a way to specify solver properties.
0e4e3c599ffef27d153ef8518c9f6d4f3125de3c 43cc21e45e99e45b7f5ae815b1e20939525b4332 Kristian S. Stangeland <kr_stang@hotmail.com> 1429185085 +0200	commit: Handle non-convergent points. Also, draw the map correctly ...
43cc21e45e99e45b7f5ae815b1e20939525b4332 49bfb2f39d669218732159edc6be575ae3d961f7 Kristian S. Stangeland <kr_stang@hotmail.com> 1429191112 +0200	commit: Use the diagonal length on errors.
49bfb2f39d669218732159edc6be575ae3d961f7 1dac83ccd2a761af701b80e572e383d17574dcba Kristian S. Stangeland <kr_stang@hotmail.com> 1430865863 +0200	commit: Add a simple mechanism for drawing axies.
1dac83ccd2a761af701b80e572e383d17574dcba 87a5105fe6e5510b3a58c2acdd84c7e636c27067 Kristian S. Stangeland <kr_stang@hotmail.com> 1431558362 +0200	commit: Remove pointless code.
87a5105fe6e5510b3a58c2acdd84c7e636c27067 ca1109e0774fe574ca7debe241e8f9cbd9db0308 Kristian S. Stangeland <kr_stang@hotmail.com> 1432748376 +0200	commit: Compute the magnitude correctly
ca1109e0774fe574ca7debe241e8f9cbd9db0308 0d83103caad2d4251a9bcbdc76d9326094c4255b Kristian S. Stangeland <kr_stang@hotmail.com> 1433028488 +0200	commit: Added drone navigation simulation.
0d83103caad2d4251a9bcbdc76d9326094c4255b e15829036106b5ed4d4cdc8c40f35e6d63489c2f Kristian S. Stangeland <kr_stang@hotmail.com> 1433821430 +0200	commit: Adding model interpolation.
e15829036106b5ed4d4cdc8c40f35e6d63489c2f d33772dfbb9bfca4b2334578e69517c94705f74b Kristian S. Stangeland <kr_stang@hotmail.com> 1433959982 +0200	commit: Add the ability to simulate the drone sensor more accurately.
d33772dfbb9bfca4b2334578e69517c94705f74b 5f424b6dfe791048749d68bb1f50542a7ee8defb Kristian S. Stangeland <kr_stang@hotmail.com> 1434344109 +0200	commit: Calculate the current imbalance as well.
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			0000000000000000000000000000000000000000 b65d1b26aa8b98f0a9db0ac09210004761e71e27 Kristian S. Stangeland <kr_stang@hotmail.com> 1423770828 +0100			branch: Created from HEAD


			b65d1b26aa8b98f0a9db0ac09210004761e71e27 cefa853f09de7e212b6bf43e77bf67ae2a85af85 Kristian S. Stangeland <kr_stang@hotmail.com> 1423835971 +0100			commit: Adding an attempt.


			cefa853f09de7e212b6bf43e77bf67ae2a85af85 4cae24cbe9cc50155f96ab875e05fb5a5d16972e Kristian S. Stangeland <kr_stang@hotmail.com> 1424109119 +0100			commit: Initial attempt to numerically solve the magnetic field.


			4cae24cbe9cc50155f96ab875e05fb5a5d16972e 2f926a40b066be7b13eb9615aa75e3efb6ae33e1 Kristian S. Stangeland <kr_stang@hotmail.com> 1424124614 +0100			commit: Use brute force instead.


			2f926a40b066be7b13eb9615aa75e3efb6ae33e1 030e40397a711801b6cc4f81972c81586a12a901 Kristian S. Stangeland <kr_stang@hotmail.com> 1424229955 +0100			commit: Adding support for aggregate functions.


			030e40397a711801b6cc4f81972c81586a12a901 cc9bfd6cd1facbef5c54ac4f2ebe69421c0de44d Kristian S. Stangeland <kr_stang@hotmail.com> 1424760392 +0100			commit: Cell values over time change as a sinusoid. Use FFT to improve detection of the peak value.


			cc9bfd6cd1facbef5c54ac4f2ebe69421c0de44d a552c18fbaa632fa688432974bc4e61f4625ce26 Kristian S. Stangeland <kr_stang@hotmail.com> 1424769575 +0100			commit: Enable display of the amplitude of each sinusoid.


			a552c18fbaa632fa688432974bc4e61f4625ce26 ffdfe091f34c91d3569d8f9ed349800364ca4ba1 Kristian S. Stangeland <kr_stang@hotmail.com> 1424794796 +0100			commit: WIP


			ffdfe091f34c91d3569d8f9ed349800364ca4ba1 8a4850012c7351dc9c928fc093875a5a75234004 Kristian S. Stangeland <kr_stang@hotmail.com> 1425388755 +0100			commit: Small improvements


			8a4850012c7351dc9c928fc093875a5a75234004 c11b8886f0c32e601b3b46c3a39e4e672240a99d Kristian S. Stangeland <kr_stang@hotmail.com> 1425933368 +0100			commit: Make VectorField multi-dimensional.


			c11b8886f0c32e601b3b46c3a39e4e672240a99d 531d9384d922e2c1a4d06d2b78590d22619c9637 Kristian S. Stangeland <kr_stang@hotmail.com> 1426520028 +0100			commit: Compute the correlation between the amplitude and the phase.


			531d9384d922e2c1a4d06d2b78590d22619c9637 3510f8cf723171a7d6f25e505989bc02ecefe215 Kristian S. Stangeland <kr_stang@hotmail.com> 1426600660 +0100			commit: Attempted to use KD trees for fast lookup. Takes 7 hours to compute the error map ...


			3510f8cf723171a7d6f25e505989bc02ecefe215 b4e57037eb75483e408e49c1d07adc6d2f90312c Kristian S. Stangeland <kr_stang@hotmail.com> 1427739960 +0200			commit: Adding more gradients.


			b4e57037eb75483e408e49c1d07adc6d2f90312c 583ed9ed73e08ab16651893e7980ab0a7f1dfeca Kristian S. Stangeland <kr_stang@hotmail.com> 1427914622 +0200			commit: Use the harmonic addition theorem to avoid FFT and its complexity.


			583ed9ed73e08ab16651893e7980ab0a7f1dfeca f66204768dcd703d30b74d3ca15bcc0f8b728d76 Kristian S. Stangeland <kr_stang@hotmail.com> 1427930079 +0200			commit: Refactor out the drone vector field.


			f66204768dcd703d30b74d3ca15bcc0f8b728d76 502209cb8446b4e0c5592ad3572ed160729e92cb Kristian S. Stangeland <kr_stang@hotmail.com> 1427942075 +0200			commit: Convert to ContinuousField - that way, we can use more general solvers.


			502209cb8446b4e0c5592ad3572ed160729e92cb 1cf849f587fb106c4bceab11f60bced84a469b4f Kristian S. Stangeland <kr_stang@hotmail.com> 1427979082 +0200			commit: Working on adding an optimizer.


			1cf849f587fb106c4bceab11f60bced84a469b4f 1edb369ef91b7894db43943c0c2c7ccf21b1b278 Kristian S. Stangeland <kr_stang@hotmail.com> 1428461786 +0200			commit: Adding a number of direct solvers.


			1edb369ef91b7894db43943c0c2c7ccf21b1b278 70b7beb4c03e6ce5c53d5d12c7f47db836f131ef Kristian S. Stangeland <kr_stang@hotmail.com> 1428502155 +0200			commit: Parallelize computation of the drone PDF.


			70b7beb4c03e6ce5c53d5d12c7f47db836f131ef e61af1915c29897a3ed19152f19ca07a7429474f Kristian S. Stangeland <kr_stang@hotmail.com> 1428670325 +0200			commit: More implementation


			e61af1915c29897a3ed19152f19ca07a7429474f c8806f47a1e3933f9c5eab56f9b6448a89cbe017 Kristian S. Stangeland <kr_stang@hotmail.com> 1429129310 +0200			commit: Adding support for writing output to a CSV (TSV) file instead


			c8806f47a1e3933f9c5eab56f9b6448a89cbe017 0e4e3c599ffef27d153ef8518c9f6d4f3125de3c Kristian S. Stangeland <kr_stang@hotmail.com> 1429146423 +0200			commit: Added a way to specify solver properties.


			0e4e3c599ffef27d153ef8518c9f6d4f3125de3c 43cc21e45e99e45b7f5ae815b1e20939525b4332 Kristian S. Stangeland <kr_stang@hotmail.com> 1429185085 +0200			commit: Handle non-convergent points. Also, draw the map correctly ...


			43cc21e45e99e45b7f5ae815b1e20939525b4332 49bfb2f39d669218732159edc6be575ae3d961f7 Kristian S. Stangeland <kr_stang@hotmail.com> 1429191112 +0200			commit: Use the diagonal length on errors.


			49bfb2f39d669218732159edc6be575ae3d961f7 1dac83ccd2a761af701b80e572e383d17574dcba Kristian S. Stangeland <kr_stang@hotmail.com> 1430865863 +0200			commit: Add a simple mechanism for drawing axies.


			1dac83ccd2a761af701b80e572e383d17574dcba 87a5105fe6e5510b3a58c2acdd84c7e636c27067 Kristian S. Stangeland <kr_stang@hotmail.com> 1431558362 +0200			commit: Remove pointless code.


			87a5105fe6e5510b3a58c2acdd84c7e636c27067 ca1109e0774fe574ca7debe241e8f9cbd9db0308 Kristian S. Stangeland <kr_stang@hotmail.com> 1432748376 +0200			commit: Compute the magnitude correctly


			ca1109e0774fe574ca7debe241e8f9cbd9db0308 0d83103caad2d4251a9bcbdc76d9326094c4255b Kristian S. Stangeland <kr_stang@hotmail.com> 1433028488 +0200			commit: Added drone navigation simulation.


			0d83103caad2d4251a9bcbdc76d9326094c4255b e15829036106b5ed4d4cdc8c40f35e6d63489c2f Kristian S. Stangeland <kr_stang@hotmail.com> 1433821430 +0200			commit: Adding model interpolation.


			e15829036106b5ed4d4cdc8c40f35e6d63489c2f d33772dfbb9bfca4b2334578e69517c94705f74b Kristian S. Stangeland <kr_stang@hotmail.com> 1433959982 +0200			commit: Add the ability to simulate the drone sensor more accurately.


			d33772dfbb9bfca4b2334578e69517c94705f74b 5f424b6dfe791048749d68bb1f50542a7ee8defb Kristian S. Stangeland <kr_stang@hotmail.com> 1434344109 +0200			commit: Calculate the current imbalance as well.









PlotCSV/.git/logs/refs/heads/master

0000000000000000000000000000000000000000 37a2baefd9019217c4a29dcc56a7a8f65f04416b Kristian S. Stangeland <kr_stang@hotmail.com> 1422287112 +0100	
37a2baefd9019217c4a29dcc56a7a8f65f04416b 2dcac628e5537b88474b3e72d037b21c07ac0a07 Kristian S. Stangeland <kr_stang@hotmail.com> 1422380532 +0100	commit: Turn PlotCSV into a more formal console program, with actual flags.
2dcac628e5537b88474b3e72d037b21c07ac0a07 aca609a97c68651f61afca5120020ecba46bee7d Kristian S. Stangeland <kr_stang@hotmail.com> 1422395221 +0100	commit: Improve performance even more by switching to a third-party PNG encoder. Also ensure every CPU core is used.
aca609a97c68651f61afca5120020ecba46bee7d e264db4fc71266d01ec53faaea72acbea85d51c7 Kristian S. Stangeland <kr_stang@hotmail.com> 1422400557 +0100	commit: Added a line graph to display the maximum value in some axis.
e264db4fc71266d01ec53faaea72acbea85d51c7 ff1ec4e2817590ac1a8aa8a20cdc510541ef52f4 Kristian S. Stangeland <kr_stang@hotmail.com> 1422402327 +0100	commit: Avoid hard coding the graph line.
ff1ec4e2817590ac1a8aa8a20cdc510541ef52f4 4ba519e92508f154c987390d59d07b596b4b5790 Kristian S. Stangeland <kr_stang@hotmail.com> 1422404651 +0100	commit: Use ProGuard to optimize the size of the final JAR.
4ba519e92508f154c987390d59d07b596b4b5790 8c176a9099627c1fdcbf01bacce953b3b5c3540f Kristian S. Stangeland <kr_stang@hotmail.com> 1422406566 +0100	commit: Improve logic for creating parent folder.
8c176a9099627c1fdcbf01bacce953b3b5c3540f 025026b8756bfc6eaaa5c14d3b34da4abb0ba122 Kristian S. Stangeland <kr_stang@hotmail.com> 1422415077 +0100	commit: Slight micro-optimization when computing the vector of the magnetic field.
025026b8756bfc6eaaa5c14d3b34da4abb0ba122 b65d1b26aa8b98f0a9db0ac09210004761e71e27 Kristian S. Stangeland <kr_stang@hotmail.com> 1422939050 +0100	commit: Adding x and y plots using a "temperature" scale (red for positive numbers, blue for negative).
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PlotCSV/.git/objects/00/8acde2b9efec881fe463bed43bc5fa890ddb08


blob 109�package com.comphenix.magnets.solver;

/**
 * Created by Kristian on 24.02.2015.
 */
public class Bounds {
}
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blob 3862�package com.comphenix.magnets.util;

import com.google.common.base.Objects;
import com.google.common.base.Preconditions;
import com.google.common.base.Splitter;

import java.util.List;
import java.util.Locale;
import java.util.stream.DoubleStream;

/**
 * Represents a range that is divided into N equally sized segments.
 * Created by Kristian on 27.01.2015.
 */
public class SegmentRange {
    private final double start;
    private final double end;
    private final int segments;

    // Computed
    private final double stepSize;

    /**
     * Parse a range with an optional segment count.
     * @param range the range.
     * @return The corresponding segment range.
     */
    public static SegmentRange parse(String range) {
        List<String> elements = Splitter.on(":").limit(3).splitToList(range);

        if (elements.size() < 2) {
            throw new IllegalArgumentException("Please specify range (:) in " + range);
        }
        double start = Double.parseDouble(elements.get(0));
        double end = Double.parseDouble(elements.get(1));

        if (elements.size() == 3) {
            return new SegmentRange(start, end, Integer.parseInt(elements.get(2)));
        } else  {
            return new SegmentRange(start, end, 1);
        }
    }

    /**
     * Construct a new segment range.
     * @param start the starting value.
     * @param end the ending value.
     * @param segments the segment count. Cannot be negative.
     */
    public SegmentRange(double start, double end, int segments) {
        if (segments < 0) {
            throw new IllegalArgumentException("Segments cannot be negative.");
        }
        this.start = start;
        this.end = end;
        this.segments = segments;

        // Computed step size
        this.stepSize = (end - start) / segments;
    }

    /**
     * Retrieve the starting value of this range.
     * @return The starting value.
     */
    public double getStart() {
        return start;
    }

    /**
     * Retrieve the last value in this range.
     * @return Last value.
     */
    public double getEnd() {
        return end;
    }

    /**
     * Retrieve the number of segments in this range.
     * @return The number of segments.
     */
    public int getSegments() {
        return segments;
    }

    /**
     * Retrieve the segment at a specified index.
     * @param index the index.
     * @return The corresponding segment.
     */
    public double getSegment(int index) {
        Preconditions.checkPositionIndex(index, segments);
        return start + stepSize * index;
    }

    /**
     * Retrieve the nearest segment index.
     * @param segment the segment value.
     * @return The nearest segment index.
     */
    public int getNearestIndex(double segment) {
        return (int)Math.round((segment - start) / stepSize);
    }

    /**
     * Convert this range to a double array.
     * @return The double array.
     */
    public double[] toArray() {
        return stream().toArray();
    }

    /**
     * Retrieve a stream representing this segment range.
     * @return The double stream.
     */
    public DoubleStream stream() {
        return DoubleStream.iterate(start, x -> x + stepSize).limit(segments);
    }

    @Override
    public boolean equals(Object o) {
        if (this == o) return true;
        if (o == null || getClass() != o.getClass()) return false;

        SegmentRange that = (SegmentRange) o;
        if (Double.compare(that.end, end) != 0) return false;
        if (segments != that.segments) return false;
        return Double.compare(that.start, start) == 0;
    }

    @Override
    public int hashCode() {
        return Objects.hashCode(start, end, segments);
    }

    @Override
    public String toString() {
        return String.format(Locale.US, "%s:%s:%d", start, end, segments);
    }
}
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commit 313�tree 848ff91518269522e734340359424688667bd468
parent 8c176a9099627c1fdcbf01bacce953b3b5c3540f
author Kristian S. Stangeland <kr_stang@hotmail.com> 1422415077 +0100
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1422415077 +0100

Slight micro-optimization when computing the vector of the magnetic field.
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blob 3070�package com.comphenix.magnets.fields;

import com.comphenix.magnets.util.PrimitiveArrays;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;

import java.util.Arrays;
import java.util.Objects;

/**
 * A field that is divided into discrete cells.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface DiscreteField {
    /**
     * Retrieve the value of the cell nearest the given point.
     * @param x the x coordinate of the point.
     * @param y the y coordinate of the point.
     * @return The corresponding value.
     */
    public default Vector2D getNearestPoint(double x, double y) {
        double[] columns = toColumnArray();
        double[] rows = toRowArray();
        int nearestColumn = PrimitiveArrays.findNearest(columns, x);
        int nearestRow = PrimitiveArrays.findNearest(rows, y);
        return new Vector2D(columns[nearestColumn], rows[nearestRow]);
    }

    /**
     * Retrieve the current X coordinates of the given column.
     * @param column the column index.
     * @return The X coordinates.
     */
    public double getColumn(int column);

    /**
     * Retrieve the current column X coordinates as an array.
     * @return Current column array.
     */
    public default double[] toColumnArray() {
        double[] result = new double[getColumns()];

        for (int i = 0; i < getColumns(); i++) {
            result[i] = getColumn(i);
        }
        return result;
    }

    /**
     * Retrieve the Y coordinate of the given row.
     * @param row the row index.
     * @return The Y coordinates.
     */
    public double getRow(int row);

    /**
     * Retrieve the current column X coordinates as an array.
     * @return Current column array.
     */
    public default double[] toRowArray() {
        double[] result = new double[getRows()];

        for (int i = 0; i < getRows(); i++) {
            result[i] = getRow(i);
        }
        return result;
    }

    /**
     * Retrieve the number of columns in the field.
     * @return The column count.
     */
    public int getRows();

    /**
     * Retrieve the number of rows in the field.
     * @return Number of rows.
     */
    public int getColumns();

    /**
     * A field that is forwarding the cell metadata of another field.
     */
    public static abstract class Proxy implements DiscreteField {
        private final DiscreteField field;

        /**
         * Construct a new discrete field proxy.
         * @param field the discrete field to proxy.
         */
        public Proxy(DiscreteField field) {
            this.field = Objects.requireNonNull(field);
        }

        @Override
        public double getRow(int row) {
            return field.getRow(row);
        }

        @Override
        public double getColumn(int column) {
            return field.getColumn(column);
        }

        @Override
        public int getRows() {
            return field.getRows();
        }

        @Override
        public int getColumns() {
            return field.getColumns();
        }
    }
}
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commit 278�tree 79c1c5162e461c92c54d12b6a9dae05a56a2abcf
parent 2f926a40b066be7b13eb9615aa75e3efb6ae33e1
author Kristian S. Stangeland <kr_stang@hotmail.com> 1424229955 +0100
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1424229955 +0100

Adding support for aggregate functions.
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blob 1054�package com.comphenix.magnets.model;

/**
 * Represents a conductor in physical space.
 * Created by Kristian on 27.01.2015.
 */
public class Conductor {
    private final double x;
    private final double y;
    private final AlternatingCurrent current;

    /**
     * Construct a point-conductor in XY space.
     * @param x coordinate in the X axis.
     * @param y coordinate in the Y axis.
     * @param current the current.
     */
    public Conductor(double x, double y, AlternatingCurrent current) {
        this.x = x;
        this.y = y;
        this.current = current;
    }

    /**
     * Retrieve the coordinate in the X axis.
     * @return X axis coordinate.
     */
    public double getX() {
        return x;
    }

    /**
     * Retrieve the coordinate in the Y axis.
     * @return Y axis coordinate.
     */
    public double getY() {
        return y;
    }

    /**
     * Retrieve the current in this conductor.
     * @return The current.
     */
    public AlternatingCurrent getCurrent() {
        return current;
    }
}
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blob 1296�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.fields.ContinuousField;
import org.apache.commons.math3.optim.*;
import org.apache.commons.math3.optim.nonlinear.scalar.GoalType;
import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;
import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.CMAESOptimizer;
import org.apache.commons.math3.random.JDKRandomGenerator;

/**
 * Created by Kristian on 08.04.2015.
 */
public class CmaesSolver implements Solver {
    @Override
    public PointValuePair findMinimum(ContinuousField field, double[] target, double[] lowerBound, double[] upperBound) {
        CMAESOptimizer optimizer = new CMAESOptimizer(1000, 0, true, 0, 0, new JDKRandomGenerator(), false, new SimpleValueChecker(-1, 0.000001));

        // Real solution
        return optimizer.optimize(
                new SimpleBounds(lowerBound, upperBound),
                new InitialGuess(new double[]{0, 0}),
                new CMAESOptimizer.Sigma(getSigma(lowerBound, upperBound)),
                new CMAESOptimizer.PopulationSize(1000), GoalType.MINIMIZE,
                new MaxIter(100000),
                new MaxEval(10000000),
                new ObjectiveFunction(ContinuousField.withSquareDistance(field, target)));
    }
}
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blob 403�package com.comphenix.magnets.util;

/**
 * Created by Kristian on 10.06.2015.
 */
public final class MathEx {
    private MathEx() {
        // Sealed
    }

    /**
     * Divide x by y and round away from zero.
     * @param x the x value.
     * @param y the y value.
     * @return The final value.
     */
    public static int ceilDiv(int x, int y) {
        return -Math.floorDiv(-x,y);
    }
}
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blob 11993�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.Arrays;
import java.util.List;
import java.util.Locale;
import java.util.Objects;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                Range<Double> errorRange = errorField.getRange();

                System.out.println("Writing error map with value range: " + errorRange);
                writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;
        Stopwatch watch = Stopwatch.createStarted();

        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                createImage(field, valueRange, column -> {
                    if (maxColumns != null) {
                        // Compute maximum value in each row
                        for (int i = 0; i < maxColumns.length; i++) {
                            if (!Double.isNaN(column[i])) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    }
                });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            watch.stop();
            System.out.println("Written " + destination + " (total time: " + watch + ")");
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        RealVector valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        VectorFieldSolver indexedSolver = measure("Indexing solver", solver::indexed);
        Vector2D solvedPoint = measure("Time finding solution", () -> indexedSolver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        // Draw error distance
        ScalarField error = measure("Computing error map", () -> new ScalarArrayField(vectorField.map(
                (vectorArray, vectorOffset, vectorLength, column, row) -> {
            Vector2D solution = indexedSolver.solve(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));

            // Return the distance to the correct point
            if (solution != null) {
                return solution.distance(new Vector2D(vectorField.getColumn(column), vectorField.getRow(row)));
            } else {
                return Math.PI * 2;
            }
        }), progress -> {
            System.out.printf("Progress: %.3f\n", progress * 100); }));
        return error;
    }

    private static Vector2D fromRealVector(RealVector vector) {
        if (vector.getDimension() != 2) {
            throw new IllegalArgumentException("Unexpected dimension: " + vector);
        }
        return new Vector2D(vector.getEntry(0), vector.getEntry(1));
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));

        // Single frame without a vector field
        return ImmutableList.of(new PlotFrame(field, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = model.getVectorField(t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}











PlotCSV/.git/objects/07/2290b6cd24bf559f90725a79a05840f846f442

PlotCSV/.git/objects/07/2290b6cd24bf559f90725a79a05840f846f442









PlotCSV/.git/objects/08/2a9bd8d672f741e4abbf5af7b0590710447803

PlotCSV/.git/objects/08/2a9bd8d672f741e4abbf5af7b0590710447803


blob 8736�package com.comphenix.magnets.fields;

import java.nio.ByteBuffer;
import java.util.Arrays;
import java.util.concurrent.atomic.AtomicInteger;
import java.util.function.DoubleBinaryOperator;
import java.util.function.DoubleConsumer;
import java.util.function.IntBinaryOperator;
import java.util.function.IntToDoubleFunction;
import java.util.stream.DoubleStream;
import java.util.stream.IntStream;

/**
 * Represents a simple mutating 2D field.
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class ScalarArrayField implements ScalarField {
    private static final int INITIAL_CAPACITY = 10;

    // Initial values
    private double[] x = new double[INITIAL_CAPACITY];
    private double[] y = new double[INITIAL_CAPACITY];
    private double[][] data = new double[INITIAL_CAPACITY][];
    private int columns = 0;
    private int rows = 0;

    /**
     * Construct a new empty array field.
     */
    public ScalarArrayField() {
    }

    /**
     * Construct a new array field from the given scalar field.
     * @param field the scalar field.
     */
    public ScalarArrayField(ScalarField field) {
        this(field, a -> {});
    }

    /**
     * Construct a new array field from the given scalar field.
     * @param field the scalar field.
     * @param progress notified of the current progress.
     */
    public ScalarArrayField(ScalarField field, DoubleConsumer progress) {
        AtomicInteger counter = new AtomicInteger();

        this.x = field.toColumnArray();
        this.y = field.toRowArray();
        this.data = field.rows().parallel().peek(row ->
                progress.accept(counter.incrementAndGet() / (double)field.getRows())).toArray(double[][]::new);
        this.columns = field.getColumns();
        this.rows = field.getRows();
    }

    /**
     * Construct a new array field from the given double arrays.
     * @param x the X coordinates of the cells in the field.
     * @param y the Y coordinates of the cells in the field.
     * @param data the data.
     */
    public ScalarArrayField(double[] x, double[] y, double[][] data) {
        this.x = x;
        this.y = y;
        this.data = data;
        this.rows = data.length;
        this.columns = data.length > 0 ? data[0].length : 0;
    }

    /**
     * Retrieve a scalar array field with the given cell coordinates, and initialize the cells to the specified value.
     * @param x the X coordinates of the cells in the field.
     * @param y the Y coordinates of the cells in the field.
     * @param cellValue the value based on the X and Y coordinates.
     * @return The corresponding array field.
     */
    public static ScalarArrayField fromFunction(double[] x, double[] y, DoubleBinaryOperator cellValue) {
        double[][] result = new double[y.length][];

        // Combine the values in each field
        for (int row = 0; row < y.length; row++) {
            double[] buffer = new double[x.length];

            for (int col = 0; col < x.length; col++) {
                buffer[col] = cellValue.applyAsDouble(x[col], y[row]);
            }
            result[row] = buffer;
        }
        return new ScalarArrayField(x.clone(), y.clone(), result);
    }

    /**
     * Construct a new scalar array field from the given coordinates and cell value.
     * @param x the x coordinates.
     * @param y the y coordinates.
     * @param value the cell value.
     * @return The filled array field.
     */
    public static ScalarArrayField fromValue(double[] x, double[] y, double value) {
        double[][] result = new double[y.length][];

        // Combine the values in each field
        for (int row = 0; row < y.length; row++) {
            double[] buffer = new double[x.length];
            Arrays.fill(buffer, value);
            result[row] = buffer;
        }
        return new ScalarArrayField(x.clone(), y.clone(), result);
    }

    /**
     * Retrieve a scalar array field that wraps the given arrays.
     * @param x the X coordinates of the cells in the field.
     * @param y the Y coordinates of the cells in the field.
     * @param data the data.
     * @return The corresponding array field.
     */
    public static ScalarArrayField fromArray(double[] x, double[] y, double[][] data) {
        return new ScalarArrayField(x.clone(), y.clone(),
            Arrays.stream(data).map(arr -> Arrays.copyOf(arr, arr.length)).toArray(double[][]::new));
    }

    /**
     * Merge to given scalar fields of the same dimensions, producing an entirely new field.
     * @param first the first field.
     * @param second the second field.
     * @param op the operator.
     * @return The resulting array field.
     */
    public static ScalarArrayField merge(ScalarField first, ScalarField second, DoubleBinaryOperator op) {
        ScalarArrayField copy = new ScalarArrayField(first);
        copy.merge(second, op);
        return copy;
    }

    @Override
    public double[] toColumnArray() {
        return Arrays.copyOf(x, columns);
    }

    @Override
    public double[] toRowArray() {
        return Arrays.copyOf(y, rows);
    }

    /**
     * Combine the values of this array field and the target field, using the provided binary operator.
     * <p />
     * The coordinates of these fields must be the same.
     * @param other the other array field.
     * @param op operator applied to each corresponding value in this field and the given field.
     */
    public void merge(ScalarField other, DoubleBinaryOperator op) {
        if (getRows() != other.getRows())
            throw new IllegalArgumentException("Fields must have the same number of rows.");
        if (getColumns() != other.getColumns())
            throw new IllegalArgumentException("Fields must have the same number of columns.");

        // Combine the values in each field
        for (int row = 0; row < getRows(); row++) {
            double[] left = data[row];

            for (int col = 0; col < getColumns(); col++) {
                left[col] = op.applyAsDouble(left[col], other.getValue(col, row));
            }
        }
    }

    /**
     * Determine if the first N entries in the given array is equal.
     * @param a first array.
     * @param b second array.
     * @param n the number of entries to check.
     * @return TRUE if it is, FALSE otherwise.
     */
    protected static boolean firstEqual(double[] a, double[] b, int n) {
        assert a.length >= n && b.length >= n;

        for(int i = 0; i < n; i++)
            if(a[i] != b[i])
                return false;
        return true;
    }

    @Override
    public double getColumn(int column) {
        return x[column];
    }

    @Override
    public double getRow(int row) {
        return y[row];
    }

    /**
     * Set the x coordinates of the columns.
     * @param x the x coordinates.
     */
    public void setX(double[] x) {
        this.x = x.clone();
        this.columns = x.length;
    }

    /**
     * Set the Y coordinates of the cells.
     * @param y the y coordinates.
     */
    public void setY(double[] y) {
        this.y = y.clone();
    }

    /**
     * Add the given coordinate to the bottom of the matrix.
     * @param yCoordinate the y coordinate.
     * @param values the values to add.
     */
    public void addRow(double yCoordinate, double[] values) {
        ensureHeight();
        y[rows] = yCoordinate;
        data[rows] = values;

        // Increment
        rows++;
    }

    /**
     * Set the value of the cell at the given location.
     * @param column the column index.
     * @param row the row index.
     * @param value the new value of the cell.
     */
    public void setValue(int column, int row, double value) {
        data[row][column] = value;
    }

    @Override
    public double getValue(int column, int row) {
        return data[row][column];
    }

    @Override
    public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
        int index = 0;

        // Just loop through
        for (int row = startRow; row < endRow; row++) {
            for (int column = startColumn; column < endColumn; column++) {
                outputValues[index++] = data[row][column];
            }
        }
    }

    /**
     * Ensure the matrix is sufficiently large in the Y direction.
     */
    protected void ensureHeight() {
        if (y.length == rows) {
            y = Arrays.copyOf(y, (int) (y.length * 1.5));
        }
        if (data.length == rows) {
            data = Arrays.copyOf(data, (int) (data.length * 1.5));
        }
    }

    @Override
    public int getRows() {
        return rows;
    }

    @Override
    public int getColumns() {
        return columns;
    }
}
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blob 2798�package com.comphenix.magnets.fields;

import java.util.Arrays;
import java.util.stream.DoubleStream;

/**
 * Represents a simple 2D field.
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class ArrayField implements FieldDouble {
    private static final int INITIAL_CAPACITY = 10;

    // Initial values
    private double[] x = new double[INITIAL_CAPACITY];
    private double[] y = new double[INITIAL_CAPACITY];
    private double[][] data = new double[INITIAL_CAPACITY][];
    private int width = 0;
    private int height = 0;

    /**
     * Retrieve the current X coordinates.
     * @return The X coordinates.
     */
    @Override
    public double[] getX() {
        return Arrays.copyOf(x, width);
    }

    /**
     * Set the x coordinates of the cells.
     * @param x the x coordinates.
     */
    public void setX(double[] x) {
        this.x = x.clone();
        this.width = x.length;
    }

    /**
     * Retrieve the current Y coordinates.
     * @return The Y coordinates.
     */
    @Override
    public double[] getY() {
        return Arrays.copyOf(x, height);
    }

    /**
     * Set the Y coordinates of the cells.
     * @param y the y coordinates.
     */
    public void setY(double[] y) {
        this.y = y.clone();
    }

    /**
     * Add the given coordinate to the bottom of the matrix.
     * @param yCoordinate the y coordinate.
     * @param values the values to add.
     */
    public void addRow(double yCoordinate, double[] values) {
        ensureHeight();
        y[height] = yCoordinate;
        data[height] = values;

        // Increment
        height++;
    }

    /**
     * Retrieve the value in the given cell.
     * @param x the x coordinate of the cell.
     * @param y the y coordinate of the cell.
     * @return The value.
     */
    @Override
    public double getValue(int x, int y) {
        return data[y][x];
    }

    /**
     * View this matrix as a stream of cell values.
     * @return The corresponding stream.
     */
    @Override
    public DoubleStream stream() {
        return Arrays.stream(data, 0, height).flatMapToDouble(Arrays::stream);
    }

    /**
     * Ensure the matrix is sufficiently large in the Y direction.
     */
    protected void ensureHeight() {
        if (y.length == height) {
            y = Arrays.copyOf(y, (int) (y.length * 1.5));
        }
        if (data.length == height) {
            data = Arrays.copyOf(data, (int) (data.length * 1.5));
        }
    }

    /**
     * Retrieve the width of the matrix.
     * @return The width.
     */
    @Override
    public int getWidth() {
        return width;
    }

    /**
     * Retrieve the height of the matrix.
     * @return The height.
     */
    @Override
    public int getHeight() {
        return height;
    }
}
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blob 256�# Created by .ignore support plugin (hsz.mobi)
### Java template
*.class

# Mobile Tools for Java (J2ME)
.mtj.tmp/

# Package Files #
*.jar
*.war
*.ear

# virtual machine crash logs, see http://www.java.com/en/download/help/error_hotspot.xml
hs_err_pid*
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blob 13322�package com.comphenix.magnets.graphics;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Strings;
import com.google.common.collect.Range;
import com.sun.javafx.scene.layout.region.Margins;

import java.awt.*;
import java.awt.font.TextLayout;
import java.awt.geom.Rectangle2D;
import java.awt.image.BufferedImage;
import java.util.Objects;
import java.util.function.Consumer;
import java.util.function.DoubleUnaryOperator;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class FieldGraph {
    private final Gradient gradient;
    private final DoubleUnaryOperator valueOperator;

    private GraphAxis XAxis;
    private GraphAxis YAxis;

    // Cached
    private Margin cachedMargin;

    /**
     * Construct a new graph that colorizes a field based on the given gradient.
     * @param gradient the colorizing gradient.
     */
    public FieldGraph(Gradient gradient) {
       this(gradient, DoubleUnaryOperator.identity());
    }

    /**
     * Construct a new graph that colorizes a field based on the given gradient.
     * @param gradient the colorizing gradient.
     * @param valueOperator an operator to apply to every value in the field.
     */
    public FieldGraph(Gradient gradient, DoubleUnaryOperator valueOperator) {
        this.gradient = Objects.requireNonNull(gradient, "gradient must not be NULL");
        this.valueOperator = Objects.requireNonNull(valueOperator, "valueOperator must not be NULL");
    }

    /**
     * Construct a new graph that colorizes a field based on the given gradient.
     * @param gradient the colorizing gradient.
     * @param valueOperator an operator to apply to every value in the field.
     * @param XAxis the current X-axis.
     * @param YAxis the current Y-axis.
     */
    public FieldGraph(Gradient gradient, DoubleUnaryOperator valueOperator, GraphAxis XAxis, GraphAxis YAxis) {
        this(gradient, valueOperator);
        this.XAxis = XAxis;
        this.YAxis = YAxis;
    }

    /**
     * Retrieve the gradient used to colorize the field.
     * @return The gradient.
     */
    public Gradient getGradient() {
        return gradient;
    }

    /**
     * Retrieve the operator that is applied to every value.
     * @return A graph operator.
     */
    public DoubleUnaryOperator getValueOperator() {
        return valueOperator;
    }

    /**
     * Retrieve the axis that is used to draw the X-axis.
     * @return The X-axis.
     */
    public GraphAxis getXAxis() {
        return XAxis;
    }

    /**
     * Set the axis that is used to draw the X-axis
     * @param XAxis the new X-axis.
     */
    public void setXAxis(GraphAxis XAxis) {
        this.XAxis = XAxis;
        this.cachedMargin = null;
    }

    /**
     * Retrieve the axis that is used to draw the Y-axis.
     * @return The Y-axis.
     */
    public GraphAxis getYAxis() {
        return YAxis;
    }

    /**
     * Set the axis that is used to draw the Y-axis
     * @param YAxis the new Y-axis.
     */
    public void setYAxis(GraphAxis YAxis) {
        this.YAxis = YAxis;
        this.cachedMargin = null;
    }

    /**
     * Construct an image representation of the given matrix.
     * @param matrix the matrix.
     * @return The resulting image.
     */
    public BufferedImage createImage(ScalarField matrix) {
        return createImage(matrix, matrix.getRange(), v -> {});
    }

    /**
     * Construct an image representation of the given matrix.
     * <p />
     * Note that the array given to the consumer may be altered after the method has been called.
     * @param matrix the matrix.
     * @param zRange the range containing the minimum and maximum value.
     * @param columnConsumer an arbitrary consumer of columns that have been read of the field.
     * @return The resulting image.
     */
    public BufferedImage createImage(ScalarField matrix, Range<Double> zRange, Consumer<double[]> columnConsumer) {
        return createImage(matrix,
                Range.closed(matrix.getColumn(0), matrix.getColumn(matrix.getColumns() - 1)),
                Range.closed(matrix.getRow(0), matrix.getRow(matrix.getRows() - 1)), zRange, columnConsumer);
    }

    /**
     * Construct an image representation of the given matrix.
     * <p />
     * Note that the array given to the consumer may be altered after the method has been called.
     * @param matrix the matrix.
     * @param xRange the range of the minimum and maximum x position.
     * @param yRange the range of the minimum and maximum y position.
     * @param zRange the range containing the minimum and maximum value.
     * @param columnConsumer an arbitrary consumer of columns that have been read of the field.
     * @return The resulting image.
     */
    public BufferedImage createImage(ScalarField matrix, Range<Double> xRange, Range<Double> yRange, Range<Double> zRange, Consumer<double[]> columnConsumer) {
        // Matrix
        double minValue = valueOperator.applyAsDouble(zRange.lowerEndpoint());
        double maxValue = valueOperator.applyAsDouble(zRange.upperEndpoint());
        double delta = maxValue - minValue;

        // Value buffer
        double[] values = new double[matrix.getColumns()];

        // Output image
        int[] pixels = new int[matrix.getRows() * matrix.getColumns()];
        int pixelIndex = 0;
        int mask = 255 << 24;

        for (int y = 0; y < matrix.getRows(); y++) {
            // Prepare values
            matrix.fillValues(0, matrix.getColumns(), y, y + 1, values);

            for (int x = 0; x < matrix.getColumns(); x++) {
                double value = valueOperator.applyAsDouble(values[x]);
                double normalized = (value - minValue) / delta;

                pixels[pixelIndex++] = mask | gradient.getColor(normalized);
                values[x] = value;
            }
            // Process column
            columnConsumer.accept(values);
        }
        return createGraph(matrix, xRange, yRange, zRange, pixels);
    }

    /**
     * Construct the actual buffered image from a given scalar matrix and the pixel data.
     * @param matrix the scalar matrix.
     * @param xRange the range of the minimum and maximum x position.
     * @param yRange the range of the minimum and maximum y position.
     * @param pixelData the pixel data.
     * @return The corresponding buffered image.
     */
    protected BufferedImage createGraph(ScalarField matrix, Range<Double> xRange, Range<Double> yRange, Range<Double> zRange, int[] pixelData) {
        Margin margin = getMargins();
        Rectangle gradientRect = computeGradientArea(matrix, margin);
        boolean drawGradient = XAxis != null && YAxis != null;

        // Fill gradient box
        if (drawGradient) {
            fillGradientBox(
                    gradientRect.x - margin.getLeft(),
                    gradientRect.y - margin.getTop(),
                    gradientRect.width, gradientRect.height, pixelData, matrix.getColumns());
        }

        BufferedImage image = fromPixels(matrix.getColumns(), matrix.getRows(), margin, Color.WHITE, pixelData);
        Graphics2D g = image.createGraphics();

        if (XAxis != null) {
            int y = image.getHeight() - margin.getBottom();
            drawAxis(g, XAxis, xRange.lowerEndpoint(), xRange.upperEndpoint(), true,
                    margin.getLeft(), y, image.getWidth() - margin.getRight(), y);

            if (!Strings.isNullOrEmpty(XAxis.getLabel())) {
                drawCentered(g, XAxis.getLabel(),
                        (float) (image.getWidth() - (margin.getRight() * 0.6)),
                        (float) (y - (margin.getBottom() * 0.2)));
            }
        }
        if (YAxis != null) {
            drawAxis(g, YAxis, yRange.lowerEndpoint(), yRange.upperEndpoint(), true,
                     margin.getLeft(), margin.getTop(), margin.getLeft(), image.getHeight() - margin.getBottom());

            if (!Strings.isNullOrEmpty(YAxis.getLabel())) {
                drawCentered(g, YAxis.getLabel(),
                        margin.getLeft(),
                        (float) (margin.getTop() * 0.3));
            }
        }

        // Now, draw the Z axis in the top corner
        if (drawGradient) {
            drawGradientBox(g, gradientRect, zRange);
        }

        g.dispose();
        return image;
    }

    private Rectangle computeGradientArea(ScalarField matrix, Margin margin) {
        int imageRightEdge = margin.getLeft() + matrix.getColumns();
        int width = matrix.getColumns() / 9;

        // Area where the gradient will be placed
        return new Rectangle(imageRightEdge - width - 16, margin.getTop() + 16, width, 24);
    }

    /**
     * Fill the gradient box.
     * @param x starting x position.
     * @param y starting y position.
     * @param width width of the box.
     * @param height height of the box.
     * @param pixels the pixel data.
     * @param stride the stride.
     */
    private void fillGradientBox(int x, int y, int width, int height, int[] pixels, int stride) {
        // Fill the gradient
        for (int dY = 0; dY < height; dY++) {
            int rowOffset = (y + dY) * stride;

            for (int dX = 0; dX < width; dX++) {
                pixels[rowOffset + x + dX] = gradient.getColor(dX / (double)width);
            }
        }
    }

    /**
     * Draw the gradient box outline.
     * @param g graphics.
     * @param zAxisBox the area.
     * @param zRange the Z range.
     */
    private void drawGradientBox(Graphics2D g, Rectangle zAxisBox, Range<Double> zRange) {
        g.setXORMode(Color.BLACK);
        g.draw(zAxisBox);
        g.setPaintMode();

        drawAxis(g, new GraphAxis(8, 3, "z"), zRange.lowerEndpoint(), zRange.upperEndpoint(), false,
                (int) zAxisBox.getMinX(), (int) zAxisBox.getMaxY(), (int) zAxisBox.getMaxX(), (int) zAxisBox.getMaxY());
    }

    public Margin getMargins() {
        Margin result = cachedMargin;

        if (cachedMargin == null) {
            cachedMargin = result = new Margin(
                    YAxis != null ? YAxis.getWidth() : 0,
                    XAxis != null ? XAxis.getWidth() : 0,
                    YAxis != null ? YAxis.getWidth() : 0,
                    XAxis != null ? XAxis.getWidth() : 0);
        }
        return result;
    }

    protected void drawCentered(Graphics2D g, String text, float x, float y) {
        Rectangle2D boundary = g.getFontMetrics().getStringBounds(text, g);
        g.setXORMode(Color.BLACK);
        g.drawString(text, (float) (x - boundary.getWidth() / 2.0), (float) (y + boundary.getHeight() / 2));
        g.setPaintMode();
    }

    protected void drawAxis(Graphics2D g, GraphAxis axis, double startValue, double endValue, boolean drawLine, int startX, int startY, int endX, int endY) {
        g.setXORMode(Color.BLACK);
        if (drawLine) {
            g.drawLine(startX, startY, endX, endY);
        }

        // Draw the ticks
        if (axis.getTickCount() > 0) {
            double biasN = (double) (axis.getTickCount() - 1);
            double dX = (endX - startX) / biasN;
            double dY = (endY - startY) / biasN;
            double dV = (endValue - startValue) / biasN;

            // Compute the displacement in the tick line
            double lineAngle = Math.atan2(dY, dX) + (Math.PI / 2);
            int lX = (int) (axis.getWidth() * 0.25 * Math.cos(lineAngle));
            int lY = (int) (axis.getWidth() * 0.25 * Math.sin(lineAngle));
            float fX = (float) (axis.getWidth() * 0.5 * Math.cos(lineAngle));
            float fY = (float) (axis.getWidth() * 0.5 * Math.sin(lineAngle));

            for (int i = 0; i < axis.getTickCount(); i++) {
                int cX = (int) Math.round(startX + dX * i);
                int cY = (int) Math.round(startY + dY * i);
                double value = startValue + dV * i;

                // Write the tick line and then the value
                g.drawLine(cX - lX, cY - lY, cX + lX, cY + lY);
                drawCentered(g, round(value), cX + fX, cY + fY);
            }
        }
        g.setPaintMode();
    }

    /**
     * Round the given axis value.
     * @param value the value.
     * @return Rounded string of value.
     */
    protected String round(double value) {
        return Double.toString(Math.round(value * 100) / 100.0);
    }

    /**
     * Convert an array of RGB pixel values into an BufferedImage.
     * @param width the width.
     * @param height the height.
     * @param margin current margin.
     * @param pixels the pixel data.
     * @return The corresponding buffered image.
     */
    protected BufferedImage fromPixels(int width, int height, Margin margin, Color background, int[] pixels) {
        BufferedImage image = new BufferedImage(width + margin.width(), height + margin.height(), BufferedImage.TYPE_INT_ARGB);

        if (background != null && !Color.BLACK.equals(background)) {
            Graphics g = image.getGraphics();
            g.setColor(background);
            g.fillRect(0, 0, image.getWidth(), image.getHeight());
            g.dispose();
        }
        image.setRGB(margin.getLeft(), margin.getTop(), width, height, pixels, 0, width);
        return image;
    }
}
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blob 123�package com.comphenix.magnets.fields;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface Field {
}
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blob 1315�package com.comphenix.magnets.solver;

import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;

/**
 * Represents an area in the cartesian plane.
 */
public class Bounds {
    public final double minX;
    public final double minY;
    public final double maxX;
    public final double maxY;
    public final double midX;
    public final double midY;

    public Bounds(double minX, double maxX, double minY, double maxY) {
        this.minX = minX;
        this.minY = minY;
        this.maxX = maxX;
        this.maxY = maxY;
        midX = (minX + maxX) / 2;
        midY = (minY + maxY) / 2;
    }
    public boolean contains(double x, double y) {
        return minX <= x && x <= maxX && minY <= y && y <= maxY;
    }

    public boolean contains(Vector2D point) {
        return contains(point.getX(), point.getY());
    }

    public boolean intersects(double minX, double maxX, double minY, double maxY) {
        return minX < this.maxX && this.minX < maxX && minY < this.maxY && this.minY < maxY;
    }

    public boolean intersects(Bounds bounds) {
        return intersects(bounds.minX, bounds.maxX, bounds.minY, bounds.maxY);
    }

    public boolean contains(Bounds bounds) {
        return bounds.minX >= minX && bounds.maxX <= maxX && bounds.minY >= minY && bounds.maxY <= maxY;
    }
}
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blob 17607�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarArrayField;
import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Splitter;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.transform.DftNormalization;
import org.apache.commons.math3.transform.FastFourierTransformer;
import org.apache.commons.math3.transform.TransformType;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.awt.Color;
import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.*;
import java.util.function.*;
import java.util.stream.Collector;
import java.util.stream.Collectors;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        },
        TEMPERATURE() {
            @Override
            public Gradient toGradient() {
                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);
            }
        },
        HSV2() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (2 * factor), intensity, intensity);
                };
            }
        },
        HSV10() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (10 * factor), intensity, intensity);
                };
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return field.angles();
            }
        },
        X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.x();
            }
        },
        Y {
            @Override
            public ScalarField filter(VectorField field) {
                return field.y();
            }
        },
        Y_MINUS_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b - a);
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
                case "x":
                    return X;
                case "y":
                    return Y;
                case "y-x":
                    return Y_MINUS_X;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    /**
     * Represents visualization of aggregate values.
     */
    public enum Aggregate {
        /**
         * Compute the average value in all the frames.
         */
        AVERAGE {
            @Override
            public ScalarField aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                return ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        0,
                        (a, b) -> a + b,
                        a -> a / frames.size()
                );
            }
        },
        /**
         * Compute the maximum value in all the frames.
         */
        MAX {
            @Override
            public ScalarField aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                return ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        -Double.MAX_VALUE,
                        Math::max,
                        DoubleUnaryOperator.identity());
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_DIRECT {
            @Override
            public ScalarField aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (fieldX, fieldY, column, row) -> {
                            // Store the final X and Y value in index 0
                            fieldX[0] = getPeakAngle(fieldX);
                            fieldY[0] = getPeakAngle(fieldY);
                            return 0;
                        }
                );
                return visualization.filter(field);
            }

            private double getPeakAngle(double[] values) {
                double bestValue = values[0];
                int bestIndex = 0;

                for (int i = 1; i < values.length; i++) {
                    if (values[i] > bestValue) {
                        bestValue = values[i];
                        bestIndex = i;
                    }
                }
                return (bestIndex / (double)values.length) * Math.PI * 2;
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_FFT {
            @Override
            public ScalarField aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (fieldX, fieldY, column, row) -> {
                            // Store the final X and Y value in index 0
                            fieldX[0] = getPeakAngle(fieldX); // fftMaxX;
                            fieldY[0] = getPeakAngle(fieldY); // fftMaxY;
                            return 0;
                        }
                );
                return visualization.filter(field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAngle(double[] re) {
                double[] im = new double[re.length];
                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);

                return MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
            }
        },

        /**
         * Compute the amplitude of the sine at the maximum X and Y values, respectively.
         */
        AMPLITUDE_FFT {
            @Override
            public ScalarField aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (fieldX, fieldY, column, row) -> {
                            ///double directAmpX = Arrays.stream(fieldX).max().getAsDouble();
                            //double directAmpY = Arrays.stream(fieldY).max().getAsDouble();

                            // Store the final X and Y value in index 0
                            fieldX[0] = getPeakAmplitude(fieldX);
                            fieldY[0] = getPeakAmplitude(fieldY);
                            return 0;
                        }
                );
                return visualization.filter(field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAmplitude(double[] re) {
                double[] im = new double[re.length];

                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);
                return 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
            }
        };

        /**
         * Aggregate the given frames into a final scalar field.
         * @param frames the frames to aggregate.
         * @param visualization optional visualization to apply, if necessary.
         * @param x the x coordinate of each column in the final scalar field.
         * @param y the y coordinate of each row in the final scalar field.
         * @return The final frame.
         */
        public abstract ScalarField aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y);

         /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Aggregate parse(String text) {
            switch (text.toLowerCase()) {
                case "a":
                case "average":
                    return AVERAGE;
                case "m":
                case "max":
                    return MAX;
                case "xyd":
                case "xy_phase_difference_direct":
                    return MAX_XY_PHASE_DIFFERENCE_DIRECT;
                case "xyf":
                case "xy_phase_difference_fft":
                    return MAX_XY_PHASE_DIFFERENCE_FFT;
                case "ampf":
                case "amplitude_fft":
                    return AMPLITUDE_FFT;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an aggregate.");
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Function that is applied to every value
    private DoubleUnaryOperator valueOperator;

    // Test location of the drone
    private RealVector droneLocation;

    // Whether or not to display the help context
    private boolean displayHelp;

    // Whether or not to draw each frame
    private boolean drawFrames = true;

    // The aggregates
    private List<Aggregate> aggregates = Lists.newArrayList();

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                switch (arg.substring(1).toLowerCase()) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        applyValueOperator(Math::log10);
                        break;
                    case "a":
                    case "abslog":
                        applyValueOperator(x -> Math.sin(x) * Math.log(Math.abs(x)));
                        break;
                    case "d:":
                    case "drone":
                        droneLocation = new ArrayRealVector(new double[] { Double.parseDouble(args[++i]), Double.parseDouble(args[++i]) });
                        break;
                    case "f":
                    case "frames":
                        drawFrames = Boolean.parseBoolean(args[++i]);
                        break;
                    case "ag":
                    case "aggregate":
                        // Parse aggregate list
                        aggregates = Splitter.on(",").splitToList(args[++i]).stream().
                                map(Aggregate::parse).
                                collect(Collectors.toList());
                        break;
                    default:
                        throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times (existing pattern: " + outputPattern + ")");
                }
                outputPattern = arg;
            }
        }
    }

    protected void applyValueOperator(DoubleUnaryOperator operator) {
        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;
    }

    public RealVector getDroneLocation() {
        return droneLocation;
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public DoubleUnaryOperator getValueOperator() {
        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }

    public boolean isDrawFrames() {
        return drawFrames;
    }

    public List<Aggregate> getAggregates() {
        return aggregates;
    }
}
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commit 273�tree 3a440e74464d2fd70eb2245009e7356099a3ce89
parent ca1109e0774fe574ca7debe241e8f9cbd9db0308
author Kristian S. Stangeland <kr_stang@hotmail.com> 1433028488 +0200
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1433028488 +0200

Added drone navigation simulation.
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blob 2726�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.fields.FourDimensionalField;
import org.apache.commons.math3.analysis.MultivariateFunction;
import org.apache.commons.math3.analysis.MultivariateVectorFunction;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.optim.*;
import org.apache.commons.math3.optim.nonlinear.scalar.GoalType;
import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;
import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.CMAESOptimizer;
import org.apache.commons.math3.random.JDKRandomGenerator;

/**
 * Created by Kristian on 08.04.2015.
 */
public interface Solver {
    /**
     * Find the minimum point on the given field.
     * @param field the function.
     * @param target the target value.
     * @param boundingBox the bounding box of the volume to search.
     * @return The minimum point and its value.
     */
    default PointValuePair findMinimum(FourDimensionalField field, double[] target, BoundingBox boundingBox) {
        return findMinimum(field, target, boundingBox.getCenter().toArray(), boundingBox);
    }

    /**
     * Find the minimum point on the given field.
     * @param field the function.
     * @param target the target value.
     * @param guessPoint the guessing point. Must be within the bounding box.
     * @param boundingBox the bounding box of the volume to search.
     * @return The minimum point and its value.
     */
    PointValuePair findMinimum(FourDimensionalField field, double[] target, double[] guessPoint, BoundingBox boundingBox);

    /**
     * Find the minimum point on the given field.
     * @param field the function.
     * @param target the target value.
     * @param guessPoint the guessing point. Must be within the bounding box.
     * @param boundingBox the bounding box of the volume to search.
     * @param repeatCount the number of times to repeat the search to improve the accuracy.
     * @return The minimum point and its value.
     */
    default PointValuePair findMinimum(FourDimensionalField field, double[] target, double[] guessPoint, BoundingBox boundingBox, int repeatCount) {
        PointValuePair best = findMinimum(field, target, guessPoint, boundingBox);;

        if (best.getValue() < 1E-3) {
            // Probably no need to repeat this ...
            return best;
        }

        for (int j = 0; j < repeatCount; j++) {
            PointValuePair another = findMinimum(field, target, guessPoint, boundingBox);

            if (another.getSecond() < best.getValue()) {
                best = another;
            }
        }
        return best;
    }
}
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blob 4254�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.util.SegmentRange;

import java.util.Arrays;

/**
 * Created by Kristian on 02.04.2015.
 */
public class DroneVectorField implements FourDimensionalField {
    /**
     * Number of components per sensor.
     */
    protected static final int COMPONENTS_PER_SENSOR = 2;

    // We have three values
    protected final int components;
    protected final FourDimensionalField sinusoids;
    protected final double[] sensorDelta;
    protected final int sensorCount;

    /**
     * Construct a new drone field for two sensors.
     * @param sinusoids the underlying sinusoid field.
     * @return The drone vector field.
     */
    public static DroneVectorField twoSensors(FourDimensionalField sinusoids) {
        return new DroneVectorField(sinusoids, new double[] { 0, 0 });
    }

    public DroneVectorField(FourDimensionalField sinusoids, double[] sensorDelta) {
        this.sinusoids = sinusoids;
        this.sensorDelta = sensorDelta;
        this.sensorCount = sensorDelta.length / 2;
        this.components = sensorCount * COMPONENTS_PER_SENSOR;

        if ((sensorDelta.length % 2) != 0) {
            throw new IllegalArgumentException("Sensor delta must be divisible by two.");
        }
    }

    /**
     * Retrieve the sensor offsets.
     * @return The sensor offsets.
     */
    public double[] getSensorDelta() {
        return sensorDelta.clone();
    }

    @Override
    public int getComponents() {
        return components;
    }

    @Override
    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {
        // Note the default dimensional values
        addComponents(x, y, 1, 1, startComponent, endComponent, destination, destinationOffset);
    }

    @Override
    public void addComponents(double x, double y, double z, double t, int startComponent, int endComponent, double[] destination, int destinationOffset) {
        int innerComponents = sinusoids.getComponents();
        double[] points = new double[innerComponents * sensorCount];

        // Read from the N points
        for (int i = 0; i < sensorCount; i++) {
            sinusoids.addComponents(x + sensorDelta[i * 2], y + sensorDelta[i * 2 + 1], z, t, 0, innerComponents, points, i * innerComponents);
        }
        writeComponents(startComponent, endComponent, destination, destinationOffset, points, innerComponents);
    }

    /**
     * Write the given range of components using the first and second point to the destination array.
     * @param startComponent the starting component (inclusive)
     * @param endComponent the ending component (inclusive)
     * @param destination the destination array.
     * @param destinationOffset the destination offset.
     * @param points flattened array of point components.
     * @param pointsComponents number of components in the points array.
     * @return The new destination offset.
     */
    protected static int writeComponents(int startComponent, int endComponent, double[] destination, int destinationOffset, double[] points, int pointsComponents) {
        for (int i = startComponent; i < endComponent; i++) {
            int offset = (i / COMPONENTS_PER_SENSOR) * pointsComponents;

            switch (i % COMPONENTS_PER_SENSOR) {
                case 0:
                    // Take the difference of the phase of X and phase of Y
                    destination[destinationOffset++] = angleDiff(points[offset + 1], points[offset + 3]);
                    break;

                case 1:
                    // Amplitude angle
                    destination[destinationOffset++] = Math.atan2(points[offset + 2], points[offset]);
                    break;
            }
        }
        return destinationOffset;
    }

    /**
     * Compute the angle difference of the two angles.
     * @param a first angle.
     * @param b second angle.
     * @return The angle difference.
     */
    public static double angleDiff(double a, double b) {
        //return b - a;
        if (a > b) {
            return 2 * Math.PI - a + b;
        } else {
            return b - a;
        }
    }
}
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commit 280�tree 5052755fd92a266f8df0a2be7ec0bff0eb707a93
parent c8806f47a1e3933f9c5eab56f9b6448a89cbe017
author Kristian S. Stangeland <kr_stang@hotmail.com> 1429146423 +0200
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1429146423 +0200

Added a way to specify solver properties.
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blob 7384�package com.comphenix.magnets.fields;

import java.nio.ByteBuffer;
import java.util.Arrays;
import java.util.function.DoubleBinaryOperator;
import java.util.function.IntToDoubleFunction;
import java.util.stream.DoubleStream;
import java.util.stream.IntStream;

/**
 * Represents a simple mutating 2D field.
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class ScalarArrayField implements ScalarField {
    private static final int INITIAL_CAPACITY = 10;

    // Initial values
    private double[] x = new double[INITIAL_CAPACITY];
    private double[] y = new double[INITIAL_CAPACITY];
    private double[][] data = new double[INITIAL_CAPACITY][];
    private int columns = 0;
    private int rows = 0;

    /**
     * Construct a new empty array field.
     */
    public ScalarArrayField() {
    }

    /**
     * Construct a new array field from the given scalar field.
     * @param field the scalar field.
     */
    public ScalarArrayField(ScalarField field) {
        this.x = field.toColumnArray();
        this.y = field.toRowArray();
        this.data = field.rows().parallel().toArray(double[][]::new);
        this.columns = field.getColumns();
        this.rows = field.getRows();
    }

    /**
     * Construct a new array field from the given double arrays.
     * @param x the X coordinates of the cells in the field.
     * @param y the Y coordinates of the cells in the field.
     * @param data the data.
     */
    protected ScalarArrayField(double[] x, double[] y, double[][] data) {
        this.x = x;
        this.y = y;
        this.data = data;
        this.rows = data.length;
        this.columns = data.length > 0 ? data[0].length : 0;
    }

    /**
     * Retrieve a scalar array field with the given cell coordinates, and initialize the cells to the specified value.
     * @param x the X coordinates of the cells in the field.
     * @param y the Y coordinates of the cells in the field.
     * @param cellValue the value based on the X and Y coordinates).
     * @return The corresponding array field.
     */
    public static ScalarArrayField fromFunction(double[] x, double[] y, DoubleBinaryOperator cellValue) {
        double[][] result = new double[y.length][];

        // Combine the values in each field
        for (int row = 0; row < y.length; row++) {
            double[] buffer = new double[x.length];

            for (int col = 0; col < x.length; col++) {
                buffer[col] = cellValue.applyAsDouble(x[col], y[row]);
            }
            result[row] = buffer;
        }
        return new ScalarArrayField(x.clone(), y.clone(), result);
    }

    /**
     * Construct a new scalar array field from the given coordinates and cell value.
     * @param x the x coordinates.
     * @param y the y coordinates.
     * @param value the cell value.
     * @return The filled array field.
     */
    public static ScalarArrayField fromValue(double[] x, double[] y, double value) {
        double[][] result = new double[y.length][];

        // Combine the values in each field
        for (int row = 0; row < y.length; row++) {
            double[] buffer = new double[x.length];
            Arrays.fill(buffer, value);
            result[row] = buffer;
        }
        return new ScalarArrayField(x.clone(), y.clone(), result);
    }

    /**
     * Retrieve a scalar array field that wraps the given arrays.
     * @param x the X coordinates of the cells in the field.
     * @param y the Y coordinates of the cells in the field.
     * @param data the data.
     * @return The corresponding array field.
     */
    public static ScalarArrayField fromArray(double[] x, double[] y, double[][] data) {
        return new ScalarArrayField(x.clone(), y.clone(),
            Arrays.stream(data).map(arr -> Arrays.copyOf(arr, arr.length)).toArray(double[][]::new));
    }

    @Override
    public double[] toColumnArray() {
        return Arrays.copyOf(x, columns);
    }

    @Override
    public double[] toRowArray() {
        return Arrays.copyOf(y, rows);
    }

    /**
     * Combine the values of this array field and the target field, using the provided binary operator.
     * <p />
     * The coordinates of these fields must be the same.
     * @param other the other array field.
     * @param op operator applied to each corresponding value in this field and the given field.
     */
    public void merge(ScalarField other, DoubleBinaryOperator op) {
        if (getRows() != other.getRows())
            throw new IllegalArgumentException("Fields must have the same number of rows.");
        if (getColumns() != other.getColumns())
            throw new IllegalArgumentException("Fields must have the same number of columns.");

        // Combine the values in each field
        for (int row = 0; row < getRows(); row++) {
            double[] left = data[row];

            for (int col = 0; col < getColumns(); col++) {
                left[col] = op.applyAsDouble(left[col], other.getValue(col, row));
            }
        }
    }

    /**
     * Determine if the first N entries in the given array is equal.
     * @param a first array.
     * @param b second array.
     * @param n the number of entries to check.
     * @return TRUE if it is, FALSE otherwise.
     */
    protected static boolean firstEqual(double[] a, double[] b, int n) {
        assert a.length >= n && b.length >= n;

        for(int i = 0; i < n; i++)
            if(a[i] != b[i])
                return false;
        return true;
    }

    @Override
    public double getColumn(int column) {
        return x[column];
    }

    @Override
    public double getRow(int row) {
        return y[row];
    }

    /**
     * Set the x coordinates of the columns.
     * @param x the x coordinates.
     */
    public void setX(double[] x) {
        this.x = x.clone();
        this.columns = x.length;
    }

    /**
     * Set the Y coordinates of the cells.
     * @param y the y coordinates.
     */
    public void setY(double[] y) {
        this.y = y.clone();
    }

    /**
     * Add the given coordinate to the bottom of the matrix.
     * @param yCoordinate the y coordinate.
     * @param values the values to add.
     */
    public void addRow(double yCoordinate, double[] values) {
        ensureHeight();
        y[rows] = yCoordinate;
        data[rows] = values;

        // Increment
        rows++;
    }

    @Override
    public double getValue(int column, int row) {
        return data[row][column];
    }

    @Override
    public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
        int index = 0;

        // Just loop through
        for (int row = startRow; row < endRow; row++) {
            for (int column = startColumn; column < endColumn; column++) {
                outputValues[index++] = data[row][column];
            }
        }
    }

    /**
     * Ensure the matrix is sufficiently large in the Y direction.
     */
    protected void ensureHeight() {
        if (y.length == rows) {
            y = Arrays.copyOf(y, (int) (y.length * 1.5));
        }
        if (data.length == rows) {
            data = Arrays.copyOf(data, (int) (data.length * 1.5));
        }
    }

    @Override
    public int getRows() {
        return rows;
    }

    @Override
    public int getColumns() {
        return columns;
    }
}
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blob 24900�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Splitter;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.stat.correlation.Covariance;
import org.apache.commons.math3.stat.correlation.KendallsCorrelation;
import org.apache.commons.math3.stat.correlation.SpearmansCorrelation;
import org.apache.commons.math3.transform.DftNormalization;
import org.apache.commons.math3.transform.FastFourierTransformer;
import org.apache.commons.math3.transform.TransformType;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.awt.Color;
import java.awt.font.NumericShaper;
import java.io.IOException;
import java.nio.DoubleBuffer;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.*;
import java.util.function.*;
import java.util.stream.Collector;
import java.util.stream.Collectors;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        },
        TEMPERATURE() {
            @Override
            public Gradient toGradient() {
                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);
            }
        },
        HSV() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float)factor, intensity, intensity);
                };
            }
        },
        HSV2() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (2 * factor), intensity, intensity);
                };
            }
        },
        HSV10() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (10 * factor), intensity, intensity);
                };
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return getScalar(field.angles());
            }
        },
        X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.x();
            }
        },
        Y {
            @Override
            public ScalarField filter(VectorField field) {
                return field.y();
            }
        },
        Y_MINUS_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b - a);
            }
        },
        Y_DIV_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b / a);
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Attempt to get a scalar view of the given field.
         * @param field the field.
         * @return The resulting scalar field.
         */
        private static ScalarField getScalar(DiscreteField field) {
            return field instanceof VectorField ? ((VectorField) field).magnitudes() : (ScalarField) field;
        }

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
                case "x":
                    return X;
                case "y":
                    return Y;
                case "y-x":
                    return Y_MINUS_X;
                case "ydivx":
                    return Y_DIV_X;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    /**
     * Represents visualization of aggregate values.
     */
    public enum Aggregate {
        /**
         * Compute the average value in all the frames.
         */
        AVERAGE {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar = ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        0,
                        (a, b) -> a + b,
                        a -> a / frames.size()
                );

                // Maybe create a vector average as well?
                return new PlotFrame(scalar, null);
            }
        },
        /**
         * Compute the maximum value in all the frames.
         */
        MAX {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar =  ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        -Double.MAX_VALUE,
                        Math::max,
                        DoubleUnaryOperator.identity());

                // Maybe create a vector maximum as well?
                return new PlotFrame(scalar, null);
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_DIRECT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            // First vector will contain the result
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(components, i, vectorLength);
                            }
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            /**
             * Retrieve the angle of the peak value in the given array of values.
             * @param values the values.
             * @param offset the starting position.
             * @param stepSize the step size.
             * @return The peak angle.
             */
            private double getPeakAngle(double[] values, int offset, int stepSize) {
                double bestValue = values[offset];
                int bestIndex = offset;
                int count = 1;

                for (int i = offset + stepSize; i < values.length; i += stepSize) {
                    if (values[i] > bestValue) {
                        bestValue = values[i];
                        bestIndex = i;
                    }
                    count++;
                }
                return (bestIndex / (double)count) * Math.PI * 2;
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAngle(double[] re) {
                double[] im = new double[re.length];
                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);

                return MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
            }
        },

        /**
         * Compute the amplitude of the sine at the maximum X and Y values, respectively.
         */
        AMPLITUDE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAmplitude(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAmplitude(double[] re) {
                double[] im = new double[re.length];

                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);
                return 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
            }
        },

        /**
         * Compute the actual drone measurements.
         */
        DRONE_SENSOR {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }
                // A field of sinusoids
                final VectorField sinusoids = new VectorMatrixField(VectorField.aggregateExternal(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        frames.get(0).getVectorField().getComponents() * 2,
                        (components, vectorLength, source, sourcePos, column, row) -> {

                            for (int i = 0; i < vectorLength; i++) {
                                double[] re = VectorField.extractComponent(components, i, vectorLength);
                                double[] im = new double[re.length];

                                FastFourierTransformer.transformInPlace(
                                        new double[][]{re, im}, DftNormalization.STANDARD, TransformType.FORWARD);

                                // Compute both the angle and the amplitude
                                source[sourcePos++] = 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
                                source[sourcePos++] = MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
                            };
                            return sourcePos;
                        }
                ));

                // The actual drone measurement
                VectorField field =  new VectorField.VectorProxy(sinusoids) {
                    // We have three values
                    private final int components = 2;

                    @Override
                    public int getComponents() {
                        return components;
                    }

                    @Override
                    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent,
                                               double[] destination, int destinationOffset, boolean zeroDestination) {

                        double[] firstPoint = new double[sinusoids.getComponents()];
                        double[] secondPoint = new double[sinusoids.getComponents()];

                        for (int row = startRow; row < endRow; row++) {
                            final int firstPointRow = row;
                            final int secondPointRow = row + 20;

                            if (secondPointRow >= sinusoids.getRows()) {
                                for (int col = startColumn; col < endColumn; col++) {
                                    // Let everything be zero here
                                    for (int i = startComponent; i < endComponent; i++) {
                                        destination[destinationOffset++] = 0;
                                    }
                                }
                            } else {
                                for (int col = startColumn; col < endColumn; col++) {
                                    // Read from the two points
                                    sinusoids.fillComponents(col, col + 1, firstPointRow, firstPointRow + 1, firstPoint, 0);
                                    sinusoids.fillComponents(col, col + 1, secondPointRow, secondPointRow + 1, secondPoint, 0);

                                    for (int i = startComponent; i < endComponent; i++) {
                                        switch (i) {
                                            case 0:
                                                destination[destinationOffset++] = angleDiff(firstPoint[1], firstPoint[3]);
                                                break;
                                            case 1:
                                                destination[destinationOffset++] = angleDiff(secondPoint[1], secondPoint[3]);
                                                break;
                                                // Last component type
                                            case 2:
                                                // Difference in absolute value
                                                destination[destinationOffset++] = Math.log(
                                                        (firstPoint[0] * firstPoint[0] + firstPoint[2] * firstPoint[2]) /
                                                                (secondPoint[0] * secondPoint[0] + secondPoint[2] * secondPoint[2]));
                                                break;
                                        }
                                    }
                                }
                            }
                        }
                    }
                };
                return new PlotFrame(visualization.filter(field), field);
            }

            private double angleDiff(double a, double b) {
                return b - a;
/*                if (a > b) {
                    return 2 * Math.PI - a + b;
                } else {
                    return b - a;
                }*/
            }
        };

        /**
         * Aggregate the given frames into a final scalar field.
         * @param frames the frames to aggregate.
         * @param visualization optional visualization to apply, if necessary.
         * @param x the x coordinate of each column in the final scalar field.
         * @param y the y coordinate of each row in the final scalar field.
         * @return The final frame.
         */
        public abstract PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y);

         /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Aggregate parse(String text) {
            switch (text.toLowerCase()) {
                case "a":
                case "average":
                    return AVERAGE;
                case "m":
                case "max":
                    return MAX;
                case "xyd":
                case "xy_phase_difference_direct":
                    return MAX_XY_PHASE_DIFFERENCE_DIRECT;
                case "xyf":
                case "xy_phase_difference_fft":
                    return MAX_XY_PHASE_DIFFERENCE_FFT;
                case "ampf":
                case "amplitude_fft":
                    return AMPLITUDE_FFT;
                case "drone":
                case "drone_sensor":
                    return DRONE_SENSOR;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an aggregate.");
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Function that is applied to every value
    private DoubleUnaryOperator valueOperator;

    // Test location of the drone
    private RealVector droneLocation;

    // Whether or not to display the help context
    private boolean displayHelp;

    // Whether or not to draw each frame
    private boolean drawFrames = true;

    // The aggregates
    private List<Aggregate> aggregates = Lists.newArrayList();

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                switch (arg.substring(1).toLowerCase()) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        applyValueOperator(Math::log10);
                        break;
                    case "a":
                    case "abslog":
                        applyValueOperator(x -> Math.sin(x) * Math.log(Math.abs(x)));
                        break;
                    case "d:":
                    case "drone":
                        droneLocation = new ArrayRealVector(new double[] { Double.parseDouble(args[++i]), Double.parseDouble(args[++i]) });
                        break;
                    case "f":
                    case "frames":
                        drawFrames = Boolean.parseBoolean(args[++i]);
                        break;
                    case "ag":
                    case "aggregate":
                        // Parse aggregate list
                        aggregates = Splitter.on(",").splitToList(args[++i]).stream().
                                map(Aggregate::parse).
                                collect(Collectors.toList());
                        break;
                    default:
                        throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times (existing pattern: " + outputPattern + ")");
                }
                outputPattern = arg;
            }
        }
    }

    protected void applyValueOperator(DoubleUnaryOperator operator) {
        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;
    }

    public RealVector getDroneLocation() {
        return droneLocation;
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public DoubleUnaryOperator getValueOperator() {
        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }

    public boolean isDrawFrames() {
        return drawFrames;
    }

    public List<Aggregate> getAggregates() {
        return aggregates;
    }
}
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blob 3772�package com.comphenix.magnets.fields;

/**
 * Represents the magnetic field from a simple straight wire.
 */
public class WireContinuousField implements ContinuousField {
    /**
     * The permeability of free space (vacuum).
     */
    public static final double FREE_SPACE = 4.0 * Math.PI * 10E-7; // T*m/A

    protected final double centerX;
    protected final double centerY;
    protected final double wireRadius;
    protected final double wireRadiusSquared;
    protected final double permeability;
    protected final double wireCurrent;

    // Precomputed numerator and factor
    protected final double numeratorSpace;
    protected final double factorWire;

    /**
     * Construct a new magnetic field source centered on a wire.
     * @param centerX X coordinate of the wire center in meters.
     * @param centerY Y coordinate of the wire center in meters.
     * @param wireRadius the radius of the wire, in meters.
     * @param wireCurrent current flowing through the wire in amperes.
     */
    public WireContinuousField(double centerX, double centerY, double wireRadius, double wireCurrent) {
        this(centerX, centerY, wireRadius, wireCurrent, FREE_SPACE);
    }

    /**
     * Construct a new magnetic field source centered on a wire.
     * <p />
     * Negative current indicates that the current flows toward the camera (Z-direction).
     * @param centerX X coordinate of the wire center in meters.
     * @param centerY Y coordinate of the wire center in meters.
     * @param wireRadius the radius of the wire, in meters.
     * @param wireCurrent current flowing through the wire in amperes.
     * @param permeability the permeability of the surrounding space in T m/A.
     */
    public WireContinuousField(double centerX, double centerY, double wireRadius, double wireCurrent, double permeability) {
        this.centerX = centerX;
        this.centerY = centerY;
        this.wireRadius = wireRadius;
        this.wireRadiusSquared = wireRadius * wireRadius;
        this.wireCurrent = wireCurrent;
        this.permeability = permeability;

        // Precomputed constant factor
        this.numeratorSpace = (permeability * wireCurrent) / (2 * Math.PI);
        this.factorWire = (permeability * wireCurrent) / (2 * Math.PI * wireRadius * wireRadius);
    }

    /**
     * The X coordinate of the wire center in meters.
     */
    public double getCenterX() {
        return centerX;
    }

    /**
     * The Y coordinate of the wire center in meters.
     */
    public double getCenterY() {
        return centerY;
    }

    /**
     * Retrieve the radius of the wire.
     * @return The wire radius.
     */
    public double getWireRadius() {
        return wireRadius;
    }

    /**
     * The current flowing through the wire in amperes.
     */
    public double getWireCurrent() {
        return wireCurrent;
    }

    /**
     * The permeability of the surrounding space in T m/A.
     */
    public double getPermeability() {
        return permeability;
    }

    @Override
    public void addComponents(double x, double y, double[] outputStrengthX, int offsetX, double[] outputStrengthY, int offsetY) {
        double dX = x - centerX;
        double dY = y - centerY;
        double r2 = dX * dX + dY * dY; // Always positive

        // Write output strength components
        if (r2 < wireRadiusSquared) {
            // This factor is negative when the current is negative, rotating the resulting vector 180 degrees
            outputStrengthX[offsetX] += dY * factorWire;
            outputStrengthY[offsetY] += -dX * factorWire;
        } else {
            outputStrengthX[offsetX] += dY * numeratorSpace / r2;
            outputStrengthY[offsetY] += -dX * numeratorSpace / r2;
        }
    }
}
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blob 2306�package com.comphenix.magnets.graphics;

import com.sun.javafx.scene.layout.region.Margins;

/**
 * Created by Kristian on 05.05.2015.
 */
public class Margin {
    private final int left;
    private final int top;
    private final int right;
    private final int bottom;

    /**
     * Construct a new margin.
     * @param left width of the left border.
     * @param top width of the top border.
     * @param right width of the right border.
     * @param bottom width of the bottom border.
     */
    public Margin(int left, int top, int right, int bottom) {
        this.left = left;
        this.top = top;
        this.right = right;
        this.bottom = bottom;
    }

    /**
     * Retrieve the width of the left border.
     */
    public int getLeft() {
        return left;
    }

    /**
     * Retrieve the width of the top border.
     */
    public int getTop() {
        return top;
    }

    /**
     * Retrieve the width of the right border.
     */
    public int getRight() {
        return right;
    }

    /**
     * Retrieve the width of the bottom border.
     */
    public int getBottom() {
        return bottom;
    }

    /**
     * Retrieve the width of both the left and the right border.
     * @return The horizontal width.
     */
    public int width() {
        return left + right;
    }

    /**
     * Retrieve the width of both the top and the bottom border.
     * @return The vertical width.
     */
    public int height() {
        return top + bottom;
    }

    @Override
    public boolean equals(Object o) {
        if (this == o) return true;
        if (o == null || getClass() != o.getClass()) return false;

        Margin margin = (Margin) o;
        if (left != margin.left) return false;
        if (top != margin.top) return false;
        return right == margin.right && bottom == margin.bottom;
    }

    @Override
    public int hashCode() {
        int result = left;
        result = 31 * result + top;
        result = 31 * result + right;
        result = 31 * result + bottom;
        return result;
    }

    @Override
    public String toString() {
        return "Margin{" +
            "left=" + left +
            ", top=" + top +
            ", right=" + right +
            ", bottom=" + bottom +
            '}';
    }
}
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blob 24501�package com.comphenix.magnets.fields;

import com.comphenix.magnets.util.PrimitiveArrays;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Iterables;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;

import java.util.Arrays;
import java.util.function.DoubleBinaryOperator;

/**
 * Represents a field of vector quantities.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface VectorField extends DiscreteField {
    /**
     * Represents a simple cell aggregator.
     */
    public interface VectorInPlaceAggregator {
        /**
         * Aggregate the same cell throughout multiple scalar fields.
         * @param components array of components from each vector in the scalar field.
         * @param vectorLength the length of a vector in the component array.
         * @param column the column of the cell.
         * @param row the row of the cell.
         * @return The index where the aggregate result can be found.
         */
        public int aggregate(double[] components, int vectorLength, int column, int row);
    }

    /**
     * Represents a cell aggregator that returns a different vector length.
     */
    public interface VectorExternalAggregator {
        /**
         * Aggregate the same cell throughout multiple scalar fields.
         * @param inputComponents array of components from each vector in the scalar field.
         * @param vectorLength the length of a vector in the component array.
         * @param outputComponents the output double array.
         * @param outputIndex the output index in the output array
         * @param column the column of the cell.
         * @param row the row of the cell.
         * @return The new output index.
         */
        public int aggregate(double[] inputComponents, int vectorLength, double[] outputComponents, int outputIndex, int column, int row);
    }

    /**
     * Convert the content of a cell to a scalar value.
     */
    public interface ScalarMapping {
        /**
         * Convert the vector in the given cell to a scalar value.
         * @param vectorArray array containing the vector.
         * @param vectorOffset index of the first component of the vector.
         * @param vectorLength the length of the vector.
         * @param row the row of the cell.
         * @return The corresponding scalar value.
         */
        public double apply(double[] vectorArray, int vectorOffset, int vectorLength, int column, int row);
    }

    /**
     * Retrieve the magnitude of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding magnitude.
     */
    public default double getMagnitude(int column, int row) {
        double[] strength = new double[getComponents()];
        double squareMagnitude = 0;
        fillComponents(column, column + 1, row, row + 1, strength, 0);

        for (double value : strength) {
            squareMagnitude = value * value;
        }
        return Math.sqrt(squareMagnitude);
    }

    /**
     * Retrieve the polar angles of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding angles, in radians.
     */
    public default RealVector getAngle(int column, int row) {
        double[] strength = new double[getComponents()];
        double[] angles = new double[strength.length - 1];
        fillComponents(column, column + 1, row, row + 1, strength, 0);

        // Standard inverse
        angles[0] = Math.atan2(strength[1], strength[0]);

        // Additional angles
        if (strength.length > 2) {
            double magnitude = new ArrayRealVector(strength, false).getNorm();

            for (int i = 1; i < angles.length; i++) {
                angles[i] = Math.acos(strength[i + 1] / magnitude);
            }
        }
        return new ArrayRealVector(angles, false);
    }

    /**
     * Retrieve the value of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding value.
     */
    public default RealVector getVector(int column, int row) {
        double[] strength = new double[getComponents()];
        fillComponents(column, column + 1, row, row + 1, strength, 0);
        return new ArrayRealVector(strength, false);
    }

    /**
     * Retrieve the value of the cell nearest the given point.
     * @param x the x coordinate of the point.
     * @param y the y coordinate of the point.
     * @return The corresponding value.
     */
    public default RealVector getNearestValue(double x, double y) {
        double[] columns = toColumnArray();
        double[] rows = toRowArray();
        int nearestColumn = PrimitiveArrays.findNearest(columns, x);
        int nearestRow = PrimitiveArrays.findNearest(rows, y);
        return getVector(nearestColumn, nearestRow);
    }

    /**
     * Retrieve the number of components in each cell vector in this field.
     * @return The number of components.
     */
    public int getComponents();

    /**
     * Retrieve an array of all the components in the given rectangle.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @return The resulting component array.
     */
    public default double[] getComponentsArray(int startColumn, int endColumn, int startRow, int endRow) {
        double[] buffer = new double[(endColumn - startColumn) * (endRow - startRow) * getComponents()];
        fillComponents(startColumn, endColumn, startRow, endRow, 0, getComponents(), buffer, 0, false);
        return buffer;
    }

    /**
     * Retrieve an array of the given components in the given rectangle.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @param startComponent index of the first component, inclusive.
     * @param endComponent index of the last component, exclusive.
     * @return The resulting component array.
     */
    public default double[] getComponentsArray(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent) {
        double[] buffer = new double[(endColumn - startColumn) * (endRow - startRow) * (endComponent - startComponent)];
        fillComponents(startColumn, endColumn, startRow, endRow, startComponent, endComponent, buffer, 0, false);
        return buffer;
    }

    /**
     * Fill the destination array with the respective magnitude of the component in the cell vectors.
     * <p />
     * The destination array will be filled in order from lowest component to highest component, then lowest column to highest column,
     * and finally from lowest row to highest row.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     */
    public default void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] destination, int destinationOffset) {
        fillComponents(startColumn, endColumn, startRow, endRow, 0, getComponents(), destination, destinationOffset, true);
    }

    /**
     * Fill the output array with the respective magnitude of the component in the cell vectors.
     * <p />
     * The destination array will be filled in order from lowest component to highest component, then lowest column to highest column,
     * and finally from lowest row to highest row.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @param startComponent index of the first component, inclusive.
     * @param endComponent index of the last component, exclusive.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     * @param zeroDestination whether or not to zero every element in the destination array if necessary. FALSE to avoid this step.
     */
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent, double[] destination, int destinationOffset, boolean zeroDestination);

    /**
     * View the magnitude of each cell in this vector field.
     * @return The magnitudes.
     */
    public default ScalarField magnitudes() {
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                return getMagnitude(column, row);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                int components = getComponents();

                // Special cases
                if (components < 1) {
                    throw new IllegalStateException("Unexpected component size: " + components);
                } else if (components == 1) {
                    fillComponents(startColumn, endColumn, startRow, endRow, outputValues, 0);
                    return;
                }
                double[] strength = getComponentsArray(startColumn, endColumn, startRow, endRow);

                // Calculate magnitude
                for (int i = 0; i < outputValues.length; i++) {
                    outputValues[i] = computeMagnitude(strength, i * components, components);
                }
            }
        };
    }

    /**
     * View the magnitude of the x component in this vector field.
     * @return The x components.
     */
    public default ScalarField x() {
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                fillComponents(startColumn, endColumn, startRow, endRow, 0, 1, outputValues, 0, true);
            }
        };
    }

    /**
     * View the magnitude of the y component in this vector field.
     * @return The y components.
     */
    public default ScalarField y() {
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                fillComponents(startColumn, endColumn, startRow, endRow, 1, 2, outputValues, 0, true);
            }
        };
    }

    /**
     * View the angle of each cell in this vector field.
     * <p />
     * This is either a ScalarField or a VectorField.
     * @return The angles.
     */
    public default DiscreteField angles() {
        int components = getComponents() - 1;

        if (components == 1) {
            return new ScalarField.ScalarProxy(VectorField.this) {
                @Override
                public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                    double[] strength = getComponentsArray(startColumn, endColumn, startRow, endRow);
                    int length = strength.length / 2;

                    // Calculate angle
                    for (int i = 0; i < length; i++) {
                        outputValues[i] = Math.atan2(strength[i * 2 + 1], strength[i * 2]);
                    }
                }
            };

        } else {
            return new VectorProxy(VectorField.this) {
                @Override
                public int getComponents() {
                    return components;
                }

                @Override
                public void fillComponents(int startColumn, int endColumn, int startRow, int endRow,
                                           int startComponent, int endComponent, double[] destination, int destinationOffset, boolean zeroDestination) {

                    // Special case
                    if (startComponent == 0 && endComponent == 1) {
                        fillFirstComponent(startColumn, endColumn, startRow, endRow, destination, destinationOffset);
                        return;
                    }

                    // We need to compute every underlying value, as we have to compute the magnitude
                    double[] strength = ((VectorField)field).getComponentsArray(startColumn, endColumn, startRow, endRow);
                    int length = (endColumn - startColumn) * (endRow - startRow);
                    int sourcePos = 0;
                    int destinationPos = destinationOffset;

                    // Fill in angles
                    for (int i = 0; i < length; i++) {
                        double magnitude = computeMagnitude(strength, sourcePos, components + 1);

                        // First angle
                        if (startComponent == 0) {
                            destination[destinationPos++] = Math.atan2(strength[sourcePos + 1], strength[sourcePos]);
                        }
                        // Additional angles
                        for (int j = startComponent + 1; j < endComponent; j++) {
                            destination[destinationPos++] = Math.acos(strength[sourcePos + j + 1] / magnitude);
                        }
                        sourcePos += components + 1;
                    }
                }

                // Special case if we are only interested in the first angle
                private void fillFirstComponent(int startColumn, int endColumn, int startRow, int endRow, double[] destination, int destinationOffset) {
                    int length = (endColumn - startColumn) * (endRow * startRow);
                    double[] buffer = new double[length * 2];
                    int destinationPos = destinationOffset;

                    // Read the two first components in each cell
                    ((VectorField) field).fillComponents(startColumn, endColumn, startRow, endRow, 0, 2, buffer, 0, false);

                    // Fill in the angles
                    for (int i = 0; i < length; i++) {
                        destination[destinationPos++] = Math.atan2(buffer[i * 2 + 1], buffer[i * 2]);
                    }
                }
            };
        }
    }

    /**
     * Compute the magnitude of the given vector.
     * @param values the values.
     * @param offset the offset to the first component in the vector.
     * @param length the number of components in the vector.
     * @return The vector magnitude.
     */
    static double computeMagnitude(double[] values, int offset, int length) {
        double magnitude = 0;

        // Compute magnitude inline
        for (int i = 0; i < length; i++) {
            magnitude += values[offset + i] * values[offset + i];
        }
        return Math.sqrt(magnitude);
    }

    /**
     * Create a scalar field from a two dimensional vector field.
     * @param operator mapping of X and Y values, producing the final scalar value.
     * @return The corresponding scalar field.
     */
    public default ScalarField map(DoubleBinaryOperator operator) {
        if (getComponents() != 2) {
            throw new IllegalArgumentException("Cannot map a vector field of " + getComponents() + " dimensions.");
        }
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                double[] strength = getComponentsArray(column, column + 1, row, row + 1);
                return operator.applyAsDouble(strength[0], strength[1]);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                double[] strength = getComponentsArray(startColumn, endColumn, startRow, endRow);
                int length = strength.length / 2;

                // Calculate final value
                for (int i = 0; i < length; i++) {
                    outputValues[i] = operator.applyAsDouble(strength[2 * i], strength[2 * i + 1]);
                }
            }
        };
    }

    /**
     * Create a scalar field from the X and Y values of this vector field.
     * @param operator mapping of X and Y values, producing the final scalar value.
     * @return The corresponding scalar field.
     */
    public default ScalarField map(ScalarMapping operator) {
        int components = getComponents();

        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                double[] strength = getComponentsArray(column, column + 1, row, row + 1);
                return operator.apply(strength, 0, strength.length, column, row);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                double[] strength = getComponentsArray(startColumn, endColumn, startRow, endRow);
                int index = 0;
                int sourcePos = 0;

                // Calculate final value
                for (int row = startRow; row < endRow; row++) {
                    for (int col = startColumn; col < endColumn; col++) {
                        outputValues[index] = operator.apply(strength, sourcePos, components, col, row);
                        index++;
                        sourcePos += components;
                    }
                }
            }
        };
    }

    /**
     * Aggregate the given non-zero collection of fields. Note that each field must have the same size and x/y coordinates.
     * @param fields the fields to aggregate.
     * @param aggregator aggregate the content of a cell for each provided scalar field.
     * @return The resulting scalar field.
     */
    public static VectorField aggregate(Iterable<? extends VectorField> fields, VectorInPlaceAggregator aggregator) {
        final ImmutableList<VectorField> copy = ImmutableList.copyOf(fields);

        // Ensure we're not aggregating fields of different components
        int[] distinctArray = copy.stream().mapToInt(VectorField::getComponents).distinct().toArray();

        if (distinctArray.length != 1) {
            throw new IllegalArgumentException("Cannot aggregate fields of different component count: " + Arrays.asList(copy));
        }
        return aggregate(copy, distinctArray[0], aggregator);
    }

    /**
     * Aggregate the given non-zero collection of fields. Note that each field must have the same size and x/y coordinates.
     * @param fields the fields to aggregate.
     * @param components the number of components of the output vector field.
     * @param aggregator aggregate the content of a cell for each provided scalar field.
     * @return The resulting scalar field.
     */
    public static VectorField aggregate(Iterable<? extends VectorField> fields, int components, VectorInPlaceAggregator aggregator) {
        final VectorField[] copy = Iterables.toArray(fields, VectorField.class);

        if (copy.length == 0) {
            throw new IllegalArgumentException("Cannot aggregate zero fields.");
        }
        // Now construct our aggregate vector field
        return new VectorProxy(copy[0]) {
            @Override
            public int getComponents() {
                return components;
            }

            @Override
            public void fillComponents(int startColumn, int endColumn, int startRow, int endRow,
                                       int startComponent, int endComponent, double[] destination, int destinationOffset, boolean zeroDestination) {
                double[] buffer = new double[getComponents() * copy.length];
                int destinationPos = destinationOffset;

                for (int row = startRow; row < endRow; row++) {
                    for (int col = startColumn; col < endColumn; col++) {
                        // Read all the values we need
                        for (int i = 0; i < copy.length; i++) {
                            copy[i].fillComponents(col, col + 1, row, row + 1, buffer, i * components);
                        }
                        // Aggregate and copy over the final value
                        int aggregateIndex = aggregator.aggregate(buffer, components, col, row);

                        for (int i = startComponent; i < endComponent; i++) {
                            destination[destinationPos++] = buffer[aggregateIndex + i];
                        }
                    }
                }
            }
        };
    }

    /**
     * Aggregate the given non-zero collection of fields. Note that each field must have the same size and x/y coordinates.
     * @param fields the fields to aggregate.
     * @param outputComponents the number of outputComponents of the output vector field.
     * @param aggregator aggregate the content of a cell for each provided scalar field.
     * @return The resulting scalar field.
     */
    public static VectorField aggregateExternal(Iterable<? extends VectorField> fields, int outputComponents, VectorExternalAggregator aggregator) {
        final VectorField[] copy = Iterables.toArray(fields, VectorField.class);

        if (copy.length == 0) {
            throw new IllegalArgumentException("Cannot aggregate zero fields.");
        }
        final int inputComponents = copy[0].getComponents();

        // Now construct our aggregate vector field
        return new VectorProxy(copy[0]) {
            @Override
            public int getComponents() {
                return outputComponents;
            }

            @Override
            public void fillComponents(int startColumn, int endColumn, int startRow, int endRow,
                                       int startComponent, int endComponent, double[] destination, int destinationOffset, boolean zeroDestination) {
                double[] buffer = new double[getComponents() * copy.length];
                int destinationPos = destinationOffset;

                for (int row = startRow; row < endRow; row++) {
                    for (int col = startColumn; col < endColumn; col++) {
                        // Read all the values we need
                        for (int i = 0; i < copy.length; i++) {
                            copy[i].fillComponents(col, col + 1, row, row + 1, buffer, i * inputComponents);
                        }
                        // Aggregate and copy over the final value
                        destinationPos = aggregator.aggregate(buffer, inputComponents, destination, destinationPos, col, row);
                    }
                }
            }
        };
    }

    /**
     * Create an array of the same component from the given array of vector components.
     * @param vectorComponents array of every component from a set of vectors.
     * @param componentIndex the component index.
     * @param components the number of components in each vector in the array.
     * @return An array of components.
     */
    public static double[] extractComponent(double[] vectorComponents, int componentIndex, int components) {
        if ((vectorComponents.length % components) != 0) {
            throw new IllegalArgumentException("vectorComponents must be divisible by " + components);
        }
        double[] result = new double[vectorComponents.length / components];

        for (int i = 0; i < result.length; i++) {
            result[i] = vectorComponents[i * components + componentIndex];
        }
        return result;
    }

    /**
     * A field that is forwarding the cell metadata of another field.
     */
    public static abstract class VectorProxy extends Proxy implements VectorField {
        /**
         * Construct a new vector field proxy.
         * @param field the discrete field to proxy.
         */
        public VectorProxy(DiscreteField field) {
            super(field);
        }
    }
}
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blob 118�package com.comphenix.magnets.solver;

/**
 * Created by Kristian on 30.05.2015.
 */
public class DroneSimulation {
}
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blob 118�package com.comphenix.magnets.model;

/**
 * Created by Kristian on 01.04.2015.
 */
public class HarmonicSumField {
}
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blob 10229�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.LevenbergSolver;
import com.comphenix.magnets.solver.SamplerSolver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.Maps;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.math3.analysis.DifferentiableMultivariateVectorFunction;
import org.apache.commons.math3.analysis.MultivariateMatrixFunction;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.optimization.PointVectorValuePair;
import org.apache.commons.math3.optimization.general.LevenbergMarquardtOptimizer;

import java.awt.image.BufferedImage;
import java.io.*;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.*;
import java.util.function.Consumer;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.DoubleStream;
import java.util.stream.IntStream;
import java.util.stream.Stream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        Map<ScalarField, Integer> indexLookup = Maps.newConcurrentMap();
        Supplier<Stream<ScalarField>> fields = a.getModelFile() != null ?
                getFields(model, indexLookup, a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile(), indexLookup);

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), fields);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        fields.get().parallel().forEach(field -> {
            try {
                Integer index = indexLookup.get(field);
                double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;

                if (maxColumns != null) {
                    Arrays.fill(maxColumns, -Double.MAX_VALUE);
                }

                BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                        createImage(field, range, column -> {
                            if (maxColumns != null) {
                                // Compute maximum value in each row
                                for (int i = 0; i < maxColumns.length; i++) {
                                    if (!Double.isNaN(column[i])) {
                                        maxColumns[i] = Math.max(maxColumns[i], column[i]);
                                    }
                                }
                            }
                        });

                // Draw line graph
                if (maxColumns != null) {
                    double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
                    double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
                    Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : range;

                    new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                            lineRange.lowerEndpoint(), lineRange.upperEndpoint());
                }

                // Test drone location
                if (a.getDroneLocation() != null) {
                    if (model == null) {
                        throw new IllegalStateException("Cannot test drone location without a model.");
                    }
                    RealVector pos = a.getDroneLocation();
                    double time = a.getT().getSegment(index);
                    Vector2D nearestPoint = field.getNearestPoint(pos.getEntry(0), pos.getEntry(1));
                    Vector2D valuePoint = model.getVector(nearestPoint.getX(), nearestPoint.getY(), time);

                    //LevenbergSolver solver = new LevenbergSolver();
                    SamplerSolver solver = new SamplerSolver(a.getX().toRange(), a.getY().toRange());
                    Vector2D solvedPoint = solver.solve(valuePoint, new Vector2D(2, 2), time, model);

                    System.out.println("Nearest point: " + nearestPoint);
                    System.out.println("Value of point: " + valuePoint + "\n");
                    System.out.println("Found solution: " + solvedPoint);
                    System.out.println("Value of solution: " + model.getVector(solvedPoint.getX(), solvedPoint.getY(), time));
                }

                File destination = new File(String.format(a.getOutputPattern(), index));
                File parentFile = destination.getAbsoluteFile().getParentFile();

                // Ensure parent directory is created
                if (parentFile != null) {
                    Files.createDirectories(parentFile.toPath());
                }

                // About 6x faster than ImageIO
                try (OutputStream stream = new FileOutputStream(destination)) {
                    (new PngEncoder()).encode(image, stream);
                    System.out.println("Written " + destination);
                }
            } catch (IOException e) {
                throw new RuntimeException("Cannot write frame.", e);
            }
        });
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, Supplier<Stream<ScalarField>> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.get().parallel().
                    map(ScalarField::getRange).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<ScalarField>> getFields(Path dataFile, Map<ScalarField, Integer> indexLookup) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        return () -> {
            ScalarField field = measure("Reading data file " + dataFile,
                    () -> CvsFieldParser.system().parse(dataFile));

            indexLookup.put(field, 0);
            return Stream.of(field);
        };
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param modelFile the model file.
     * @param visualization the visualization method. Only relevant for model file.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<ScalarField>> getFields(Path modelFile, Map<ScalarField, Integer> indexLookup, PlotArguments.Visualization visualization, SegmentRange t, SegmentRange x, SegmentRange y) {
        return getFields(ModelDeserializer.system().deserialize(modelFile), indexLookup, visualization, t, x, y);
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param visualization the visualization method. Only relevant for model file.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<ScalarField>> getFields(MagneticModel model, Map<ScalarField, Integer> indexLookup, PlotArguments.Visualization visualization, SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();

        return () -> IntStream.range(0, t.getSegments()).mapToObj(index -> {
            // Lazy computation
            ScalarField field = visualization.filter(model.getVectorField(t.getSegment(index), xPoints, yPoints));
            indexLookup.put(field, index);
            return field;
        });
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 5681�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarArrayField;
import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.fields.VectorField;

import java.util.Arrays;
import java.util.stream.IntStream;

/**
 * Represents an accumulator for finding the frame with the maximum X and Y value.
 */
class MaxAccumulator {
    private final MaximumScalarField maximumX;
    private final MaximumScalarField maximumY;

    /**
     * Construct a new accumulator from the given column and row coordinates.
     * @param x the column coordinates.
     * @param y the row coordinates.
     */
    public MaxAccumulator(double[] x, double[] y) {
        this.maximumX = new MaximumScalarField(ScalarArrayField.fromValue(x, y, 0));
        this.maximumY = new MaximumScalarField(ScalarArrayField.fromValue(x, y, 0));
    }

    /**
     * Construct a copy of a given accumulator.
     * @param other the other accumulator.
     */
    public MaxAccumulator(MaxAccumulator other) {
        this.maximumX = new MaximumScalarField(other.maximumX);
        this.maximumY = new MaximumScalarField(other.maximumY);
    }

    /**
     * Compute the maximum using the given vector field and frame index.
     * @param field the vector field.
     * @param index the frame index.
     */
    public void max(VectorField field, int index) {
        maximumX.max(field.x(), index);
        maximumY.max(field.y(), index);
    }

    /**
     * Convert this accumulator to a scalar field.
     * @return The scalar field.
     */
    public ScalarField toScalarField() {
        double[] x = maximumX.getScalarField().toColumnArray();
        double[] y = maximumY.getScalarField().toRowArray();
        ScalarArrayField result = ScalarArrayField.fromValue(x, y, 0);

        int[][] xIndex = maximumX.fieldIndices();
        int[][] yIndex = maximumY.fieldIndices();

        // Display the difference
        for (int row = 0; row < result.getRows(); row++) {
            for (int col = 0; col < result.getColumns(); col++) {
                result.setValue(col, row, xIndex[row][col] - yIndex[row][col]);
            }
        }
        return result;
    }

    /**
     * Merge the content of one accumulator into another.
     * @param a first accumulator.
     * @param b second accumulator.
     */
    public static MaxAccumulator merge(MaxAccumulator a, MaxAccumulator b) {
        MaxAccumulator copy = new MaxAccumulator(a);

        copy.maximumX.merge(b.maximumX);
        copy.maximumY.merge(b.maximumY);
        return copy;
    }

    /**
     * A scalar field that is based on the field index.
     */
    private static class MaximumScalarField {
        private ScalarArrayField scalarField;
        private int[][] fieldIndices;

        /**
         * Construct a new scalar field for keeping track of the maximum value.
         * @param scalarField the scalar field.
         */
        public MaximumScalarField(ScalarArrayField scalarField) {
            this.scalarField = scalarField;
            this.fieldIndices = IntStream.range(0, scalarField.getRows()).
                    mapToObj(i -> new int[scalarField.getColumns()]).
                    toArray(int[][]::new);
        }

        /**
         * Construct a copy of the given maximum scalar field.
         * @param other the other maximum scalar field.
         */
        public MaximumScalarField(MaximumScalarField other) {
            this.scalarField = new ScalarArrayField(other.getScalarField());
            // Do not convert i -> i.clone() to a method reference unless you're targeting Java 8u40 and later.
            //noinspection Convert2MethodRef
            this.fieldIndices = Arrays.stream(other.fieldIndices).map(i -> i.clone()).toArray(int[][]::new);
        }

        public ScalarField getScalarField() {
            return scalarField;
        }

        public int[][] fieldIndices() {
            return fieldIndices;
        }

        /**
         * Store the cell value in the given field if it is higher than the current cell value.
         * <p />
         * In addition, keep track of the field index.
         * @param field the field.
         * @param index the index.
         */
        public void max(ScalarField field, int index) {
            double[] buffer = new double[field.getColumns()];

            for (int row = 0; row < scalarField.getRows(); row++) {
                // Read an entire row from the field
                field.fillValues(0, field.getColumns(), row, row + 1, buffer);

                for (int col = 0; col < scalarField.getColumns(); col++) {
                    if (scalarField.getValue(col, row) < buffer[col]) {
                        scalarField.setValue(col, row, buffer[col]);
                        fieldIndices[row][col] = index;
                    }
                }
            }
        }

        /**
         * Merge the maximum values with the given scalar field.
         * @param other the other maximum scalar field.
         */
        public void merge(MaximumScalarField other) {
            for (int row = 0; row < scalarField.getRows(); row++) {
                for (int col = 0; col < scalarField.getColumns(); col++) {
                    double valueA = this.scalarField.getValue(col, row);
                    double valueB = other.scalarField.getValue(col, row);

                    // Merge in the maximum value
                    if (valueA < valueB) {
                        scalarField.setValue(col, row, valueB);
                        fieldIndices[row][col] = other.fieldIndices[row][col];
                    }
                }
            }
        }
    }
}
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blob 1053�package com.comphenix.magnets.util;

import com.google.common.base.Preconditions;

/**
 * Created by Kristian on 13.02.2015.
 */
public final class PrimitiveArrays {
    private PrimitiveArrays() {
        // Sealed
    }

    /**
     * Retrieve index of the nearest value in the given array of double values.
     * @param values array of values.
     * @param value the value to find.
     * @return Index of the nearest value.
     */
    public static int findNearest(double[] values, double value) {
        if (values == null || values.length == 0) {
            throw new IllegalArgumentException("Input array must contain elements.");
        }
        int bestIndex = 0;
        double bestValue = Math.abs(value - values[0]);

        // Find the best candidate
        for (int i = 1; i < values.length; i++) {
            double candidate = Math.abs(value - values[i]);

            if (candidate < bestValue) {
                bestIndex = i;
                bestValue = candidate;
            }
        }
        return bestIndex;
    }
}
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blob 26894�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.io.CvsFieldWriter;
import com.comphenix.magnets.model.*;
import com.comphenix.magnets.solver.DroneSimulation;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.solver.continuous.BoundingBox;
import com.comphenix.magnets.solver.continuous.Solver;
import com.comphenix.magnets.util.PrimitiveArrays;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Maps;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.beanutils.BeanUtils;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.optim.*;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.lang.reflect.InvocationTargetException;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.*;
import java.util.concurrent.ThreadLocalRandom;
import java.util.concurrent.TimeUnit;
import java.util.concurrent.atomic.AtomicBoolean;
import java.util.concurrent.atomic.AtomicInteger;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.IntStream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel firstModel = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;
        MagneticModel secondModel = a.getSecondModelFile() != null ? ModelDeserializer.system().deserialize(a.getSecondModelFile()) : null;
        ModelInterpolator interpolator = secondModel != null ? ModelInterpolator.linear(firstModel, secondModel) : null;

        for (int i = 0; i < a.getInterpolateCount(); i++) {
            MagneticModel model = interpolator != null ? interpolator.getModel(i / (double)a.getInterpolateCount()) : firstModel;
            processFrames(a, interpolator != null ?
                    new File(rootFolder, "Model " + i) : rootFolder, model);
        }
    }

    private static void processFrames(PlotArguments a, File rootFolder, MagneticModel model) throws Exception {
        // Ensure root folder exists
        rootFolder.mkdirs();

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getModelSource(), a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile(), a.getX(), a.getY());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // CMES
        if (a.getModelFile() != null && a.getModelSource().isDroneField()) {
            Solver solver = a.getSolverName().toSolver();
            BoundingBox box = new BoundingBox(a.getX(), a.getY());

            // Initialize properties
            BeanUtils.populate(solver, a.getSolverProperties());
            ContinuousField continuousField = getContinuousField(model, a.getModelSource(), a.getT().getStart());

            if (a.getDroneLocation() != null) {
                System.out.println("Finding minimum using " + solver);
                testCMES(solver, continuousField, a.getX(), a.getY(), a.getDroneLocation());
            }
            if (a.isComputeDronePDF()) {
                computePDF(solver, continuousField, box, a.getDroneSearchRadius(), a.getDronePDFSamples(), a.getDroneRepeatCount(), a.getDroneLocation());
            }
            if (a.isDrawDroneErrorMap()) {
                writeDroneErrorMap(a, solver, continuousField, box, a.getX(), a.getY(), new File(rootFolder, "DRONE_ERROR.png"));
            }
            if (a.isDroneSimulation()) {
                DroneSimulation simulation = new DroneSimulation(createVector(30, 0),
                        Lists.newArrayList(createVector(20, 40), createVector(0, 40)), box, solver, a.getDroneSearchRadius());

                if (continuousField instanceof DroneVectorField) {
                    ContinuousField sinusoidField = getContinuousField(model, PlotArguments.ModelSource.SINUSOID_FIELD, 0);
                    DroneSimulation.DroneFieldFactory modelFactory = sensors -> new DroneVectorField(sinusoidField, sensors);
                    DroneSimulation.DroneFieldFactory realFactory = sensors -> new DroneVectorField(new FastFourierField(model), sensors);

                    simulation.start(
                            modelFactory, realFactory,
                            ((DroneVectorField) continuousField).getSensorDelta(),
                            1000);
                } else {
                    throw new IllegalStateException("Must be a drone vector field.");
                }
            }
        }

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                Range<Double> errorRange = errorField.getRange();

                System.out.println("Writing error map with value range: " + errorRange);
                writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    private static ArrayRealVector createVector(double... points) {
        return new ArrayRealVector(points);
    }

    private static void testCMES(Solver solver, ContinuousField sinusoids, SegmentRange x, SegmentRange y, RealVector droneLocation) {
        // The target position
        Random rnd = new Random();
        double[] target = sinusoids.getVector(droneLocation.getEntry(0), droneLocation.getEntry(1)).toArray();

        // Real solution
        System.out.println("Attempting to find " + new ArrayRealVector(target) + " (point " + droneLocation + " ) in field ...");
        PointValuePair solution = solver.findMinimum(sinusoids, target, new BoundingBox(x, y));
        RealVector solutionPoint = new ArrayRealVector(solution.getPoint());

        System.out.println("Possible solution: " + solutionPoint + ", distance: " + droneLocation.getDistance(solutionPoint));
        System.out.println("Value of possible: " + sinusoids.getVector(solution.getPoint()[0], solution.getPoint()[1]));
    }

    private static void computePDF(Solver solver, ContinuousField sinusoids, BoundingBox box,
                                   double droneSearchRadius, int dronePDFSamples, int droneRepeatCount, RealVector droneLocation) {
        DoubleSummaryStatistics distanceStats = new DoubleSummaryStatistics();
        Map<Double, AtomicInteger> misses = Maps.newLinkedHashMap();
        AtomicInteger failures = new AtomicInteger();

        // Initialize misses
        misses.put(0.1, new AtomicInteger());
        misses.put(1.0, new AtomicInteger());
        misses.put(5.0, new AtomicInteger());
        misses.put(10.0, new AtomicInteger());

        // Pre-generate the random points according to a seed
        Random pointRandom = new Random(1);
        RealVector[] points = droneLocation == null ? IntStream.range(0, dronePDFSamples).
                mapToObj(i -> box.randomPoint(pointRandom)).toArray(RealVector[]::new) :
                Collections.nCopies(dronePDFSamples, droneLocation).toArray(new RealVector[0]);

        Stopwatch totalElapsed = Stopwatch.createStarted();

        // Samples of the distances
        DoubleSummaryStatistics stats = IntStream.range(0, dronePDFSamples).mapToDouble(i -> {
            double[] randomPoint = points[i].toArray();
            double[] randomTarget = sinusoids.getVector(randomPoint[0], randomPoint[1]).toArray();
            double[] guessPoint = null;
            BoundingBox searchBox = box;

            // See if the drone radius is overriding the search box
            if (droneSearchRadius < box.getMaximumExtent()) {
                searchBox = BoundingBox.fromHyperCube(randomPoint, droneSearchRadius * 2).intersect(box);
                guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
            } else {
                guessPoint = box.getCenter().toArray();
            }

            Stopwatch watch = Stopwatch.createStarted();
            try {
                PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox, droneRepeatCount);

                // Store the distance between the solution and the random point
                double sample = new ArrayRealVector(randomPoint, false).getDistance(
                        new ArrayRealVector(bestSolution.getPoint(), false));
                distanceStats.accept(sample);

                // Count the number of misses
                for (Map.Entry<Double, AtomicInteger> entry : misses.entrySet()) {
                    if (sample > entry.getKey()) {
                        entry.getValue().incrementAndGet();
                    }
                }
                System.out.println("Point " + new ArrayRealVector(randomPoint, false) + " distance: " + sample + ", invariant dist: " + bestSolution.getSecond());

            } catch (Exception e) {
                //e.printStackTrace();
                failures.incrementAndGet();
            } finally {
                watch.stop();
            }
            return watch.elapsed(TimeUnit.NANOSECONDS) / 1.0E6;

        }).parallel().summaryStatistics();

        totalElapsed.stop();
        System.out.println("Total elapsed (real-time): " + totalElapsed);
        System.out.println("Average elapsed (per point): " + stats.getAverage() + " ms (std: " + Math.sqrt(stats.getAverage()) + " ms)");
        System.out.println("Average distance: " + distanceStats.getAverage() + " m (std: " + Math.sqrt(distanceStats.getAverage()) + " m)");

        // Write out the number of misses
        for (Map.Entry<Double, AtomicInteger> entry : misses.entrySet()) {
            System.out.printf("Misses (above %s): %d of %d%n", entry.getKey(), entry.getValue().get(), dronePDFSamples);
        }
        System.out.println("Failures: " + failures.get());
    }

    private static void writeDroneErrorMap(PlotArguments a, Solver solver, ContinuousField sinusoids, BoundingBox box, SegmentRange xRange, SegmentRange yRange, File file) throws IOException {
        Stopwatch watch = Stopwatch.createStarted();
        Stopwatch total = Stopwatch.createStarted();

        ScalarField errorMap = ScalarArrayField.fromFunction(xRange.toArray(), yRange.toArray(), (x, y) -> {
            double[] specificPoint = new double[] { x, y };
            double[] randomTarget = sinusoids.getVector(specificPoint[0], specificPoint[1]).toArray();
            double[] guessPoint = null;
            BoundingBox searchBox = box;

            // See if the drone radius is overriding the search box
            if (a.getDroneSearchRadius() < box.getMaximumExtent()) {
                searchBox = BoundingBox.fromHyperCube(specificPoint, a.getDroneSearchRadius()).intersect(box);
                guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
            } else {
                guessPoint = box.getCenter().toArray();
            }

            try {
                PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox);

                // We want to plot the distance
                return new ArrayRealVector(specificPoint, false).getDistance(
                        new ArrayRealVector(bestSolution.getPoint(), false));

            } catch (Exception e) {
                System.out.println("Error occurred for " + new ArrayRealVector(specificPoint, false));
                e.printStackTrace();
                return box.getDiagonalLength();
            }

        }, progress -> {
            if (watch.elapsed(TimeUnit.SECONDS) > 1) {
                System.out.println("Current progress: " + progress * 100 + "%");

                watch.reset();
                watch.start();
            }
        });

        total.stop();
        System.out.println("Generated drone map in " + total);

        // Write out the drone map
        writeScalarField(a, null, a.getValueOperator(), errorMap, file);
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        destination = getSiblingFile(destination, a.getOutputFormat().getExtension());

        switch (a.getOutputFormat()) {
            case PNG:
                writePngField(a, valueRange, valueOperator, field, destination);
                break;
            case CSV:
                Stopwatch watch = Stopwatch.createStarted();
                CvsFieldWriter writer = new CvsFieldWriter();
                writer.write(destination.toPath(), field);

                watch.stop();
                System.out.println("Written " + destination + " (total time: " + watch + ")");
                break;
        }
    }

    /**
     * Retrieve a sibling file with the same name and the given extension,
     * @param file the file.
     * @param extension the extension.
     * @return Sibling file with similar file name, but different extension.
     */
    private static File getSiblingFile(File file, String extension) {
        return new File(file.getParentFile(),
                com.google.common.io.Files.getNameWithoutExtension(file.getName()) + "." + extension);
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writePngField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;
        Stopwatch watch = Stopwatch.createStarted();

        // Recompute range
        if (valueRange == null) {
            valueRange = field.getRange();
        }
        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        FieldGraph graph = new FieldGraph(a.getScheme().toGradient(), valueOperator, a.getXAxis(), a.getYAxis());

        if (a.getZAxis() != null) {
            graph.setZAxis(a.getZAxis());
        }
        BufferedImage image = graph.createImage(field, a.getX().toRange(), a.getY().toRange(), valueRange, column -> {
            if (maxColumns != null) {
                // Compute maximum value in each row
                for (int i = 0; i < maxColumns.length; i++) {
                    if (!Double.isNaN(column[i])) {
                        maxColumns[i] = Math.max(maxColumns[i], column[i]);
                    }
                }
            }
        });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, graph.getMargins().getLeft(), graph.getMargins().getTop(),
                    maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            watch.stop();
            System.out.println("Written " + destination + " (total time: " + watch + ")");
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        RealVector valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        Vector2D solvedPoint = measure("Time finding solution", () -> solver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        ScalarField distance = new ScalarArrayField(vectorField.map(
            (vectorArray, vectorOffset, vectorLength, column, row) -> {
                return valuePoint.getDistance(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));
            }
        ));
        return distance;
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @param outputX the x dimensions.
     * @param outputY the y dimensions.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile, SegmentRange outputX, SegmentRange outputY) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        final ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));
        ScalarField output = field;
        double[] fieldX = field.toColumnArray();
        double[] fieldY = field.toRowArray();

        if (field.getColumns() != outputX.getSegments() || field.getRows() != outputY.getSegments()) {
            SegmentRange newX = new SegmentRange(fieldX[0], fieldX[fieldX.length - 1], outputX.getSegments());
            SegmentRange newY = new SegmentRange(fieldY[0], fieldY[fieldY.length - 1], outputY.getSegments());

            // Resize the field
            output = ScalarArrayField.fromFunction(newX.toArray(), newY.toArray(), (x, y) -> {
                int nearestX = Math.abs(Arrays.binarySearch(fieldX, x));
                int nearestY = Math.abs(Arrays.binarySearch(fieldY, y));
                return nearestX >= 0 && nearestY >= 0 ? field.getValue(nearestX, nearestY) : 0;
            }, progress -> {});
        }
        return ImmutableList.of(new PlotFrame(output, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.ModelSource source, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = getVectorField(model, source, t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Retrieve the vector field from a magnetic model and a model source.
     * @param model the model.
     * @param source the source.
     * @param time the time.
     * @param xPoints the x coordinates.
     * @param yPoints the y coordinates.
     */
    private static VectorField getVectorField(MagneticModel model, PlotArguments.ModelSource source, double time, double[] xPoints, double[] yPoints) {
        if (source == PlotArguments.ModelSource.MAGNETIC_FIELD) {
            return model.getVectorField(time, xPoints, yPoints);
        } else {
            return getContinuousField(model, source, time).toVectorField(xPoints, yPoints);
        }
    }

    /**
     * Retrieve the continuous field associated with the given model source.
     * @param model the model.
     * @param source the source.
     * @param time the time.
     */
    private static ContinuousField getContinuousField(MagneticModel model, PlotArguments.ModelSource source, double time) {
        ContinuousField sinusoids = new HarmonicSumField(model.conductors(), time);

        switch (source) {
            case MAGNETIC_FIELD:
                return model.getContinuousField(time);
            case SINUSOID_FIELD:
                return sinusoids;
            case DRONE_1:
                return new DroneVectorField(sinusoids, new double[] {0, 0} );
            case DRONE_2:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0});
            case DRONE_3:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0, 0.5, 0.5});
            case DRONE_4:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0, 1, 1, 0, 1});
            case DRONE_5:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0, 1, 1, 0, 1, 0.5, 0.5});
            case DRONE_VERTICAL:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 0, 3, 0, 6, 0, 9});
            case DRONE_VERTICAL2:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0, 0, 3, 1, 3, 0, 6, 1, 6, 0, 9, 1, 9});
            case DRONE_HORIZONTAL:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 3, 0, 6, 0, 9, 0});
            default:
                throw new IllegalArgumentException("Unknown model source: " + source);
        }
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}











PlotCSV/.git/objects/17/9037fbcc329b6cbeadaee6f225287f5d184627

PlotCSV/.git/objects/17/9037fbcc329b6cbeadaee6f225287f5d184627









PlotCSV/.git/objects/17/eb08c1f49c9788ed7a6077f0f795b7ece920f7

PlotCSV/.git/objects/17/eb08c1f49c9788ed7a6077f0f795b7ece920f7


blob 3775�package com.comphenix.magnets.model;

import javax.xml.bind.annotation.XmlAccessType;
import javax.xml.bind.annotation.XmlAccessorType;
import javax.xml.bind.annotation.XmlAttribute;
import javax.xml.bind.annotation.XmlRootElement;

/**
 * Represents an electric current.
 * Created by Kristian on 26.01.2015.
 */
@XmlAccessorType(XmlAccessType.FIELD)
public class AlternatingCurrent {
    @XmlAttribute(name = "amp")
    private double amplitude;
    @XmlAttribute(name = "freq")
    private double angularFrequency;
    @XmlAttribute(name = "phase")
    private double phase;
    @XmlAttribute(name = "dc")
    private double directCurrent;

    /**
     * Construct a new object representing no current.
     */
    public AlternatingCurrent() {
        // Empty
    }

    /**
     * Construct a new representation of alternating current.
     * @param amplitude the amplitude in amperes.
     * @param angularFrequency the angular frequency in radians per second.
     * @param phase the phase in radians.
     * @param directCurrent the direct current bias/offset, in amperes.
     */
    public AlternatingCurrent(double amplitude, double angularFrequency, double phase, double directCurrent) {
        this.amplitude = amplitude;
        this.angularFrequency = angularFrequency;
        this.phase = phase;
        this.directCurrent = directCurrent;
    }

    /**
     * Retrieve the peak current exhibited by the alternating current sinusoid.
     * @return Amplitude of the current sinusoid, in amperes.
     */
    public double getAmplitude() {
        return amplitude;
    }

    /**
     * Set the the peak current exhibited by the alternating current sinusoid.
     * @param amplitude new Amplitude of the current sinusoid, in amperes.
     */
    public void setAmplitude(double amplitude) {
        this.amplitude = amplitude;
    }

    /**
     * Retrieve the angular frequency of the alternating current in degrees per second.
     * @return The angular frequency of the sinusoid.
     */
    public double getAngularFrequency() {
        return angularFrequency;
    }

    /**
     * Set the angular frequency of the alternating current in degrees per second.
     * @param angularFrequency new angular frequency of the sinusoid.
     */
    public void setAngularFrequency(double angularFrequency) {
        this.angularFrequency = angularFrequency;
    }

    /**
     * Retrieve the phase displacement of the sinusoid in degrees.
     * @return The phase displacement.
     */
    public double getPhase() {
        return phase;
    }

    /**
     * Set the phase displacement of the sinusoid in degrees.
     * @param phase new phase displacement.
     */
    public void setPhase(double phase) {
        this.phase = phase;
    }

    /**
     * Retrieve the direct current bias, which is the remaining constant current after setting the amplitude of
     * the sinusoid to zero.
     * @return The direct current bias, in amperes.
     */
    public double getDirectCurrent() {
        return directCurrent;
    }

    /**
     * Set the direct current bias.
     * @see #getDirectCurrent()
     * @param directCurrent the new direct current bias, in amperes.
     */
    public void setDirectCurrent(double directCurrent) {
        this.directCurrent = directCurrent;
    }

    /**
     * Compute the instantaneous current at a given time.
     * @param t the time in seconds.
     * @return The current, in amperes.
     */
    public double compute(double t) {
        return amplitude * Math.sin(Math.toRadians(t * angularFrequency - phase)) + directCurrent;
    }

    /**
     * Retrieve the peak current.
     * @return The peak current.
     */
    public double getPeakCurrent() {
        return amplitude + directCurrent;
    }
}
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blob 294�package com.comphenix.magnets.electricity;

/**
 * Represents an electric current.
 * Created by Kristian on 26.01.2015.
 */
public class AlternatingCurrent {
    private double amplitude;
    private double angularFrequency;
    private double phase;
    private double directCurrentBias;


}
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blob 2796�package com.comphenix.magnets.fields;

import java.util.Arrays;
import java.util.stream.DoubleStream;

/**
 * Represents a simple 2D field.
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class ArrayField2D implements Field2D {
    private static final int INITIAL_CAPACITY = 10;

    // Initial values
    private double[] x = new double[INITIAL_CAPACITY];
    private double[] y = new double[INITIAL_CAPACITY];
    private double[][] data = new double[INITIAL_CAPACITY][];
    private int width = 0;
    private int height = 0;

    /**
     * Retrieve the current X coordinates.
     * @return The X coordinates.
     */
    @Override
    public double[] getX() {
        return Arrays.copyOf(x, width);
    }

    /**
     * Set the x coordinates of the cells.
     * @param x the x coordinates.
     */
    public void setX(double[] x) {
        this.x = x.clone();
        this.width = x.length;
    }

    /**
     * Retrieve the current Y coordinates.
     * @return The Y coordinates.
     */
    @Override
    public double[] getY() {
        return Arrays.copyOf(x, height);
    }

    /**
     * Set the Y coordinates of the cells.
     * @param y the y coordinates.
     */
    public void setY(double[] y) {
        this.y = y.clone();
    }

    /**
     * Add the given coordinate to the bottom of the matrix.
     * @param yCoordinate the y coordinate.
     * @param values the values to add.
     */
    public void addRow(double yCoordinate, double[] values) {
        ensureHeight();
        y[height] = yCoordinate;
        data[height] = values;

        // Increment
        height++;
    }

    /**
     * Retrieve the value in the given cell.
     * @param x the x coordinate of the cell.
     * @param y the y coordinate of the cell.
     * @return The value.
     */
    @Override
    public double getValue(int x, int y) {
        return data[y][x];
    }

    /**
     * View this matrix as a stream of cell values.
     * @return The corresponding stream.
     */
    @Override
    public DoubleStream stream() {
        return Arrays.stream(data, 0, height).flatMapToDouble(Arrays::stream);
    }

    /**
     * Ensure the matrix is sufficiently large in the Y direction.
     */
    protected void ensureHeight() {
        if (y.length == height) {
            y = Arrays.copyOf(y, (int) (y.length * 1.5));
        }
        if (data.length == height) {
            data = Arrays.copyOf(data, (int) (data.length * 1.5));
        }
    }

    /**
     * Retrieve the width of the matrix.
     * @return The width.
     */
    @Override
    public int getWidth() {
        return width;
    }

    /**
     * Retrieve the height of the matrix.
     * @return The height.
     */
    @Override
    public int getHeight() {
        return height;
    }
}
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blob 8862�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.util.DeviationStatistics;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.*;
import com.google.common.io.Resources;

import javax.imageio.ImageIO;
import java.awt.*;
import java.awt.image.BufferedImage;
import java.io.File;
import java.io.IOException;
import java.io.Reader;
import java.nio.file.Files;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.*;
import java.util.List;
import java.util.concurrent.Callable;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.DoubleStream;
import java.util.stream.IntStream;
import java.util.stream.Stream;
import java.util.stream.StreamSupport;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    private enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    private enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return field.angles();
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }
    
    public static void main(String[] args) throws Exception {
        // Current input
        Path dataFile = null;
        Path modelFile = null;
        ColorScheme scheme = ColorScheme.RAINBOW;

        // Dimensions
        SegmentRange x = new SegmentRange(-1, 1, 640);
        SegmentRange y = new SegmentRange(-1, 1, 480);
        SegmentRange t = new SegmentRange(0, 0, 1);
        SegmentRange z = null;

        // Visualization
        Visualization visualization = Visualization.MAGNITUDE;
        boolean logarithm = false;

        // Current output
        String outputPattern = null;

        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            if (i == 12) {
                System.out.println("Last element");
            }

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                switch (arg.substring(1).toLowerCase()) {
                    case "?":
                    case "h":
                    case "help":
                        System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        logarithm = true;
                        break;
                    default:
                        throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times.");
                }
                outputPattern = arg;
            }
        }
        // Ensure we have an output
        if (outputPattern == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }

        // The input to visualize
        Iterable<ScalarField> fields = getFields(dataFile, modelFile, visualization, t, x, y);
        int frameIndex = 0;

        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> range = StreamSupport.stream(fields.spliterator(), false).
                    map(ScalarField::getRange).reduce(Range::span).get();
            z = new SegmentRange(range.lowerEndpoint(), range.upperEndpoint(), 1);
        }

        // Draw output
        for (ScalarField field : fields) {
            Range<Double> range = Range.closed(z.getStart(), z.getEnd());
            BufferedImage image = new FieldGraph(scheme.toGradient(), logarithm ? Math::log10 : DoubleUnaryOperator.identity()).
                    createImage(field, range);
            File destination = new File(String.format(outputPattern, frameIndex++));

            // Ensure parent directory is created
            destination.getParentFile().mkdirs();

            // Write image to destination
            System.out.println("Writing " + destination);
            ImageIO.write(image, "png", destination);
        }
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @param modelFile optional model file.
     * @param visualization the visualization method. Only relevant for model file.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static Iterable<ScalarField> getFields(Path dataFile, Path modelFile, Visualization visualization, SegmentRange t, SegmentRange x, SegmentRange y) {
        if (dataFile != null && modelFile != null) {
            throw new IllegalArgumentException("Cannot specify data and model file at the same time.");
        }
        if (dataFile != null) {
            System.out.println("Reading data file " + dataFile);
            return () -> Iterators.singletonIterator(CvsFieldParser.system().parse(dataFile));

        } else if (modelFile != null) {
            MagneticModel model = ModelDeserializer.system().deserialize(modelFile);
            double[] xPoints = x.toArray();
            double[] yPoints = y.toArray();

            System.out.println("Reading model file " + modelFile);
            return () -> t.stream().mapToObj(time -> visualization.filter(model.getVectorField(time, xPoints, yPoints))).iterator();
        }
        throw new IllegalArgumentException("Must specify a data file or input model.");
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param callable the callable.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(Callable<T> callable) throws Exception {
        Stopwatch watch = Stopwatch.createStarted();
        T result = callable.call();

        // Print elapsed time
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}











PlotCSV/.git/objects/1a/dc83150a2112563886e3c2598be0b9d8184549

PlotCSV/.git/objects/1a/dc83150a2112563886e3c2598be0b9d8184549


blob 46�# Created by .ignore support plugin (hsz.mobi)
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blob 117�package com.comphenix.magnets;

/**
 * Created by Kristian Stangeland on 22.01.2015.
 */
public class PlotWindow {
}
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blob 107�package com.comphenix.magnets.model;

/**
 * Created by Kristian on 27.01.2015.
 */
public class Model {
}
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blob 6393�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.fields.DiscreteField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.fields.VectorMatrixField;
import com.comphenix.magnets.util.SegmentRange;

/**
 * Created by Kristian on 02.04.2015.
 */
public class DroneVectorField implements ContinuousField {
    // We have three values
    private final int components;
    private final ContinuousField sinusoids;
    private final double dSensorX;
    private final double dSensorY;

    public DroneVectorField(ContinuousField sinusoids, double dSensorX, double dSensorY) {
        this.sinusoids = sinusoids;
        this.components = 2;
        this.dSensorX = dSensorX;
        this.dSensorY = dSensorY;
    }

    @Override
    public int getComponents() {
        return components;
    }

    @Override
    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {
        double[] firstPoint = new double[sinusoids.getComponents()];
        double[] secondPoint = new double[sinusoids.getComponents()];

        // Read from the two points
        sinusoids.addComponents(x, y,                           firstPoint, 0);
        sinusoids.addComponents(x + dSensorX, y + dSensorY,     secondPoint, 0);
        writeComponents(startComponent, endComponent, destination, destinationOffset, firstPoint, secondPoint);
    }

    /**
     * Write the given range of components using the first and second point to the destination array.
     * @param startComponent the starting component (inclusive)
     * @param endComponent the ending component (inclusive)
     * @param destination the destination array.
     * @param destinationOffset the destination offset.
     * @param firstPoint the first point.
     * @param secondPoint the second point.
     * @return The new destination offset.
     */
    protected static int writeComponents(int startComponent, int endComponent, double[] destination, int destinationOffset, double[] firstPoint, double[] secondPoint) {
        for (int i = startComponent; i < endComponent; i++) {
            switch (i) {
                case 0:
                    destination[destinationOffset++] = angleDiff(firstPoint[1], firstPoint[3]);
                    break;
                case 1:
                    destination[destinationOffset++] = angleDiff(secondPoint[1], secondPoint[3]);
                    break;
                // Last component type
                case 2:
                    // Difference in absolute value
                    destination[destinationOffset++] = Math.log(
                            (firstPoint[0] * firstPoint[0] + firstPoint[2] * firstPoint[2]) /
                                    (secondPoint[0] * secondPoint[0] + secondPoint[2] * secondPoint[2]));
                    break;
            }
        }
        return destinationOffset;
    }

    private static double angleDiff(double a, double b) {
        //return b - a;
        if (a > b) {
            return 2 * Math.PI - a + b;
        } else {
            return b - a;
        }
    }

    @Override
    public VectorField toVectorField(double[] xCoordinates, double[] yCoordinates) {
        // Let the cached field contain slightly more values
        SegmentRange xRange = SegmentRange.fromArray(xCoordinates).union(xCoordinates[xCoordinates.length - 1] + dSensorX);
        SegmentRange yRange = SegmentRange.fromArray(yCoordinates).union(yCoordinates[yCoordinates.length - 1] + dSensorY);

        VectorMatrixField cachedField = new VectorMatrixField(sinusoids, xRange.toArray(), yRange.toArray());
        DiscreteDroneField field = new DiscreteDroneField(cachedField, getComponents(), dSensorX, dSensorY, xCoordinates, yCoordinates);
        return new VectorMatrixField(field);
    }

    /**
     * Represents a discrete drone field.
     */
    public static class DiscreteDroneField implements VectorField {
        private final int components;
        private final VectorMatrixField cachedField;
        private final int dSensorCol;
        private final int dSensorRow;
        private final double[] xCoordinates;
        private final double[] yCoordinates;

        public DiscreteDroneField(VectorMatrixField cachedField, int components, double dSensorX, double dSensorY, double[] xCoordinates, double[] yCoordinates) {
            this.dSensorCol = (int) Math.ceil(dSensorX / (xCoordinates[1] - xCoordinates[0]));
            this.dSensorRow = (int) Math.ceil(dSensorY / (yCoordinates[1] - yCoordinates[0]));
            this.components = components;
            this.cachedField = cachedField;
            this.xCoordinates = xCoordinates;
            this.yCoordinates = yCoordinates;
        }

        @Override
        public int getComponents() {
            return components;
        }

        @Override
        public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent, double[] destination, int destinationOffset, boolean zeroDestination) {
            double[] firstPoint = new double[cachedField.getComponents()];
            double[] secondPoint = new double[cachedField.getComponents()];

            for (int row = startRow; row < endRow; row++) {
                for (int col = startColumn; col < endColumn; col++) {
                    // Read from the two points
                    cachedField.fillComponents(col, col + 1, row, row + 1, firstPoint, 0);
                    cachedField.fillComponents(
                            col + dSensorCol, col + dSensorCol + 1,
                            row + dSensorRow, row + dSensorRow + 1, secondPoint, 0);

                    destinationOffset = writeComponents(startComponent, endComponent, destination, destinationOffset, firstPoint, secondPoint);
                }
            }
        }

        @Override
        public double getColumn(int column) {
            return xCoordinates[column];
        }

        @Override
        public double getRow(int row) {
            return yCoordinates[row];
        }

        @Override
        public int getColumns() {
            return xCoordinates.length;
        }

        @Override
        public int getRows() {
            return yCoordinates.length;
        }
    }
}
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blob 1907�package com.comphenix.magnets.fields;

/**
 * Represents a magnetic field source.
 */
public interface MagneticSource {
    /**
     * Retrieve the absolute strength of the magnetic field emanating from the current source at the given location.
     * @param x the x coordinate of the location in meters.
     * @param y the y coordinate of the location in meters.
     * @return The strength of the magnetic field in tesla.
     */
    public default double getStrength(double x, double y) {
        double[] strengthX = new double[1];
        double[] strengthY = new double[1];
        fillComponents(new double[] { x}, new double[] { y }, strengthX, strengthY);
        return Math.sqrt(strengthX[0] * strengthX[0] + strengthY[0] * strengthY[0]);
    }

    /**
     * Retrieve the angle of of the magnetic field at the given location.
     * @param x the x coordinate of the location in meters.
     * @param y the y coordinate of the location in meters.
     * @return The angle in radians.
     */
    public default double getAngle(double x, double y) {
        double[] strengthX = new double[1];
        double[] strengthY = new double[1];
        fillComponents(new double[] { x}, new double[] { y }, strengthX, strengthY);
        return Math.atan2(strengthY[0], strengthX[0]);
    }

    /**
     * Fill the two output arrays with the magnetic field strength in the X-axis and Y-axis respectively.
     * <p>
     * Note that this method will fill the content of the two output arrays. Each array must have the same number of elements.
     * @param inputX input X coordinates.
     * @param inputY input Y coordinates.
     * @param outputStrengthX the magnetic field strength in the X-axis.
     * @param outputStrengthY the magnetic field strength in the Y-axis.
     */
    public void fillComponents(double[] inputX, double[] inputY, double[] outputStrengthX, double[] outputStrengthY);
}











PlotCSV/.git/objects/1c/3a571ec7438c25846be545f7be02e7c25344b5

PlotCSV/.git/objects/1c/3a571ec7438c25846be545f7be02e7c25344b5









PlotCSV/.git/objects/1c/50dfbbaa29f9cc93ec822c388fc22db771db5e

PlotCSV/.git/objects/1c/50dfbbaa29f9cc93ec822c388fc22db771db5e


blob 24387�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.solver.continuous.*;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Splitter;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.transform.DftNormalization;
import org.apache.commons.math3.transform.FastFourierTransformer;
import org.apache.commons.math3.transform.TransformType;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.awt.Color;
import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.*;
import java.util.function.*;
import java.util.stream.Collectors;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        },
        TEMPERATURE() {
            @Override
            public Gradient toGradient() {
                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);
            }
        },
        HSV() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float)factor, intensity, intensity);
                };
            }
        },
        HSV2() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (2 * factor), intensity, intensity);
                };
            }
        },
        HSV10() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (10 * factor), intensity, intensity);
                };
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return getScalar(field.angles());
            }
        },
        X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.x();
            }
        },
        Y {
            @Override
            public ScalarField filter(VectorField field) {
                return field.y();
            }
        },
        Y_MINUS_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b - a);
            }
        },
        Y_DIV_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b / a);
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Attempt to get a scalar view of the given field.
         * @param field the field.
         * @return The resulting scalar field.
         */
        private static ScalarField getScalar(DiscreteField field) {
            return field instanceof VectorField ? ((VectorField) field).magnitudes() : (ScalarField) field;
        }

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
                case "x":
                    return X;
                case "y":
                    return Y;
                case "y-x":
                    return Y_MINUS_X;
                case "ydivx":
                    return Y_DIV_X;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    /**
     * Represents visualization of aggregate values.
     */
    public enum Aggregate {
        /**
         * Compute the average value in all the frames.
         */
        AVERAGE {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar = ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        0,
                        (a, b) -> a + b,
                        a -> a / frames.size()
                );

                // Maybe create a vector average as well?
                return new PlotFrame(scalar, null);
            }
        },
        /**
         * Compute the maximum value in all the frames.
         */
        MAX {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar =  ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        -Double.MAX_VALUE,
                        Math::max,
                        DoubleUnaryOperator.identity());

                // Maybe create a vector maximum as well?
                return new PlotFrame(scalar, null);
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_DIRECT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            // First vector will contain the result
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(components, i, vectorLength);
                            }
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            /**
             * Retrieve the angle of the peak value in the given array of values.
             * @param values the values.
             * @param offset the starting position.
             * @param stepSize the step size.
             * @return The peak angle.
             */
            private double getPeakAngle(double[] values, int offset, int stepSize) {
                double bestValue = values[offset];
                int bestIndex = offset;
                int count = 1;

                for (int i = offset + stepSize; i < values.length; i += stepSize) {
                    if (values[i] > bestValue) {
                        bestValue = values[i];
                        bestIndex = i;
                    }
                    count++;
                }
                return (bestIndex / (double)count) * Math.PI * 2;
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAngle(double[] re) {
                double[] im = new double[re.length];
                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);

                return MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
            }
        },

        /**
         * Compute the amplitude of the sine at the maximum X and Y values, respectively.
         */
        AMPLITUDE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAmplitude(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAmplitude(double[] re) {
                double[] im = new double[re.length];

                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);
                return 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
            }
        },

        /**
         * Compute the actual drone measurements.
         */
        DRONE_SENSOR {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                // A field of sinusoids
                VectorField sinusoids = VectorField.aggregateExternal(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        frames.get(0).getVectorField().getComponents() * 2,
                        (components, vectorLength, source, sourcePos, column, row) -> {

                            for (int i = 0; i < vectorLength; i++) {
                                double[] re = VectorField.extractComponent(components, i, vectorLength);
                                double[] im = new double[re.length];

                                FastFourierTransformer.transformInPlace(
                                        new double[][]{re, im}, DftNormalization.STANDARD, TransformType.FORWARD);

                                // Compute both the angle and the amplitude
                                source[sourcePos++] = 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
                                source[sourcePos++] = MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
                            }
                            ;
                            return sourcePos;
                        }
                );

                // TODO: FIX THIS LATER
                throw new UnsupportedOperationException("Unsupported");
            }
        };

        /**
         * Aggregate the given frames into a final scalar field.
         *
         * @param frames the frames to aggregate.
         * @param visualization optional visualization to apply, if necessary.
         * @param x the x coordinate of each column in the final scalar field.
         * @param y the y coordinate of each row in the final scalar field.
         * @return The final frame.
         */
        public abstract PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y);

         /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Aggregate parse(String text) {
            switch (text.toLowerCase()) {
                case "a":
                case "average":
                    return AVERAGE;
                case "m":
                case "max":
                    return MAX;
                case "xyd":
                case "xy_phase_difference_direct":
                    return MAX_XY_PHASE_DIFFERENCE_DIRECT;
                case "xyf":
                case "xy_phase_difference_fft":
                    return MAX_XY_PHASE_DIFFERENCE_FFT;
                case "ampf":
                case "amplitude_fft":
                    return AMPLITUDE_FFT;
                case "drone":
                case "drone_sensor":
                    return DRONE_SENSOR;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an aggregate.");
        }

    }

    /**
     * The data in the model to display.
     */
    public enum ModelSource {
        /**
         * The magnetic field.
         */
        MAGNETIC_FIELD,

        /**
         * The amplitude and phase of the sinusoid representing the x and y component of the magnetic field.
         */
        SINUSOID_FIELD,

        /**
         * A drone with two sensors.
         */
        DRONE_2;

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding model source..
         */
        public static ModelSource parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnetic_field":
                    return MAGNETIC_FIELD;
                case "s":
                case "sinusoid_field":
                    return SINUSOID_FIELD;
                case "d2":
                case "drone_2":
                    return DRONE_2;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an model source.");
        }
    }

    public enum SolverName {
        BOBYGA(BobygaSolver::new),
        CMAES(CmaesSolver::new);

        private final Supplier<Solver> supplier;

        SolverName(Supplier<Solver> supplier) {
            this.supplier = supplier;
        }

        /**
         * Retrieve the correct solver.
         * @return The correct solver.
         */
        public Solver toSolver() {
            return supplier.get();
        }

        public static SolverName parse(String text) {
            return valueOf(text.toUpperCase());
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;
    private ModelSource modelSource = ModelSource.DRONE_2;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Function that is applied to every value
    private DoubleUnaryOperator valueOperator;

    // Test location of the drone
    private RealVector droneLocation;
    private double droneSearchRadius = Double.MAX_VALUE;
    private int dronePDFSamples;

    // The solver to use
    private SolverName solverName = SolverName.CMAES;

    // Whether or not to display the help context
    private boolean displayHelp;

    // Whether or not to draw each frame
    private boolean drawFrames = true;

    // The aggregates
    private List<Aggregate> aggregates = Lists.newArrayList();

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                switch (arg.substring(1).toLowerCase()) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "ms":
                    case "modelsource":
                        modelSource = ModelSource.parse(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        applyValueOperator(Math::log10);
                        break;
                    case "a":
                    case "abslog":
                        applyValueOperator(x -> Math.sin(x) * Math.log(Math.abs(x)));
                        break;
                    case "d:":
                    case "drone":
                        droneLocation = new ArrayRealVector(new double[] { Double.parseDouble(args[++i]), Double.parseDouble(args[++i]) });
                        break;
                    case "dp":
                    case "drone_pdf":
                        dronePDFSamples = Integer.parseInt(args[++i].trim());
                        break;
                    case "dr":
                    case "drone_radius":
                        droneSearchRadius = Double.parseDouble(args[++i].trim());
                        break;
                    case "solver":
                        solverName = SolverName.parse(args[++i]);
                        break;
                    case "f":
                    case "frames":
                        drawFrames = Boolean.parseBoolean(args[++i]);
                        break;
                    case "ag":
                    case "aggregate":
                        // Parse aggregate list
                        aggregates = Splitter.on(",").splitToList(args[++i]).stream().
                                map(Aggregate::parse).
                                collect(Collectors.toList());
                        break;
                    default:
                        throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times (existing pattern: " + outputPattern + ")");
                }
                outputPattern = arg;
            }
        }
    }

    protected void applyValueOperator(DoubleUnaryOperator operator) {
        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;
    }

    public RealVector getDroneLocation() {
        return droneLocation;
    }

    /**
     * Retrieve the number of samples of the drone error distance to compute its PDF.
     * @return The drone PDF sample count. 0 or negative to not compute the PDF.
     */
    public int getDronePDFSamples() {
        return dronePDFSamples;
    }

    public boolean isComputeDronePDF() {
        return dronePDFSamples > 0;
    }

    /**
     * Retrieve the maximum radius around the real point to search.
     * </p>
     * Note that the x and y ranges have higher priority.
     * @return The drone search radius.
     */
    public double getDroneSearchRadius() {
        return droneSearchRadius;
    }

    public SolverName getSolverName() {
        return solverName;
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ModelSource getModelSource() {
        return modelSource;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public DoubleUnaryOperator getValueOperator() {
        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }

    public boolean isDrawFrames() {
        return drawFrames;
    }

    public List<Aggregate> getAggregates() {
        return aggregates;
    }
}
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blob 2607�package com.comphenix.magnets.fields;

import com.google.common.collect.ImmutableList;

import java.util.Arrays;
import java.util.Collection;
import java.util.Objects;

/**
 * Represents a modifiable vector field.
 * <p />
 * Note that, unlike {@link com.comphenix.magnets.fields.ScalarArrayField}, its dimensions are fixed.
 * Created by Kristian on 18.02.2015.
 */
public class VectorMatrixField implements VectorField {
    // Input
    private final double[] xCoordinates;
    private final double[] yCoordinates;
    private final double[][] xData;
    private final double[][] yData;

    /**
     * Construct a new modifiable vector field of the given size.
     * <p />
     * Note that the input arrays will not be cloned.
     * @param xCoordinates the x coordinates of each column.
     * @param yCoordinates the y coordinates of each row.
     */
    protected VectorMatrixField(double[] xCoordinates, double[] yCoordinates, double[][] xData, double[][] yData) {
        this.xCoordinates = xCoordinates;
        this.yCoordinates = yCoordinates;
        this.xData = xData;
        this.yData = yData;
    }

    /**
     * Construct a new vector array field from the given coordinates and vector cell value.
     * @param x the x coordinates.
     * @param y the y coordinates.
     * @param xValue the cell X value.
     * @param xValue the cell Y value.
     * @return The filled array field.
     */
    public static VectorMatrixField fromValue(double[] x, double[] y, double xValue, double yValue) {
        double[][] resultX = new double[y.length][];
        double[][] resultY = new double[y.length][];

        // Combine the values in each field
        for (int row = 0; row < y.length; row++) {
            double[] vectorX = new double[x.length];
            double[] vectorY = new double[x.length];
            Arrays.fill(vectorX, xValue);
            Arrays.fill(vectorY, yValue);
            resultX[row] = vectorX;
            resultY[row] = vectorY;
        }
        return new VectorMatrixField(x.clone(), y.clone(), resultX, resultY);
    }

    @Override
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] outputStrengthX, double[] outputStrengthY) {

    }

    @Override
    public double getColumn(int column) {
        return xCoordinates[column];
    }

    @Override
    public double getRow(int row) {
        return yCoordinates[row];
    }


    @Override
    public int getColumns() {
        return xCoordinates.length;
    }

    @Override
    public int getRows() {
        return yCoordinates.length;
    }
}
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blob 7797�package com.comphenix.magnets.fields;

import com.google.common.collect.Iterables;
import com.google.common.collect.Lists;
import org.apache.commons.math3.analysis.MultivariateFunction;
import org.apache.commons.math3.analysis.MultivariateVectorFunction;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.util.MathUtils;

import java.util.ArrayList;
import java.util.Arrays;
import java.util.List;
import java.util.function.BiFunction;
import java.util.function.DoubleBinaryOperator;

/**
 * Represents a continuous field.
 */
public interface ContinuousField {
    /**
     * Convert this continous field to a discrete vector field.
     * @param xCoordinates the x coordinates.
     * @param yCoordinates the y coordinates.
     * @return The vector field.
     */
    public default VectorField toVectorField(double[] xCoordinates, double[] yCoordinates) {
        return new VectorMatrixField(this, xCoordinates, yCoordinates);
    }

    /**
     * Convert the current continuous field to a scalar field based on the square distance to the given value.
     * @param value the value.
     * @return The squared distance field.
     */
    static MultivariateFunction withSquareDistance(ContinuousField field, double[] value) {
        return point -> {
            double[] buffer = new double[field.getComponents()];
            double squareDistance = 0;

            // Read the value of the field at this point
            field.addComponents(point[0], point[1], buffer, 0);

            // Compute the squared distance
            for (int i = 0; i < buffer.length; i++) {
                double delta = buffer[i] - value[i];
                squareDistance += delta * delta;
            }
            return squareDistance;
        };
    }

    /**
     * Retrieve the magnitude of the given cell.
     * @param x the x coordinate of the location in meters.
     * @param y the y coordinate of the location in meters.
     * @return The corresponding magnitude.
     */
    public default double getMagnitude(double x, double y) {
        double[] strength = new double[getComponents()];
        double squareMagnitude = 0;
        addComponents(x, y, strength, 0);

        for (double value : strength) {
            squareMagnitude += value * value;
        }
        return Math.sqrt(squareMagnitude);
    }

    /**
     * Retrieve the polar angles of the given cell.
     * @param x the x coordinate of the location in meters.
     * @param y the y coordinate of the location in meters.
     * @return The corresponding angles, in radians.
     */
    public default RealVector getAngle(double x, double y) {
        double[] strength = new double[getComponents()];
        double[] angles = new double[strength.length - 1];
        addComponents(x, y, strength, 0);

        // Standard inverse
        angles[0] = Math.atan2(strength[1], strength[0]);

        // Additional angles
        if (strength.length > 2) {
            double magnitude = new ArrayRealVector(strength, false).getNorm();

            for (int i = 1; i < angles.length; i++) {
                angles[i] = Math.acos(strength[i + 1] / magnitude);
            }
        }
        return new ArrayRealVector(angles, false);
    }


    /**
     * Retrieve the value of the given cell.
     * @param point the point.
     * @return The corresponding value.
     */
    public default RealVector getVector(RealVector point) {
        if (point.getDimension() != 2) {
            throw new IllegalArgumentException("Vector " + point + " must be two dimensions.");
        }
        return getVector(point.getEntry(0), point.getEntry(1));
    }

    /**
     * Retrieve the value of the given cell.
     * @param x the x coordinate of the location in meters.
     * @param y the y coordinate of the location in meters.
     * @return The corresponding value.
     */
    public default RealVector getVector(double x, double y) {
        double[] strength = new double[getComponents()];
        addComponents(x, y, strength, 0);
        return new ArrayRealVector(strength, false);
    }

    /**
     * Retrieve the number of components in each cell vector in this field.
     * @return The number of components.
     */
    public int getComponents();

    /**
     * Retrieve an array of the given components in the given rectangle.
     * @param x x-coordinate of the current point.
     * @param y y-coordinate of the current point.
     * @param startComponent index of the first component, inclusive.
     * @param endComponent index of the last component, exclusive.
     * @return The resulting component array.
     */
    public default double[] getComponentsArray(double x, double y, int startComponent, int endComponent) {
        double[] buffer = new double[endComponent - startComponent];
        addComponents(x, y, startComponent, endComponent, buffer, 0);
        return buffer;
    }

    /**
     * Add the field strength in the X-axis and the Y-axis to each output array respectively, using the provided element offset.
     * @param x x-coordinate of the current point.
     * @param y y-coordinate of the current point.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     */
    public default void addComponents(double x, double y, double[] destination, int destinationOffset) {
        addComponents(x, y, 0, getComponents(), destination, destinationOffset);
    }

    /**
     * Add the field strength in the X-axis and the Y-axis to each output array respectively, using the provided element offset.
     * <p />
     * Note that the range represented by startComponent and endComponent must be non-zero in length and not exceed the boundaries
     * of the components in the field. Otherwise, the behavior is undefined.
     * @param x x-coordinate of the current point.
     * @param y y-coordinate of the current point.
     * @param startComponent index of the first component, inclusive.
     * @param endComponent index of the last component, exclusive.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     */
    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset);

    /**
     * Create a continuous field that is the summed value of the given fields at every point.
     * @param fields the fields. Must be non-zero.
     * @return The corresponding summed field.
     */
    public static ContinuousField sum(Iterable<? extends ContinuousField> fields) {
        ContinuousField[] copy = Iterables.toArray(fields, ContinuousField.class);

        if (copy.length == 0) {
            throw new IllegalArgumentException("Cannot merge zero fields.");
        }
        // Use the largest component
        int components = Arrays.stream(copy).mapToInt(ContinuousField::getComponents).max().getAsInt();

        return new ContinuousField() {
            @Override
            public int getComponents() {
                return components;
            }

            @Override
            public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {
                // Initial values
                Arrays.fill(destination, destinationOffset, destinationOffset + (endComponent - startComponent), 0);

                for (ContinuousField field : copy) {
                    field.addComponents(x, y, startComponent, endComponent, destination, destinationOffset);
                }
            }
        };
    }
}
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blob 4079�package com.comphenix.magnets.util;

import com.google.common.base.Objects;
import com.google.common.base.Preconditions;
import com.google.common.base.Splitter;
import com.google.common.collect.Range;

import java.util.List;
import java.util.Locale;
import java.util.stream.DoubleStream;

/**
 * Represents a range that is divided into N equally sized segments.
 * Created by Kristian on 27.01.2015.
 */
public class SegmentRange {
    private final double start;
    private final double end;
    private final int segments;

    // Computed
    private final double stepSize;

    /**
     * Parse a range with an optional segment count.
     * @param range the range.
     * @return The corresponding segment range.
     */
    public static SegmentRange parse(String range) {
        List<String> elements = Splitter.on(":").limit(3).splitToList(range);

        if (elements.size() < 2) {
            throw new IllegalArgumentException("Please specify range (:) in " + range);
        }
        double start = Double.parseDouble(elements.get(0));
        double end = Double.parseDouble(elements.get(1));

        if (elements.size() == 3) {
            return new SegmentRange(start, end, Integer.parseInt(elements.get(2)));
        } else  {
            return new SegmentRange(start, end, 1);
        }
    }

    /**
     * Construct a new segment range.
     * @param start the starting value.
     * @param end the ending value.
     * @param segments the segment count. Cannot be negative.
     */
    public SegmentRange(double start, double end, int segments) {
        if (segments < 0) {
            throw new IllegalArgumentException("Segments cannot be negative.");
        }
        this.start = start;
        this.end = end;
        this.segments = segments;

        // Computed step size
        this.stepSize = (end - start) / segments;
    }

    /**
     * Retrieve the starting value of this range.
     * @return The starting value.
     */
    public double getStart() {
        return start;
    }

    /**
     * Retrieve the last value in this range.
     * @return Last value.
     */
    public double getEnd() {
        return end;
    }

    /**
     * Retrieve the number of segments in this range.
     * @return The number of segments.
     */
    public int getSegments() {
        return segments;
    }

    /**
     * Retrieve the segment at a specified index.
     * @param index the index.
     * @return The corresponding segment.
     */
    public double getSegment(int index) {
        Preconditions.checkPositionIndex(index, segments);
        return start + stepSize * index;
    }

    /**
     * Retrieve the nearest segment index.
     * @param segment the segment value.
     * @return The nearest segment index.
     */
    public int getNearestIndex(double segment) {
        return (int)Math.round((segment - start) / stepSize);
    }

    /**
     * Convert this range to a double array.
     * @return The double array.
     */
    public double[] toArray() {
        return stream().toArray();
    }

    /**
     * Retrieve a stream representing this segment range.
     * @return The double stream.
     */
    public DoubleStream stream() {
        return DoubleStream.iterate(start, x -> x + stepSize).limit(segments);
    }

    @Override
    public boolean equals(Object o) {
        if (this == o) return true;
        if (o == null || getClass() != o.getClass()) return false;

        SegmentRange that = (SegmentRange) o;
        if (Double.compare(that.end, end) != 0) return false;
        if (segments != that.segments) return false;
        return Double.compare(that.start, start) == 0;
    }

    @Override
    public int hashCode() {
        return Objects.hashCode(start, end, segments);
    }

    @Override
    public String toString() {
        return String.format(Locale.US, "%s:%s:%d", start, end, segments);
    }

    /**
     * Convert this segment to a range.
     * @return The range.
     */
    public Range<Double> toRange() {
        return Range.closed(getStart(), getEnd());
    }
}
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blob 3096�<?xml version="1.0" encoding="UTF-8"?>
<project xmlns="http://maven.apache.org/POM/4.0.0"
         xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
         xsi:schemaLocation="http://maven.apache.org/POM/4.0.0 http://maven.apache.org/xsd/maven-4.0.0.xsd">
    <modelVersion>4.0.0</modelVersion>

    <groupId>com.comphenix.plot</groupId>
    <artifactId>PlotCSV</artifactId>
    <version>1.0-SNAPSHOT</version>

    <repositories>
        <repository>
            <id>comphenix-repo</id>
            <url>http://repo.comphenix.net/content/groups/public/</url>
        </repository>
    </repositories>

    <build>
        <plugins>
            <plugin>
                <groupId>org.apache.maven.plugins</groupId>
                <artifactId>maven-compiler-plugin</artifactId>
                <version>3.2</version>
                <configuration>
                    <source>1.8</source>
                    <target>1.8</target>
                </configuration>
            </plugin>

            <plugin>
                <groupId>org.apache.maven.plugins</groupId>
                <artifactId>maven-jar-plugin</artifactId>
                <configuration>
                    <archive>
                        <manifest>
                            <mainClass>com.comphenix.magnets.PlotApplication</mainClass>
                        </manifest>
                    </archive>
                </configuration>
            </plugin>

            <plugin>
                <groupId>org.apache.maven.plugins</groupId>
                <artifactId>maven-shade-plugin</artifactId>
                <version>2.3</version>
                <executions>
                    <execution>
                        <phase>package</phase>
                        <goals>
                            <goal>shade</goal>
                        </goals>
                        <configuration>
                            <shadedArtifactAttached>false</shadedArtifactAttached>
                            <createDependencyReducedPom>false</createDependencyReducedPom>
                        </configuration>
                    </execution>
                </executions>
            </plugin>
        </plugins>
    </build>

    <dependencies>
        <!-- Can also be acquired on http://www.objectplanet.com/pngencoder/ -->
        <dependency>
            <groupId>com.objectplanet.image</groupId>
            <artifactId>PngEncoder</artifactId>
            <version>2.0.2</version>
        </dependency>

        <dependency>
            <groupId>com.univocity</groupId>
            <artifactId>univocity-parsers</artifactId>
            <version>1.3.1</version>
            <type>jar</type>
        </dependency>
        <dependency>
            <groupId>com.google.guava</groupId>
            <artifactId>guava</artifactId>
            <version>18.0</version>
        </dependency>
        <dependency>
            <groupId>junit</groupId>
            <artifactId>junit</artifactId>
            <version>4.11</version>
            <scope>test</scope>
        </dependency>
    </dependencies>
</project>
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commit 270�tree 1939190fdc27984431d4f6486105f55d90a15cbc
parent 502209cb8446b4e0c5592ad3572ed160729e92cb
author Kristian S. Stangeland <kr_stang@hotmail.com> 1427979082 +0200
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1427979082 +0200

Working on adding an optimizer.
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commit 280�tree 1ea31924a0436a9fe13fd7c56f92aa1b991083be
parent 49bfb2f39d669218732159edc6be575ae3d961f7
author Kristian S. Stangeland <kr_stang@hotmail.com> 1430865863 +0200
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1430865863 +0200

Add a simple mechanism for drawing axies.
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commit 273�tree 5498703519b8a08a527ec4ae8f2c914e7a69c288
parent 1cf849f587fb106c4bceab11f60bced84a469b4f
author Kristian S. Stangeland <kr_stang@hotmail.com> 1428461786 +0200
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1428461786 +0200

Adding a number of direct solvers.
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blob 27917�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.GraphAxis;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.solver.continuous.*;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Splitter;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Maps;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.transform.DftNormalization;
import org.apache.commons.math3.transform.FastFourierTransformer;
import org.apache.commons.math3.transform.TransformType;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.awt.Color;
import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.*;
import java.util.function.*;
import java.util.stream.Collectors;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        },
        TEMPERATURE() {
            @Override
            public Gradient toGradient() {
                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);
            }
        },
        HSV() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = 1; // (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float)factor, intensity, intensity);
                };
            }
        },
        HSV2() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (2 * factor), intensity, intensity);
                };
            }
        },
        HSV10() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (10 * factor), intensity, intensity);
                };
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return getScalar(field.angles());
            }
        },
        X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.x();
            }
        },
        Y {
            @Override
            public ScalarField filter(VectorField field) {
                return field.y();
            }
        },
        Y_MINUS_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b - a);
            }
        },
        Y_DIV_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b / a);
            }
        },
        ANGLE_DIFFERENCE {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map(DroneVectorField::angleDiff);
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Attempt to get a scalar view of the given field.
         * @param field the field.
         * @return The resulting scalar field.
         */
        private static ScalarField getScalar(DiscreteField field) {
            return field instanceof VectorField ? ((VectorField) field).magnitudes() : (ScalarField) field;
        }

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
                case "x":
                    return X;
                case "y":
                    return Y;
                case "ysubx":
                case "y-x":
                    return Y_MINUS_X;
                case "ydivx":
                    return Y_DIV_X;
                case "anglediff":
                    return ANGLE_DIFFERENCE;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    /**
     * Represents visualization of aggregate values.
     */
    public enum Aggregate {
        /**
         * Compute the average value in all the frames.
         */
        AVERAGE {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar = ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        0,
                        (a, b) -> a + b,
                        a -> a / frames.size()
                );

                // Maybe create a vector average as well?
                return new PlotFrame(scalar, null);
            }
        },
        /**
         * Compute the maximum value in all the frames.
         */
        MAX {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar =  ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        -Double.MAX_VALUE,
                        Math::max,
                        DoubleUnaryOperator.identity());

                // Maybe create a vector maximum as well?
                return new PlotFrame(scalar, null);
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_DIRECT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            // First vector will contain the result
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(components, i, vectorLength);
                            }
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            /**
             * Retrieve the angle of the peak value in the given array of values.
             * @param values the values.
             * @param offset the starting position.
             * @param stepSize the step size.
             * @return The peak angle.
             */
            private double getPeakAngle(double[] values, int offset, int stepSize) {
                double bestValue = values[offset];
                int bestIndex = offset;
                int count = 1;

                for (int i = offset + stepSize; i < values.length; i += stepSize) {
                    if (values[i] > bestValue) {
                        bestValue = values[i];
                        bestIndex = i;
                    }
                    count++;
                }
                return (bestIndex / (double)count) * Math.PI * 2;
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAngle(double[] re) {
                double[] im = new double[re.length];
                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);

                return MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
            }
        },

        /**
         * Compute the amplitude of the sine at the maximum X and Y values, respectively.
         */
        AMPLITUDE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAmplitude(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAmplitude(double[] re) {
                double[] im = new double[re.length];

                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);
                return 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
            }
        },

        /**
         * Compute the actual drone measurements.
         */
        DRONE_SENSOR {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                // A field of sinusoids
                VectorField sinusoids = VectorField.aggregateExternal(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        frames.get(0).getVectorField().getComponents() * 2,
                        (components, vectorLength, source, sourcePos, column, row) -> {

                            for (int i = 0; i < vectorLength; i++) {
                                double[] re = VectorField.extractComponent(components, i, vectorLength);
                                double[] im = new double[re.length];

                                FastFourierTransformer.transformInPlace(
                                        new double[][]{re, im}, DftNormalization.STANDARD, TransformType.FORWARD);

                                // Compute both the angle and the amplitude
                                source[sourcePos++] = 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
                                source[sourcePos++] = MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
                            }
                            ;
                            return sourcePos;
                        }
                );

                // TODO: FIX THIS LATER
                throw new UnsupportedOperationException("Unsupported");
            }
        };

        /**
         * Aggregate the given frames into a final scalar field.
         *
         * @param frames the frames to aggregate.
         * @param visualization optional visualization to apply, if necessary.
         * @param x the x coordinate of each column in the final scalar field.
         * @param y the y coordinate of each row in the final scalar field.
         * @return The final frame.
         */
        public abstract PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y);

         /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Aggregate parse(String text) {
            switch (text.toLowerCase()) {
                case "a":
                case "average":
                    return AVERAGE;
                case "m":
                case "max":
                    return MAX;
                case "xyd":
                case "xy_phase_difference_direct":
                    return MAX_XY_PHASE_DIFFERENCE_DIRECT;
                case "xyf":
                case "xy_phase_difference_fft":
                    return MAX_XY_PHASE_DIFFERENCE_FFT;
                case "ampf":
                case "amplitude_fft":
                    return AMPLITUDE_FFT;
                case "drone":
                case "drone_sensor":
                    return DRONE_SENSOR;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an aggregate.");
        }

    }

    /**
     * The data in the model to display.
     */
    public enum ModelSource {
        /**
         * The magnetic field.
         */
        MAGNETIC_FIELD,

        /**
         * The amplitude and phase of the sinusoid representing the x and y component of the magnetic field.
         */
        SINUSOID_FIELD,

        /**
         * A drone with only one sensor.
         */
        DRONE_1,

        /**
         * A drone with two sensors.
         */
        DRONE_2;

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding model source..
         */
        public static ModelSource parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnetic_field":
                    return MAGNETIC_FIELD;
                case "s":
                case "sinusoid_field":
                    return SINUSOID_FIELD;
                case "d1":
                case "drone_1":
                    return DRONE_1;
                case "d2":
                case "drone_2":
                    return DRONE_2;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an model source.");
        }
    }

    public enum SolverName {
        BOBYGA(BobygaSolver::new),
        CMAES(CmaesSolver::new);

        private final Supplier<Solver> supplier;

        SolverName(Supplier<Solver> supplier) {
            this.supplier = supplier;
        }

        /**
         * Retrieve the correct solver.
         * @return The correct solver.
         */
        public Solver toSolver() {
            return supplier.get();
        }

        public static SolverName parse(String text) {
            return valueOf(text.toUpperCase());
        }
    }

    /**
     * The different output formats.
     */
    public enum OutputFormat {
        PNG,
        CSV;

        /**
         * Retrieve the extension associated with this output format.
         * @return The extension.
         */
        public String getExtension() {
            switch (this) {
                case PNG: return "png";
                case CSV: return "csv";
                default: throw new IllegalStateException("Unknown extension for " + this);
            }
        }

        public static OutputFormat parse(String text) {
            return valueOf(text.toUpperCase());
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;
    private ModelSource modelSource = ModelSource.MAGNETIC_FIELD;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Function that is applied to every value
    private DoubleUnaryOperator valueOperator;

    // Test location of the drone
    private RealVector droneLocation;
    private double droneSearchRadius = Double.MAX_VALUE;
    private int dronePDFSamples;
    private boolean drawDroneErrorMap;

    // The solver to use
    private SolverName solverName = SolverName.CMAES;
    private Map<String, String> solverProperties = Maps.newHashMap();

    // Whether or not to display the help context
    private boolean displayHelp;

    // Whether or not to draw each frame
    private boolean drawFrames = true;

    // The aggregates
    private List<Aggregate> aggregates = Lists.newArrayList();

    // Image format
    private OutputFormat outputFormat = OutputFormat.PNG;

    // To draw axes
    private GraphAxis XAxis;
    private GraphAxis YAxis;

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                String argumentName = arg.substring(1).toLowerCase();

                switch (argumentName) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "ms":
                    case "modelsource":
                        modelSource = ModelSource.parse(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        applyValueOperator(Math::log10);
                        break;
                    case "a":
                    case "abslog":
                        applyValueOperator(x -> Math.signum(x) * Math.log(Math.abs(x * 1000) + 1));
                        break;
                    case "d:":
                    case "drone":
                        droneLocation = new ArrayRealVector(new double[] { Double.parseDouble(args[++i]), Double.parseDouble(args[++i]) });
                        break;
                    case "dp":
                    case "drone_pdf":
                        dronePDFSamples = Integer.parseInt(args[++i].trim());
                        break;
                    case "dr":
                    case "drone_radius":
                        droneSearchRadius = Double.parseDouble(args[++i].trim());
                        break;
                    case "dm":
                    case "drone_map":
                        drawDroneErrorMap = true;
                        break;
                    case "solver":
                        solverName = SolverName.parse(args[++i]);
                        break;
                    case "f":
                    case "frames":
                        drawFrames = Boolean.parseBoolean(args[++i]);
                        break;
                    case "ag":
                    case "aggregate":
                        // Parse aggregate list
                        aggregates = Splitter.on(",").splitToList(args[++i]).stream().
                                map(Aggregate::parse).
                                collect(Collectors.toList());
                        break;
                    case "of":
                    case "output_format":
                        this.outputFormat = OutputFormat.parse(args[++i]);
                        break;
                    case "ax":
                        XAxis = readAxis(args[++i]);
                        break;
                    case "ay":
                        YAxis = readAxis(args[++i]);
                        break;
                    default:
                        // Special cases
                        if (argumentName.startsWith("solver.")) {
                            // Preserve case-sensitivity
                            solverProperties.put(Splitter.on(".").limit(2).splitToList(arg).get(1), args[++i]);
                        } else {
                            throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                        }
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times (existing pattern: " + outputPattern + ")");
                }
                outputPattern = arg;
            }
        }
    }

    /**
     * Read a graph axis based on the following format:
     *    NAME:TICK_COUNT:SIZE
     * @param axis the axis.
     * @return The graph axis.
     */
    protected GraphAxis readAxis(String axis) {
        List<String> elements = Splitter.on(':').limit(3).splitToList(axis);
        int size = elements.size() >= 3 ? Integer.parseInt(elements.get(2)) : 64;
        int tickCount = elements.size() >= 2 ? Integer.parseInt(elements.get(1)) : 20;
        return new GraphAxis(size, tickCount, elements.get(0));
    }

    protected void applyValueOperator(DoubleUnaryOperator operator) {
        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;
    }

    public RealVector getDroneLocation() {
        return droneLocation;
    }

    /**
     * Retrieve the number of samples of the drone error distance to compute its PDF.
     * @return The drone PDF sample count. 0 or negative to not compute the PDF.
     */
    public int getDronePDFSamples() {
        return dronePDFSamples;
    }

    public boolean isComputeDronePDF() {
        return dronePDFSamples > 0;
    }

    public boolean isDrawDroneErrorMap() {
        return drawDroneErrorMap;
    }

    /**
     * Retrieve the image output format.
     * @return The output format.
     */
    public OutputFormat getOutputFormat() {
        return outputFormat;
    }

    /**
     * Retrieve the maximum radius around the real point to search.
     * </p>
     * Note that the x and y ranges have higher priority.
     * @return The drone search radius.
     */
    public double getDroneSearchRadius() {
        return droneSearchRadius;
    }

    public SolverName getSolverName() {
        return solverName;
    }

    /**
     * Additional solver properties.
     * @return Solver properties.
     */
    public Map<String, String> getSolverProperties() {
        return solverProperties;
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ModelSource getModelSource() {
        return modelSource;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public DoubleUnaryOperator getValueOperator() {
        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();
    }

    public GraphAxis getXAxis() {
        return XAxis;
    }

    public GraphAxis getYAxis() {
        return YAxis;
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }

    public boolean isDrawFrames() {
        return drawFrames;
    }

    public List<Aggregate> getAggregates() {
        return aggregates;
    }
}
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blob 2736�package com.comphenix.magnets.fields;

import java.util.Arrays;
import java.util.stream.DoubleStream;

/**
 * Represents a simple mutating 2D field.
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class ScalarArrayField implements ScalarField {
    private static final int INITIAL_CAPACITY = 10;

    // Initial values
    private double[] x = new double[INITIAL_CAPACITY];
    private double[] y = new double[INITIAL_CAPACITY];
    private double[][] data = new double[INITIAL_CAPACITY][];
    private int columns = 0;
    private int rows = 0;

    /**
     * Construct a new empty array field.
     */
    public ScalarArrayField() {
    }

    /**
     * Construct a new array field from the given scalar field.
     * @param field the scalar field.
     */
    public ScalarArrayField(ScalarField field) {
        this.x = field.getX();
        this.y = field.getY();
        this.data = field.toArray();
        this.columns = field.getColumns();
        this.rows = field.getRows();
    }

    @Override
    public double[] getX() {
        return Arrays.copyOf(x, columns);
    }

    /**
     * Set the x coordinates of the columns.
     * @param x the x coordinates.
     */
    public void setX(double[] x) {
        this.x = x.clone();
        this.columns = x.length;
    }

    @Override
    public double[] getY() {
        return Arrays.copyOf(x, rows);
    }

    /**
     * Set the Y coordinates of the cells.
     * @param y the y coordinates.
     */
    public void setY(double[] y) {
        this.y = y.clone();
    }

    /**
     * Add the given coordinate to the bottom of the matrix.
     * @param yCoordinate the y coordinate.
     * @param values the values to add.
     */
    public void addRow(double yCoordinate, double[] values) {
        ensureHeight();
        y[rows] = yCoordinate;
        data[rows] = values;

        // Increment
        rows++;
    }

    @Override
    public double getValue(int column, int row) {
        return data[row][column];
    }

    /**
     * View this matrix as a stream of cell values.
     * @return The corresponding stream.
     */
    @Override
    public DoubleStream stream() {
        return Arrays.stream(data, 0, rows).flatMapToDouble(Arrays::stream);
    }

    /**
     * Ensure the matrix is sufficiently large in the Y direction.
     */
    protected void ensureHeight() {
        if (y.length == rows) {
            y = Arrays.copyOf(y, (int) (y.length * 1.5));
        }
        if (data.length == rows) {
            data = Arrays.copyOf(data, (int) (data.length * 1.5));
        }
    }

    @Override
    public int getRows() {
        return columns;
    }

    @Override
    public int getColumns() {
        return rows;
    }
}
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blob 127�package com.comphenix.magnets.fields;

/**
 * Created by Kristian on 15.06.2015.
 */
public interface FourDimensionalField {
}
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blob 224�package com.comphenix.magnets.datastructure.kdtree;

public interface DistanceFunction {
    public double distance(double[] p1, double[] p2);
    public double distanceToRect(double[] point, double[] min, double[] max);
}
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blob 287�package com.comphenix.magnets.datastructure;

/**
 *
 */
public interface MaxHeap<T> {
    public int size();
    public void offer(double key, T value);
    public void replaceMax(double key, T value);
    public void removeMax();
    public T getMax();
    public double getMaxKey();
}
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blob 3057�package com.comphenix.magnets.fields;

import com.comphenix.magnets.util.PrimitiveArrays;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;

import java.util.Arrays;
import java.util.Objects;

/**
 * A field that is divided into discrete cells.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface DiscreteField {
    /**
     * Retrieve the cell nearest the given point.
     * @param x the x coordinate of the point.
     * @param y the y coordinate of the point.
     * @return The corresponding point.
     */
    public default Vector2D getNearestPoint(double x, double y) {
        double[] columns = toColumnArray();
        double[] rows = toRowArray();
        int nearestColumn = PrimitiveArrays.findNearest(columns, x);
        int nearestRow = PrimitiveArrays.findNearest(rows, y);
        return new Vector2D(columns[nearestColumn], rows[nearestRow]);
    }

    /**
     * Retrieve the current X coordinates of the given column.
     * @param column the column index.
     * @return The X coordinates.
     */
    public double getColumn(int column);

    /**
     * Retrieve the current column X coordinates as an array.
     * @return Current column array.
     */
    public default double[] toColumnArray() {
        double[] result = new double[getColumns()];

        for (int i = 0; i < getColumns(); i++) {
            result[i] = getColumn(i);
        }
        return result;
    }

    /**
     * Retrieve the Y coordinate of the given row.
     * @param row the row index.
     * @return The Y coordinates.
     */
    public double getRow(int row);

    /**
     * Retrieve the current column X coordinates as an array.
     * @return Current column array.
     */
    public default double[] toRowArray() {
        double[] result = new double[getRows()];

        for (int i = 0; i < getRows(); i++) {
            result[i] = getRow(i);
        }
        return result;
    }

    /**
     * Retrieve the number of columns in the field.
     * @return The column count.
     */
    public int getRows();

    /**
     * Retrieve the number of rows in the field.
     * @return Number of rows.
     */
    public int getColumns();

    /**
     * A field that is forwarding the cell metadata of another field.
     */
    public static abstract class Proxy implements DiscreteField {
        private final DiscreteField field;

        /**
         * Construct a new discrete field proxy.
         * @param field the discrete field to proxy.
         */
        public Proxy(DiscreteField field) {
            this.field = Objects.requireNonNull(field);
        }

        @Override
        public double getRow(int row) {
            return field.getRow(row);
        }

        @Override
        public double getColumn(int column) {
            return field.getColumn(column);
        }

        @Override
        public int getRows() {
            return field.getRows();
        }

        @Override
        public int getColumns() {
            return field.getColumns();
        }
    }
}
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blob 13938�package com.comphenix.magnets.graphics;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Strings;
import com.google.common.collect.Range;
import com.sun.javafx.scene.layout.region.Margins;

import java.awt.*;
import java.awt.font.TextLayout;
import java.awt.geom.Rectangle2D;
import java.awt.image.BufferedImage;
import java.util.Objects;
import java.util.function.Consumer;
import java.util.function.DoubleUnaryOperator;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class FieldGraph {
    private final Gradient gradient;
    private final DoubleUnaryOperator valueOperator;

    private GraphAxis XAxis;
    private GraphAxis YAxis;
    private GraphAxis ZAxis = new GraphAxis(8, 3, "z");

    // Cached
    private Margin cachedMargin;

    /**
     * Construct a new graph that colorizes a field based on the given gradient.
     * @param gradient the colorizing gradient.
     */
    public FieldGraph(Gradient gradient) {
       this(gradient, DoubleUnaryOperator.identity());
    }

    /**
     * Construct a new graph that colorizes a field based on the given gradient.
     * @param gradient the colorizing gradient.
     * @param valueOperator an operator to apply to every value in the field.
     */
    public FieldGraph(Gradient gradient, DoubleUnaryOperator valueOperator) {
        this.gradient = Objects.requireNonNull(gradient, "gradient must not be NULL");
        this.valueOperator = Objects.requireNonNull(valueOperator, "valueOperator must not be NULL");
    }

    /**
     * Construct a new graph that colorizes a field based on the given gradient.
     * @param gradient the colorizing gradient.
     * @param valueOperator an operator to apply to every value in the field.
     * @param XAxis the current X-axis.
     * @param YAxis the current Y-axis.
     */
    public FieldGraph(Gradient gradient, DoubleUnaryOperator valueOperator, GraphAxis XAxis, GraphAxis YAxis) {
        this(gradient, valueOperator);
        this.XAxis = XAxis;
        this.YAxis = YAxis;
    }

    /**
     * Retrieve the gradient used to colorize the field.
     * @return The gradient.
     */
    public Gradient getGradient() {
        return gradient;
    }

    /**
     * Retrieve the operator that is applied to every value.
     * @return A graph operator.
     */
    public DoubleUnaryOperator getValueOperator() {
        return valueOperator;
    }

    /**
     * Retrieve the axis that is used to draw the X-axis.
     * @return The X-axis.
     */
    public GraphAxis getXAxis() {
        return XAxis;
    }

    /**
     * Set the axis that is used to draw the X-axis
     * @param XAxis the new X-axis.
     */
    public void setXAxis(GraphAxis XAxis) {
        this.XAxis = XAxis;
        this.cachedMargin = null;
    }

    /**
     * Retrieve the axis that is used to draw the Y-axis.
     * @return The Y-axis.
     */
    public GraphAxis getYAxis() {
        return YAxis;
    }

    /**
     * Set the axis that is used to draw the Y-axis
     * @param YAxis the new Y-axis.
     */
    public void setYAxis(GraphAxis YAxis) {
        this.YAxis = YAxis;
        this.cachedMargin = null;
    }

    /**
     * Retrieve the axis that is used to draw the Z-axis.
     * @return The Z-axis.
     */
    public GraphAxis getZAxis() {
        return ZAxis;
    }

    /**
     * Set the axis that is used to draw the Z-axis
     * @param ZAxis the new Z-axis.
     */
    public void setZAxis(GraphAxis ZAxis) {
        this.ZAxis = ZAxis;
    }

    /**
     * Construct an image representation of the given matrix.
     * @param matrix the matrix.
     * @return The resulting image.
     */
    public BufferedImage createImage(ScalarField matrix) {
        return createImage(matrix, matrix.getRange(), v -> {});
    }

    /**
     * Construct an image representation of the given matrix.
     * <p />
     * Note that the array given to the consumer may be altered after the method has been called.
     * @param matrix the matrix.
     * @param zRange the range containing the minimum and maximum value.
     * @param columnConsumer an arbitrary consumer of columns that have been read of the field.
     * @return The resulting image.
     */
    public BufferedImage createImage(ScalarField matrix, Range<Double> zRange, Consumer<double[]> columnConsumer) {
        return createImage(matrix,
                Range.closed(matrix.getColumn(0), matrix.getColumn(matrix.getColumns() - 1)),
                Range.closed(matrix.getRow(0), matrix.getRow(matrix.getRows() - 1)), zRange, columnConsumer);
    }

    /**
     * Construct an image representation of the given matrix.
     * <p />
     * Note that the array given to the consumer may be altered after the method has been called.
     * @param matrix the matrix.
     * @param xRange the range of the minimum and maximum x position.
     * @param yRange the range of the minimum and maximum y position.
     * @param zRange the range containing the minimum and maximum value.
     * @param columnConsumer an arbitrary consumer of columns that have been read of the field.
     * @return The resulting image.
     */
    public BufferedImage createImage(ScalarField matrix, Range<Double> xRange, Range<Double> yRange, Range<Double> zRange, Consumer<double[]> columnConsumer) {
        // Matrix
        double minValue = valueOperator.applyAsDouble(zRange.lowerEndpoint());
        double maxValue = valueOperator.applyAsDouble(zRange.upperEndpoint());
        double delta = maxValue - minValue;

        // Value buffer
        double[] values = new double[matrix.getColumns()];

        // Output image
        int[] pixels = new int[matrix.getRows() * matrix.getColumns()];
        int pixelIndex = 0;
        int mask = 255 << 24;

        for (int y = 0; y < matrix.getRows(); y++) {
            // Prepare values
            matrix.fillValues(0, matrix.getColumns(), y, y + 1, values);

            for (int x = 0; x < matrix.getColumns(); x++) {
                double value = valueOperator.applyAsDouble(values[x]);
                double normalized = (value - minValue) / delta;

                pixels[pixelIndex++] = mask | gradient.getColor(normalized);
                values[x] = value;
            }
            // Process column
            columnConsumer.accept(values);
        }
        return createGraph(matrix, xRange, yRange, Range.closed(minValue, maxValue), pixels);
    }

    /**
     * Construct the actual buffered image from a given scalar matrix and the pixel data.
     * @param matrix the scalar matrix.
     * @param xRange the range of the minimum and maximum x position.
     * @param yRange the range of the minimum and maximum y position.
     * @param pixelData the pixel data.
     * @return The corresponding buffered image.
     */
    protected BufferedImage createGraph(ScalarField matrix, Range<Double> xRange, Range<Double> yRange, Range<Double> zRange, int[] pixelData) {
        Margin margin = getMargins();
        Rectangle gradientRect = computeGradientArea(matrix, margin);
        boolean drawGradient = XAxis != null && YAxis != null;

        // Fill gradient box
        if (drawGradient) {
            fillGradientBox(
                    gradientRect.x - margin.getLeft(),
                    gradientRect.y - margin.getTop(),
                    gradientRect.width, gradientRect.height, pixelData, matrix.getColumns());
        }

        BufferedImage image = fromPixels(matrix.getColumns(), matrix.getRows(), margin, Color.WHITE, pixelData);
        Graphics2D g = image.createGraphics();

        if (XAxis != null) {
            int y = image.getHeight() - margin.getBottom();
            drawAxis(g, XAxis, xRange.lowerEndpoint(), xRange.upperEndpoint(), true, 0, 0,
                    margin.getLeft(), y, image.getWidth() - margin.getRight(), y);

            if (!Strings.isNullOrEmpty(XAxis.getLabel())) {
                drawCentered(g, XAxis.getLabel(),
                        (float) (image.getWidth() - (margin.getRight() * 0.6)),
                        (float) (y - (margin.getBottom() * 0.2)));
            }
        }
        if (YAxis != null) {
            drawAxis(g, YAxis, yRange.lowerEndpoint(), yRange.upperEndpoint(), true, 0, 0,
                     margin.getLeft(), margin.getTop(), margin.getLeft(), image.getHeight() - margin.getBottom());

            if (!Strings.isNullOrEmpty(YAxis.getLabel())) {
                drawCentered(g, YAxis.getLabel(),
                        margin.getLeft(),
                        (float) (margin.getTop() * 0.3));
            }
        }

        // Now, draw the Z axis in the top corner
        if (drawGradient && ZAxis != null) {
            drawGradientBox(g, ZAxis, gradientRect, zRange);
        }

        g.dispose();
        return image;
    }

    private Rectangle computeGradientArea(ScalarField matrix, Margin margin) {
        int imageRightEdge = margin.getLeft() + matrix.getColumns();
        int width = matrix.getColumns() / 7;

        // Area where the gradient will be placed
        return new Rectangle(imageRightEdge - width - 16, margin.getTop() + 16, width, 24);
    }

    /**
     * Fill the gradient box.
     * @param x starting x position.
     * @param y starting y position.
     * @param width width of the box.
     * @param height height of the box.
     * @param pixels the pixel data.
     * @param stride the stride.
     */
    private void fillGradientBox(int x, int y, int width, int height, int[] pixels, int stride) {
        // Fill the gradient
        for (int dY = 0; dY < height; dY++) {
            int rowOffset = (y + dY) * stride;

            for (int dX = 0; dX < width; dX++) {
                pixels[rowOffset + x + dX] = gradient.getColor(dX / (double)width);
            }
        }
    }

    /**
     * Draw the gradient box outline.
     * @param g graphics.
     * @param zAxisBox the area.
     * @param zRange the Z range.
     */
    private void drawGradientBox(Graphics2D g, GraphAxis axis, Rectangle zAxisBox, Range<Double> zRange) {
        g.setXORMode(Color.BLACK);
        g.draw(zAxisBox);
        g.setPaintMode();

        drawAxis(g, axis, zRange.lowerEndpoint(), zRange.upperEndpoint(), false, 0, 8,
                (int) zAxisBox.getMinX(), (int) zAxisBox.getMaxY(), (int) zAxisBox.getMaxX(), (int) zAxisBox.getMaxY());
    }

    public Margin getMargins() {
        Margin result = cachedMargin;

        if (cachedMargin == null) {
            cachedMargin = result = new Margin(
                    YAxis != null ? YAxis.getWidth() : 0,
                    XAxis != null ? XAxis.getWidth() : 0,
                    YAxis != null ? YAxis.getWidth() : 0,
                    XAxis != null ? XAxis.getWidth() : 0);
        }
        return result;
    }

    protected void drawCentered(Graphics2D g, String text, float x, float y) {
        Rectangle2D boundary = g.getFontMetrics().getStringBounds(text, g);
        g.setXORMode(Color.BLACK);
        g.drawString(text, (float) (x - boundary.getWidth() / 2.0), (float) (y + boundary.getHeight() / 3.0));
        g.setPaintMode();
    }

    protected void drawAxis(Graphics2D g, GraphAxis axis, double startValue, double endValue, boolean drawLine, int fontOffsetX, int fontOffsetY, int startX, int startY, int endX, int endY) {
        if (drawLine) {
            g.setXORMode(Color.BLACK);
            g.drawLine(startX, startY, endX, endY);
            g.setPaintMode();
        }

        // Draw the ticks
        if (axis.getTickCount() > 0) {
            double biasN = (double) (axis.getTickCount() - 1);
            double dX = (endX - startX) / biasN;
            double dY = (endY - startY) / biasN;
            double dV = (endValue - startValue) / biasN;

            // Compute the displacement in the tick line
            double lineAngle = Math.atan2(dY, dX) + (Math.PI / 2);
            int lX = (int) (axis.getWidth() * 0.25 * Math.cos(lineAngle));
            int lY = (int) (axis.getWidth() * 0.25 * Math.sin(lineAngle));
            float fX = (float) (axis.getWidth() * 0.5 * Math.cos(lineAngle));
            float fY = (float) (axis.getWidth() * 0.5 * Math.sin(lineAngle));

            for (int i = 0; i < axis.getTickCount(); i++) {
                int cX = (int) Math.round(startX + dX * i);
                int cY = (int) Math.round(startY + dY * i);
                double value = startValue + dV * i;

                // Write the tick line and then the value
                g.setXORMode(Color.BLACK);
                g.drawLine(cX - lX, cY - lY, cX + lX, cY + lY);
                g.setPaintMode();
                drawCentered(g, round(value), cX + fX + fontOffsetX, cY + fY + fontOffsetY);
            }
        }
    }

    /**
     * Round the given axis value.
     * @param value the value.
     * @return Rounded string of value.
     */
    protected String round(double value) {
        return Double.toString(Math.round(value * 100) / 100.0);
    }

    /**
     * Convert an array of RGB pixel values into an BufferedImage.
     * @param width the width.
     * @param height the height.
     * @param margin current margin.
     * @param pixels the pixel data.
     * @return The corresponding buffered image.
     */
    protected BufferedImage fromPixels(int width, int height, Margin margin, Color background, int[] pixels) {
        BufferedImage image = new BufferedImage(width + margin.width(), height + margin.height(), BufferedImage.TYPE_INT_ARGB);

        if (background != null && !Color.BLACK.equals(background)) {
            Graphics g = image.getGraphics();
            g.setColor(background);
            g.fillRect(0, 0, image.getWidth(), image.getHeight());
            g.dispose();
        }
        image.setRGB(margin.getLeft(), margin.getTop(), width, height, pixels, 0, width);
        return image;
    }
}
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blob 2046�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.fields.FourDimensionalField;
import org.apache.commons.math3.optim.*;
import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;
import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.BOBYQAOptimizer;

/**
 * Created by Kristian on 08.04.2015.
 */
public class BobygaSolver implements Solver {
    private int interpolationPoints = 6;
    public double stoppingRadius = 1E-13;

    @Override
    public PointValuePair findMinimum(FourDimensionalField field, double[] target, double[] guessPoint, BoundingBox boundingBox) {
        BOBYQAOptimizer optimizer = new BOBYQAOptimizer(interpolationPoints, boundingBox.getExtent().getMaxValue(), stoppingRadius);

        ObjectiveFunction objectiveFunction = new ObjectiveFunction(
                guessPoint.length == 2 ?
                        ContinuousField.withSquareDistance(field, target) :
                        FourDimensionalField.withSquareDistance4D(field, target));

        // Real solution
        return optimizer.optimize(
                new SimpleBounds(boundingBox.getLowerBound().toArray(), boundingBox.getUpperBound().toArray()),
                new InitialGuess(guessPoint),
                new MaxIter(200000),
                new MaxEval(100000),
                objectiveFunction);
    }

    public int getInterpolationPoints() {
        return interpolationPoints;
    }

    public void setInterpolationPoints(int interpolationPoints) {
        this.interpolationPoints = interpolationPoints;
    }

    public double getStoppingRadius() {
        return stoppingRadius;
    }

    public void setStoppingRadius(double stoppingRadius) {
        this.stoppingRadius = stoppingRadius;
    }

    @Override
    public String toString() {
        return "BobygaSolver{" +
                "interpolationPoints=" + interpolationPoints +
                ", stoppingRadius=" + stoppingRadius +
                '}';
    }
}
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blob 7599�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.util.SegmentRange;

import java.awt.*;
import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.function.DoubleUnaryOperator;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        },
        TEMPERATURE() {
            @Override
            public Gradient toGradient() {
                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return field.angles();
            }
        },
        X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.x();
            }
        },
        Y {
            @Override
            public ScalarField filter(VectorField field) {
                return field.y();
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
                case "x":
                    return X;
                case "y":
                    return Y;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Function that is applied to every value
    private DoubleUnaryOperator valueOperator;

    // Whether or not to display the help context
    private boolean displayHelp;

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            if (i == 12) {
                System.out.println("Last element");
            }

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                switch (arg.substring(1).toLowerCase()) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        applyValueOperator(Math::log10);
                        break;
                    case "a":
                    case "abslog":
                        applyValueOperator(x -> Math.sin(x) * Math.log(Math.abs(x)));
                        break;
                    default:
                        throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times.");
                }
                outputPattern = arg;
            }
        }
    }

    protected void applyValueOperator(DoubleUnaryOperator operator) {
        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public DoubleUnaryOperator getValueOperator() {
        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }
}
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blob 4584�<?xml version="1.0" encoding="UTF-8"?>
<project xmlns="http://maven.apache.org/POM/4.0.0"
         xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
         xsi:schemaLocation="http://maven.apache.org/POM/4.0.0 http://maven.apache.org/xsd/maven-4.0.0.xsd">
    <modelVersion>4.0.0</modelVersion>

    <groupId>com.comphenix.plot</groupId>
    <artifactId>PlotCSV</artifactId>
    <version>1.0-SNAPSHOT</version>

    <repositories>
        <repository>
            <id>comphenix-repo</id>
            <url>http://repo.comphenix.net/content/groups/public/</url>
        </repository>
    </repositories>

    <build>
        <plugins>
            <plugin>
                <groupId>org.apache.maven.plugins</groupId>
                <artifactId>maven-compiler-plugin</artifactId>
                <version>3.2</version>
                <configuration>
                    <source>1.8</source>
                    <target>1.8</target>
                </configuration>
            </plugin>

            <plugin>
                <groupId>org.apache.maven.plugins</groupId>
                <artifactId>maven-jar-plugin</artifactId>
                <configuration>
                    <archive>
                        <manifest>
                            <mainClass>com.comphenix.magnets.PlotApplication</mainClass>
                        </manifest>
                    </archive>
                </configuration>
            </plugin>

            <plugin>
                <groupId>org.apache.maven.plugins</groupId>
                <artifactId>maven-shade-plugin</artifactId>
                <version>2.3</version>
                <executions>
                    <execution>
                        <phase>package</phase>
                        <goals>
                            <goal>shade</goal>
                        </goals>
                        <configuration>
                            <shadedArtifactAttached>false</shadedArtifactAttached>
                            <createDependencyReducedPom>false</createDependencyReducedPom>
                        </configuration>
                    </execution>
                </executions>
            </plugin>

            <plugin>
                <groupId>com.github.wvengen</groupId>
                <artifactId>proguard-maven-plugin</artifactId>
                <executions>
                    <execution>
                        <phase>package</phase>
                        <goals><goal>proguard</goal></goals>
                    </execution>
                </executions>
                <configuration>
                    <options>
                        <option>-dontwarn</option>
                        <option>-allowaccessmodification</option>
                        <option>-keepattributes *Annotation*</option>
                        <option>-keepattributes Signature</option>
                        <option>-keepattributes InnerClasses,EnclosingMethod</option>
                        <option>-keep public class com.comphenix.** { *; }</option>
                        <option>-dontwarn com.google.**</option>
                    </options>

                    <libs>
                        <lib>${java.home}/lib/rt.jar</lib>
                    </libs>
                </configuration>
            </plugin>
        </plugins>
    </build>

    <dependencies>
        <!-- Can also be acquired on http://www.objectplanet.com/pngencoder/ -->
        <dependency>
            <groupId>com.objectplanet.image</groupId>
            <artifactId>PngEncoder</artifactId>
            <version>2.0.2</version>
        </dependency>

        <dependency>
            <groupId>com.univocity</groupId>
            <artifactId>univocity-parsers</artifactId>
            <version>1.3.1</version>
            <type>jar</type>
        </dependency>
        <dependency>
            <groupId>com.google.guava</groupId>
            <artifactId>guava</artifactId>
            <version>18.0</version>
        </dependency>
        <dependency>
            <groupId>commons-beanutils</groupId>
            <artifactId>commons-beanutils</artifactId>
            <version>1.9.2</version>
        </dependency>
        <dependency>
            <groupId>org.apache.commons</groupId>
            <artifactId>commons-math3</artifactId>
            <version>3.4.1</version>
        </dependency>
        <dependency>
            <groupId>junit</groupId>
            <artifactId>junit</artifactId>
            <version>4.11</version>
            <scope>test</scope>
        </dependency>
    </dependencies>
</project>
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blob 7091�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.Maps;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;

import javax.imageio.ImageIO;
import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.Arrays;
import java.util.Map;
import java.util.Objects;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.DoubleStream;
import java.util.stream.IntStream;
import java.util.stream.Stream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // The input to visualize
        Map<ScalarField, Integer> indexLookup = Maps.newConcurrentMap();
        Supplier<Stream<ScalarField>> fields = a.getModelFile() != null ?
                getFields(a.getModelFile(), indexLookup, a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile(), indexLookup);

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), fields);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.isLogarithm() ? Math::log10 : DoubleUnaryOperator.identity();

        // Process images in parallel
        fields.get().parallel().forEach(field -> {
            try {
                Integer index = indexLookup.get(field);
                double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;

                if (maxColumns != null) {
                    Arrays.fill(maxColumns, -Double.MAX_VALUE);
                }

                BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                    createImage(field, range, column -> {
                        if (maxColumns != null) {
                            // Compute maximum value in each row
                            for (int i = 0; i < maxColumns.length; i++) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    });

                // Draw line graph
                if (maxColumns != null) {
                    double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
                    double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());

                    new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                            a.getMaximumGraphZ().getStart(), a.getMaximumGraphZ().getEnd());
                }
                File destination = new File(String.format(a.getOutputPattern(), index));

                // Ensure parent directory is created
                Files.createDirectories(destination.toPath().getParent());

                // About 6x faster than ImageIO
                try (OutputStream stream = new FileOutputStream(destination)) {
                    (new PngEncoder()).encode(image, stream);
                    System.out.println("Written " + destination);
                }
            } catch (IOException e) {
                throw new RuntimeException("Cannot write frame.", e);
            }
        });
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, Supplier<Stream<ScalarField>> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            return fields.get().parallel().
                    map(ScalarField::getRange).reduce(Range::span).get();
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<ScalarField>> getFields(Path dataFile, Map<ScalarField, Integer> indexLookup) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        return () -> {
            ScalarField field = measure("Reading data file " + dataFile,
                    () -> CvsFieldParser.system().parse(dataFile));

            indexLookup.put(field, 0);
            return Stream.of(field);
        };
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param modelFile the model file.
     * @param visualization the visualization method. Only relevant for model file.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<ScalarField>> getFields(Path modelFile, Map<ScalarField, Integer> indexLookup, PlotArguments.Visualization visualization, SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(modelFile, "modelFile cannot be NULL");

        MagneticModel model = ModelDeserializer.system().deserialize(modelFile);
        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();

        return () -> IntStream.range(0, t.getSegments()).mapToObj(index -> {
            // Lazy computation
            ScalarField field = visualization.filter(model.getVectorField(t.getSegment(index), xPoints, yPoints));
            indexLookup.put(field, index);
            return field;
        });
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 1768�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.fields.ContinuousField;
import org.apache.commons.math3.optim.*;
import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;
import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.BOBYQAOptimizer;

/**
 * Created by Kristian on 08.04.2015.
 */
public class BobygaSolver implements Solver {
    private int interpolationPoints = 6;
    public double stoppingRadius = 1E-13;

    @Override
    public PointValuePair findMinimum(ContinuousField field, double[] target, double[] guessPoint, BoundingBox boundingBox) {
        BOBYQAOptimizer optimizer = new BOBYQAOptimizer(interpolationPoints, boundingBox.getExtent().getMaxValue(), stoppingRadius);

        // Real solution
        return optimizer.optimize(
                new SimpleBounds(boundingBox.getLowerBound().toArray(), boundingBox.getUpperBound().toArray()),
                new InitialGuess(guessPoint),
                new MaxIter(200000),
                new MaxEval(100000),
                new ObjectiveFunction(ContinuousField.withSquareDistance(field, target)));
    }

    public int getInterpolationPoints() {
        return interpolationPoints;
    }

    public void setInterpolationPoints(int interpolationPoints) {
        this.interpolationPoints = interpolationPoints;
    }

    public double getStoppingRadius() {
        return stoppingRadius;
    }

    public void setStoppingRadius(double stoppingRadius) {
        this.stoppingRadius = stoppingRadius;
    }

    @Override
    public String toString() {
        return "BobygaSolver{" +
                "interpolationPoints=" + interpolationPoints +
                ", stoppingRadius=" + stoppingRadius +
                '}';
    }
}
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blob 1771�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.fields.ContinuousField;
import org.apache.commons.math3.optim.*;
import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;
import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.BOBYQAOptimizer;

/**
 * Created by Kristian on 08.04.2015.
 */
public class BobygaSolver implements Solver {
    private int interpolationPoints = 6;
    public double stoppingRadius = 1E-13;

    @Override
    public PointValuePair findMinimum(ContinuousField field, double[] target, double[] guessPoint, BoundingBox boundingBox) {
        BOBYQAOptimizer optimizer = new BOBYQAOptimizer(interpolationPoints, boundingBox.getExtent().getMaxValue(), stoppingRadius);

        // Real solution
        return optimizer.optimize(
                new SimpleBounds(boundingBox.getLowerBound().toArray(), boundingBox.getUpperBound().toArray()),
                new InitialGuess(guessPoint),
                new MaxIter(2000000),
                new MaxEval(10000000),
                new ObjectiveFunction(ContinuousField.withSquareDistance(field, target)));
    }

    public int getInterpolationPoints() {
        return interpolationPoints;
    }

    public void setInterpolationPoints(int interpolationPoints) {
        this.interpolationPoints = interpolationPoints;
    }

    public double getStoppingRadius() {
        return stoppingRadius;
    }

    public void setStoppingRadius(double stoppingRadius) {
        this.stoppingRadius = stoppingRadius;
    }

    @Override
    public String toString() {
        return "BobygaSolver{" +
                "interpolationPoints=" + interpolationPoints +
                ", stoppingRadius=" + stoppingRadius +
                '}';
    }
}
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blob 20959�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.io.CvsFieldWriter;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.model.HarmonicSumField;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.solver.continuous.BoundingBox;
import com.comphenix.magnets.solver.continuous.Solver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.beanutils.BeanUtils;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.optim.*;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.*;
import java.util.concurrent.ThreadLocalRandom;
import java.util.concurrent.TimeUnit;
import java.util.concurrent.atomic.AtomicInteger;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.IntStream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getModelSource(), a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // CMES
        if (a.getModelFile() != null && a.getModelSource() == PlotArguments.ModelSource.DRONE_2) {
            Solver solver = a.getSolverName().toSolver();
            BoundingBox box = new BoundingBox(a.getX(), a.getY());

            // Initialize properties
            BeanUtils.populate(solver, a.getSolverProperties());
            System.out.println("Finding minimum using " + solver);

            if (a.getDroneLocation() != null) {
                testCMES(solver, model, a.getX(), a.getY(), a.getDroneLocation());
            }
            if (a.isComputeDronePDF()) {
                computePDF(solver, model, box, a.getDroneSearchRadius(), a.getDronePDFSamples());
            }
            if (a.isDrawDroneErrorMap()) {
                writeDroneErrorMap(a, solver, model, box, a.getX(), a.getY(), new File(rootFolder, "DRONE_ERROR.png"));
            }
        }

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                Range<Double> errorRange = errorField.getRange();

                System.out.println("Writing error map with value range: " + errorRange);
                writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    private static void testCMES(Solver solver, MagneticModel model, SegmentRange x, SegmentRange y, RealVector droneLocation) {
        ContinuousField sinusoids = DroneVectorField.twoSensors(new HarmonicSumField(model.conductors(), 0));

        // The target position
        Random rnd = new Random();
        double[] target = sinusoids.getVector(droneLocation.getEntry(0), droneLocation.getEntry(1)).toArray();

        // Real solution
        System.out.println("Attempting to find " + new ArrayRealVector(target) + " (point " + droneLocation + " ) in field ...");
        PointValuePair solution = solver.findMinimum(sinusoids, target, new BoundingBox(x, y));
        RealVector solutionPoint = new ArrayRealVector(solution.getPoint());

        System.out.println("Possible solution: " + solutionPoint + ", distance: " + droneLocation.getDistance(solutionPoint));
        System.out.println("Value of possible: " + sinusoids.getVector(solution.getPoint()[0], solution.getPoint()[1]));
    }

    private static void computePDF(Solver solver, MagneticModel model, BoundingBox box, double droneSearchRadius, int dronePDFSamples) {
        ContinuousField sinusoids = DroneVectorField.twoSensors(new HarmonicSumField(model.conductors(), 0));

        DoubleSummaryStatistics distanceStats = new DoubleSummaryStatistics();
        AtomicInteger misses = new AtomicInteger();

        // Pre-generate the random points according to a seed
        Random pointRandom = new Random(1);
        RealVector[] points = IntStream.range(0, dronePDFSamples).
                mapToObj(i -> box.randomPoint(pointRandom)).toArray(RealVector[]::new);

        // Samples of the distances
        DoubleSummaryStatistics stats = IntStream.range(0, dronePDFSamples).mapToDouble(i -> {
            double[] randomPoint = points[i].toArray();
            double[] randomTarget = sinusoids.getVector(randomPoint[0], randomPoint[1]).toArray();
            double[] guessPoint = null;
            BoundingBox searchBox = box;

            // See if the drone radius is overriding the search box
            if (droneSearchRadius < box.getMaximumExtent()) {
                searchBox = BoundingBox.fromHyperCube(randomPoint, droneSearchRadius).intersect(box);
                guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
            } else {
                guessPoint = box.getCenter().toArray();
            }

            Stopwatch watch = Stopwatch.createStarted();
            PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox);
            watch.stop();

            // Store the distance between the solution and the random point
            double sample = new ArrayRealVector(randomPoint, false).getDistance(
                    new ArrayRealVector(bestSolution.getPoint(), false));
            distanceStats.accept(sample);

            if (sample > 0.1) {
                misses.incrementAndGet();
            }
            System.out.println("Point " + new ArrayRealVector(randomPoint, false) + " distance: " + sample);
            return watch.elapsed(TimeUnit.NANOSECONDS) / 1.0E6;

        }).parallel().summaryStatistics();

        System.out.println("Average elapsed: " + stats.getAverage() + " ms (std: " + Math.sqrt(stats.getAverage()) + " ms)");
        System.out.println("Average distance: " + distanceStats.getAverage() + " m (std: " + Math.sqrt(distanceStats.getAverage()) + " m)");
        System.out.println("Misses (above 0.1): " + misses.get() + " of " + dronePDFSamples);
    }

    private static void writeDroneErrorMap(PlotArguments a, Solver solver, MagneticModel model, BoundingBox box, SegmentRange xRange, SegmentRange yRange, File file) throws IOException {
        ContinuousField sinusoids = DroneVectorField.twoSensors(new HarmonicSumField(model.conductors(), 0));
        Stopwatch watch = Stopwatch.createStarted();
        Stopwatch total = Stopwatch.createStarted();

        ScalarField errorMap = ScalarArrayField.fromFunction(xRange.toArray(), yRange.toArray(), (x, y) -> {
            double[] randomPoint = box.randomPoint(ThreadLocalRandom.current()).toArray();
            double[] randomTarget = sinusoids.getVector(randomPoint[0], randomPoint[1]).toArray();
            double[] guessPoint = null;
            BoundingBox searchBox = box;

            // See if the drone radius is overriding the search box
            if (a.getDroneSearchRadius() < box.getMaximumExtent()) {
                searchBox = BoundingBox.fromHyperCube(randomPoint, a.getDroneSearchRadius()).intersect(box);
                guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
            } else {
                guessPoint = box.getCenter().toArray();
            }

            PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox);

            // We want to plot the distance
            return new ArrayRealVector(randomPoint, false).getDistance(
                    new ArrayRealVector(bestSolution.getPoint(), false));

        }, progress -> {
            if (watch.elapsed(TimeUnit.SECONDS) > 1) {
                System.out.println("Current progress: " + progress * 100 + "%");

                watch.reset();
                watch.start();
            }
        });

        total.stop();
        System.out.println("Generated drone map in " + total);

        // Write out the drone map
        writeScalarField(a, null, a.getValueOperator(), errorMap, file);
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        destination = getSiblingFile(destination, a.getOutputFormat().getExtension());

        switch (a.getOutputFormat()) {
            case PNG:
                writePngField(a, valueRange, valueOperator, field, destination);
                break;
            case CSV:
                Stopwatch watch = Stopwatch.createStarted();
                CvsFieldWriter writer = new CvsFieldWriter();
                writer.write(destination.toPath(), field);

                watch.stop();
                System.out.println("Written " + destination + " (total time: " + watch + ")");
                break;
        }
    }

    /**
     * Retrieve a sibling file with the same name and the given extension,
     * @param file the file.
     * @param extension the extension.
     * @return Sibling file with similar file name, but different extension.
     */
    private static File getSiblingFile(File file, String extension) {
        return new File(file.getParentFile(),
                com.google.common.io.Files.getNameWithoutExtension(file.getName()) + "." + extension);
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writePngField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;
        Stopwatch watch = Stopwatch.createStarted();

        // Recompute range
        if (valueRange == null) {
            valueRange = field.getRange();
        }
        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                createImage(field, valueRange, column -> {
                    if (maxColumns != null) {
                        // Compute maximum value in each row
                        for (int i = 0; i < maxColumns.length; i++) {
                            if (!Double.isNaN(column[i])) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    }
                });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            watch.stop();
            System.out.println("Written " + destination + " (total time: " + watch + ")");
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        RealVector valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        Vector2D solvedPoint = measure("Time finding solution", () -> solver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        ScalarField distance = new ScalarArrayField(vectorField.map(
            (vectorArray, vectorOffset, vectorLength, column, row) -> {
                return valuePoint.getDistance(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));
            }
        ));
        return distance;
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));

        // Single frame without a vector field
        return ImmutableList.of(new PlotFrame(field, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.ModelSource source, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = getVectorField(model, source, t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Retrieve the vector field from a magnetic model and a model source.
     * @param model the model.
     * @param source the source.
     * @param time the time.
     * @param xPoints the x coordinates.
     * @param yPoints the y coordinates.
     * @return
     */
    private static VectorField getVectorField(MagneticModel model, PlotArguments.ModelSource source, double time, double[] xPoints, double[] yPoints) {
        switch (source) {
            case MAGNETIC_FIELD:
                return model.getVectorField(time, xPoints, yPoints);
            case SINUSOID_FIELD:
                return new HarmonicSumField(model.conductors(), time).toVectorField(xPoints, yPoints);
            case DRONE_2:
                ContinuousField sinusoids = new HarmonicSumField(model.conductors(), time);
                return new DroneVectorField(sinusoids, new double[] {0, 0, 0, (yPoints[1] - yPoints[0]) * 20 }).toVectorField(xPoints, yPoints);
            default:
                throw new IllegalArgumentException("Unknown model source: " + source);
        }
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 3852�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.fields.DiscreteField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.fields.VectorMatrixField;
import com.comphenix.magnets.util.SegmentRange;

/**
 * Created by Kristian on 02.04.2015.
 */
public class DroneVectorField implements ContinuousField {
    /**
     * Number of components per sensor.
     */
    private static final int COMPONENTS_PER_SENSOR = 2;

    // We have three values
    private final int components;
    private final ContinuousField sinusoids;
    private final double[] sensorDelta;
    private final int sensorCount;

    /**
     * Construct a new drone field for two sensors.
     * @param sinusoids the underlying sinusoid field.
     * @return The drone vector field.
     */
    public static DroneVectorField twoSensors(ContinuousField sinusoids) {
        return new DroneVectorField(sinusoids, new double[] { 0, 0 });
    }

    public DroneVectorField(ContinuousField sinusoids, double[] sensorDelta) {
        this.sinusoids = sinusoids;
        this.sensorDelta = sensorDelta;
        this.sensorCount = sensorDelta.length / 2;
        this.components = sensorCount * COMPONENTS_PER_SENSOR;

        if ((sensorDelta.length % 2) != 0) {
            throw new IllegalArgumentException("Sensor delta must be divisible by two.");
        }
    }

    @Override
    public int getComponents() {
        return components;
    }

    @Override
    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {
        int innerComponents = sinusoids.getComponents();
        double[] points = new double[innerComponents * sensorCount];

        // Read from the N points
        for (int i = 0; i < sensorCount; i++) {
            sinusoids.addComponents(x + sensorDelta[i * 2], y + sensorDelta[i * 2 + 1], points, i * innerComponents);
        }
        writeComponents(startComponent, endComponent, destination, destinationOffset, points, innerComponents);
    }

    /**
     * Write the given range of components using the first and second point to the destination array.
     * @param startComponent the starting component (inclusive)
     * @param endComponent the ending component (inclusive)
     * @param destination the destination array.
     * @param destinationOffset the destination offset.
     * @param points flattened array of point components.
     * @param pointsComponents number of components in the points array.
     * @return The new destination offset.
     */
    protected static int writeComponents(int startComponent, int endComponent, double[] destination, int destinationOffset, double[] points, int pointsComponents) {
        for (int i = startComponent; i < endComponent; i++) {
            int offset = (i / COMPONENTS_PER_SENSOR) * pointsComponents;

            switch (i % COMPONENTS_PER_SENSOR) {
                case 0:
                    // Take the difference of the phase of X and phase of Y
                    destination[destinationOffset++] = angleDiff(points[offset + 1], points[offset + 3]);
                    break;

                case 1:
                    // Amplitude angle
                    destination[destinationOffset++] = Math.atan2(points[offset + 2], points[offset]);
                    break;
            }
        }
        return destinationOffset;
    }

    /**
     * Compute the angle difference of the two angles.
     * @param a first angle.
     * @param b second angle.
     * @return The angle difference.
     */
    public static double angleDiff(double a, double b) {
        //return b - a;
        if (a > b) {
            return 2 * Math.PI - a + b;
        } else {
            return b - a;
        }
    }
}
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blob 19646�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.io.CvsFieldWriter;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.model.HarmonicSumField;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.solver.continuous.BoundingBox;
import com.comphenix.magnets.solver.continuous.Solver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.optim.*;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.*;
import java.util.concurrent.ThreadLocalRandom;
import java.util.concurrent.TimeUnit;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.IntStream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getModelSource(), a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // CMES
        if (a.getModelFile() != null && a.getModelSource() == PlotArguments.ModelSource.DRONE_2) {
            Solver solver = a.getSolverName().toSolver();
            BoundingBox box = new BoundingBox(a.getX(), a.getY());

            if (a.getDroneLocation() != null) {
                testCMES(solver, model, a.getX(), a.getY(), a.getDroneLocation());
            }
            if (a.isComputeDronePDF()) {
                computePDF(solver, model, box, a.getDroneSearchRadius(), a.getDronePDFSamples());
            }
            if (a.isDrawDroneErrorMap()) {
                writeDroneErrorMap(a, solver, model, box, a.getX(), a.getY(), new File(rootFolder, "DRONE_ERROR.png"));
            }
        }

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                Range<Double> errorRange = errorField.getRange();

                System.out.println("Writing error map with value range: " + errorRange);
                writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    private static void testCMES(Solver solver, MagneticModel model, SegmentRange x, SegmentRange y, RealVector droneLocation) {
        ContinuousField sinusoids = DroneVectorField.twoSensors(new HarmonicSumField(model.conductors(), 0));

        // The target position
        Random rnd = new Random();
        double[] target = sinusoids.getVector(droneLocation.getEntry(0), droneLocation.getEntry(1)).toArray();

        // Real solution
        System.out.println("Attempting to find " + new ArrayRealVector(target) + " (point " + droneLocation + " ) in field ...");
        PointValuePair solution = solver.findMinimum(sinusoids, target, new BoundingBox(x, y));
        RealVector solutionPoint = new ArrayRealVector(solution.getPoint());

        System.out.println("Possible solution: " + solutionPoint + ", distance: " + droneLocation.getDistance(solutionPoint));
        System.out.println("Value of possible: " + sinusoids.getVector(solution.getPoint()[0], solution.getPoint()[1]));
    }

    private static void computePDF(Solver solver, MagneticModel model, BoundingBox box, double droneSearchRadius, int dronePDFSamples) {
        ContinuousField sinusoids = DroneVectorField.twoSensors(new HarmonicSumField(model.conductors(), 0));

        // Samples of the distances
        //BoundingBox box = new BoundingBox(x, y);
        Random rnd = new Random();

        DoubleSummaryStatistics stats = IntStream.range(0, dronePDFSamples).mapToDouble(i -> {
            double[] randomPoint = box.randomPoint(rnd).toArray();
            double[] randomTarget = sinusoids.getVector(randomPoint[0], randomPoint[1]).toArray();
            double[] guessPoint = null;
            BoundingBox searchBox = box;

            // See if the drone radius is overriding the search box
            if (droneSearchRadius < box.getMaximumExtent()) {
                searchBox = BoundingBox.fromHyperCube(randomPoint, droneSearchRadius).intersect(box);
                guessPoint = searchBox.randomPoint(rnd).toArray();
            } else {
                guessPoint = box.getCenter().toArray();
            }

            Stopwatch watch = Stopwatch.createStarted();
            PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox);
            watch.stop();

            // Store the distance between the solution and the random point
            double sample = new ArrayRealVector(randomPoint, false).getDistance(
                    new ArrayRealVector(bestSolution.getPoint(), false));

            System.out.println("Point " + new ArrayRealVector(randomPoint, false) + " distance: " + sample);
            return watch.elapsed(TimeUnit.NANOSECONDS) / 1.0E6;

        }).parallel().summaryStatistics();

        System.out.println("Average elapsed: " + stats.getAverage() + " ms (std: " + Math.sqrt(stats.getAverage()) + " ms)");
    }

    private static void writeDroneErrorMap(PlotArguments a, Solver solver, MagneticModel model, BoundingBox box, SegmentRange xRange, SegmentRange yRange, File file) throws IOException {
        ContinuousField sinusoids = DroneVectorField.twoSensors(new HarmonicSumField(model.conductors(), 0));
        Stopwatch watch = Stopwatch.createStarted();

        ScalarField errorMap = ScalarArrayField.fromFunction(xRange.toArray(), yRange.toArray(), (x, y) -> {
            double[] randomPoint = box.randomPoint(ThreadLocalRandom.current()).toArray();
            double[] randomTarget = sinusoids.getVector(randomPoint[0], randomPoint[1]).toArray();
            double[] guessPoint = null;
            BoundingBox searchBox = box;

            // See if the drone radius is overriding the search box
            if (a.getDroneSearchRadius() < box.getMaximumExtent()) {
                searchBox = BoundingBox.fromHyperCube(randomPoint, a.getDroneSearchRadius()).intersect(box);
                guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
            } else {
                guessPoint = box.getCenter().toArray();
            }

            PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox);

            // We want to plot the distance
            return new ArrayRealVector(randomPoint, false).getDistance(
                    new ArrayRealVector(bestSolution.getPoint(), false));

        }, progress -> {
            if (watch.elapsed(TimeUnit.SECONDS) > 1) {
                System.out.println("Current progress: " + progress * 100 + "%");

                watch.reset();
                watch.start();
            }
        });

        writeScalarField(a, null, a.getValueOperator(), errorMap, file);
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        destination = getSiblingFile(destination, a.getOutputFormat().getExtension());

        switch (a.getOutputFormat()) {
            case PNG:
                writePngField(a, valueRange, valueOperator, field, destination);
                break;
            case CSV:
                CvsFieldWriter writer = new CvsFieldWriter();
                writer.write(destination.toPath(), field);
                break;
        }
    }

    /**
     * Retrieve a sibling file with the same name and the given extension,
     * @param file the file.
     * @param extension the extension.
     * @return Sibling file with similar file name, but different extension.
     */
    private static File getSiblingFile(File file, String extension) {
        return new File(file.getParentFile(),
                com.google.common.io.Files.getNameWithoutExtension(file.getName()) + "." + extension);
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writePngField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;
        Stopwatch watch = Stopwatch.createStarted();

        // Recompute range
        if (valueRange == null) {
            valueRange = field.getRange();
        }
        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                createImage(field, valueRange, column -> {
                    if (maxColumns != null) {
                        // Compute maximum value in each row
                        for (int i = 0; i < maxColumns.length; i++) {
                            if (!Double.isNaN(column[i])) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    }
                });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            watch.stop();
            System.out.println("Written " + destination + " (total time: " + watch + ")");
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        RealVector valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        Vector2D solvedPoint = measure("Time finding solution", () -> solver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        ScalarField distance = new ScalarArrayField(vectorField.map(
            (vectorArray, vectorOffset, vectorLength, column, row) -> {
                return valuePoint.getDistance(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));
            }
        ));
        return distance;
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));

        // Single frame without a vector field
        return ImmutableList.of(new PlotFrame(field, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.ModelSource source, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = getVectorField(model, source, t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Retrieve the vector field from a magnetic model and a model source.
     * @param model the model.
     * @param source the source.
     * @param time the time.
     * @param xPoints the x coordinates.
     * @param yPoints the y coordinates.
     * @return
     */
    private static VectorField getVectorField(MagneticModel model, PlotArguments.ModelSource source, double time, double[] xPoints, double[] yPoints) {
        switch (source) {
            case MAGNETIC_FIELD:
                return model.getVectorField(time, xPoints, yPoints);
            case SINUSOID_FIELD:
                return new HarmonicSumField(model.conductors(), time).toVectorField(xPoints, yPoints);
            case DRONE_2:
                ContinuousField sinusoids = new HarmonicSumField(model.conductors(), time);
                return new DroneVectorField(sinusoids, new double[] {0, 0, 0, (yPoints[1] - yPoints[0]) * 20 }).toVectorField(xPoints, yPoints);
            default:
                throw new IllegalArgumentException("Unknown model source: " + source);
        }
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 3188�package com.comphenix.magnets.util;

import com.google.common.base.Objects;
import com.google.common.base.Splitter;

import java.util.List;
import java.util.Locale;
import java.util.stream.DoubleStream;

/**
 * Represents a range that is divided into N equally sized segments.
 * Created by Kristian on 27.01.2015.
 */
public class SegmentRange {
    private final double start;
    private final double end;
    private final int segments;

    /**
     * Parse a range with an optional segment count.
     * @param range the range.
     * @return The corresponding segment range.
     */
    public static SegmentRange parse(String range) {
        List<String> elements = Splitter.on(":").limit(3).splitToList(range);

        if (elements.size() < 2) {
            throw new IllegalArgumentException("Please specify range (:) in " + range);
        }
        double start = Double.parseDouble(elements.get(0));
        double end = Double.parseDouble(elements.get(1));

        if (elements.size() == 3) {
            return new SegmentRange(start, end, Integer.parseInt(elements.get(2)));
        } else  {
            return new SegmentRange(start, end, 1);
        }
    }

    /**
     * Construct a new segment range.
     * @param start the starting value.
     * @param end the ending value.
     * @param segments the segment count. Cannot be negative.
     */
    public SegmentRange(double start, double end, int segments) {
        if (segments < 0) {
            throw new IllegalArgumentException("Segments cannot be negative.");
        }
        this.start = start;
        this.end = end;
        this.segments = segments;
    }

    /**
     * Retrieve the starting value of this range.
     * @return The starting value.
     */
    public double getStart() {
        return start;
    }

    /**
     * Retrieve the last value in this range.
     * @return Last value.
     */
    public double getEnd() {
        return end;
    }

    /**
     * Retrieve the number of segments in this range.
     * @return The number of segments.
     */
    public int getSegments() {
        return segments;
    }

    /**
     * Convert this range to a double array.
     * @return The double array.
     */
    public double[] toArray() {
        return stream().toArray();
    }

    /**
     * Retrieve a stream representing this segment range.
     * @return The double stream.
     */
    public DoubleStream stream() {
        double stepSize = (end - start) / segments;
        return DoubleStream.iterate(start, x -> x + stepSize).limit(segments);
    }

    @Override
    public boolean equals(Object o) {
        if (this == o) return true;
        if (o == null || getClass() != o.getClass()) return false;

        SegmentRange that = (SegmentRange) o;
        if (Double.compare(that.end, end) != 0) return false;
        if (segments != that.segments) return false;
        return Double.compare(that.start, start) == 0;
    }

    @Override
    public int hashCode() {
        return Objects.hashCode(start, end, segments);
    }

    @Override
    public String toString() {
        return String.format(Locale.US, "%s:%s:%d", start, end, segments);
    }
}
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blob 116�package com.comphenix.magnets.solver;

/**
 * Created by Kristian on 16.02.2015.
 */
public class SamplerSolver {
}
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blob 2805�package com.comphenix.magnets.fields;

import java.util.Arrays;
import java.util.DoubleSummaryStatistics;
import java.util.stream.Collector;
import java.util.stream.Collectors;
import java.util.stream.DoubleStream;

/**
 * Represents a simple 2D field.
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class FieldDouble {
    private static final int INITIAL_CAPACITY = 10;

    // Initial values
    private double[] x = new double[INITIAL_CAPACITY];
    private double[] y = new double[INITIAL_CAPACITY];
    private double[][] data = new double[INITIAL_CAPACITY][];
    private int width = 0;
    private int height = 0;

    /**
     * Retrieve the current X coordinates.
     * @return The X coordinates.
     */
    public double[] getX() {
        return Arrays.copyOf(x, width);
    }

    /**
     * Set the x coordinates of the cells.
     * @param x the x coordinates.
     */
    public void setX(double[] x) {
        this.x = x.clone();
        this.width = x.length;
    }

    /**
     * Retrieve the current Y coordinates.
     * @return The Y coordinates.
     */
    public double[] getY() {
        return Arrays.copyOf(x, height);
    }

    /**
     * Set the Y coordinates of the cells.
     * @param y the y coordinates.
     */
    public void setY(double[] y) {
        this.y = y.clone();
    }

    /**
     * Add the given coordinate to the bottom of the matrix.
     * @param yCoordinate the y coordinate.
     * @param values the values to add.
     */
    public void addRow(double yCoordinate, double[] values) {
        ensureHeight();
        y[height] = yCoordinate;
        data[height] = values;

        // Increment
        height++;
    }

    /**
     * Retrieve the value in the given cell.
     * @param x the x coordinate of the cell.
     * @param y the y coordinate of the cell.
     * @return The value.
     */
    public double getValue(int x, int y) {
        return data[y][x];
    }

    /**
     * View this matrix as a stream of cell values.
     * @return The corresponding stream.
     */
    public DoubleStream stream() {
        return Arrays.stream(data, 0, height).flatMapToDouble(Arrays::stream);
    }

    /**
     * Ensure the matrix is sufficiently large in the Y direction.
     */
    protected void ensureHeight() {
        if (y.length == height) {
            y = Arrays.copyOf(y, (int) (y.length * 1.5));
        }
        if (data.length == height) {
            data = Arrays.copyOf(data, (int) (data.length * 1.5));
        }
    }

    /**
     * Retrieve the width of the matrix.
     * @return The width.
     */
    public int getWidth() {
        return width;
    }

    /**
     * Retrieve the height of the matrix.
     * @return The height.
     */
    public int getHeight() {
        return height;
    }
}
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blob 2850�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.fields.FourDimensionalField;
import com.google.common.base.Throwables;
import org.apache.commons.beanutils.BeanUtils;
import org.apache.commons.math3.optim.*;
import org.apache.commons.math3.optim.nonlinear.scalar.GoalType;
import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;
import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.CMAESOptimizer;
import org.apache.commons.math3.random.JDKRandomGenerator;

import java.lang.reflect.InvocationTargetException;
import java.util.Map;

/**
 * Created by Kristian on 08.04.2015.
 */
public class CmaesSolver implements Solver {
    private int iterations = 2000;
    private int populationSize = 4000;
    private double threshold = 0.000000000001;

    @Override
    public PointValuePair findMinimum(FourDimensionalField field, double[] target, double[] guessPoint, BoundingBox boundingBox) {
        CMAESOptimizer optimizer = new CMAESOptimizer(iterations, 0, true, 0, 0, new JDKRandomGenerator(), false, new SimpleValueChecker(-1, threshold));

        if (guessPoint.length != 2 && guessPoint.length != 4) {
            throw new IllegalArgumentException("Unknown guess point length: " + guessPoint.length);
        }

        ObjectiveFunction objectiveFunction = new ObjectiveFunction(
                guessPoint.length == 2 ?
                ContinuousField.withSquareDistance(field, target) :
                        FourDimensionalField.withSquareDistance4D(field, target));

        // Real solution
        return optimizer.optimize(
                new SimpleBounds(boundingBox.getLowerBound().toArray(), boundingBox.getUpperBound().toArray()),
                new InitialGuess(guessPoint),
                new CMAESOptimizer.Sigma(boundingBox.getExtent().toArray()),
                new CMAESOptimizer.PopulationSize(populationSize), GoalType.MINIMIZE,
                new MaxIter(2000000),
                new MaxEval(10000000),
                objectiveFunction);
    }

    public int getIterations() {
        return iterations;
    }

    public void setIterations(int iterations) {
        this.iterations = iterations;
    }

    public int getPopulationSize() {
        return populationSize;
    }

    public void setPopulationSize(int populationSize) {
        this.populationSize = populationSize;
    }

    public double getThreshold() {
        return threshold;
    }

    public void setThreshold(double threshold) {
        this.threshold = threshold;
    }

    @Override
    public String toString() {
        return "CmaesSolver{" +
                "iterations=" + iterations +
                ", populationSize=" + populationSize +
                ", threshold=" + threshold +
                '}';
    }
}
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blob 1622�Generate a plot or an animation from a list of magnitude data or a electronic
component model.

PlotCSV [-d file] [-m file] [-c colorscheme] [-x start:end:count]
        [y start:end:count] [z start:end] [-t start:end:count]
        [-v m|a] [-l] [-g start:end]
 -d[ata]    Path to a CSV-file containing the magnitude data to plot.
 -m[odel]   Path to an XML-file containing the model that will be simulated.
 -s[cheme]  The color scheme used in the output image. Rainbow is default.
 -z         The minimum and maximum z value to display using a color scheme.
             This is computed automatically if left out. The count is ignored
             in this case.
 -l[og]     Apply the natural logarithm to the values before they are
             visualized.
 -g         Display a graph of the maximum value in a given column, using the
             given range in the Y axis.
 output     Format of the output file(s), where %d is the current frame index.

The following flags must be specified if the input is a model file:
 -v[alue]   The value that will actually be visualized. Can either be
             m[agnitude] or a[ngle].
 -x         The minimum and maximum x coordinate of each pixel in model space,
             and the final width of the output image. Default is -1:1:640.
 -y         The minimum and maximum y coordinate of each pixel in model space,
             and the final height of the output image. Default is -1:1:480.
 -t         The starting and ending time in milliseconds, along with the number
             of frames to generate. Each frame is incremented by a regular
             time step.
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blob 197�package com.comphenix.magnets.solver;

import com.comphenix.magnets.fields.VectorField;

import java.util.Vector;

/**
 * Created by Kristian on 24.02.2015.
 */
public class VectorFieldSolver {

}
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blob 22517�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Splitter;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.transform.DftNormalization;
import org.apache.commons.math3.transform.FastFourierTransformer;
import org.apache.commons.math3.transform.TransformType;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.awt.Color;
import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.*;
import java.util.function.*;
import java.util.stream.Collectors;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        },
        TEMPERATURE() {
            @Override
            public Gradient toGradient() {
                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);
            }
        },
        HSV() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float)factor, intensity, intensity);
                };
            }
        },
        HSV2() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (2 * factor), intensity, intensity);
                };
            }
        },
        HSV10() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (10 * factor), intensity, intensity);
                };
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return getScalar(field.angles());
            }
        },
        X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.x();
            }
        },
        Y {
            @Override
            public ScalarField filter(VectorField field) {
                return field.y();
            }
        },
        Y_MINUS_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b - a);
            }
        },
        Y_DIV_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b / a);
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Attempt to get a scalar view of the given field.
         * @param field the field.
         * @return The resulting scalar field.
         */
        private static ScalarField getScalar(DiscreteField field) {
            return field instanceof VectorField ? ((VectorField) field).magnitudes() : (ScalarField) field;
        }

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
                case "x":
                    return X;
                case "y":
                    return Y;
                case "y-x":
                    return Y_MINUS_X;
                case "ydivx":
                    return Y_DIV_X;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    /**
     * Represents visualization of aggregate values.
     */
    public enum Aggregate {
        /**
         * Compute the average value in all the frames.
         */
        AVERAGE {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar = ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        0,
                        (a, b) -> a + b,
                        a -> a / frames.size()
                );

                // Maybe create a vector average as well?
                return new PlotFrame(scalar, null);
            }
        },
        /**
         * Compute the maximum value in all the frames.
         */
        MAX {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar =  ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        -Double.MAX_VALUE,
                        Math::max,
                        DoubleUnaryOperator.identity());

                // Maybe create a vector maximum as well?
                return new PlotFrame(scalar, null);
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_DIRECT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            // First vector will contain the result
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(components, i, vectorLength);
                            }
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            /**
             * Retrieve the angle of the peak value in the given array of values.
             * @param values the values.
             * @param offset the starting position.
             * @param stepSize the step size.
             * @return The peak angle.
             */
            private double getPeakAngle(double[] values, int offset, int stepSize) {
                double bestValue = values[offset];
                int bestIndex = offset;
                int count = 1;

                for (int i = offset + stepSize; i < values.length; i += stepSize) {
                    if (values[i] > bestValue) {
                        bestValue = values[i];
                        bestIndex = i;
                    }
                    count++;
                }
                return (bestIndex / (double)count) * Math.PI * 2;
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAngle(double[] re) {
                double[] im = new double[re.length];
                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);

                return MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
            }
        },

        /**
         * Compute the amplitude of the sine at the maximum X and Y values, respectively.
         */
        AMPLITUDE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAmplitude(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAmplitude(double[] re) {
                double[] im = new double[re.length];

                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);
                return 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
            }
        },

        /**
         * Compute the actual drone measurements.
         */
        DRONE_SENSOR {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                // A field of sinusoids
                VectorField sinusoids = VectorField.aggregateExternal(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        frames.get(0).getVectorField().getComponents() * 2,
                        (components, vectorLength, source, sourcePos, column, row) -> {

                            for (int i = 0; i < vectorLength; i++) {
                                double[] re = VectorField.extractComponent(components, i, vectorLength);
                                double[] im = new double[re.length];

                                FastFourierTransformer.transformInPlace(
                                        new double[][]{re, im}, DftNormalization.STANDARD, TransformType.FORWARD);

                                // Compute both the angle and the amplitude
                                source[sourcePos++] = 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
                                source[sourcePos++] = MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
                            }
                            ;
                            return sourcePos;
                        }
                );

                final VectorField field = new DroneVectorField.DiscreteDroneField(new VectorMatrixField(sinusoids), 2, 0, 20 * (y[1] - y[0]), x, y);
                return new PlotFrame(visualization.filter(field), field);
            }
        };

        /**
         * Aggregate the given frames into a final scalar field.
         *
         * @param frames the frames to aggregate.
         * @param visualization optional visualization to apply, if necessary.
         * @param x the x coordinate of each column in the final scalar field.
         * @param y the y coordinate of each row in the final scalar field.
         * @return The final frame.
         */
        public abstract PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y);

         /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Aggregate parse(String text) {
            switch (text.toLowerCase()) {
                case "a":
                case "average":
                    return AVERAGE;
                case "m":
                case "max":
                    return MAX;
                case "xyd":
                case "xy_phase_difference_direct":
                    return MAX_XY_PHASE_DIFFERENCE_DIRECT;
                case "xyf":
                case "xy_phase_difference_fft":
                    return MAX_XY_PHASE_DIFFERENCE_FFT;
                case "ampf":
                case "amplitude_fft":
                    return AMPLITUDE_FFT;
                case "drone":
                case "drone_sensor":
                    return DRONE_SENSOR;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an aggregate.");
        }

    }

    /**
     * The data in the model to display.
     */
    public enum ModelSource {
        /**
         * The magnetic field.
         */
        MAGNETIC_FIELD,

        /**
         * The amplitude and phase of the sinusoid representing the x and y component of the magnetic field.
         */
        SINUSOID_FIELD,

        /**
         * A drone with two sensors.
         */
        DRONE_2;

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding model source..
         */
        public static ModelSource parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnetic_field":
                    return MAGNETIC_FIELD;
                case "s":
                case "sinusoid_field":
                    return SINUSOID_FIELD;
                case "d2":
                case "drone_2":
                    return DRONE_2;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an model source.");
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;
    private ModelSource modelSource;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Function that is applied to every value
    private DoubleUnaryOperator valueOperator;

    // Test location of the drone
    private RealVector droneLocation;

    // Whether or not to display the help context
    private boolean displayHelp;

    // Whether or not to draw each frame
    private boolean drawFrames = true;

    // The aggregates
    private List<Aggregate> aggregates = Lists.newArrayList();

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                switch (arg.substring(1).toLowerCase()) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "ms":
                    case "modelsource":
                        modelSource = ModelSource.parse(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        applyValueOperator(Math::log10);
                        break;
                    case "a":
                    case "abslog":
                        applyValueOperator(x -> Math.sin(x) * Math.log(Math.abs(x)));
                        break;
                    case "d:":
                    case "drone":
                        droneLocation = new ArrayRealVector(new double[] { Double.parseDouble(args[++i]), Double.parseDouble(args[++i]) });
                        break;
                    case "f":
                    case "frames":
                        drawFrames = Boolean.parseBoolean(args[++i]);
                        break;
                    case "ag":
                    case "aggregate":
                        // Parse aggregate list
                        aggregates = Splitter.on(",").splitToList(args[++i]).stream().
                                map(Aggregate::parse).
                                collect(Collectors.toList());
                        break;
                    default:
                        throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times (existing pattern: " + outputPattern + ")");
                }
                outputPattern = arg;
            }
        }
    }

    protected void applyValueOperator(DoubleUnaryOperator operator) {
        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;
    }

    public RealVector getDroneLocation() {
        return droneLocation;
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ModelSource getModelSource() {
        return modelSource;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public DoubleUnaryOperator getValueOperator() {
        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }

    public boolean isDrawFrames() {
        return drawFrames;
    }

    public List<Aggregate> getAggregates() {
        return aggregates;
    }
}
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blob 3292�package com.comphenix.magnets.model;

import com.comphenix.magnets.util.Interpolation;
import com.google.common.base.Preconditions;

import java.util.ArrayList;
import java.util.List;
import java.util.function.DoubleFunction;
import java.util.function.Function;
import java.util.stream.Collectors;

/**
 * Created by Kristian on 09.06.2015.
 */
public interface ModelInterpolator {
    /**
     * Interpolate a model over time.
     * @param time the time, from 0 to 1.
     * @return The interpolated magnetic model.
     */
    MagneticModel getModel(double time);

    /**
     * Retrieve a interpolation between the two models, using a linear model.
     * <p />
     * Note that the two models must have the same number of conductors.
     * @param start the starting model.
     * @param end the ending model.
     * @return The model interpolation.
     */
    static ModelInterpolator linear(MagneticModel start, MagneticModel end) {
        Preconditions.checkNotNull(start, "start cannot be NULL");
        Preconditions.checkNotNull(end, "end cannot be NULL");

        if (start.conductors().size() != end.conductors().size()) {
            throw new IllegalArgumentException("Model " + start + " must have the same number of conductors as " + end);
        }

        List<DoubleFunction<Conductor>> conductorInterpolations = new ArrayList<>();

        // Prepare functions for interpolating conductors
        for (int i = 0; i < start.conductors().size(); i++) {
            Conductor first = start.conductors().get(i);
            Conductor last = end.conductors().get(i);

            // Interpolate physcial attributes
            Interpolation iX = Interpolation.linear(first.getX(), last.getX());
            Interpolation iY = Interpolation.linear(first.getY(), last.getY());
            Interpolation iR = Interpolation.linear(first.getRadius(), last.getRadius());

            // Interpolate current
            DoubleFunction<AlternatingCurrent> iCurrent = interpolateCurrent(first.getCurrent(), last.getCurrent());

            // Add the function that will interpolate
            conductorInterpolations.add(time ->
                            new Conductor(iX.getValue(time), iY.getValue(time), iR.getValue(time), iCurrent.apply(time))
            );
        }
        return time -> new MagneticModel(conductorInterpolations.stream().
                map(f -> f.apply(time)).collect(Collectors.toList()));
    }

    /**
     * Retrieve an interpolator between two different alternating currents.
     * @param first the first current.
     * @param second the second current.
     * @return The interpolator.
     */
    static DoubleFunction<AlternatingCurrent> interpolateCurrent(AlternatingCurrent first, AlternatingCurrent second) {
        Interpolation iA = Interpolation.linear(first.getAmplitude(), second.getAmplitude());
        Interpolation iF = Interpolation.linear(first.getAngularFrequency(), second.getAngularFrequency());
        Interpolation iP = Interpolation.linear(first.getPhase(), second.getPhase());
        Interpolation iDC = Interpolation.linear(first.getDirectCurrent(), second.getDirectCurrent());

        return time -> new AlternatingCurrent(iA.getValue(time), iF.getValue(time), iP.getValue(time), iDC.getValue(time));
    }
}
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blob 6576�package com.comphenix.magnets.fields;

import com.google.common.collect.Iterables;
import com.google.common.collect.Range;

import java.util.Arrays;
import java.util.function.DoubleBinaryOperator;
import java.util.function.DoubleUnaryOperator;
import java.util.stream.DoubleStream;
import java.util.stream.IntStream;
import java.util.stream.Stream;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface ScalarField extends DiscreteField {
    /**
     * Retrieve the value of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding value.
     */
    public double getValue(int column, int row);

    /**
     * Fill the field values corresponding to the cells at the given columns and rows.
     * <p />
     * All three arrays must be of the same length.
     * <p />
     * The output array will be filled in order from lowest column to highest, and then lowest row to highest.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @param outputValues the output values.
     */
    public default void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
        int index = 0;

        for (int row = startRow; row < endRow; row++) {
            for (int column = startColumn; column < endColumn; column++) {
                outputValues[index++] = getValue(column, row);
            }
        }
    }

    /**
     * View this matrix as a stream of cell values.
     * @return The corresponding stream.
     */
    public default DoubleStream stream() {
        return IntStream.range(0, getColumns()).
            <DoubleStream>mapToObj(
                row -> IntStream.range(0, getRows()).mapToDouble(col -> getValue(col, row))).
            flatMapToDouble(x -> x);
    }

    /**
     * Retrieve the minimum and maximum cell value expressed as a range.
     * @return The minimum and maximum.
     */
    public default Range<Double> getRange() {
        double minimum = Double.MAX_VALUE;
        double maximum = Double.MIN_VALUE;

        for (int row = 0; row < getRows(); row++) {
            for (int col = 0; col < getColumns(); col++) {
                double value = getValue(col, row);

                minimum = Math.min(minimum, value);
                maximum = Math.max(maximum, value);
            }
        }
        return Range.closed(minimum, maximum);
    }

    /**
     * Retrieve a stream of all the rows of values in the field.
     * @return Every row in the field.
     */
    public default Stream<double[]> rows() {
        int rowCount = getRows();
        int columnCount = getColumns();

        return IntStream.range(0, rowCount).mapToObj(row -> {
            double[] values = new double[columnCount];

            // Read values
            fillValues(0, columnCount, row, row + 1, values);
            return values;
        });
    }

    /**
     * Convert the current scalar field to a jagged array.
     * @return The row-major jagged array.
     */
    public default double[][] toDoubleArray() {
        return rows().toArray(double[][]::new);
    }

    /**
     * Convert the current scalar field to an array scalar field, if it isn't one already.
     * @return This field as an array field.
     */
    public default ScalarArrayField toArrayField() {
        return this instanceof ScalarArrayField ? (ScalarArrayField) this : new ScalarArrayField(this);
    }

    /**
     * Aggregate the given non-zero collection of fields. Note that each field must have the same size and x/y coordinates.
     * @param fields the fields to aggregate.
     * @param initialValue the initial value in the aggregate.
     * @param combiner combiner of cell values.
     * @param finisher a finisher that is applied when all the cell values have been combined.
     * @return The resulting scalar field.
     */
    public static ScalarField aggregate(Iterable<? extends ScalarField> fields, double initialValue, DoubleBinaryOperator combiner, DoubleUnaryOperator finisher) {
        final ScalarField[] copy = Iterables.toArray(fields, ScalarField.class);

        if (copy.length == 0) {
            throw new IllegalArgumentException("Cannot aggregate zero fields.");
        }
        return new ScalarProxy(copy[0]) {
            @Override
            public double getValue(int column, int row) {
                double value = initialValue;

                for (ScalarField field : copy) {
                    value = combiner.applyAsDouble(value, field.getValue(column, row));
                }
                return finisher.applyAsDouble(value);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                int index = 0;
                double[] input = new double[endColumn - startColumn];
                double[] output = new double[endColumn - startColumn];

                for (int row = startRow; row < endRow; row++) {
                    // Initialize output row
                    Arrays.fill(output, initialValue);

                    // Read and process values from each field
                    for (ScalarField field : copy) {
                        field.fillValues(startColumn, endColumn, row, row + 1, input);

                        // Combine with output
                        for (int i = 0; i < output.length; i++) {
                            output[i] = combiner.applyAsDouble(output[i], input[i]);
                        }
                    }
                    // Now write out the output
                    for (double anOutput : output) {
                        outputValues[index++] = finisher.applyAsDouble(anOutput);
                    }
                }
            }
        };
    }

    /**
     * A proxy for scalar fields.
     */
    public static abstract class ScalarProxy extends Proxy implements ScalarField {
        /**
         * Construct a new scalar field proxy.
         * @param field the discrete field to proxy.
         */
        public ScalarProxy(DiscreteField field) {
            super(field);
        }

        @Override
        public double getValue(int column, int row) {
            double[] output = new double[1];
            fillValues(column, column + 1, row, row + 1, output);
            return output[0];
        }
    }
}
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blob 7378�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.Maps;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.Arrays;
import java.util.Map;
import java.util.Objects;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.IntStream;
import java.util.stream.Stream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }

        // The input to visualize
        Map<ScalarField, Integer> indexLookup = Maps.newConcurrentMap();
        Supplier<Stream<ScalarField>> fields = a.getModelFile() != null ?
                getFields(a.getModelFile(), indexLookup, a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile(), indexLookup);

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), fields);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.isLogarithm() ? Math::log10 : DoubleUnaryOperator.identity();

        // Process images in parallel
        fields.get().parallel().forEach(field -> {
            try {
                Integer index = indexLookup.get(field);
                double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;

                if (maxColumns != null) {
                    Arrays.fill(maxColumns, -Double.MAX_VALUE);
                }

                BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                    createImage(field, range, column -> {
                        if (maxColumns != null) {
                            // Compute maximum value in each row
                            for (int i = 0; i < maxColumns.length; i++) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    });

                // Draw line graph
                if (maxColumns != null) {
                    double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
                    double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());

                    new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                            a.getMaximumGraphZ().getStart(), a.getMaximumGraphZ().getEnd());
                }
                File destination = new File(String.format(a.getOutputPattern(), index));

                // Ensure parent directory is created
                Files.createDirectories(destination.toPath().toAbsolutePath().getParent());

                // About 6x faster than ImageIO
                try (OutputStream stream = new FileOutputStream(destination)) {
                    (new PngEncoder()).encode(image, stream);
                    System.out.println("Written " + destination);
                }
            } catch (IOException e) {
                throw new RuntimeException("Cannot write frame.", e);
            }
        });
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, Supplier<Stream<ScalarField>> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            return fields.get().parallel().
                    map(ScalarField::getRange).reduce(Range::span).get();
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<ScalarField>> getFields(Path dataFile, Map<ScalarField, Integer> indexLookup) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        return () -> {
            ScalarField field = measure("Reading data file " + dataFile,
                    () -> CvsFieldParser.system().parse(dataFile));

            indexLookup.put(field, 0);
            return Stream.of(field);
        };
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param modelFile the model file.
     * @param visualization the visualization method. Only relevant for model file.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<ScalarField>> getFields(Path modelFile, Map<ScalarField, Integer> indexLookup, PlotArguments.Visualization visualization, SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(modelFile, "modelFile cannot be NULL");

        MagneticModel model = ModelDeserializer.system().deserialize(modelFile);
        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();

        return () -> IntStream.range(0, t.getSegments()).mapToObj(index -> {
            // Lazy computation
            ScalarField field = visualization.filter(model.getVectorField(t.getSegment(index), xPoints, yPoints));
            indexLookup.put(field, index);
            return field;
        });
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}











PlotCSV/.git/objects/2d/cac628e5537b88474b3e72d037b21c07ac0a07

PlotCSV/.git/objects/2d/cac628e5537b88474b3e72d037b21c07ac0a07


commit 306�tree a162205600510a1edecc817e9ea2db0f3de75f2a
parent 37a2baefd9019217c4a29dcc56a7a8f65f04416b
author Kristian S. Stangeland <kr_stang@hotmail.com> 1422380532 +0100
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1422380532 +0100

Turn PlotCSV into a more formal console program, with actual flags.
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blob 2411�package com.comphenix.magnets.fields;

/**
 * Represents the magnetic field from a simple straight wire.
 */
public class WireMagneticSource implements SimulatedField.MagneticSource {
    /**
     * The permeability of free space (vacuum).
     */
    public static final double FREE_SPACE = 4.0 * Math.PI * 10E-7; // T*m/A

    private final double centerX;
    private final double centerY;
    private final double current;
    private final double permeability;

    // Precomputed numerator
    private final double numerator;

    /**
     * Construct a new magnetic field source centered on a wire.
     * @param centerX X coordinate of the wire center in meters.
     * @param centerY Y coordinate of the wire center in meters.
     * @param current current flowing through the wire in amperes.
     */
    public WireMagneticSource(double centerX, double centerY, double current) {
        this(centerX, centerY, current, FREE_SPACE);
    }

    /**
     * Construct a new magnetic field source centered on a wire.
     * @param centerX X coordinate of the wire center in meters.
     * @param centerY Y coordinate of the wire center in meters.
     * @param current current flowing through the wire in amperes.
     * @param permeability the permeability of the surrounding space in T m/A.
     */
    public WireMagneticSource(double centerX, double centerY, double current, double permeability) {
        this.centerX = centerX;
        this.centerY = centerY;
        this.current = current;
        this.permeability = permeability;

        // Precomputed constant factor
        this.numerator = (permeability * current) / (2 * Math.PI);
    }

    @Override
    public double getStrength(double x, double y) {
        double dX = x - centerX;
        double dY = y - centerY;
        return numerator / Math.sqrt(dX * dX + dY * dY);
    }

    /**
     * The X coordinate of the wire center in meters.
     */
    public double getCenterX() {
        return centerX;
    }

    /**
     * The Y coordinate of the wire center in meters.
     */
    public double getCenterY() {
        return centerY;
    }

    /**
     * The current flowing through the wire in amperes.
     */
    public double getCurrent() {
        return current;
    }

    /**
     * The permeability of the surrounding space in T m/A.
     */
    public double getPermeability() {
        return permeability;
    }
}











PlotCSV/.git/objects/2e/6f8b90becf4ebe93dc24de5929f0df78029d9a

PlotCSV/.git/objects/2e/6f8b90becf4ebe93dc24de5929f0df78029d9a


blob 2410�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.fields.ContinuousField;
import com.google.common.base.Throwables;
import org.apache.commons.beanutils.BeanUtils;
import org.apache.commons.math3.optim.*;
import org.apache.commons.math3.optim.nonlinear.scalar.GoalType;
import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;
import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.CMAESOptimizer;
import org.apache.commons.math3.random.JDKRandomGenerator;

import java.lang.reflect.InvocationTargetException;
import java.util.Map;

/**
 * Created by Kristian on 08.04.2015.
 */
public class CmaesSolver implements Solver {
    private int iterations = 2000;
    private int populationSize = 4000;
    private double threshold = 0.000000000001;

    @Override
    public PointValuePair findMinimum(ContinuousField field, double[] target, double[] guessPoint, BoundingBox boundingBox) {
        CMAESOptimizer optimizer = new CMAESOptimizer(iterations, 0, true, 0, 0, new JDKRandomGenerator(), false, new SimpleValueChecker(-1, 0.000000000001));

        // Real solution
        return optimizer.optimize(
                new SimpleBounds(boundingBox.getLowerBound().toArray(), boundingBox.getUpperBound().toArray()),
                new InitialGuess(guessPoint),
                new CMAESOptimizer.Sigma(boundingBox.getExtent().toArray()),
                new CMAESOptimizer.PopulationSize(populationSize), GoalType.MINIMIZE,
                new MaxIter(2000000),
                new MaxEval(10000000),
                new ObjectiveFunction(ContinuousField.withSquareDistance(field, target)));
    }

    public int getIterations() {
        return iterations;
    }

    public void setIterations(int iterations) {
        this.iterations = iterations;
    }

    public int getPopulationSize() {
        return populationSize;
    }

    public void setPopulationSize(int populationSize) {
        this.populationSize = populationSize;
    }

    public double getThreshold() {
        return threshold;
    }

    public void setThreshold(double threshold) {
        this.threshold = threshold;
    }

    @Override
    public String toString() {
        return "CmaesSolver{" +
                "iterations=" + iterations +
                ", populationSize=" + populationSize +
                ", threshold=" + threshold +
                '}';
    }
}
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blob 2763�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.fields.DiscreteField;
import com.comphenix.magnets.fields.VectorSimulatedField;
import com.comphenix.magnets.fields.WireContinuousField;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.collect.Lists;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.RealVector;

import javax.xml.bind.annotation.*;
import java.util.Collections;
import java.util.List;
import java.util.Map;
import java.util.stream.Collectors;

/**
 * Represents a model of sources for magnetic fields.
 * Created by Kristian on 27.01.2015.
 */
@XmlAccessorType(XmlAccessType.FIELD)
@XmlRootElement(name = "model")
public class MagneticModel {
    @XmlElementWrapper(name = "conductors")
    @XmlElement(name = "conductor", type = Conductor.class)
    private List<Conductor> conductors;

    /**
     * Construct a new empty magnetic model.
     */
    public MagneticModel() {
        this.conductors = Lists.newArrayList();
    }

    /**
     * Construct a new magnetic model with the given list of conductors in the XY plane.
     * @param conductors the conductor list which will be copied.
     */
    public MagneticModel(List<Conductor> conductors) {
        this.conductors = Lists.newArrayList(conductors);
    }

    /**
     * Retrieve a mutable view of all the conductors in this model.
     * @return The conductors in the model.
     */
    public List<Conductor> conductors() {
        return conductors;
    }

    /**
     * Retrieve the vector value of the complete magnetic field at a given location and time.
     * @param x the x coordinate.
     * @param y the y coordinate.
     * @param t the time.
     * @return The corresponding vector.
     */
    public Vector2D getVector(double x, double y, double t) {
        return ContinuousField.sum(getContinuousFields(t).values()).getVector(x, y);
    }

    /**
     * Retrieve the continuous magnetic fields due to the conductors in this model, experienced at the given time.
     * @return The continuous magnetic fields.
     */
    public Map<Conductor, WireContinuousField> getContinuousFields(double time) {
        return conductors.stream().collect(Collectors.toMap(c -> c, c -> c.getMagneticField(time)));
    }

    /**
     * Retrieve the vector field at a given time.
     * @param time the time.
     * @return The corresponding vector field.
     */
    public VectorSimulatedField getVectorField(double time, double[] x, double[] y) {
        return new VectorSimulatedField(
                conductors.stream().map(c -> c.getMagneticField(time)).collect(Collectors.toList()),
                x, y);
    }
}
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blob 119�package com.comphenix.magnets.model;

/**
 * Created by Kristian on 27.01.2015.
 */
public class ModelDeserializer {
}
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commit 263�tree 4e3e636edbe8893cd77772fc026aa239e627f2bf
parent 4cae24cbe9cc50155f96ab875e05fb5a5d16972e
author Kristian S. Stangeland <kr_stang@hotmail.com> 1424124614 +0100
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1424124614 +0100

Use brute force instead.
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blob 4814�<?xml version="1.0" encoding="UTF-8"?>
<project xmlns="http://maven.apache.org/POM/4.0.0"
         xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
         xsi:schemaLocation="http://maven.apache.org/POM/4.0.0 http://maven.apache.org/xsd/maven-4.0.0.xsd">
    <modelVersion>4.0.0</modelVersion>

    <groupId>com.comphenix.plot</groupId>
    <artifactId>PlotCSV</artifactId>
    <version>1.0-SNAPSHOT</version>

    <repositories>
        <repository>
            <id>comphenix-repo</id>
            <url>http://repo.comphenix.net/content/groups/public/</url>
        </repository>
    </repositories>

    <build>
        <plugins>
            <plugin>
                <groupId>org.apache.maven.plugins</groupId>
                <artifactId>maven-compiler-plugin</artifactId>
                <version>3.2</version>
                <configuration>
                    <source>1.8</source>
                    <target>1.8</target>
                </configuration>
            </plugin>

            <plugin>
                <groupId>org.apache.maven.plugins</groupId>
                <artifactId>maven-jar-plugin</artifactId>
                <configuration>
                    <archive>
                        <manifest>
                            <mainClass>com.comphenix.magnets.PlotApplication</mainClass>
                        </manifest>
                    </archive>
                </configuration>
            </plugin>

            <plugin>
                <groupId>org.apache.maven.plugins</groupId>
                <artifactId>maven-shade-plugin</artifactId>
                <version>2.3</version>
                <executions>
                    <execution>
                        <phase>package</phase>
                        <goals>
                            <goal>shade</goal>
                        </goals>
                        <configuration>
                            <shadedArtifactAttached>false</shadedArtifactAttached>
                            <createDependencyReducedPom>false</createDependencyReducedPom>
                        </configuration>
                    </execution>
                </executions>
            </plugin>

            <plugin>
                <groupId>com.github.wvengen</groupId>
                <artifactId>proguard-maven-plugin</artifactId>
                <executions>
                    <execution>
                        <phase>package</phase>
                        <goals><goal>proguard</goal></goals>
                    </execution>
                </executions>
                <configuration>
                    <options>
                        <option>-dontwarn</option>
                        <option>-allowaccessmodification</option>
                        <option>-keepattributes *Annotation*</option>
                        <option>-keepattributes Signature</option>
                        <option>-keepattributes InnerClasses,EnclosingMethod</option>
                        <option>-keep public class com.comphenix.** { *; }</option>
                        <option>-keep public class org.apache.commons.logging.** { *; }</option>
                        <option>-dontwarn com.google.**</option>
                        <option>-dontwarn org.apache.**</option>
                        <option>-dontwarn javax.servlet.**</option>
                    </options>

                    <libs>
                        <lib>${java.home}/lib/rt.jar</lib>
                    </libs>
                </configuration>
            </plugin>
        </plugins>
    </build>

    <dependencies>
        <!-- Can also be acquired on http://www.objectplanet.com/pngencoder/ -->
        <dependency>
            <groupId>com.objectplanet.image</groupId>
            <artifactId>PngEncoder</artifactId>
            <version>2.0.2</version>
        </dependency>

        <dependency>
            <groupId>com.univocity</groupId>
            <artifactId>univocity-parsers</artifactId>
            <version>1.3.1</version>
            <type>jar</type>
        </dependency>
        <dependency>
            <groupId>com.google.guava</groupId>
            <artifactId>guava</artifactId>
            <version>18.0</version>
        </dependency>
        <dependency>
            <groupId>commons-beanutils</groupId>
            <artifactId>commons-beanutils</artifactId>
            <version>1.9.2</version>
        </dependency>
        <dependency>
            <groupId>org.apache.commons</groupId>
            <artifactId>commons-math3</artifactId>
            <version>3.4.1</version>
        </dependency>
        <dependency>
            <groupId>junit</groupId>
            <artifactId>junit</artifactId>
            <version>4.11</version>
            <scope>test</scope>
        </dependency>
    </dependencies>
</project>
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blob 1354�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.fields.ContinuousField;
import org.apache.commons.math3.optim.*;
import org.apache.commons.math3.optim.nonlinear.scalar.GoalType;
import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;
import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.CMAESOptimizer;
import org.apache.commons.math3.random.JDKRandomGenerator;

/**
 * Created by Kristian on 08.04.2015.
 */
public class CmaesSolver implements Solver {
    @Override
    public PointValuePair findMinimum(ContinuousField field, double[] target, double[] guessPoint, BoundingBox boundingBox) {
        CMAESOptimizer optimizer = new CMAESOptimizer(1000, 0, true, 0, 0, new JDKRandomGenerator(), false, new SimpleValueChecker(-1, 0.000000000001));

        // Real solution
        return optimizer.optimize(
                new SimpleBounds(boundingBox.getLowerBound().toArray(), boundingBox.getUpperBound().toArray()),
                new InitialGuess(guessPoint),
                new CMAESOptimizer.Sigma(boundingBox.getExtent().toArray()),
                new CMAESOptimizer.PopulationSize(2000), GoalType.MINIMIZE,
                new MaxIter(2000000),
                new MaxEval(10000000),
                new ObjectiveFunction(ContinuousField.withSquareDistance(field, target)));
    }
}
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blob 32844�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.GraphAxis;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.solver.continuous.*;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Splitter;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Maps;
import com.google.common.collect.Range;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.transform.DftNormalization;
import org.apache.commons.math3.transform.FastFourierTransformer;
import org.apache.commons.math3.transform.TransformType;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.awt.Color;
import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.*;
import java.util.function.*;
import java.util.stream.Collectors;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        },
        TEMPERATURE() {
            @Override
            public Gradient toGradient() {
                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);
            }
        },
        HSV() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = 1; // (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float)factor, intensity, intensity);
                };
            }
        },
        HSV2() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (2 * factor), intensity, intensity);
                };
            }
        },
        HSV10() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (10 * factor), intensity, intensity);
                };
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        NORMALIZED_MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                List<Range<Double>> ranges = field.getComponentRanges();

                return field.map((vectorArray, vectorOffset, vectorLength, column, row) -> {
                    double squaredMagnitude = 0;

                    for (int i = 0; i < vectorLength; i++) {
                        Range<Double> range = ranges.get(i);
                        double normalized = (vectorArray[vectorOffset + i] - range.lowerEndpoint()) /
                                (range.upperEndpoint() - range.lowerEndpoint());

                        squaredMagnitude += normalized * normalized;
                    }
                    return Math.sqrt(squaredMagnitude);
                });
            }
        },
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return getScalar(field.angles());
            }
        },
        X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.x();
            }
        },
        Y {
            @Override
            public ScalarField filter(VectorField field) {
                return field.y();
            }
        },
        Y_MINUS_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b - a);
            }
        },
        Y_DIV_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b / a);
            }
        },
        ANGLE_DIFFERENCE {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map(DroneVectorField::angleDiff);
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Attempt to get a scalar view of the given field.
         * @param field the field.
         * @return The resulting scalar field.
         */
        private static ScalarField getScalar(DiscreteField field) {
            return field instanceof VectorField ? ((VectorField) field).magnitudes() : (ScalarField) field;
        }

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "nm":
                case "normalizedmagnitude":
                    return NORMALIZED_MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
                case "x":
                    return X;
                case "y":
                    return Y;
                case "ysubx":
                case "y-x":
                    return Y_MINUS_X;
                case "ydivx":
                    return Y_DIV_X;
                case "anglediff":
                    return ANGLE_DIFFERENCE;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    /**
     * Represents visualization of aggregate values.
     */
    public enum Aggregate {
        /**
         * Compute the average value in all the frames.
         */
        AVERAGE {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar = ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        0,
                        (a, b) -> a + b,
                        a -> a / frames.size()
                );

                // Maybe create a vector average as well?
                return new PlotFrame(scalar, null);
            }
        },
        /**
         * Compute the maximum value in all the frames.
         */
        MAX {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar =  ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        -Double.MAX_VALUE,
                        Math::max,
                        DoubleUnaryOperator.identity());

                // Maybe create a vector maximum as well?
                return new PlotFrame(scalar, null);
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_DIRECT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            // First vector will contain the result
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(components, i, vectorLength);
                            }
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            /**
             * Retrieve the angle of the peak value in the given array of values.
             * @param values the values.
             * @param offset the starting position.
             * @param stepSize the step size.
             * @return The peak angle.
             */
            private double getPeakAngle(double[] values, int offset, int stepSize) {
                double bestValue = values[offset];
                int bestIndex = offset;
                int count = 1;

                for (int i = offset + stepSize; i < values.length; i += stepSize) {
                    if (values[i] > bestValue) {
                        bestValue = values[i];
                        bestIndex = i;
                    }
                    count++;
                }
                return (bestIndex / (double)count) * Math.PI * 2;
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAngle(double[] re) {
                double[] im = new double[re.length];
                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);

                return MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
            }
        },

        /**
         * Compute the amplitude of the sine at the maximum X and Y values, respectively.
         */
        AMPLITUDE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAmplitude(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAmplitude(double[] re) {
                double[] im = new double[re.length];

                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);
                return 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
            }
        },

        /**
         * Compute the actual drone measurements.
         */
        DRONE_SENSOR {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                // A field of sinusoids
                VectorField sinusoids = VectorField.aggregateExternal(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        frames.get(0).getVectorField().getComponents() * 2,
                        (components, vectorLength, source, sourcePos, column, row) -> {

                            for (int i = 0; i < vectorLength; i++) {
                                double[] re = VectorField.extractComponent(components, i, vectorLength);
                                double[] im = new double[re.length];

                                FastFourierTransformer.transformInPlace(
                                        new double[][]{re, im}, DftNormalization.STANDARD, TransformType.FORWARD);

                                // Compute both the angle and the amplitude
                                source[sourcePos++] = 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
                                source[sourcePos++] = MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
                            }
                            ;
                            return sourcePos;
                        }
                );

                // TODO: FIX THIS LATER
                throw new UnsupportedOperationException("Unsupported");
            }
        };

        /**
         * Aggregate the given frames into a final scalar field.
         *
         * @param frames the frames to aggregate.
         * @param visualization optional visualization to apply, if necessary.
         * @param x the x coordinate of each column in the final scalar field.
         * @param y the y coordinate of each row in the final scalar field.
         * @return The final frame.
         */
        public abstract PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y);

         /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Aggregate parse(String text) {
            switch (text.toLowerCase()) {
                case "a":
                case "average":
                    return AVERAGE;
                case "m":
                case "max":
                    return MAX;
                case "xyd":
                case "xy_phase_difference_direct":
                    return MAX_XY_PHASE_DIFFERENCE_DIRECT;
                case "xyf":
                case "xy_phase_difference_fft":
                    return MAX_XY_PHASE_DIFFERENCE_FFT;
                case "ampf":
                case "amplitude_fft":
                    return AMPLITUDE_FFT;
                case "drone":
                case "drone_sensor":
                    return DRONE_SENSOR;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an aggregate.");
        }

    }

    /**
     * The data in the model to display.
     */
    public enum ModelSource {
        /**
         * The magnetic field.
         */
        MAGNETIC_FIELD,

        /**
         * The amplitude and phase of the sinusoid representing the x and y component of the magnetic field.
         */
        SINUSOID_FIELD,

        /**
         * A drone with only one sensor.
         */
        DRONE_1,

        /**
         * A drone with two sensors.
         */
        DRONE_2,

        /**
         * Three sensors.
         */
        DRONE_3,

        /**
         * Four, in a square.
         */
        DRONE_4,

        /**
         * Five points around a drone.
         */
        DRONE_5,

        /**
         * Sensors in a vertical line.
         */
        DRONE_VERTICAL,


        /**
         * Two vertical rows of sensors.
         */
        DRONE_VERTICAL2,

        /**
         * Two vertical rows of six sensors.
         */
        DRONE_VERTICAL26,

        /**
         * Sensors in a horizontal line.
         */
        DRONE_HORIZONTAL,

        DRONE_VERTICAL6,

        DRONE_TEST;

        /**
         * Determine if this is a drone field.
         * @return TRUE if it is, FALSE otherwise.
         */
        public boolean isDroneField() {
            return !(this == MAGNETIC_FIELD || this == SINUSOID_FIELD);
        }

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding model source..
         */
        public static ModelSource parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnetic_field":
                    return MAGNETIC_FIELD;
                case "s":
                case "sinusoid_field":
                    return SINUSOID_FIELD;
                case "d1":
                case "drone_1":
                    return DRONE_1;
                case "d2":
                case "drone_2":
                    return DRONE_2;
                case "d3":
                case "drone_3":
                    return DRONE_3;
                case "d4":
                case "drone_4":
                    return DRONE_4;
                case "d5":
                case "drone_5":
                    return DRONE_5;
                case "dv":
                case "drone_vertical":
                    return DRONE_VERTICAL;
                case "dv2":
                case "drone_vertical2":
                    return DRONE_VERTICAL2;
                case "dh":
                case "drone_horizontal":
                    return DRONE_HORIZONTAL;
                case "dv26":
                case "drone_vertical26":
                    return DRONE_VERTICAL26;
                case "dv6":
                case "drone_vertical6":
                    return DRONE_VERTICAL6;
                case "dtest":
                case "drone_test":
                    return DRONE_TEST;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an model source.");
        }
    }

    public enum SolverName {
        BOBYGA(BobygaSolver::new),
        CMAES(CmaesSolver::new);

        private final Supplier<Solver> supplier;

        SolverName(Supplier<Solver> supplier) {
            this.supplier = supplier;
        }

        /**
         * Retrieve the correct solver.
         * @return The correct solver.
         */
        public Solver toSolver() {
            return supplier.get();
        }

        public static SolverName parse(String text) {
            return valueOf(text.toUpperCase());
        }
    }

    /**
     * The different output formats.
     */
    public enum OutputFormat {
        PNG,
        CSV;

        /**
         * Retrieve the extension associated with this output format.
         * @return The extension.
         */
        public String getExtension() {
            switch (this) {
                case PNG: return "png";
                case CSV: return "csv";
                default: throw new IllegalStateException("Unknown extension for " + this);
            }
        }

        public static OutputFormat parse(String text) {
            return valueOf(text.toUpperCase());
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private Path secondModelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;
    private ModelSource modelSource = ModelSource.MAGNETIC_FIELD;
    private int interpolateCount = 1;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Function that is applied to every value
    private DoubleUnaryOperator valueOperator;

    // Test location of the drone
    private RealVector droneLocation;
    private double droneSearchRadius = Double.MAX_VALUE;
    private int dronePDFSamples;
    private boolean drawDroneErrorMap;
    private int droneRepeatCount = 0;
    private boolean droneSimulation;
    private boolean computeDronePdfBalance;
    private boolean droneUnbalancedCurrent;

    // The solver to use
    private SolverName solverName = SolverName.CMAES;
    private Map<String, String> solverProperties = Maps.newHashMap();

    // Whether or not to display the help context
    private boolean displayHelp;

    // Whether or not to draw each frame
    private boolean drawFrames = true;

    // The aggregates
    private List<Aggregate> aggregates = Lists.newArrayList();

    // Image format
    private OutputFormat outputFormat = OutputFormat.PNG;

    // To draw axes
    private GraphAxis XAxis;
    private GraphAxis YAxis;
    private GraphAxis ZAxis;

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                String argumentName = arg.substring(1).toLowerCase();

                switch (argumentName) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "m2":
                    case "model2":
                        secondModelFile = Paths.get(args[++i]);
                        break;
                    case "i":
                    case "interpolate":
                        interpolateCount = Integer.parseInt(args[++i]);
                        break;
                    case "ms":
                    case "modelsource":
                        modelSource = ModelSource.parse(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        applyValueOperator(Math::log10);
                        break;
                    case "a":
                    case "abslog":
                        applyValueOperator(x -> Math.signum(x) * Math.log(Math.abs(x * 1000) + 1));
                        break;
                    case "d:":
                    case "drone":
                        droneLocation = new ArrayRealVector(new double[] { Double.parseDouble(args[++i]), Double.parseDouble(args[++i]) });
                        break;
                    case "dp":
                    case "drone_pdf":
                        dronePDFSamples = Integer.parseInt(args[++i].trim());
                        break;
                    case "dr":
                    case "drone_radius":
                        droneSearchRadius = Double.parseDouble(args[++i].trim());
                        break;
                    case "dm":
                    case "drone_map":
                        drawDroneErrorMap = true;
                        break;
                    case "dc":
                    case "drone_repeat":
                        droneRepeatCount = Integer.parseInt(args[++i].trim());
                        break;
                    case "ds":
                    case "drone_simulation":
                        droneSimulation = true;
                        break;
                    case "dpb":
                    case "drone_pdf_balance":
                        computeDronePdfBalance = true;
                        break;
                    case "duc":
                    case "drone_unbalanced_current":
                        droneUnbalancedCurrent = true;
                        break;
                    case "solver":
                        solverName = SolverName.parse(args[++i]);
                        break;
                    case "f":
                    case "frames":
                        drawFrames = Boolean.parseBoolean(args[++i]);
                        break;
                    case "ag":
                    case "aggregate":
                        // Parse aggregate list
                        aggregates = Splitter.on(",").splitToList(args[++i]).stream().
                                map(Aggregate::parse).
                                collect(Collectors.toList());
                        break;
                    case "of":
                    case "output_format":
                        this.outputFormat = OutputFormat.parse(args[++i]);
                        break;
                    case "ax":
                        XAxis = readAxis(args[++i]);
                        break;
                    case "ay":
                        YAxis = readAxis(args[++i]);
                        break;
                    case "az":
                        ZAxis = readAxis(args[++i]);
                        break;
                    default:
                        // Special cases
                        if (argumentName.startsWith("solver.")) {
                            // Preserve case-sensitivity
                            solverProperties.put(Splitter.on(".").limit(2).splitToList(arg).get(1), args[++i]);
                        } else {
                            throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                        }
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times (existing pattern: " + outputPattern + ")");
                }
                outputPattern = arg;
            }
        }
    }

    /**
     * Read a graph axis based on the following format:
     *    NAME:TICK_COUNT:SIZE
     * @param axis the axis.
     * @return The graph axis.
     */
    protected GraphAxis readAxis(String axis) {
        List<String> elements = Splitter.on(':').limit(3).splitToList(axis);
        int size = elements.size() >= 3 ? Integer.parseInt(elements.get(2)) : 64;
        int tickCount = elements.size() >= 2 ? Integer.parseInt(elements.get(1)) : 20;
        return new GraphAxis(size, tickCount, elements.get(0));
    }

    protected void applyValueOperator(DoubleUnaryOperator operator) {
        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;
    }

    public RealVector getDroneLocation() {
        return droneLocation;
    }

    /**
     * Retrieve the number of samples of the drone error distance to compute its PDF.
     * @return The drone PDF sample count. 0 or negative to not compute the PDF.
     */
    public int getDronePDFSamples() {
        return dronePDFSamples;
    }

    public boolean isComputeDronePDF() {
        return dronePDFSamples > 0;
    }

    public boolean isDrawDroneErrorMap() {
        return drawDroneErrorMap;
    }

    public boolean isDroneSimulation() {
        return droneSimulation;
    }

    public boolean isComputeDronePdfBalance(){
        return computeDronePdfBalance;
    }

    public boolean isDroneUnbalancedCurrent() {
        return droneUnbalancedCurrent;
    }

    /**
     * Retrieve the image output format.
     * @return The output format.
     */
    public OutputFormat getOutputFormat() {
        return outputFormat;
    }

    /**
     * Retrieve the maximum radius around the real point to search.
     * </p>
     * Note that the x and y ranges have higher priority.
     * @return The drone search radius.
     */
    public double getDroneSearchRadius() {
        return droneSearchRadius;
    }

    /**
     * Retrieve the number of times we will repeat the CMAES algorihm to get the most accurate result.
     * @return The repeat count.
     */
    public int getDroneRepeatCount() {
        return droneRepeatCount;
    }

    public SolverName getSolverName() {
        return solverName;
    }

    /**
     * Additional solver properties.
     * @return Solver properties.
     */
    public Map<String, String> getSolverProperties() {
        return solverProperties;
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ModelSource getModelSource() {
        return modelSource;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public DoubleUnaryOperator getValueOperator() {
        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();
    }

    public GraphAxis getXAxis() {
        return XAxis;
    }

    public GraphAxis getYAxis() {
        return YAxis;
    }

    public GraphAxis getZAxis() {
        return ZAxis;
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }

    public boolean isDrawFrames() {
        return drawFrames;
    }

    public List<Aggregate> getAggregates() {
        return aggregates;
    }

    public Path getSecondModelFile() {
        return secondModelFile;
    }

    public int getInterpolateCount() {
        return interpolateCount;
    }
}
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blob 2301�package com.comphenix.magnets.graphics;

import java.awt.*;
import java.awt.geom.Line2D;
import java.awt.image.BufferedImage;
import java.util.DoubleSummaryStatistics;
import java.util.stream.DoubleStream;

/**
 * Represents a simple graph for drawing a line.
 * Created by Kristian on 27.01.2015.
 */
public class LineGraph {
    private Color penColor = Color.RED;

    /**
     * Draw the given graph of values on the given image.
     * @param destination the destination image.
     * @param values the values to draw.
     * @param xmin the minimum x value.
     * @param xmax the maximum x value.
     * @param ymin the minimum y value.
     * @param ymax the maximum y value.
     * @param zmin the minimum z value.
     * @param zmax the maximum z value.
     */
    public void draw(BufferedImage destination, int offsetX, int offsetY, double[] values, double xmin, double xmax, double ymin, double ymax, double zmin, double zmax) {
        double xStep = (xmax - xmin) / values.length;
        double yStep = (ymax - ymin) / (zmax - zmin);

        // Current position
        Graphics g = destination.createGraphics();
        g.setColor(penColor);
        g.translate(offsetX, offsetY);

        try {
            int lastX = 0;
            int lastY = 0;

            // Draw the graph
            for (int i = 0; i < values.length; i++) {
                int x = (int) (xmin + i * xStep);
                int y = (int) (ymin + yStep * (values[i] - zmin));

                y = clamp(y, (int)ymin, (int)ymax);

                if (i != 0) {
                    g.drawLine(lastX, lastY, x, y);
                }
                lastX = x;
                lastY = y;
            }
        } finally {
            g.dispose();
        }
    }

    private int clamp(int value, int a, int b) {
        if (a > b) {
            return clamp(value, b, a);
        }
        return value < a ? a : (value > b ? b : value);
    }

    /**
     * Retrieve the color used to draw line graphs.
     * @return The color.
     */
    public Color getPenColor() {
        return penColor;
    }

    /**
     * Set the color used to draw line graphs.
     * @param penColor the color to draw line graphs.
     */
    public void setPenColor(Color penColor) {
        this.penColor = penColor;
    }
}
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blob 17197�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.model.HarmonicSumField;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.solver.continuous.BoundingBox;
import com.comphenix.magnets.solver.continuous.Solver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.optim.*;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.time.Duration;
import java.util.*;
import java.util.concurrent.TimeUnit;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.IntStream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getModelSource(), a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // CMES
        if (a.getModelFile() != null && a.getModelSource() == PlotArguments.ModelSource.DRONE_2) {
            Solver solver = a.getSolverName().toSolver();
            BoundingBox box = new BoundingBox(a.getX(), a.getY());

            if (a.getDroneLocation() != null) {
                testCMES(solver, model, a.getX(), a.getY(), a.getDroneLocation());
            }
            if (a.isComputeDronePDF()) {
                computePDF(solver, model, box, a.getDroneSearchRadius(), a.getDronePDFSamples());
            }
        }

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                Range<Double> errorRange = errorField.getRange();

                System.out.println("Writing error map with value range: " + errorRange);
                writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    private static void testCMES(Solver solver, MagneticModel model, SegmentRange x, SegmentRange y, RealVector droneLocation) {
        ContinuousField sinusoids = DroneVectorField.twoSensors(new HarmonicSumField(model.conductors(), 0));

        // The target position
        Random rnd = new Random();
        double[] target = sinusoids.getVector(droneLocation.getEntry(0), droneLocation.getEntry(1)).toArray();

        // Real solution
        System.out.println("Attempting to find " + new ArrayRealVector(target) + " (point " + droneLocation + " ) in field ...");
        PointValuePair solution = solver.findMinimum(sinusoids, target, new BoundingBox(x, y));
        RealVector solutionPoint = new ArrayRealVector(solution.getPoint());

        System.out.println("Possible solution: " + solutionPoint + ", distance: " + droneLocation.getDistance(solutionPoint));
        System.out.println("Value of possible: " + sinusoids.getVector(solution.getPoint()[0], solution.getPoint()[1]));
    }

    private static void computePDF(Solver solver, MagneticModel model, BoundingBox box, double droneSearchRadius, int dronePDFSamples) {
        ContinuousField sinusoids = DroneVectorField.twoSensors(new HarmonicSumField(model.conductors(), 0));

        // Samples of the distances
        //BoundingBox box = new BoundingBox(x, y);
        Random rnd = new Random();

        DoubleSummaryStatistics stats = IntStream.range(0, dronePDFSamples).mapToDouble(i -> {
            double[] randomPoint = box.randomPoint(rnd).toArray();
            double[] randomTarget = sinusoids.getVector(randomPoint[0], randomPoint[1]).toArray();
            double[] guessPoint = null;
            BoundingBox searchBox = box;

            // See if the drone radius is overriding the search box
            if (droneSearchRadius < box.getMaximumExtent()) {
                searchBox = BoundingBox.fromHyperCube(randomPoint, droneSearchRadius).intersect(box);
                guessPoint = searchBox.randomPoint(rnd).toArray();
            } else {
                guessPoint = box.getCenter().toArray();
            }

            Stopwatch watch = Stopwatch.createStarted();
            PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox);
            watch.stop();

            // Store the distance between the solution and the random point
            double sample = new ArrayRealVector(randomPoint, false).getDistance(
                    new ArrayRealVector(bestSolution.getPoint(), false));

            System.out.println("Point " + new ArrayRealVector(randomPoint, false) + " distance: " + sample);
            return watch.elapsed(TimeUnit.NANOSECONDS) / 1.0E6;

        }).parallel().summaryStatistics();

        System.out.println("Average elapsed: " + stats.getAverage() + " ms (std: " + Math.sqrt(stats.getAverage()) + " ms)");
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;
        Stopwatch watch = Stopwatch.createStarted();

        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                createImage(field, valueRange, column -> {
                    if (maxColumns != null) {
                        // Compute maximum value in each row
                        for (int i = 0; i < maxColumns.length; i++) {
                            if (!Double.isNaN(column[i])) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    }
                });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            watch.stop();
            System.out.println("Written " + destination + " (total time: " + watch + ")");
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        RealVector valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        Vector2D solvedPoint = measure("Time finding solution", () -> solver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        //ScalarField error = createErrorMap(vectorField, solver);
        ScalarField distance = new ScalarArrayField(vectorField.map(
            (vectorArray, vectorOffset, vectorLength, column, row) -> {
                return valuePoint.getDistance(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));
            }
        ));
        return distance;
    }

    private static ScalarField createErrorMap(VectorField vectorField, VectorFieldSolver solver) {
        long startTime = System.nanoTime();

        // Draw error distance
        return measure("Computing error map", () -> new ScalarArrayField(vectorField.map(
                (vectorArray, vectorOffset, vectorLength, column, row) -> {
                    Vector2D solution = solver.solve(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));

                    // Return the distance to the correct point
                    if (solution != null) {
                        return solution.distance(new Vector2D(vectorField.getColumn(column), vectorField.getRow(row)));
                    } else {
                        return Math.PI * 2;
                    }
                }), progress -> {
            long elapsed = System.nanoTime() - startTime;
            Duration eta = Duration.ofNanos((long) (elapsed * (1.0 / progress - 1)));

            System.out.printf("Progress: %.3f, eta: %s\n", progress * 100, eta);
        }));
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));

        // Single frame without a vector field
        return ImmutableList.of(new PlotFrame(field, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.ModelSource source, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = getVectorField(model, source, t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Retrieve the vector field from a magnetic model and a model source.
     * @param model the model.
     * @param source the source.
     * @param time the time.
     * @param xPoints the x coordinates.
     * @param yPoints the y coordinates.
     * @return
     */
    private static VectorField getVectorField(MagneticModel model, PlotArguments.ModelSource source, double time, double[] xPoints, double[] yPoints) {
        switch (source) {
            case MAGNETIC_FIELD:
                return model.getVectorField(time, xPoints, yPoints);
            case SINUSOID_FIELD:
                return new HarmonicSumField(model.conductors(), time).toVectorField(xPoints, yPoints);
            case DRONE_2:
                ContinuousField sinusoids = new HarmonicSumField(model.conductors(), time);
                return new DroneVectorField(sinusoids, new double[] {0, 0, 0, (yPoints[1] - yPoints[0]) * 20 }).toVectorField(xPoints, yPoints);
            default:
                throw new IllegalArgumentException("Unknown model source: " + source);
        }
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 1489�Generate a plot or an animation from a list of magnitude data or a electronic
component model.

PlotCSV [-d file] [-m file] [-c colorscheme] [-x start:end:count]
        [y start:end:count] [z start:end] [-t start:end:count]
        [-v m|a] [-l]
 -d[ata]    Path to a CSV-file containing the magnitude data to plot.
 -m[odel]   Path to an XML-file containing the model that will be simulated.
 -s[cheme]  The color scheme used in the output image. Rainbow is default.
 -z         The minimum and maximum z value to display using a color scheme.
             This is computed automatically if left out. The count is ignored
             in this case.
 -l[og]     Apply the natural logarithm to the values before they are
             visualized.
 output     Format of the output file(s), where %d is the current frame index.

The following flags must be specified if the input is a model file:
 -v[alue]   The value that will actually be visualized. Can either be
             m[agnitude] or a[ngle].
 -x         The minimum and maximum x coordinate of each pixel in model space,
             and the final width of the output image. Default is -1:1:640.
 -y         The minimum and maximum y coordinate of each pixel in model space,
             and the final height of the output image. Default is -1:1:480.
 -t         The starting and ending time in milliseconds, along with the number
             of frames to generate. Each frame is incremented by a regular
             time step.
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blob 318�package com.comphenix.magnets.fields;

import java.util.stream.DoubleStream;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface ScalarField {
    double[] getX();

    double[] getY();

    double getValue(int x, int y);

    DoubleStream stream();

    int getWidth();

    int getHeight();
}











PlotCSV/.git/objects/35/10f8cf723171a7d6f25e505989bc02ecefe215

PlotCSV/.git/objects/35/10f8cf723171a7d6f25e505989bc02ecefe215


commit 324�tree b7f8154e4d9211a6a3de3af09d1927027830d706
parent 531d9384d922e2c1a4d06d2b78590d22619c9637
author Kristian S. Stangeland <kr_stang@hotmail.com> 1426600660 +0100
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1426600660 +0100

Attempted to use KD trees for fast lookup. Takes 7 hours to compute the error map ...
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blob 1031�package com.comphenix.magnets.util;

/**
 * Created by Kristian on 14.06.2015.
 */
public class CosineDifferenceTable {
    private final double[] cache;
    private final int angleCount;

    /**
     * Constructor for computing the difference table.
     *
     * @param angles the angles.
     */
    public CosineDifferenceTable(double[] angles) {
        double[] result = new double[angles.length * angles.length];
        for (int i = 0; i < angles.length; i++) {
            for (int j = 0; j < angles.length; j++) {
                result[i * angles.length + j] = Math.cos(angles[i] - angles[j]);
            }
        }
        this.cache = result;
        this.angleCount = angles.length;
    }

    /**
     * Retrieve the cosine of the angle difference between element at i and j.
     *
     * @param i index of first angle.
     * @param j index of the second angle.
     * @return Cosine of the angle difference.
     */
    public double getCosine(int i, int j) {
        return cache[i * angleCount + j];
    }
}
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blob 119�package com.comphenix.magnets.fields;

/**
 * Created by Kristian on 18.02.2015.
 */
public class VectorArrayField {
}
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blob 1465�<?xml version="1.0" encoding="UTF-8"?>
<module org.jetbrains.idea.maven.project.MavenProjectsManager.isMavenModule="true" type="JAVA_MODULE" version="4">
  <component name="NewModuleRootManager" LANGUAGE_LEVEL="JDK_1_8" inherit-compiler-output="false">
    <output url="file://$MODULE_DIR$/target/classes" />
    <output-test url="file://$MODULE_DIR$/target/test-classes" />
    <content url="file://$MODULE_DIR$">
      <sourceFolder url="file://$MODULE_DIR$/src/main/java" isTestSource="false" />
      <sourceFolder url="file://$MODULE_DIR$/src/main/resources" type="java-resource" />
      <sourceFolder url="file://$MODULE_DIR$/src/test/java" isTestSource="true" />
      <excludeFolder url="file://$MODULE_DIR$/target" />
    </content>
    <orderEntry type="inheritedJdk" />
    <orderEntry type="sourceFolder" forTests="false" />
    <orderEntry type="library" name="Maven: com.objectplanet.image:PngEncoder:2.0.2" level="project" />
    <orderEntry type="library" name="Maven: com.univocity:univocity-parsers:1.3.1" level="project" />
    <orderEntry type="library" name="Maven: com.google.guava:guava:18.0" level="project" />
    <orderEntry type="library" name="Maven: org.apache.commons:commons-math3:3.4.1" level="project" />
    <orderEntry type="library" scope="TEST" name="Maven: junit:junit:4.11" level="project" />
    <orderEntry type="library" scope="TEST" name="Maven: org.hamcrest:hamcrest-core:1.3" level="project" />
  </component>
</module>
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blob 6736�package com.comphenix.magnets.fields;

import com.google.common.collect.Iterables;
import com.google.common.collect.Lists;
import org.apache.commons.math3.analysis.MultivariateFunction;
import org.apache.commons.math3.analysis.MultivariateVectorFunction;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.util.MathUtils;

import java.util.ArrayList;
import java.util.Arrays;
import java.util.List;
import java.util.function.BiFunction;
import java.util.function.DoubleBinaryOperator;

/**
 * Represents a continuous field.
 */
public interface ContinuousField {
    /**
     * Convert this continous field to a discrete vector field.
     * @param xCoordinates the x coordinates.
     * @param yCoordinates the y coordinates.
     * @return The vector field.
     */
    public default VectorField toVectorField(double[] xCoordinates, double[] yCoordinates) {
        return new VectorMatrixField(this, xCoordinates, yCoordinates);
    }

    /**
     * Convert the current continuous field to a scalar field based on the square distance to the given value.
     * @param value the value.
     * @return The squared distance field.
     */
    static MultivariateFunction withSquareDistance(ContinuousField field, double[] value) {
        return point -> {
            double[] buffer = new double[field.getComponents()];
            double squareDistance = 0;

            // Read the value of the field at this point
            field.addComponents(point[0], point[1], buffer, 0);

            // Compute the squared distance
            for (int i = 0; i < buffer.length; i++) {
                double delta = buffer[i] - value[i];
                squareDistance += delta * delta;
            }
            return squareDistance;
        };
    }

    /**
     * Retrieve the magnitude of the given cell.
     * @param x the x coordinate of the location in meters.
     * @param y the y coordinate of the location in meters.
     * @return The corresponding magnitude.
     */
    public default double getMagnitude(double x, double y) {
        double[] strength = new double[getComponents()];
        double squareMagnitude = 0;
        addComponents(x, y, strength, 0);

        for (double value : strength) {
            squareMagnitude += value * value;
        }
        return Math.sqrt(squareMagnitude);
    }

    /**
     * Retrieve the polar angles of the given cell.
     * @param x the x coordinate of the location in meters.
     * @param y the y coordinate of the location in meters.
     * @return The corresponding angles, in radians.
     */
    public default RealVector getAngle(double x, double y) {
        double[] strength = new double[getComponents()];
        double[] angles = new double[strength.length - 1];
        addComponents(x, y, strength, 0);

        // Standard inverse
        angles[0] = Math.atan2(strength[1], strength[0]);

        // Additional angles
        if (strength.length > 2) {
            double magnitude = new ArrayRealVector(strength, false).getNorm();

            for (int i = 1; i < angles.length; i++) {
                angles[i] = Math.acos(strength[i + 1] / magnitude);
            }
        }
        return new ArrayRealVector(angles, false);
    }

    /**
     * Retrieve the value of the given cell.
     * @param x the x coordinate of the location in meters.
     * @param y the y coordinate of the location in meters.
     * @return The corresponding value.
     */
    public default RealVector getVector(double x, double y) {
        double[] strength = new double[getComponents()];
        addComponents(x, y, strength, 0);
        return new ArrayRealVector(strength, false);
    }

    /**
     * Retrieve the number of components in each cell vector in this field.
     * @return The number of components.
     */
    public int getComponents();

    /**
     * Add the field strength in the X-axis and the Y-axis to each output array respectively, using the provided element offset.
     * @param x x-coordinate of the current point.
     * @param y y-coordinate of the current point.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     */
    public default void addComponents(double x, double y, double[] destination, int destinationOffset) {
        addComponents(x, y, 0, getComponents(), destination, destinationOffset);
    }

    /**
     * Add the field strength in the X-axis and the Y-axis to each output array respectively, using the provided element offset.
     * <p />
     * Note that the range represented by startComponent and endComponent must be non-zero in length and not exceed the boundaries
     * of the components in the field. Otherwise, the behavior is undefined.
     * @param x x-coordinate of the current point.
     * @param y y-coordinate of the current point.
     * @param startComponent index of the first component, inclusive.
     * @param endComponent index of the last component, exclusive.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     */
    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset);

    /**
     * Create a continuous field that is the summed value of the given fields at every point.
     * @param fields the fields. Must be non-zero.
     * @return The corresponding summed field.
     */
    public static ContinuousField sum(Iterable<? extends ContinuousField> fields) {
        ContinuousField[] copy = Iterables.toArray(fields, ContinuousField.class);

        if (copy.length == 0) {
            throw new IllegalArgumentException("Cannot merge zero fields.");
        }
        // Use the largest component
        int components = Arrays.stream(copy).mapToInt(ContinuousField::getComponents).max().getAsInt();

        return new ContinuousField() {
            @Override
            public int getComponents() {
                return components;
            }

            @Override
            public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {
                // Initial values
                Arrays.fill(destination, destinationOffset, destinationOffset + (endComponent - startComponent), 0);

                for (ContinuousField field : copy) {
                    field.addComponents(x, y, startComponent, endComponent, destination, destinationOffset);
                }
            }
        };
    }
}
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blob 3246�package com.comphenix.magnets.solver;

import com.comphenix.magnets.model.MagneticModel;
import com.google.common.collect.Iterables;
import org.apache.commons.math3.fitting.leastsquares.*;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealMatrix;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.optim.ConvergenceChecker;
import org.apache.commons.math3.optim.SimpleVectorValueChecker;
import org.apache.commons.math3.util.Pair;
import org.apache.commons.math3.util.Precision;

import java.util.stream.Collectors;

/**
 * Created by Kristian on 12.02.2015.
 */
public class LevenbergSolver {
    /**
     * Attempt to find the closest point in the magnetic model with the given value.
     * @param value the value.
     * @param guessPoint the initial guess.
     * @param model the magnetic model.
     * @return A possible solution,
     */
    public Vector2D solve(Vector2D value, Vector2D guessPoint, double guessTime, MagneticModel model) {
        LevenbergMarquardtOptimizer optimizer = new LevenbergMarquardtOptimizer(100, 1e-15, 1e-15, 1e-10, Precision.SAFE_MIN);
        MultivariateJacobianFunction function = sum(
            model.getContinuousFields(guessTime).values().stream().
                    map(WireJacobianFunction::new).
                    collect(Collectors.toList())
        );

        ConvergenceChecker<LeastSquaresProblem.Evaluation> checker = LeastSquaresFactory.evaluationChecker(
                new SimpleVectorValueChecker(1e-20, -1));

        // Compute the optimum
        LeastSquaresProblem problem = LeastSquaresFactory.create(function, toRealVector(value), toRealVector(guessPoint), checker, 100000, 100000);
        LeastSquaresOptimizer.Optimum optimum = optimizer.optimize(problem);

        RealVector result = optimum.getPoint();
        return new Vector2D(result.getEntry(0), result.getEntry(1));
    }

    private RealVector toRealVector(Vector2D vector) {
        return new ArrayRealVector(vector.toArray());
    }

    /**
     * Compute a sum of the given multivariate functions and their jacobians.
     * @param functions the functions.
     * @return The corresponding sum.
     */
    protected MultivariateJacobianFunction sum(Iterable<MultivariateJacobianFunction> functions) {
        MultivariateJacobianFunction[] copy = Iterables.toArray(functions, MultivariateJacobianFunction.class);

        if (copy.length == 0) {
            throw new IllegalArgumentException("Cannot compute sum of no functions.");
        }
        return point -> {
            Pair<RealVector, RealMatrix> current = copy[0].value(point);
            RealVector vector = current.getFirst();
            RealMatrix matrix = current.getSecond();

            for (int i = 1; i < copy.length; i++) {
                current = copy[i].value(point);
                vector = vector.add(current.getFirst());
                matrix = matrix.add(current.getSecond());
            }
            //System.out.println("Value: " + vector);
            //System.out.println("Jacobian: " + matrix);

            return new Pair<>(vector, matrix);
        };
    }
}
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blob 24991�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Splitter;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.stat.correlation.Covariance;
import org.apache.commons.math3.stat.correlation.KendallsCorrelation;
import org.apache.commons.math3.stat.correlation.SpearmansCorrelation;
import org.apache.commons.math3.transform.DftNormalization;
import org.apache.commons.math3.transform.FastFourierTransformer;
import org.apache.commons.math3.transform.TransformType;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.awt.Color;
import java.io.IOException;
import java.nio.DoubleBuffer;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.*;
import java.util.function.*;
import java.util.stream.Collector;
import java.util.stream.Collectors;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        },
        TEMPERATURE() {
            @Override
            public Gradient toGradient() {
                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);
            }
        },
        HSV2() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (2 * factor), intensity, intensity);
                };
            }
        },
        HSV10() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (10 * factor), intensity, intensity);
                };
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return getScalar(field.angles());
            }
        },
        X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.x();
            }
        },
        Y {
            @Override
            public ScalarField filter(VectorField field) {
                return field.y();
            }
        },
        Y_MINUS_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b - a);
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Attempt to get a scalar view of the given field.
         * @param field the field.
         * @return The resulting scalar field.
         */
        private static ScalarField getScalar(DiscreteField field) {
            return field instanceof VectorField ? ((VectorField) field).magnitudes() : (ScalarField) field;
        }

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
                case "x":
                    return X;
                case "y":
                    return Y;
                case "y-x":
                    return Y_MINUS_X;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    /**
     * Represents visualization of aggregate values.
     */
    public enum Aggregate {
        /**
         * Compute the average value in all the frames.
         */
        AVERAGE {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar = ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        0,
                        (a, b) -> a + b,
                        a -> a / frames.size()
                );

                // Maybe create a vector average as well?
                return new PlotFrame(scalar, null);
            }
        },
        /**
         * Compute the maximum value in all the frames.
         */
        MAX {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar =  ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        -Double.MAX_VALUE,
                        Math::max,
                        DoubleUnaryOperator.identity());

                // Maybe create a vector maximum as well?
                return new PlotFrame(scalar, null);
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_DIRECT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            // First vector will contain the result
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(components, i, vectorLength);
                            }
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            /**
             * Retrieve the angle of the peak value in the given array of values.
             * @param values the values.
             * @param offset the starting position.
             * @param stepSize the step size.
             * @return The peak angle.
             */
            private double getPeakAngle(double[] values, int offset, int stepSize) {
                double bestValue = values[offset];
                int bestIndex = offset;
                int count = 1;

                for (int i = offset + stepSize; i < values.length; i += stepSize) {
                    if (values[i] > bestValue) {
                        bestValue = values[i];
                        bestIndex = i;
                    }
                    count++;
                }
                return (bestIndex / (double)count) * Math.PI * 2;
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAngle(double[] re) {
                double[] im = new double[re.length];
                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);

                return MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
            }
        },

        /**
         * Compute the amplitude of the sine at the maximum X and Y values, respectively.
         */
        AMPLITUDE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAmplitude(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAmplitude(double[] re) {
                double[] im = new double[re.length];

                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);
                return 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
            }
        },

        /**
         * Compute the actual drone measurements.
         */
        DRONE_SENSOR {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }
                // A field of sinusoids
                final VectorField sinusoids = new VectorMatrixField(VectorField.aggregateExternal(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        frames.get(0).getVectorField().getComponents() * 2,
                        (components, vectorLength, source, sourcePos, column, row) -> {

                            for (int i = 0; i < vectorLength; i++) {
                                double[] re = VectorField.extractComponent(components, i, vectorLength);
                                double[] im = new double[re.length];

                                FastFourierTransformer.transformInPlace(
                                        new double[][]{re, im}, DftNormalization.STANDARD, TransformType.FORWARD);

                                // Compute both the angle and the amplitude
                                source[sourcePos++] = 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
                                source[sourcePos++] = MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
                            };
                            return sourcePos;
                        }
                ));

                // Compute correlation of phase and amplitude
                for (int i = 0; i < sinusoids.getComponents(); i += 2) {
                    double[] amplitudes = sinusoids.getComponentsArray(0, sinusoids.getColumns(), 0, sinusoids.getRows(), i, i + 1);
                    double[] phases = sinusoids.getComponentsArray(0, sinusoids.getColumns(), 0, sinusoids.getRows(), i + 1, i + 2);

                    // Compute correlation
                    double correlation = new KendallsCorrelation().correlation(amplitudes, phases);
                    System.out.println("Kendals correlation of amplitude and phase for component " + (i / 2) + " = " + correlation);
                }

                // The actual drone measurement
                VectorField field =  new VectorField.VectorProxy(sinusoids) {
                    // We have three values
                    private final int components = 3;

                    @Override
                    public int getComponents() {
                        return components;
                    }

                    @Override
                    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent,
                                               double[] destination, int destinationOffset, boolean zeroDestination) {

                        double[] firstPoint = new double[sinusoids.getComponents()];
                        double[] secondPoint = new double[sinusoids.getComponents()];

                        for (int row = startRow; row < endRow; row++) {
                            final int firstPointRow = row;
                            final int secondPointRow = row + 20;

                            if (secondPointRow >= sinusoids.getRows()) {
                                for (int col = startColumn; col < endColumn; col++) {
                                    // Let everything be zero here
                                    for (int i = startComponent; i < endComponent; i++) {
                                        destination[destinationOffset++] = 0;
                                    }
                                }
                            } else {
                                for (int col = startColumn; col < endColumn; col++) {
                                    // Read from the two points
                                    sinusoids.fillComponents(col, col + 1, firstPointRow, firstPointRow + 1, firstPoint, 0);
                                    sinusoids.fillComponents(col, col + 1, secondPointRow, secondPointRow + 1, secondPoint, 0);

                                    for (int i = startComponent; i < endComponent; i++) {
                                        switch (i) {
                                            case 0:
                                                destination[destinationOffset++] = angleDiff(firstPoint[1], firstPoint[3]);
                                                break;
                                            case 1:
                                                destination[destinationOffset++] = angleDiff(secondPoint[1], secondPoint[3]);
                                                break;
                                                // Last component type
                                            case 2:
                                                // Difference in absolute value
                                                destination[destinationOffset++] = Math.log(
                                                        (firstPoint[0] * firstPoint[0] + firstPoint[2] * firstPoint[2]) /
                                                                (secondPoint[0] * secondPoint[0] + secondPoint[2] * secondPoint[2]));
                                                break;
                                        }
                                    }
                                }
                            }
                        }
                    }
                };
                return new PlotFrame(visualization.filter(field), field);
            }

            private double angleDiff(double a, double b) {
                // Preserve invariant: a < b
                if (a > b) {
                    return angleDiff(b, a);
                }
                return Math.min(Math.abs(2 * Math.PI - b + a), b - a);
            }
        };

        /**
         * Aggregate the given frames into a final scalar field.
         * @param frames the frames to aggregate.
         * @param visualization optional visualization to apply, if necessary.
         * @param x the x coordinate of each column in the final scalar field.
         * @param y the y coordinate of each row in the final scalar field.
         * @return The final frame.
         */
        public abstract PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y);

         /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Aggregate parse(String text) {
            switch (text.toLowerCase()) {
                case "a":
                case "average":
                    return AVERAGE;
                case "m":
                case "max":
                    return MAX;
                case "xyd":
                case "xy_phase_difference_direct":
                    return MAX_XY_PHASE_DIFFERENCE_DIRECT;
                case "xyf":
                case "xy_phase_difference_fft":
                    return MAX_XY_PHASE_DIFFERENCE_FFT;
                case "ampf":
                case "amplitude_fft":
                    return AMPLITUDE_FFT;
                case "drone":
                case "drone_sensor":
                    return DRONE_SENSOR;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an aggregate.");
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Function that is applied to every value
    private DoubleUnaryOperator valueOperator;

    // Test location of the drone
    private RealVector droneLocation;

    // Whether or not to display the help context
    private boolean displayHelp;

    // Whether or not to draw each frame
    private boolean drawFrames = true;

    // The aggregates
    private List<Aggregate> aggregates = Lists.newArrayList();

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                switch (arg.substring(1).toLowerCase()) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        applyValueOperator(Math::log10);
                        break;
                    case "a":
                    case "abslog":
                        applyValueOperator(x -> Math.sin(x) * Math.log(Math.abs(x)));
                        break;
                    case "d:":
                    case "drone":
                        droneLocation = new ArrayRealVector(new double[] { Double.parseDouble(args[++i]), Double.parseDouble(args[++i]) });
                        break;
                    case "f":
                    case "frames":
                        drawFrames = Boolean.parseBoolean(args[++i]);
                        break;
                    case "ag":
                    case "aggregate":
                        // Parse aggregate list
                        aggregates = Splitter.on(",").splitToList(args[++i]).stream().
                                map(Aggregate::parse).
                                collect(Collectors.toList());
                        break;
                    default:
                        throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times (existing pattern: " + outputPattern + ")");
                }
                outputPattern = arg;
            }
        }
    }

    protected void applyValueOperator(DoubleUnaryOperator operator) {
        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;
    }

    public RealVector getDroneLocation() {
        return droneLocation;
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public DoubleUnaryOperator getValueOperator() {
        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }

    public boolean isDrawFrames() {
        return drawFrames;
    }

    public List<Aggregate> getAggregates() {
        return aggregates;
    }
}
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blob 129�package com.comphenix.magnets.solver.continuous;

/**
 * Created by Kristian on 08.04.2015.
 */
public class BobygaOptimizer {
}
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blob 8164�package com.comphenix.magnets.fields;

import java.nio.ByteBuffer;
import java.util.Arrays;
import java.util.function.DoubleBinaryOperator;
import java.util.function.IntToDoubleFunction;
import java.util.stream.DoubleStream;
import java.util.stream.IntStream;

/**
 * Represents a simple mutating 2D field.
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class ScalarArrayField implements ScalarField {
    private static final int INITIAL_CAPACITY = 10;

    // Initial values
    private double[] x = new double[INITIAL_CAPACITY];
    private double[] y = new double[INITIAL_CAPACITY];
    private double[][] data = new double[INITIAL_CAPACITY][];
    private int columns = 0;
    private int rows = 0;

    /**
     * Construct a new empty array field.
     */
    public ScalarArrayField() {
    }

    /**
     * Construct a new array field from the given scalar field.
     * @param field the scalar field.
     */
    public ScalarArrayField(ScalarField field) {
        this.x = field.toColumnArray();
        this.y = field.toRowArray();
        this.data = field.rows().parallel().toArray(double[][]::new);
        this.columns = field.getColumns();
        this.rows = field.getRows();
    }

    /**
     * Construct a new array field from the given double arrays.
     * @param x the X coordinates of the cells in the field.
     * @param y the Y coordinates of the cells in the field.
     * @param data the data.
     */
    protected ScalarArrayField(double[] x, double[] y, double[][] data) {
        this.x = x;
        this.y = y;
        this.data = data;
        this.rows = data.length;
        this.columns = data.length > 0 ? data[0].length : 0;
    }

    /**
     * Retrieve a scalar array field with the given cell coordinates, and initialize the cells to the specified value.
     * @param x the X coordinates of the cells in the field.
     * @param y the Y coordinates of the cells in the field.
     * @param cellValue the value based on the X and Y coordinates.
     * @return The corresponding array field.
     */
    public static ScalarArrayField fromFunction(double[] x, double[] y, DoubleBinaryOperator cellValue) {
        double[][] result = new double[y.length][];

        // Combine the values in each field
        for (int row = 0; row < y.length; row++) {
            double[] buffer = new double[x.length];

            for (int col = 0; col < x.length; col++) {
                buffer[col] = cellValue.applyAsDouble(x[col], y[row]);
            }
            result[row] = buffer;
        }
        return new ScalarArrayField(x.clone(), y.clone(), result);
    }

    /**
     * Construct a new scalar array field from the given coordinates and cell value.
     * @param x the x coordinates.
     * @param y the y coordinates.
     * @param value the cell value.
     * @return The filled array field.
     */
    public static ScalarArrayField fromValue(double[] x, double[] y, double value) {
        double[][] result = new double[y.length][];

        // Combine the values in each field
        for (int row = 0; row < y.length; row++) {
            double[] buffer = new double[x.length];
            Arrays.fill(buffer, value);
            result[row] = buffer;
        }
        return new ScalarArrayField(x.clone(), y.clone(), result);
    }

    /**
     * Retrieve a scalar array field that wraps the given arrays.
     * @param x the X coordinates of the cells in the field.
     * @param y the Y coordinates of the cells in the field.
     * @param data the data.
     * @return The corresponding array field.
     */
    public static ScalarArrayField fromArray(double[] x, double[] y, double[][] data) {
        return new ScalarArrayField(x.clone(), y.clone(),
            Arrays.stream(data).map(arr -> Arrays.copyOf(arr, arr.length)).toArray(double[][]::new));
    }

    /**
     * Merge to given scalar fields of the same dimensions, producing an entirely new field.
     * @param first the first field.
     * @param second the second field.
     * @param op the operator.
     * @return The resulting array field.
     */
    public static ScalarArrayField merge(ScalarField first, ScalarField second, DoubleBinaryOperator op) {
        ScalarArrayField copy = new ScalarArrayField(first);
        copy.merge(second, op);
        return copy;
    }

    @Override
    public double[] toColumnArray() {
        return Arrays.copyOf(x, columns);
    }

    @Override
    public double[] toRowArray() {
        return Arrays.copyOf(y, rows);
    }

    /**
     * Combine the values of this array field and the target field, using the provided binary operator.
     * <p />
     * The coordinates of these fields must be the same.
     * @param other the other array field.
     * @param op operator applied to each corresponding value in this field and the given field.
     */
    public void merge(ScalarField other, DoubleBinaryOperator op) {
        if (getRows() != other.getRows())
            throw new IllegalArgumentException("Fields must have the same number of rows.");
        if (getColumns() != other.getColumns())
            throw new IllegalArgumentException("Fields must have the same number of columns.");

        // Combine the values in each field
        for (int row = 0; row < getRows(); row++) {
            double[] left = data[row];

            for (int col = 0; col < getColumns(); col++) {
                left[col] = op.applyAsDouble(left[col], other.getValue(col, row));
            }
        }
    }

    /**
     * Determine if the first N entries in the given array is equal.
     * @param a first array.
     * @param b second array.
     * @param n the number of entries to check.
     * @return TRUE if it is, FALSE otherwise.
     */
    protected static boolean firstEqual(double[] a, double[] b, int n) {
        assert a.length >= n && b.length >= n;

        for(int i = 0; i < n; i++)
            if(a[i] != b[i])
                return false;
        return true;
    }

    @Override
    public double getColumn(int column) {
        return x[column];
    }

    @Override
    public double getRow(int row) {
        return y[row];
    }

    /**
     * Set the x coordinates of the columns.
     * @param x the x coordinates.
     */
    public void setX(double[] x) {
        this.x = x.clone();
        this.columns = x.length;
    }

    /**
     * Set the Y coordinates of the cells.
     * @param y the y coordinates.
     */
    public void setY(double[] y) {
        this.y = y.clone();
    }

    /**
     * Add the given coordinate to the bottom of the matrix.
     * @param yCoordinate the y coordinate.
     * @param values the values to add.
     */
    public void addRow(double yCoordinate, double[] values) {
        ensureHeight();
        y[rows] = yCoordinate;
        data[rows] = values;

        // Increment
        rows++;
    }

    /**
     * Set the value of the cell at the given location.
     * @param column the column index.
     * @param row the row index.
     * @param value the new value of the cell.
     */
    public void setValue(int column, int row, double value) {
        data[row][column] = value;
    }

    @Override
    public double getValue(int column, int row) {
        return data[row][column];
    }

    @Override
    public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
        int index = 0;

        // Just loop through
        for (int row = startRow; row < endRow; row++) {
            for (int column = startColumn; column < endColumn; column++) {
                outputValues[index++] = data[row][column];
            }
        }
    }

    /**
     * Ensure the matrix is sufficiently large in the Y direction.
     */
    protected void ensureHeight() {
        if (y.length == rows) {
            y = Arrays.copyOf(y, (int) (y.length * 1.5));
        }
        if (data.length == rows) {
            data = Arrays.copyOf(data, (int) (data.length * 1.5));
        }
    }

    @Override
    public int getRows() {
        return rows;
    }

    @Override
    public int getColumns() {
        return columns;
    }
}
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blob 25031�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.model.HarmonicSumField;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Splitter;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.transform.DftNormalization;
import org.apache.commons.math3.transform.FastFourierTransformer;
import org.apache.commons.math3.transform.TransformType;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.awt.Color;
import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.*;
import java.util.function.*;
import java.util.stream.Collectors;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        },
        TEMPERATURE() {
            @Override
            public Gradient toGradient() {
                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);
            }
        },
        HSV() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float)factor, intensity, intensity);
                };
            }
        },
        HSV2() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (2 * factor), intensity, intensity);
                };
            }
        },
        HSV10() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (10 * factor), intensity, intensity);
                };
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return getScalar(field.angles());
            }
        },
        X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.x();
            }
        },
        Y {
            @Override
            public ScalarField filter(VectorField field) {
                return field.y();
            }
        },
        Y_MINUS_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b - a);
            }
        },
        Y_DIV_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b / a);
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Attempt to get a scalar view of the given field.
         * @param field the field.
         * @return The resulting scalar field.
         */
        private static ScalarField getScalar(DiscreteField field) {
            return field instanceof VectorField ? ((VectorField) field).magnitudes() : (ScalarField) field;
        }

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
                case "x":
                    return X;
                case "y":
                    return Y;
                case "y-x":
                    return Y_MINUS_X;
                case "ydivx":
                    return Y_DIV_X;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    /**
     * Represents visualization of aggregate values.
     */
    public enum Aggregate {
        /**
         * Compute the average value in all the frames.
         */
        AVERAGE {
            @Override
            public PlotFrame aggregate(MagneticModel model, ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar = ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        0,
                        (a, b) -> a + b,
                        a -> a / frames.size()
                );

                // Maybe create a vector average as well?
                return new PlotFrame(scalar, null);
            }
        },
        /**
         * Compute the maximum value in all the frames.
         */
        MAX {
            @Override
            public PlotFrame aggregate(MagneticModel model, ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar =  ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        -Double.MAX_VALUE,
                        Math::max,
                        DoubleUnaryOperator.identity());

                // Maybe create a vector maximum as well?
                return new PlotFrame(scalar, null);
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_DIRECT {
            @Override
            public PlotFrame aggregate(MagneticModel model, ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            // First vector will contain the result
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(components, i, vectorLength);
                            }
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            /**
             * Retrieve the angle of the peak value in the given array of values.
             * @param values the values.
             * @param offset the starting position.
             * @param stepSize the step size.
             * @return The peak angle.
             */
            private double getPeakAngle(double[] values, int offset, int stepSize) {
                double bestValue = values[offset];
                int bestIndex = offset;
                int count = 1;

                for (int i = offset + stepSize; i < values.length; i += stepSize) {
                    if (values[i] > bestValue) {
                        bestValue = values[i];
                        bestIndex = i;
                    }
                    count++;
                }
                return (bestIndex / (double)count) * Math.PI * 2;
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_FFT {
            @Override
            public PlotFrame aggregate(MagneticModel model, ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAngle(double[] re) {
                double[] im = new double[re.length];
                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);

                return MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
            }
        },

        /**
         * Compute the amplitude of the sine at the maximum X and Y values, respectively.
         */
        AMPLITUDE_FFT {
            @Override
            public PlotFrame aggregate(MagneticModel model, ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAmplitude(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAmplitude(double[] re) {
                double[] im = new double[re.length];

                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);
                return 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
            }
        },

        /**
         * Compute the actual drone measurements.
         */
        DRONE_SENSOR {
            @Override
            public PlotFrame aggregate(MagneticModel model, ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }
                // A field of sinusoids
/*                VectorField vectorSource = VectorField.aggregateExternal(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        frames.get(0).getVectorField().getComponents() * 2,
                        (components, vectorLength, source, sourcePos, column, row) -> {

                            for (int i = 0; i < vectorLength; i++) {
                                double[] re = VectorField.extractComponent(components, i, vectorLength);
                                double[] im = new double[re.length];

                                FastFourierTransformer.transformInPlace(
                                        new double[][]{re, im}, DftNormalization.STANDARD, TransformType.FORWARD);

                                // Compute both the angle and the amplitude
                                source[sourcePos++] = 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
                                source[sourcePos++] = MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
                            }
                            ;
                            return sourcePos;
                        }
                );*/

                final VectorField vectorSource = new HarmonicSumField(model.conductors(), 0, x, y);
                final VectorField sinusoids = new VectorMatrixField(vectorSource);

                // The actual drone measurement
                VectorField field =  new VectorField.VectorProxy(sinusoids) {
                    // We have three values
                    private final int components = 2;

                    @Override
                    public int getComponents() {
                        return components;
                    }

                    @Override
                    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent,
                                               double[] destination, int destinationOffset, boolean zeroDestination) {

                        double[] firstPoint = new double[sinusoids.getComponents()];
                        double[] secondPoint = new double[sinusoids.getComponents()];

                        for (int row = startRow; row < endRow; row++) {
                            final int firstPointRow = row;
                            final int secondPointRow = row + 20;

                            if (secondPointRow >= sinusoids.getRows()) {
                                for (int col = startColumn; col < endColumn; col++) {
                                    // Let everything be zero here
                                    for (int i = startComponent; i < endComponent; i++) {
                                        destination[destinationOffset++] = 0;
                                    }
                                }
                            } else {
                                for (int col = startColumn; col < endColumn; col++) {
                                    // Read from the two points
                                    sinusoids.fillComponents(col, col + 1, firstPointRow, firstPointRow + 1, firstPoint, 0);
                                    sinusoids.fillComponents(col, col + 1, secondPointRow, secondPointRow + 1, secondPoint, 0);

                                    for (int i = startComponent; i < endComponent; i++) {
                                        switch (i) {
                                            case 0:
                                                destination[destinationOffset++] = angleDiff(firstPoint[1], firstPoint[3]);
                                                break;
                                            case 1:
                                                destination[destinationOffset++] = angleDiff(secondPoint[1], secondPoint[3]);
                                                break;
                                                // Last component type
                                            case 2:
                                                // Difference in absolute value
                                                destination[destinationOffset++] = Math.log(
                                                        (firstPoint[0] * firstPoint[0] + firstPoint[2] * firstPoint[2]) /
                                                                (secondPoint[0] * secondPoint[0] + secondPoint[2] * secondPoint[2]));
                                                break;
                                        }
                                    }
                                }
                            }
                        }
                    }
                };
                return new PlotFrame(visualization.filter(field), field);
            }

            private double angleDiff(double a, double b) {
                //return b - a;
                if (a > b) {
                    return 2 * Math.PI - a + b;
                } else {
                    return b - a;
                }
            }
        };

        /**
         * Aggregate the given frames into a final scalar field.
         *
         * @param model
         * @param frames the frames to aggregate.
         * @param visualization optional visualization to apply, if necessary.
         * @param x the x coordinate of each column in the final scalar field.
         * @param y the y coordinate of each row in the final scalar field.
         * @return The final frame.
         */
        public abstract PlotFrame aggregate(MagneticModel model, ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y);

         /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Aggregate parse(String text) {
            switch (text.toLowerCase()) {
                case "a":
                case "average":
                    return AVERAGE;
                case "m":
                case "max":
                    return MAX;
                case "xyd":
                case "xy_phase_difference_direct":
                    return MAX_XY_PHASE_DIFFERENCE_DIRECT;
                case "xyf":
                case "xy_phase_difference_fft":
                    return MAX_XY_PHASE_DIFFERENCE_FFT;
                case "ampf":
                case "amplitude_fft":
                    return AMPLITUDE_FFT;
                case "drone":
                case "drone_sensor":
                    return DRONE_SENSOR;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an aggregate.");
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Function that is applied to every value
    private DoubleUnaryOperator valueOperator;

    // Test location of the drone
    private RealVector droneLocation;

    // Whether or not to display the help context
    private boolean displayHelp;

    // Whether or not to draw each frame
    private boolean drawFrames = true;

    // The aggregates
    private List<Aggregate> aggregates = Lists.newArrayList();

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                switch (arg.substring(1).toLowerCase()) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        applyValueOperator(Math::log10);
                        break;
                    case "a":
                    case "abslog":
                        applyValueOperator(x -> Math.sin(x) * Math.log(Math.abs(x)));
                        break;
                    case "d:":
                    case "drone":
                        droneLocation = new ArrayRealVector(new double[] { Double.parseDouble(args[++i]), Double.parseDouble(args[++i]) });
                        break;
                    case "f":
                    case "frames":
                        drawFrames = Boolean.parseBoolean(args[++i]);
                        break;
                    case "ag":
                    case "aggregate":
                        // Parse aggregate list
                        aggregates = Splitter.on(",").splitToList(args[++i]).stream().
                                map(Aggregate::parse).
                                collect(Collectors.toList());
                        break;
                    default:
                        throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times (existing pattern: " + outputPattern + ")");
                }
                outputPattern = arg;
            }
        }
    }

    protected void applyValueOperator(DoubleUnaryOperator operator) {
        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;
    }

    public RealVector getDroneLocation() {
        return droneLocation;
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public DoubleUnaryOperator getValueOperator() {
        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }

    public boolean isDrawFrames() {
        return drawFrames;
    }

    public List<Aggregate> getAggregates() {
        return aggregates;
    }
}
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blob 1036�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.fields.ContinuousField;
import org.apache.commons.math3.analysis.MultivariateFunction;
import org.apache.commons.math3.analysis.MultivariateVectorFunction;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.optim.*;
import org.apache.commons.math3.optim.nonlinear.scalar.GoalType;
import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;
import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.CMAESOptimizer;
import org.apache.commons.math3.random.JDKRandomGenerator;

/**
 * Created by Kristian on 08.04.2015.
 */
public interface Solver {
    /**
     * Find the minimum point on the given field.
     * @param field the function.
     * @param target the target value.
     * @param boundingBox the bounding box of the volume to search.
     * @return The minimum point and its value.
     */
    PointValuePair findMinimum(ContinuousField field, double[] target, BoundingBox boundingBox);
}
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blob 6358�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.fields.WireContinuousField;
import com.comphenix.magnets.util.MathEx;
import com.google.common.collect.Lists;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.util.Arrays;
import java.util.Collections;
import java.util.List;

import static java.util.stream.Collectors.toList;

/**
 * A field that computes the harmonic sum of the magnetic field emanating from the given conductors.
 * Created by Kristian on 01.04.2015.
 */
public class HarmonicSumField implements ContinuousField {
    private static final int OUTPUT_FACTOR = 2;

    // List of actual conductors
    private final List<Conductor> conductorList;

    // Precomputed values
    private final List<WireContinuousField> maxFields;
    private final CosineDifferenceTable differenceTable;
    private final double[] cosineTable;
    private final double[] sineTable;
    private final int components;

    /**
     * Construct a harmonic sum field from the given list of conductors.
     * @param conductorIterable the conductors.
     * @param phaseOffset global phase offset (in radians) of every sinusoid to sum.
     */
    public HarmonicSumField(Iterable<? extends Conductor> conductorIterable, double phaseOffset) {
        List<Conductor> conductorList = Lists.newArrayList(conductorIterable);
        this.conductorList = conductorList;
        this.maxFields = conductorList.stream().map(Conductor::getMaximumField).collect(toList());

        // We have an amplitude and phase for each component
        this.components = maxFields.stream().mapToInt(ContinuousField::getComponents).max().getAsInt() * OUTPUT_FACTOR;

        // Precompute constants
        double[] angles = this.conductorList.stream().mapToDouble(
                c -> Math.toRadians(c.getCurrent().getPhase()) + phaseOffset).toArray();
        this.differenceTable = new CosineDifferenceTable(angles);
        this.cosineTable = Arrays.stream(angles).map(Math::cos).toArray();
        this.sineTable = Arrays.stream(angles).map(Math::sin).toArray();
    }

    @Override
    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {
        int condStartComponent = Math.floorDiv(startComponent, 2);
        int condEndComponent = MathEx.ceilDiv(endComponent, 2);
        int condNumComponents = condEndComponent - condStartComponent;

        // Whether or not to skip the very first amplitude or very last phase
        boolean skipFirstComponent = (startComponent % 2) != 0;     // inclusive
        boolean skipLastComponent = (endComponent % 2) != 0;        // exclusive
        double[] conductors = getConductorAmplitudes(condStartComponent, condEndComponent, condNumComponents, x, y);

        // Final amplitude sum
        for (int component = 0; component < condNumComponents; component++) {
            double amplitude = 0;
            double phaseNumerator = 0;
            double phaseDenominator = 0;

            for (int i = 0; i < conductorList.size(); i++) {
                // Amplitude of conductor at index i
                double iConductor = conductors[i * condNumComponents + component];

                // Prepare phase
                phaseNumerator += iConductor * sineTable[i];
                phaseDenominator += iConductor * cosineTable[i];

                // Self-contribution
                amplitude += iConductor * iConductor;

                for (int j = i + 1; j < conductorList.size(); j++) {
                    amplitude += 2 * iConductor * conductors[j * condNumComponents + component] * differenceTable.getCosine(i, j);
                }
            }

            // Write out
            if (!(skipFirstComponent && component == 0)) {
                destination[destinationOffset++] = Math.sqrt(amplitude);
            }
            if (!(skipLastComponent && component == condNumComponents - 1)) {
                // Note that we invert the angle here - this is necessary for our result to agreee with the FFT
                double angle = MathUtils.normalizeAngle(-Math.atan2(phaseNumerator, phaseDenominator), FastMath.PI);
                destination[destinationOffset++] = angle;
            }
        }
    }

    /**
     * Retrieve an ummutable view of the conductors being summed.
     * @return The conductors.
     */
    public List<Conductor> conductors() {
        return Collections.unmodifiableList(conductorList);
    }

    /**
     * Retrieve the amplitude of the magnetic field of the different conductors.
    */
    private double[] getConductorAmplitudes(int startComponent, int endComponent, int numComponents, double x, double y) {
        double[] result = new double[conductorList.size() * numComponents];
        int position = 0;

        // Fetch amplitudes for each component
        for (WireContinuousField field : maxFields) {
            field.addComponents(x, y, startComponent, endComponent, result, position);
            position += numComponents;
        }
        return result;
    }

    @Override
    public int getComponents() {
        return components;
    }

    private static class CosineDifferenceTable {
        private final double[] cache;
        private final int angleCount;

        /**
         * Constructor for computing the difference table.
         * @param angles the angles.
         */
        private CosineDifferenceTable(double[] angles) {
            double[] result = new double[angles.length * angles.length];
            for (int i = 0; i < angles.length; i++) {
                for (int j = 0; j < angles.length; j++) {
                    result[i * angles.length + j] = Math.cos(angles[i] - angles[j]);
                }
            }
            this.cache = result;
            this.angleCount = angles.length;
        }

        /**
         * Retrieve the cosine of the angle difference between element at i and j.
         * @param i index of first angle.
         * @param j index of the second angle.
         * @return Cosine of the angle difference.
         */
        public double getCosine(int i, int j) {
            return cache[i * angleCount + j];
        }
    }
}
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blob 1455�package com.comphenix.magnets.util;

import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;

import java.util.Arrays;
import java.util.Collection;
import java.util.List;
import java.util.Objects;
import java.util.stream.Collector;
import java.util.stream.IntStream;
import java.util.stream.Stream;

/**
 * Additional stream methods.
 * Created by Kristian on 17.02.2015.
 */
public final class StreamEx {
    private StreamEx() {
        // Sealed

    }

    /**
     * Perform multiple collections at the same time.
     * @param <T> type of elements in the stream.
     * @param stream the stream.
     * @param collectors the collectors.
     * @return Resulting array of results, in the same order as the collectors.
     */
    @SuppressWarnings("unchecked")
    public static <T> Object[] multiCollect(Stream<T> stream, Iterable<Collector<T, ?, ?>> collectors) {
        ImmutableList<Collector> copy = ImmutableList.copyOf(collectors);

        return stream.collect(Collector.of(
            () -> copy.stream().map(c -> c.supplier().get()).toArray(),
            (a, v) -> IntStream.range(0, copy.size()).forEach(i -> copy.get(i).accumulator().accept(a[i], v)),
            (a, b) -> IntStream.range(0, copy.size()).mapToObj(i -> copy.get(i).combiner().apply(a[i], b[i])).toArray(),
            a -> IntStream.range(0, copy.size()).mapToObj(i -> copy.get(i).finisher().apply(a[i])).toArray()
        ));
    }
}
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blob 6393�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.util.SegmentRange;

import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return field.angles();
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;
    private boolean logarithm = false;

    // Current output
    private String outputPattern = null;

    // Whether or not to display the help context
    private boolean displayHelp;

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            if (i == 12) {
                System.out.println("Last element");
            }

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                switch (arg.substring(1).toLowerCase()) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "g":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        logarithm = true;
                        break;
                    default:
                        throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times.");
                }
                outputPattern = arg;
            }
        }
        // Ensure we have an output
        if (outputPattern == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (dataFile == null && modelFile == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public boolean isLogarithm() {
        return logarithm;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }
}
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blob 5351�package com.comphenix.magnets.fields;

import com.google.common.collect.ImmutableList;

import java.util.Arrays;
import java.util.Collection;
import java.util.Objects;

/**
 * Represents a modifiable vector field.
 * <p />
 * Note that, unlike {@link com.comphenix.magnets.fields.ScalarArrayField}, its dimensions are fixed.
 * Created by Kristian on 18.02.2015.
 */
public class VectorMatrixField implements VectorField {
    // Input
    private final double[] xCoordinates;
    private final double[] yCoordinates;
    private final double[][] xData;
    private final double[][] yData;

    /**
     * Construct a copy of the given vector field.
     * @param field the field.
     */
    public VectorMatrixField(VectorField field) {
        this.xCoordinates = field.toColumnArray();
        this.yCoordinates = field.toRowArray();
        double[][] resultX = new double[yCoordinates.length][];
        double[][] resultY = new double[yCoordinates.length][];

        // Read all the values
        for (int row = 0; row < yCoordinates.length; row++) {
            double[] vectorX = new double[xCoordinates.length];
            double[] vectorY = new double[xCoordinates.length];
            field.fillComponents(0, xCoordinates.length, row, row + 1, vectorX, 0, vectorY, 0);
            resultX[row] = vectorX;
            resultY[row] = vectorY;
        }
        this.xData = resultX;
        this.yData = resultY;
    }

    /**
     * Construct a new modifiable vector field of the given size.
     * <p />
     * Note that the input arrays will not be cloned.
     * @param xCoordinates the x coordinates of each column.
     * @param yCoordinates the y coordinates of each row.
     */
    public VectorMatrixField(double[] xCoordinates, double[] yCoordinates, double[][] xData, double[][] yData) {
        this.xCoordinates = xCoordinates;
        this.yCoordinates = yCoordinates;
        this.xData = xData;
        this.yData = yData;
    }

    /**
     * Construct a new vector array field from the given coordinates and vector cell value.
     * @param x the x coordinates.
     * @param y the y coordinates.
     * @param xValue the cell X value.
     * @param xValue the cell Y value.
     * @return The filled array field.
     */
    public static VectorMatrixField fromValue(double[] x, double[] y, double xValue, double yValue) {
        double[][] resultX = new double[y.length][];
        double[][] resultY = new double[y.length][];

        // Combine the values in each field
        for (int row = 0; row < y.length; row++) {
            double[] vectorX = new double[x.length];
            double[] vectorY = new double[x.length];
            Arrays.fill(vectorX, xValue);
            Arrays.fill(vectorY, yValue);
            resultX[row] = vectorX;
            resultY[row] = vectorY;
        }
        return new VectorMatrixField(x.clone(), y.clone(), resultX, resultY);
    }

    /**
     * Retrieve the magnitude of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding magnitude.
     */
    @Override
    public double getMagnitude(int column, int row) {
        double strengthX = xData[row][column];
        double strengthY = yData[row][column];
        return Math.sqrt(strengthX * strengthX + strengthY * strengthY);
    }

    /**
     * Retrieve the angle of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding angle, in radians.
     */
    @Override
    public double getAngle(int column, int row) {
        double strengthX = xData[row][column];
        double strengthY = yData[row][column];
        return Math.atan2(strengthY, strengthX);
    }

    @Override
    public ScalarArrayField x() {
        return new ScalarArrayField(xCoordinates, yCoordinates, xData);
    }

    @Override
    public ScalarArrayField y() {
        return new ScalarArrayField(xCoordinates, yCoordinates, yData);
    }

    /**
     * Set the value of the cell at the given location.
     * @param column the column index.
     * @param row the row index.
     * @param xValue the new x value of the cell.
     * @param xValue the new y value of the cell.
     */
    public void setValue(int column, int row, double xValue, double yValue) {
        xData[row][column] = xValue;
        yData[row][column] = yValue;
    }

    @Override
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] outputStrengthX, int outputOffsetX, double[] outputStrengthY, int outputOffsetY) {
        int indexX = outputOffsetX;
        int indexY = outputOffsetY;

        // Initial value
        for (int row = startRow; row < endRow; row++) {
            for (int col = startColumn; col < endColumn; col++) {
                outputStrengthX[indexX++] = xData[row][col];
                outputStrengthY[indexY++] = yData[row][col];
            }
        }
    }

    @Override
    public double getColumn(int column) {
        return xCoordinates[column];
    }

    @Override
    public double getRow(int row) {
        return yCoordinates[row];
    }

    @Override
    public int getColumns() {
        return xCoordinates.length;
    }

    @Override
    public int getRows() {
        return yCoordinates.length;
    }
}
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blob 114�package com.comphenix.magnets.solver;

/**
 * Created by Kristian on 08.04.2015.
 */
public class CmaesSolver {
}
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blob 15060�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.model.HarmonicSumField;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.optim.InitialGuess;
import org.apache.commons.math3.optim.PointValuePair;
import org.apache.commons.math3.optim.SimpleBounds;
import org.apache.commons.math3.optim.SimpleValueChecker;
import org.apache.commons.math3.optim.nonlinear.scalar.GoalType;
import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;
import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.CMAESOptimizer;
import org.apache.commons.math3.random.JDKRandomGenerator;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.time.Duration;
import java.util.Arrays;
import java.util.List;
import java.util.Objects;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getModelSource(), a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // CMES
        if (a.getModelFile() != null && a.getModelSource() == PlotArguments.ModelSource.DRONE_2 && a.getDroneLocation() != null) {
            testCMES(model, a.getX(), a.getY(), a.getDroneLocation());
        }

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                Range<Double> errorRange = errorField.getRange();

                System.out.println("Writing error map with value range: " + errorRange);
                writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    private static void testCMES(MagneticModel model, SegmentRange x, SegmentRange y, RealVector droneLocation) {
        ContinuousField sinusoids = new HarmonicSumField(model.conductors(), 0);
        CMAESOptimizer optimizer = new CMAESOptimizer(1000, 0, true, 0, 0, new JDKRandomGenerator(), false, new SimpleValueChecker(-1, 0.01));

        PointValuePair solution = optimizer.optimize(
                new SimpleBounds(new double[]{x.getStart(), x.getEnd()}, new double[]{y.getStart(), y.getEnd()}),
                new InitialGuess(new double[]{0, 0}),
                new CMAESOptimizer.Sigma(new double[]{x.getWidth(), y.getWidth()}),
                new CMAESOptimizer.PopulationSize(10), GoalType.MINIMIZE,
                new ObjectiveFunction(null));
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;
        Stopwatch watch = Stopwatch.createStarted();

        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                createImage(field, valueRange, column -> {
                    if (maxColumns != null) {
                        // Compute maximum value in each row
                        for (int i = 0; i < maxColumns.length; i++) {
                            if (!Double.isNaN(column[i])) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    }
                });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            watch.stop();
            System.out.println("Written " + destination + " (total time: " + watch + ")");
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        RealVector valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        Vector2D solvedPoint = measure("Time finding solution", () -> solver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        //ScalarField error = createErrorMap(vectorField, solver);
        ScalarField distance = new ScalarArrayField(vectorField.map(
            (vectorArray, vectorOffset, vectorLength, column, row) -> {
                return valuePoint.getDistance(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));
            }
        ));
        return distance;
    }

    private static ScalarField createErrorMap(VectorField vectorField, VectorFieldSolver solver) {
        long startTime = System.nanoTime();

        // Draw error distance
        return measure("Computing error map", () -> new ScalarArrayField(vectorField.map(
                (vectorArray, vectorOffset, vectorLength, column, row) -> {
                    Vector2D solution = solver.solve(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));

                    // Return the distance to the correct point
                    if (solution != null) {
                        return solution.distance(new Vector2D(vectorField.getColumn(column), vectorField.getRow(row)));
                    } else {
                        return Math.PI * 2;
                    }
                }), progress -> {
            long elapsed = System.nanoTime() - startTime;
            Duration eta = Duration.ofNanos((long) (elapsed * (1.0 / progress - 1)));

            System.out.printf("Progress: %.3f, eta: %s\n", progress * 100, eta);
        }));
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));

        // Single frame without a vector field
        return ImmutableList.of(new PlotFrame(field, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.ModelSource source, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = getVectorField(model, source, t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Retrieve the vector field from a magnetic model and a model source.
     * @param model the model.
     * @param source the source.
     * @param time the time.
     * @param xPoints the x coordinates.
     * @param yPoints the y coordinates.
     * @return
     */
    private static VectorField getVectorField(MagneticModel model, PlotArguments.ModelSource source, double time, double[] xPoints, double[] yPoints) {
        switch (source) {
            case MAGNETIC_FIELD:
                return model.getVectorField(time, xPoints, yPoints);
            case SINUSOID_FIELD:
                return new HarmonicSumField(model.conductors(), time).toVectorField(xPoints, yPoints);
            case DRONE_2:
                ContinuousField sinusoids = new HarmonicSumField(model.conductors(), time);
                return new DroneVectorField(sinusoids, 0, (yPoints[1] - yPoints[0]) * 20).toVectorField(xPoints, yPoints);
            default:
                throw new IllegalArgumentException("Unknown model source: " + source);
        }
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 5309�package com.comphenix.magnets.fields;

import com.google.common.collect.ImmutableList;

import java.util.Arrays;
import java.util.Collection;
import java.util.Objects;

/**
 * Represents a modifiable vector field.
 * <p />
 * Note that, unlike {@link com.comphenix.magnets.fields.ScalarArrayField}, its dimensions are fixed.
 * Created by Kristian on 18.02.2015.
 */
public class VectorMatrixField implements VectorField {
    // Input
    private final double[] xCoordinates;
    private final double[] yCoordinates;
    private final double[][] xData;
    private final double[][] yData;

    /**
     * Construct a copy of the given vector field.
     * @param field the field.
     */
    public VectorMatrixField(VectorField field) {
        this.xCoordinates = field.toColumnArray();
        this.yCoordinates = field.toRowArray();
        double[][] resultX = new double[yCoordinates.length][];
        double[][] resultY = new double[yCoordinates.length][];

        // Read all the values
        for (int row = 0; row < yCoordinates.length; row++) {
            double[] vectorX = new double[xCoordinates.length];
            double[] vectorY = new double[xCoordinates.length];
            field.fillComponents(0, xCoordinates.length, row, row + 1, vectorX, vectorY, 0);
            resultX[row] = vectorX;
            resultY[row] = vectorY;
        }
        this.xData = resultX;
        this.yData = resultY;
    }

    /**
     * Construct a new modifiable vector field of the given size.
     * <p />
     * Note that the input arrays will not be cloned.
     * @param xCoordinates the x coordinates of each column.
     * @param yCoordinates the y coordinates of each row.
     */
    public VectorMatrixField(double[] xCoordinates, double[] yCoordinates, double[][] xData, double[][] yData) {
        this.xCoordinates = xCoordinates;
        this.yCoordinates = yCoordinates;
        this.xData = xData;
        this.yData = yData;
    }

    /**
     * Construct a new vector array field from the given coordinates and vector cell value.
     * @param x the x coordinates.
     * @param y the y coordinates.
     * @param xValue the cell X value.
     * @param xValue the cell Y value.
     * @return The filled array field.
     */
    public static VectorMatrixField fromValue(double[] x, double[] y, double xValue, double yValue) {
        double[][] resultX = new double[y.length][];
        double[][] resultY = new double[y.length][];

        // Combine the values in each field
        for (int row = 0; row < y.length; row++) {
            double[] vectorX = new double[x.length];
            double[] vectorY = new double[x.length];
            Arrays.fill(vectorX, xValue);
            Arrays.fill(vectorY, yValue);
            resultX[row] = vectorX;
            resultY[row] = vectorY;
        }
        return new VectorMatrixField(x.clone(), y.clone(), resultX, resultY);
    }

    /**
     * Retrieve the magnitude of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding magnitude.
     */
    @Override
    public double getMagnitude(int column, int row) {
        double strengthX = xData[row][column];
        double strengthY = yData[row][column];
        return Math.sqrt(strengthX * strengthX + strengthY * strengthY);
    }

    /**
     * Retrieve the angle of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding angle, in radians.
     */
    @Override
    public double getAngle(int column, int row) {
        double strengthX = xData[row][column];
        double strengthY = yData[row][column];
        return Math.atan2(strengthY, strengthX);
    }

    @Override
    public ScalarArrayField x() {
        return new ScalarArrayField(xCoordinates, yCoordinates, xData);
    }

    @Override
    public ScalarArrayField y() {
        return new ScalarArrayField(xCoordinates, yCoordinates, yData);
    }

    /**
     * Set the value of the cell at the given location.
     * @param column the column index.
     * @param row the row index.
     * @param xValue the new x value of the cell.
     * @param xValue the new y value of the cell.
     */
    public void setValue(int column, int row, double xValue, double yValue) {
        xData[row][column] = xValue;
        yData[row][column] = yValue;
    }

    @Override
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] outputStrengthX, double[] outputStrengthY, int outputOffset) {
        int index = outputOffset;

        // Initial value
        for (int row = startRow; row < endRow; row++) {
            for (int col = startColumn; col < endColumn; col++) {
                outputStrengthX[index] = xData[row][col];
                outputStrengthY[index] = yData[row][col];
                index++;
            }
        }
    }

    @Override
    public double getColumn(int column) {
        return xCoordinates[column];
    }

    @Override
    public double getRow(int row) {
        return yCoordinates[row];
    }

    @Override
    public int getColumns() {
        return xCoordinates.length;
    }

    @Override
    public int getRows() {
        return yCoordinates.length;
    }
}
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blob 16155�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarArrayField;
import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Splitter;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.transform.DftNormalization;
import org.apache.commons.math3.transform.FastFourierTransformer;
import org.apache.commons.math3.transform.TransformType;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.awt.Color;
import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.EnumSet;
import java.util.List;
import java.util.Set;
import java.util.Vector;
import java.util.function.*;
import java.util.stream.Collector;
import java.util.stream.Collectors;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        },
        TEMPERATURE() {
            @Override
            public Gradient toGradient() {
                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);
            }
        },
        HSV2() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (2 * factor), intensity, intensity);
                };
            }
        },
        HSV10() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (10 * factor), intensity, intensity);
                };
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return field.angles();
            }
        },
        X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.x();
            }
        },
        Y {
            @Override
            public ScalarField filter(VectorField field) {
                return field.y();
            }
        },
        Y_MINUS_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b - a);
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
                case "x":
                    return X;
                case "y":
                    return Y;
                case "y-x":
                    return Y_MINUS_X;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    /**
     * Represents visualization of aggregate values.
     */
    public enum Aggregate {
        /**
         * Compute the average value in all the frames.
         */
        AVERAGE {
            @Override
            public ScalarField aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                return ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        0,
                        (a, b) -> a + b,
                        a -> a / frames.size()
                );
            }
        },
        /**
         * Compute the maximum value in all the frames.
         */
        MAX {
            @Override
            public ScalarField aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                return ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        -Double.MAX_VALUE,
                        Math::max,
                        DoubleUnaryOperator.identity());
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_DIRECT {
            @Override
            public ScalarField aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (fieldX, fieldY, column, row) -> {
                            // Store the final X and Y value in index 0
                            fieldX[0] = getPeakAngle(fieldX);
                            fieldY[0] = getPeakAngle(fieldY);
                            return 0;
                        }
                );
                return visualization.filter(field);
            }

            private double getPeakAngle(double[] values) {
                double bestValue = values[0];
                int bestIndex = 0;

                for (int i = 1; i < values.length; i++) {
                    if (values[i] > bestValue) {
                        bestValue = values[i];
                        bestIndex = i;
                    }
                }
                return (bestIndex / (double)values.length) * Math.PI * 2;
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_FFT {
            @Override
            public ScalarField aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                    frames.stream().
                            map(PlotFrame::getVectorField).collect(Collectors.toList()),
                    (fieldX, fieldY, column, row) -> {
                        // Complex values
                        double[] fieldXi = new double[fieldX.length];
                        double[] fieldYi = new double[fieldY.length];

                        // Perform a Fast-Fourier Transformation of both values
                        FastFourierTransformer.transformInPlace(new double[][] { fieldX, fieldXi }, DftNormalization.STANDARD, TransformType.FORWARD);
                        FastFourierTransformer.transformInPlace(new double[][] { fieldY, fieldYi }, DftNormalization.STANDARD, TransformType.FORWARD);

                        double fftMaxX = MathUtils.normalizeAngle(-Math.atan2(fieldXi[1], fieldX[1]), FastMath.PI);
                        double fftMaxY = MathUtils.normalizeAngle(-Math.atan2(fieldYi[1], fieldY[1]), FastMath.PI);

                        // Store the final X and Y value in index 0
                        fieldX[0] = fftMaxX;
                        fieldY[0] = fftMaxY;
                        return 0;
                    }
                );
                return visualization.filter(field);
            }
        };

        /**
         * Aggregate the given frames into a final scalar field.
         * @param frames the frames to aggregate.
         * @param visualization optional visualization to apply, if necessary.
         * @param x the x coordinate of each column in the final scalar field.
         * @param y the y coordinate of each row in the final scalar field.
         * @return The final frame.
         */
        public abstract ScalarField aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y);

         /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Aggregate parse(String text) {
            switch (text.toLowerCase()) {
                case "a":
                case "average":
                    return AVERAGE;
                case "m":
                case "max":
                    return MAX;
                case "xyd":
                case "xy_phase_difference_direct":
                    return MAX_XY_PHASE_DIFFERENCE_DIRECT;
                case "xyf":
                case "xy_phase_difference_fft":
                    return MAX_XY_PHASE_DIFFERENCE_FFT;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an aggregate.");
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Function that is applied to every value
    private DoubleUnaryOperator valueOperator;

    // Test location of the drone
    private RealVector droneLocation;

    // Whether or not to display the help context
    private boolean displayHelp;

    // Whether or not to draw each frame
    private boolean drawFrames = true;

    // The aggregates
    private List<Aggregate> aggregates = Lists.newArrayList();

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                switch (arg.substring(1).toLowerCase()) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        applyValueOperator(Math::log10);
                        break;
                    case "a":
                    case "abslog":
                        applyValueOperator(x -> Math.sin(x) * Math.log(Math.abs(x)));
                        break;
                    case "d:":
                    case "drone":
                        droneLocation = new ArrayRealVector(new double[] { Double.parseDouble(args[++i]), Double.parseDouble(args[++i]) });
                        break;
                    case "f":
                    case "frames":
                        drawFrames = Boolean.parseBoolean(args[++i]);
                        break;
                    case "ag":
                    case "aggregate":
                        // Parse aggregate list
                        aggregates = Splitter.on(",").splitToList(args[++i]).stream().
                                map(Aggregate::parse).
                                collect(Collectors.toList());
                        break;
                    default:
                        throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times (existing pattern: " + outputPattern + ")");
                }
                outputPattern = arg;
            }
        }
    }

    protected void applyValueOperator(DoubleUnaryOperator operator) {
        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;
    }

    public RealVector getDroneLocation() {
        return droneLocation;
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public DoubleUnaryOperator getValueOperator() {
        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }

    public boolean isDrawFrames() {
        return drawFrames;
    }

    public List<Aggregate> getAggregates() {
        return aggregates;
    }
}
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blob 123�package com.comphenix.magnets.solver;

/**
 * Created by Kristian on 12.02.2015.
 */
public class WireJacobianFunction {
}
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blob 4998�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.util.PrimitiveArrays;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.collect.Iterables;
import com.google.common.collect.Lists;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.RealVector;

import javax.xml.bind.annotation.*;
import java.util.Arrays;
import java.util.Collections;
import java.util.List;
import java.util.Map;
import java.util.stream.Collectors;

/**
 * Represents a model of sources for magnetic fields.
 * Created by Kristian on 27.01.2015.
 */
@XmlAccessorType(XmlAccessType.FIELD)
@XmlRootElement(name = "model")
public class MagneticModel {
    @XmlElementWrapper(name = "conductors")
    @XmlElement(name = "conductor", type = Conductor.class)
    private List<Conductor> conductors;

    // View of actual conductors
    private transient List<Conductor> conductorView;

    /**
     * Construct a new empty magnetic model.
     */
    public MagneticModel() {
        this.conductors = Lists.newArrayList();
    }

    /**
     * Construct a new magnetic model with the given list of conductors in the XY plane.
     * @param conductors the conductor list which will be copied.
     */
    public MagneticModel(List<Conductor> conductors) {
        this.conductors = Lists.newArrayList(conductors);
    }

    /**
     * Retrieve a immutable view of all the conductors in this model.
     * @return The conductors in the model.
     */
    public List<Conductor> conductors() {
        if (conductorView == null) {
            conductorView = Collections.unmodifiableList(this.conductors);
        }
        return conductorView;
    }

    /**
     * Retrieve the vector value of the complete magnetic field at a given location and time.
     * @param x the x coordinate.
     * @param y the y coordinate.
     * @param t the time.
     * @return The corresponding vector.
     */
    public RealVector getVector(double x, double y, double t) {
        return getContinuousField(t).getVector(x, y);
    }

    /**
     * Retrieve the continuous field at the given time.
     * @param time the time.
     * @return The corresponding continuous field.
     */
    public FourDimensionalField getContinuousField(double time) {
        ContinuousField[] copy = Iterables.toArray(getContinuousFields(time).values(), ContinuousField.class);

        if (copy.length == 0) {
            throw new IllegalArgumentException("Cannot merge zero fields.");
        }
        // Use the largest component
        int components = Arrays.stream(copy).mapToInt(ContinuousField::getComponents).max().getAsInt();

        return new FourDimensionalField() {
            @Override
            public int getComponents() {
                return components;
            }

            @Override
            public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {
                addComponents(x, y, 1, 1, startComponent, endComponent, destination, destinationOffset);
            }

            @Override
            public void addComponents(double x, double y, double a, double b, int startComponent, int endComponent, double[] destination, int destinationOffset) {
                // Initial values
                Arrays.fill(destination, destinationOffset, destinationOffset + (endComponent - startComponent), 0);

                for (int i = 0; i < copy.length; i++) {
                    ContinuousField field = copy[i];

                    if (a != 1 && i == 0) {
                        PrimitiveArrays.addToArray(field.getComponentsArray(x, y, startComponent, endComponent), a, destination, destinationOffset);
                    } else if (b != 1 && i == copy.length - 1) {
                        PrimitiveArrays.addToArray(field.getComponentsArray(x, y, startComponent, endComponent), b, destination, destinationOffset);
                    } else {
                        field.addComponents(x, y, startComponent, endComponent, destination, destinationOffset);
                    }
                }
            }
        };
    }

    /**
     * Retrieve the continuous magnetic fields due to the conductors in this model, experienced at the given time.
     * @return The continuous magnetic fields.
     */
    public Map<Conductor, WireContinuousField> getContinuousFields(double time) {
        return conductors.stream().collect(Collectors.toMap(c -> c, c -> c.getMagneticField(time)));
    }

    /**
     * Retrieve the vector field at a given time.
     * @param time the time.
     * @return The corresponding vector field.
     */
    public VectorSimulatedField getVectorField(double time, double[] x, double[] y) {
        return new VectorSimulatedField(
                conductors.stream().map(c -> c.getMagneticField(time)).collect(Collectors.toList()),
                x, y
        );
    }
}
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blob 2559�package com.comphenix.magnets.fields;

import com.univocity.parsers.csv.CsvParser;
import com.univocity.parsers.csv.CsvParserSettings;

import java.io.Reader;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class CvsFieldParser {
    private static final CvsFieldParser system = new CvsFieldParser(getDefaultSettings());

    // CVS settings
    private final CsvParserSettings settings;

    /**
     * Retrieve the default CVS settings.
     * @return Default settings.
     */
    private static CsvParserSettings getDefaultSettings() {
        CsvParserSettings settings = new CsvParserSettings();
        settings.setMaxColumns(5000);
        settings.getFormat().setLineSeparator("\n");
        settings.getFormat().setDelimiter('\t');
        return settings;
    }

    public static CvsFieldParser system() {
        return system;
    }

    public CvsFieldParser(CsvParserSettings settings) {
        this.settings = settings;
    }

    /**
     * Parse a CVS file into a matrix.
     * @param reader the CVS file being read.
     * @return The corresponding matrix.
     */
    public ArrayField parse(Reader reader) {
        ArrayField result = new ArrayField();
        CsvParser parser = new CsvParser(settings);
        boolean hasHeader = false;

        parser.beginParsing(reader);

        // Stream each row
        for (String[] row = parser.parseNext(); row != null; row = parser.parseNext()) {
            if (row.length <= 1)
                continue;

            if (!hasHeader) {
                result.setX(parseDouble(row, 1));
                hasHeader = true;
            } else {
                result.addRow(Double.parseDouble(row[0]), parseDouble(row, 1));
            }
        }
        return result;
    }

    /**
     * Parse the given subset of strings as doubles.
     * @param values the values.
     * @param offset the offset.
     * @return The resulting doubles.
     */
    protected double[] parseDouble(String[] values, int offset) {
        return parseDouble(values, offset, values.length - offset);
    }

    /**
     * Parse the given subset of strings as doubles.
     * @param values the values.
     * @param offset the offset.
     * @param length the length.
     * @return The resulting doubles.
     */
    protected double[] parseDouble(String[] values, int offset, int length) {
        double[] result = new double[length];

        for (int i = 0; i < length; i++) {
            result[i] = Double.parseDouble(values[i + offset]);
        }
        return result;
    }
}
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blob 119�package com.comphenix.magnets.fields;

/**
 * Created by Kristian on 26.01.2015.
 */
public class TimeVariantField {
}
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blob 31738�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.io.CvsFieldWriter;
import com.comphenix.magnets.model.*;
import com.comphenix.magnets.solver.DroneSimulation;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.solver.continuous.BobygaSolver;
import com.comphenix.magnets.solver.continuous.BoundingBox;
import com.comphenix.magnets.solver.continuous.CmaesSolver;
import com.comphenix.magnets.solver.continuous.Solver;
import com.comphenix.magnets.util.PrimitiveArrays;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Maps;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.beanutils.BeanUtils;
import org.apache.commons.math3.analysis.MultivariateFunction;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.*;
import org.apache.commons.math3.optim.*;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.lang.reflect.InvocationTargetException;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.*;
import java.util.concurrent.ThreadLocalRandom;
import java.util.concurrent.TimeUnit;
import java.util.concurrent.atomic.AtomicBoolean;
import java.util.concurrent.atomic.AtomicInteger;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.Collectors;
import java.util.stream.IntStream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel firstModel = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;
        MagneticModel secondModel = a.getSecondModelFile() != null ? ModelDeserializer.system().deserialize(a.getSecondModelFile()) : null;
        ModelInterpolator interpolator = secondModel != null ? ModelInterpolator.linear(firstModel, secondModel) : null;

        for (int i = 0; i < a.getInterpolateCount(); i++) {
            MagneticModel model = interpolator != null ? interpolator.getModel(i / (double)a.getInterpolateCount()) : firstModel;
            processFrames(a, interpolator != null ?
                    new File(rootFolder, "Model " + i) : rootFolder, model, secondModel);
        }
    }

    private static void processFrames(PlotArguments a, File rootFolder, MagneticModel model, MagneticModel secondModel) throws Exception {
        // Ensure root folder exists
        rootFolder.mkdirs();

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getModelSource(), a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile(), a.getX(), a.getY());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // CMES
        if (a.getModelFile() != null && a.getModelSource().isDroneField()) {
            Solver solver = a.getSolverName().toSolver();
            BoundingBox box = new BoundingBox(a.getX(), a.getY());

            // Initialize properties
            BeanUtils.populate(solver, a.getSolverProperties());
            FourDimensionalField continuousField = getContinuousField(model, a.getModelSource(), a.getT().getStart());

            // Note that the second model is used for the real factory, if it exists
            double[] droneSensors =  continuousField instanceof DroneVectorField ?
                    ((DroneVectorField) continuousField).getSensorDelta() : new double[] {0, 0};
            FourDimensionalField sinusoidField = getContinuousField(model, PlotArguments.ModelSource.SINUSOID_FIELD, 0);
            DroneSimulation.DroneFieldFactory modelFactory = sensors -> new DroneVectorField(sinusoidField, sensors);
            DroneSimulation.DroneFieldFactory realFactory = sensors -> new DroneVectorField(
                    new FastFourierField(secondModel != null ? secondModel : model), sensors);

            if (a.getDroneLocation() != null) {
                System.out.println("Finding minimum using " + solver);
                testCMES(solver, continuousField, realFactory.getField(droneSensors), a.getX(), a.getY(), a.getDroneLocation(), a.isDroneUnbalancedCurrent());
            }
            if (a.isComputeDronePdfBalance()) {
                System.out.println("Computing current imbalance ...");
                computePdfImbalanace(model, secondModel, droneSensors, box, a.getDronePDFSamples());
            }
            if (a.isComputeDronePDF()) {
                computePDF(solver, continuousField, realFactory.getField(droneSensors), box, a.getDroneSearchRadius(),
                        a.getDronePDFSamples(), a.getDroneRepeatCount(), a.getDroneLocation(), a.isDroneUnbalancedCurrent());
            }
            if (a.isDrawDroneErrorMap()) {
                writeDroneErrorMap(a, solver, continuousField, box, a.getX(), a.getY(), new File(rootFolder, "DRONE_ERROR.png"), a.isDroneUnbalancedCurrent());
            }
            if (a.isDroneSimulation()) {
                DroneSimulation simulation = new DroneSimulation(createVector(30, 0),
                        Lists.newArrayList(createVector(20, 40), createVector(0, 40)), box, solver, a.getDroneSearchRadius());

                simulation.start(modelFactory, realFactory,  droneSensors, 1000);
            }
        }

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                Range<Double> errorRange = errorField.getRange();

                System.out.println("Writing error map with value range: " + errorRange);
                writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    private static void computePdfImbalanace(MagneticModel model, MagneticModel secondModel, double[] droneSensors, BoundingBox box, int dronePDFSamples) {
        Random rnd = new Random();
        double[] realCurrent = secondModel.conductors().stream().mapToDouble(c -> c.getCurrent().getAmplitude()).toArray();
        ArrayRealVector realValue = new ArrayRealVector(new double[] { realCurrent[0] / realCurrent[1], realCurrent[2] / realCurrent[1] });

        for (int i = 0; i < dronePDFSamples; i++) {
            Stopwatch watch = Stopwatch.createStarted();
            RealVector point = box.randomPoint(rnd);
            PointValuePair solution = findCurrentImbalance(model, secondModel, droneSensors, point.getEntry(0), point.getEntry(1));
            ArrayRealVector solutionValue = new ArrayRealVector(solution.getPoint());

            watch.stop();
            System.out.println(watch.elapsed(TimeUnit.NANOSECONDS) + ", " + solutionValue + ", " + solutionValue.getDistance(realValue));
        }
    }

    private static PointValuePair findCurrentImbalance(MagneticModel model, MagneticModel secondModel, double[] droneSensors, double droneX, double droneY) {
        // Field of current balance
        CurrentImbalanceField imbalanceField = new CurrentImbalanceField(model.conductors(), droneSensors, droneX, droneY);
        double[] target = getMeasuredSinusoids(secondModel, droneSensors, droneX, droneY);

        Solver solver = new CmaesSolver();
        PointValuePair pair = solver.findMinimum(imbalanceField, target, new double[] {1, 1}, new BoundingBox(0.5, 0.5, 2, 2));
        return pair;
    }

    private static double[] getMeasuredSinusoids(MagneticModel measuredModel, double[] droneSensors, double droneX, double droneY) {
        DroneVectorField measuredField = new DroneVectorField(new HarmonicSumField(measuredModel.conductors(), 0), droneSensors);
        return measuredField.getVector(droneX, droneY).toArray();
    }

    private static ArrayRealVector createVector(double... points) {
        return new ArrayRealVector(points);
    }

    private static void testCMES(Solver solver, FourDimensionalField sinusoids, FourDimensionalField sampleField,
                                 SegmentRange x, SegmentRange y, RealVector droneLocation, boolean droneUnbalancedCurrent) {
        // The target position
        double[] target = sampleField.getVector(droneLocation.getEntry(0), droneLocation.getEntry(1)).toArray();
        BoundingBox box = new BoundingBox(x, y);
        double[] guessPoint = box.getCenter().toArray();

        if (droneUnbalancedCurrent) {
            // Assume the current is balanced, but give the algorithm the option to change the balance
            guessPoint = new double[] { guessPoint[0], guessPoint[1], 1, 1 };
            box = box.addBounds(new double[] { 0.5, 0.5 }, new double[] { 2, 2 });
        }

        // Real solution
        System.out.println("Attempting to find " + new ArrayRealVector(target) + " (point " + droneLocation + " ) in field ...");
        PointValuePair solution = solver.findMinimum(sinusoids, target, guessPoint, box);
        RealVector fullPoint = new ArrayRealVector(solution.getPoint());
        RealVector solutionPoint = fullPoint.getSubVector(0, 2);

        System.out.println("Possible solution: " + fullPoint + ", distance: " + droneLocation.getDistance(solutionPoint));
        System.out.println("Value of possible: " + sinusoids.getVector(solution.getPoint()[0], solution.getPoint()[1]));
    }

    private static void computePDF(Solver solver, FourDimensionalField sinusoids, FourDimensionalField sampleField, BoundingBox box,
                                   double droneSearchRadius, int dronePDFSamples, int droneRepeatCount, RealVector droneLocation,
                                   boolean droneUnbalancedCurrent) {

        DoubleSummaryStatistics distanceStats = new DoubleSummaryStatistics();
        Map<Double, AtomicInteger> misses = Maps.newLinkedHashMap();
        AtomicInteger failures = new AtomicInteger();

        // Initialize misses
        misses.put(0.1, new AtomicInteger());
        misses.put(1.0, new AtomicInteger());
        misses.put(5.0, new AtomicInteger());
        misses.put(10.0, new AtomicInteger());

        // Pre-generate the random points according to a seed
        Random pointRandom = new Random(1);
        RealVector[] points = droneLocation == null ? IntStream.range(0, dronePDFSamples).
                mapToObj(i -> box.randomPoint(pointRandom)).toArray(RealVector[]::new) :
                Collections.nCopies(dronePDFSamples, droneLocation).toArray(new RealVector[0]);

        Stopwatch totalElapsed = Stopwatch.createStarted();

        // Samples of the distances
        DoubleSummaryStatistics stats = IntStream.range(0, dronePDFSamples).mapToDouble(i -> {
            double[] randomPoint = points[i].toArray();
            double[] randomTarget = sampleField.getVector(randomPoint[0], randomPoint[1]).toArray();
            double[] guessPoint = null;
            BoundingBox searchBox = box;

            // See if the drone radius is overriding the search box
            if (droneSearchRadius < box.getMaximumExtent()) {
                searchBox = BoundingBox.fromHyperCube(randomPoint, droneSearchRadius * 2).intersect(box);
                guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
            } else {
                guessPoint = box.getCenter().toArray();
            }

            if (droneUnbalancedCurrent) {
                // Assume the current is balanced, but give the algorithm the option to change the balance
                guessPoint = new double[] { guessPoint[0], guessPoint[1], 1, 1 };
                searchBox = searchBox.addBounds(new double[] { 0.9, 0.9 }, new double[] { 1.1, 1.1 });
            }

            Stopwatch watch = Stopwatch.createStarted();
            try {
                PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox, droneRepeatCount);
                RealVector bestVector = new ArrayRealVector(bestSolution.getPoint(), false);
                RealVector bestPoint = bestVector.getSubVector(0, 2); // in case we have AB

                if (bestSolution.getSecond() > 0.2) {
                    // Reject!
                    throw new RuntimeException("Unable to find point.");
                }

                // Store the distance between the solution and the random point
                double sample = new ArrayRealVector(randomPoint, false).getDistance(bestPoint);
                distanceStats.accept(sample);

                // Count the number of misses
                for (Map.Entry<Double, AtomicInteger> entry : misses.entrySet()) {
                    if (sample > entry.getKey()) {
                        entry.getValue().incrementAndGet();
                    }
                }
                System.out.println("Point " + new ArrayRealVector(randomPoint, false) + " distance: " + sample + ", invariant dist: " + bestSolution.getSecond());

            } catch (Exception e) {
                //e.printStackTrace();
                failures.incrementAndGet();
            } finally {
                watch.stop();
            }
            return watch.elapsed(TimeUnit.NANOSECONDS) / 1.0E6;

        }).parallel().summaryStatistics();

        totalElapsed.stop();
        System.out.println("Total elapsed (real-time): " + totalElapsed);
        System.out.println("Average elapsed (per point): " + stats.getAverage() + " ms (std: " + Math.sqrt(stats.getAverage()) + " ms)");
        System.out.println("Average distance: " + distanceStats.getAverage() + " m (std: " + Math.sqrt(distanceStats.getAverage()) + " m)");

        // Write out the number of misses
        for (Map.Entry<Double, AtomicInteger> entry : misses.entrySet()) {
            System.out.printf("Misses (above %s): %d of %d%n", entry.getKey(), entry.getValue().get(), dronePDFSamples);
        }
        System.out.println("Failures: " + failures.get());
    }

    private static void writeDroneErrorMap(PlotArguments a, Solver solver, FourDimensionalField sinusoids, BoundingBox box,
                                           SegmentRange xRange, SegmentRange yRange, File file, boolean droneUnbalancedCurrent) throws IOException {
        Stopwatch watch = Stopwatch.createStarted();
        Stopwatch total = Stopwatch.createStarted();

        ScalarField errorMap = ScalarArrayField.fromFunction(xRange.toArray(), yRange.toArray(), (x, y) -> {
            double[] specificPoint = new double[] { x, y };
            double[] randomTarget = sinusoids.getVector(specificPoint[0], specificPoint[1]).toArray();
            double[] guessPoint = null;
            BoundingBox searchBox = box;

            // See if the drone radius is overriding the search box
            if (a.getDroneSearchRadius() < box.getMaximumExtent()) {
                searchBox = BoundingBox.fromHyperCube(specificPoint, a.getDroneSearchRadius()).intersect(box);
                guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
            } else {
                guessPoint = box.getCenter().toArray();
            }

            if (droneUnbalancedCurrent) {
                // Assume the current is balanced, but give the algorithm the option to change the balance
                guessPoint = new double[] { guessPoint[0], guessPoint[1], 1, 1 };
                searchBox = searchBox.addBounds(new double[] { 0.9, 0.9 }, new double[] { 1.1, 1.1 });
            }

            try {
                PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox);
                RealVector fullPoint = new ArrayRealVector(bestSolution.getPoint());
                RealVector solutionPoint = fullPoint.getSubVector(0, 2);

                // We want to plot the distance
                return new ArrayRealVector(specificPoint, false).getDistance(solutionPoint);

            } catch (Exception e) {
                System.out.println("Error occurred for " + new ArrayRealVector(specificPoint, false));
                e.printStackTrace();
                return box.getDiagonalLength();
            }

        }, progress -> {
            if (watch.elapsed(TimeUnit.SECONDS) > 1) {
                System.out.println("Current progress: " + progress * 100 + "%");

                watch.reset();
                watch.start();
            }
        });

        total.stop();
        System.out.println("Generated drone map in " + total);

        // Write out the drone map
        writeScalarField(a, null, a.getValueOperator(), errorMap, file);
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        destination = getSiblingFile(destination, a.getOutputFormat().getExtension());

        switch (a.getOutputFormat()) {
            case PNG:
                writePngField(a, valueRange, valueOperator, field, destination);
                break;
            case CSV:
                Stopwatch watch = Stopwatch.createStarted();
                CvsFieldWriter writer = new CvsFieldWriter();
                writer.write(destination.toPath(), field);

                watch.stop();
                System.out.println("Written " + destination + " (total time: " + watch + ")");
                break;
        }
    }

    /**
     * Retrieve a sibling file with the same name and the given extension,
     * @param file the file.
     * @param extension the extension.
     * @return Sibling file with similar file name, but different extension.
     */
    private static File getSiblingFile(File file, String extension) {
        return new File(file.getParentFile(),
                com.google.common.io.Files.getNameWithoutExtension(file.getName()) + "." + extension);
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writePngField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;
        Stopwatch watch = Stopwatch.createStarted();

        // Recompute range
        if (valueRange == null) {
            valueRange = field.getRange();
        }
        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        FieldGraph graph = new FieldGraph(a.getScheme().toGradient(), valueOperator, a.getXAxis(), a.getYAxis());

        if (a.getZAxis() != null) {
            graph.setZAxis(a.getZAxis());
        }
        BufferedImage image = graph.createImage(field, a.getX().toRange(), a.getY().toRange(), valueRange, column -> {
            if (maxColumns != null) {
                // Compute maximum value in each row
                for (int i = 0; i < maxColumns.length; i++) {
                    if (!Double.isNaN(column[i])) {
                        maxColumns[i] = Math.max(maxColumns[i], column[i]);
                    }
                }
            }
        });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, graph.getMargins().getLeft(), graph.getMargins().getTop(),
                    maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            watch.stop();
            System.out.println("Written " + destination + " (total time: " + watch + ")");
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        RealVector valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        Vector2D solvedPoint = measure("Time finding solution", () -> solver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        ScalarField distance = new ScalarArrayField(vectorField.map(
            (vectorArray, vectorOffset, vectorLength, column, row) -> {
                return valuePoint.getDistance(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));
            }
        ));
        return distance;
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @param outputX the x dimensions.
     * @param outputY the y dimensions.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile, SegmentRange outputX, SegmentRange outputY) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        final ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));
        ScalarField output = field;
        double[] fieldX = field.toColumnArray();
        double[] fieldY = field.toRowArray();

        if (field.getColumns() != outputX.getSegments() || field.getRows() != outputY.getSegments()) {
            SegmentRange newX = new SegmentRange(fieldX[0], fieldX[fieldX.length - 1], outputX.getSegments());
            SegmentRange newY = new SegmentRange(fieldY[0], fieldY[fieldY.length - 1], outputY.getSegments());

            // Resize the field
            output = ScalarArrayField.fromFunction(newX.toArray(), newY.toArray(), (x, y) -> {
                int nearestX = Math.abs(Arrays.binarySearch(fieldX, x));
                int nearestY = Math.abs(Arrays.binarySearch(fieldY, y));
                return nearestX >= 0 && nearestY >= 0 ? field.getValue(nearestX, nearestY) : 0;
            }, progress -> {});
        }
        return ImmutableList.of(new PlotFrame(output, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.ModelSource source, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = getVectorField(model, source, t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Retrieve the vector field from a magnetic model and a model source.
     * @param model the model.
     * @param source the source.
     * @param time the time.
     * @param xPoints the x coordinates.
     * @param yPoints the y coordinates.
     */
    private static VectorField getVectorField(MagneticModel model, PlotArguments.ModelSource source, double time, double[] xPoints, double[] yPoints) {
        if (source == PlotArguments.ModelSource.MAGNETIC_FIELD) {
            return model.getVectorField(time, xPoints, yPoints);
        } else {
            return getContinuousField(model, source, time).toVectorField(xPoints, yPoints);
        }
    }

    /**
     * Retrieve the continuous field associated with the given model source.
     * @param model the model.
     * @param source the source.
     * @param time the time.
     */
    private static FourDimensionalField getContinuousField(MagneticModel model, PlotArguments.ModelSource source, double time) {
        FourDimensionalField sinusoids = new HarmonicSumField(model.conductors(), time);

        switch (source) {
            case MAGNETIC_FIELD:
                return model.getContinuousField(time);
            case SINUSOID_FIELD:
                return sinusoids;
            case DRONE_1:
                return new DroneVectorField(sinusoids, new double[] {0, 0} );
            case DRONE_2:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0});
            case DRONE_3:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0, 0.5, 0.5});
            case DRONE_4:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0, 1, 1, 0, 1});
            case DRONE_5:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0, 1, 1, 0, 1, 0.5, 0.5});
            case DRONE_VERTICAL:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 0, 3, 0, 6, 0, 9});
            case DRONE_VERTICAL2:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0, 0, 3, 1, 3, 0, 6, 1, 6, 0, 9, 1, 9});
            case DRONE_VERTICAL26:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0, 0, 3, 1, 3, 0, 6, 1, 6, 0, 9, 1, 9, 0, 12, 1, 12, 0, 15, 1, 15});
            case DRONE_VERTICAL6:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 0, 3, 0, 6, 0, 9, 0, 12, 0, 15});
            case DRONE_HORIZONTAL:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 3, 0, 6, 0, 9, 0});
            case DRONE_TEST:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 0, 6, 6, 0, 6, 6, 3, 3});
            default:
                throw new IllegalArgumentException("Unknown model source: " + source);
        }
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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Handle non-convergent points. Also, draw the map correctly ...
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blob 27367�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.GraphAxis;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.solver.continuous.*;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Splitter;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Maps;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.transform.DftNormalization;
import org.apache.commons.math3.transform.FastFourierTransformer;
import org.apache.commons.math3.transform.TransformType;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.awt.Color;
import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.*;
import java.util.function.*;
import java.util.stream.Collectors;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        },
        TEMPERATURE() {
            @Override
            public Gradient toGradient() {
                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);
            }
        },
        HSV() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = 1; // (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float)factor, intensity, intensity);
                };
            }
        },
        HSV2() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (2 * factor), intensity, intensity);
                };
            }
        },
        HSV10() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (10 * factor), intensity, intensity);
                };
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return getScalar(field.angles());
            }
        },
        X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.x();
            }
        },
        Y {
            @Override
            public ScalarField filter(VectorField field) {
                return field.y();
            }
        },
        Y_MINUS_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b - a);
            }
        },
        Y_DIV_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b / a);
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Attempt to get a scalar view of the given field.
         * @param field the field.
         * @return The resulting scalar field.
         */
        private static ScalarField getScalar(DiscreteField field) {
            return field instanceof VectorField ? ((VectorField) field).magnitudes() : (ScalarField) field;
        }

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
                case "x":
                    return X;
                case "y":
                    return Y;
                case "y-x":
                    return Y_MINUS_X;
                case "ydivx":
                    return Y_DIV_X;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    /**
     * Represents visualization of aggregate values.
     */
    public enum Aggregate {
        /**
         * Compute the average value in all the frames.
         */
        AVERAGE {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar = ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        0,
                        (a, b) -> a + b,
                        a -> a / frames.size()
                );

                // Maybe create a vector average as well?
                return new PlotFrame(scalar, null);
            }
        },
        /**
         * Compute the maximum value in all the frames.
         */
        MAX {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar =  ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        -Double.MAX_VALUE,
                        Math::max,
                        DoubleUnaryOperator.identity());

                // Maybe create a vector maximum as well?
                return new PlotFrame(scalar, null);
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_DIRECT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            // First vector will contain the result
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(components, i, vectorLength);
                            }
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            /**
             * Retrieve the angle of the peak value in the given array of values.
             * @param values the values.
             * @param offset the starting position.
             * @param stepSize the step size.
             * @return The peak angle.
             */
            private double getPeakAngle(double[] values, int offset, int stepSize) {
                double bestValue = values[offset];
                int bestIndex = offset;
                int count = 1;

                for (int i = offset + stepSize; i < values.length; i += stepSize) {
                    if (values[i] > bestValue) {
                        bestValue = values[i];
                        bestIndex = i;
                    }
                    count++;
                }
                return (bestIndex / (double)count) * Math.PI * 2;
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAngle(double[] re) {
                double[] im = new double[re.length];
                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);

                return MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
            }
        },

        /**
         * Compute the amplitude of the sine at the maximum X and Y values, respectively.
         */
        AMPLITUDE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAmplitude(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAmplitude(double[] re) {
                double[] im = new double[re.length];

                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);
                return 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
            }
        },

        /**
         * Compute the actual drone measurements.
         */
        DRONE_SENSOR {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                // A field of sinusoids
                VectorField sinusoids = VectorField.aggregateExternal(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        frames.get(0).getVectorField().getComponents() * 2,
                        (components, vectorLength, source, sourcePos, column, row) -> {

                            for (int i = 0; i < vectorLength; i++) {
                                double[] re = VectorField.extractComponent(components, i, vectorLength);
                                double[] im = new double[re.length];

                                FastFourierTransformer.transformInPlace(
                                        new double[][]{re, im}, DftNormalization.STANDARD, TransformType.FORWARD);

                                // Compute both the angle and the amplitude
                                source[sourcePos++] = 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
                                source[sourcePos++] = MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
                            }
                            ;
                            return sourcePos;
                        }
                );

                // TODO: FIX THIS LATER
                throw new UnsupportedOperationException("Unsupported");
            }
        };

        /**
         * Aggregate the given frames into a final scalar field.
         *
         * @param frames the frames to aggregate.
         * @param visualization optional visualization to apply, if necessary.
         * @param x the x coordinate of each column in the final scalar field.
         * @param y the y coordinate of each row in the final scalar field.
         * @return The final frame.
         */
        public abstract PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y);

         /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Aggregate parse(String text) {
            switch (text.toLowerCase()) {
                case "a":
                case "average":
                    return AVERAGE;
                case "m":
                case "max":
                    return MAX;
                case "xyd":
                case "xy_phase_difference_direct":
                    return MAX_XY_PHASE_DIFFERENCE_DIRECT;
                case "xyf":
                case "xy_phase_difference_fft":
                    return MAX_XY_PHASE_DIFFERENCE_FFT;
                case "ampf":
                case "amplitude_fft":
                    return AMPLITUDE_FFT;
                case "drone":
                case "drone_sensor":
                    return DRONE_SENSOR;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an aggregate.");
        }

    }

    /**
     * The data in the model to display.
     */
    public enum ModelSource {
        /**
         * The magnetic field.
         */
        MAGNETIC_FIELD,

        /**
         * The amplitude and phase of the sinusoid representing the x and y component of the magnetic field.
         */
        SINUSOID_FIELD,

        /**
         * A drone with two sensors.
         */
        DRONE_2;

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding model source..
         */
        public static ModelSource parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnetic_field":
                    return MAGNETIC_FIELD;
                case "s":
                case "sinusoid_field":
                    return SINUSOID_FIELD;
                case "d2":
                case "drone_2":
                    return DRONE_2;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an model source.");
        }
    }

    public enum SolverName {
        BOBYGA(BobygaSolver::new),
        CMAES(CmaesSolver::new);

        private final Supplier<Solver> supplier;

        SolverName(Supplier<Solver> supplier) {
            this.supplier = supplier;
        }

        /**
         * Retrieve the correct solver.
         * @return The correct solver.
         */
        public Solver toSolver() {
            return supplier.get();
        }

        public static SolverName parse(String text) {
            return valueOf(text.toUpperCase());
        }
    }

    /**
     * The different output formats.
     */
    public enum OutputFormat {
        PNG,
        CSV;

        /**
         * Retrieve the extension associated with this output format.
         * @return The extension.
         */
        public String getExtension() {
            switch (this) {
                case PNG: return "png";
                case CSV: return "csv";
                default: throw new IllegalStateException("Unknown extension for " + this);
            }
        }

        public static OutputFormat parse(String text) {
            return valueOf(text.toUpperCase());
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;
    private ModelSource modelSource = ModelSource.MAGNETIC_FIELD;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Function that is applied to every value
    private DoubleUnaryOperator valueOperator;

    // Test location of the drone
    private RealVector droneLocation;
    private double droneSearchRadius = Double.MAX_VALUE;
    private int dronePDFSamples;
    private boolean drawDroneErrorMap;

    // The solver to use
    private SolverName solverName = SolverName.CMAES;
    private Map<String, String> solverProperties = Maps.newHashMap();

    // Whether or not to display the help context
    private boolean displayHelp;

    // Whether or not to draw each frame
    private boolean drawFrames = true;

    // The aggregates
    private List<Aggregate> aggregates = Lists.newArrayList();

    // Image format
    private OutputFormat outputFormat = OutputFormat.PNG;

    // To draw axes
    private GraphAxis XAxis;
    private GraphAxis YAxis;

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                String argumentName = arg.substring(1).toLowerCase();

                switch (argumentName) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "ms":
                    case "modelsource":
                        modelSource = ModelSource.parse(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        applyValueOperator(Math::log10);
                        break;
                    case "a":
                    case "abslog":
                        applyValueOperator(x -> Math.sin(x) * Math.log(Math.abs(x)));
                        break;
                    case "d:":
                    case "drone":
                        droneLocation = new ArrayRealVector(new double[] { Double.parseDouble(args[++i]), Double.parseDouble(args[++i]) });
                        break;
                    case "dp":
                    case "drone_pdf":
                        dronePDFSamples = Integer.parseInt(args[++i].trim());
                        break;
                    case "dr":
                    case "drone_radius":
                        droneSearchRadius = Double.parseDouble(args[++i].trim());
                        break;
                    case "dm":
                    case "drone_map":
                        drawDroneErrorMap = true;
                        break;
                    case "solver":
                        solverName = SolverName.parse(args[++i]);
                        break;
                    case "f":
                    case "frames":
                        drawFrames = Boolean.parseBoolean(args[++i]);
                        break;
                    case "ag":
                    case "aggregate":
                        // Parse aggregate list
                        aggregates = Splitter.on(",").splitToList(args[++i]).stream().
                                map(Aggregate::parse).
                                collect(Collectors.toList());
                        break;
                    case "of":
                    case "output_format":
                        this.outputFormat = OutputFormat.parse(args[++i]);
                        break;
                    case "ax":
                        XAxis = readAxis(args[++i]);
                        break;
                    case "ay":
                        YAxis = readAxis(args[++i]);
                        break;
                    default:
                        // Special cases
                        if (argumentName.startsWith("solver.")) {
                            // Preserve case-sensitivity
                            solverProperties.put(Splitter.on(".").limit(2).splitToList(arg).get(1), args[++i]);
                        } else {
                            throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                        }
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times (existing pattern: " + outputPattern + ")");
                }
                outputPattern = arg;
            }
        }
    }

    /**
     * Read a graph axis based on the following format:
     *    NAME:TICK_COUNT:SIZE
     * @param axis the axis.
     * @return The graph axis.
     */
    protected GraphAxis readAxis(String axis) {
        List<String> elements = Splitter.on(':').limit(3).splitToList(axis);
        int size = elements.size() >= 3 ? Integer.parseInt(elements.get(2)) : 64;
        int tickCount = elements.size() >= 2 ? Integer.parseInt(elements.get(1)) : 20;
        return new GraphAxis(size, tickCount, elements.get(0));
    }

    protected void applyValueOperator(DoubleUnaryOperator operator) {
        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;
    }

    public RealVector getDroneLocation() {
        return droneLocation;
    }

    /**
     * Retrieve the number of samples of the drone error distance to compute its PDF.
     * @return The drone PDF sample count. 0 or negative to not compute the PDF.
     */
    public int getDronePDFSamples() {
        return dronePDFSamples;
    }

    public boolean isComputeDronePDF() {
        return dronePDFSamples > 0;
    }

    public boolean isDrawDroneErrorMap() {
        return drawDroneErrorMap;
    }

    /**
     * Retrieve the image output format.
     * @return The output format.
     */
    public OutputFormat getOutputFormat() {
        return outputFormat;
    }

    /**
     * Retrieve the maximum radius around the real point to search.
     * </p>
     * Note that the x and y ranges have higher priority.
     * @return The drone search radius.
     */
    public double getDroneSearchRadius() {
        return droneSearchRadius;
    }

    public SolverName getSolverName() {
        return solverName;
    }

    /**
     * Additional solver properties.
     * @return Solver properties.
     */
    public Map<String, String> getSolverProperties() {
        return solverProperties;
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ModelSource getModelSource() {
        return modelSource;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public DoubleUnaryOperator getValueOperator() {
        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();
    }

    public GraphAxis getXAxis() {
        return XAxis;
    }

    public GraphAxis getYAxis() {
        return YAxis;
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }

    public boolean isDrawFrames() {
        return drawFrames;
    }

    public List<Aggregate> getAggregates() {
        return aggregates;
    }
}
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blob 117�package com.comphenix.magnets.graphics;

/**
 * Created by Kristian on 27.01.2015.
 */
public class MaximumGraph {
}
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blob 5914�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.Maps;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;

import javax.imageio.ImageIO;
import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.Map;
import java.util.Objects;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.IntStream;
import java.util.stream.Stream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // The input to visualize
        Map<ScalarField, Integer> indexLookup = Maps.newConcurrentMap();
        Supplier<Stream<ScalarField>> fields = a.getModelFile() != null ?
                getFields(a.getModelFile(), indexLookup, a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile(), indexLookup);

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), fields);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.isLogarithm() ? Math::log10 : DoubleUnaryOperator.identity();

        // Process images in parallel
        fields.get().parallel().forEach(field -> {
            try {
                Integer index = indexLookup.get(field);

                BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                    createImage(field, range);
                File destination = new File(String.format(a.getOutputPattern(), index));

                // Ensure parent directory is created
                Files.createDirectories(destination.toPath().getParent());

                // About 6x faster than ImageIO
                try (OutputStream stream = new FileOutputStream(destination)) {
                    (new PngEncoder()).encode(image, stream);
                    System.out.println("Written " + destination);
                }
            } catch (IOException e) {
                throw new RuntimeException("Cannot write frame.", e);
            }
        });
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, Supplier<Stream<ScalarField>> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            return fields.get().parallel().
                    map(ScalarField::getRange).reduce(Range::span).get();
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<ScalarField>> getFields(Path dataFile, Map<ScalarField, Integer> indexLookup) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        return () -> {
            ScalarField field = measure("Reading data file " + dataFile,
                    () -> CvsFieldParser.system().parse(dataFile));

            indexLookup.put(field, 0);
            return Stream.of(field);
        };
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param modelFile the model file.
     * @param visualization the visualization method. Only relevant for model file.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<ScalarField>> getFields(Path modelFile, Map<ScalarField, Integer> indexLookup, PlotArguments.Visualization visualization, SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(modelFile, "modelFile cannot be NULL");

        MagneticModel model = ModelDeserializer.system().deserialize(modelFile);
        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();

        return () -> IntStream.range(0, t.getSegments()).mapToObj(index -> {
            // Lazy computation
            ScalarField field = visualization.filter(model.getVectorField(t.getSegment(index), xPoints, yPoints));
            indexLookup.put(field, index);
            return field;
        });
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 24370�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Splitter;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.stat.correlation.Covariance;
import org.apache.commons.math3.stat.correlation.KendallsCorrelation;
import org.apache.commons.math3.stat.correlation.SpearmansCorrelation;
import org.apache.commons.math3.transform.DftNormalization;
import org.apache.commons.math3.transform.FastFourierTransformer;
import org.apache.commons.math3.transform.TransformType;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.awt.Color;
import java.awt.font.NumericShaper;
import java.io.IOException;
import java.nio.DoubleBuffer;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.*;
import java.util.function.*;
import java.util.stream.Collector;
import java.util.stream.Collectors;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        },
        TEMPERATURE() {
            @Override
            public Gradient toGradient() {
                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);
            }
        },
        HSV2() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (2 * factor), intensity, intensity);
                };
            }
        },
        HSV10() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (10 * factor), intensity, intensity);
                };
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return getScalar(field.angles());
            }
        },
        X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.x();
            }
        },
        Y {
            @Override
            public ScalarField filter(VectorField field) {
                return field.y();
            }
        },
        Y_MINUS_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b - a);
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Attempt to get a scalar view of the given field.
         * @param field the field.
         * @return The resulting scalar field.
         */
        private static ScalarField getScalar(DiscreteField field) {
            return field instanceof VectorField ? ((VectorField) field).magnitudes() : (ScalarField) field;
        }

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
                case "x":
                    return X;
                case "y":
                    return Y;
                case "y-x":
                    return Y_MINUS_X;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    /**
     * Represents visualization of aggregate values.
     */
    public enum Aggregate {
        /**
         * Compute the average value in all the frames.
         */
        AVERAGE {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar = ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        0,
                        (a, b) -> a + b,
                        a -> a / frames.size()
                );

                // Maybe create a vector average as well?
                return new PlotFrame(scalar, null);
            }
        },
        /**
         * Compute the maximum value in all the frames.
         */
        MAX {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar =  ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        -Double.MAX_VALUE,
                        Math::max,
                        DoubleUnaryOperator.identity());

                // Maybe create a vector maximum as well?
                return new PlotFrame(scalar, null);
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_DIRECT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            // First vector will contain the result
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(components, i, vectorLength);
                            }
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            /**
             * Retrieve the angle of the peak value in the given array of values.
             * @param values the values.
             * @param offset the starting position.
             * @param stepSize the step size.
             * @return The peak angle.
             */
            private double getPeakAngle(double[] values, int offset, int stepSize) {
                double bestValue = values[offset];
                int bestIndex = offset;
                int count = 1;

                for (int i = offset + stepSize; i < values.length; i += stepSize) {
                    if (values[i] > bestValue) {
                        bestValue = values[i];
                        bestIndex = i;
                    }
                    count++;
                }
                return (bestIndex / (double)count) * Math.PI * 2;
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAngle(double[] re) {
                double[] im = new double[re.length];
                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);

                return MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
            }
        },

        /**
         * Compute the amplitude of the sine at the maximum X and Y values, respectively.
         */
        AMPLITUDE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAmplitude(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAmplitude(double[] re) {
                double[] im = new double[re.length];

                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);
                return 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
            }
        },

        /**
         * Compute the actual drone measurements.
         */
        DRONE_SENSOR {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }
                // A field of sinusoids
                final VectorField sinusoids = new VectorMatrixField(VectorField.aggregateExternal(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        frames.get(0).getVectorField().getComponents() * 2,
                        (components, vectorLength, source, sourcePos, column, row) -> {

                            for (int i = 0; i < vectorLength; i++) {
                                double[] re = VectorField.extractComponent(components, i, vectorLength);
                                double[] im = new double[re.length];

                                FastFourierTransformer.transformInPlace(
                                        new double[][]{re, im}, DftNormalization.STANDARD, TransformType.FORWARD);

                                // Compute both the angle and the amplitude
                                source[sourcePos++] = 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
                                source[sourcePos++] = MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
                            };
                            return sourcePos;
                        }
                ));

                // The actual drone measurement
                VectorField field =  new VectorField.VectorProxy(sinusoids) {
                    // We have three values
                    private final int components = 2;

                    @Override
                    public int getComponents() {
                        return components;
                    }

                    @Override
                    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent,
                                               double[] destination, int destinationOffset, boolean zeroDestination) {

                        double[] firstPoint = new double[sinusoids.getComponents()];
                        double[] secondPoint = new double[sinusoids.getComponents()];

                        for (int row = startRow; row < endRow; row++) {
                            final int firstPointRow = row;
                            final int secondPointRow = row + 20;

                            if (secondPointRow >= sinusoids.getRows()) {
                                for (int col = startColumn; col < endColumn; col++) {
                                    // Let everything be zero here
                                    for (int i = startComponent; i < endComponent; i++) {
                                        destination[destinationOffset++] = 0;
                                    }
                                }
                            } else {
                                for (int col = startColumn; col < endColumn; col++) {
                                    // Read from the two points
                                    sinusoids.fillComponents(col, col + 1, firstPointRow, firstPointRow + 1, firstPoint, 0);
                                    sinusoids.fillComponents(col, col + 1, secondPointRow, secondPointRow + 1, secondPoint, 0);

                                    for (int i = startComponent; i < endComponent; i++) {
                                        switch (i) {
                                            case 0:
                                                destination[destinationOffset++] = angleDiff(firstPoint[1], firstPoint[3]);
                                                break;
                                            case 1:
                                                destination[destinationOffset++] = angleDiff(secondPoint[1], secondPoint[3]);
                                                break;
                                                // Last component type
                                            case 2:
                                                // Difference in absolute value
                                                destination[destinationOffset++] = Math.log(
                                                        (firstPoint[0] * firstPoint[0] + firstPoint[2] * firstPoint[2]) /
                                                                (secondPoint[0] * secondPoint[0] + secondPoint[2] * secondPoint[2]));
                                                break;
                                        }
                                    }
                                }
                            }
                        }
                    }
                };
                return new PlotFrame(visualization.filter(field), field);
            }

            private double angleDiff(double a, double b) {
                // Preserve invariant: a < b
                if (a > b) {
                    return angleDiff(b, a);
                }
                return Math.min(Math.abs(2 * Math.PI - b + a), b - a);
            }
        };

        /**
         * Aggregate the given frames into a final scalar field.
         * @param frames the frames to aggregate.
         * @param visualization optional visualization to apply, if necessary.
         * @param x the x coordinate of each column in the final scalar field.
         * @param y the y coordinate of each row in the final scalar field.
         * @return The final frame.
         */
        public abstract PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y);

         /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Aggregate parse(String text) {
            switch (text.toLowerCase()) {
                case "a":
                case "average":
                    return AVERAGE;
                case "m":
                case "max":
                    return MAX;
                case "xyd":
                case "xy_phase_difference_direct":
                    return MAX_XY_PHASE_DIFFERENCE_DIRECT;
                case "xyf":
                case "xy_phase_difference_fft":
                    return MAX_XY_PHASE_DIFFERENCE_FFT;
                case "ampf":
                case "amplitude_fft":
                    return AMPLITUDE_FFT;
                case "drone":
                case "drone_sensor":
                    return DRONE_SENSOR;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an aggregate.");
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Function that is applied to every value
    private DoubleUnaryOperator valueOperator;

    // Test location of the drone
    private RealVector droneLocation;

    // Whether or not to display the help context
    private boolean displayHelp;

    // Whether or not to draw each frame
    private boolean drawFrames = true;

    // The aggregates
    private List<Aggregate> aggregates = Lists.newArrayList();

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                switch (arg.substring(1).toLowerCase()) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        applyValueOperator(Math::log10);
                        break;
                    case "a":
                    case "abslog":
                        applyValueOperator(x -> Math.sin(x) * Math.log(Math.abs(x)));
                        break;
                    case "d:":
                    case "drone":
                        droneLocation = new ArrayRealVector(new double[] { Double.parseDouble(args[++i]), Double.parseDouble(args[++i]) });
                        break;
                    case "f":
                    case "frames":
                        drawFrames = Boolean.parseBoolean(args[++i]);
                        break;
                    case "ag":
                    case "aggregate":
                        // Parse aggregate list
                        aggregates = Splitter.on(",").splitToList(args[++i]).stream().
                                map(Aggregate::parse).
                                collect(Collectors.toList());
                        break;
                    default:
                        throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times (existing pattern: " + outputPattern + ")");
                }
                outputPattern = arg;
            }
        }
    }

    protected void applyValueOperator(DoubleUnaryOperator operator) {
        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;
    }

    public RealVector getDroneLocation() {
        return droneLocation;
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public DoubleUnaryOperator getValueOperator() {
        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }

    public boolean isDrawFrames() {
        return drawFrames;
    }

    public List<Aggregate> getAggregates() {
        return aggregates;
    }
}
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blob 6656�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.util.SegmentRange;

import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return field.angles();
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;
    private boolean logarithm = false;

    // Current output
    private String outputPattern = null;

    // Whether or not to display the help context
    private boolean displayHelp;

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            if (i == 12) {
                System.out.println("Last element");
            }

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                switch (arg.substring(1).toLowerCase()) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        logarithm = true;
                        break;
                    default:
                        throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times.");
                }
                outputPattern = arg;
            }
        }
        // Ensure we have an output
        if (outputPattern == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (dataFile == null && modelFile == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public boolean isLogarithm() {
        return logarithm;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }
}
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blob 109�package com.comphenix.magnets.util;

/**
 * Created by Kristian on 17.02.2015.
 */
public class StreamEx {
}
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blob 120�package com.comphenix.magnets.fields;

/**
 * Created by Kristian on 18.02.2015.
 */
public class VectorMatrixField {
}
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blob 17912�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarArrayField;
import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Splitter;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.transform.DftNormalization;
import org.apache.commons.math3.transform.FastFourierTransformer;
import org.apache.commons.math3.transform.TransformType;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.awt.Color;
import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.*;
import java.util.function.*;
import java.util.stream.Collector;
import java.util.stream.Collectors;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        },
        TEMPERATURE() {
            @Override
            public Gradient toGradient() {
                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);
            }
        },
        HSV2() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (2 * factor), intensity, intensity);
                };
            }
        },
        HSV10() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (10 * factor), intensity, intensity);
                };
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return field.angles();
            }
        },
        X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.x();
            }
        },
        Y {
            @Override
            public ScalarField filter(VectorField field) {
                return field.y();
            }
        },
        Y_MINUS_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b - a);
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
                case "x":
                    return X;
                case "y":
                    return Y;
                case "y-x":
                    return Y_MINUS_X;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    /**
     * Represents visualization of aggregate values.
     */
    public enum Aggregate {
        /**
         * Compute the average value in all the frames.
         */
        AVERAGE {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar = ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        0,
                        (a, b) -> a + b,
                        a -> a / frames.size()
                );

                // Maybe create a vector average as well?
                return new PlotFrame(scalar, null);
            }
        },
        /**
         * Compute the maximum value in all the frames.
         */
        MAX {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar =  ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        -Double.MAX_VALUE,
                        Math::max,
                        DoubleUnaryOperator.identity());

                // Maybe create a vector maximum as well?
                return new PlotFrame(scalar, null);
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_DIRECT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (fieldX, fieldY, column, row) -> {
                            // Store the final X and Y value in index 0
                            fieldX[0] = getPeakAngle(fieldX);
                            fieldY[0] = getPeakAngle(fieldY);
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            private double getPeakAngle(double[] values) {
                double bestValue = values[0];
                int bestIndex = 0;

                for (int i = 1; i < values.length; i++) {
                    if (values[i] > bestValue) {
                        bestValue = values[i];
                        bestIndex = i;
                    }
                }
                return (bestIndex / (double)values.length) * Math.PI * 2;
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (fieldX, fieldY, column, row) -> {
                            // Store the final X and Y value in index 0
                            fieldX[0] = getPeakAngle(fieldX); // fftMaxX;
                            fieldY[0] = getPeakAngle(fieldY); // fftMaxY;
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAngle(double[] re) {
                double[] im = new double[re.length];
                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);

                return MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
            }
        },

        /**
         * Compute the amplitude of the sine at the maximum X and Y values, respectively.
         */
        AMPLITUDE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (fieldX, fieldY, column, row) -> {
                            ///double directAmpX = Arrays.stream(fieldX).max().getAsDouble();
                            //double directAmpY = Arrays.stream(fieldY).max().getAsDouble();

                            // Store the final X and Y value in index 0
                            fieldX[0] = getPeakAmplitude(fieldX);
                            fieldY[0] = getPeakAmplitude(fieldY);
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAmplitude(double[] re) {
                double[] im = new double[re.length];

                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);
                return 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
            }
        };

        /**
         * Aggregate the given frames into a final scalar field.
         * @param frames the frames to aggregate.
         * @param visualization optional visualization to apply, if necessary.
         * @param x the x coordinate of each column in the final scalar field.
         * @param y the y coordinate of each row in the final scalar field.
         * @return The final frame.
         */
        public abstract PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y);

         /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Aggregate parse(String text) {
            switch (text.toLowerCase()) {
                case "a":
                case "average":
                    return AVERAGE;
                case "m":
                case "max":
                    return MAX;
                case "xyd":
                case "xy_phase_difference_direct":
                    return MAX_XY_PHASE_DIFFERENCE_DIRECT;
                case "xyf":
                case "xy_phase_difference_fft":
                    return MAX_XY_PHASE_DIFFERENCE_FFT;
                case "ampf":
                case "amplitude_fft":
                    return AMPLITUDE_FFT;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an aggregate.");
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Function that is applied to every value
    private DoubleUnaryOperator valueOperator;

    // Test location of the drone
    private RealVector droneLocation;

    // Whether or not to display the help context
    private boolean displayHelp;

    // Whether or not to draw each frame
    private boolean drawFrames = true;

    // The aggregates
    private List<Aggregate> aggregates = Lists.newArrayList();

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                switch (arg.substring(1).toLowerCase()) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        applyValueOperator(Math::log10);
                        break;
                    case "a":
                    case "abslog":
                        applyValueOperator(x -> Math.sin(x) * Math.log(Math.abs(x)));
                        break;
                    case "d:":
                    case "drone":
                        droneLocation = new ArrayRealVector(new double[] { Double.parseDouble(args[++i]), Double.parseDouble(args[++i]) });
                        break;
                    case "f":
                    case "frames":
                        drawFrames = Boolean.parseBoolean(args[++i]);
                        break;
                    case "ag":
                    case "aggregate":
                        // Parse aggregate list
                        aggregates = Splitter.on(",").splitToList(args[++i]).stream().
                                map(Aggregate::parse).
                                collect(Collectors.toList());
                        break;
                    default:
                        throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times (existing pattern: " + outputPattern + ")");
                }
                outputPattern = arg;
            }
        }
    }

    protected void applyValueOperator(DoubleUnaryOperator operator) {
        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;
    }

    public RealVector getDroneLocation() {
        return droneLocation;
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public DoubleUnaryOperator getValueOperator() {
        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }

    public boolean isDrawFrames() {
        return drawFrames;
    }

    public List<Aggregate> getAggregates() {
        return aggregates;
    }
}
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blob 312�package com.comphenix.magnets.fields;

import java.util.stream.DoubleStream;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface Field {
    double[] getX();

    double[] getY();

    double getValue(int x, int y);

    DoubleStream stream();

    int getWidth();

    int getHeight();
}
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blob 5749�package com.comphenix.magnets.fields;

import java.util.Objects;

/**
 * Represents a field of vector quantities.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface VectorField extends DiscreteField {
    /**
     * Retrieve the magnitude of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding magnitude.
     */
    public default double getMagnitude(int column, int row) {
        double[] strengthX = new double[1];
        double[] strengthY = new double[1];
        fillComponents(column, column + 1, row, row + 1, strengthX, strengthY);
        return Math.sqrt(strengthX[0] * strengthX[0] + strengthY[0] * strengthY[0]);
    }

    /**
     * Retrieve the angle of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding angle, in radians.
     */
    public default double getAngle(int column, int row) {
        double[] strengthX = new double[1];
        double[] strengthY = new double[1];
        fillComponents(column, column + 1, row, row + 1, strengthX, strengthY);
        return Math.atan2(strengthY[0], strengthX[0]);
    }

    /**
     * Fill the two output arrays with the magnetic field strength in the X-axis and Y-axis respectively.
     * <p />
     * Note that this method will fill the content of the two output arrays. Each array must have the same number of elements.
     * <p />
     * The output array will be filled in order from lowest column to highest, and then lowest row to highest.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @param outputStrengthX the magnetic field strength in the X-axis.
     * @param outputStrengthY the magnetic field strength in the Y-axis.
     */
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] outputStrengthX, double[] outputStrengthY);

    /**
     * View the magnitude of each cell in this vector field.
     * @return The magnitudes.
     */
    public default ScalarField magnitudes() {
        return new ScalarField.Proxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                return getMagnitude(column, row);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                double[] strengthX = new double[outputValues.length];
                double[] strengthY = new double[outputValues.length];
                fillComponents(startColumn, endColumn, startRow, endRow, strengthX, strengthY);

                // Calculate magnitude
                for (int i = 0; i < outputValues.length; i++) {
                    outputValues[i] = Math.sqrt(strengthX[i] * strengthX[i] + strengthY[i] * strengthY[i]);
                }
            }
        };
    }

    /**
     * View the magnitude of the x component in this vector field.
     * @return The x components.
     */
    public default ScalarField x() {
        return new ScalarField.Proxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                double[] output = new double[1];
                fillValues(column, column + 1, row, row + 1, output);
                return output[0];
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                // We don't care about the Y strength
                double[] strengthY = new double[outputValues.length];
                fillComponents(startColumn, endColumn, startRow, endRow, outputValues, strengthY);
            }
        };
    }

    /**
     * View the magnitude of the y component in this vector field.
     * @return The y components.
     */
    public default ScalarField y() {
        return new ScalarField.Proxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                double[] output = new double[1];
                fillValues(column, column + 1, row, row + 1, output);
                return output[0];
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                // We don't care about the Y strength
                double[] strengthX = new double[outputValues.length];
                fillComponents(startColumn, endColumn, startRow, endRow, strengthX, outputValues);
            }
        };
    }

    /**
     * View the angle of each cell in this vector field.
     * @return The angles.
     */
    public default ScalarField angles() {
        return new ScalarField.Proxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                return getAngle(column, row);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                double[] strengthX = new double[outputValues.length];
                double[] strengthY = new double[outputValues.length];
                fillComponents(startColumn, endColumn, startRow, endRow, strengthX, strengthY);

                // Calculate angle
                for (int i = 0; i < outputValues.length; i++) {
                    outputValues[i] = Math.atan2(strengthY[i], strengthX[i]);
                }
            }
        };
    }
}
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Use the diagonal length on errors.
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blob 2629�package com.comphenix.magnets.fields;

import com.google.common.collect.ImmutableList;

import java.util.Arrays;
import java.util.Collection;
import java.util.Objects;
import java.util.stream.DoubleStream;
import java.util.stream.IntStream;

/**
 * Represents a simple simulator of magnetic fields.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class VectorSimulatedField implements VectorField {
    // Input
    private final ImmutableList<ContinuousField> sources;
    private final double[] yCoordinates;
    private final double[] xCoordinates;

    /**
     * Construct a new simulated field with the given magnetic sources.
     * @param sources the sources.
     */
    public VectorSimulatedField(Collection<ContinuousField> sources, double[] xCoordinates, double[] yCoordinates) {
        this.sources = ImmutableList.copyOf(Objects.requireNonNull(sources));
        this.xCoordinates = xCoordinates.clone();
        this.yCoordinates = yCoordinates.clone();
    }

    @Override
    public double getColumn(int column) {
        return xCoordinates[column];
    }

    @Override
    public double getRow(int row) {
        return yCoordinates[row];
    }

    @Override
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] outputStrengthX, int outputOffsetX, double[] outputStrengthY, int outputOffsetY) {
        // Ensure all the arrays are of the same length
        if (outputStrengthX.length != outputStrengthY.length) {
            throw new IllegalArgumentException("All output arrays must have the same length.");
        }
        int indexX = outputOffsetX;
        int indexY = outputOffsetY;

        // Initial value
        for (int row = startRow; row < endRow; row++) {
            for (int col = startColumn; col < endColumn; col++) {
                outputStrengthX[indexX++] = 0;
                outputStrengthY[indexY++] = 0;
            }
        }

        // Now accumulate
        for (int i = 0; i < sources.size(); i++) {
            ContinuousField source = sources.get(i);
            indexX = outputOffsetX;
            indexY = outputOffsetY;

            for (int row = startRow; row < endRow; row++) {
                for (int col = startColumn; col < endColumn; col++) {
                    source.addComponents(xCoordinates[col], yCoordinates[row], outputStrengthX, indexX++, outputStrengthY, indexY++);
                }
            }
        }
    }

    @Override
    public int getColumns() {
        return xCoordinates.length;
    }

    @Override
    public int getRows() {
        return yCoordinates.length;
    }
}
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blob 13392�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarArrayField;
import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Splitter;
import com.google.common.collect.Lists;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;

import java.awt.Color;
import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.EnumSet;
import java.util.List;
import java.util.Set;
import java.util.function.*;
import java.util.stream.Collector;
import java.util.stream.Collectors;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        },
        TEMPERATURE() {
            @Override
            public Gradient toGradient() {
                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);
            }
        },
        HSV2() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (2 * factor), intensity, intensity);
                };
            }
        },
        HSV10() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (10 * factor), intensity, intensity);
                };
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return field.angles();
            }
        },
        X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.x();
            }
        },
        Y {
            @Override
            public ScalarField filter(VectorField field) {
                return field.y();
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
                case "x":
                    return X;
                case "y":
                    return Y;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    /**
     * Represents visualization of aggregate values.
     */
    public enum Aggregate {
        /**
         * Compute the average value in all the frames.
         */
        AVERAGE {
            @Override
            public Collector<PlotFrame, ?, ? extends ScalarField> getCollector(double[] x, double[] y) {
                return Collector.of(
                    () -> ScalarArrayField.fromValue(x, y, 0),
                    (field, frame) -> field.merge(frame.getScalarField(), (r, v) -> r + v / frame.getTotalFrames()),
                    (frameA, frameB) -> ScalarArrayField.merge(frameA, frameB, (a, b) -> a + b)
                );
            }
        },
        /**
         * Compute the maximum value in all the frames.
         */
        MAX {
            @Override
            public Collector<PlotFrame, ?, ? extends ScalarField> getCollector(double[] x, double[] y) {
                return Collector.of(
                    () -> ScalarArrayField.fromValue(x, y, 0),
                    (field, frame) -> field.merge(frame.getScalarField(), Math::max),
                    (frameA, frameB) -> ScalarArrayField.merge(frameA, frameB, (a, b) -> a + b)
                );
            }
        },
        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE {
            @Override
            public Collector<PlotFrame, ?, ? extends ScalarField> getCollector(double[] x, double[] y) {
                return new Collector<PlotFrame, MaxAccumulator, ScalarField>() {
                    @Override
                    public Supplier<MaxAccumulator> supplier() {
                        return () -> new MaxAccumulator(x, y);
                    }

                    @Override
                    public BiConsumer<MaxAccumulator, PlotFrame> accumulator() {
                        return (accumulator, frame) -> accumulator.max(frame.getVectorField(), frame.getIndex());
                    }

                    @Override
                    public BinaryOperator<MaxAccumulator> combiner() {
                        return MaxAccumulator::merge;
                    }

                    @Override
                    public Function<MaxAccumulator, ScalarField> finisher() {
                        return MaxAccumulator::toScalarField;
                    }

                    @Override
                    public Set<Characteristics> characteristics() {
                        return EnumSet.noneOf(Characteristics.class);
                    }
                };
            }
        };

        /**
         * Retrieve a collector that will process frames into an aggregate frame.
         * @param x the x coordinate of each column.
         * @param y the y coordinate of each row.
         * @return The collector.
         */
        public abstract Collector<PlotFrame, ?, ? extends ScalarField> getCollector(double[] x, double[] y);

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Aggregate parse(String text) {
            switch (text.toLowerCase()) {
                case "a":
                case "average":
                    return AVERAGE;
                case "m":
                case "max":
                    return MAX;
                case "xy":
                case "xy_phase_difference":
                    return MAX_XY_PHASE_DIFFERENCE;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an aggregate.");
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Function that is applied to every value
    private DoubleUnaryOperator valueOperator;

    // Test location of the drone
    private RealVector droneLocation;

    // Whether or not to display the help context
    private boolean displayHelp;

    // Whether or not to draw each frame
    private boolean drawFrames = true;

    // The aggregates
    private List<Aggregate> aggregates = Lists.newArrayList();

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                switch (arg.substring(1).toLowerCase()) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        applyValueOperator(Math::log10);
                        break;
                    case "a":
                    case "abslog":
                        applyValueOperator(x -> Math.sin(x) * Math.log(Math.abs(x)));
                        break;
                    case "d:":
                    case "drone":
                        droneLocation = new ArrayRealVector(new double[] { Double.parseDouble(args[++i]), Double.parseDouble(args[++i]) });
                        break;
                    case "f":
                    case "frames":
                        drawFrames = Boolean.parseBoolean(args[++i]);
                        break;
                    case "ag":
                    case "aggregate":
                        // Parse aggregate list
                        aggregates = Splitter.on(",").splitToList(args[++i]).stream().
                                map(Aggregate::parse).
                                collect(Collectors.toList());
                        break;
                    default:
                        throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times (existing pattern: " + outputPattern + ")");
                }
                outputPattern = arg;
            }
        }
    }

    protected void applyValueOperator(DoubleUnaryOperator operator) {
        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;
    }

    public RealVector getDroneLocation() {
        return droneLocation;
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public DoubleUnaryOperator getValueOperator() {
        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }

    public boolean isDrawFrames() {
        return drawFrames;
    }

    public List<Aggregate> getAggregates() {
        return aggregates;
    }
}
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commit 290�tree 2acc8f7662e400c124694147cc9cea5b05442e6e
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author Kristian S. Stangeland <kr_stang@hotmail.com> 1422404651 +0100
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1422404651 +0100

Use ProGuard to optimize the size of the final JAR.
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blob 2236�package com.comphenix.magnets.graphics;

import java.awt.*;
import java.awt.geom.Line2D;
import java.awt.image.BufferedImage;
import java.util.DoubleSummaryStatistics;
import java.util.stream.DoubleStream;

/**
 * Represents a simple graph for drawing a line.
 * Created by Kristian on 27.01.2015.
 */
public class LineGraph {
    private Color penColor = Color.RED;

    /**
     * Draw the given graph of values on the given image.
     * @param destination the destination image.
     * @param values the values to draw.
     * @param xmin the minimum x value.
     * @param xmax the maximum x value.
     * @param ymin the minimum y value.
     * @param ymax the maximum y value.
     * @param zmin the minimum z value.
     * @param zmax the maximum z value.
     */
    public void draw(BufferedImage destination, double[] values, double xmin, double xmax, double ymin, double ymax, double zmin, double zmax) {
        double xStep = (xmax - xmin) / values.length;
        double yStep = (ymax - ymin) / (zmax - zmin);

        // Current position
        Graphics g = destination.createGraphics();
        g.setColor(penColor);

        try {
            int lastX = 0;
            int lastY = 0;

            // Draw the graph
            for (int i = 0; i < values.length; i++) {
                int x = (int) (xmin + i * xStep);
                int y = (int) (ymin + yStep * (values[i] - zmin));

                y = clamp(y, (int)ymin, (int)ymax);

                if (i != 0) {
                    g.drawLine(lastX, lastY, x, y);
                }
                lastX = x;
                lastY = y;
            }
        } finally {
            g.dispose();
        }
    }

    private int clamp(int value, int a, int b) {
        if (a > b) {
            return clamp(value, b, a);
        }
        return value < a ? a : (value > b ? b : value);
    }

    /**
     * Retrieve the color used to draw line graphs.
     * @return The color.
     */
    public Color getPenColor() {
        return penColor;
    }

    /**
     * Set the color used to draw line graphs.
     * @param penColor the color to draw line graphs.
     */
    public void setPenColor(Color penColor) {
        this.penColor = penColor;
    }
}
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commit 295�tree 894d24b3105d1fad0deb620986f57e9f53a9e21e
parent cefa853f09de7e212b6bf43e77bf67ae2a85af85
author Kristian S. Stangeland <kr_stang@hotmail.com> 1424109119 +0100
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1424109119 +0100

Initial attempt to numerically solve the magnetic field.
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blob 5261�package com.comphenix.magnets.fields;

import java.util.Arrays;

/**
 * Represents a modifiable vector field.
 * <p />
 * Note that, unlike {@link com.comphenix.magnets.fields.ScalarArrayField}, its dimensions are fixed.
 * Created by Kristian on 18.02.2015.
 */
public class VectorMatrix2DField implements Vector2DField {
    // Input
    private final double[] xCoordinates;
    private final double[] yCoordinates;
    private final double[][] xData;
    private final double[][] yData;

    /**
     * Construct a copy of the given vector field.
     * @param field the field.
     */
    public VectorMatrix2DField(Vector2DField field) {
        this.xCoordinates = field.toColumnArray();
        this.yCoordinates = field.toRowArray();
        double[][] resultX = new double[yCoordinates.length][];
        double[][] resultY = new double[yCoordinates.length][];

        // Read all the values
        for (int row = 0; row < yCoordinates.length; row++) {
            double[] vectorX = new double[xCoordinates.length];
            double[] vectorY = new double[xCoordinates.length];
            field.fillComponents(0, xCoordinates.length, row, row + 1, vectorX, 0, vectorY, 0);
            resultX[row] = vectorX;
            resultY[row] = vectorY;
        }
        this.xData = resultX;
        this.yData = resultY;
    }

    /**
     * Construct a new modifiable vector field of the given size.
     * <p />
     * Note that the input arrays will not be cloned.
     * @param xCoordinates the x coordinates of each column.
     * @param yCoordinates the y coordinates of each row.
     */
    public VectorMatrix2DField(double[] xCoordinates, double[] yCoordinates, double[][] xData, double[][] yData) {
        this.xCoordinates = xCoordinates;
        this.yCoordinates = yCoordinates;
        this.xData = xData;
        this.yData = yData;
    }

    /**
     * Construct a new vector array field from the given coordinates and vector cell value.
     * @param x the x coordinates.
     * @param y the y coordinates.
     * @param xValue the cell X value.
     * @param xValue the cell Y value.
     * @return The filled array field.
     */
    public static VectorMatrix2DField fromValue(double[] x, double[] y, double xValue, double yValue) {
        double[][] resultX = new double[y.length][];
        double[][] resultY = new double[y.length][];

        // Combine the values in each field
        for (int row = 0; row < y.length; row++) {
            double[] vectorX = new double[x.length];
            double[] vectorY = new double[x.length];
            Arrays.fill(vectorX, xValue);
            Arrays.fill(vectorY, yValue);
            resultX[row] = vectorX;
            resultY[row] = vectorY;
        }
        return new VectorMatrix2DField(x.clone(), y.clone(), resultX, resultY);
    }

    /**
     * Retrieve the magnitude of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding magnitude.
     */
    @Override
    public double getMagnitude(int column, int row) {
        double strengthX = xData[row][column];
        double strengthY = yData[row][column];
        return Math.sqrt(strengthX * strengthX + strengthY * strengthY);
    }

    /**
     * Retrieve the angle of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding angle, in radians.
     */
    @Override
    public double getAngle(int column, int row) {
        double strengthX = xData[row][column];
        double strengthY = yData[row][column];
        return Math.atan2(strengthY, strengthX);
    }

    @Override
    public ScalarArrayField x() {
        return new ScalarArrayField(xCoordinates, yCoordinates, xData);
    }

    @Override
    public ScalarArrayField y() {
        return new ScalarArrayField(xCoordinates, yCoordinates, yData);
    }

    /**
     * Set the value of the cell at the given location.
     * @param column the column index.
     * @param row the row index.
     * @param xValue the new x value of the cell.
     * @param xValue the new y value of the cell.
     */
    public void setValue(int column, int row, double xValue, double yValue) {
        xData[row][column] = xValue;
        yData[row][column] = yValue;
    }

    @Override
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] outputStrengthX, int outputOffsetX, double[] outputStrengthY, int outputOffsetY) {
        int indexX = outputOffsetX;
        int indexY = outputOffsetY;

        // Initial value
        for (int row = startRow; row < endRow; row++) {
            for (int col = startColumn; col < endColumn; col++) {
                outputStrengthX[indexX++] = xData[row][col];
                outputStrengthY[indexY++] = yData[row][col];
            }
        }
    }

    @Override
    public double getColumn(int column) {
        return xCoordinates[column];
    }

    @Override
    public double getRow(int row) {
        return yCoordinates[row];
    }

    @Override
    public int getColumns() {
        return xCoordinates.length;
    }

    @Override
    public int getRows() {
        return yCoordinates.length;
    }
}
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blob 10939�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.SamplerSolver;
import com.comphenix.magnets.util.SegmentRange;
import com.comphenix.magnets.util.StreamEx;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.RealVector;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.Arrays;
import java.util.List;
import java.util.Objects;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.Collector;
import java.util.stream.Collectors;
import java.util.stream.IntStream;
import java.util.stream.Stream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {

    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        Supplier<Stream<PlotFrame>> frames = a.getModelFile() != null ?
                getFields(model, a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();
        List<Collector<PlotFrame, ?, ?>> aggregates = a.getAggregates().stream().
                map(agr -> agr.getCollector(xCords, yCords)).
                collect(Collectors.toList());

        // Process images in parallel
        Object[] aggregateResult = StreamEx.multiCollect(frames.get().parallel().peek(frame -> {
            try {
                File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                // Test drone location
                if (a.getDroneLocation() != null) {
                    testDroneLocation(a, model, frame.getScalarField(), frame.getIndex());
                }
                // Whether or not to skip this
                if (!a.isDrawFrames()) {
                    return;
                }
                writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
            } catch (IOException e) {
                throw new RuntimeException("Cannot write frame.", e);
            }
        }), aggregates);

        // Write out aggregates
        for (int i = 0; i < aggregateResult.length; i++) {
            ScalarField aggregate = (ScalarField) aggregateResult[i];
            writeScalarField(a, aggregate.getRange(), valueOperator, aggregate, new File(rootFolder, a.getAggregates().get(i).name() + ".png"));
        }
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;

        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                createImage(field, valueRange, column -> {
                    if (maxColumns != null) {
                        // Compute maximum value in each row
                        for (int i = 0; i < maxColumns.length; i++) {
                            if (!Double.isNaN(column[i])) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    }
                });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            System.out.println("Written " + destination);
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param model current magnetic model.
     * @param field the scalar field.
     * @param index field index.
     */
    private static void testDroneLocation(PlotArguments a, MagneticModel model, ScalarField field, Integer index) {
        if (model == null) {
            throw new IllegalStateException("Cannot test drone location without a model.");
        }
        RealVector pos = a.getDroneLocation();
        double time = a.getT().getSegment(index);
        Vector2D nearestPoint = field.getNearestPoint(pos.getEntry(0), pos.getEntry(1));
        Vector2D valuePoint = model.getVector(nearestPoint.getX(), nearestPoint.getY(), time);

        //LevenbergSolver solver = new LevenbergSolver();
        SamplerSolver solver = new SamplerSolver(a.getX().toRange(), a.getY().toRange());
        Vector2D solvedPoint = solver.solve(valuePoint, new Vector2D(2, 2), time, model);

        System.out.println("Nearest point: " + nearestPoint);
        System.out.println("Value of point: " + valuePoint + "\n");
        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + model.getVector(solvedPoint.getX(), solvedPoint.getY(), time));
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, Supplier<Stream<PlotFrame>> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.get().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<PlotFrame>> getFields(Path dataFile) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        return () -> {
            ScalarField field = measure("Reading data file " + dataFile,
                    () -> CvsFieldParser.system().parse(dataFile));

            // Single frame without a vector field
            return Stream.of(new PlotFrame(field, null, 0, 1));
        };
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<PlotFrame>> getFields(MagneticModel model, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();

        return () -> IntStream.range(0, t.getSegments()).mapToObj(index -> {
            // Lazy computation
            VectorField vectorField = model.getVectorField(t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            return new PlotFrame(scalarField, vectorField, index, t.getSegments());
        });
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 184�package com.comphenix.magnets.util;

/**
 * Represents a range that is divided into N equally sized segments.
 * Created by Kristian on 27.01.2015.
 */
public class SegmentRange {


}
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blob 114�package com.comphenix.magnets.fields;

/**
 * Created by Kristian on 05.03.2015.
 */
public class VectorField {
}
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blob 2679�package com.comphenix.magnets.fields;

import com.google.common.collect.ImmutableList;

import java.util.Arrays;
import java.util.Collection;
import java.util.Objects;
import java.util.stream.DoubleStream;
import java.util.stream.IntStream;

/**
 * Represents a simple simulator of magnetic fields.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class VectorSimulatedField implements VectorField {
    // Input
    private final ImmutableList<ContinuousField> sources;
    private final int components;
    private final double[] yCoordinates;
    private final double[] xCoordinates;

    /**
     * Construct a new simulated field with the given magnetic sources.
     * @param sources the sources.
     */
    public VectorSimulatedField(Collection<ContinuousField> sources, double[] xCoordinates, double[] yCoordinates) {
        this.sources = ImmutableList.copyOf(Objects.requireNonNull(sources));
        this.components = this.sources.stream().mapToInt(ContinuousField::getComponents).max().getAsInt();
        this.xCoordinates = xCoordinates.clone();
        this.yCoordinates = yCoordinates.clone();
    }

    @Override
    public double getColumn(int column) {
        return xCoordinates[column];
    }

    @Override
    public double getRow(int row) {
        return yCoordinates[row];
    }

    @Override
    public int getComponents() {
        return components;
    }

    @Override
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent,
                               double[] destination, int destinationOffset, boolean zeroDestination) {
        int length = (endColumn - startColumn) * (endRow - startRow) * (endComponent - startComponent);
        int components = endComponent - startComponent;

        // Prepare incoming array
        if (zeroDestination) {
            Arrays.fill(destination, destinationOffset, destinationOffset + length, 0.0);
        }

        // Now accumulate
        for (int i = 0; i < sources.size(); i++) {
            ContinuousField source = sources.get(i);
            int position = destinationOffset;

            for (int row = startRow; row < endRow; row++) {
                for (int col = startColumn; col < endColumn; col++) {
                    source.addComponents(xCoordinates[col], yCoordinates[row], startComponent, endComponent, destination, position);
                    position += components;
                }
            }
        }
    }

    @Override
    public int getColumns() {
        return xCoordinates.length;
    }

    @Override
    public int getRows() {
        return yCoordinates.length;
    }
}
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blob 558�package com.comphenix.magnets.fields;

import org.junit.Assert;
import org.junit.Test;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class WireContinuousFieldTest {
    @Test
    public void testStrength() {
        WireContinuousField source = new WireContinuousField(0, 0, 1, 1_000_000);
        double strength = source.getMagnitude(1.0, 1.0);
        double angle = source.getAngle(1.0, 1.0).getEntry(0);

        Assert.assertEquals(1.4142135623730, strength, 0.01);
        Assert.assertEquals(-0.785398163397, angle, 0.01);
    }
}
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commit 310�tree d642b4f28a2fbf13371b3fdc07561228eda1af24
parent f66204768dcd703d30b74d3ca15bcc0f8b728d76
author Kristian S. Stangeland <kr_stang@hotmail.com> 1427942075 +0200
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1427942075 +0200

Convert to ContinuousField - that way, we can use more general solvers.
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blob 644�<?xml version="1.0" encoding="UTF-8"?>
<project version="4">
  <component name="EntryPointsManager">
    <entry_points version="2.0" />
  </component>
  <component name="IdProvider" IDEtalkID="750F889437D573055C40C0B3C75BF68F" />
  <component name="MavenProjectsManager">
    <option name="originalFiles">
      <list>
        <option value="$PROJECT_DIR$/pom.xml" />
      </list>
    </option>
  </component>
  <component name="ProjectRootManager" version="2" languageLevel="JDK_1_6" assert-keyword="true" jdk-15="true" project-jdk-name="1.8" project-jdk-type="JavaSDK">
    <output url="file://$PROJECT_DIR$/out" />
  </component>
</project>
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blob 125�package com.comphenix.magnets.solver.continuous;

/**
 * Created by Kristian on 08.04.2015.
 */
public class BoundingBox {
}
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blob 1666�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.VectorSimulatedField;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.collect.Lists;

import javax.xml.bind.annotation.*;
import java.util.List;
import java.util.stream.Collectors;

/**
 * Represents a model of sources for magnetic fields.
 * Created by Kristian on 27.01.2015.
 */
@XmlAccessorType(XmlAccessType.FIELD)
@XmlRootElement(name = "model")
public class MagneticModel {
    @XmlElementWrapper(name = "conductors")
    @XmlElement(name = "conductor", type = Conductor.class)
    private List<Conductor> conductors;

    /**
     * Construct a new empty magnetic model.
     */
    public MagneticModel() {
        this.conductors = Lists.newArrayList();
    }

    /**
     * Construct a new magnetic model with the given list of conductors in the XY plane.
     * @param conductors the conductor list which will be copied.
     */
    public MagneticModel(List<Conductor> conductors) {
        this.conductors = Lists.newArrayList(conductors);
    }

    /**
     * Retrieve a mutable view of all the conductors in this model.
     * @return The conductors in the model.
     */
    public List<Conductor> conductors() {
        return conductors;
    }

    /**
     * Retrieve the vector field at a given time.
     * @param time the time.
     * @return The corresponding vector field.
     */
    public VectorSimulatedField getVectorField(double time, double[] x, double[] y) {
        return new VectorSimulatedField(
                conductors.stream().map(c -> c.getMagneticField(time)).collect(Collectors.toList()),
                x, y);
    }
}
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commit 299�tree 6e35810e9a85db2476e1ab80f35c85488faba161
parent c11b8886f0c32e601b3b46c3a39e4e672240a99d
author Kristian S. Stangeland <kr_stang@hotmail.com> 1426520028 +0100
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1426520028 +0100

Compute the correlation between the amplitude and the phase.
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blob 1594�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.fields.ContinuousField;
import org.apache.commons.math3.analysis.MultivariateFunction;
import org.apache.commons.math3.analysis.MultivariateVectorFunction;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.optim.*;
import org.apache.commons.math3.optim.nonlinear.scalar.GoalType;
import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;
import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.CMAESOptimizer;
import org.apache.commons.math3.random.JDKRandomGenerator;

/**
 * Created by Kristian on 08.04.2015.
 */
public interface Solver {
    /**
     * Find the minimum point on the given field.
     * @param field the function.
     * @param target the target value.
     * @param boundingBox the bounding box of the volume to search.
     * @return The minimum point and its value.
     */
    default PointValuePair findMinimum(ContinuousField field, double[] target, BoundingBox boundingBox) {
        return findMinimum(field, target, boundingBox.getCenter().toArray(), boundingBox);
    }

    /**
     * Find the minimum point on the given field.
     * @param field the function.
     * @param target the target value.
     * @param guessPoint the guessing point. Must be within the bounding box.
     * @param boundingBox the bounding box of the volume to search.
     * @return The minimum point and its value.
     */
    PointValuePair findMinimum(ContinuousField field, double[] target, double[] guessPoint, BoundingBox boundingBox);
}
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blob 632�package com.comphenix.magnets.fields;

/**
 * Represents a component that produces a field.
 * Created by Kristian on 26.01.2015.
 */
public interface FieldSource {
    /**
     * Retrieve the continuous field at the given time.
     * @param time the time in seconds.
     * @return The corresponding field.
     */
    public ContinuousField getField(double time);

    /**
     * Retrieve a time-invariant field source.
     * @param field the field.
     * @return Source that produces the same field every time.
     */
    public static FieldSource asConstant(final ContinuousField field) {
        return t -> field;
    }
}
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blob 27361�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.GraphAxis;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.solver.continuous.*;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Splitter;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Maps;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.transform.DftNormalization;
import org.apache.commons.math3.transform.FastFourierTransformer;
import org.apache.commons.math3.transform.TransformType;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.awt.Color;
import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.*;
import java.util.function.*;
import java.util.stream.Collectors;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        },
        TEMPERATURE() {
            @Override
            public Gradient toGradient() {
                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);
            }
        },
        HSV() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float)factor, intensity, intensity);
                };
            }
        },
        HSV2() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (2 * factor), intensity, intensity);
                };
            }
        },
        HSV10() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (10 * factor), intensity, intensity);
                };
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return getScalar(field.angles());
            }
        },
        X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.x();
            }
        },
        Y {
            @Override
            public ScalarField filter(VectorField field) {
                return field.y();
            }
        },
        Y_MINUS_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b - a);
            }
        },
        Y_DIV_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b / a);
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Attempt to get a scalar view of the given field.
         * @param field the field.
         * @return The resulting scalar field.
         */
        private static ScalarField getScalar(DiscreteField field) {
            return field instanceof VectorField ? ((VectorField) field).magnitudes() : (ScalarField) field;
        }

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
                case "x":
                    return X;
                case "y":
                    return Y;
                case "y-x":
                    return Y_MINUS_X;
                case "ydivx":
                    return Y_DIV_X;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    /**
     * Represents visualization of aggregate values.
     */
    public enum Aggregate {
        /**
         * Compute the average value in all the frames.
         */
        AVERAGE {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar = ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        0,
                        (a, b) -> a + b,
                        a -> a / frames.size()
                );

                // Maybe create a vector average as well?
                return new PlotFrame(scalar, null);
            }
        },
        /**
         * Compute the maximum value in all the frames.
         */
        MAX {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar =  ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        -Double.MAX_VALUE,
                        Math::max,
                        DoubleUnaryOperator.identity());

                // Maybe create a vector maximum as well?
                return new PlotFrame(scalar, null);
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_DIRECT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            // First vector will contain the result
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(components, i, vectorLength);
                            }
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            /**
             * Retrieve the angle of the peak value in the given array of values.
             * @param values the values.
             * @param offset the starting position.
             * @param stepSize the step size.
             * @return The peak angle.
             */
            private double getPeakAngle(double[] values, int offset, int stepSize) {
                double bestValue = values[offset];
                int bestIndex = offset;
                int count = 1;

                for (int i = offset + stepSize; i < values.length; i += stepSize) {
                    if (values[i] > bestValue) {
                        bestValue = values[i];
                        bestIndex = i;
                    }
                    count++;
                }
                return (bestIndex / (double)count) * Math.PI * 2;
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAngle(double[] re) {
                double[] im = new double[re.length];
                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);

                return MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
            }
        },

        /**
         * Compute the amplitude of the sine at the maximum X and Y values, respectively.
         */
        AMPLITUDE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAmplitude(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAmplitude(double[] re) {
                double[] im = new double[re.length];

                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);
                return 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
            }
        },

        /**
         * Compute the actual drone measurements.
         */
        DRONE_SENSOR {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                // A field of sinusoids
                VectorField sinusoids = VectorField.aggregateExternal(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        frames.get(0).getVectorField().getComponents() * 2,
                        (components, vectorLength, source, sourcePos, column, row) -> {

                            for (int i = 0; i < vectorLength; i++) {
                                double[] re = VectorField.extractComponent(components, i, vectorLength);
                                double[] im = new double[re.length];

                                FastFourierTransformer.transformInPlace(
                                        new double[][]{re, im}, DftNormalization.STANDARD, TransformType.FORWARD);

                                // Compute both the angle and the amplitude
                                source[sourcePos++] = 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
                                source[sourcePos++] = MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
                            }
                            ;
                            return sourcePos;
                        }
                );

                // TODO: FIX THIS LATER
                throw new UnsupportedOperationException("Unsupported");
            }
        };

        /**
         * Aggregate the given frames into a final scalar field.
         *
         * @param frames the frames to aggregate.
         * @param visualization optional visualization to apply, if necessary.
         * @param x the x coordinate of each column in the final scalar field.
         * @param y the y coordinate of each row in the final scalar field.
         * @return The final frame.
         */
        public abstract PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y);

         /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Aggregate parse(String text) {
            switch (text.toLowerCase()) {
                case "a":
                case "average":
                    return AVERAGE;
                case "m":
                case "max":
                    return MAX;
                case "xyd":
                case "xy_phase_difference_direct":
                    return MAX_XY_PHASE_DIFFERENCE_DIRECT;
                case "xyf":
                case "xy_phase_difference_fft":
                    return MAX_XY_PHASE_DIFFERENCE_FFT;
                case "ampf":
                case "amplitude_fft":
                    return AMPLITUDE_FFT;
                case "drone":
                case "drone_sensor":
                    return DRONE_SENSOR;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an aggregate.");
        }

    }

    /**
     * The data in the model to display.
     */
    public enum ModelSource {
        /**
         * The magnetic field.
         */
        MAGNETIC_FIELD,

        /**
         * The amplitude and phase of the sinusoid representing the x and y component of the magnetic field.
         */
        SINUSOID_FIELD,

        /**
         * A drone with two sensors.
         */
        DRONE_2;

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding model source..
         */
        public static ModelSource parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnetic_field":
                    return MAGNETIC_FIELD;
                case "s":
                case "sinusoid_field":
                    return SINUSOID_FIELD;
                case "d2":
                case "drone_2":
                    return DRONE_2;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an model source.");
        }
    }

    public enum SolverName {
        BOBYGA(BobygaSolver::new),
        CMAES(CmaesSolver::new);

        private final Supplier<Solver> supplier;

        SolverName(Supplier<Solver> supplier) {
            this.supplier = supplier;
        }

        /**
         * Retrieve the correct solver.
         * @return The correct solver.
         */
        public Solver toSolver() {
            return supplier.get();
        }

        public static SolverName parse(String text) {
            return valueOf(text.toUpperCase());
        }
    }

    /**
     * The different output formats.
     */
    public enum OutputFormat {
        PNG,
        CSV;

        /**
         * Retrieve the extension associated with this output format.
         * @return The extension.
         */
        public String getExtension() {
            switch (this) {
                case PNG: return "png";
                case CSV: return "csv";
                default: throw new IllegalStateException("Unknown extension for " + this);
            }
        }

        public static OutputFormat parse(String text) {
            return valueOf(text.toUpperCase());
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;
    private ModelSource modelSource = ModelSource.MAGNETIC_FIELD;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Function that is applied to every value
    private DoubleUnaryOperator valueOperator;

    // Test location of the drone
    private RealVector droneLocation;
    private double droneSearchRadius = Double.MAX_VALUE;
    private int dronePDFSamples;
    private boolean drawDroneErrorMap;

    // The solver to use
    private SolverName solverName = SolverName.CMAES;
    private Map<String, String> solverProperties = Maps.newHashMap();

    // Whether or not to display the help context
    private boolean displayHelp;

    // Whether or not to draw each frame
    private boolean drawFrames = true;

    // The aggregates
    private List<Aggregate> aggregates = Lists.newArrayList();

    // Image format
    private OutputFormat outputFormat = OutputFormat.PNG;

    // To draw axes
    private GraphAxis XAxis;
    private GraphAxis YAxis;

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                String argumentName = arg.substring(1).toLowerCase();

                switch (argumentName) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "ms":
                    case "modelsource":
                        modelSource = ModelSource.parse(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        applyValueOperator(Math::log10);
                        break;
                    case "a":
                    case "abslog":
                        applyValueOperator(x -> Math.sin(x) * Math.log(Math.abs(x)));
                        break;
                    case "d:":
                    case "drone":
                        droneLocation = new ArrayRealVector(new double[] { Double.parseDouble(args[++i]), Double.parseDouble(args[++i]) });
                        break;
                    case "dp":
                    case "drone_pdf":
                        dronePDFSamples = Integer.parseInt(args[++i].trim());
                        break;
                    case "dr":
                    case "drone_radius":
                        droneSearchRadius = Double.parseDouble(args[++i].trim());
                        break;
                    case "dm":
                    case "drone_map":
                        drawDroneErrorMap = true;
                        break;
                    case "solver":
                        solverName = SolverName.parse(args[++i]);
                        break;
                    case "f":
                    case "frames":
                        drawFrames = Boolean.parseBoolean(args[++i]);
                        break;
                    case "ag":
                    case "aggregate":
                        // Parse aggregate list
                        aggregates = Splitter.on(",").splitToList(args[++i]).stream().
                                map(Aggregate::parse).
                                collect(Collectors.toList());
                        break;
                    case "of":
                    case "output_format":
                        this.outputFormat = OutputFormat.parse(args[++i]);
                        break;
                    case "ax":
                        XAxis = readAxis(args[++i]);
                        break;
                    case "ay":
                        YAxis = readAxis(args[++i]);
                        break;
                    default:
                        // Special cases
                        if (argumentName.startsWith("solver.")) {
                            // Preserve case-sensitivity
                            solverProperties.put(Splitter.on(".").limit(2).splitToList(arg).get(1), args[++i]);
                        } else {
                            throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                        }
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times (existing pattern: " + outputPattern + ")");
                }
                outputPattern = arg;
            }
        }
    }

    /**
     * Read a graph axis based on the following format:
     *    NAME:TICK_COUNT:SIZE
     * @param axis the axis.
     * @return The graph axis.
     */
    protected GraphAxis readAxis(String axis) {
        List<String> elements = Splitter.on(':').limit(3).splitToList(axis);
        int size = elements.size() >= 3 ? Integer.parseInt(elements.get(2)) : 64;
        int tickCount = elements.size() >= 2 ? Integer.parseInt(elements.get(1)) : 20;
        return new GraphAxis(size, tickCount, elements.get(0));
    }

    protected void applyValueOperator(DoubleUnaryOperator operator) {
        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;
    }

    public RealVector getDroneLocation() {
        return droneLocation;
    }

    /**
     * Retrieve the number of samples of the drone error distance to compute its PDF.
     * @return The drone PDF sample count. 0 or negative to not compute the PDF.
     */
    public int getDronePDFSamples() {
        return dronePDFSamples;
    }

    public boolean isComputeDronePDF() {
        return dronePDFSamples > 0;
    }

    public boolean isDrawDroneErrorMap() {
        return drawDroneErrorMap;
    }

    /**
     * Retrieve the image output format.
     * @return The output format.
     */
    public OutputFormat getOutputFormat() {
        return outputFormat;
    }

    /**
     * Retrieve the maximum radius around the real point to search.
     * </p>
     * Note that the x and y ranges have higher priority.
     * @return The drone search radius.
     */
    public double getDroneSearchRadius() {
        return droneSearchRadius;
    }

    public SolverName getSolverName() {
        return solverName;
    }

    /**
     * Additional solver properties.
     * @return Solver properties.
     */
    public Map<String, String> getSolverProperties() {
        return solverProperties;
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ModelSource getModelSource() {
        return modelSource;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public DoubleUnaryOperator getValueOperator() {
        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();
    }

    public GraphAxis getXAxis() {
        return XAxis;
    }

    public GraphAxis getYAxis() {
        return YAxis;
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }

    public boolean isDrawFrames() {
        return drawFrames;
    }

    public List<Aggregate> getAggregates() {
        return aggregates;
    }
}
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commit 305�tree 45c1f212c09bc5344d8c8e874009d5302a2b51f6
parent b4e57037eb75483e408e49c1d07adc6d2f90312c
author Kristian S. Stangeland <kr_stang@hotmail.com> 1427914622 +0200
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1427914622 +0200

Use the harmonic addition theorem to avoid FFT and its complexity.
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blob 4101�package com.comphenix.magnets.fields;

/**
 * Represents the magnetic field from a simple straight wire.
 */
public class WireContinuousField implements ContinuousField {
    /**
     * The permeability of free space (vacuum).
     */
    public static final double FREE_SPACE = 4.0 * Math.PI * 10E-7; // T*m/A

    protected final double centerX;
    protected final double centerY;
    protected final double wireRadius;
    protected final double wireRadiusSquared;
    protected final double permeability;
    protected final double wireCurrent;

    // Precomputed numerator and factor
    protected final double numeratorSpace;
    protected final double factorWire;

    /**
     * Construct a new magnetic field source centered on a wire.
     * @param centerX X coordinate of the wire center in meters.
     * @param centerY Y coordinate of the wire center in meters.
     * @param wireRadius the radius of the wire, in meters.
     * @param wireCurrent current flowing through the wire in amperes.
     */
    public WireContinuousField(double centerX, double centerY, double wireRadius, double wireCurrent) {
        this(centerX, centerY, wireRadius, wireCurrent, FREE_SPACE);
    }

    /**
     * Construct a new magnetic field source centered on a wire.
     * <p />
     * Negative current indicates that the current flows toward the camera (Z-direction).
     * @param centerX X coordinate of the wire center in meters.
     * @param centerY Y coordinate of the wire center in meters.
     * @param wireRadius the radius of the wire, in meters.
     * @param wireCurrent current flowing through the wire in amperes.
     * @param permeability the permeability of the surrounding space in T m/A.
     */
    public WireContinuousField(double centerX, double centerY, double wireRadius, double wireCurrent, double permeability) {
        this.centerX = centerX;
        this.centerY = centerY;
        this.wireRadius = wireRadius;
        this.wireRadiusSquared = wireRadius * wireRadius;
        this.wireCurrent = wireCurrent;
        this.permeability = permeability;

        // Precomputed constant factor
        this.numeratorSpace = (permeability * wireCurrent) / (2 * Math.PI);
        this.factorWire = (permeability * wireCurrent) / (2 * Math.PI * wireRadius * wireRadius);
    }

    /**
     * The X coordinate of the wire center in meters.
     */
    public double getCenterX() {
        return centerX;
    }

    /**
     * The Y coordinate of the wire center in meters.
     */
    public double getCenterY() {
        return centerY;
    }

    /**
     * Retrieve the radius of the wire.
     * @return The wire radius.
     */
    public double getWireRadius() {
        return wireRadius;
    }

    /**
     * The current flowing through the wire in amperes.
     */
    public double getWireCurrent() {
        return wireCurrent;
    }

    /**
     * The permeability of the surrounding space in T m/A.
     */
    public double getPermeability() {
        return permeability;
    }

    @Override
    public int getComponents() {
        return 2;
    }

    @Override
    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {
        double dX = x - centerX;
        double dY = y - centerY;
        double r2 = dX * dX + dY * dY; // Always positive

        // Write output strength components
        if (r2 < wireRadiusSquared) {
            // This factor is negative when the current is negative, rotating the resulting vector 180 degrees
            if (startComponent == 0) {
                destination[destinationOffset++] += dY * factorWire;
            }
            if (endComponent == 2) {
                destination[destinationOffset] += -dX * factorWire;
            }
        } else {
            if (startComponent == 0) {
                destination[destinationOffset++] += dY * numeratorSpace / r2;
            }
            if (endComponent == 2) {
                destination[destinationOffset] += -dX * numeratorSpace / r2;
            }
        }
    }
}
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blob 13524�package com.comphenix.magnets.fields;

import com.comphenix.magnets.util.PrimitiveArrays;
import com.google.common.collect.Iterables;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;

import java.util.function.DoubleBinaryOperator;

/**
 * Represents a field of vector quantities.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface Vector2DField extends DiscreteField {
    /**
     * Represents a simple cell aggregator.
     */
    public interface VectorAggregator {
        /**
         * Aggregate the same cell throughout multiple scalar fields.
         * @param xValues the x values of the cell in each vector field.
         * @param yValues the y values of the cell in each vector field.
         * @param column the column of the cell.
         * @param row the row of the cell.
         * @return The index where the aggregate result can be found.
         */
        public int aggregate(double[] xValues, double[] yValues, int column, int row);
    }

    /**
     * Convert the content of a cell to a scalar value.
     */
    public interface ScalarMapping {
        /**
         * Convert the vector in the given cell to a scalar value.
         * @param valueX the x value of the vector.
         * @param valueY the y value of the vector.
         * @param column the column of the cell.
         * @param row the row of the cell.
         * @return The corresponding scalar value.
         */
        public double apply(double valueX, double valueY, int column, int row);
    }

    /**
     * Retrieve the magnitude of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding magnitude.
     */
    public default double getMagnitude(int column, int row) {
        double[] strengthX = new double[1];
        double[] strengthY = new double[1];
        fillComponents(column, column + 1, row, row + 1, strengthX, 0, strengthY, 0);
        return Math.sqrt(strengthX[0] * strengthX[0] + strengthY[0] * strengthY[0]);
    }

    /**
     * Retrieve the angle of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding angle, in radians.
     */
    public default double getAngle(int column, int row) {
        double[] strengthX = new double[1];
        double[] strengthY = new double[1];
        fillComponents(column, column + 1, row, row + 1, strengthX, 0, strengthY, 0);
        return Math.atan2(strengthY[0], strengthX[0]);
    }

    /**
     * Retrieve the value of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding value.
     */
    public default Vector2D getVector(int column, int row) {
        double[] strength = new double[2];
        fillComponents(column, column + 1, row, row + 1, strength, 0, strength, 1);
        return new Vector2D(strength);
    }

    /**
     * Retrieve the value of the cell nearest the given point.
     * @param x the x coordinate of the point.
     * @param y the y coordinate of the point.
     * @return The corresponding value.
     */
    public default Vector2D getNearestValue(double x, double y) {
        double[] columns = toColumnArray();
        double[] rows = toRowArray();
        int nearestColumn = PrimitiveArrays.findNearest(columns, x);
        int nearestRow = PrimitiveArrays.findNearest(rows, y);
        return getVector(nearestColumn, nearestRow);
    }

    /**
     * Fill the two output arrays with the magnetic field strength in the X-axis and Y-axis respectively.
     * <p />
     * Note that this method will fill the content of the two output arrays. Each array must have the same number of elements.
     * <p />
     * The output array will be filled in order from lowest column to highest, and then lowest row to highest.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @param outputStrengthX the magnetic field strength in the X-axis.
     * @param outputOffsetX the starting offset of the X array.
     * @param outputStrengthY the magnetic field strength in the Y-axis.
     * @param outputOffsetY the starting offset of the Y array.
     */
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] outputStrengthX, int outputOffsetX, double[] outputStrengthY, int outputOffsetY);

    /**
     * View the magnitude of each cell in this vector field.
     * @return The magnitudes.
     */
    public default ScalarField magnitudes() {
        return new ScalarField.ScalarProxy(Vector2DField.this) {
            @Override
            public double getValue(int column, int row) {
                return getMagnitude(column, row);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                double[] strengthX = new double[outputValues.length];
                double[] strengthY = new double[outputValues.length];
                fillComponents(startColumn, endColumn, startRow, endRow, strengthX, 0, strengthY, 0);

                // Calculate magnitude
                for (int i = 0; i < outputValues.length; i++) {
                    outputValues[i] = Math.sqrt(strengthX[i] * strengthX[i] + strengthY[i] * strengthY[i]);
                }
            }
        };
    }

    /**
     * View the magnitude of the x component in this vector field.
     * @return The x components.
     */
    public default ScalarField x() {
        return new ScalarField.ScalarProxy(Vector2DField.this) {
            @Override
            public double getValue(int column, int row) {
                double[] output = new double[1];
                fillValues(column, column + 1, row, row + 1, output);
                return output[0];
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                // We don't care about the Y strength
                double[] strengthY = new double[outputValues.length];
                fillComponents(startColumn, endColumn, startRow, endRow, outputValues, 0, strengthY, 0);
            }
        };
    }

    /**
     * View the magnitude of the y component in this vector field.
     * @return The y components.
     */
    public default ScalarField y() {
        return new ScalarField.ScalarProxy(Vector2DField.this) {
            @Override
            public double getValue(int column, int row) {
                double[] output = new double[1];
                fillValues(column, column + 1, row, row + 1, output);
                return output[0];
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                // We don't care about the Y strength
                double[] strengthX = new double[outputValues.length];
                fillComponents(startColumn, endColumn, startRow, endRow, strengthX, 0, outputValues, 0);
            }
        };
    }

    /**
     * View the angle of each cell in this vector field.
     * @return The angles.
     */
    public default ScalarField angles() {
        return new ScalarField.ScalarProxy(Vector2DField.this) {
            @Override
            public double getValue(int column, int row) {
                return getAngle(column, row);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                double[] strengthX = new double[outputValues.length];
                double[] strengthY = new double[outputValues.length];
                fillComponents(startColumn, endColumn, startRow, endRow, strengthX, 0, strengthY, 0);

                // Calculate angle
                for (int i = 0; i < outputValues.length; i++) {
                    outputValues[i] = Math.atan2(strengthY[i], strengthX[i]);
                }
            }
        };
    }

    /**
     * Create a scalar field from the X and Y values of this vector field.
     * @param operator mapping of X and Y values, producing the final scalar value.
     * @return The corresponding scalar field.
     */
    public default ScalarField map(DoubleBinaryOperator operator) {
        return new ScalarField.ScalarProxy(Vector2DField.this) {
            @Override
            public double getValue(int column, int row) {
                double[] strengthX = new double[1];
                double[] strengthY = new double[1];
                fillComponents(column, column + 1, row, row + 1, strengthX, 0, strengthY, 0);
                return operator.applyAsDouble(strengthX[0], strengthY[0]);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                double[] strengthX = new double[outputValues.length];
                double[] strengthY = new double[outputValues.length];
                fillComponents(startColumn, endColumn, startRow, endRow, strengthX, 0, strengthY, 0);

                // Calculate final value
                for (int i = 0; i < outputValues.length; i++) {
                    outputValues[i] = operator.applyAsDouble(strengthY[i], strengthX[i]);
                }
            }
        };
    }

    /**
     * Create a scalar field from the X and Y values of this vector field.
     * @param operator mapping of X and Y values, producing the final scalar value.
     * @return The corresponding scalar field.
     */
    public default ScalarField map(ScalarMapping operator) {
        return new ScalarField.ScalarProxy(Vector2DField.this) {
            @Override
            public double getValue(int column, int row) {
                double[] strengthX = new double[1];
                double[] strengthY = new double[1];
                fillComponents(column, column + 1, row, row + 1, strengthX, 0, strengthY, 0);
                return operator.apply(strengthX[0], strengthY[0], column, row);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                double[] strengthX = new double[outputValues.length];
                double[] strengthY = new double[outputValues.length];
                int index = 0;

                // Read values from the underlying field
                fillComponents(startColumn, endColumn, startRow, endRow, strengthX, 0, strengthY, 0);

                // Calculate final value
                for (int row = startRow; row < endRow; row++) {
                    for (int col = startColumn; col < endColumn; col++) {
                        outputValues[index] = operator.apply(strengthY[index], strengthX[index], col, row);
                        index++;
                    }
                }
            }
        };
    }

    /**
     * Aggregate the given non-zero collection of fields. Note that each field must have the same size and x/y coordinates.
     * @param fields the fields to aggregate.
     * @param aggregator aggregate the content of a cell for each provided scalar field.
     * @return The resulting scalar field.
     */
    public static Vector2DField aggregate(Iterable<? extends Vector2DField> fields, VectorAggregator aggregator) {
        final Vector2DField[] copy = Iterables.toArray(fields, Vector2DField.class);

        if (copy.length == 0) {
            throw new IllegalArgumentException("Cannot aggregate zero fields.");
        }
        return new Vector2DProxy(copy[0]) {
            @Override
            public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] outputStrengthX,
                                       final int outputOffsetX, double[] outputStrengthY, final int outputOffsetY) {
                double[] fieldX = new double[copy.length];
                double[] fieldY = new double[copy.length];
                int indexX = outputOffsetX;
                int indexY = outputOffsetY;

                for (int row = startRow; row < endRow; row++) {
                    for (int col = startColumn; col < endColumn; col++) {
                        // Read all the values we need
                        for (int i = 0; i < copy.length; i++) {
                            copy[i].fillComponents(col, col + 1, row, row + 1, fieldX, i, fieldY, i);
                        }
                        // Aggregate and copy over the final value
                        int aggregateIndex = aggregator.aggregate(fieldX, fieldY, col, row);
                        outputStrengthX[indexX++] = fieldX[aggregateIndex];
                        outputStrengthY[indexY++] = fieldY[aggregateIndex];
                    }
                }
            }
        };
    }

    /**
     * A field that is forwarding the cell metadata of another field.
     */
    public static abstract class Vector2DProxy extends Proxy implements Vector2DField {
        /**
         * Construct a new vector field proxy.
         * @param field the discrete field to proxy.
         */
        public Vector2DProxy(DiscreteField field) {
            super(field);
        }
    }
}
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blob 3521�package com.comphenix.magnets.fields;

/**
 * Represents the magnetic field from a simple straight wire.
 */
public class WireContinuousField implements ContinuousField {
    /**
     * The permeability of free space (vacuum).
     */
    public static final double FREE_SPACE = 4.0 * Math.PI * 10E-7; // T*m/A

    private final double centerX;
    private final double centerY;
    private final double wireRadius;
    private final double permeability;
    private final double wireCurrent;

    // Precomputed numerator and factor
    private final double numeratorSpace;
    private final double factorWire;

    /**
     * Construct a new magnetic field source centered on a wire.
     * @param centerX X coordinate of the wire center in meters.
     * @param centerY Y coordinate of the wire center in meters.
     * @param wireRadius the radius of the wire, in meters.
     * @param wireCurrent current flowing through the wire in amperes.
     */
    public WireContinuousField(double centerX, double centerY, double wireRadius, double wireCurrent) {
        this(centerX, centerY, wireRadius, wireCurrent, FREE_SPACE);
    }

    /**
     * Construct a new magnetic field source centered on a wire.
     * <p />
     * Negative current indicates that the current flows toward the camera (Z-direction).
     * @param centerX X coordinate of the wire center in meters.
     * @param centerY Y coordinate of the wire center in meters.
     * @param wireRadius the radius of the wire, in meters.
     * @param wireCurrent current flowing through the wire in amperes.
     * @param permeability the permeability of the surrounding space in T m/A.
     */
    public WireContinuousField(double centerX, double centerY, double wireRadius, double wireCurrent, double permeability) {
        this.centerX = centerX;
        this.centerY = centerY;
        this.wireRadius = wireRadius;
        this.wireCurrent = wireCurrent;
        this.permeability = permeability;

        // Precomputed constant factor
        this.numeratorSpace = (permeability * wireCurrent) / (2 * Math.PI);
        this.factorWire = (permeability * wireCurrent) / (2 * Math.PI * wireRadius * wireRadius);
    }

    /**
     * The X coordinate of the wire center in meters.
     */
    public double getCenterX() {
        return centerX;
    }

    /**
     * The Y coordinate of the wire center in meters.
     */
    public double getCenterY() {
        return centerY;
    }

    /**
     * Retrieve the radius of the wire.
     * @return The wire radius.
     */
    public double getWireRadius() {
        return wireRadius;
    }

    /**
     * The current flowing through the wire in amperes.
     */
    public double getWireCurrent() {
        return wireCurrent;
    }

    /**
     * The permeability of the surrounding space in T m/A.
     */
    public double getPermeability() {
        return permeability;
    }

    @Override
    public void addComponents(double x, double y, double[] outputStrengthX, int offsetX, double[] outputStrengthY, int offsetY) {
        double dX = x - centerX;
        double dY = y - centerY;
        double r = Math.sqrt(dX * dX + dY * dY);

        // Strength is negative when the current is negative, rotating the resulting vector 180 degrees
        double strength = r < wireRadius ? factorWire * r : numeratorSpace / r;

        // Write output strength components
        outputStrengthX[offsetX] += (dY / r) * strength;
        outputStrengthY[offsetY] += -(dX / r) * strength;
    }
}
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blob 22596�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.io.CvsFieldWriter;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.model.HarmonicSumField;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.solver.continuous.BoundingBox;
import com.comphenix.magnets.solver.continuous.Solver;
import com.comphenix.magnets.util.PrimitiveArrays;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.beanutils.BeanUtils;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.optim.*;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.*;
import java.util.concurrent.ThreadLocalRandom;
import java.util.concurrent.TimeUnit;
import java.util.concurrent.atomic.AtomicInteger;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.IntStream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getModelSource(), a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile(), a.getX(), a.getY());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // CMES
        if (a.getModelFile() != null && a.getModelSource() == PlotArguments.ModelSource.DRONE_2) {
            Solver solver = a.getSolverName().toSolver();
            BoundingBox box = new BoundingBox(a.getX(), a.getY());

            // Initialize properties
            BeanUtils.populate(solver, a.getSolverProperties());

            if (a.getDroneLocation() != null) {
                System.out.println("Finding minimum using " + solver);
                testCMES(solver, model, a.getX(), a.getY(), a.getDroneLocation());
            }
            if (a.isComputeDronePDF()) {
                computePDF(solver, model, box, a.getDroneSearchRadius(), a.getDronePDFSamples());
            }
            if (a.isDrawDroneErrorMap()) {
                writeDroneErrorMap(a, solver, model, box, a.getX(), a.getY(), new File(rootFolder, "DRONE_ERROR.png"));
            }
        }

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                Range<Double> errorRange = errorField.getRange();

                System.out.println("Writing error map with value range: " + errorRange);
                writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    private static void testCMES(Solver solver, MagneticModel model, SegmentRange x, SegmentRange y, RealVector droneLocation) {
        ContinuousField sinusoids = DroneVectorField.twoSensors(new HarmonicSumField(model.conductors(), 0));

        // The target position
        Random rnd = new Random();
        double[] target = sinusoids.getVector(droneLocation.getEntry(0), droneLocation.getEntry(1)).toArray();

        // Real solution
        System.out.println("Attempting to find " + new ArrayRealVector(target) + " (point " + droneLocation + " ) in field ...");
        PointValuePair solution = solver.findMinimum(sinusoids, target, new BoundingBox(x, y));
        RealVector solutionPoint = new ArrayRealVector(solution.getPoint());

        System.out.println("Possible solution: " + solutionPoint + ", distance: " + droneLocation.getDistance(solutionPoint));
        System.out.println("Value of possible: " + sinusoids.getVector(solution.getPoint()[0], solution.getPoint()[1]));
    }

    private static void computePDF(Solver solver, MagneticModel model, BoundingBox box, double droneSearchRadius, int dronePDFSamples) {
        ContinuousField sinusoids = DroneVectorField.twoSensors(new HarmonicSumField(model.conductors(), 0));

        DoubleSummaryStatistics distanceStats = new DoubleSummaryStatistics();
        AtomicInteger misses = new AtomicInteger();

        // Pre-generate the random points according to a seed
        Random pointRandom = new Random(1);
        RealVector[] points = IntStream.range(0, dronePDFSamples).
                mapToObj(i -> box.randomPoint(pointRandom)).toArray(RealVector[]::new);

        Stopwatch totalElapsed = Stopwatch.createStarted();

        // Samples of the distances
        DoubleSummaryStatistics stats = IntStream.range(0, dronePDFSamples).mapToDouble(i -> {
            double[] randomPoint = points[i].toArray();
            double[] randomTarget = sinusoids.getVector(randomPoint[0], randomPoint[1]).toArray();
            double[] guessPoint = null;
            BoundingBox searchBox = box;

            // See if the drone radius is overriding the search box
            if (droneSearchRadius < box.getMaximumExtent()) {
                searchBox = BoundingBox.fromHyperCube(randomPoint, droneSearchRadius).intersect(box);
                guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
            } else {
                guessPoint = box.getCenter().toArray();
            }

            Stopwatch watch = Stopwatch.createStarted();
            PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox);
            watch.stop();

            // Store the distance between the solution and the random point
            double sample = new ArrayRealVector(randomPoint, false).getDistance(
                    new ArrayRealVector(bestSolution.getPoint(), false));
            distanceStats.accept(sample);

            if (sample > 0.1) {
                misses.incrementAndGet();
            }
            System.out.println("Point " + new ArrayRealVector(randomPoint, false) + " distance: " + sample);
            return watch.elapsed(TimeUnit.NANOSECONDS) / 1.0E6;

        }).parallel().summaryStatistics();

        totalElapsed.stop();
        System.out.println("Total elapsed (real-time): " + totalElapsed);
        System.out.println("Average elapsed (per point): " + stats.getAverage() + " ms (std: " + Math.sqrt(stats.getAverage()) + " ms)");
        System.out.println("Average distance: " + distanceStats.getAverage() + " m (std: " + Math.sqrt(distanceStats.getAverage()) + " m)");
        System.out.println("Misses (above 0.1): " + misses.get() + " of " + dronePDFSamples);
    }

    private static void writeDroneErrorMap(PlotArguments a, Solver solver, MagneticModel model, BoundingBox box, SegmentRange xRange, SegmentRange yRange, File file) throws IOException {
        ContinuousField sinusoids = DroneVectorField.twoSensors(new HarmonicSumField(model.conductors(), 0));
        Stopwatch watch = Stopwatch.createStarted();
        Stopwatch total = Stopwatch.createStarted();

        ScalarField errorMap = ScalarArrayField.fromFunction(xRange.toArray(), yRange.toArray(), (x, y) -> {
            double[] specificPoint = new double[] { x, y };
            double[] randomTarget = sinusoids.getVector(specificPoint[0], specificPoint[1]).toArray();
            double[] guessPoint = null;
            BoundingBox searchBox = box;

            // See if the drone radius is overriding the search box
            if (a.getDroneSearchRadius() < box.getMaximumExtent()) {
                searchBox = BoundingBox.fromHyperCube(specificPoint, a.getDroneSearchRadius()).intersect(box);
                guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
            } else {
                guessPoint = box.getCenter().toArray();
            }

            try {
                PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox);

                // We want to plot the distance
                return new ArrayRealVector(specificPoint, false).getDistance(
                        new ArrayRealVector(bestSolution.getPoint(), false));

            } catch (Exception e) {
                System.out.println("Error occurred for " + new ArrayRealVector(specificPoint, false));
                e.printStackTrace();
                return box.getDiagonalLength();
            }

        }, progress -> {
            if (watch.elapsed(TimeUnit.SECONDS) > 1) {
                System.out.println("Current progress: " + progress * 100 + "%");

                watch.reset();
                watch.start();
            }
        });

        total.stop();
        System.out.println("Generated drone map in " + total);

        // Write out the drone map
        writeScalarField(a, null, a.getValueOperator(), errorMap, file);
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        destination = getSiblingFile(destination, a.getOutputFormat().getExtension());

        switch (a.getOutputFormat()) {
            case PNG:
                writePngField(a, valueRange, valueOperator, field, destination);
                break;
            case CSV:
                Stopwatch watch = Stopwatch.createStarted();
                CvsFieldWriter writer = new CvsFieldWriter();
                writer.write(destination.toPath(), field);

                watch.stop();
                System.out.println("Written " + destination + " (total time: " + watch + ")");
                break;
        }
    }

    /**
     * Retrieve a sibling file with the same name and the given extension,
     * @param file the file.
     * @param extension the extension.
     * @return Sibling file with similar file name, but different extension.
     */
    private static File getSiblingFile(File file, String extension) {
        return new File(file.getParentFile(),
                com.google.common.io.Files.getNameWithoutExtension(file.getName()) + "." + extension);
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writePngField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;
        Stopwatch watch = Stopwatch.createStarted();

        // Recompute range
        if (valueRange == null) {
            valueRange = field.getRange();
        }
        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        FieldGraph graph = new FieldGraph(a.getScheme().toGradient(), valueOperator, a.getXAxis(), a.getYAxis());
        BufferedImage image = graph.createImage(field, a.getX().toRange(), a.getY().toRange(), valueRange, column -> {
            if (maxColumns != null) {
                // Compute maximum value in each row
                for (int i = 0; i < maxColumns.length; i++) {
                    if (!Double.isNaN(column[i])) {
                        maxColumns[i] = Math.max(maxColumns[i], column[i]);
                    }
                }
            }
        });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, graph.getMargins().getLeft(), graph.getMargins().getTop(),
                    maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            watch.stop();
            System.out.println("Written " + destination + " (total time: " + watch + ")");
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        RealVector valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        Vector2D solvedPoint = measure("Time finding solution", () -> solver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        ScalarField distance = new ScalarArrayField(vectorField.map(
            (vectorArray, vectorOffset, vectorLength, column, row) -> {
                return valuePoint.getDistance(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));
            }
        ));
        return distance;
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @param outputX the x dimensions.
     * @param outputY the y dimensions.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile, SegmentRange outputX, SegmentRange outputY) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        final ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));
        ScalarField output = field;
        double[] fieldX = field.toColumnArray();
        double[] fieldY = field.toRowArray();

        if (field.getColumns() != outputX.getSegments() || field.getRows() != outputY.getSegments()) {
            SegmentRange newX = new SegmentRange(fieldX[0], fieldX[fieldX.length - 1], outputX.getSegments());
            SegmentRange newY = new SegmentRange(fieldY[0], fieldY[fieldY.length - 1], outputY.getSegments());

            // Resize the field
            output = ScalarArrayField.fromFunction(newX.toArray(), newY.toArray(), (x, y) -> {
                int nearestX = Math.abs(Arrays.binarySearch(fieldX, x));
                int nearestY = Math.abs(Arrays.binarySearch(fieldY, y));
                return nearestX >= 0 && nearestY >= 0 ? field.getValue(nearestX, nearestY) : 0;
            }, progress -> {});
        }
        return ImmutableList.of(new PlotFrame(output, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.ModelSource source, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = getVectorField(model, source, t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Retrieve the vector field from a magnetic model and a model source.
     * @param model the model.
     * @param source the source.
     * @param time the time.
     * @param xPoints the x coordinates.
     * @param yPoints the y coordinates.
     * @return
     */
    private static VectorField getVectorField(MagneticModel model, PlotArguments.ModelSource source, double time, double[] xPoints, double[] yPoints) {
        ContinuousField sinusoids = new HarmonicSumField(model.conductors(), time);

        switch (source) {
            case MAGNETIC_FIELD:
                return model.getVectorField(time, xPoints, yPoints);
            case SINUSOID_FIELD:
                return sinusoids.toVectorField(xPoints, yPoints);
            case DRONE_1:
                return new DroneVectorField(sinusoids, new double[] {0, 0} ).toVectorField(xPoints, yPoints);
            case DRONE_2:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 0, (yPoints[1] - yPoints[0]) * 20 }).toVectorField(xPoints, yPoints);
            default:
                throw new IllegalArgumentException("Unknown model source: " + source);
        }
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 13489�package com.comphenix.magnets.graphics;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Strings;
import com.google.common.collect.Range;
import com.sun.javafx.scene.layout.region.Margins;

import java.awt.*;
import java.awt.font.TextLayout;
import java.awt.geom.Rectangle2D;
import java.awt.image.BufferedImage;
import java.util.Objects;
import java.util.function.Consumer;
import java.util.function.DoubleUnaryOperator;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class FieldGraph {
    private final Gradient gradient;
    private final DoubleUnaryOperator valueOperator;

    private GraphAxis XAxis;
    private GraphAxis YAxis;

    // Cached
    private Margin cachedMargin;

    /**
     * Construct a new graph that colorizes a field based on the given gradient.
     * @param gradient the colorizing gradient.
     */
    public FieldGraph(Gradient gradient) {
       this(gradient, DoubleUnaryOperator.identity());
    }

    /**
     * Construct a new graph that colorizes a field based on the given gradient.
     * @param gradient the colorizing gradient.
     * @param valueOperator an operator to apply to every value in the field.
     */
    public FieldGraph(Gradient gradient, DoubleUnaryOperator valueOperator) {
        this.gradient = Objects.requireNonNull(gradient, "gradient must not be NULL");
        this.valueOperator = Objects.requireNonNull(valueOperator, "valueOperator must not be NULL");
    }

    /**
     * Construct a new graph that colorizes a field based on the given gradient.
     * @param gradient the colorizing gradient.
     * @param valueOperator an operator to apply to every value in the field.
     * @param XAxis the current X-axis.
     * @param YAxis the current Y-axis.
     */
    public FieldGraph(Gradient gradient, DoubleUnaryOperator valueOperator, GraphAxis XAxis, GraphAxis YAxis) {
        this(gradient, valueOperator);
        this.XAxis = XAxis;
        this.YAxis = YAxis;
    }

    /**
     * Retrieve the gradient used to colorize the field.
     * @return The gradient.
     */
    public Gradient getGradient() {
        return gradient;
    }

    /**
     * Retrieve the operator that is applied to every value.
     * @return A graph operator.
     */
    public DoubleUnaryOperator getValueOperator() {
        return valueOperator;
    }

    /**
     * Retrieve the axis that is used to draw the X-axis.
     * @return The X-axis.
     */
    public GraphAxis getXAxis() {
        return XAxis;
    }

    /**
     * Set the axis that is used to draw the X-axis
     * @param XAxis the new X-axis.
     */
    public void setXAxis(GraphAxis XAxis) {
        this.XAxis = XAxis;
        this.cachedMargin = null;
    }

    /**
     * Retrieve the axis that is used to draw the Y-axis.
     * @return The Y-axis.
     */
    public GraphAxis getYAxis() {
        return YAxis;
    }

    /**
     * Set the axis that is used to draw the Y-axis
     * @param YAxis the new Y-axis.
     */
    public void setYAxis(GraphAxis YAxis) {
        this.YAxis = YAxis;
        this.cachedMargin = null;
    }

    /**
     * Construct an image representation of the given matrix.
     * @param matrix the matrix.
     * @return The resulting image.
     */
    public BufferedImage createImage(ScalarField matrix) {
        return createImage(matrix, matrix.getRange(), v -> {});
    }

    /**
     * Construct an image representation of the given matrix.
     * <p />
     * Note that the array given to the consumer may be altered after the method has been called.
     * @param matrix the matrix.
     * @param zRange the range containing the minimum and maximum value.
     * @param columnConsumer an arbitrary consumer of columns that have been read of the field.
     * @return The resulting image.
     */
    public BufferedImage createImage(ScalarField matrix, Range<Double> zRange, Consumer<double[]> columnConsumer) {
        return createImage(matrix,
                Range.closed(matrix.getColumn(0), matrix.getColumn(matrix.getColumns() - 1)),
                Range.closed(matrix.getRow(0), matrix.getRow(matrix.getRows() - 1)), zRange, columnConsumer);
    }

    /**
     * Construct an image representation of the given matrix.
     * <p />
     * Note that the array given to the consumer may be altered after the method has been called.
     * @param matrix the matrix.
     * @param xRange the range of the minimum and maximum x position.
     * @param yRange the range of the minimum and maximum y position.
     * @param zRange the range containing the minimum and maximum value.
     * @param columnConsumer an arbitrary consumer of columns that have been read of the field.
     * @return The resulting image.
     */
    public BufferedImage createImage(ScalarField matrix, Range<Double> xRange, Range<Double> yRange, Range<Double> zRange, Consumer<double[]> columnConsumer) {
        // Matrix
        double minValue = valueOperator.applyAsDouble(zRange.lowerEndpoint());
        double maxValue = valueOperator.applyAsDouble(zRange.upperEndpoint());
        double delta = maxValue - minValue;

        // Value buffer
        double[] values = new double[matrix.getColumns()];

        // Output image
        int[] pixels = new int[matrix.getRows() * matrix.getColumns()];
        int pixelIndex = 0;
        int mask = 255 << 24;

        for (int y = 0; y < matrix.getRows(); y++) {
            // Prepare values
            matrix.fillValues(0, matrix.getColumns(), y, y + 1, values);

            for (int x = 0; x < matrix.getColumns(); x++) {
                double value = valueOperator.applyAsDouble(values[x]);
                double normalized = (value - minValue) / delta;

                pixels[pixelIndex++] = mask | gradient.getColor(normalized);
                values[x] = value;
            }
            // Process column
            columnConsumer.accept(values);
        }
        return createGraph(matrix, xRange, yRange, zRange, pixels);
    }

    /**
     * Construct the actual buffered image from a given scalar matrix and the pixel data.
     * @param matrix the scalar matrix.
     * @param xRange the range of the minimum and maximum x position.
     * @param yRange the range of the minimum and maximum y position.
     * @param pixelData the pixel data.
     * @return The corresponding buffered image.
     */
    protected BufferedImage createGraph(ScalarField matrix, Range<Double> xRange, Range<Double> yRange, Range<Double> zRange, int[] pixelData) {
        Margin margin = getMargins();
        Rectangle gradientRect = computeGradientArea(matrix, margin);
        boolean drawGradient = XAxis != null && YAxis != null;

        // Fill gradient box
        if (drawGradient) {
            fillGradientBox(
                    gradientRect.x - margin.getLeft(),
                    gradientRect.y - margin.getTop(),
                    gradientRect.width, gradientRect.height, pixelData, matrix.getColumns());
        }

        BufferedImage image = fromPixels(matrix.getColumns(), matrix.getRows(), margin, Color.WHITE, pixelData);
        Graphics2D g = image.createGraphics();

        if (XAxis != null) {
            int y = image.getHeight() - margin.getBottom();
            drawAxis(g, XAxis, xRange.lowerEndpoint(), xRange.upperEndpoint(), true, 0, 0,
                    margin.getLeft(), y, image.getWidth() - margin.getRight(), y);

            if (!Strings.isNullOrEmpty(XAxis.getLabel())) {
                drawCentered(g, XAxis.getLabel(),
                        (float) (image.getWidth() - (margin.getRight() * 0.6)),
                        (float) (y - (margin.getBottom() * 0.2)));
            }
        }
        if (YAxis != null) {
            drawAxis(g, YAxis, yRange.lowerEndpoint(), yRange.upperEndpoint(), true, 0, 0,
                     margin.getLeft(), margin.getTop(), margin.getLeft(), image.getHeight() - margin.getBottom());

            if (!Strings.isNullOrEmpty(YAxis.getLabel())) {
                drawCentered(g, YAxis.getLabel(),
                        margin.getLeft(),
                        (float) (margin.getTop() * 0.3));
            }
        }

        // Now, draw the Z axis in the top corner
        if (drawGradient) {
            drawGradientBox(g, gradientRect, zRange);
        }

        g.dispose();
        return image;
    }

    private Rectangle computeGradientArea(ScalarField matrix, Margin margin) {
        int imageRightEdge = margin.getLeft() + matrix.getColumns();
        int width = matrix.getColumns() / 7;

        // Area where the gradient will be placed
        return new Rectangle(imageRightEdge - width - 16, margin.getTop() + 16, width, 24);
    }

    /**
     * Fill the gradient box.
     * @param x starting x position.
     * @param y starting y position.
     * @param width width of the box.
     * @param height height of the box.
     * @param pixels the pixel data.
     * @param stride the stride.
     */
    private void fillGradientBox(int x, int y, int width, int height, int[] pixels, int stride) {
        // Fill the gradient
        for (int dY = 0; dY < height; dY++) {
            int rowOffset = (y + dY) * stride;

            for (int dX = 0; dX < width; dX++) {
                pixels[rowOffset + x + dX] = gradient.getColor(dX / (double)width);
            }
        }
    }

    /**
     * Draw the gradient box outline.
     * @param g graphics.
     * @param zAxisBox the area.
     * @param zRange the Z range.
     */
    private void drawGradientBox(Graphics2D g, Rectangle zAxisBox, Range<Double> zRange) {
        g.setXORMode(Color.BLACK);
        g.draw(zAxisBox);
        g.setPaintMode();

        drawAxis(g, new GraphAxis(8, 3, "z"), zRange.lowerEndpoint(), zRange.upperEndpoint(), false, 0, 8,
                (int) zAxisBox.getMinX(), (int) zAxisBox.getMaxY(), (int) zAxisBox.getMaxX(), (int) zAxisBox.getMaxY());
    }

    public Margin getMargins() {
        Margin result = cachedMargin;

        if (cachedMargin == null) {
            cachedMargin = result = new Margin(
                    YAxis != null ? YAxis.getWidth() : 0,
                    XAxis != null ? XAxis.getWidth() : 0,
                    YAxis != null ? YAxis.getWidth() : 0,
                    XAxis != null ? XAxis.getWidth() : 0);
        }
        return result;
    }

    protected void drawCentered(Graphics2D g, String text, float x, float y) {
        Rectangle2D boundary = g.getFontMetrics().getStringBounds(text, g);
        g.setXORMode(Color.BLACK);
        g.drawString(text, (float) (x - boundary.getWidth() / 2.0), (float) (y + boundary.getHeight() / 3.0));
        g.setPaintMode();
    }

    protected void drawAxis(Graphics2D g, GraphAxis axis, double startValue, double endValue, boolean drawLine, int fontOffsetX, int fontOffsetY, int startX, int startY, int endX, int endY) {
        if (drawLine) {
            g.setXORMode(Color.BLACK);
            g.drawLine(startX, startY, endX, endY);
            g.setPaintMode();
        }

        // Draw the ticks
        if (axis.getTickCount() > 0) {
            double biasN = (double) (axis.getTickCount() - 1);
            double dX = (endX - startX) / biasN;
            double dY = (endY - startY) / biasN;
            double dV = (endValue - startValue) / biasN;

            // Compute the displacement in the tick line
            double lineAngle = Math.atan2(dY, dX) + (Math.PI / 2);
            int lX = (int) (axis.getWidth() * 0.25 * Math.cos(lineAngle));
            int lY = (int) (axis.getWidth() * 0.25 * Math.sin(lineAngle));
            float fX = (float) (axis.getWidth() * 0.5 * Math.cos(lineAngle));
            float fY = (float) (axis.getWidth() * 0.5 * Math.sin(lineAngle));

            for (int i = 0; i < axis.getTickCount(); i++) {
                int cX = (int) Math.round(startX + dX * i);
                int cY = (int) Math.round(startY + dY * i);
                double value = startValue + dV * i;

                // Write the tick line and then the value
                g.setXORMode(Color.BLACK);
                g.drawLine(cX - lX, cY - lY, cX + lX, cY + lY);
                g.setPaintMode();
                drawCentered(g, round(value), cX + fX + fontOffsetX, cY + fY + fontOffsetY);
            }
        }
    }

    /**
     * Round the given axis value.
     * @param value the value.
     * @return Rounded string of value.
     */
    protected String round(double value) {
        return Double.toString(Math.round(value * 100) / 100.0);
    }

    /**
     * Convert an array of RGB pixel values into an BufferedImage.
     * @param width the width.
     * @param height the height.
     * @param margin current margin.
     * @param pixels the pixel data.
     * @return The corresponding buffered image.
     */
    protected BufferedImage fromPixels(int width, int height, Margin margin, Color background, int[] pixels) {
        BufferedImage image = new BufferedImage(width + margin.width(), height + margin.height(), BufferedImage.TYPE_INT_ARGB);

        if (background != null && !Color.BLACK.equals(background)) {
            Graphics g = image.getGraphics();
            g.setColor(background);
            g.fillRect(0, 0, image.getWidth(), image.getHeight());
            g.dispose();
        }
        image.setRGB(margin.getLeft(), margin.getTop(), width, height, pixels, 0, width);
        return image;
    }
}
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blob 3111�package com.comphenix.magnets.io;

import com.comphenix.magnets.fields.ScalarArrayField;
import com.univocity.parsers.csv.CsvParser;
import com.univocity.parsers.csv.CsvParserSettings;

import java.io.IOException;
import java.io.Reader;
import java.nio.file.Files;
import java.nio.file.Path;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class CvsFieldParser {
    private static final CvsFieldParser system = new CvsFieldParser(getDefaultSettings());

    // CSV settings
    private final CsvParserSettings settings;

    /**
     * Retrieve the default CSV settings.
     * @return Default settings.
     */
    private static CsvParserSettings getDefaultSettings() {
        CsvParserSettings settings = new CsvParserSettings();
        settings.setMaxColumns(5000);
        settings.getFormat().setLineSeparator("\n");
        settings.getFormat().setDelimiter('\t');
        return settings;
    }

    public static CvsFieldParser system() {
        return system;
    }

    public CvsFieldParser(CsvParserSettings settings) {
        this.settings = settings;
    }

    /**
     * Parse a CSV file into a matrix.
     * @param path the CSV file to read.
     * @return The corresponding matrix.
     */
    public ScalarArrayField parse(Path path) {
        try (Reader reader = Files.newBufferedReader(path)) {
            return parse(reader);
        } catch (IOException e) {
            throw new RuntimeException("Cannot read input file.", e);
        }
    }

    /**
     * Parse a CSV file into a matrix.
     * @param reader the CSV file being read.
     * @return The corresponding matrix.
     */
    public ScalarArrayField parse(Reader reader) {
        ScalarArrayField result = new ScalarArrayField();
        CsvParser parser = new CsvParser(settings);
        boolean hasHeader = false;

        parser.beginParsing(reader);

        // Stream each row
        for (String[] row = parser.parseNext(); row != null; row = parser.parseNext()) {
            if (row.length <= 1)
                continue;

            if (!hasHeader) {
                result.setX(parseDouble(row, 1));
                hasHeader = true;
            } else {
                result.addRow(Double.parseDouble(row[0]), parseDouble(row, 1));
            }
        }
        return result;
    }

    /**
     * Parse the given subset of strings as doubles.
     * @param values the values.
     * @param offset the offset.
     * @return The resulting doubles.
     */
    protected double[] parseDouble(String[] values, int offset) {
        return parseDouble(values, offset, values.length - offset);
    }

    /**
     * Parse the given subset of strings as doubles.
     * @param values the values.
     * @param offset the offset.
     * @param length the length.
     * @return The resulting doubles.
     */
    protected double[] parseDouble(String[] values, int offset, int length) {
        double[] result = new double[length];

        for (int i = 0; i < length; i++) {
            result[i] = Double.parseDouble(values[i + offset]);
        }
        return result;
    }
}
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blob 10093�package com.comphenix.magnets.solver;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.solver.continuous.BoundingBox;
import com.comphenix.magnets.solver.continuous.Solver;
import com.google.common.base.Preconditions;
import com.google.common.collect.Lists;
import com.google.common.primitives.Doubles;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;

import java.util.ArrayDeque;
import java.util.List;
import java.util.Queue;
import java.util.concurrent.ThreadLocalRandom;

/**
 * Created by Kristian on 30.05.2015.
 */
public class DroneSimulation {
    /**
     * A factory for constructing drone sensor fields.
     */
    public interface DroneFieldFactory {
        /**
         * Retrieve a drone field using the given sensors.
         * @param sensors the X and Y offsets to N different sensors.
         * @return The corresponding drone field.
         */
        ContinuousField getField(double[] sensors);
    }

    private static final double MAXIMUM_SPEED = 1; // m/s
    private static final double MAXIMUM_ACCELERATION = 1; // m/s^2

    private static final double MINIMUM_TARGET_DISTANCE = 0.25;

    // We can aim for 100 ms elapsed per CMAES run
    private static final double TIME_DELTA = 0.1;

    // input
    private RealVector startLocation = new ArrayRealVector(new double[] { 0, 0});
    private List<RealVector> targetLocations = Lists.newArrayList(new ArrayRealVector(new double[] { 0, 40 }));
    private BoundingBox boundingBox = new BoundingBox(new double[] { -35, 0 }, new double[] { 35, 40} );
    private Solver solver;
    private double droneSearchRadius = Double.MAX_VALUE;

    private DroneFieldFactory modelField;
    private DroneFieldFactory realField;
    private double[] droneSensors;

    // Current drone and time
    private Drone drone;
    private Queue<RealVector> targets;
    private RealVector estimatedLocation;

    // Current time
    private double time;

    public DroneSimulation(RealVector startLocation, List<RealVector> targetLocations, BoundingBox boundingBox, Solver solver, double droneSearchRadius) {
        this.startLocation = startLocation;
        this.targetLocations = targetLocations;
        this.boundingBox = boundingBox;
        this.solver = solver;
        this.droneSearchRadius = droneSearchRadius;
    }

    public void start(DroneFieldFactory modelField, DroneFieldFactory realField, double[] droneSensors, int maxIterations) {
        this.modelField = modelField;
        this.realField = realField;
        this.droneSensors = droneSensors;
        drone = new Drone(startLocation);
        targets = new ArrayDeque<>(targetLocations);
        estimatedLocation = null;
        time = 0;
        simulate(maxIterations);
    }

    public void simulate(int maxIterations) {
        VirtualSensorSystem virtual = new VirtualSensorSystem();
        RealVector insLocation = drone.createNullVector();

        // Drone fields
        ContinuousField singleRealField = realField.getField(new double[] { 0, 0 });
        ContinuousField multiRealField = realField.getField(droneSensors);
        ContinuousField multiModelField = modelField.getField(droneSensors);

        // Headers
        System.out.println("Time;Estimated Location;True Location");

        for (int i = 0; i < maxIterations; i++) {
            RealVector target = targets.peek();

            if (target == null) {
                break;
            } else if (estimatedLocation == null) {
                // Vertical virtual sensors
                drone.setTargetVelocity(new ArrayRealVector(new double[] { 0, MAXIMUM_SPEED }));

                // Sample approximately every 3 meters
                if (virtual.getLastSamplePoint() == null || virtual.getLastSamplePoint().getDistance(insLocation) >= 3) {
                    RealVector sample = drone.sample(singleRealField);
                    virtual.addSample(insLocation, sample);
                }

                // Four points should be sufficient
                if (virtual.getSamplePoints() >= 4) {
                    estimatedLocation = virtual.calculatePoint(modelField, solver, boundingBox).add(insLocation);
                }
            } else if (target.getDistance(estimatedLocation) < MINIMUM_TARGET_DISTANCE) {
                // Move on to the next point
                targets.poll();
            } else {
                RealVector distanceVector = target.subtract(estimatedLocation);
                double distance = distanceVector.getNorm();

                if (distance < MAXIMUM_SPEED * 2) {
                    drone.setTargetVelocity(distanceVector.unitVector().mapMultiply(distance / (1.9 * MAXIMUM_SPEED)));
                } else {
                    drone.setTargetVelocity(distanceVector.unitVector().mapMultiply(MAXIMUM_SPEED));
                }

                // Estimate the current position
                RealVector invariantTarget = drone.sample(multiRealField);
                double[] guessPoint;
                BoundingBox searchBox = boundingBox;

                // See if the drone radius is overriding the search box
                if (droneSearchRadius < searchBox.getMaximumExtent()) {
                    searchBox = BoundingBox.fromHyperCube(estimatedLocation.toArray(), droneSearchRadius * 2).intersect(boundingBox);
                    guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
                } else {
                    guessPoint = boundingBox.getCenter().toArray();
                }

                // Find the nearest point
                estimatedLocation = new ArrayRealVector(
                        solver.findMinimum(multiModelField, invariantTarget.toArray(),
                                guessPoint, searchBox, 5).getPoint(), false);
            }

            // Inform the user
            System.out.printf("%s;%s;%s%n",
                    time, estimatedLocation != null ? estimatedLocation : "N/A;N/A", drone.getLocation());

            drone.tick(TIME_DELTA);
            time += TIME_DELTA;

            // Relative movement calculated by INS
            insLocation = insLocation.add(drone.getCurrentVelocity().mapMultiply(TIME_DELTA));
        }
    }

    public RealVector getStartLocation() {
        return startLocation;
    }

    public void setStartLocation(RealVector startLocation) {
        this.startLocation = startLocation;
    }

    public List<RealVector> getTargetLocations() {
        return targetLocations;
    }

    public void setTargetLocations(List<RealVector> targetLocations) {
        this.targetLocations = targetLocations;
    }

    public BoundingBox getBoundingBox() {
        return boundingBox;
    }

    public void setBoundingBox(BoundingBox boundingBox) {
        this.boundingBox = boundingBox;
    }

    public Solver getSolver() {
        return solver;
    }

    public void setSolver(Solver solver) {
        this.solver = solver;
    }

    public double getDroneSearchRadius() {
        return droneSearchRadius;
    }

    public void setDroneSearchRadius(double droneSearchRadius) {
        this.droneSearchRadius = droneSearchRadius;
    }

    private static class VirtualSensorSystem {
        private List<Double> relativePoints = Lists.newArrayList();
        private List<Double> invariants = Lists.newArrayList();
        private RealVector lastSamplePoint = null;

        public void addSample(RealVector insLocation, RealVector sample) {
            // Sample this location
            relativePoints.addAll(Doubles.asList(insLocation.toArray()));
            invariants.addAll(Doubles.asList(sample.toArray()));
            lastSamplePoint = insLocation;
        }

        public RealVector calculatePoint(DroneFieldFactory factory, Solver solver, BoundingBox boundingBox) {
            ContinuousField multiSample = factory.getField(Doubles.toArray(relativePoints));

            return new ArrayRealVector(solver.findMinimum(
                    multiSample, Doubles.toArray(invariants),
                    boundingBox.getCenter().toArray(), boundingBox, 5).getPoint(), false);
        }

        public int getSamplePoints() {
            return relativePoints.size() / 2;
        }

        public RealVector getLastSamplePoint() {
            return lastSamplePoint;
        }
    }

    private static class Drone {
        /**
         * True location.
         */
        private RealVector location;
        private RealVector currentVelocity;
        private RealVector targetVelocity;

        public Drone(RealVector location) {
            this.location = Preconditions.checkNotNull(location, "location cannot be NULL");
            this.currentVelocity = createNullVector();
        }

        public RealVector createNullVector() {
            return new ArrayRealVector(location.getDimension());
        }

        public void tick(double dt) {
            RealVector distanceMoved = currentVelocity.mapMultiply(dt);

            // Increment current location
            location = location.add(distanceMoved);

            // Update the target velocity
            if (targetVelocity != null) {
                RealVector velocityMoved = targetVelocity.subtract(currentVelocity).
                        unitVector().mapMultiply(MAXIMUM_ACCELERATION * dt);
                currentVelocity = currentVelocity.add(velocityMoved);
            }
        }

        public void setTargetVelocity(RealVector targetVelocity) {
            this.targetVelocity = targetVelocity;
        }

        public RealVector getTargetVelocity() {
            return targetVelocity;
        }

        public RealVector getCurrentVelocity() {
            return currentVelocity;
        }

        public RealVector getLocation() {
            return location;
        }

        public RealVector sample(ContinuousField droneField) {
            return droneField.getVector(location.getEntry(0), location.getEntry(1));
        }
    }
}
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blob 340�package com.comphenix.magnets.fields;

/**
 * Represents a simple magnetic field.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class FieldSimulator {


    /**
     *
     * @param x
     * @param y
     * @param current
     * @return
     */
    public FieldSimulator addWire(double x, double y, double current) {

    }
}
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blob 7365�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.Maps;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.Arrays;
import java.util.Map;
import java.util.Objects;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.IntStream;
import java.util.stream.Stream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }

        // The input to visualize
        Map<ScalarField, Integer> indexLookup = Maps.newConcurrentMap();
        Supplier<Stream<ScalarField>> fields = a.getModelFile() != null ?
                getFields(a.getModelFile(), indexLookup, a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile(), indexLookup);

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), fields);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.isLogarithm() ? Math::log10 : DoubleUnaryOperator.identity();

        // Process images in parallel
        fields.get().parallel().forEach(field -> {
            try {
                Integer index = indexLookup.get(field);
                double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;

                if (maxColumns != null) {
                    Arrays.fill(maxColumns, -Double.MAX_VALUE);
                }

                BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                    createImage(field, range, column -> {
                        if (maxColumns != null) {
                            // Compute maximum value in each row
                            for (int i = 0; i < maxColumns.length; i++) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    });

                // Draw line graph
                if (maxColumns != null) {
                    double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
                    double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());

                    new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                            a.getMaximumGraphZ().getStart(), a.getMaximumGraphZ().getEnd());
                }
                File destination = new File(String.format(a.getOutputPattern(), index));

                // Ensure parent directory is created
                Files.createDirectories(destination.getParentFile().toPath());

                // About 6x faster than ImageIO
                try (OutputStream stream = new FileOutputStream(destination)) {
                    (new PngEncoder()).encode(image, stream);
                    System.out.println("Written " + destination);
                }
            } catch (IOException e) {
                throw new RuntimeException("Cannot write frame.", e);
            }
        });
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, Supplier<Stream<ScalarField>> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            return fields.get().parallel().
                    map(ScalarField::getRange).reduce(Range::span).get();
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<ScalarField>> getFields(Path dataFile, Map<ScalarField, Integer> indexLookup) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        return () -> {
            ScalarField field = measure("Reading data file " + dataFile,
                    () -> CvsFieldParser.system().parse(dataFile));

            indexLookup.put(field, 0);
            return Stream.of(field);
        };
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param modelFile the model file.
     * @param visualization the visualization method. Only relevant for model file.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<ScalarField>> getFields(Path modelFile, Map<ScalarField, Integer> indexLookup, PlotArguments.Visualization visualization, SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(modelFile, "modelFile cannot be NULL");

        MagneticModel model = ModelDeserializer.system().deserialize(modelFile);
        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();

        return () -> IntStream.range(0, t.getSegments()).mapToObj(index -> {
            // Lazy computation
            ScalarField field = visualization.filter(model.getVectorField(t.getSegment(index), xPoints, yPoints));
            indexLookup.put(field, index);
            return field;
        });
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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commit 332�tree dd6515623c5201091d61a39c4d58fe33360bbae0
parent d33772dfbb9bfca4b2334578e69517c94705f74b
author Kristian S. Stangeland <kr_stang@hotmail.com> 1434344109 +0200
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1434344109 +0200

Calculate the current imbalance as well.

This is a bit hacky, as we are running out of time.
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blob 1809�package com.comphenix.magnets.graphics;

import java.util.Objects;

/**
 * An axis in a graph.
 * Created by Kristian on 05.05.2015.
 */
public class GraphAxis {
    private final int width;
    private final int tickCount;
    private final String label;

    /**
     * Construct an axis to be drawn.
     * @param width the width of the axis.
     * @param tickCount number of ticks to be drawn.
     * @param label the axis label.
     */
    public GraphAxis(int width, int tickCount, String label) {
        this.width = width;
        this.tickCount = tickCount;
        this.label = label;
    }

    /**
     * Retrieve the width of the axis.
     * @return The width.
     */
    public int getWidth() {
        return width;
    }

    /**
     * Number of ticks to be drawn.
     * @return Number of ticks.
     */
    public int getTickCount() {
        return tickCount;
    }

    /**
     * Retrieve the label indentifying this axis.
     * @return The label.
     */
    public String getLabel() {
        return label;
    }

    @Override
    public int hashCode() {
        return Objects.hash(width, tickCount, label);
    }

    @Override
    public boolean equals(Object obj) {
        if (this == obj) {
            return true;
        }
        if (obj == null || getClass() != obj.getClass()) {
            return false;
        }
        final GraphAxis other = (GraphAxis) obj;
        return Objects.equals(this.width, other.width)
                && Objects.equals(this.tickCount, other.tickCount)
                && Objects.equals(this.label, other.label);
    }

    @Override
    public String toString() {
        return "GraphAxis{" +
            "width=" + width +
            ", tickCount=" + tickCount +
            ", label='" + label + '\'' +
            '}';
    }
}
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blob 5071�package com.comphenix.magnets.solver;

import com.comphenix.magnets.fields.VectorField;
import com.google.common.base.Preconditions;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;

import java.util.List;

/**
 * Created by Kristian on 24.02.2015.
 */
public class VectorFieldSolver {
    private final VectorField field;

    public VectorFieldSolver(VectorField vectorField) {
        this.field = Preconditions.checkNotNull(vectorField, "vectorField cannot be NULL");
    }

    /**
     * Brute-force search for a point with the specified value.
     * @param value point with the value to find.
     * @return The best find, or NULL if searching took too long or no value could be found.
     */
    public Vector2D solve(Vector2D value) {
        Vector2D bestPoint = new Vector2D(field.getColumn(0), field.getRow(0));
        double bestDistance = field.getNearestValue(bestPoint.getX(), bestPoint.getY()).distanceSq(value);

        // Brute force every value
        for (int row = 0; row < field.getRows(); row++) {
            for (int col = 0; col < field.getColumns(); col++) {
                Vector2D currentValue = field.getVector(col, row);
                double currentDistance = currentValue.distanceSq(value);

                if (currentDistance < bestDistance) {
                    bestDistance = currentDistance;
                    bestPoint = new Vector2D(field.getColumn(col), field.getRow(row));
                }
            }
        }
        return bestPoint;
    }

    /**
     * Improve lookup speed by indexing solutions in a quad-tree.
     * @return An indexed solver.
     */
    public VectorFieldSolver indexed() {
        Range<Double> xRange = field.x().getRange();
        Range<Double> yRange = field.y().getRange();
        PointQuadTree<PointMapping> lookup = new PointQuadTree<>(xRange.lowerEndpoint(), xRange.upperEndpoint(), yRange.lowerEndpoint(), yRange.upperEndpoint());

        // Prepare QuadTree
        for (int row = 0; row < field.getRows(); row++) {
            for (int col = 0; col < field.getColumns(); col++) {
                lookup.add(new PointMapping(field.getVector(col, row), col, row));
            }
        }

        return new VectorFieldSolver(field){
            private final double EPSILON = 0.5;

            @Override
            public Vector2D solve(Vector2D value) {
                PointMapping bestMapping = null;
                double bestDistance = Double.MAX_VALUE;

                for (PointMapping mapping : lookup(value, EPSILON)) {
                    double currentDistance = mapping.from.distanceSq(value);

                    if (currentDistance < bestDistance) {
                        bestDistance = currentDistance;
                        bestMapping = mapping;
                    }
                }

                if (bestMapping == null) {
                    return super.solve(value);
                    //throw new IllegalArgumentException("Unable to find value: " + value);
                }
                return new Vector2D(field.getColumn(bestMapping.column), field.getRow(bestMapping.row));
            }

            public List<PointMapping> lookup(Vector2D point, double epsilon) {
                List<PointMapping> candidates = Lists.newArrayList();
                Bounds bounds = new Bounds(point.getX() - epsilon, point.getX() + epsilon, point.getY() - epsilon, point.getY() + epsilon);

                // Wrap-arounds
                if (bounds.minX < 0) {
                    lookup.search(new Bounds(Math.PI * 2 + point.getX(), Math.PI * 2, bounds.minY, bounds.maxY), candidates);
                }
                if (bounds.minY < 0) {
                    lookup.search(new Bounds(bounds.minX, bounds.maxX, Math.PI * 2 + point.getY(), Math.PI * 2), candidates);
                }
                if (bounds.maxX > Math.PI * 2) {
                    lookup.search(new Bounds(0, bounds.maxX - Math.PI * 2, bounds.minY, bounds.maxY), candidates);
                }
                if (bounds.maxY > Math.PI * 2) {
                    lookup.search(new Bounds(bounds.minX, bounds.maxX, 0, bounds.maxY - Math.PI * 2), candidates);
                }
                lookup.search(bounds, candidates);
                return candidates;
            }

            @Override
            public VectorFieldSolver indexed() {
                // Return itself
                return this;
            }
        };
    }

    /**
     * Represents a mapping from a vector point to a [column, row] pair.
     */
    private static class PointMapping implements PointQuadTree.Item {
        public final Vector2D from;
        public final int column;
        public final int row;

        public PointMapping(Vector2D from, int column, int row) {
            this.from = from;
            this.column = column;
            this.row = row;
        }

        @Override
        public Vector2D getPoint() {
            return from;
        }
    }
}
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blob 2523�import com.univocity.parsers.csv.CsvParser;
import com.univocity.parsers.csv.CsvParserSettings;

import java.io.Reader;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class FieldCvsParser {
    private static final FieldCvsParser system = new FieldCvsParser(getDefaultSettings());

    // CVS settings
    private final CsvParserSettings settings;

    /**
     * Retrieve the default CVS settings.
     * @return Default settings.
     */
    private static CsvParserSettings getDefaultSettings() {
        CsvParserSettings settings = new CsvParserSettings();
        settings.setMaxColumns(5000);
        settings.getFormat().setLineSeparator("\n");
        settings.getFormat().setDelimiter('\t');
        return settings;
    }

    public static FieldCvsParser system() {
        return system;
    }

    public FieldCvsParser(CsvParserSettings settings) {
        this.settings = settings;
    }

    /**
     * Parse a CVS file into a matrix.
     * @param reader the CVS file being read.
     * @return The corresponding matrix.
     */
    public FieldDouble parse(Reader reader) {
        FieldDouble result = new FieldDouble();
        CsvParser parser = new CsvParser(settings);
        boolean hasHeader = false;

        parser.beginParsing(reader);

        // Stream each row
        for (String[] row = parser.parseNext(); row != null; row = parser.parseNext()) {
            if (row.length <= 1)
                continue;

            if (!hasHeader) {
                result.setX(parseDouble(row, 1));
                hasHeader = true;
            } else {
                result.addRow(Double.parseDouble(row[0]), parseDouble(row, 1));
            }
        }
        return result;
    }

    /**
     * Parse the given subset of strings as doubles.
     * @param values the values.
     * @param offset the offset.
     * @return The resulting doubles.
     */
    protected double[] parseDouble(String[] values, int offset) {
        return parseDouble(values, offset, values.length - offset);
    }

    /**
     * Parse the given subset of strings as doubles.
     * @param values the values.
     * @param offset the offset.
     * @param length the length.
     * @return The resulting doubles.
     */
    protected double[] parseDouble(String[] values, int offset, int length) {
        double[] result = new double[length];

        for (int i = 0; i < length; i++) {
            result[i] = Double.parseDouble(values[i + offset]);
        }
        return result;
    }
}
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blob 5112�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.util.SegmentRange;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;

import java.awt.*;
import java.awt.geom.Arc2D;
import java.util.Arrays;
import java.util.Random;

/**
 * Represents an N-dimensional bounding box.
 * Created by Kristian on 08.04.2015.
 */
public class BoundingBox {
    private final RealVector lowerBound;
    private final RealVector upperBound;

    private RealVector center;
    private RealVector extent;
    private double maximumExtent = Double.NaN;

    /**
     * Construct a new bounding box representing an axis-aligned hyper cube.
     * @param centerPoint the center point.
     * @param edgeLength the edge length.
     * @return The bounding box.
     */
    public static BoundingBox fromHyperCube(double[] centerPoint, double edgeLength) {
        return new BoundingBox(
            Arrays.stream(centerPoint).map(x -> x - edgeLength / 2).toArray(),
            Arrays.stream(centerPoint).map(x -> x + edgeLength / 2).toArray()
        );
    }

    /**
     * Construct a new bounding box.
     * @param lowerBound the lower bound.
     * @param upperBound the upper bound.
     */
    public BoundingBox(double[] lowerBound, double[] upperBound) {
        this.lowerBound = new ArrayRealVector(lowerBound);
        this.upperBound = new ArrayRealVector(upperBound);
    }

    /**
     * Construct a 2D bounding box from the given ranges.
     * @param xRange the x range.
     * @param yRange the y range.
     */
    public BoundingBox(SegmentRange xRange, SegmentRange yRange) {
        this(new double[] {xRange.getStart(), yRange.getStart()}, new double[] {xRange.getEnd(), yRange.getEnd()});
    }

    /**
     * Retrieve the number of dimensions.
     * @return Number of dimensions.
     */
    public int getDimensions() {
        return lowerBound.getDimension();
    }

    /**
     * Compute the center point of the current bounding box.
     * @return The center point.
     */
    public RealVector getCenter() {
        RealVector result = center;

        if (result == null) {
            double[] sigma = new double[lowerBound.getDimension()];

            for (int i = 0; i < lowerBound.getDimension(); i++) {
                sigma[i] = (lowerBound.getEntry(i) + upperBound.getEntry(i)) / 2;
            }
            center = result = new ArrayRealVector(sigma, false);
        }
        return result;
    }

    /**
     * Compute the width of each dimension in the bounding box.
     * @return The dimensions.
     */
    public RealVector getExtent() {
        RealVector result = extent;

        if (result == null) {
            double[] sigma = new double[lowerBound.getDimension()];

            for (int i = 0; i < lowerBound.getDimension(); i++) {
                sigma[i] = Math.abs(upperBound.getEntry(i) - lowerBound.getEntry(i));
            }
            extent = result = new ArrayRealVector(sigma, false);
        }
        return result;
    }

    /**
     * Retrieve the maximum extent.
     * @return The maxumum extent.
     */
    public double getMaximumExtent() {
        if (Double.isNaN(maximumExtent)) {
            maximumExtent = getExtent().getMaxValue();
        }
        return maximumExtent;
    }

    /**
     * Compute the intersection of the current bounding box and the given bounding box.
     * </p>
     * The dimensions of the two boxes must match.
     * @param box the box.
     * @return The intersection, or NULL if the two don't intersect.
     */
    public BoundingBox intersect(BoundingBox box) {
        if (getDimensions() != box.getDimensions()) {
            throw new IllegalArgumentException("The dimensions of the two boxes must match.");
        }
        double[] lower = new double[getDimensions()];
        double[] upper = new double[getDimensions()];

        for (int i = 0; i < getDimensions(); i++) {
            lower[i] = Math.max(lowerBound.getEntry(i), box.getLowerBound().getEntry(i));
            upper[i] = Math.min(upperBound.getEntry(i), box.getUpperBound().getEntry(i));

            // No intersection
            if (lower[i] > upper[i]) {
                return null;
            }
        }
        return new BoundingBox(lower, upper);
    }

    /**
     * Retrieve the current lower bound.
     * @return The lower bound,
     */
    public RealVector getLowerBound() {
        return lowerBound;
    }

    /**
     * Retrieve the upper bound.
     * @return Upper bound of the bounding box.
     */
    public RealVector getUpperBound() {
        return upperBound;
    }

    /**
     * Retrieve a random point within the current bounding box.
     * @param rnd the random number generator.
     * @return The random point.
     */
    public RealVector randomPoint(Random rnd) {
        double[] point = lowerBound.toArray();

        for (int i = 0; i < point.length; i++) {
            point[i] += rnd.nextDouble() * (upperBound.getEntry(i) - point[i]);
        }
        return new ArrayRealVector(point, false);
    }
}
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blob 7241�package com.comphenix.magnets.fields;

import com.comphenix.magnets.util.SegmentRange;

/**
 * Represents a modifiable vector field.
 * <p />
 * Note that, unlike {@link com.comphenix.magnets.fields.ScalarArrayField}, its dimensions are fixed.
 * Created by Kristian on 18.02.2015.
 */
public class VectorMatrixField implements VectorField {
    // Input
    private final double[] xCoordinates;
    private final double[] yCoordinates;
    private final int components;
    private final double[][] data;

    /**
     * Construct a copy of the given vector field.
     * @param field the field.
     */
    public VectorMatrixField(VectorField field) {
        this.xCoordinates = field.toColumnArray();
        this.yCoordinates = field.toRowArray();
        this.components = field.getComponents();
        double[][] result = new double[yCoordinates.length][];

        // Read all the values
        for (int row = 0; row < yCoordinates.length; row++) {
            double[] buffer = new double[xCoordinates.length * components];
            field.fillComponents(0, xCoordinates.length, row, row + 1, buffer, 0);
            result[row] = buffer;
        }
        this.data = result;
    }

    /**
     * Sample from the given continuous field and create a discrete field.
     * @param continuousField the continuous field.
     * @param xCoordinates the x coordinates of the columns.
     * @param yCoordinates the y coordinates of the rows.
     */
    public VectorMatrixField(ContinuousField continuousField, double[] xCoordinates, double[] yCoordinates) {
        this.xCoordinates = xCoordinates.clone();
        this.yCoordinates = yCoordinates.clone();
        this.components = continuousField.getComponents();
        double[][] result = new double[yCoordinates.length][];

        // Read all the values
        for (int row = 0; row < yCoordinates.length; row++) {
            double[] buffer = new double[xCoordinates.length * components];
            int position = 0;

            for (int col = 0; col < xCoordinates.length; col++) {
                continuousField.addComponents(xCoordinates[col], yCoordinates[row], 0, components, buffer, position);
                position += components;
            }
            result[row] = buffer;
        }
        this.data = result;
    }

    /**
     * Construct a new modifiable vector field of the given size.
     * <p />
     * Note that the input arrays will not be cloned.
     * @param xCoordinates the x coordinates of each column.
     * @param yCoordinates the y coordinates of each row.
     * @param components the number of components in each vector.
     * @param data the raw field data.
     */
    public VectorMatrixField(double[] xCoordinates, double[] yCoordinates, int components, double[][] data) {
        this.xCoordinates = xCoordinates;
        this.yCoordinates = yCoordinates;
        this.components = components;
        this.data = data;
    }

    @Override
    public int getComponents() {
        return components;
    }

    /**
     * Construct a new vector array field from the given coordinates and vector.
     * @param x the x coordinates.
     * @param y the y coordinates.
     * @param vector the vector.
     * @return The filled array field.
     */
    public static VectorMatrixField fromValue(double[] x, double[] y, double[] vector) {
        double[][] result = new double[y.length][];

        // Combine the values in each field
        for (int row = 0; row < y.length; row++) {
            double[] buffer = new double[x.length * vector.length];

            for (int i = 0; i < buffer.length; i++) {
                buffer[i] = vector[i % vector.length];
            }
            result[row] = buffer;
        }
        return new VectorMatrixField(x.clone(), y.clone(), vector.length, result);
    }

    /**
     * Retrieve the magnitude of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding magnitude.
     */
    @Override
    public double getMagnitude(int column, int row) {
        double squareMagnitude = 0;

        for (int i = 0; i < components; i++) {
            double value = data[row][column * components + i];
            squareMagnitude = value * value;
        }
        return Math.sqrt(squareMagnitude);
    }

    /**
     * Set the value of the cell at the given location.
     * @param column the column index.
     * @param row the row index.
     * @param vector new cell vector.
     */
    public void setValue(int column, int row, double[] vector) {
        System.arraycopy(vector, 0, data[row], column * components, components);
    }

    @Override
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent,
                               double[] destination, int destinationOffset, boolean zeroDestination) {
        if (startComponent == 0 && endComponent == components) {
            fillComponents(startColumn, endColumn, startRow, endRow, destination, destinationOffset);
        } else {
            manualFill(startColumn, endColumn, startRow, endRow, startComponent, endComponent, destination, destinationOffset);
        }
    }

    @Override
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] destination, int destinationOffset) {
        int length = (endColumn - startColumn) * components;

        // Copy block by block
        for (int row = startRow; row < endRow; row++) {
            System.arraycopy(data[row], startColumn * components, destination, destinationOffset, length);
            destinationOffset += length;
        }
    }

    /**
     * Fill the given destination array using a manual copy of components.
     * and finally from lowest row to highest row.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @param startComponent index of the first component, inclusive.
     * @param endComponent index of the last component, exclusive.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     */
    private void manualFill(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent, double[] destination, int destinationOffset) {
        for (int row = startRow; row < endRow; row++) {
            double[] columnData = data[row];

            for (int col = startColumn; col < endColumn; col++) {
                for (int i = startComponent; i < endComponent; i++) {
                    destination[destinationOffset++] = columnData[col * components + i];
                }
            }
        }
    }

    @Override
    public double getColumn(int column) {
        return xCoordinates[column];
    }

    @Override
    public double getRow(int row) {
        return yCoordinates[row];
    }

    @Override
    public int getColumns() {
        return xCoordinates.length;
    }

    @Override
    public int getRows() {
        return yCoordinates.length;
    }
}
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blob 11474�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.RealVector;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.Arrays;
import java.util.List;
import java.util.Locale;
import java.util.Objects;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                Range<Double> errorRange = errorField.getRange();

                System.out.println("Writing error map with value range: " + errorRange);
                writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;

        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                createImage(field, valueRange, column -> {
                    if (maxColumns != null) {
                        // Compute maximum value in each row
                        for (int i = 0; i < maxColumns.length; i++) {
                            if (!Double.isNaN(column[i])) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    }
                });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            System.out.println("Written " + destination);
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        Vector2D valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        VectorFieldSolver indexedSolver = measure("Indexing solver", solver::indexed);
        Vector2D solvedPoint = measure("Time finding solution", () -> indexedSolver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        // Draw error distance
        ScalarField error = measure("Computing error map", () -> new ScalarArrayField(vectorField.map((valueX, valueY, column, row) -> {
            Vector2D solution = indexedSolver.solve(new Vector2D(valueX, valueY));

            // Return the distance to the correct point
            if (solution != null) {
                return solution.distance(new Vector2D(vectorField.getColumn(column), vectorField.getRow(row)));
            } else {
                return Math.PI * 2;
            }
        }), progress -> {
            System.out.printf("Progress: %.3f\n", progress * 100); }));
        return error;
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));

        // Single frame without a vector field
        return ImmutableList.of(new PlotFrame(field, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = model.getVectorField(t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 25613�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.io.CvsFieldWriter;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.model.HarmonicSumField;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.DroneSimulation;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.solver.continuous.BoundingBox;
import com.comphenix.magnets.solver.continuous.Solver;
import com.comphenix.magnets.util.PrimitiveArrays;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Maps;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.beanutils.BeanUtils;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.optim.*;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.*;
import java.util.concurrent.ThreadLocalRandom;
import java.util.concurrent.TimeUnit;
import java.util.concurrent.atomic.AtomicBoolean;
import java.util.concurrent.atomic.AtomicInteger;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.IntStream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getModelSource(), a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile(), a.getX(), a.getY());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // CMES
        if (a.getModelFile() != null && a.getModelSource().isDroneField()) {
            Solver solver = a.getSolverName().toSolver();
            BoundingBox box = new BoundingBox(a.getX(), a.getY());

            // Initialize properties
            BeanUtils.populate(solver, a.getSolverProperties());
            ContinuousField continuousField = getContinuousField(model, a.getModelSource(), a.getT().getStart());

            if (a.getDroneLocation() != null) {
                System.out.println("Finding minimum using " + solver);
                testCMES(solver, continuousField, a.getX(), a.getY(), a.getDroneLocation());
            }
            if (a.isComputeDronePDF()) {
                computePDF(solver, continuousField, box, a.getDroneSearchRadius(), a.getDronePDFSamples(), a.getDroneRepeatCount(), a.getDroneLocation());
            }
            if (a.isDrawDroneErrorMap()) {
                writeDroneErrorMap(a, solver, continuousField, box, a.getX(), a.getY(), new File(rootFolder, "DRONE_ERROR.png"));
            }
            if (a.isDroneSimulation()) {
                DroneSimulation simulation = new DroneSimulation(createVector(30, 0),
                        Lists.newArrayList(createVector(20, 40), createVector(0, 40)), box, solver, a.getDroneSearchRadius());
                simulation.start(
                        getContinuousField(model, PlotArguments.ModelSource.SINUSOID_FIELD, 0),
                        continuousField, 1000);
            }
        }

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                Range<Double> errorRange = errorField.getRange();

                System.out.println("Writing error map with value range: " + errorRange);
                writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    private static ArrayRealVector createVector(double... points) {
        return new ArrayRealVector(points);
    }

    private static void testCMES(Solver solver, ContinuousField sinusoids, SegmentRange x, SegmentRange y, RealVector droneLocation) {
        // The target position
        Random rnd = new Random();
        double[] target = sinusoids.getVector(droneLocation.getEntry(0), droneLocation.getEntry(1)).toArray();

        // Real solution
        System.out.println("Attempting to find " + new ArrayRealVector(target) + " (point " + droneLocation + " ) in field ...");
        PointValuePair solution = solver.findMinimum(sinusoids, target, new BoundingBox(x, y));
        RealVector solutionPoint = new ArrayRealVector(solution.getPoint());

        System.out.println("Possible solution: " + solutionPoint + ", distance: " + droneLocation.getDistance(solutionPoint));
        System.out.println("Value of possible: " + sinusoids.getVector(solution.getPoint()[0], solution.getPoint()[1]));
    }

    private static void computePDF(Solver solver, ContinuousField sinusoids, BoundingBox box,
                                   double droneSearchRadius, int dronePDFSamples, int droneRepeatCount, RealVector droneLocation) {
        DoubleSummaryStatistics distanceStats = new DoubleSummaryStatistics();
        Map<Double, AtomicInteger> misses = Maps.newLinkedHashMap();
        AtomicInteger failures = new AtomicInteger();

        // Initialize misses
        misses.put(0.1, new AtomicInteger());
        misses.put(1.0, new AtomicInteger());
        misses.put(5.0, new AtomicInteger());
        misses.put(10.0, new AtomicInteger());

        // Pre-generate the random points according to a seed
        Random pointRandom = new Random(1);
        RealVector[] points = droneLocation == null ? IntStream.range(0, dronePDFSamples).
                mapToObj(i -> box.randomPoint(pointRandom)).toArray(RealVector[]::new) :
                Collections.nCopies(dronePDFSamples, droneLocation).toArray(new RealVector[0]);

        Stopwatch totalElapsed = Stopwatch.createStarted();

        // Samples of the distances
        DoubleSummaryStatistics stats = IntStream.range(0, dronePDFSamples).mapToDouble(i -> {
            double[] randomPoint = points[i].toArray();
            double[] randomTarget = sinusoids.getVector(randomPoint[0], randomPoint[1]).toArray();
            double[] guessPoint = null;
            BoundingBox searchBox = box;

            // See if the drone radius is overriding the search box
            if (droneSearchRadius < box.getMaximumExtent()) {
                searchBox = BoundingBox.fromHyperCube(randomPoint, droneSearchRadius * 2).intersect(box);
                guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
            } else {
                guessPoint = box.getCenter().toArray();
            }

            Stopwatch watch = Stopwatch.createStarted();
            try {
                PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox, droneRepeatCount);

                // Store the distance between the solution and the random point
                double sample = new ArrayRealVector(randomPoint, false).getDistance(
                        new ArrayRealVector(bestSolution.getPoint(), false));
                distanceStats.accept(sample);

                // Count the number of misses
                for (Map.Entry<Double, AtomicInteger> entry : misses.entrySet()) {
                    if (sample > entry.getKey()) {
                        entry.getValue().incrementAndGet();
                    }
                }
                System.out.println("Point " + new ArrayRealVector(randomPoint, false) + " distance: " + sample + ", invariant dist: " + bestSolution.getSecond());

            } catch (Exception e) {
                //e.printStackTrace();
                failures.incrementAndGet();
            } finally {
                watch.stop();
            }
            return watch.elapsed(TimeUnit.NANOSECONDS) / 1.0E6;

        }).parallel().summaryStatistics();

        totalElapsed.stop();
        System.out.println("Total elapsed (real-time): " + totalElapsed);
        System.out.println("Average elapsed (per point): " + stats.getAverage() + " ms (std: " + Math.sqrt(stats.getAverage()) + " ms)");
        System.out.println("Average distance: " + distanceStats.getAverage() + " m (std: " + Math.sqrt(distanceStats.getAverage()) + " m)");

        // Write out the number of misses
        for (Map.Entry<Double, AtomicInteger> entry : misses.entrySet()) {
            System.out.printf("Misses (above %s): %d of %d%n", entry.getKey(), entry.getValue().get(), dronePDFSamples);
        }
        System.out.println("Failures: " + failures.get());
    }

    private static void writeDroneErrorMap(PlotArguments a, Solver solver, ContinuousField sinusoids, BoundingBox box, SegmentRange xRange, SegmentRange yRange, File file) throws IOException {
        Stopwatch watch = Stopwatch.createStarted();
        Stopwatch total = Stopwatch.createStarted();

        ScalarField errorMap = ScalarArrayField.fromFunction(xRange.toArray(), yRange.toArray(), (x, y) -> {
            double[] specificPoint = new double[] { x, y };
            double[] randomTarget = sinusoids.getVector(specificPoint[0], specificPoint[1]).toArray();
            double[] guessPoint = null;
            BoundingBox searchBox = box;

            // See if the drone radius is overriding the search box
            if (a.getDroneSearchRadius() < box.getMaximumExtent()) {
                searchBox = BoundingBox.fromHyperCube(specificPoint, a.getDroneSearchRadius()).intersect(box);
                guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
            } else {
                guessPoint = box.getCenter().toArray();
            }

            try {
                PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox);

                // We want to plot the distance
                return new ArrayRealVector(specificPoint, false).getDistance(
                        new ArrayRealVector(bestSolution.getPoint(), false));

            } catch (Exception e) {
                System.out.println("Error occurred for " + new ArrayRealVector(specificPoint, false));
                e.printStackTrace();
                return box.getDiagonalLength();
            }

        }, progress -> {
            if (watch.elapsed(TimeUnit.SECONDS) > 1) {
                System.out.println("Current progress: " + progress * 100 + "%");

                watch.reset();
                watch.start();
            }
        });

        total.stop();
        System.out.println("Generated drone map in " + total);

        // Write out the drone map
        writeScalarField(a, null, a.getValueOperator(), errorMap, file);
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        destination = getSiblingFile(destination, a.getOutputFormat().getExtension());

        switch (a.getOutputFormat()) {
            case PNG:
                writePngField(a, valueRange, valueOperator, field, destination);
                break;
            case CSV:
                Stopwatch watch = Stopwatch.createStarted();
                CvsFieldWriter writer = new CvsFieldWriter();
                writer.write(destination.toPath(), field);

                watch.stop();
                System.out.println("Written " + destination + " (total time: " + watch + ")");
                break;
        }
    }

    /**
     * Retrieve a sibling file with the same name and the given extension,
     * @param file the file.
     * @param extension the extension.
     * @return Sibling file with similar file name, but different extension.
     */
    private static File getSiblingFile(File file, String extension) {
        return new File(file.getParentFile(),
                com.google.common.io.Files.getNameWithoutExtension(file.getName()) + "." + extension);
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writePngField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;
        Stopwatch watch = Stopwatch.createStarted();

        // Recompute range
        if (valueRange == null) {
            valueRange = field.getRange();
        }
        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        FieldGraph graph = new FieldGraph(a.getScheme().toGradient(), valueOperator, a.getXAxis(), a.getYAxis());

        if (a.getZAxis() != null) {
            graph.setZAxis(a.getZAxis());
        }
        BufferedImage image = graph.createImage(field, a.getX().toRange(), a.getY().toRange(), valueRange, column -> {
            if (maxColumns != null) {
                // Compute maximum value in each row
                for (int i = 0; i < maxColumns.length; i++) {
                    if (!Double.isNaN(column[i])) {
                        maxColumns[i] = Math.max(maxColumns[i], column[i]);
                    }
                }
            }
        });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, graph.getMargins().getLeft(), graph.getMargins().getTop(),
                    maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            watch.stop();
            System.out.println("Written " + destination + " (total time: " + watch + ")");
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        RealVector valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        Vector2D solvedPoint = measure("Time finding solution", () -> solver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        ScalarField distance = new ScalarArrayField(vectorField.map(
            (vectorArray, vectorOffset, vectorLength, column, row) -> {
                return valuePoint.getDistance(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));
            }
        ));
        return distance;
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @param outputX the x dimensions.
     * @param outputY the y dimensions.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile, SegmentRange outputX, SegmentRange outputY) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        final ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));
        ScalarField output = field;
        double[] fieldX = field.toColumnArray();
        double[] fieldY = field.toRowArray();

        if (field.getColumns() != outputX.getSegments() || field.getRows() != outputY.getSegments()) {
            SegmentRange newX = new SegmentRange(fieldX[0], fieldX[fieldX.length - 1], outputX.getSegments());
            SegmentRange newY = new SegmentRange(fieldY[0], fieldY[fieldY.length - 1], outputY.getSegments());

            // Resize the field
            output = ScalarArrayField.fromFunction(newX.toArray(), newY.toArray(), (x, y) -> {
                int nearestX = Math.abs(Arrays.binarySearch(fieldX, x));
                int nearestY = Math.abs(Arrays.binarySearch(fieldY, y));
                return nearestX >= 0 && nearestY >= 0 ? field.getValue(nearestX, nearestY) : 0;
            }, progress -> {});
        }
        return ImmutableList.of(new PlotFrame(output, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.ModelSource source, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = getVectorField(model, source, t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Retrieve the vector field from a magnetic model and a model source.
     * @param model the model.
     * @param source the source.
     * @param time the time.
     * @param xPoints the x coordinates.
     * @param yPoints the y coordinates.
     */
    private static VectorField getVectorField(MagneticModel model, PlotArguments.ModelSource source, double time, double[] xPoints, double[] yPoints) {
        if (source == PlotArguments.ModelSource.MAGNETIC_FIELD) {
            return model.getVectorField(time, xPoints, yPoints);
        } else {
            return getContinuousField(model, source, time).toVectorField(xPoints, yPoints);
        }
    }

    /**
     * Retrieve the continuous field associated with the given model source.
     * @param model the model.
     * @param source the source.
     * @param time the time.
     */
    private static ContinuousField getContinuousField(MagneticModel model, PlotArguments.ModelSource source, double time) {
        ContinuousField sinusoids = new HarmonicSumField(model.conductors(), time);

        switch (source) {
            case MAGNETIC_FIELD:
                return model.getContinuousField(time);
            case SINUSOID_FIELD:
                return sinusoids;
            case DRONE_1:
                return new DroneVectorField(sinusoids, new double[] {0, 0} );
            case DRONE_2:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0});
            case DRONE_3:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0, 0.5, 0.5});
            case DRONE_4:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0, 1, 1, 0, 1});
            case DRONE_5:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0, 1, 1, 0, 1, 0.5, 0.5});
            case DRONE_VERTICAL:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 0, 3, 0, 6, 0, 9});
            case DRONE_VERTICAL2:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0, 0, 3, 1, 3, 0, 6, 1, 6, 0, 9, 1, 9});
            case DRONE_HORIZONTAL:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 3, 0, 6, 0, 9, 0});
            default:
                throw new IllegalArgumentException("Unknown model source: " + source);
        }
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 545�package com.comphenix.magnets.fields;

import org.junit.Assert;
import org.junit.Test;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class WireContinuousFieldTest {
    @Test
    public void testStrength() {
        WireContinuousField source = new WireContinuousField(0, 0, 1, 1_000_000);
        double strength = source.getStrength(1.0, 1.0);
        double angle = source.getAngle(1.0, 1.0);

        Assert.assertEquals(1.4142135623730, strength, 0.01);
        Assert.assertEquals(-0.785398163397, angle, 0.01);
    }
}
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blob 13520�package com.comphenix.magnets.fields;

import com.comphenix.magnets.util.PrimitiveArrays;
import com.google.common.collect.Iterables;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;

import java.util.Objects;
import java.util.function.DoubleBinaryOperator;

/**
 * Represents a field of vector quantities.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface VectorField extends DiscreteField {
    /**
     * Represents a simple cell aggregator.
     */
    public interface VectorAggregator {
        /**
         * Aggregate the same cell throughout multiple scalar fields.
         * @param xValues the x values of the cell in each vector field.
         * @param yValues the y values of the cell in each vector field.
         * @param column the column of the cell.
         * @param row the row of the cell.
         * @return The index where the aggregate result can be found.
         */
        public int aggregate(double[] xValues, double[] yValues, int column, int row);
    }

    /**
     * Convert the content of a cell to a scalar value.
     */
    public interface ScalarMapping {
        /**
         * Convert the vector in the given cell to a scalar value.
         * @param valueX the x value of the vector.
         * @param valueY the y value of the vector.
         * @param column the column of the cell.
         * @param row the row of the cell.
         * @return The corresponding scalar value.
         */
        public double apply(double valueX, double valueY, int column, int row);
    }

    /**
     * Retrieve the magnitude of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding magnitude.
     */
    public default double getMagnitude(int column, int row) {
        double[] strengthX = new double[1];
        double[] strengthY = new double[1];
        fillComponents(column, column + 1, row, row + 1, strengthX, 0, strengthY, 0);
        return Math.sqrt(strengthX[0] * strengthX[0] + strengthY[0] * strengthY[0]);
    }

    /**
     * Retrieve the angle of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding angle, in radians.
     */
    public default double getAngle(int column, int row) {
        double[] strengthX = new double[1];
        double[] strengthY = new double[1];
        fillComponents(column, column + 1, row, row + 1, strengthX, 0, strengthY, 0);
        return Math.atan2(strengthY[0], strengthX[0]);
    }

    /**
     * Retrieve the value of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding value.
     */
    public default Vector2D getVector(int column, int row) {
        double[] strength = new double[2];
        fillComponents(column, column + 1, row, row + 1, strength, 0, strength, 1);
        return new Vector2D(strength);
    }

    /**
     * Retrieve the value of the cell nearest the given point.
     * @param x the x coordinate of the point.
     * @param y the y coordinate of the point.
     * @return The corresponding value.
     */
    public default Vector2D getNearestValue(double x, double y) {
        double[] columns = toColumnArray();
        double[] rows = toRowArray();
        int nearestColumn = PrimitiveArrays.findNearest(columns, x);
        int nearestRow = PrimitiveArrays.findNearest(rows, y);
        return getVector(nearestColumn, nearestRow);
    }

    /**
     * Fill the two output arrays with the magnetic field strength in the X-axis and Y-axis respectively.
     * <p />
     * Note that this method will fill the content of the two output arrays. Each array must have the same number of elements.
     * <p />
     * The output array will be filled in order from lowest column to highest, and then lowest row to highest.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @param outputStrengthX the magnetic field strength in the X-axis.
     * @param outputOffsetX the starting offset of the X array.
     * @param outputStrengthY the magnetic field strength in the Y-axis.
     * @param outputOffsetY the starting offset of the Y array.
     */
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] outputStrengthX, int outputOffsetX, double[] outputStrengthY, int outputOffsetY);

    /**
     * View the magnitude of each cell in this vector field.
     * @return The magnitudes.
     */
    public default ScalarField magnitudes() {
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                return getMagnitude(column, row);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                double[] strengthX = new double[outputValues.length];
                double[] strengthY = new double[outputValues.length];
                fillComponents(startColumn, endColumn, startRow, endRow, strengthX, 0, strengthY, 0);

                // Calculate magnitude
                for (int i = 0; i < outputValues.length; i++) {
                    outputValues[i] = Math.sqrt(strengthX[i] * strengthX[i] + strengthY[i] * strengthY[i]);
                }
            }
        };
    }

    /**
     * View the magnitude of the x component in this vector field.
     * @return The x components.
     */
    public default ScalarField x() {
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                double[] output = new double[1];
                fillValues(column, column + 1, row, row + 1, output);
                return output[0];
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                // We don't care about the Y strength
                double[] strengthY = new double[outputValues.length];
                fillComponents(startColumn, endColumn, startRow, endRow, outputValues, 0, strengthY, 0);
            }
        };
    }

    /**
     * View the magnitude of the y component in this vector field.
     * @return The y components.
     */
    public default ScalarField y() {
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                double[] output = new double[1];
                fillValues(column, column + 1, row, row + 1, output);
                return output[0];
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                // We don't care about the Y strength
                double[] strengthX = new double[outputValues.length];
                fillComponents(startColumn, endColumn, startRow, endRow, strengthX, 0, outputValues, 0);
            }
        };
    }

    /**
     * View the angle of each cell in this vector field.
     * @return The angles.
     */
    public default ScalarField angles() {
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                return getAngle(column, row);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                double[] strengthX = new double[outputValues.length];
                double[] strengthY = new double[outputValues.length];
                fillComponents(startColumn, endColumn, startRow, endRow, strengthX, 0, strengthY, 0);

                // Calculate angle
                for (int i = 0; i < outputValues.length; i++) {
                    outputValues[i] = Math.atan2(strengthY[i], strengthX[i]);
                }
            }
        };
    }

    /**
     * Create a scalar field from the X and Y values of this vector field.
     * @param operator mapping of X and Y values, producing the final scalar value.
     * @return The corresponding scalar field.
     */
    public default ScalarField map(DoubleBinaryOperator operator) {
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                double[] strengthX = new double[1];
                double[] strengthY = new double[1];
                fillComponents(column, column + 1, row, row + 1, strengthX, 0, strengthY, 0);
                return operator.applyAsDouble(strengthX[0], strengthY[0]);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                double[] strengthX = new double[outputValues.length];
                double[] strengthY = new double[outputValues.length];
                fillComponents(startColumn, endColumn, startRow, endRow, strengthX, 0, strengthY, 0);

                // Calculate final value
                for (int i = 0; i < outputValues.length; i++) {
                    outputValues[i] = operator.applyAsDouble(strengthY[i], strengthX[i]);
                }
            }
        };
    }

    /**
     * Create a scalar field from the X and Y values of this vector field.
     * @param operator mapping of X and Y values, producing the final scalar value.
     * @return The corresponding scalar field.
     */
    public default ScalarField map(ScalarMapping operator) {
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                double[] strengthX = new double[1];
                double[] strengthY = new double[1];
                fillComponents(column, column + 1, row, row + 1, strengthX, 0, strengthY, 0);
                return operator.apply(strengthX[0], strengthY[0], column, row);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                double[] strengthX = new double[outputValues.length];
                double[] strengthY = new double[outputValues.length];
                int index = 0;

                // Read values from the underlying field
                fillComponents(startColumn, endColumn, startRow, endRow, strengthX, 0, strengthY, 0);

                // Calculate final value
                for (int row = startRow; row < endRow; row++) {
                    for (int col = startColumn; col < endColumn; col++) {
                        outputValues[index] = operator.apply(strengthY[index], strengthX[index], col, row);
                        index++;
                    }
                }
            }
        };
    }

    /**
     * Aggregate the given non-zero collection of fields. Note that each field must have the same size and x/y coordinates.
     * @param fields the fields to aggregate.
     * @param aggregator aggregate the content of a cell for each provided scalar field.
     * @return The resulting scalar field.
     */
    public static VectorField aggregate(Iterable<? extends VectorField> fields, VectorAggregator aggregator) {
        final VectorField[] copy = Iterables.toArray(fields, VectorField.class);

        if (copy.length == 0) {
            throw new IllegalArgumentException("Cannot aggregate zero fields.");
        }
        return new VectorProxy(copy[0]) {
            @Override
            public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] outputStrengthX,
                                       final int outputOffsetX, double[] outputStrengthY, final int outputOffsetY) {
                double[] fieldX = new double[copy.length];
                double[] fieldY = new double[copy.length];
                int indexX = outputOffsetX;
                int indexY = outputOffsetY;

                for (int row = startRow; row < endRow; row++) {
                    for (int col = startColumn; col < endColumn; col++) {
                        // Read all the values we need
                        for (int i = 0; i < copy.length; i++) {
                            copy[i].fillComponents(col, col + 1, row, row + 1, fieldX, i, fieldY, i);
                        }
                        // Aggregate and copy over the final value
                        int aggregateIndex = aggregator.aggregate(fieldX, fieldY, col, row);
                        outputStrengthX[indexX++] = fieldX[aggregateIndex];
                        outputStrengthY[indexY++] = fieldY[aggregateIndex];
                    }
                }
            }
        };
    }

    /**
     * A field that is forwarding the cell metadata of another field.
     */
    public static abstract class VectorProxy extends Proxy implements VectorField {
        /**
         * Construct a new vector field proxy.
         * @param field the discrete field to proxy.
         */
        public VectorProxy(DiscreteField field) {
            super(field);
        }
    }
}
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blob 5057�package com.comphenix.magnets.solver;

import com.comphenix.magnets.fields.VectorField;
import com.google.common.base.Preconditions;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;

import java.util.List;

/**
 * Created by Kristian on 24.02.2015.
 */
public class VectorFieldSolver {
    private final VectorField field;

    public VectorFieldSolver(VectorField vectorField) {
        this.field = Preconditions.checkNotNull(vectorField, "vectorField cannot be NULL");
    }

    /**
     * Brute-force search for a point with the specified value.
     * @param value point with the value to find.
     * @return The best find, or NULL if searching took too long or no value could be found.
     */
    public Vector2D solve(Vector2D value) {
        Vector2D bestPoint = new Vector2D(field.getColumn(0), field.getRow(0));
        double bestDistance = field.getNearestValue(bestPoint.getX(), bestPoint.getY()).distanceSq(value);

        // Brute force every value
        for (int row = 0; row < field.getRows(); row++) {
            for (int col = 0; col < field.getColumns(); col++) {
                Vector2D currentValue = field.getVector(col, row);
                double currentDistance = currentValue.distanceSq(value);

                if (currentDistance < bestDistance) {
                    bestDistance = currentDistance;
                    bestPoint = new Vector2D(field.getColumn(col), field.getRow(row));
                }
            }
        }
        return bestPoint;
    }

    /**
     * Improve lookup speed by indexing solutions in a quad-tree.
     * @return An indexed solver.
     */
    public VectorFieldSolver indexed() {
        Range<Double> xRange = field.x().getRange();
        Range<Double> yRange = field.y().getRange();
        PointQuadTree<PointMapping> lookup = new PointQuadTree<>(xRange.lowerEndpoint(), xRange.upperEndpoint(), yRange.lowerEndpoint(), yRange.upperEndpoint());

        // Prepare QuadTree
        for (int row = 0; row < field.getRows(); row++) {
            for (int col = 0; col < field.getColumns(); col++) {
                lookup.add(new PointMapping(field.getVector(col, row), col, row));
            }
        }

        return new VectorFieldSolver(field){
            private final double EPSILON = 0.5;

            @Override
            public Vector2D solve(Vector2D value) {
                PointMapping bestMapping = null;
                double bestDistance = Double.MAX_VALUE;

                for (PointMapping mapping : lookup(value, EPSILON)) {
                    double currentDistance = mapping.from.distanceSq(value);

                    if (currentDistance < bestDistance) {
                        bestDistance = currentDistance;
                        bestMapping = mapping;
                    }
                }

                if (bestMapping == null) {
                    return null;
                    //throw new IllegalArgumentException("Unable to find value: " + value);
                }
                return new Vector2D(field.getColumn(bestMapping.column), field.getRow(bestMapping.row));
            }

            public List<PointMapping> lookup(Vector2D point, double epsilon) {
                List<PointMapping> candidates = Lists.newArrayList();
                Bounds bounds = new Bounds(point.getX() - EPSILON, point.getX() + EPSILON, point.getY() - EPSILON, point.getY() + EPSILON);

                // Wrap-arounds
                if (bounds.minX < 0) {
                    lookup.search(new Bounds(Math.PI * 2 + point.getX(), Math.PI * 2, bounds.minY, bounds.maxY), candidates);
                }
                if (bounds.minY < 0) {
                    lookup.search(new Bounds(bounds.minX, bounds.maxX, Math.PI * 2 + point.getY(), Math.PI * 2), candidates);
                }
                if (bounds.maxX > Math.PI * 2) {
                    lookup.search(new Bounds(0, bounds.maxX - Math.PI * 2, bounds.minY, bounds.maxY), candidates);
                }
                if (bounds.maxY > Math.PI * 2) {
                    lookup.search(new Bounds(bounds.minX, bounds.maxX, 0, bounds.maxY - Math.PI * 2), candidates);
                }
                lookup.search(bounds, candidates);
                return candidates;
            }

            @Override
            public VectorFieldSolver indexed() {
                // Return itself
                return this;
            }
        };
    }

    /**
     * Represents a mapping from a vector point to a [column, row] pair.
     */
    private static class PointMapping implements PointQuadTree.Item {
        public final Vector2D from;
        public final int column;
        public final int row;

        public PointMapping(Vector2D from, int column, int row) {
            this.from = from;
            this.column = column;
            this.row = row;
        }

        @Override
        public Vector2D getPoint() {
            return from;
        }
    }
}
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blob 841�package com.comphenix.magnets.datastructure.kdtree;

/**
 *
 */
public class SquareEuclideanDistanceFunction implements DistanceFunction {
    @Override
    public double distance(double[] p1, double[] p2) {
        double d = 0;

        for (int i = 0; i < p1.length; i++) {
            double diff = (p1[i] - p2[i]);
            d += diff * diff;
        }

        return d;
    }

    @Override
    public double distanceToRect(double[] point, double[] min, double[] max) {
        double d = 0;

        for (int i = 0; i < point.length; i++) {
            double diff = 0;
            if (point[i] > max[i]) {
                diff = (point[i] - max[i]);
            }
            else if (point[i] < min[i]) {
                diff = (point[i] - min[i]);
            }
            d += diff * diff;
        }

        return d;
    }
}
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blob 426�package com.comphenix.magnets.util;

/**
 * Created by Kristian on 09.06.2015.
 */
public interface Interpolation {
    /**
     * Retrieve the interpolated value, at the specified time.
     * @param time the time, from 0 to 1.
     * @return The value.
     */
    public double getValue(double time);

    public static Interpolation linear(double start, double end) {
        return time -> start + (end - start);
    }
}
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blob 3111�package com.comphenix.magnets.io;

import com.comphenix.magnets.fields.ScalarArrayField;
import com.univocity.parsers.csv.CsvParser;
import com.univocity.parsers.csv.CsvParserSettings;

import java.io.IOException;
import java.io.Reader;
import java.nio.file.Files;
import java.nio.file.Path;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class CvsFieldParser {
    private static final CvsFieldParser system = new CvsFieldParser(getDefaultSettings());

    // CVS settings
    private final CsvParserSettings settings;

    /**
     * Retrieve the default CVS settings.
     * @return Default settings.
     */
    private static CsvParserSettings getDefaultSettings() {
        CsvParserSettings settings = new CsvParserSettings();
        settings.setMaxColumns(5000);
        settings.getFormat().setLineSeparator("\n");
        settings.getFormat().setDelimiter('\t');
        return settings;
    }

    public static CvsFieldParser system() {
        return system;
    }

    public CvsFieldParser(CsvParserSettings settings) {
        this.settings = settings;
    }

    /**
     * Parse a CVS file into a matrix.
     * @param path the CVS file to read.
     * @return The corresponding matrix.
     */
    public ScalarArrayField parse(Path path) {
        try (Reader reader = Files.newBufferedReader(path)) {
            return parse(reader);
        } catch (IOException e) {
            throw new RuntimeException("Cannot read input file.", e);
        }
    }

    /**
     * Parse a CVS file into a matrix.
     * @param reader the CVS file being read.
     * @return The corresponding matrix.
     */
    public ScalarArrayField parse(Reader reader) {
        ScalarArrayField result = new ScalarArrayField();
        CsvParser parser = new CsvParser(settings);
        boolean hasHeader = false;

        parser.beginParsing(reader);

        // Stream each row
        for (String[] row = parser.parseNext(); row != null; row = parser.parseNext()) {
            if (row.length <= 1)
                continue;

            if (!hasHeader) {
                result.setX(parseDouble(row, 1));
                hasHeader = true;
            } else {
                result.addRow(Double.parseDouble(row[0]), parseDouble(row, 1));
            }
        }
        return result;
    }

    /**
     * Parse the given subset of strings as doubles.
     * @param values the values.
     * @param offset the offset.
     * @return The resulting doubles.
     */
    protected double[] parseDouble(String[] values, int offset) {
        return parseDouble(values, offset, values.length - offset);
    }

    /**
     * Parse the given subset of strings as doubles.
     * @param values the values.
     * @param offset the offset.
     * @param length the length.
     * @return The resulting doubles.
     */
    protected double[] parseDouble(String[] values, int offset, int length) {
        double[] result = new double[length];

        for (int i = 0; i < length; i++) {
            result[i] = Double.parseDouble(values[i + offset]);
        }
        return result;
    }
}
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blob 3059�package com.comphenix.magnets.fields;

import com.comphenix.magnets.util.PrimitiveArrays;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;

import java.util.Arrays;
import java.util.Objects;

/**
 * A field that is divided into discrete cells.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface DiscreteField {
    /**
     * Retrieve the cell nearest the given point.
     * @param x the x coordinate of the point.
     * @param y the y coordinate of the point.
     * @return The corresponding point.
     */
    public default Vector2D getNearestPoint(double x, double y) {
        double[] columns = toColumnArray();
        double[] rows = toRowArray();
        int nearestColumn = PrimitiveArrays.findNearest(columns, x);
        int nearestRow = PrimitiveArrays.findNearest(rows, y);
        return new Vector2D(columns[nearestColumn], rows[nearestRow]);
    }

    /**
     * Retrieve the current X coordinates of the given column.
     * @param column the column index.
     * @return The X coordinates.
     */
    public double getColumn(int column);

    /**
     * Retrieve the current column X coordinates as an array.
     * @return Current column array.
     */
    public default double[] toColumnArray() {
        double[] result = new double[getColumns()];

        for (int i = 0; i < getColumns(); i++) {
            result[i] = getColumn(i);
        }
        return result;
    }

    /**
     * Retrieve the Y coordinate of the given row.
     * @param row the row index.
     * @return The Y coordinates.
     */
    public double getRow(int row);

    /**
     * Retrieve the current column X coordinates as an array.
     * @return Current column array.
     */
    public default double[] toRowArray() {
        double[] result = new double[getRows()];

        for (int i = 0; i < getRows(); i++) {
            result[i] = getRow(i);
        }
        return result;
    }

    /**
     * Retrieve the number of columns in the field.
     * @return The column count.
     */
    public int getRows();

    /**
     * Retrieve the number of rows in the field.
     * @return Number of rows.
     */
    public int getColumns();

    /**
     * A field that is forwarding the cell metadata of another field.
     */
    public static abstract class Proxy implements DiscreteField {
        protected final DiscreteField field;

        /**
         * Construct a new discrete field proxy.
         * @param field the discrete field to proxy.
         */
        public Proxy(DiscreteField field) {
            this.field = Objects.requireNonNull(field);
        }

        @Override
        public double getRow(int row) {
            return field.getRow(row);
        }

        @Override
        public double getColumn(int column) {
            return field.getColumn(column);
        }

        @Override
        public int getRows() {
            return field.getRows();
        }

        @Override
        public int getColumns() {
            return field.getColumns();
        }
    }
}
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blob 6111�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.util.SegmentRange;

import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return field.angles();
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;
    private boolean logarithm = false;

    // Current output
    private String outputPattern = null;

    // Whether or not to display the help context
    private boolean displayHelp;

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            if (i == 12) {
                System.out.println("Last element");
            }

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                switch (arg.substring(1).toLowerCase()) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        logarithm = true;
                        break;
                    default:
                        throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times.");
                }
                outputPattern = arg;
            }
        }
        // Ensure we have an output
        if (outputPattern == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (dataFile == null && modelFile == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public boolean isLogarithm() {
        return logarithm;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }
}
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blob 1032�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.fields.ContinuousField;
import org.apache.commons.math3.optim.*;
import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;
import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.BOBYQAOptimizer;

/**
 * Created by Kristian on 08.04.2015.
 */
public class BobygaSolver implements Solver {
    @Override
    public PointValuePair findMinimum(ContinuousField field, double[] target, double[] guessPoint, BoundingBox boundingBox) {
        BOBYQAOptimizer optimizer = new BOBYQAOptimizer(6, boundingBox.getExtent().getMaxValue(), 1E-13);

        // Real solution
        return optimizer.optimize(
                new SimpleBounds(boundingBox.getLowerBound().toArray(), boundingBox.getUpperBound().toArray()),
                new InitialGuess(guessPoint),
                new MaxIter(2000000),
                new MaxEval(10000000),
                new ObjectiveFunction(ContinuousField.withSquareDistance(field, target)));
    }
}
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blob 3719�Generate a plot or an animation from a list of magnitude data or a electronic
component model.

PlotCSV [-d file] [-m file] [-c colorscheme] [-ms source] [-s scheme]
        [-x start:end:count] [y start:end:count] [z start:end]
        [-t start:end:count] [-v m|a|x|y|y-x|ydivx] [-l] [-a] [-d x:y]
        [-dp count] [-dr radius] [-dm] [-solver name] [-f bool]
        [-ag name1,name2,name3] [-of format] [-ax label:tickCount:width]
        [-ay label:tickCount:height] [-gx start:end] [-gz start:end] output
 -d[ata]    Path to a CSV-file containing the magnitude data to plot.
 -m[odel]   Path to an XML-file containing the model that will be simulated.
 -s[cheme]  The color scheme used in the output image. Rainbow is default.
             Other schemes include Temperature, HSV, HSV2 and HSV10.
 -z         The minimum and maximum z value to display using a color scheme.
             This is computed automatically if left out. The count is ignored
             in this case.
 -l[og]     Apply the natural logarithm to the values before they are
             visualized.
 -a[bslog]  Apply the natural logarithm to the absolute value of each data point,
             then copy the original sign.
 -gy        Display a graph of the maximum value in a given column, using the
             given range in the Y axis.
 -gz        Range of values in the displayed graph. If not specified, the z range
             will be used instead.
 -ax        Display the x axis with a label, a given number of ticks and a width.
 -ax        Display the y axis with a label, a given number of ticks and a width.
 -h         Print this help text.
 output     Format of the output file(s), where %d is the current frame index.

The following flags must be specified if the input is a model file:
 -v[alue]   The value that will actually be visualized. Can be either one of
             m[agnitude], a[ngle], x, y, y-x or ydivx [y / x].
 -x         The minimum and maximum x coordinate of each pixel in model space,
             and the final width of the output image. Default is -1:1:640.
 -y         The minimum and maximum y coordinate of each pixel in model space,
             and the final height of the output image. Default is -1:1:480.
 -t         The starting and ending time in milliseconds, along with the number
             of frames to generate. Each frame is incremented by a regular
             time step.

These flags are all optional, but only valid if the input is a model file:
 -d[rone]   Test the CMAES algortihm once using a given drone location (x, y).
 -dp        Test the CMAES algorithm count times and print the resulting
             probability distribution of the error distance.
 -dm        Test the CMAES algortihm for every point specified by the x and y
             options, and write the resulting error distance map to an image.
 -dr        Optional argument to the previous two CMAES tests - if set, limits
             the search area around the drone to radius meters.
 -solver    The algorithm used in the previous tests. Default is CMAES.
             The other alternative is BOBYGA.
 -f         If TRUE, ensure the animation or image is written to the file
             system. Otherwise, disable it.
 -ag        A list of aggregate functions that should be applied to every
             frame in the animation. These functions include AVERAGE,
             MAX, XYD [phase difference of the peak angle in x and y],
             XYF [phase difference by computing the sinusoid in x and y] and
             AMPF [amplitude difference by computing the sinusoid in x and y].
 -of        The output format of the generated image(s). Default is PNG, but
             it can also be CSV.
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blob 3283�package com.comphenix.magnets.solver;

import com.comphenix.magnets.fields.VectorField;
import com.google.common.base.Preconditions;
import com.google.common.collect.Iterators;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.RealVector;
import sun.reflect.generics.reflectiveObjects.NotImplementedException;

import java.util.Iterator;

/**
 * Created by Kristian on 24.02.2015.
 */
public class VectorFieldSolver {
    private final VectorField field;

    public VectorFieldSolver(VectorField vectorField) {
        this.field = Preconditions.checkNotNull(vectorField, "vectorField cannot be NULL");
    }

    /**
     * Brute-force search for a point with the specified value.
     * @param value point with the value to find.
     * @return The best find, or NULL if searching took too long or no value could be found.
     */
    public Vector2D solve(RealVector value) {
        Vector2D bestPoint = new Vector2D(field.getColumn(0), field.getRow(0));
        double bestDistance = field.getNearestValue(bestPoint.getX(), bestPoint.getY()).getDistance(value);

        // Brute force every value
        for (int row = 0; row < field.getRows(); row++) {
            for (int col = 0; col < field.getColumns(); col++) {
                RealVector currentValue = field.getVector(col, row);
                double currentDistance = currentValue.getDistance(value);

                if (currentDistance < bestDistance) {
                    bestDistance = currentDistance;
                    bestPoint = new Vector2D(field.getColumn(col), field.getRow(row));
                }
            }
        }
        return bestPoint;
    }

    /**
     * Improve lookup speed by indexing solutions in a quad-tree.
     * @return An indexed solver.
     */
    public VectorFieldSolver indexed() {
        /* KdTree<CellPoint> tree = new KdTree<>(field.getComponents());

        // Initialize the KD-tree
        for (int row = 0; row < field.getRows(); row++) {
            for (int col = 0; col < field.getColumns(); col++) {
                double[] value = field.getComponentsArray(col, col + 1, row, row + 1);
                tree.addPoint(value, new CellPoint(col, row));
            }
        }

        return new VectorFieldSolver(field){
            @Override
            public Vector2D solve(RealVector value) {
                CellPoint[] points = Iterators.toArray(tree.getNearestNeighborIterator(value.toArray(),
                        1, new SquareEuclideanDistanceFunction()), CellPoint.class);

                if (points.length > 0) {
                    return new Vector2D(field.getColumn(points[0].column), field.getRow(points[0].row));
                }
                return null;
            }

            @Override
            public VectorFieldSolver indexed() {
                // Return itself
                return this;
            }
        }; */
        return this;
    }

    /**
     * Represents a mapping from a vector point to a [column, row] pair.
     */
    private static class CellPoint {
        public final int column;
        public final int row;

        public CellPoint(int column, int row) {
            this.column = column;
            this.row = row;
        }
    }
}
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blob 1560�package com.comphenix.magnets.util;

import com.google.common.base.Preconditions;

/**
 * Created by Kristian on 13.02.2015.
 */
public final class PrimitiveArrays {
    private PrimitiveArrays() {
        // Sealed
    }

    /**
     * Add the given source array to the given target array using a mapping multiplier.
     * @param source the source array.
     * @param multiplier the multiplier.
     * @param target the target array.
     * @param targetOffset the target offset.
     */
    public static void addToArray(double[] source, double multiplier, double[] target, int targetOffset) {
        for (int i = 0; i < source.length; i++) {
            target[targetOffset + i] += source[i] * multiplier;
        }
    }

    /**
     * Retrieve index of the nearest value in the given array of double values.
     * @param values array of values.
     * @param value the value to find.
     * @return Index of the nearest value.
     */
    public static int findNearest(double[] values, double value) {
        if (values == null || values.length == 0) {
            throw new IllegalArgumentException("Input array must contain elements.");
        }
        int bestIndex = 0;
        double bestValue = Math.abs(value - values[0]);

        // Find the best candidate
        for (int i = 1; i < values.length; i++) {
            double candidate = Math.abs(value - values[i]);

            if (candidate < bestValue) {
                bestIndex = i;
                bestValue = candidate;
            }
        }
        return bestIndex;
    }
}
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blob 288�package com.comphenix.magnets.datastructure;

/**
 *
 */
public interface MinHeap<T> {
    public int size();
    public void offer(double key, T value);
    public void replaceMin(double key, T value);
    public void removeMin();
    public T getMin();
    public double getMinKey();
}
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blob 708�package com.comphenix.magnets.util;

/**
 * Created by Kristian on 09.06.2015.
 */
public interface Interpolation {
    /**
     * Retrieve the interpolated value, at the specified time.
     * @param time the time, from 0 to 1.
     * @return The value.
     */
    public double getValue(double time);

    /**
     * Retrieve a linear interpolation between the two values.
     * <p />
     * Interpolations are undefined outside the time interval [0, 1].
     * @param start the starting value.
     * @param end the ending value.
     * @return Linear interpolation.
     */
    public static Interpolation linear(double start, double end) {
        return time -> start + (end - start) * time;
    }
}
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blob 130�package com.comphenix.magnets.model;

/**
 * Created by Kristian on 14.04.2015.
 */
public class HarmonicMultivariateFunction {
}
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blob 6393�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.util.SegmentRange;

import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return field.angles();
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Whether or not to display a logarithmic plot
    private boolean logarithm = false;

    // Whether or not to display the help context
    private boolean displayHelp;

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            if (i == 12) {
                System.out.println("Last element");
            }

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                switch (arg.substring(1).toLowerCase()) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        logarithm = true;
                        break;
                    default:
                        throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times.");
                }
                outputPattern = arg;
            }
        }
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public boolean isLogarithm() {
        return logarithm;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }
}
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blob 1814�Generate a plot or an animation from a list of magnitude data or a electronic
component model.

PlotCSV [-d file] [-m file] [-c colorscheme] [-x start:end:count]
        [y start:end:count] [z start:end] [-t start:end:count]
        [-v m|a] [-l] [-g start:end]
 -d[ata]    Path to a CSV-file containing the magnitude data to plot.
 -m[odel]   Path to an XML-file containing the model that will be simulated.
 -s[cheme]  The color scheme used in the output image. Rainbow is default.
 -z         The minimum and maximum z value to display using a color scheme.
             This is computed automatically if left out. The count is ignored
             in this case.
 -l[og]     Apply the natural logarithm to the values before they are
             visualized.
 -a[sinh]   Apply the arcsinh (inverse hyperbolic function) to each value.
 -gy        Display a graph of the maximum value in a given column, using the
             given range in the Y axis.
 -gz        Range of values in the displayed graph. If not specified, the z range
             will be used instead.
 output     Format of the output file(s), where %d is the current frame index.

The following flags must be specified if the input is a model file:
 -v[alue]   The value that will actually be visualized. Can either be
             m[agnitude] or a[ngle].
 -x         The minimum and maximum x coordinate of each pixel in model space,
             and the final width of the output image. Default is -1:1:640.
 -y         The minimum and maximum y coordinate of each pixel in model space,
             and the final height of the output image. Default is -1:1:480.
 -t         The starting and ending time in milliseconds, along with the number
             of frames to generate. Each frame is incremented by a regular
             time step.
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blob 3747�package com.comphenix.magnets.fields;

/**
 * Represents the magnetic field from a simple straight wire.
 */
public class WireContinuousField implements ContinuousField {
    /**
     * The permeability of free space (vacuum).
     */
    public static final double FREE_SPACE = 4.0 * Math.PI * 10E-7; // T*m/A

    private final double centerX;
    private final double centerY;
    private final double wireRadius;
    private final double wireRadiusSquared;
    private final double permeability;
    private final double wireCurrent;

    // Precomputed numerator and factor
    private final double numeratorSpace;
    private final double factorWire;

    /**
     * Construct a new magnetic field source centered on a wire.
     * @param centerX X coordinate of the wire center in meters.
     * @param centerY Y coordinate of the wire center in meters.
     * @param wireRadius the radius of the wire, in meters.
     * @param wireCurrent current flowing through the wire in amperes.
     */
    public WireContinuousField(double centerX, double centerY, double wireRadius, double wireCurrent) {
        this(centerX, centerY, wireRadius, wireCurrent, FREE_SPACE);
    }

    /**
     * Construct a new magnetic field source centered on a wire.
     * <p />
     * Negative current indicates that the current flows toward the camera (Z-direction).
     * @param centerX X coordinate of the wire center in meters.
     * @param centerY Y coordinate of the wire center in meters.
     * @param wireRadius the radius of the wire, in meters.
     * @param wireCurrent current flowing through the wire in amperes.
     * @param permeability the permeability of the surrounding space in T m/A.
     */
    public WireContinuousField(double centerX, double centerY, double wireRadius, double wireCurrent, double permeability) {
        this.centerX = centerX;
        this.centerY = centerY;
        this.wireRadius = wireRadius;
        this.wireRadiusSquared = wireRadius * wireRadius;
        this.wireCurrent = wireCurrent;
        this.permeability = permeability;

        // Precomputed constant factor
        this.numeratorSpace = (permeability * wireCurrent) / (2 * Math.PI);
        this.factorWire = (permeability * wireCurrent) / (2 * Math.PI * wireRadius * wireRadius);
    }

    /**
     * The X coordinate of the wire center in meters.
     */
    public double getCenterX() {
        return centerX;
    }

    /**
     * The Y coordinate of the wire center in meters.
     */
    public double getCenterY() {
        return centerY;
    }

    /**
     * Retrieve the radius of the wire.
     * @return The wire radius.
     */
    public double getWireRadius() {
        return wireRadius;
    }

    /**
     * The current flowing through the wire in amperes.
     */
    public double getWireCurrent() {
        return wireCurrent;
    }

    /**
     * The permeability of the surrounding space in T m/A.
     */
    public double getPermeability() {
        return permeability;
    }

    @Override
    public void addComponents(double x, double y, double[] outputStrengthX, int offsetX, double[] outputStrengthY, int offsetY) {
        double dX = x - centerX;
        double dY = y - centerY;
        double r2 = Math.abs(dX * dX + dY * dY);

        // Write output strength components
        if (r2 < wireRadiusSquared) {
            // This factor is negative when the current is negative, rotating the resulting vector 180 degrees
            outputStrengthX[offsetX] += dY * factorWire;
            outputStrengthY[offsetY] += -dX * factorWire;
        } else {
            outputStrengthX[offsetX] += dY * numeratorSpace / r2;
            outputStrengthY[offsetY] += -dX * numeratorSpace / r2;
        }
    }
}
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blob 26342�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.solver.continuous.*;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Splitter;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Maps;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.transform.DftNormalization;
import org.apache.commons.math3.transform.FastFourierTransformer;
import org.apache.commons.math3.transform.TransformType;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.awt.Color;
import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.*;
import java.util.function.*;
import java.util.stream.Collectors;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        },
        TEMPERATURE() {
            @Override
            public Gradient toGradient() {
                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);
            }
        },
        HSV() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float)factor, intensity, intensity);
                };
            }
        },
        HSV2() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (2 * factor), intensity, intensity);
                };
            }
        },
        HSV10() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (10 * factor), intensity, intensity);
                };
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return getScalar(field.angles());
            }
        },
        X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.x();
            }
        },
        Y {
            @Override
            public ScalarField filter(VectorField field) {
                return field.y();
            }
        },
        Y_MINUS_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b - a);
            }
        },
        Y_DIV_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b / a);
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Attempt to get a scalar view of the given field.
         * @param field the field.
         * @return The resulting scalar field.
         */
        private static ScalarField getScalar(DiscreteField field) {
            return field instanceof VectorField ? ((VectorField) field).magnitudes() : (ScalarField) field;
        }

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
                case "x":
                    return X;
                case "y":
                    return Y;
                case "y-x":
                    return Y_MINUS_X;
                case "ydivx":
                    return Y_DIV_X;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    /**
     * Represents visualization of aggregate values.
     */
    public enum Aggregate {
        /**
         * Compute the average value in all the frames.
         */
        AVERAGE {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar = ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        0,
                        (a, b) -> a + b,
                        a -> a / frames.size()
                );

                // Maybe create a vector average as well?
                return new PlotFrame(scalar, null);
            }
        },
        /**
         * Compute the maximum value in all the frames.
         */
        MAX {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar =  ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        -Double.MAX_VALUE,
                        Math::max,
                        DoubleUnaryOperator.identity());

                // Maybe create a vector maximum as well?
                return new PlotFrame(scalar, null);
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_DIRECT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            // First vector will contain the result
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(components, i, vectorLength);
                            }
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            /**
             * Retrieve the angle of the peak value in the given array of values.
             * @param values the values.
             * @param offset the starting position.
             * @param stepSize the step size.
             * @return The peak angle.
             */
            private double getPeakAngle(double[] values, int offset, int stepSize) {
                double bestValue = values[offset];
                int bestIndex = offset;
                int count = 1;

                for (int i = offset + stepSize; i < values.length; i += stepSize) {
                    if (values[i] > bestValue) {
                        bestValue = values[i];
                        bestIndex = i;
                    }
                    count++;
                }
                return (bestIndex / (double)count) * Math.PI * 2;
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAngle(double[] re) {
                double[] im = new double[re.length];
                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);

                return MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
            }
        },

        /**
         * Compute the amplitude of the sine at the maximum X and Y values, respectively.
         */
        AMPLITUDE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAmplitude(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAmplitude(double[] re) {
                double[] im = new double[re.length];

                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);
                return 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
            }
        },

        /**
         * Compute the actual drone measurements.
         */
        DRONE_SENSOR {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                // A field of sinusoids
                VectorField sinusoids = VectorField.aggregateExternal(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        frames.get(0).getVectorField().getComponents() * 2,
                        (components, vectorLength, source, sourcePos, column, row) -> {

                            for (int i = 0; i < vectorLength; i++) {
                                double[] re = VectorField.extractComponent(components, i, vectorLength);
                                double[] im = new double[re.length];

                                FastFourierTransformer.transformInPlace(
                                        new double[][]{re, im}, DftNormalization.STANDARD, TransformType.FORWARD);

                                // Compute both the angle and the amplitude
                                source[sourcePos++] = 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
                                source[sourcePos++] = MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
                            }
                            ;
                            return sourcePos;
                        }
                );

                // TODO: FIX THIS LATER
                throw new UnsupportedOperationException("Unsupported");
            }
        };

        /**
         * Aggregate the given frames into a final scalar field.
         *
         * @param frames the frames to aggregate.
         * @param visualization optional visualization to apply, if necessary.
         * @param x the x coordinate of each column in the final scalar field.
         * @param y the y coordinate of each row in the final scalar field.
         * @return The final frame.
         */
        public abstract PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y);

         /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Aggregate parse(String text) {
            switch (text.toLowerCase()) {
                case "a":
                case "average":
                    return AVERAGE;
                case "m":
                case "max":
                    return MAX;
                case "xyd":
                case "xy_phase_difference_direct":
                    return MAX_XY_PHASE_DIFFERENCE_DIRECT;
                case "xyf":
                case "xy_phase_difference_fft":
                    return MAX_XY_PHASE_DIFFERENCE_FFT;
                case "ampf":
                case "amplitude_fft":
                    return AMPLITUDE_FFT;
                case "drone":
                case "drone_sensor":
                    return DRONE_SENSOR;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an aggregate.");
        }

    }

    /**
     * The data in the model to display.
     */
    public enum ModelSource {
        /**
         * The magnetic field.
         */
        MAGNETIC_FIELD,

        /**
         * The amplitude and phase of the sinusoid representing the x and y component of the magnetic field.
         */
        SINUSOID_FIELD,

        /**
         * A drone with two sensors.
         */
        DRONE_2;

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding model source..
         */
        public static ModelSource parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnetic_field":
                    return MAGNETIC_FIELD;
                case "s":
                case "sinusoid_field":
                    return SINUSOID_FIELD;
                case "d2":
                case "drone_2":
                    return DRONE_2;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an model source.");
        }
    }

    public enum SolverName {
        BOBYGA(BobygaSolver::new),
        CMAES(CmaesSolver::new);

        private final Supplier<Solver> supplier;

        SolverName(Supplier<Solver> supplier) {
            this.supplier = supplier;
        }

        /**
         * Retrieve the correct solver.
         * @return The correct solver.
         */
        public Solver toSolver() {
            return supplier.get();
        }

        public static SolverName parse(String text) {
            return valueOf(text.toUpperCase());
        }
    }

    /**
     * The different output formats.
     */
    public enum OutputFormat {
        PNG,
        CSV;

        /**
         * Retrieve the extension associated with this output format.
         * @return The extension.
         */
        public String getExtension() {
            switch (this) {
                case PNG: return "png";
                case CSV: return "csv";
                default: throw new IllegalStateException("Unknown extension for " + this);
            }
        }

        public static OutputFormat parse(String text) {
            return valueOf(text.toUpperCase());
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;
    private ModelSource modelSource = ModelSource.DRONE_2;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Function that is applied to every value
    private DoubleUnaryOperator valueOperator;

    // Test location of the drone
    private RealVector droneLocation;
    private double droneSearchRadius = Double.MAX_VALUE;
    private int dronePDFSamples;
    private boolean drawDroneErrorMap;

    // The solver to use
    private SolverName solverName = SolverName.CMAES;
    private Map<String, String> solverProperties = Maps.newHashMap();

    // Whether or not to display the help context
    private boolean displayHelp;

    // Whether or not to draw each frame
    private boolean drawFrames = true;

    // The aggregates
    private List<Aggregate> aggregates = Lists.newArrayList();

    // Image format
    private OutputFormat outputFormat = OutputFormat.PNG;

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                String argumentName = arg.substring(1).toLowerCase();

                switch (argumentName) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "ms":
                    case "modelsource":
                        modelSource = ModelSource.parse(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        applyValueOperator(Math::log10);
                        break;
                    case "a":
                    case "abslog":
                        applyValueOperator(x -> Math.sin(x) * Math.log(Math.abs(x)));
                        break;
                    case "d:":
                    case "drone":
                        droneLocation = new ArrayRealVector(new double[] { Double.parseDouble(args[++i]), Double.parseDouble(args[++i]) });
                        break;
                    case "dp":
                    case "drone_pdf":
                        dronePDFSamples = Integer.parseInt(args[++i].trim());
                        break;
                    case "dr":
                    case "drone_radius":
                        droneSearchRadius = Double.parseDouble(args[++i].trim());
                        break;
                    case "dm":
                    case "drone_map":
                        drawDroneErrorMap = true;
                        break;
                    case "solver":
                        solverName = SolverName.parse(args[++i]);
                        break;
                    case "f":
                    case "frames":
                        drawFrames = Boolean.parseBoolean(args[++i]);
                        break;
                    case "ag":
                    case "aggregate":
                        // Parse aggregate list
                        aggregates = Splitter.on(",").splitToList(args[++i]).stream().
                                map(Aggregate::parse).
                                collect(Collectors.toList());
                        break;
                    case "of":
                    case "output_format":
                        this.outputFormat = OutputFormat.parse(args[++i]);
                        break;
                    default:
                        // Special cases
                        if (argumentName.startsWith("solver.")) {
                            // Preserve case-sensitivity
                            solverProperties.put(Splitter.on(".").limit(2).splitToList(arg).get(1), args[++i]);
                        } else {
                            throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                        }
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times (existing pattern: " + outputPattern + ")");
                }
                outputPattern = arg;
            }
        }
    }

    protected void applyValueOperator(DoubleUnaryOperator operator) {
        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;
    }

    public RealVector getDroneLocation() {
        return droneLocation;
    }

    /**
     * Retrieve the number of samples of the drone error distance to compute its PDF.
     * @return The drone PDF sample count. 0 or negative to not compute the PDF.
     */
    public int getDronePDFSamples() {
        return dronePDFSamples;
    }

    public boolean isComputeDronePDF() {
        return dronePDFSamples > 0;
    }

    public boolean isDrawDroneErrorMap() {
        return drawDroneErrorMap;
    }

    /**
     * Retrieve the image output format.
     * @return The output format.
     */
    public OutputFormat getOutputFormat() {
        return outputFormat;
    }

    /**
     * Retrieve the maximum radius around the real point to search.
     * </p>
     * Note that the x and y ranges have higher priority.
     * @return The drone search radius.
     */
    public double getDroneSearchRadius() {
        return droneSearchRadius;
    }

    public SolverName getSolverName() {
        return solverName;
    }

    /**
     * Additional solver properties.
     * @return Solver properties.
     */
    public Map<String, String> getSolverProperties() {
        return solverProperties;
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ModelSource getModelSource() {
        return modelSource;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public DoubleUnaryOperator getValueOperator() {
        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }

    public boolean isDrawFrames() {
        return drawFrames;
    }

    public List<Aggregate> getAggregates() {
        return aggregates;
    }
}
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commit 280�tree 812c44440419eaa9c7df76550cb510aee5264086
parent 1edb369ef91b7894db43943c0c2c7ccf21b1b278
author Kristian S. Stangeland <kr_stang@hotmail.com> 1428502155 +0200
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1428502155 +0200

Parallelize computation of the drone PDF.
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blob 131�package com.comphenix.magnets.fields;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface DiscreteField {
}
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blob 125�package com.comphenix.magnets.fields;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class VectorField {
}
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blob 114�package com.comphenix.magnets.graphics;

/**
 * Created by Kristian on 05.05.2015.
 */
public class GraphAxis {
}
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blob 12239�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.time.Duration;
import java.util.Arrays;
import java.util.List;
import java.util.Objects;
import java.util.concurrent.TimeUnit;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                Range<Double> errorRange = errorField.getRange();

                System.out.println("Writing error map with value range: " + errorRange);
                writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;
        Stopwatch watch = Stopwatch.createStarted();

        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                createImage(field, valueRange, column -> {
                    if (maxColumns != null) {
                        // Compute maximum value in each row
                        for (int i = 0; i < maxColumns.length; i++) {
                            if (!Double.isNaN(column[i])) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    }
                });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            watch.stop();
            System.out.println("Written " + destination + " (total time: " + watch + ")");
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        RealVector valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        VectorFieldSolver indexedSolver = measure("Indexing solver", solver::indexed);
        Vector2D solvedPoint = measure("Time finding solution", () -> indexedSolver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        long startTime = System.nanoTime();

        // Draw error distance
        ScalarField error = measure("Computing error map", () -> new ScalarArrayField(vectorField.map(
                (vectorArray, vectorOffset, vectorLength, column, row) -> {
            Vector2D solution = solver.solve(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));

            // Return the distance to the correct point
            if (solution != null) {
                return solution.distance(new Vector2D(vectorField.getColumn(column), vectorField.getRow(row)));
            } else {
                return Math.PI * 2;
            }
        }), progress -> {
            long elapsed = System.nanoTime() - startTime;
            Duration eta = Duration.ofNanos((long) (elapsed * (1.0 / progress - 1)));

            System.out.printf("Progress: %.3f, eta: %s\n", progress * 100, eta);
        }));

        return error;
    }

    private static Vector2D fromRealVector(RealVector vector) {
        if (vector.getDimension() != 2) {
            throw new IllegalArgumentException("Unexpected dimension: " + vector);
        }
        return new Vector2D(vector.getEntry(0), vector.getEntry(1));
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));

        // Single frame without a vector field
        return ImmutableList.of(new PlotFrame(field, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = model.getVectorField(t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 3033�<?xml version="1.0" encoding="UTF-8"?>
<project xmlns="http://maven.apache.org/POM/4.0.0"
         xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
         xsi:schemaLocation="http://maven.apache.org/POM/4.0.0 http://maven.apache.org/xsd/maven-4.0.0.xsd">
    <modelVersion>4.0.0</modelVersion>

    <groupId>com.comphenix.plot</groupId>
    <artifactId>PlotCSV</artifactId>
    <version>1.0-SNAPSHOT</version>

    <repositories>
        <repository>
            <id>jzy3d-snapshots</id>
            <name>Jzy3d Snapshots</name>
            <url>http://maven.jzy3d.org/snapshots</url>
        </repository>
        <repository>
            <id>jzy3d-releases</id>
            <name>Jzy3d Snapshots</name>
            <url>http://maven.jzy3d.org/releases</url>
        </repository>
    </repositories>

    <build>
        <plugins>
            <plugin>
                <groupId>org.apache.maven.plugins</groupId>
                <artifactId>maven-compiler-plugin</artifactId>
                <version>3.2</version>
                <configuration>
                    <source>1.8</source>
                    <target>1.8</target>
                </configuration>
            </plugin>

            <plugin>
                <groupId>org.apache.maven.plugins</groupId>
                <artifactId>maven-jar-plugin</artifactId>
                <configuration>
                    <archive>
                        <manifest>
                            <mainClass>com.comphenix.magnets.PlotApplication</mainClass>
                        </manifest>
                    </archive>
                </configuration>
            </plugin>

            <plugin>
                <groupId>org.apache.maven.plugins</groupId>
                <artifactId>maven-shade-plugin</artifactId>
                <version>2.3</version>
                <executions>
                    <execution>
                        <phase>package</phase>
                        <goals>
                            <goal>shade</goal>
                        </goals>
                        <configuration>
                            <shadedArtifactAttached>false</shadedArtifactAttached>
                            <createDependencyReducedPom>false</createDependencyReducedPom>
                        </configuration>
                    </execution>
                </executions>
            </plugin>
        </plugins>
    </build>

    <dependencies>
        <dependency>
            <groupId>com.univocity</groupId>
            <artifactId>univocity-parsers</artifactId>
            <version>1.3.1</version>
            <type>jar</type>
        </dependency>
        <dependency>
            <groupId>com.google.guava</groupId>
            <artifactId>guava</artifactId>
            <version>18.0</version>
        </dependency>
        <dependency>
            <groupId>junit</groupId>
            <artifactId>junit</artifactId>
            <version>4.11</version>
            <scope>test</scope>
        </dependency>
    </dependencies>
</project>










PlotCSV/.git/objects/78/3cefa57d8e5f2ad049d297942bf03a47734144

PlotCSV/.git/objects/78/3cefa57d8e5f2ad049d297942bf03a47734144









PlotCSV/.git/objects/78/4ba0cfe260642e5a2c9e593df54d728a18a59c

PlotCSV/.git/objects/78/4ba0cfe260642e5a2c9e593df54d728a18a59c









PlotCSV/.git/objects/78/c79a8dbcf67a8af1fe8d5c843b0066090c47eb

PlotCSV/.git/objects/78/c79a8dbcf67a8af1fe8d5c843b0066090c47eb









PlotCSV/.git/objects/79/bb7427e3bd2d1381454b8bcf4869eab024dac5

PlotCSV/.git/objects/79/bb7427e3bd2d1381454b8bcf4869eab024dac5


blob 8980�package com.comphenix.magnets.fields;

import java.nio.ByteBuffer;
import java.util.Arrays;
import java.util.concurrent.atomic.AtomicInteger;
import java.util.function.DoubleBinaryOperator;
import java.util.function.DoubleConsumer;
import java.util.function.IntBinaryOperator;
import java.util.function.IntToDoubleFunction;
import java.util.stream.DoubleStream;
import java.util.stream.IntStream;

/**
 * Represents a simple mutating 2D field.
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class ScalarArrayField implements ScalarField {
    private static final int INITIAL_CAPACITY = 10;

    // Initial values
    private double[] x = new double[INITIAL_CAPACITY];
    private double[] y = new double[INITIAL_CAPACITY];
    private double[][] data = new double[INITIAL_CAPACITY][];
    private int columns = 0;
    private int rows = 0;

    /**
     * Construct a new empty array field.
     */
    public ScalarArrayField() {
    }

    /**
     * Construct a new array field from the given scalar field.
     * @param field the scalar field.
     */
    public ScalarArrayField(ScalarField field) {
        this(field, a -> {});
    }

    /**
     * Construct a new array field from the given scalar field.
     * @param field the scalar field.
     * @param progress notified of the current progress.
     */
    public ScalarArrayField(ScalarField field, DoubleConsumer progress) {
        AtomicInteger counter = new AtomicInteger();

        this.x = field.toColumnArray();
        this.y = field.toRowArray();
        this.data = field.rows().parallel().peek(row ->
                progress.accept(counter.incrementAndGet() / (double)field.getRows())).toArray(double[][]::new);
        this.columns = field.getColumns();
        this.rows = field.getRows();
    }

    /**
     * Construct a new array field from the given double arrays.
     * @param x the X coordinates of the cells in the field.
     * @param y the Y coordinates of the cells in the field.
     * @param data the data.
     */
    public ScalarArrayField(double[] x, double[] y, double[][] data) {
        this.x = x;
        this.y = y;
        this.data = data;
        this.rows = data.length;
        this.columns = data.length > 0 ? data[0].length : 0;
    }

    /**
     * Retrieve a scalar array field with the given cell coordinates, and initialize the cells to the specified value.
     * @param x the X coordinates of the cells in the field.
     * @param y the Y coordinates of the cells in the field.
     * @param cellValue the value based on the X and Y coordinates.
     * @param progress consumer that is notified of the current row progress.
     * @return The corresponding array field.
     */
    public static ScalarArrayField fromFunction(double[] x, double[] y, DoubleBinaryOperator cellValue, DoubleConsumer progress) {
        double[][] result = new double[y.length][];

        // Combine the values in each field
        for (int row = 0; row < y.length; row++) {
            int rowIndex = row;
            progress.accept(row / (double)y.length);

            // Process row in parallel
            double[] rowValues = IntStream.range(0, x.length).
                    mapToDouble(colIndex -> cellValue.applyAsDouble(x[colIndex], y[rowIndex])).
                    parallel().toArray();
            result[rowIndex] = rowValues;
        }
        return new ScalarArrayField(x.clone(), y.clone(), result);
    }

    /**
     * Construct a new scalar array field from the given coordinates and cell value.
     * @param x the x coordinates.
     * @param y the y coordinates.
     * @param value the cell value.
     * @return The filled array field.
     */
    public static ScalarArrayField fromValue(double[] x, double[] y, double value) {
        double[][] result = new double[y.length][];

        // Combine the values in each field
        for (int row = 0; row < y.length; row++) {
            double[] buffer = new double[x.length];
            Arrays.fill(buffer, value);
            result[row] = buffer;
        }
        return new ScalarArrayField(x.clone(), y.clone(), result);
    }

    /**
     * Retrieve a scalar array field that wraps the given arrays.
     * @param x the X coordinates of the cells in the field.
     * @param y the Y coordinates of the cells in the field.
     * @param data the data.
     * @return The corresponding array field.
     */
    public static ScalarArrayField fromArray(double[] x, double[] y, double[][] data) {
        return new ScalarArrayField(x.clone(), y.clone(),
            Arrays.stream(data).map(arr -> Arrays.copyOf(arr, arr.length)).toArray(double[][]::new));
    }

    /**
     * Merge to given scalar fields of the same dimensions, producing an entirely new field.
     * @param first the first field.
     * @param second the second field.
     * @param op the operator.
     * @return The resulting array field.
     */
    public static ScalarArrayField merge(ScalarField first, ScalarField second, DoubleBinaryOperator op) {
        ScalarArrayField copy = new ScalarArrayField(first);
        copy.merge(second, op);
        return copy;
    }

    @Override
    public double[] toColumnArray() {
        return Arrays.copyOf(x, columns);
    }

    @Override
    public double[] toRowArray() {
        return Arrays.copyOf(y, rows);
    }

    /**
     * Combine the values of this array field and the target field, using the provided binary operator.
     * <p />
     * The coordinates of these fields must be the same.
     * @param other the other array field.
     * @param op operator applied to each corresponding value in this field and the given field.
     */
    public void merge(ScalarField other, DoubleBinaryOperator op) {
        if (getRows() != other.getRows())
            throw new IllegalArgumentException("Fields must have the same number of rows.");
        if (getColumns() != other.getColumns())
            throw new IllegalArgumentException("Fields must have the same number of columns.");

        // Combine the values in each field
        for (int row = 0; row < getRows(); row++) {
            double[] left = data[row];

            for (int col = 0; col < getColumns(); col++) {
                left[col] = op.applyAsDouble(left[col], other.getValue(col, row));
            }
        }
    }

    /**
     * Determine if the first N entries in the given array is equal.
     * @param a first array.
     * @param b second array.
     * @param n the number of entries to check.
     * @return TRUE if it is, FALSE otherwise.
     */
    protected static boolean firstEqual(double[] a, double[] b, int n) {
        assert a.length >= n && b.length >= n;

        for(int i = 0; i < n; i++)
            if(a[i] != b[i])
                return false;
        return true;
    }

    @Override
    public double getColumn(int column) {
        return x[column];
    }

    @Override
    public double getRow(int row) {
        return y[row];
    }

    /**
     * Set the x coordinates of the columns.
     * @param x the x coordinates.
     */
    public void setX(double[] x) {
        this.x = x.clone();
        this.columns = x.length;
    }

    /**
     * Set the Y coordinates of the cells.
     * @param y the y coordinates.
     */
    public void setY(double[] y) {
        this.y = y.clone();
    }

    /**
     * Add the given coordinate to the bottom of the matrix.
     * @param yCoordinate the y coordinate.
     * @param values the values to add.
     */
    public void addRow(double yCoordinate, double[] values) {
        ensureHeight();
        y[rows] = yCoordinate;
        data[rows] = values;

        // Increment
        rows++;
    }

    /**
     * Set the value of the cell at the given location.
     * @param column the column index.
     * @param row the row index.
     * @param value the new value of the cell.
     */
    public void setValue(int column, int row, double value) {
        data[row][column] = value;
    }

    @Override
    public double getValue(int column, int row) {
        return data[row][column];
    }

    @Override
    public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
        int index = 0;

        // Just loop through
        for (int row = startRow; row < endRow; row++) {
            for (int column = startColumn; column < endColumn; column++) {
                outputValues[index++] = data[row][column];
            }
        }
    }

    /**
     * Ensure the matrix is sufficiently large in the Y direction.
     */
    protected void ensureHeight() {
        if (y.length == rows) {
            y = Arrays.copyOf(y, (int) (y.length * 1.5));
        }
        if (data.length == rows) {
            data = Arrays.copyOf(data, (int) (data.length * 1.5));
        }
    }

    @Override
    public int getRows() {
        return rows;
    }

    @Override
    public int getColumns() {
        return columns;
    }
}
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blob 23956�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.solver.continuous.*;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Splitter;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.transform.DftNormalization;
import org.apache.commons.math3.transform.FastFourierTransformer;
import org.apache.commons.math3.transform.TransformType;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.awt.Color;
import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.*;
import java.util.function.*;
import java.util.stream.Collectors;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        },
        TEMPERATURE() {
            @Override
            public Gradient toGradient() {
                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);
            }
        },
        HSV() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float)factor, intensity, intensity);
                };
            }
        },
        HSV2() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (2 * factor), intensity, intensity);
                };
            }
        },
        HSV10() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (10 * factor), intensity, intensity);
                };
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return getScalar(field.angles());
            }
        },
        X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.x();
            }
        },
        Y {
            @Override
            public ScalarField filter(VectorField field) {
                return field.y();
            }
        },
        Y_MINUS_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b - a);
            }
        },
        Y_DIV_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b / a);
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Attempt to get a scalar view of the given field.
         * @param field the field.
         * @return The resulting scalar field.
         */
        private static ScalarField getScalar(DiscreteField field) {
            return field instanceof VectorField ? ((VectorField) field).magnitudes() : (ScalarField) field;
        }

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
                case "x":
                    return X;
                case "y":
                    return Y;
                case "y-x":
                    return Y_MINUS_X;
                case "ydivx":
                    return Y_DIV_X;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    /**
     * Represents visualization of aggregate values.
     */
    public enum Aggregate {
        /**
         * Compute the average value in all the frames.
         */
        AVERAGE {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar = ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        0,
                        (a, b) -> a + b,
                        a -> a / frames.size()
                );

                // Maybe create a vector average as well?
                return new PlotFrame(scalar, null);
            }
        },
        /**
         * Compute the maximum value in all the frames.
         */
        MAX {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar =  ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        -Double.MAX_VALUE,
                        Math::max,
                        DoubleUnaryOperator.identity());

                // Maybe create a vector maximum as well?
                return new PlotFrame(scalar, null);
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_DIRECT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            // First vector will contain the result
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(components, i, vectorLength);
                            }
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            /**
             * Retrieve the angle of the peak value in the given array of values.
             * @param values the values.
             * @param offset the starting position.
             * @param stepSize the step size.
             * @return The peak angle.
             */
            private double getPeakAngle(double[] values, int offset, int stepSize) {
                double bestValue = values[offset];
                int bestIndex = offset;
                int count = 1;

                for (int i = offset + stepSize; i < values.length; i += stepSize) {
                    if (values[i] > bestValue) {
                        bestValue = values[i];
                        bestIndex = i;
                    }
                    count++;
                }
                return (bestIndex / (double)count) * Math.PI * 2;
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAngle(double[] re) {
                double[] im = new double[re.length];
                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);

                return MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
            }
        },

        /**
         * Compute the amplitude of the sine at the maximum X and Y values, respectively.
         */
        AMPLITUDE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAmplitude(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAmplitude(double[] re) {
                double[] im = new double[re.length];

                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);
                return 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
            }
        },

        /**
         * Compute the actual drone measurements.
         */
        DRONE_SENSOR {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                // A field of sinusoids
                VectorField sinusoids = VectorField.aggregateExternal(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        frames.get(0).getVectorField().getComponents() * 2,
                        (components, vectorLength, source, sourcePos, column, row) -> {

                            for (int i = 0; i < vectorLength; i++) {
                                double[] re = VectorField.extractComponent(components, i, vectorLength);
                                double[] im = new double[re.length];

                                FastFourierTransformer.transformInPlace(
                                        new double[][]{re, im}, DftNormalization.STANDARD, TransformType.FORWARD);

                                // Compute both the angle and the amplitude
                                source[sourcePos++] = 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
                                source[sourcePos++] = MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
                            }
                            ;
                            return sourcePos;
                        }
                );

                final VectorField field = new DroneVectorField.DiscreteDroneField(new VectorMatrixField(sinusoids), 2, 0, 20 * (y[1] - y[0]), x, y);
                return new PlotFrame(visualization.filter(field), field);
            }
        };

        /**
         * Aggregate the given frames into a final scalar field.
         *
         * @param frames the frames to aggregate.
         * @param visualization optional visualization to apply, if necessary.
         * @param x the x coordinate of each column in the final scalar field.
         * @param y the y coordinate of each row in the final scalar field.
         * @return The final frame.
         */
        public abstract PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y);

         /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Aggregate parse(String text) {
            switch (text.toLowerCase()) {
                case "a":
                case "average":
                    return AVERAGE;
                case "m":
                case "max":
                    return MAX;
                case "xyd":
                case "xy_phase_difference_direct":
                    return MAX_XY_PHASE_DIFFERENCE_DIRECT;
                case "xyf":
                case "xy_phase_difference_fft":
                    return MAX_XY_PHASE_DIFFERENCE_FFT;
                case "ampf":
                case "amplitude_fft":
                    return AMPLITUDE_FFT;
                case "drone":
                case "drone_sensor":
                    return DRONE_SENSOR;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an aggregate.");
        }

    }

    /**
     * The data in the model to display.
     */
    public enum ModelSource {
        /**
         * The magnetic field.
         */
        MAGNETIC_FIELD,

        /**
         * The amplitude and phase of the sinusoid representing the x and y component of the magnetic field.
         */
        SINUSOID_FIELD,

        /**
         * A drone with two sensors.
         */
        DRONE_2;

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding model source..
         */
        public static ModelSource parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnetic_field":
                    return MAGNETIC_FIELD;
                case "s":
                case "sinusoid_field":
                    return SINUSOID_FIELD;
                case "d2":
                case "drone_2":
                    return DRONE_2;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an model source.");
        }
    }

    public enum SolverName {
        BOBYGA(BobygaSolver::new),
        CMAES(CmaesSolver::new);

        private final Supplier<Solver> supplier;

        SolverName(Supplier<Solver> supplier) {
            this.supplier = supplier;
        }

        /**
         * Retrieve the correct solver.
         * @return The correct solver.
         */
        public Solver toSolver() {
            return supplier.get();
        }

        public static SolverName parse(String text) {
            return valueOf(text.toUpperCase());
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;
    private ModelSource modelSource;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Function that is applied to every value
    private DoubleUnaryOperator valueOperator;

    // Test location of the drone
    private RealVector droneLocation;
    private int dronePDFSamples;

    // The solver to use
    private SolverName solverName = SolverName.CMAES;

    // Whether or not to display the help context
    private boolean displayHelp;

    // Whether or not to draw each frame
    private boolean drawFrames = true;

    // The aggregates
    private List<Aggregate> aggregates = Lists.newArrayList();

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                switch (arg.substring(1).toLowerCase()) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "ms":
                    case "modelsource":
                        modelSource = ModelSource.parse(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        applyValueOperator(Math::log10);
                        break;
                    case "a":
                    case "abslog":
                        applyValueOperator(x -> Math.sin(x) * Math.log(Math.abs(x)));
                        break;
                    case "d:":
                    case "drone":
                        droneLocation = new ArrayRealVector(new double[] { Double.parseDouble(args[++i]), Double.parseDouble(args[++i]) });
                        break;
                    case "dp":
                    case "drone_pdf":
                        dronePDFSamples = Integer.parseInt(args[++i].trim());
                        break;
                    case "solver":
                        solverName = SolverName.parse(args[++i]);
                        break;
                    case "f":
                    case "frames":
                        drawFrames = Boolean.parseBoolean(args[++i]);
                        break;
                    case "ag":
                    case "aggregate":
                        // Parse aggregate list
                        aggregates = Splitter.on(",").splitToList(args[++i]).stream().
                                map(Aggregate::parse).
                                collect(Collectors.toList());
                        break;
                    default:
                        throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times (existing pattern: " + outputPattern + ")");
                }
                outputPattern = arg;
            }
        }
    }

    protected void applyValueOperator(DoubleUnaryOperator operator) {
        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;
    }

    public RealVector getDroneLocation() {
        return droneLocation;
    }

    /**
     * Retrieve the number of samples of the drone error distance to compute its PDF.
     * @return The drone PDF sample count. 0 or negative to not compute the PDF.
     */
    public int getDronePDFSamples() {
        return dronePDFSamples;
    }

    public boolean isComputeDronePDF() {
        return dronePDFSamples > 0;
    }

    public SolverName getSolverName() {
        return solverName;
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ModelSource getModelSource() {
        return modelSource;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public DoubleUnaryOperator getValueOperator() {
        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }

    public boolean isDrawFrames() {
        return drawFrames;
    }

    public List<Aggregate> getAggregates() {
        return aggregates;
    }
}
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blob 165�package com.comphenix.magnets.util;

/**
 * Represents a range with a predefined step size.
 * Created by Kristian on 27.01.2015.
 */
public class DividedRange {

}
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blob 6534�package com.comphenix.magnets.solver;

/*
 * Copyright 2013 Google Inc.
 *
 * Licensed under the Apache License, Version 2.0 (the "License");
 * you may not use this file except in compliance with the License.
 * You may obtain a copy of the License at
 *
 *      http://www.apache.org/licenses/LICENSE-2.0
 *
 * Unless required by applicable law or agreed to in writing, software
 * distributed under the License is distributed on an "AS IS" BASIS,
 * WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
 * See the License for the specific language governing permissions and
 * limitations under the License.
 */
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;

import java.util.ArrayList;
import java.util.Collection;
import java.util.List;

/**
 * A quad tree which tracks items with a Point geometry.
 * See http://en.wikipedia.org/wiki/Quadtree for details on the data structure.
 * This class is not thread safe.
 */
public class PointQuadTree<T extends PointQuadTree.Item> {
    public interface Item {
        public Vector2D getPoint();
    }
    /**
     * The bounds of this quad.
     */
    private final Bounds mBounds;

    /**
     * The depth of this quad in the tree.
     */
    private final int mDepth;

    /**
     * Maximum number of elements to store in a quad before splitting.
     */
    private final static int MAX_ELEMENTS = 50;

    /**
     * The elements inside this quad, if any.
     */
    private List<T> mItems;

    /**
     * Maximum depth.
     */
    private final static int MAX_DEPTH = 40;

    /**
     * Child quads.
     */
    private List<PointQuadTree<T>> mChildren = null;

    /**
     * Creates a new quad tree with specified bounds.
     *
     * @param minX
     * @param maxX
     * @param minY
     * @param maxY
     */
    public PointQuadTree(double minX, double maxX, double minY, double maxY) {
        this(new Bounds(minX, maxX, minY, maxY));
    }

    public PointQuadTree(Bounds bounds) {
        this(bounds, 0);
    }

    private PointQuadTree(double minX, double maxX, double minY, double maxY, int depth) {
        this(new Bounds(minX, maxX, minY, maxY), depth);
    }

    private PointQuadTree(Bounds bounds, int depth) {
        mBounds = bounds;
        mDepth = depth;
    }

    /**
     * Insert an item.
     */
    public void add(T item) {
        Vector2D point = item.getPoint();
        if (this.mBounds.contains(point)) {
            insert(point.getX(), point.getY(), item);
        }
    }

    private void insert(double x, double y, T item) {
        if (this.mChildren != null) {
            if (y < mBounds.midY) {
                if (x < mBounds.midX) { // top left
                    mChildren.get(0).insert(x, y, item);
                } else { // top right
                    mChildren.get(1).insert(x, y, item);
                }
            } else {
                if (x < mBounds.midX) { // bottom left
                    mChildren.get(2).insert(x, y, item);
                } else {
                    mChildren.get(3).insert(x, y, item);
                }
            }
            return;
        }
        if (mItems == null) {
            mItems = new ArrayList<T>();
        }
        mItems.add(item);
        if (mItems.size() > MAX_ELEMENTS && mDepth < MAX_DEPTH) {
            split();
        }
    }

    /**
     * Split this quad.
     */
    private void split() {
        mChildren = new ArrayList<PointQuadTree<T>>(4);
        mChildren.add(new PointQuadTree<T>(mBounds.minX, mBounds.midX, mBounds.minY, mBounds.midY, mDepth + 1));
        mChildren.add(new PointQuadTree<T>(mBounds.midX, mBounds.maxX, mBounds.minY, mBounds.midY, mDepth + 1));
        mChildren.add(new PointQuadTree<T>(mBounds.minX, mBounds.midX, mBounds.midY, mBounds.maxY, mDepth + 1));
        mChildren.add(new PointQuadTree<T>(mBounds.midX, mBounds.maxX, mBounds.midY, mBounds.maxY, mDepth + 1));

        List<T> items = mItems;
        mItems = null;

        for (T item : items) {
            // re-insert items into child quads.
            insert(item.getPoint().getX(), item.getPoint().getY(), item);
        }
    }

    /**
     * Remove the given item from the set.
     *
     * @return whether the item was removed.
     */
    public boolean remove(T item) {
        Vector2D point = item.getPoint();
        if (this.mBounds.contains(point)) {
            return remove(point.getX(), point.getY(), item);
        } else {
            return false;
        }
    }

    private boolean remove(double x, double y, T item) {
        if (this.mChildren != null) {
            if (y < mBounds.midY) {
                if (x < mBounds.midX) { // top left
                    return mChildren.get(0).remove(x, y, item);
                } else { // top right
                    return mChildren.get(1).remove(x, y, item);
                }
            } else {
                if (x < mBounds.midX) { // bottom left
                    return mChildren.get(2).remove(x, y, item);
                } else {
                    return mChildren.get(3).remove(x, y, item);
                }
            }
        }
        else {
            return mItems.remove(item);
        }
    }

    /**
     * Removes all points from the quadTree
     */
    public void clear() {
        mChildren = null;
        if (mItems != null) {
            mItems.clear();
        }
    }

    /**
     * Search for all items within a given bounds.
     */
    public Collection<T> search(Bounds searchBounds) {
        final List<T> results = new ArrayList<T>();
        search(searchBounds, results);
        return results;
    }

    /**
     * Search for all items within a given bound, storing the results in the provided collection.
     * @param searchBounds the bound.
     * @param results the destination collection.
     */
    public void search(Bounds searchBounds, Collection<T> results) {
        if (!mBounds.intersects(searchBounds)) {
            return;
        }

        if (this.mChildren != null) {
            for (PointQuadTree<T> quad : mChildren) {
                quad.search(searchBounds, results);
            }
        } else if (mItems != null) {
            if (searchBounds.contains(mBounds)) {
                results.addAll(mItems);
            } else {
                for (T item : mItems) {
                    if (searchBounds.contains(item.getPoint())) {
                        results.add(item);
                    }
                }
            }
        }
    }
}
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blob 1034�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.fields.ContinuousField;
import org.apache.commons.math3.optim.*;
import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;
import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.BOBYQAOptimizer;

/**
 * Created by Kristian on 08.04.2015.
 */
public class PowellSolver implements Solver {
    @Override
    public PointValuePair findMinimum(ContinuousField field, double[] target, BoundingBox boundingBox) {
        BOBYQAOptimizer optimizer = new BOBYQAOptimizer(6, boundingBox.getExtent().getMaxValue(), 1E-12);

        // Real solution
        return optimizer.optimize(
                new SimpleBounds(boundingBox.getLowerBound().toArray(), boundingBox.getUpperBound().toArray()),
                new InitialGuess(boundingBox.getCenter().toArray()),
                new MaxIter(2000000),
                new MaxEval(10000000),
                new ObjectiveFunction(ContinuousField.withSquareDistance(field, target)));
    }
}
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blob 107�package com.comphenix.magnets.model;

/**
 * Created by Kristian on 23.04.2015.
 */
public class Earth {
}
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blob 3173�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.fields.VectorMatrixField;

/**
 * Created by Kristian on 02.04.2015.
 */
public class DroneVectorField extends VectorField.VectorProxy {
    // We have three values
    private final int components;
    private final VectorField sinusoids;

    public DroneVectorField(VectorField sinusoids) {
        super(sinusoids);
        this.sinusoids = sinusoids instanceof VectorMatrixField ? sinusoids : new VectorMatrixField(sinusoids);
        components = 2;
    }

    @Override
    public int getComponents() {
        return components;
    }

    @Override
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent,
                               double[] destination, int destinationOffset, boolean zeroDestination) {

        double[] firstPoint = new double[sinusoids.getComponents()];
        double[] secondPoint = new double[sinusoids.getComponents()];

        for (int row = startRow; row < endRow; row++) {
            final int firstPointRow = row;
            final int secondPointRow = row + 20;

            if (secondPointRow >= sinusoids.getRows()) {
                for (int col = startColumn; col < endColumn; col++) {
                    // Let everything be zero here
                    for (int i = startComponent; i < endComponent; i++) {
                        destination[destinationOffset++] = 0;
                    }
                }
            } else {
                for (int col = startColumn; col < endColumn; col++) {
                    // Read from the two points
                    sinusoids.fillComponents(col, col + 1, firstPointRow, firstPointRow + 1, firstPoint, 0);
                    sinusoids.fillComponents(col, col + 1, secondPointRow, secondPointRow + 1, secondPoint, 0);

                    for (int i = startComponent; i < endComponent; i++) {
                        switch (i) {
                            case 0:
                                destination[destinationOffset++] = angleDiff(firstPoint[1], firstPoint[3]);
                                break;
                            case 1:
                                destination[destinationOffset++] = angleDiff(secondPoint[1], secondPoint[3]);
                                break;
                            // Last component type
                            case 2:
                                // Difference in absolute value
                                destination[destinationOffset++] = Math.log(
                                        (firstPoint[0] * firstPoint[0] + firstPoint[2] * firstPoint[2]) /
                                                (secondPoint[0] * secondPoint[0] + secondPoint[2] * secondPoint[2]));
                                break;
                        }
                    }
                }
            }
        }
    }

    private double angleDiff(double a, double b) {
        //return b - a;
        if (a > b) {
            return 2 * Math.PI - a + b;
        } else {
            return b - a;
        }
    }
}
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blob 3440�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.fields.DiscreteField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.fields.VectorMatrixField;
import com.comphenix.magnets.util.SegmentRange;

/**
 * Created by Kristian on 02.04.2015.
 */
public class DroneVectorField implements ContinuousField {
    /**
     * Number of components per sensor.
     */
    private static final int COMPONENTS_PER_SENSOR = 1;

    // We have three values
    private final int components;
    private final ContinuousField sinusoids;
    private final double[] sensorDelta;
    private final int sensorCount;

    /**
     * Construct a new drone field for two sensors.
     * @param sinusoids the underlying sinusoid field.
     * @return The drone vector field.
     */
    public static DroneVectorField twoSensors(ContinuousField sinusoids) {
        return new DroneVectorField(sinusoids, new double[] { 0, 0, 3, 0, 6, 0, 9, 0 });
    }

    public DroneVectorField(ContinuousField sinusoids, double[] sensorDelta) {
        this.sinusoids = sinusoids;
        this.sensorDelta = sensorDelta;
        this.sensorCount = sensorDelta.length / 2;
        this.components = sensorCount * COMPONENTS_PER_SENSOR;

        if ((sensorDelta.length % 2) != 0) {
            throw new IllegalArgumentException("Sensor delta must be divisible by two.");
        }
    }

    @Override
    public int getComponents() {
        return components;
    }

    @Override
    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {
        int innerComponents = sinusoids.getComponents();
        double[] points = new double[innerComponents * sensorCount];

        // Read from the N points
        for (int i = 0; i < sensorCount; i++) {
            sinusoids.addComponents(x + sensorDelta[i * 2], y + sensorDelta[i * 2 + 1], points, i * innerComponents);
        }
        writeComponents(startComponent, endComponent, destination, destinationOffset, points, innerComponents);
    }

    /**
     * Write the given range of components using the first and second point to the destination array.
     * @param startComponent the starting component (inclusive)
     * @param endComponent the ending component (inclusive)
     * @param destination the destination array.
     * @param destinationOffset the destination offset.
     * @param points flattened array of point components.
     * @param pointsComponents number of components in the points array.
     * @return The new destination offset.
     */
    protected static int writeComponents(int startComponent, int endComponent, double[] destination, int destinationOffset, double[] points, int pointsComponents) {
        for (int i = startComponent; i < endComponent; i++) {
            int offset = i * pointsComponents;

            // Take the difference of the phase of X and phase of Y
            destination[destinationOffset++] = angleDiff(points[offset + 1], points[offset + 3]);
            //destination[destinationOffset++] = points[offset] + points[offset + 2];
        }
        return destinationOffset;
    }

    private static double angleDiff(double a, double b) {
        //return b - a;
        if (a > b) {
            return 2 * Math.PI - a + b;
        } else {
            return b - a;
        }
    }
}
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blob 12397�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.time.Duration;
import java.util.Arrays;
import java.util.List;
import java.util.Objects;
import java.util.concurrent.TimeUnit;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                Range<Double> errorRange = errorField.getRange();

                System.out.println("Writing error map with value range: " + errorRange);
                writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;
        Stopwatch watch = Stopwatch.createStarted();

        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                createImage(field, valueRange, column -> {
                    if (maxColumns != null) {
                        // Compute maximum value in each row
                        for (int i = 0; i < maxColumns.length; i++) {
                            if (!Double.isNaN(column[i])) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    }
                });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            watch.stop();
            System.out.println("Written " + destination + " (total time: " + watch + ")");
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        RealVector valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        //VectorFieldSolver indexedSolver = measure("Indexing solver", solver::indexed);
        Vector2D solvedPoint = measure("Time finding solution", () -> solver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        //ScalarField error = createErrorMap(vectorField, solver);
        ScalarField distance = new ScalarArrayField(vectorField.map(
            (vectorArray, vectorOffset, vectorLength, column, row) -> {
                return valuePoint.getDistance(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));
            }
        ));
        return distance;
    }

    private static ScalarField createErrorMap(VectorField vectorField, VectorFieldSolver solver) {
        long startTime = System.nanoTime();

        // Draw error distance
        return measure("Computing error map", () -> new ScalarArrayField(vectorField.map(
                (vectorArray, vectorOffset, vectorLength, column, row) -> {
            Vector2D solution = solver.solve(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));

            // Return the distance to the correct point
            if (solution != null) {
                return solution.distance(new Vector2D(vectorField.getColumn(column), vectorField.getRow(row)));
            } else {
                return Math.PI * 2;
            }
        }), progress -> {
            long elapsed = System.nanoTime() - startTime;
            Duration eta = Duration.ofNanos((long) (elapsed * (1.0 / progress - 1)));

            System.out.printf("Progress: %.3f, eta: %s\n", progress * 100, eta);
        }));
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));

        // Single frame without a vector field
        return ImmutableList.of(new PlotFrame(field, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = model.getVectorField(t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 1783�<?xml version="1.0" encoding="UTF-8"?>
<module org.jetbrains.idea.maven.project.MavenProjectsManager.isMavenModule="true" type="JAVA_MODULE" version="4">
  <component name="NewModuleRootManager" LANGUAGE_LEVEL="JDK_1_8" inherit-compiler-output="false">
    <output url="file://$MODULE_DIR$/target/classes" />
    <output-test url="file://$MODULE_DIR$/target/test-classes" />
    <content url="file://$MODULE_DIR$">
      <sourceFolder url="file://$MODULE_DIR$/src/main/java" isTestSource="false" />
      <sourceFolder url="file://$MODULE_DIR$/src/main/resources" type="java-resource" />
      <sourceFolder url="file://$MODULE_DIR$/src/test/java" isTestSource="true" />
      <excludeFolder url="file://$MODULE_DIR$/target" />
    </content>
    <orderEntry type="inheritedJdk" />
    <orderEntry type="sourceFolder" forTests="false" />
    <orderEntry type="library" name="Maven: com.objectplanet.image:PngEncoder:2.0.2" level="project" />
    <orderEntry type="library" name="Maven: com.univocity:univocity-parsers:1.3.1" level="project" />
    <orderEntry type="library" name="Maven: com.google.guava:guava:18.0" level="project" />
    <orderEntry type="library" name="Maven: commons-beanutils:commons-beanutils:1.9.2" level="project" />
    <orderEntry type="library" name="Maven: commons-logging:commons-logging:1.1.1" level="project" />
    <orderEntry type="library" name="Maven: commons-collections:commons-collections:3.2.1" level="project" />
    <orderEntry type="library" name="Maven: org.apache.commons:commons-math3:3.4.1" level="project" />
    <orderEntry type="library" scope="TEST" name="Maven: junit:junit:4.11" level="project" />
    <orderEntry type="library" scope="TEST" name="Maven: org.hamcrest:hamcrest-core:1.3" level="project" />
  </component>
</module>
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blob 6660�package com.comphenix.magnets.fields;

import com.google.common.collect.Iterables;
import com.google.common.collect.Range;

import java.util.Arrays;
import java.util.function.DoubleBinaryOperator;
import java.util.function.DoubleUnaryOperator;
import java.util.stream.DoubleStream;
import java.util.stream.IntStream;
import java.util.stream.Stream;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface ScalarField extends DiscreteField {
    /**
     * Retrieve the value of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding value.
     */
    public double getValue(int column, int row);

    /**
     * Fill the field values corresponding to the cells at the given columns and rows.
     * <p />
     * All three arrays must be of the same length.
     * <p />
     * The output array will be filled in order from lowest column to highest, and then lowest row to highest.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @param outputValues the output values.
     */
    public default void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
        int index = 0;

        for (int row = startRow; row < endRow; row++) {
            for (int column = startColumn; column < endColumn; column++) {
                outputValues[index++] = getValue(column, row);
            }
        }
    }

    /**
     * View this matrix as a stream of cell values.
     * @return The corresponding stream.
     */
    public default DoubleStream stream() {
        return IntStream.range(0, getColumns()).
            <DoubleStream>mapToObj(
                row -> IntStream.range(0, getRows()).mapToDouble(col -> getValue(col, row))).
            flatMapToDouble(x -> x);
    }

    /**
     * Retrieve the minimum and maximum cell value expressed as a range.
     * @return The minimum and maximum.
     */
    public default Range<Double> getRange() {
        double minimum = Double.MAX_VALUE;
        double maximum = Double.MIN_VALUE;

        for (int row = 0; row < getRows(); row++) {
            for (int col = 0; col < getColumns(); col++) {
                double value = getValue(col, row);

                if (value < minimum) {
                    minimum = value;
                }
                if (value > maximum) {
                    maximum = value;
                }
            }
        }
        return Range.closed(minimum, maximum);
    }

    /**
     * Retrieve a stream of all the rows of values in the field.
     * @return Every row in the field.
     */
    public default Stream<double[]> rows() {
        int rowCount = getRows();
        int columnCount = getColumns();

        return IntStream.range(0, rowCount).mapToObj(row -> {
            double[] values = new double[columnCount];

            // Read values
            fillValues(0, columnCount, row, row + 1, values);
            return values;
        });
    }

    /**
     * Convert the current scalar field to a jagged array.
     * @return The row-major jagged array.
     */
    public default double[][] toDoubleArray() {
        return rows().toArray(double[][]::new);
    }

    /**
     * Convert the current scalar field to an array scalar field, if it isn't one already.
     * @return This field as an array field.
     */
    public default ScalarArrayField toArrayField() {
        return this instanceof ScalarArrayField ? (ScalarArrayField) this : new ScalarArrayField(this);
    }

    /**
     * Aggregate the given non-zero collection of fields. Note that each field must have the same size and x/y coordinates.
     * @param fields the fields to aggregate.
     * @param initialValue the initial value in the aggregate.
     * @param combiner combiner of cell values.
     * @param finisher a finisher that is applied when all the cell values have been combined.
     * @return The resulting scalar field.
     */
    public static ScalarField aggregate(Iterable<? extends ScalarField> fields, double initialValue, DoubleBinaryOperator combiner, DoubleUnaryOperator finisher) {
        final ScalarField[] copy = Iterables.toArray(fields, ScalarField.class);

        if (copy.length == 0) {
            throw new IllegalArgumentException("Cannot aggregate zero fields.");
        }
        return new ScalarProxy(copy[0]) {
            @Override
            public double getValue(int column, int row) {
                double value = initialValue;

                for (ScalarField field : copy) {
                    value = combiner.applyAsDouble(value, field.getValue(column, row));
                }
                return finisher.applyAsDouble(value);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                int index = 0;
                double[] input = new double[endColumn - startColumn];
                double[] output = new double[endColumn - startColumn];

                for (int row = startRow; row < endRow; row++) {
                    // Initialize output row
                    Arrays.fill(output, initialValue);

                    // Read and process values from each field
                    for (ScalarField field : copy) {
                        field.fillValues(startColumn, endColumn, row, row + 1, input);

                        // Combine with output
                        for (int i = 0; i < output.length; i++) {
                            output[i] = combiner.applyAsDouble(output[i], input[i]);
                        }
                    }
                    // Now write out the output
                    for (double anOutput : output) {
                        outputValues[index++] = finisher.applyAsDouble(anOutput);
                    }
                }
            }
        };
    }

    /**
     * A proxy for scalar fields.
     */
    public static abstract class ScalarProxy extends Proxy implements ScalarField {
        /**
         * Construct a new scalar field proxy.
         * @param field the discrete field to proxy.
         */
        public ScalarProxy(DiscreteField field) {
            super(field);
        }

        @Override
        public double getValue(int column, int row) {
            double[] output = new double[1];
            fillValues(column, column + 1, row, row + 1, output);
            return output[0];
        }
    }
}
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blob 2183�package com.comphenix.magnets.io;

import com.comphenix.magnets.fields.ScalarField;
import com.univocity.parsers.csv.CsvFormat;
import com.univocity.parsers.csv.CsvWriter;
import com.univocity.parsers.csv.CsvWriterSettings;
import com.univocity.parsers.tsv.TsvWriter;
import com.univocity.parsers.tsv.TsvWriterSettings;

import java.io.IOException;
import java.io.Reader;
import java.io.Writer;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.Arrays;
import java.util.stream.Stream;

/**
 * Created by Kristian on 15.04.2015.
 */
public class CvsFieldWriter {
    public CvsFieldWriter() {

    }

    /**
     * Write the given scalar field to a CSV file.
     * @param destination the destination file.
     * @param field the field.
     */
    public void write(Path destination, ScalarField field) {
        try (Writer writer = Files.newBufferedWriter(destination)) {
            write(writer, field);
        } catch (IOException e) {
            throw new RuntimeException("Cannot write to output file.", e);
        }
    }

    /**
     * Write the given scalar field to a CSV file.
     * <p />
     * The caller is responsible for closing the given writer.
     * @param textWriter the writer.
     * @param field the field.
     * @throws IOException I/O error.
     */
    public void write(Writer textWriter, ScalarField field) throws IOException {
        TsvWriter tsvWriter = new TsvWriter(textWriter, new TsvWriterSettings());

        // Write headers
        tsvWriter.writeHeaders("x\\y");
        writeRow(tsvWriter, "unit", field.toColumnArray());

        // Row buffer
        double[] buffer = new double[field.getColumns()];

        for (int row = 0; row < field.getRows(); row++) {
            double rowPosition = field.getRow(row);

            field.fillValues(0, field.getColumns(), row, row + 1, buffer);
            writeRow(tsvWriter, Double.toString(rowPosition), buffer);
        }
        tsvWriter.flush();
    }

    private void writeRow(TsvWriter csvWriter, String rowHeader, double[] rowValues) {
        csvWriter.writeRow(Stream.concat(Stream.of(rowHeader), Arrays.stream(rowValues).boxed()).toArray());
    }
}
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blob 2537�package com.comphenix.magnets.fields;

import com.google.common.collect.ImmutableList;

import java.util.Collection;
import java.util.Objects;

/**
 * Represents a simple simulator of magnetic fields.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class VectorSimulated2DField implements Vector2DField {
    // Input
    private final ImmutableList<ContinuousField> sources;
    private final double[] yCoordinates;
    private final double[] xCoordinates;

    /**
     * Construct a new simulated field with the given magnetic sources.
     * @param sources the sources.
     */
    public VectorSimulated2DField(Collection<ContinuousField> sources, double[] xCoordinates, double[] yCoordinates) {
        this.sources = ImmutableList.copyOf(Objects.requireNonNull(sources));
        this.xCoordinates = xCoordinates.clone();
        this.yCoordinates = yCoordinates.clone();
    }

    @Override
    public double getColumn(int column) {
        return xCoordinates[column];
    }

    @Override
    public double getRow(int row) {
        return yCoordinates[row];
    }

    @Override
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] outputStrengthX, int outputOffsetX, double[] outputStrengthY, int outputOffsetY) {
        // Ensure all the arrays are of the same length
        if (outputStrengthX.length != outputStrengthY.length) {
            throw new IllegalArgumentException("All output arrays must have the same length.");
        }
        int indexX = outputOffsetX;
        int indexY = outputOffsetY;

        // Initial value
        for (int row = startRow; row < endRow; row++) {
            for (int col = startColumn; col < endColumn; col++) {
                outputStrengthX[indexX++] = 0;
                outputStrengthY[indexY++] = 0;
            }
        }

        // Now accumulate
        for (int i = 0; i < sources.size(); i++) {
            ContinuousField source = sources.get(i);
            indexX = outputOffsetX;
            indexY = outputOffsetY;

            for (int row = startRow; row < endRow; row++) {
                for (int col = startColumn; col < endColumn; col++) {
                    source.addComponents(xCoordinates[col], yCoordinates[row], outputStrengthX, indexX++, outputStrengthY, indexY++);
                }
            }
        }
    }

    @Override
    public int getColumns() {
        return xCoordinates.length;
    }

    @Override
    public int getRows() {
        return yCoordinates.length;
    }
}
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blob 6751�package com.comphenix.magnets.util;

import com.google.common.base.Objects;
import com.google.common.base.Preconditions;
import com.google.common.base.Splitter;
import com.google.common.collect.Range;

import java.util.Arrays;
import java.util.List;
import java.util.Locale;
import java.util.stream.DoubleStream;

/**
 * Represents a range that is divided into N equally sized segments.
 * Created by Kristian on 27.01.2015.
 */
public class SegmentRange {
    private final double start;
    private final double end;
    private final int segments;

    // Computed
    private final double stepSize;

    /**
     * Parse a range with an optional segment count.
     * @param range the range.
     * @return The corresponding segment range.
     */
    public static SegmentRange parse(String range) {
        List<String> elements = Splitter.on(":").limit(3).splitToList(range);

        if (elements.size() < 2) {
            throw new IllegalArgumentException("Please specify range (:) in " + range);
        }
        double start = Double.parseDouble(elements.get(0));
        double end = Double.parseDouble(elements.get(1));

        if (elements.size() == 3) {
            return new SegmentRange(start, end, Integer.parseInt(elements.get(2)));
        } else  {
            return new SegmentRange(start, end, 1);
        }
    }

    /**
     * Construct a new segment range from the given range.
     * @param range the range.
     * @param segments the segments.
     * @return The segmented range.
     */
    public static SegmentRange fromRange(Range<Double> range, int segments) {
        return new SegmentRange(range.lowerEndpoint(), range.upperEndpoint(), segments);
    }

    /**
     * Construct an approximate segment range from a sequence of increasing or decreasing numbers.
     * <p />
     * All numbers in the sequence must increase or decrease by a fixed amount.
     * @param values increasing values.
     * @return An equivalent segment range.
     */
    public static SegmentRange fromArray(double[] values) {
        if (values.length < 1) {
            throw new IllegalArgumentException("Cannot construct segment from an array with no elements.");
        } else if (values.length == 1) {
            // Special case
            return new SegmentRange(values[0], values[0], 1);
        }
        double stepSize = values[1] - values[0];

        for (int i = 2; i < values.length; i++) {
            // Current step size
            double step = values[i] - values[i - 1];

            if (Math.signum(stepSize) != Math.signum(step)) {
                throw new IllegalArgumentException("Step at " + i + " has a different sign than the first step.");
            } else if (Math.abs(step - stepSize) > 0.01) {
                throw new IllegalArgumentException("Too large step size deviation at index " + i);
            }
        }
        return new SegmentRange(values[0], values[values.length - 1], values.length);
    }

    /**
     * Construct a new segment range.
     * @param start the starting value.
     * @param end the ending value.
     * @param segments the segment count. Cannot be negative.
     */
    public SegmentRange(double start, double end, int segments) {
        if (segments < 0) {
            throw new IllegalArgumentException("Segments cannot be negative.");
        }
        this.start = start;
        this.end = end;
        this.segments = segments;

        // Computed step size
        this.stepSize = (end - start) / segments;
    }

    /**
     * Retrieve the distance between each value in the segmented range.
     * @return The step size.
     */
    public double getStepSize() {
        return stepSize;
    }

    /**
     * Retrieve the starting value of this range.
     * @return The starting value.
     */
    public double getStart() {
        return start;
    }

    /**
     * Retrieve the last value in this range.
     * @return Last value.
     */
    public double getEnd() {
        return end;
    }

    /**
     * Retrieve the number of segments in this range.
     * @return The number of segments.
     */
    public int getSegments() {
        return segments;
    }

    /**
     * Retrieve the segment at a specified index.
     * @param index the index.
     * @return The corresponding segment.
     */
    public double getSegment(int index) {
        Preconditions.checkPositionIndex(index, segments);
        return start + stepSize * index;
    }

    /**
     * Retrieve the nearest segment index.
     * @param segment the segment value.
     * @return The nearest segment index.
     */
    public int getNearestIndex(double segment) {
        return (int)Math.round((segment - start) / stepSize);
    }

    /**
     * Compute a union of this segment range and the given value.
     * @param value the value to include.
     * @return Segment range that contains every value in this range, and the given value, using the same step size.
     */
    public SegmentRange union(double value) {
        double index = (value - start) / stepSize;

        if (index > segments) {
            int roundIndex = (int) Math.ceil(index); // Away from zero
            return new SegmentRange(start, start + stepSize * roundIndex, roundIndex);
        } else if (index < 0) {
            int roundIndex = (int) Math.floor(index); // Also away from zero
            return new SegmentRange(start + stepSize * roundIndex, end, -roundIndex + segments);
        } else {
            // No need to combine anything
            return this;
        }
    }

    /**
     * Convert this range to a double array.
     * @return The double array.
     */
    public double[] toArray() {
        return stream().toArray();
    }

    /**
     * Retrieve a stream representing this segment range.
     * @return The double stream.
     */
    public DoubleStream stream() {
        return DoubleStream.iterate(start, x -> x + stepSize).limit(segments);
    }

    @Override
    public boolean equals(Object o) {
        if (this == o) return true;
        if (o == null || getClass() != o.getClass()) return false;

        SegmentRange that = (SegmentRange) o;
        if (Double.compare(that.end, end) != 0) return false;
        if (segments != that.segments) return false;
        return Double.compare(that.start, start) == 0;
    }

    @Override
    public int hashCode() {
        return Objects.hashCode(start, end, segments);
    }

    @Override
    public String toString() {
        return String.format(Locale.US, "%s:%s:%d", start, end, segments);
    }

    /**
     * Convert this segment to a range.
     * @return The range.
     */
    public Range<Double> toRange() {
        return Range.closed(getStart(), getEnd());
    }
}
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blob 107�package com.comphenix.magnets.util;

/**
 * Created by Kristian on 10.06.2015.
 */
public class MathEx {
}
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blob 3223�package com.comphenix.magnets.solver;

import com.comphenix.magnets.model.MagneticModel;
import com.google.common.collect.Iterables;
import org.apache.commons.math3.fitting.leastsquares.*;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealMatrix;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.optim.ConvergenceChecker;
import org.apache.commons.math3.optim.SimpleVectorValueChecker;
import org.apache.commons.math3.util.Pair;

import java.util.stream.Collectors;

/**
 * Created by Kristian on 12.02.2015.
 */
public class LevenbergSolver {
    /**
     * Attempt to find the closest point in the magnetic model with the given value.
     * @param value the value.
     * @param guessPoint the initial guess.
     * @param model the magnetic model.
     * @return A possible solution,
     */
    public Vector2D solve(Vector2D value, Vector2D guessPoint, double guessTime, MagneticModel model) {
        LevenbergMarquardtOptimizer optimizer = new LevenbergMarquardtOptimizer();
        MultivariateJacobianFunction function = sum(
            model.getContinuousFields(guessTime).values().stream().
                    map(WireJacobianFunction::new).
                    collect(Collectors.toList())
        );

        ConvergenceChecker<LeastSquaresProblem.Evaluation> checker = LeastSquaresFactory.evaluationChecker(
                new SimpleVectorValueChecker(0.00001, -1));

        // Compute the optimum
        LeastSquaresProblem problem = LeastSquaresFactory.create(function, toRealVector(value), toRealVector(guessPoint), checker, 100000, 100000);
        LeastSquaresOptimizer.Optimum optimum = optimizer.optimize(problem);

        System.out.println("Iterations: " + optimum.getIterations());

        RealVector result = optimum.getPoint();
        return new Vector2D(result.getEntry(0), result.getEntry(1));
    }

    private RealVector toRealVector(Vector2D vector) {
        return new ArrayRealVector(vector.toArray());
    }

    /**
     * Compute a sum of the given multivariate functions and their jacobians.
     * @param functions the functions.
     * @return The corresponding sum.
     */
    protected MultivariateJacobianFunction sum(Iterable<MultivariateJacobianFunction> functions) {
        MultivariateJacobianFunction[] copy = Iterables.toArray(functions, MultivariateJacobianFunction.class);

        if (copy.length == 0) {
            throw new IllegalArgumentException("Cannot compute sum of no functions.");
        }
        return point -> {
            Pair<RealVector, RealMatrix> current = copy[0].value(point);
            RealVector vector = current.getFirst();
            RealMatrix matrix = current.getSecond();

            for (int i = 1; i < copy.length; i++) {
                current = copy[i].value(point);
                vector = vector.add(current.getFirst());
                matrix = matrix.add(current.getSecond());
            }
            System.out.println("Value: " + vector);
            System.out.println("Jacobian: " + matrix);

            return new Pair<>(vector, matrix);
        };
    }
}











PlotCSV/.git/objects/87/a5105fe6e5510b3a58c2acdd84c7e636c27067

PlotCSV/.git/objects/87/a5105fe6e5510b3a58c2acdd84c7e636c27067


commit 261�tree 1054703274a2e92e33445c4f37ac2739678d96e5
parent 1dac83ccd2a761af701b80e572e383d17574dcba
author Kristian S. Stangeland <kr_stang@hotmail.com> 1431558362 +0200
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1431558362 +0200

Remove pointless code.
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blob 21481�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.io.CvsFieldWriter;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.model.HarmonicSumField;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.solver.continuous.BoundingBox;
import com.comphenix.magnets.solver.continuous.Solver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.beanutils.BeanUtils;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.optim.*;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.*;
import java.util.concurrent.ThreadLocalRandom;
import java.util.concurrent.TimeUnit;
import java.util.concurrent.atomic.AtomicInteger;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.IntStream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getModelSource(), a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // CMES
        if (a.getModelFile() != null && a.getModelSource() == PlotArguments.ModelSource.DRONE_2) {
            Solver solver = a.getSolverName().toSolver();
            BoundingBox box = new BoundingBox(a.getX(), a.getY());

            // Initialize properties
            BeanUtils.populate(solver, a.getSolverProperties());

            if (a.getDroneLocation() != null) {
                System.out.println("Finding minimum using " + solver);
                testCMES(solver, model, a.getX(), a.getY(), a.getDroneLocation());
            }
            if (a.isComputeDronePDF()) {
                computePDF(solver, model, box, a.getDroneSearchRadius(), a.getDronePDFSamples());
            }
            if (a.isDrawDroneErrorMap()) {
                writeDroneErrorMap(a, solver, model, box, a.getX(), a.getY(), new File(rootFolder, "DRONE_ERROR.png"));
            }
        }

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                Range<Double> errorRange = errorField.getRange();

                System.out.println("Writing error map with value range: " + errorRange);
                writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    private static void testCMES(Solver solver, MagneticModel model, SegmentRange x, SegmentRange y, RealVector droneLocation) {
        ContinuousField sinusoids = DroneVectorField.twoSensors(new HarmonicSumField(model.conductors(), 0));

        // The target position
        Random rnd = new Random();
        double[] target = sinusoids.getVector(droneLocation.getEntry(0), droneLocation.getEntry(1)).toArray();

        // Real solution
        System.out.println("Attempting to find " + new ArrayRealVector(target) + " (point " + droneLocation + " ) in field ...");
        PointValuePair solution = solver.findMinimum(sinusoids, target, new BoundingBox(x, y));
        RealVector solutionPoint = new ArrayRealVector(solution.getPoint());

        System.out.println("Possible solution: " + solutionPoint + ", distance: " + droneLocation.getDistance(solutionPoint));
        System.out.println("Value of possible: " + sinusoids.getVector(solution.getPoint()[0], solution.getPoint()[1]));
    }

    private static void computePDF(Solver solver, MagneticModel model, BoundingBox box, double droneSearchRadius, int dronePDFSamples) {
        ContinuousField sinusoids = DroneVectorField.twoSensors(new HarmonicSumField(model.conductors(), 0));

        DoubleSummaryStatistics distanceStats = new DoubleSummaryStatistics();
        AtomicInteger misses = new AtomicInteger();

        // Pre-generate the random points according to a seed
        Random pointRandom = new Random(1);
        RealVector[] points = IntStream.range(0, dronePDFSamples).
                mapToObj(i -> box.randomPoint(pointRandom)).toArray(RealVector[]::new);

        Stopwatch totalElapsed = Stopwatch.createStarted();

        // Samples of the distances
        DoubleSummaryStatistics stats = IntStream.range(0, dronePDFSamples).mapToDouble(i -> {
            double[] randomPoint = points[i].toArray();
            double[] randomTarget = sinusoids.getVector(randomPoint[0], randomPoint[1]).toArray();
            double[] guessPoint = null;
            BoundingBox searchBox = box;

            // See if the drone radius is overriding the search box
            if (droneSearchRadius < box.getMaximumExtent()) {
                searchBox = BoundingBox.fromHyperCube(randomPoint, droneSearchRadius).intersect(box);
                guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
            } else {
                guessPoint = box.getCenter().toArray();
            }

            Stopwatch watch = Stopwatch.createStarted();
            PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox);
            watch.stop();

            // Store the distance between the solution and the random point
            double sample = new ArrayRealVector(randomPoint, false).getDistance(
                    new ArrayRealVector(bestSolution.getPoint(), false));
            distanceStats.accept(sample);

            if (sample > 0.1) {
                misses.incrementAndGet();
            }
            System.out.println("Point " + new ArrayRealVector(randomPoint, false) + " distance: " + sample);
            return watch.elapsed(TimeUnit.NANOSECONDS) / 1.0E6;

        }).parallel().summaryStatistics();

        totalElapsed.stop();
        System.out.println("Total elapsed (real-time): " + totalElapsed);
        System.out.println("Average elapsed (per point): " + stats.getAverage() + " ms (std: " + Math.sqrt(stats.getAverage()) + " ms)");
        System.out.println("Average distance: " + distanceStats.getAverage() + " m (std: " + Math.sqrt(distanceStats.getAverage()) + " m)");
        System.out.println("Misses (above 0.1): " + misses.get() + " of " + dronePDFSamples);
    }

    private static void writeDroneErrorMap(PlotArguments a, Solver solver, MagneticModel model, BoundingBox box, SegmentRange xRange, SegmentRange yRange, File file) throws IOException {
        ContinuousField sinusoids = DroneVectorField.twoSensors(new HarmonicSumField(model.conductors(), 0));
        Stopwatch watch = Stopwatch.createStarted();
        Stopwatch total = Stopwatch.createStarted();

        ScalarField errorMap = ScalarArrayField.fromFunction(xRange.toArray(), yRange.toArray(), (x, y) -> {
            double[] specificPoint = new double[] { x, y };
            double[] randomTarget = sinusoids.getVector(specificPoint[0], specificPoint[1]).toArray();
            double[] guessPoint = null;
            BoundingBox searchBox = box;

            // See if the drone radius is overriding the search box
            if (a.getDroneSearchRadius() < box.getMaximumExtent()) {
                searchBox = BoundingBox.fromHyperCube(specificPoint, a.getDroneSearchRadius()).intersect(box);
                guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
            } else {
                guessPoint = box.getCenter().toArray();
            }

            try {
                PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox);

                // We want to plot the distance
                return new ArrayRealVector(specificPoint, false).getDistance(
                        new ArrayRealVector(bestSolution.getPoint(), false));

            } catch (Exception e) {
                System.out.println("Error occurred for " + new ArrayRealVector(specificPoint, false));
                e.printStackTrace();
                return box.getDiagonalLength();
            }

        }, progress -> {
            if (watch.elapsed(TimeUnit.SECONDS) > 1) {
                System.out.println("Current progress: " + progress * 100 + "%");

                watch.reset();
                watch.start();
            }
        });

        total.stop();
        System.out.println("Generated drone map in " + total);

        // Write out the drone map
        writeScalarField(a, null, a.getValueOperator(), errorMap, file);
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        destination = getSiblingFile(destination, a.getOutputFormat().getExtension());

        switch (a.getOutputFormat()) {
            case PNG:
                writePngField(a, valueRange, valueOperator, field, destination);
                break;
            case CSV:
                Stopwatch watch = Stopwatch.createStarted();
                CvsFieldWriter writer = new CvsFieldWriter();
                writer.write(destination.toPath(), field);

                watch.stop();
                System.out.println("Written " + destination + " (total time: " + watch + ")");
                break;
        }
    }

    /**
     * Retrieve a sibling file with the same name and the given extension,
     * @param file the file.
     * @param extension the extension.
     * @return Sibling file with similar file name, but different extension.
     */
    private static File getSiblingFile(File file, String extension) {
        return new File(file.getParentFile(),
                com.google.common.io.Files.getNameWithoutExtension(file.getName()) + "." + extension);
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writePngField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;
        Stopwatch watch = Stopwatch.createStarted();

        // Recompute range
        if (valueRange == null) {
            valueRange = field.getRange();
        }
        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        FieldGraph graph = new FieldGraph(a.getScheme().toGradient(), valueOperator, a.getXAxis(), a.getYAxis());
        BufferedImage image = graph.createImage(field, a.getX().toRange(), a.getY().toRange(), valueRange, column -> {
            if (maxColumns != null) {
                // Compute maximum value in each row
                for (int i = 0; i < maxColumns.length; i++) {
                    if (!Double.isNaN(column[i])) {
                        maxColumns[i] = Math.max(maxColumns[i], column[i]);
                    }
                }
            }
        });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, graph.getMargins().getLeft(), graph.getMargins().getTop(),
                    maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            watch.stop();
            System.out.println("Written " + destination + " (total time: " + watch + ")");
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        RealVector valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        Vector2D solvedPoint = measure("Time finding solution", () -> solver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        ScalarField distance = new ScalarArrayField(vectorField.map(
            (vectorArray, vectorOffset, vectorLength, column, row) -> {
                return valuePoint.getDistance(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));
            }
        ));
        return distance;
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));

        // Single frame without a vector field
        return ImmutableList.of(new PlotFrame(field, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.ModelSource source, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = getVectorField(model, source, t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Retrieve the vector field from a magnetic model and a model source.
     * @param model the model.
     * @param source the source.
     * @param time the time.
     * @param xPoints the x coordinates.
     * @param yPoints the y coordinates.
     * @return
     */
    private static VectorField getVectorField(MagneticModel model, PlotArguments.ModelSource source, double time, double[] xPoints, double[] yPoints) {
        switch (source) {
            case MAGNETIC_FIELD:
                return model.getVectorField(time, xPoints, yPoints);
            case SINUSOID_FIELD:
                return new HarmonicSumField(model.conductors(), time).toVectorField(xPoints, yPoints);
            case DRONE_2:
                ContinuousField sinusoids = new HarmonicSumField(model.conductors(), time);
                return new DroneVectorField(sinusoids, new double[] {0, 0, 0, (yPoints[1] - yPoints[0]) * 20 }).toVectorField(xPoints, yPoints);
            default:
                throw new IllegalArgumentException("Unknown model source: " + source);
        }
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 3025�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.fields.DiscreteField;
import com.comphenix.magnets.fields.VectorSimulatedField;
import com.comphenix.magnets.fields.WireContinuousField;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.collect.Lists;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.RealVector;

import javax.xml.bind.annotation.*;
import java.util.Collections;
import java.util.List;
import java.util.Map;
import java.util.stream.Collectors;

/**
 * Represents a model of sources for magnetic fields.
 * Created by Kristian on 27.01.2015.
 */
@XmlAccessorType(XmlAccessType.FIELD)
@XmlRootElement(name = "model")
public class MagneticModel {
    @XmlElementWrapper(name = "conductors")
    @XmlElement(name = "conductor", type = Conductor.class)
    private List<Conductor> conductors;

    /**
     * Construct a new empty magnetic model.
     */
    public MagneticModel() {
        this.conductors = Lists.newArrayList();
    }

    /**
     * Construct a new magnetic model with the given list of conductors in the XY plane.
     * @param conductors the conductor list which will be copied.
     */
    public MagneticModel(List<Conductor> conductors) {
        this.conductors = Lists.newArrayList(conductors);
    }

    /**
     * Retrieve a mutable view of all the conductors in this model.
     * @return The conductors in the model.
     */
    public List<Conductor> conductors() {
        return conductors;
    }

    /**
     * Retrieve the vector value of the complete magnetic field at a given location and time.
     * @param x the x coordinate.
     * @param y the y coordinate.
     * @param t the time.
     * @return The corresponding vector.
     */
    public Vector2D getVector(double x, double y, double t) {
        return getContinuousField(t).getVector(x, y);
    }

    /**
     * Retrieve the continuous field at the given time.
     * @param time the time.
     * @return The corresponding continuous field.
     */
    public ContinuousField getContinuousField(double time) {
        return ContinuousField.sum(getContinuousFields(time).values());
    }

    /**
     * Retrieve the continuous magnetic fields due to the conductors in this model, experienced at the given time.
     * @return The continuous magnetic fields.
     */
    public Map<Conductor, WireContinuousField> getContinuousFields(double time) {
        return conductors.stream().collect(Collectors.toMap(c -> c, c -> c.getMagneticField(time)));
    }

    /**
     * Retrieve the vector field at a given time.
     * @param time the time.
     * @return The corresponding vector field.
     */
    public VectorSimulatedField getVectorField(double time, double[] x, double[] y) {
        return new VectorSimulatedField(
            conductors.stream().map(c -> c.getMagneticField(time)).collect(Collectors.toList()),
            x, y
        );
    }
}
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blob 113�package com.comphenix.magnets.io;

/**
 * Created by Kristian on 15.04.2015.
 */
public class CvsFieldWriter {
}
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blob 3090�package com.comphenix.magnets.fields;

import org.apache.commons.math3.analysis.MultivariateFunction;

/**
 * Represents a four-dimensional continuous field.
 * Created by Kristian on 15.06.2015.
 */
public interface FourDimensionalField extends ContinuousField {
    /**
     * Convert the current four dimensional field to a scalar field based on the square distance to the given value.
     * @param value the value.
     * @return The squared distance field.
     */
    static MultivariateFunction withSquareDistance4D(FourDimensionalField field, double[] value) {
        return point -> {
            double[] buffer = new double[field.getComponents()];
            double squareDistance = 0;

            // Read the value of the field at this point
            field.addComponents(point[0], point[1], point[2], point[3], 0, field.getComponents(), buffer, 0);

            // Compute the squared distance
            for (int i = 0; i < buffer.length; i++) {
                double delta = buffer[i] - value[i];
                squareDistance += delta * delta;
            }
            return squareDistance;
        };
    }

    /**
     * Add the field strength in the X-axis and the Y-axis to each output array respectively, using the provided element offset.
     * <p />
     * Note that the range represented by startComponent and endComponent must be non-zero in length and not exceed the boundaries
     * of the components in the field. Otherwise, the behavior is undefined.
     * @param x x-coordinate of the current point.
     * @param y y-coordinate of the current point.
     * @param startComponent index of the first component, inclusive.
     * @param endComponent index of the last component, exclusive.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     */
    default void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {
        addComponents(x, y, 0, 0, startComponent, endComponent, destination, destinationOffset);
    }

    /**
     * Add the field strength in the X-axis and the Y-axis to each output array respectively, using the provided element offset.
     * <p />
     * Note that the range represented by startComponent and endComponent must be non-zero in length and not exceed the boundaries
     * of the components in the field. Otherwise, the behavior is undefined.
     * @param x x-coordinate of the current point.
     * @param y y-coordinate of the current point.
     * @param z z-coordinate of the current point.
     * @param t time of the current point.
     * @param startComponent index of the first component, inclusive.
     * @param endComponent index of the last component, exclusive.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     */
    public void addComponents(double x, double y, double z, double t, int startComponent, int endComponent, double[] destination, int destinationOffset);
}
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blob 131�package com.comphenix.magnets.graphics;

/**
 * Created by Kristian Stangeland on 22.01.2015.
 */
public class RainbowGradient {
}
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commit 257�tree 65a029af12e28f43d7604b23b3e1cf94143e9373
parent ffdfe091f34c91d3569d8f9ed349800364ca4ba1
author Kristian S. Stangeland <kr_stang@hotmail.com> 1425388755 +0100
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1425388755 +0100

Small improvements
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blob 126�package com.comphenix.magnets.graphics;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class FieldGraph {
}
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commit 280�tree c76d21f62c634f86946cb5cff7cac1805aae0c00
parent 4ba519e92508f154c987390d59d07b596b4b5790
author Kristian S. Stangeland <kr_stang@hotmail.com> 1422406566 +0100
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1422406566 +0100

Improve logic for creating parent folder.
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blob 167�package com.comphenix.magnets.electricity;

/**
 * Represents a conductor in physical space.
 * Created by Kristian on 27.01.2015.
 */
public class PointConductor {
}
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blob 4616�package com.comphenix.magnets.util;

import com.google.common.base.Objects;
import com.google.common.base.Preconditions;
import com.google.common.base.Splitter;
import com.google.common.collect.Range;

import java.util.List;
import java.util.Locale;
import java.util.stream.DoubleStream;

/**
 * Represents a range that is divided into N equally sized segments.
 * Created by Kristian on 27.01.2015.
 */
public class SegmentRange {
    private final double start;
    private final double end;
    private final int segments;

    // Computed
    private final double stepSize;

    /**
     * Parse a range with an optional segment count.
     * @param range the range.
     * @return The corresponding segment range.
     */
    public static SegmentRange parse(String range) {
        List<String> elements = Splitter.on(":").limit(3).splitToList(range);

        if (elements.size() < 2) {
            throw new IllegalArgumentException("Please specify range (:) in " + range);
        }
        double start = Double.parseDouble(elements.get(0));
        double end = Double.parseDouble(elements.get(1));

        if (elements.size() == 3) {
            return new SegmentRange(start, end, Integer.parseInt(elements.get(2)));
        } else  {
            return new SegmentRange(start, end, 1);
        }
    }

    /**
     * Construct a new segment range from the given range.
     * @param range the range.
     * @param segments the segments.
     * @return The segmented range.
     */
    public static SegmentRange fromRange(Range<Double> range, int segments) {
        return new SegmentRange(range.lowerEndpoint(), range.upperEndpoint(), segments);
    }

    /**
     * Construct a new segment range.
     * @param start the starting value.
     * @param end the ending value.
     * @param segments the segment count. Cannot be negative.
     */
    public SegmentRange(double start, double end, int segments) {
        if (segments < 0) {
            throw new IllegalArgumentException("Segments cannot be negative.");
        }
        this.start = start;
        this.end = end;
        this.segments = segments;

        // Computed step size
        this.stepSize = (end - start) / segments;
    }

    /**
     * Retrieve the distance between each value in the segmented range.
     * @return The step size.
     */
    public double getStepSize() {
        return stepSize;
    }

    /**
     * Retrieve the starting value of this range.
     * @return The starting value.
     */
    public double getStart() {
        return start;
    }

    /**
     * Retrieve the last value in this range.
     * @return Last value.
     */
    public double getEnd() {
        return end;
    }

    /**
     * Retrieve the number of segments in this range.
     * @return The number of segments.
     */
    public int getSegments() {
        return segments;
    }

    /**
     * Retrieve the segment at a specified index.
     * @param index the index.
     * @return The corresponding segment.
     */
    public double getSegment(int index) {
        Preconditions.checkPositionIndex(index, segments);
        return start + stepSize * index;
    }

    /**
     * Retrieve the nearest segment index.
     * @param segment the segment value.
     * @return The nearest segment index.
     */
    public int getNearestIndex(double segment) {
        return (int)Math.round((segment - start) / stepSize);
    }

    /**
     * Convert this range to a double array.
     * @return The double array.
     */
    public double[] toArray() {
        return stream().toArray();
    }

    /**
     * Retrieve a stream representing this segment range.
     * @return The double stream.
     */
    public DoubleStream stream() {
        return DoubleStream.iterate(start, x -> x + stepSize).limit(segments);
    }

    @Override
    public boolean equals(Object o) {
        if (this == o) return true;
        if (o == null || getClass() != o.getClass()) return false;

        SegmentRange that = (SegmentRange) o;
        if (Double.compare(that.end, end) != 0) return false;
        if (segments != that.segments) return false;
        return Double.compare(that.start, start) == 0;
    }

    @Override
    public int hashCode() {
        return Objects.hashCode(start, end, segments);
    }

    @Override
    public String toString() {
        return String.format(Locale.US, "%s:%s:%d", start, end, segments);
    }

    /**
     * Convert this segment to a range.
     * @return The range.
     */
    public Range<Double> toRange() {
        return Range.closed(getStart(), getEnd());
    }
}
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blob 1362�<?xml version="1.0" encoding="UTF-8"?>
<module org.jetbrains.idea.maven.project.MavenProjectsManager.isMavenModule="true" type="JAVA_MODULE" version="4">
  <component name="NewModuleRootManager" LANGUAGE_LEVEL="JDK_1_8" inherit-compiler-output="false">
    <output url="file://$MODULE_DIR$/target/classes" />
    <output-test url="file://$MODULE_DIR$/target/test-classes" />
    <content url="file://$MODULE_DIR$">
      <sourceFolder url="file://$MODULE_DIR$/src/main/java" isTestSource="false" />
      <sourceFolder url="file://$MODULE_DIR$/src/main/resources" type="java-resource" />
      <sourceFolder url="file://$MODULE_DIR$/src/test/java" isTestSource="true" />
      <excludeFolder url="file://$MODULE_DIR$/target" />
    </content>
    <orderEntry type="inheritedJdk" />
    <orderEntry type="sourceFolder" forTests="false" />
    <orderEntry type="library" name="Maven: com.objectplanet.image:PngEncoder:2.0.2" level="project" />
    <orderEntry type="library" name="Maven: com.univocity:univocity-parsers:1.3.1" level="project" />
    <orderEntry type="library" name="Maven: com.google.guava:guava:18.0" level="project" />
    <orderEntry type="library" scope="TEST" name="Maven: junit:junit:4.11" level="project" />
    <orderEntry type="library" scope="TEST" name="Maven: org.hamcrest:hamcrest-core:1.3" level="project" />
  </component>
</module>
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blob 2546�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.fields.VectorField;

import java.util.Objects;

/**
 * Represents a single plotted frame.
 */
class PlotFrame {
    private final ScalarField scalarField;
    private final VectorField vectorField;
    private final int index;
    private final int totalFrames;

    /**
     * Construct a single frame.
     * @param scalarField the scalar field. Cannot be NULL.
     * @param vectorField optional vector field.
     */
    public PlotFrame(ScalarField scalarField, VectorField vectorField) {
        this(scalarField, vectorField, 0, 1);
    }

    /**
     * Construct a new frame.
     * @param scalarField the scalar field. Cannot be NULL.
     * @param vectorField optional vector field.
     * @param index the frame index.
     * @param totalFrames the total number of frames.
     */
    public PlotFrame(ScalarField scalarField, VectorField vectorField, int index, int totalFrames) {
        this.scalarField = Objects.requireNonNull(scalarField, "scalarField cannot be NULL");
        this.vectorField = vectorField;
        this.index = index;
        this.totalFrames = totalFrames;
    }

    /**
     * Retrieve the index of this frame.
     * @return The index.
     */
    public int getIndex() {
        return index;
    }

    /**
     * Retrieve the total number of frames.
     * @return Total number of frames.
     */
    public int getTotalFrames() {
        return totalFrames;
    }

    /**
     * Retrieve the scalar field associated with this frame.
     * @return The scalar field. Cannot be NULL.
     */
    public ScalarField getScalarField() {
        return scalarField;
    }

    /**
     * Retrieve the underlying vector field, if any.
     * @return The vector field, or NULL.
     */
    public VectorField getVectorField() {
        return vectorField;
    }


    @Override
    public int hashCode() {
        return Objects.hash(scalarField, vectorField, index, totalFrames);
    }

    @Override
    public boolean equals(Object obj) {
        if (this == obj) {
            return true;
        }
        if (obj == null || getClass() != obj.getClass()) {
            return false;
        }
        final PlotFrame other = (PlotFrame) obj;
        return Objects.equals(this.scalarField, other.scalarField)
                && Objects.equals(this.vectorField, other.vectorField)
                && this.index == other.index
                && this.totalFrames == other.totalFrames;
    }
}
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blob 26276�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.io.CvsFieldWriter;
import com.comphenix.magnets.model.*;
import com.comphenix.magnets.solver.DroneSimulation;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.solver.continuous.BoundingBox;
import com.comphenix.magnets.solver.continuous.Solver;
import com.comphenix.magnets.util.PrimitiveArrays;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Maps;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.beanutils.BeanUtils;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.optim.*;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.lang.reflect.InvocationTargetException;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.*;
import java.util.concurrent.ThreadLocalRandom;
import java.util.concurrent.TimeUnit;
import java.util.concurrent.atomic.AtomicBoolean;
import java.util.concurrent.atomic.AtomicInteger;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.IntStream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel firstModel = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;
        MagneticModel secondModel = a.getSecondModelFile() != null ? ModelDeserializer.system().deserialize(a.getSecondModelFile()) : null;
        ModelInterpolator interpolator = secondModel != null ? ModelInterpolator.linear(firstModel, secondModel) : null;

        for (int i = 0; i < a.getInterpolateCount(); i++) {
            MagneticModel model = interpolator != null ? interpolator.getModel(i / (double)a.getInterpolateCount()) : firstModel;
            processFrames(a, interpolator != null ?
                    new File(rootFolder, "Model " + i) : rootFolder, model);
        }
    }

    private static void processFrames(PlotArguments a, File rootFolder, MagneticModel model) throws Exception {
        // Ensure root folder exists
        //rootFolder.mkdirs();

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getModelSource(), a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile(), a.getX(), a.getY());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // CMES
        if (a.getModelFile() != null && a.getModelSource().isDroneField()) {
            Solver solver = a.getSolverName().toSolver();
            BoundingBox box = new BoundingBox(a.getX(), a.getY());

            // Initialize properties
            BeanUtils.populate(solver, a.getSolverProperties());
            ContinuousField continuousField = getContinuousField(model, a.getModelSource(), a.getT().getStart());

            if (a.getDroneLocation() != null) {
                System.out.println("Finding minimum using " + solver);
                testCMES(solver, continuousField, a.getX(), a.getY(), a.getDroneLocation());
            }
            if (a.isComputeDronePDF()) {
                computePDF(solver, continuousField, box, a.getDroneSearchRadius(), a.getDronePDFSamples(), a.getDroneRepeatCount(), a.getDroneLocation());
            }
            if (a.isDrawDroneErrorMap()) {
                writeDroneErrorMap(a, solver, continuousField, box, a.getX(), a.getY(), new File(rootFolder, "DRONE_ERROR.png"));
            }
            if (a.isDroneSimulation()) {
                DroneSimulation simulation = new DroneSimulation(createVector(30, 0),
                        Lists.newArrayList(createVector(20, 40), createVector(0, 40)), box, solver, a.getDroneSearchRadius());
                simulation.start(
                        getContinuousField(model, PlotArguments.ModelSource.SINUSOID_FIELD, 0),
                        continuousField, 1000);
            }
        }

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                Range<Double> errorRange = errorField.getRange();

                System.out.println("Writing error map with value range: " + errorRange);
                writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    private static ArrayRealVector createVector(double... points) {
        return new ArrayRealVector(points);
    }

    private static void testCMES(Solver solver, ContinuousField sinusoids, SegmentRange x, SegmentRange y, RealVector droneLocation) {
        // The target position
        Random rnd = new Random();
        double[] target = sinusoids.getVector(droneLocation.getEntry(0), droneLocation.getEntry(1)).toArray();

        // Real solution
        System.out.println("Attempting to find " + new ArrayRealVector(target) + " (point " + droneLocation + " ) in field ...");
        PointValuePair solution = solver.findMinimum(sinusoids, target, new BoundingBox(x, y));
        RealVector solutionPoint = new ArrayRealVector(solution.getPoint());

        System.out.println("Possible solution: " + solutionPoint + ", distance: " + droneLocation.getDistance(solutionPoint));
        System.out.println("Value of possible: " + sinusoids.getVector(solution.getPoint()[0], solution.getPoint()[1]));
    }

    private static void computePDF(Solver solver, ContinuousField sinusoids, BoundingBox box,
                                   double droneSearchRadius, int dronePDFSamples, int droneRepeatCount, RealVector droneLocation) {
        DoubleSummaryStatistics distanceStats = new DoubleSummaryStatistics();
        Map<Double, AtomicInteger> misses = Maps.newLinkedHashMap();
        AtomicInteger failures = new AtomicInteger();

        // Initialize misses
        misses.put(0.1, new AtomicInteger());
        misses.put(1.0, new AtomicInteger());
        misses.put(5.0, new AtomicInteger());
        misses.put(10.0, new AtomicInteger());

        // Pre-generate the random points according to a seed
        Random pointRandom = new Random(1);
        RealVector[] points = droneLocation == null ? IntStream.range(0, dronePDFSamples).
                mapToObj(i -> box.randomPoint(pointRandom)).toArray(RealVector[]::new) :
                Collections.nCopies(dronePDFSamples, droneLocation).toArray(new RealVector[0]);

        Stopwatch totalElapsed = Stopwatch.createStarted();

        // Samples of the distances
        DoubleSummaryStatistics stats = IntStream.range(0, dronePDFSamples).mapToDouble(i -> {
            double[] randomPoint = points[i].toArray();
            double[] randomTarget = sinusoids.getVector(randomPoint[0], randomPoint[1]).toArray();
            double[] guessPoint = null;
            BoundingBox searchBox = box;

            // See if the drone radius is overriding the search box
            if (droneSearchRadius < box.getMaximumExtent()) {
                searchBox = BoundingBox.fromHyperCube(randomPoint, droneSearchRadius * 2).intersect(box);
                guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
            } else {
                guessPoint = box.getCenter().toArray();
            }

            Stopwatch watch = Stopwatch.createStarted();
            try {
                PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox, droneRepeatCount);

                // Store the distance between the solution and the random point
                double sample = new ArrayRealVector(randomPoint, false).getDistance(
                        new ArrayRealVector(bestSolution.getPoint(), false));
                distanceStats.accept(sample);

                // Count the number of misses
                for (Map.Entry<Double, AtomicInteger> entry : misses.entrySet()) {
                    if (sample > entry.getKey()) {
                        entry.getValue().incrementAndGet();
                    }
                }
                System.out.println("Point " + new ArrayRealVector(randomPoint, false) + " distance: " + sample + ", invariant dist: " + bestSolution.getSecond());

            } catch (Exception e) {
                //e.printStackTrace();
                failures.incrementAndGet();
            } finally {
                watch.stop();
            }
            return watch.elapsed(TimeUnit.NANOSECONDS) / 1.0E6;

        }).parallel().summaryStatistics();

        totalElapsed.stop();
        System.out.println("Total elapsed (real-time): " + totalElapsed);
        System.out.println("Average elapsed (per point): " + stats.getAverage() + " ms (std: " + Math.sqrt(stats.getAverage()) + " ms)");
        System.out.println("Average distance: " + distanceStats.getAverage() + " m (std: " + Math.sqrt(distanceStats.getAverage()) + " m)");

        // Write out the number of misses
        for (Map.Entry<Double, AtomicInteger> entry : misses.entrySet()) {
            System.out.printf("Misses (above %s): %d of %d%n", entry.getKey(), entry.getValue().get(), dronePDFSamples);
        }
        System.out.println("Failures: " + failures.get());
    }

    private static void writeDroneErrorMap(PlotArguments a, Solver solver, ContinuousField sinusoids, BoundingBox box, SegmentRange xRange, SegmentRange yRange, File file) throws IOException {
        Stopwatch watch = Stopwatch.createStarted();
        Stopwatch total = Stopwatch.createStarted();

        ScalarField errorMap = ScalarArrayField.fromFunction(xRange.toArray(), yRange.toArray(), (x, y) -> {
            double[] specificPoint = new double[] { x, y };
            double[] randomTarget = sinusoids.getVector(specificPoint[0], specificPoint[1]).toArray();
            double[] guessPoint = null;
            BoundingBox searchBox = box;

            // See if the drone radius is overriding the search box
            if (a.getDroneSearchRadius() < box.getMaximumExtent()) {
                searchBox = BoundingBox.fromHyperCube(specificPoint, a.getDroneSearchRadius()).intersect(box);
                guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
            } else {
                guessPoint = box.getCenter().toArray();
            }

            try {
                PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox);

                // We want to plot the distance
                return new ArrayRealVector(specificPoint, false).getDistance(
                        new ArrayRealVector(bestSolution.getPoint(), false));

            } catch (Exception e) {
                System.out.println("Error occurred for " + new ArrayRealVector(specificPoint, false));
                e.printStackTrace();
                return box.getDiagonalLength();
            }

        }, progress -> {
            if (watch.elapsed(TimeUnit.SECONDS) > 1) {
                System.out.println("Current progress: " + progress * 100 + "%");

                watch.reset();
                watch.start();
            }
        });

        total.stop();
        System.out.println("Generated drone map in " + total);

        // Write out the drone map
        writeScalarField(a, null, a.getValueOperator(), errorMap, file);
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        destination = getSiblingFile(destination, a.getOutputFormat().getExtension());

        switch (a.getOutputFormat()) {
            case PNG:
                writePngField(a, valueRange, valueOperator, field, destination);
                break;
            case CSV:
                Stopwatch watch = Stopwatch.createStarted();
                CvsFieldWriter writer = new CvsFieldWriter();
                writer.write(destination.toPath(), field);

                watch.stop();
                System.out.println("Written " + destination + " (total time: " + watch + ")");
                break;
        }
    }

    /**
     * Retrieve a sibling file with the same name and the given extension,
     * @param file the file.
     * @param extension the extension.
     * @return Sibling file with similar file name, but different extension.
     */
    private static File getSiblingFile(File file, String extension) {
        return new File(file.getParentFile(),
                com.google.common.io.Files.getNameWithoutExtension(file.getName()) + "." + extension);
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writePngField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;
        Stopwatch watch = Stopwatch.createStarted();

        // Recompute range
        if (valueRange == null) {
            valueRange = field.getRange();
        }
        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        FieldGraph graph = new FieldGraph(a.getScheme().toGradient(), valueOperator, a.getXAxis(), a.getYAxis());

        if (a.getZAxis() != null) {
            graph.setZAxis(a.getZAxis());
        }
        BufferedImage image = graph.createImage(field, a.getX().toRange(), a.getY().toRange(), valueRange, column -> {
            if (maxColumns != null) {
                // Compute maximum value in each row
                for (int i = 0; i < maxColumns.length; i++) {
                    if (!Double.isNaN(column[i])) {
                        maxColumns[i] = Math.max(maxColumns[i], column[i]);
                    }
                }
            }
        });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, graph.getMargins().getLeft(), graph.getMargins().getTop(),
                    maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            watch.stop();
            System.out.println("Written " + destination + " (total time: " + watch + ")");
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        RealVector valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        Vector2D solvedPoint = measure("Time finding solution", () -> solver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        ScalarField distance = new ScalarArrayField(vectorField.map(
            (vectorArray, vectorOffset, vectorLength, column, row) -> {
                return valuePoint.getDistance(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));
            }
        ));
        return distance;
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @param outputX the x dimensions.
     * @param outputY the y dimensions.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile, SegmentRange outputX, SegmentRange outputY) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        final ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));
        ScalarField output = field;
        double[] fieldX = field.toColumnArray();
        double[] fieldY = field.toRowArray();

        if (field.getColumns() != outputX.getSegments() || field.getRows() != outputY.getSegments()) {
            SegmentRange newX = new SegmentRange(fieldX[0], fieldX[fieldX.length - 1], outputX.getSegments());
            SegmentRange newY = new SegmentRange(fieldY[0], fieldY[fieldY.length - 1], outputY.getSegments());

            // Resize the field
            output = ScalarArrayField.fromFunction(newX.toArray(), newY.toArray(), (x, y) -> {
                int nearestX = Math.abs(Arrays.binarySearch(fieldX, x));
                int nearestY = Math.abs(Arrays.binarySearch(fieldY, y));
                return nearestX >= 0 && nearestY >= 0 ? field.getValue(nearestX, nearestY) : 0;
            }, progress -> {});
        }
        return ImmutableList.of(new PlotFrame(output, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.ModelSource source, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = getVectorField(model, source, t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Retrieve the vector field from a magnetic model and a model source.
     * @param model the model.
     * @param source the source.
     * @param time the time.
     * @param xPoints the x coordinates.
     * @param yPoints the y coordinates.
     */
    private static VectorField getVectorField(MagneticModel model, PlotArguments.ModelSource source, double time, double[] xPoints, double[] yPoints) {
        if (source == PlotArguments.ModelSource.MAGNETIC_FIELD) {
            return model.getVectorField(time, xPoints, yPoints);
        } else {
            return getContinuousField(model, source, time).toVectorField(xPoints, yPoints);
        }
    }

    /**
     * Retrieve the continuous field associated with the given model source.
     * @param model the model.
     * @param source the source.
     * @param time the time.
     */
    private static ContinuousField getContinuousField(MagneticModel model, PlotArguments.ModelSource source, double time) {
        ContinuousField sinusoids = new HarmonicSumField(model.conductors(), time);

        switch (source) {
            case MAGNETIC_FIELD:
                return model.getContinuousField(time);
            case SINUSOID_FIELD:
                return sinusoids;
            case DRONE_1:
                return new DroneVectorField(sinusoids, new double[] {0, 0} );
            case DRONE_2:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0});
            case DRONE_3:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0, 0.5, 0.5});
            case DRONE_4:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0, 1, 1, 0, 1});
            case DRONE_5:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0, 1, 1, 0, 1, 0.5, 0.5});
            case DRONE_VERTICAL:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 0, 3, 0, 6, 0, 9});
            case DRONE_VERTICAL2:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0, 0, 3, 1, 3, 0, 6, 1, 6, 0, 9, 1, 9});
            case DRONE_HORIZONTAL:
                return new DroneVectorField(sinusoids, new double[] {0, 0, 3, 0, 6, 0, 9, 0});
            default:
                throw new IllegalArgumentException("Unknown model source: " + source);
        }
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 3248�package com.comphenix.magnets.solver;

import com.comphenix.magnets.model.MagneticModel;
import com.google.common.collect.Iterables;
import org.apache.commons.math3.fitting.leastsquares.*;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealMatrix;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.optim.ConvergenceChecker;
import org.apache.commons.math3.optim.SimpleVectorValueChecker;
import org.apache.commons.math3.util.Pair;

import java.util.Vector;
import java.util.stream.Collectors;

/**
 * Created by Kristian on 12.02.2015.
 */
public class LevenbergSolver {
    /**
     * Attempt to find the closest point in the magnetic model with the given value.
     * @param value the value.
     * @param guessPoint the initial guess.
     * @param model the magnetic model.
     * @return A possible solution,
     */
    public Vector2D solve(Vector2D value, Vector2D guessPoint, double guessTime, MagneticModel model) {
        LevenbergMarquardtOptimizer optimizer = new LevenbergMarquardtOptimizer();
        MultivariateJacobianFunction function = sum(
            model.getContinuousFields(guessTime).values().stream().
                    map(WireJacobianFunction::new).
                    collect(Collectors.toList())
        );

        ConvergenceChecker<LeastSquaresProblem.Evaluation> checker = LeastSquaresFactory.evaluationChecker(
                new SimpleVectorValueChecker(0.00001, -1));

        // Compute the optimum
        LeastSquaresProblem problem = LeastSquaresFactory.create(function, toRealVector(value), toRealVector(guessPoint), checker, 100000, 100000);
        LeastSquaresOptimizer.Optimum optimum = optimizer.optimize(problem);

        System.out.println("Iterations: " + optimum.getIterations());

        RealVector result = optimum.getPoint();
        return new Vector2D(result.getEntry(0), result.getEntry(1));
    }

    private RealVector toRealVector(Vector2D vector) {
        return new ArrayRealVector(vector.toArray());
    }

    /**
     * Compute a sum of the given multivariate functions and their jacobians.
     * @param functions the functions.
     * @return The corresponding sum.
     */
    protected MultivariateJacobianFunction sum(Iterable<MultivariateJacobianFunction> functions) {
        MultivariateJacobianFunction[] copy = Iterables.toArray(functions, MultivariateJacobianFunction.class);

        if (copy.length == 0) {
            throw new IllegalArgumentException("Cannot compute sum of no functions.");
        }
        return point -> {
            Pair<RealVector, RealMatrix> current = copy[0].value(point);
            RealVector vector = current.getFirst();
            RealMatrix matrix = current.getSecond();

            for (int i = 1; i < copy.length; i++) {
                current = copy[i].value(point);
                vector = vector.add(current.getFirst());
                matrix = matrix.add(current.getSecond());
            }
            System.out.println("Value: " + vector);
            System.out.println("Jacobian: " + matrix);

            return new Pair<>(vector, matrix);
        };
    }
}
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blob 116�package com.comphenix.magnets.util;

/**
 * Created by Kristian on 13.02.2015.
 */
public class PrimitiveArrays {
}
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blob 4485�package com.comphenix.magnets.fields;

import com.comphenix.magnets.util.PrimitiveArrays;
import com.google.common.collect.Range;

import java.util.Arrays;
import java.util.Collections;
import java.util.DoubleSummaryStatistics;
import java.util.Objects;
import java.util.stream.DoubleStream;
import java.util.stream.IntStream;
import java.util.stream.Stream;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface ScalarField extends DiscreteField {
    /**
     * Retrieve the value of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding value.
     */
    public double getValue(int column, int row);

    /**
     * Fill the field values corresponding to the cells at the given columns and rows.
     * <p />
     * All three arrays must be of the same length.
     * <p />
     * The output array will be filled in order from lowest column to highest, and then lowest row to highest.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @param outputValues the output values.
     */
    public default void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
        int index = 0;

        for (int row = startRow; row < endRow; row++) {
            for (int column = startColumn; column < endColumn; column++) {
                outputValues[index++] = getValue(column, row);
            }
        }
    }

    /**
     * View this matrix as a stream of cell values.
     * @return The corresponding stream.
     */
    public default DoubleStream stream() {
        return IntStream.range(0, getColumns()).
            <DoubleStream>mapToObj(
                row -> IntStream.range(0, getRows()).mapToDouble(col -> getValue(col, row))).
            flatMapToDouble(x -> x);
    }

    /**
     * Retrieve the minimum and maximum cell value expressed as a range.
     * @return The minimum and maximum.
     */
    public default Range<Double> getRange() {
        double minimum = Double.MAX_VALUE;
        double maximum = Double.MIN_VALUE;

        for (int row = 0; row < getRows(); row++) {
            for (int col = 0; col < getColumns(); col++) {
                double value = getValue(col, row);

                minimum = Math.min(minimum, value);
                maximum = Math.max(maximum, value);
            }
        }
        return Range.closed(minimum, maximum);
    }

    /**
     * Retrieve a stream of all the rows of values in the field.
     * @return Every row in the field.
     */
    public default Stream<double[]> rows() {
        int rowCount = getRows();
        int columnCount = getColumns();

        return IntStream.range(0, rowCount).mapToObj(row -> {
            double[] values = new double[columnCount];

            // Read values
            fillValues(0, columnCount, row, row + 1, values);
            return values;
        });
    }

    /**
     * Convert the current scalar field to a jagged array.
     * @return The row-major jagged array.
     */
    public default double[][] toDoubleArray() {
        return rows().toArray(double[][]::new);
    }

    /**
     * Convert the current scalar field to an array scalar field, if it isn't one already.
     * @return This field as an array field.
     */
    public default ScalarArrayField toArrayField() {
        return this instanceof ScalarArrayField ? (ScalarArrayField) this : new ScalarArrayField(this);
    }

    /**
     * A field that is forwarding the cell metadata of another field.
     */
    public static abstract class Proxy implements ScalarField {
        private DiscreteField field;

        /**
         * Construct a new scalar field proxy.
         * @param field the discrete field to proxy.
         */
        public Proxy(DiscreteField field) {
            this.field = Objects.requireNonNull(field);
        }

        @Override
        public double getRow(int row) {
            return field.getRow(row);
        }

        @Override
        public double getColumn(int column) {
            return field.getColumn(column);
        }

        @Override
        public int getRows() {
            return field.getRows();
        }

        @Override
        public int getColumns() {
            return field.getColumns();
        }
    }
}
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blob 8139�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.util.SegmentRange;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2DFormat;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;

import java.awt.*;
import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.function.DoubleUnaryOperator;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        },
        TEMPERATURE() {
            @Override
            public Gradient toGradient() {
                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return field.angles();
            }
        },
        X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.x();
            }
        },
        Y {
            @Override
            public ScalarField filter(VectorField field) {
                return field.y();
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
                case "x":
                    return X;
                case "y":
                    return Y;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Function that is applied to every value
    private DoubleUnaryOperator valueOperator;

    // Test location of the drone
    private RealVector droneLocation;

    // Whether or not to display the help context
    private boolean displayHelp;

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                switch (arg.substring(1).toLowerCase()) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        applyValueOperator(Math::log10);
                        break;
                    case "a":
                    case "abslog":
                        applyValueOperator(x -> Math.sin(x) * Math.log(Math.abs(x)));
                        break;
                    case "d:":
                    case "drone":
                        droneLocation = new ArrayRealVector(new double[] { Double.parseDouble(args[++i]), Double.parseDouble(args[++i]) });
                        break;
                    default:
                        throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times.");
                }
                outputPattern = arg;
            }
        }
    }

    protected void applyValueOperator(DoubleUnaryOperator operator) {
        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;
    }

    public RealVector getDroneLocation() {
        return droneLocation;
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public DoubleUnaryOperator getValueOperator() {
        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }
}
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blob 4508�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.fields.FourDimensionalField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.util.MathEx;
import org.apache.commons.math3.transform.DftNormalization;
import org.apache.commons.math3.transform.FastFourierTransformer;
import org.apache.commons.math3.transform.TransformType;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.util.ArrayList;
import java.util.List;

/**
 * A field that computes the sinusoidal amplitude and phase of a given field, similar to a harmonic sum field.
 * Created by Kristian on 01.04.2015.
 */
public class FastFourierField implements FourDimensionalField {
    private static final int OUTPUT_FACTOR = 2;
    private static final int SAMPLE_COUNT = 8;

    // Convert to sinusoidal phase
    private static final double TO_SINUSOID = Math.PI / 2.0;

    private List<FourDimensionalField> fieldSamples;
    private int components;
    private int innerComponents;

    public FastFourierField(MagneticModel model) {
        double frequency = model.conductors().get(0).getCurrent().getAngularFrequency() / 360.0;
        double tDelta = 1 / (frequency * SAMPLE_COUNT);
        this.fieldSamples = new ArrayList<>();

        // Sample the field over a single period
        for (int i = 0; i < SAMPLE_COUNT; i++) {
            FourDimensionalField field = model.getContinuousField(tDelta * i);
            this.fieldSamples.add(field);

            // Record the component count
            if (innerComponents != 0 && innerComponents != field.getComponents()) {
                throw new IllegalStateException("All field samples must have the same number of components.");
            }
            this.innerComponents = field.getComponents();
            this.components = innerComponents * OUTPUT_FACTOR;
        }
    }

    @Override
    public int getComponents() {
        return components;
    }


    @Override
    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {
        addComponents(x, y, 1, 1, startComponent, endComponent, destination, destinationOffset);
    }

    @Override
    public void addComponents(double x, double y, double a, double b, int startComponent, int endComponent, double[] destination, int destinationOffset) {
        int condStartComponent = Math.floorDiv(startComponent, 2);
        int condEndComponent = MathEx.ceilDiv(endComponent, 2);
        int condNumComponents = condEndComponent - condStartComponent;

        // Whether or not to skip the very first amplitude or very last phase
        boolean skipFirstComponent = (startComponent % 2) != 0;     // inclusive
        boolean skipLastComponent = (endComponent % 2) != 0;        // exclusive
        double[] samples = getSamples(x, y, a, b);

        // Compute the amplitude and phase of the different sinusoids
        for (int component = 0; component < condNumComponents; component++) {
            double[] re = VectorField.extractComponent(samples, component, innerComponents);
            double[] im = new double[re.length];
            FastFourierTransformer.transformInPlace(
                    new double[][]{re, im}, DftNormalization.STANDARD, TransformType.FORWARD);

            // Write out
            if (!(skipFirstComponent && component == 0)) {
                destination[destinationOffset++] = 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
            }
            if (!(skipLastComponent && component == condNumComponents - 1)) {
                destination[destinationOffset++] = MathUtils.normalizeAngle(Math.atan2(im[1], re[1]) + TO_SINUSOID, FastMath.PI);
            }
        }
    }

    /**
     * Sample the underlying fields at the given coordinate.
     * @param x the x coordinate.
     * @param y the y coordinate.
     * @param a the a dimension.
     * @param b the a dimension.
     * @return The sampled points.
     */
    private double[] getSamples(double x, double y, double a, double b) {
        double[] samples = new double[fieldSamples.size() * innerComponents];

        // Sample the same point from every time instant
        for (int i = 0; i < fieldSamples.size(); i++) {
            fieldSamples.get(i).addComponents(x, y, a, b, 0, innerComponents, samples, i * innerComponents);
        }
        return samples;
    }
}
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blob 116�package com.comphenix.magnets.solver;

/**
 * Created by Kristian on 24.02.2015.
 */
public class PointQuadTree {
}
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blob 7034�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.Maps;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;

import javax.imageio.ImageIO;
import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.Arrays;
import java.util.Map;
import java.util.Objects;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.DoubleStream;
import java.util.stream.IntStream;
import java.util.stream.Stream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // The input to visualize
        Map<ScalarField, Integer> indexLookup = Maps.newConcurrentMap();
        Supplier<Stream<ScalarField>> fields = a.getModelFile() != null ?
                getFields(a.getModelFile(), indexLookup, a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile(), indexLookup);

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), fields);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.isLogarithm() ? Math::log10 : DoubleUnaryOperator.identity();

        // Process images in parallel
        fields.get().parallel().forEach(field -> {
            try {
                Integer index = indexLookup.get(field);
                double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;

                if (maxColumns != null) {
                    Arrays.fill(maxColumns, -Double.MAX_VALUE);
                }

                BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                    createImage(field, range, column -> {
                        if (maxColumns != null) {
                            // Compute maximum value in each row
                            for (int i = 0; i < maxColumns.length; i++) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    });

                // Draw line graph
                if (maxColumns != null) {
                    double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
                    double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());

                    new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                            -5, 1);
                }
                File destination = new File(String.format(a.getOutputPattern(), index));

                // Ensure parent directory is created
                Files.createDirectories(destination.toPath().getParent());

                // About 6x faster than ImageIO
                try (OutputStream stream = new FileOutputStream(destination)) {
                    (new PngEncoder()).encode(image, stream);
                    System.out.println("Written " + destination);
                }
            } catch (IOException e) {
                throw new RuntimeException("Cannot write frame.", e);
            }
        });
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, Supplier<Stream<ScalarField>> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            return fields.get().parallel().
                    map(ScalarField::getRange).reduce(Range::span).get();
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<ScalarField>> getFields(Path dataFile, Map<ScalarField, Integer> indexLookup) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        return () -> {
            ScalarField field = measure("Reading data file " + dataFile,
                    () -> CvsFieldParser.system().parse(dataFile));

            indexLookup.put(field, 0);
            return Stream.of(field);
        };
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param modelFile the model file.
     * @param visualization the visualization method. Only relevant for model file.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<ScalarField>> getFields(Path modelFile, Map<ScalarField, Integer> indexLookup, PlotArguments.Visualization visualization, SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(modelFile, "modelFile cannot be NULL");

        MagneticModel model = ModelDeserializer.system().deserialize(modelFile);
        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();

        return () -> IntStream.range(0, t.getSegments()).mapToObj(index -> {
            // Lazy computation
            ScalarField field = visualization.filter(model.getVectorField(t.getSegment(index), xPoints, yPoints));
            indexLookup.put(field, index);
            return field;
        });
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 20022�package com.comphenix.magnets.fields;

import com.comphenix.magnets.util.PrimitiveArrays;
import com.google.common.collect.Iterables;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;

import java.util.Arrays;
import java.util.function.DoubleBinaryOperator;

/**
 * Represents a field of vector quantities.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface VectorField extends DiscreteField {
    /**
     * Represents a simple cell aggregator.
     */
    public interface VectorAggregator {
        /**
         * Aggregate the same cell throughout multiple scalar fields.
         * @param components array of components from each vector in the scalar field.
         * @param vectorLength the length of a vector in the component array.
         * @param column the column of the cell.
         * @param row the row of the cell.
         * @return The index where the aggregate result can be found.
         */
        public int aggregate(double[] components, int vectorLength, int column, int row);
    }

    /**
     * Convert the content of a cell to a scalar value.
     */
    public interface ScalarMapping {
        /**
         * Convert the vector in the given cell to a scalar value.
         * @param vectorArray array containing the vector.
         * @param vectorOffset index of the first component of the vector.
         * @param vectorLength the length of the vector.
         * @param row the row of the cell.
         * @return The corresponding scalar value.
         */
        public double apply(double[] vectorArray, int vectorOffset, int vectorLength, int column, int row);
    }

    /**
     * Retrieve the magnitude of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding magnitude.
     */
    public default double getMagnitude(int column, int row) {
        double[] strength = new double[getComponents()];
        double squareMagnitude = 0;
        fillComponents(column, column + 1, row, row + 1, strength, 0);

        for (double value : strength) {
            squareMagnitude = value * value;
        }
        return Math.sqrt(squareMagnitude);
    }

    /**
     * Retrieve the polar angles of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding angles, in radians.
     */
    public default RealVector getAngle(int column, int row) {
        double[] strength = new double[getComponents()];
        double[] angles = new double[strength.length - 1];
        fillComponents(column, column + 1, row, row + 1, strength, 0);

        // Standard inverse
        angles[0] = Math.atan2(strength[1], strength[0]);

        // Additional angles
        if (strength.length > 2) {
            double magnitude = new ArrayRealVector(strength, false).getNorm();

            for (int i = 1; i < angles.length; i++) {
                angles[i] = Math.acos(strength[i + 1] / magnitude);
            }
        }
        return new ArrayRealVector(angles, false);
    }

    /**
     * Retrieve the value of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding value.
     */
    public default RealVector getVector(int column, int row) {
        double[] strength = new double[getComponents()];
        fillComponents(column, column + 1, row, row + 1, strength, 0);
        return new ArrayRealVector(strength, false);
    }

    /**
     * Retrieve the value of the cell nearest the given point.
     * @param x the x coordinate of the point.
     * @param y the y coordinate of the point.
     * @return The corresponding value.
     */
    public default RealVector getNearestValue(double x, double y) {
        double[] columns = toColumnArray();
        double[] rows = toRowArray();
        int nearestColumn = PrimitiveArrays.findNearest(columns, x);
        int nearestRow = PrimitiveArrays.findNearest(rows, y);
        return getVector(nearestColumn, nearestRow);
    }

    /**
     * Retrieve the number of components in each cell vector in this field.
     * @return The number of components.
     */
    public int getComponents();

    /**
     * Retrieve an array of all the components in the given rectangle.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @return The resulting component array.
     */
    public default double[] getComponentsArray(int startColumn, int endColumn, int startRow, int endRow) {
        double[] buffer = new double[(endColumn - startColumn) * (endRow - startRow) * getComponents()];
        fillComponents(startColumn, endColumn, startRow, endRow, 0, getComponents(), buffer, 0, false);
        return buffer;
    }

    /**
     * Fill the destination array with the respective magnitude of the component in the cell vectors.
     * <p />
     * The destination array will be filled in order from lowest component to highest component, then lowest column to highest column,
     * and finally from lowest row to highest row.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     */
    public default void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] destination, int destinationOffset) {
        fillComponents(startColumn, endColumn, startRow, endRow, 0, getComponents(), destination, destinationOffset, true);
    }

    /**
     * Fill the output array with the respective magnitude of the component in the cell vectors.
     * <p />
     * The destination array will be filled in order from lowest component to highest component, then lowest column to highest column,
     * and finally from lowest row to highest row.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @param startComponent index of the first component, inclusive.
     * @param endComponent index of the last component, exclusive.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     * @param zeroDestination whether or not to zero every element in the destination array if necessary. FALSE to avoid this step.
     */
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent, double[] destination, int destinationOffset, boolean zeroDestination);

    /**
     * View the magnitude of each cell in this vector field.
     * @return The magnitudes.
     */
    public default ScalarField magnitudes() {
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                return getMagnitude(column, row);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                int components = getComponents();

                // Special cases
                if (components < 1) {
                    throw new IllegalStateException("Unexpected component size: " + components);
                } else if (components == 1) {
                    fillComponents(startColumn, endColumn, startRow, endRow, outputValues, 0);
                    return;
                }
                double[] strength = getComponentsArray(startColumn, endColumn, startRow, endRow);

                // Calculate magnitude
                for (int i = 0; i < outputValues.length; i++) {
                    outputValues[i] = computeMagnitude(strength, i * components, components);
                }
            }
        };
    }

    /**
     * View the magnitude of the x component in this vector field.
     * @return The x components.
     */
    public default ScalarField x() {
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                fillComponents(startColumn, endColumn, startRow, endRow, 0, 1, outputValues, 0, true);
            }
        };
    }

    /**
     * View the magnitude of the y component in this vector field.
     * @return The y components.
     */
    public default ScalarField y() {
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                fillComponents(startColumn, endColumn, startRow, endRow, 1, 2, outputValues, 0, true);
            }
        };
    }

    /**
     * View the angle of each cell in this vector field.
     * <p />
     * This is either a ScalarField or a VectorField.
     * @return The angles.
     */
    public default DiscreteField angles() {
        int components = getComponents() - 1;

        if (components == 1) {
            return new ScalarField.ScalarProxy(VectorField.this) {
                @Override
                public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                    double[] strength = getComponentsArray(startColumn, endColumn, startRow, endRow);
                    int length = strength.length / 2;

                    // Calculate angle
                    for (int i = 0; i < length; i++) {
                        outputValues[i] = Math.atan2(strength[i * 2 + 1], strength[i * 2]);
                    }
                }
            };

        } else {
            return new VectorProxy(VectorField.this) {
                @Override
                public int getComponents() {
                    return components;
                }

                @Override
                public void fillComponents(int startColumn, int endColumn, int startRow, int endRow,
                                           int startComponent, int endComponent, double[] destination, int destinationOffset, boolean zeroDestination) {

                    // Special case
                    if (startComponent == 0 && endComponent == 1) {
                        fillFirstComponent(startColumn, endColumn, startRow, endRow, destination, destinationOffset);
                        return;
                    }

                    // We need to compute every underlying value, as we have to compute the magnitude
                    double[] strength = ((VectorField)field).getComponentsArray(startColumn, endColumn, startRow, endRow);
                    int length = (endColumn - startColumn) * (endRow * startRow);
                    int sourcePos = 0;
                    int destinationPos = destinationOffset;

                    // Fill in angles
                    for (int i = 0; i < length; i++) {
                        double magnitude = computeMagnitude(strength, sourcePos, components + 1);

                        // First angle
                        if (startComponent == 0) {
                            destination[destinationPos++] = Math.atan2(strength[sourcePos + 1], strength[sourcePos]);
                        }
                        // Additional angles
                        for (int j = startComponent + 1; i < endComponent; i++) {
                            destination[destinationPos++] = Math.acos(strength[sourcePos + j + 1] / magnitude);
                        }
                        sourcePos += components + 1;
                    }
                }

                // Special case if we are only interested in the first angle
                private void fillFirstComponent(int startColumn, int endColumn, int startRow, int endRow, double[] destination, int destinationOffset) {
                    int length = (endColumn - startColumn) * (endRow * startRow);
                    double[] buffer = new double[length * 2];
                    int destinationPos = destinationOffset;

                    // Read the two first components in each cell
                    ((VectorField) field).fillComponents(startColumn, endColumn, startRow, endRow, 0, 2, buffer, 0, false);

                    // Fill in the angles
                    for (int i = 0; i < length; i++) {
                        destination[destinationPos++] = Math.atan2(buffer[i * 2 + 1], buffer[i * 2]);
                    }
                }
            };
        }
    }

    /**
     * Compute the magnitude of the given vector.
     * @param values the values.
     * @param offset the offset to the first component in the vector.
     * @param length the number of components in the vector.
     * @return The vector magnitude.
     */
    static double computeMagnitude(double[] values, int offset, int length) {
        double magnitude = 0;

        // Compute magnitude inline
        for (int i = 0; i < length; i++) {
            magnitude += values[offset + i] * values[offset + i];
        }
        return Math.sqrt(magnitude);
    }

    /**
     * Create a scalar field from a two dimensional vector field.
     * @param operator mapping of X and Y values, producing the final scalar value.
     * @return The corresponding scalar field.
     */
    public default ScalarField map(DoubleBinaryOperator operator) {
        if (getComponents() != 2) {
            throw new IllegalArgumentException("Cannot map a vector field of " + getComponents() + " dimensions.");
        }
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                double[] strength = getComponentsArray(column, column + 1, row, row + 1);
                return operator.applyAsDouble(strength[0], strength[1]);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                double[] strength = getComponentsArray(startColumn, endColumn, startRow, endRow);
                int length = strength.length / 2;

                // Calculate final value
                for (int i = 0; i < length; i++) {
                    outputValues[i] = operator.applyAsDouble(strength[2 * i], strength[2 * i + 1]);
                }
            }
        };
    }

    /**
     * Create a scalar field from the X and Y values of this vector field.
     * @param operator mapping of X and Y values, producing the final scalar value.
     * @return The corresponding scalar field.
     */
    public default ScalarField map(ScalarMapping operator) {
        int components = getComponents();

        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                double[] strength = getComponentsArray(column, column + 1, row, row + 1);
                return operator.apply(strength, 0, strength.length, column, row);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                double[] strength = getComponentsArray(startColumn, endColumn, startRow, endRow);
                int index = 0;
                int sourcePos = 0;

                // Calculate final value
                for (int row = startRow; row < endRow; row++) {
                    for (int col = startColumn; col < endColumn; col++) {
                        outputValues[index] = operator.apply(strength, sourcePos, components, index * col, row);
                        index++;
                        sourcePos += components;
                    }
                }
            }
        };
    }

    /**
     * Aggregate the given non-zero collection of fields. Note that each field must have the same size and x/y coordinates.
     * @param fields the fields to aggregate.
     * @param aggregator aggregate the content of a cell for each provided scalar field.
     * @return The resulting scalar field.
     */
    public static VectorField aggregate(Iterable<? extends VectorField> fields, VectorAggregator aggregator) {
        final VectorField[] copy = Iterables.toArray(fields, VectorField.class);

        if (copy.length == 0) {
            throw new IllegalArgumentException("Cannot aggregate zero fields.");
        }

        // Ensure we're not aggregating fields of different components
        int[] distinctArray = Arrays.stream(copy).mapToInt(VectorField::getComponents).distinct().toArray();
        int components = distinctArray[0];

        if (distinctArray.length != 1) {
            throw new IllegalArgumentException("Cannot aggregate fields of different component count: " + Arrays.asList(copy));
        }

        // Now construct our aggregate vector field
        return new VectorProxy(copy[0]) {
            @Override
            public int getComponents() {
                return components;
            }

            @Override
            public void fillComponents(int startColumn, int endColumn, int startRow, int endRow,
                                       int startComponent, int endComponent, double[] destination, int destinationOffset, boolean zeroDestination) {
                double[] buffer = new double[getComponents() * copy.length];
                int destinationPos = destinationOffset;

                for (int row = startRow; row < endRow; row++) {
                    for (int col = startColumn; col < endColumn; col++) {
                        // Read all the values we need
                        for (int i = 0; i < copy.length; i++) {
                            copy[i].fillComponents(col, col + 1, row, row + 1, buffer, i * components);
                        }
                        // Aggregate and copy over the final value
                        int aggregateIndex = aggregator.aggregate(buffer, components, col, row);

                        for (int i = startComponent; i < endComponent; i++) {
                            destination[destinationPos++] = buffer[aggregateIndex + i];
                        }
                    }
                }
            }
        };
    }

    /**
     * Create an array of the same component from the given array of vector components.
     * @param vectorComponents array of every component from a set of vectors.
     * @param componentIndex the component index.
     * @param components the number of components in each vector in the array.
     * @return An array of components.
     */
    public static double[] extractComponent(double[] vectorComponents, int componentIndex, int components) {
        if ((vectorComponents.length % components) != 0) {
            throw new IllegalArgumentException("vectorComponents must be divisible by " + components);
        }
        double[] result = new double[vectorComponents.length / components];

        for (int i = 0; i < result.length; i++) {
            result[i] = vectorComponents[i * components + componentIndex];
        }
        return result;
    }

    /**
     * A field that is forwarding the cell metadata of another field.
     */
    public static abstract class VectorProxy extends Proxy implements VectorField {
        /**
         * Construct a new vector field proxy.
         * @param field the discrete field to proxy.
         */
        public VectorProxy(DiscreteField field) {
            super(field);
        }
    }
}
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blob 127�package com.comphenix.magnets.fields;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class MagneticField {
}
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blob 118�package com.comphenix.magnets.model;

/**
 * Created by Kristian on 09.06.2015.
 */
public class FastFourierField {
}
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blob 3017�package com.comphenix.magnets.solver;

import com.comphenix.magnets.fields.WireContinuousField;
import org.apache.commons.math3.fitting.leastsquares.MultivariateJacobianFunction;
import org.apache.commons.math3.fitting.leastsquares.ValueAndJacobianFunction;
import org.apache.commons.math3.linear.Array2DRowRealMatrix;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealMatrix;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.util.Pair;

/**
 * Created by Kristian on 12.02.2015.
 */
public class WireJacobianFunction extends WireContinuousField implements ValueAndJacobianFunction {
    // Common factor in the jacobian
    private final double jacobianFactor;

    /**
     * Construct a continuous field that is able to compute the jacobian.
     * @param other the field to copy.
     */
    public WireJacobianFunction(WireContinuousField other) {
        this(other.getCenterX(), other.getCenterY(), other.getWireRadius(), other.getWireCurrent());
    }

    /**
     * Construct a continuous field that is able to compute the jacobian.
     * @param centerX X coordinate of the wire center in meters.
     * @param centerY Y coordinate of the wire center in meters.
     * @param wireRadius the radius of the wire, in meters.
     * @param wireCurrent current flowing through the wire in amperes
     */
    public WireJacobianFunction(double centerX, double centerY, double wireRadius, double wireCurrent) {
        super(centerX, centerY, wireRadius, wireCurrent);
        this.jacobianFactor = Math.PI * permeability * wireCurrent;
    }

    @Override
    public RealVector computeValue(double[] params) {
        double[] output = new double[2];
        addComponents(params[0], params[1], output, 0, output, 1);
        return new ArrayRealVector(output, false);
    }

    @Override
    public RealMatrix computeJacobian(double[] params) {
        Array2DRowRealMatrix matrix = new Array2DRowRealMatrix(2, 2);
        double dX = params[0] - centerX;
        double dY = params[1] - centerY;
        double r2 = dX * dX + dY * dY; // Always positive

        if (r2 < wireRadiusSquared) {
            // Inside a wire
            matrix.setEntry(0, 1, factorWire);
            matrix.setEntry(1, 0, -factorWire);

        } else {
            // Common diagonal value
            double r4 = r2 * r2;
            double diagonal = -(4 * jacobianFactor * dX * dY) / r4;

            matrix.setEntry(0, 0, (2 * jacobianFactor) / r2 - (4 * jacobianFactor * dX * dX) / r4);
            matrix.setEntry(0, 1, diagonal);
            matrix.setEntry(1, 0, diagonal);
            matrix.setEntry(1, 1, (2 * jacobianFactor) / r2 - (4 * jacobianFactor * dY * dY) / r4);
        }
        return matrix;
    }

    @Override
    public Pair<RealVector, RealMatrix> value(RealVector point) {
        double[] coordinates = point.toArray();
        return new Pair<>(computeValue(coordinates), computeJacobian(coordinates));
    }
}
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blob 26000�package com.comphenix.magnets.fields;

import com.comphenix.magnets.util.PrimitiveArrays;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Iterables;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;

import java.util.ArrayList;
import java.util.Arrays;
import java.util.List;
import java.util.function.DoubleBinaryOperator;
import java.util.stream.DoubleStream;
import java.util.stream.IntStream;

/**
 * Represents a field of vector quantities.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface VectorField extends DiscreteField {
    /**
     * Represents a simple cell aggregator.
     */
    public interface VectorInPlaceAggregator {
        /**
         * Aggregate the same cell throughout multiple scalar fields.
         * @param components array of components from each vector in the scalar field.
         * @param vectorLength the length of a vector in the component array.
         * @param column the column of the cell.
         * @param row the row of the cell.
         * @return The index where the aggregate result can be found.
         */
        public int aggregate(double[] components, int vectorLength, int column, int row);
    }

    /**
     * Represents a cell aggregator that returns a different vector length.
     */
    public interface VectorExternalAggregator {
        /**
         * Aggregate the same cell throughout multiple scalar fields.
         * @param inputComponents array of components from each vector in the scalar field.
         * @param vectorLength the length of a vector in the component array.
         * @param outputComponents the output double array.
         * @param outputIndex the output index in the output array
         * @param column the column of the cell.
         * @param row the row of the cell.
         * @return The new output index.
         */
        public int aggregate(double[] inputComponents, int vectorLength, double[] outputComponents, int outputIndex, int column, int row);
    }

    /**
     * Convert the content of a cell to a scalar value.
     */
    public interface ScalarMapping {
        /**
         * Convert the vector in the given cell to a scalar value.
         * @param vectorArray array containing the vector.
         * @param vectorOffset index of the first component of the vector.
         * @param vectorLength the length of the vector.
         * @param row the row of the cell.
         * @return The corresponding scalar value.
         */
        public double apply(double[] vectorArray, int vectorOffset, int vectorLength, int column, int row);
    }

    /**
     * Retrieve the magnitude of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding magnitude.
     */
    public default double getMagnitude(int column, int row) {
        double[] strength = new double[getComponents()];
        double squareMagnitude = 0;
        fillComponents(column, column + 1, row, row + 1, strength, 0);

        for (double value : strength) {
            squareMagnitude = value * value;
        }
        return Math.sqrt(squareMagnitude);
    }

    /**
     * Retrieve the polar angles of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding angles, in radians.
     */
    public default RealVector getAngle(int column, int row) {
        double[] strength = new double[getComponents()];
        double[] angles = new double[strength.length - 1];
        fillComponents(column, column + 1, row, row + 1, strength, 0);

        // Standard inverse
        angles[0] = Math.atan2(strength[1], strength[0]);

        // Additional angles
        if (strength.length > 2) {
            double magnitude = new ArrayRealVector(strength, false).getNorm();

            for (int i = 1; i < angles.length; i++) {
                angles[i] = Math.acos(strength[i + 1] / magnitude);
            }
        }
        return new ArrayRealVector(angles, false);
    }

    /**
     * Retrieve the value of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding value.
     */
    public default RealVector getVector(int column, int row) {
        double[] strength = new double[getComponents()];
        fillComponents(column, column + 1, row, row + 1, strength, 0);
        return new ArrayRealVector(strength, false);
    }

    /**
     * Retrieve the value of the cell nearest the given point.
     * @param x the x coordinate of the point.
     * @param y the y coordinate of the point.
     * @return The corresponding value.
     */
    public default RealVector getNearestValue(double x, double y) {
        double[] columns = toColumnArray();
        double[] rows = toRowArray();
        int nearestColumn = PrimitiveArrays.findNearest(columns, x);
        int nearestRow = PrimitiveArrays.findNearest(rows, y);
        return getVector(nearestColumn, nearestRow);
    }

    /**
     * Retrieve the number of components in each cell vector in this field.
     * @return The number of components.
     */
    public int getComponents();

    /**
     * Retrieve an array of all the components in the given rectangle.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @return The resulting component array.
     */
    public default double[] getComponentsArray(int startColumn, int endColumn, int startRow, int endRow) {
        double[] buffer = new double[(endColumn - startColumn) * (endRow - startRow) * getComponents()];
        fillComponents(startColumn, endColumn, startRow, endRow, 0, getComponents(), buffer, 0, false);
        return buffer;
    }

    /**
     * Retrieve an array of the given components in the given rectangle.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @param startComponent index of the first component, inclusive.
     * @param endComponent index of the last component, exclusive.
     * @return The resulting component array.
     */
    public default double[] getComponentsArray(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent) {
        double[] buffer = new double[(endColumn - startColumn) * (endRow - startRow) * (endComponent - startComponent)];
        fillComponents(startColumn, endColumn, startRow, endRow, startComponent, endComponent, buffer, 0, false);
        return buffer;
    }

    /**
     * Fill the destination array with the respective magnitude of the component in the cell vectors.
     * <p />
     * The destination array will be filled in order from lowest component to highest component, then lowest column to highest column,
     * and finally from lowest row to highest row.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     */
    public default void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] destination, int destinationOffset) {
        fillComponents(startColumn, endColumn, startRow, endRow, 0, getComponents(), destination, destinationOffset, true);
    }

    /**
     * Fill the output array with the respective magnitude of the component in the cell vectors.
     * <p />
     * The destination array will be filled in order from lowest component to highest component, then lowest column to highest column,
     * and finally from lowest row to highest row.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @param startComponent index of the first component, inclusive.
     * @param endComponent index of the last component, exclusive.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     * @param zeroDestination whether or not to zero every element in the destination array if necessary. FALSE to avoid this step.
     */
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent, double[] destination, int destinationOffset, boolean zeroDestination);

    /**
     * View the magnitude of each cell in this vector field.
     * @return The magnitudes.
     */
    public default ScalarField magnitudes() {
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                return getMagnitude(column, row);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                int components = getComponents();

                // Special cases
                if (components < 1) {
                    throw new IllegalStateException("Unexpected component size: " + components);
                } else if (components == 1) {
                    fillComponents(startColumn, endColumn, startRow, endRow, outputValues, 0);
                    return;
                }
                double[] strength = getComponentsArray(startColumn, endColumn, startRow, endRow);

                // Calculate magnitude
                for (int i = 0; i < outputValues.length; i++) {
                    outputValues[i] = computeMagnitude(strength, i * components, components);
                }
            }
        };
    }

    /**
     * View the magnitude of the x component in this vector field.
     * @return The x components.
     */
    public default ScalarField x() {
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                fillComponents(startColumn, endColumn, startRow, endRow, 0, 1, outputValues, 0, true);
            }
        };
    }

    /**
     * View the magnitude of the y component in this vector field.
     * @return The y components.
     */
    public default ScalarField y() {
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                fillComponents(startColumn, endColumn, startRow, endRow, 1, 2, outputValues, 0, true);
            }
        };
    }

    /**
     * Retrieve the range of every component in the field, starting with component zero and moving upwards.
     * @return Range of every component.
     */
    public default List<Range<Double>> getComponentRanges() {
        int components = getComponents();
        double[] min = new double[components];
        double[] max = new double[components];
        List<Range<Double>> output = Lists.newArrayList();

        // Initialize the minimum and maximum
        for (int i = 0; i < components; i++) {
            min[i] = Integer.MAX_VALUE;
            max[i] = -Integer.MAX_VALUE;
        }

        // Now find better values
        for (int row = 0; row < getRows(); row++) {
            double[] data = getComponentsArray(0, getColumns(), row, row + 1);

            for (int i = 0; i < data.length; i++) {
                int component = i % components;

                if (min[component] > data[i]) {
                    min[component] = data[i];
                }
                if (max[component] < data[i]) {
                    max[component] = data[i];
                }
            }
        }

        // Restore the ranges
        for (int i = 0; i < components; i++) {
            output.add(Range.closed(min[i], max[i]));
        }
        return output;
    }

    /**
     * View the angle of each cell in this vector field.
     * <p />
     * This is either a ScalarField or a VectorField.
     * @return The angles.
     */
    public default DiscreteField angles() {
        int components = getComponents() - 1;

        if (components == 1) {
            return new ScalarField.ScalarProxy(VectorField.this) {
                @Override
                public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                    double[] strength = getComponentsArray(startColumn, endColumn, startRow, endRow);
                    int length = strength.length / 2;

                    // Calculate angle
                    for (int i = 0; i < length; i++) {
                        outputValues[i] = Math.atan2(strength[i * 2 + 1], strength[i * 2]);
                    }
                }
            };

        } else {
            return new VectorProxy(VectorField.this) {
                @Override
                public int getComponents() {
                    return components;
                }

                @Override
                public void fillComponents(int startColumn, int endColumn, int startRow, int endRow,
                                           int startComponent, int endComponent, double[] destination, int destinationOffset, boolean zeroDestination) {

                    // Special case
                    if (startComponent == 0 && endComponent == 1) {
                        fillFirstComponent(startColumn, endColumn, startRow, endRow, destination, destinationOffset);
                        return;
                    }

                    // We need to compute every underlying value, as we have to compute the magnitude
                    double[] strength = ((VectorField)field).getComponentsArray(startColumn, endColumn, startRow, endRow);
                    int length = (endColumn - startColumn) * (endRow - startRow);
                    int sourcePos = 0;
                    int destinationPos = destinationOffset;

                    // Fill in angles
                    for (int i = 0; i < length; i++) {
                        double magnitude = computeMagnitude(strength, sourcePos, components + 1);

                        // First angle
                        if (startComponent == 0) {
                            destination[destinationPos++] = Math.atan2(strength[sourcePos + 1], strength[sourcePos]);
                        }
                        // Additional angles
                        for (int j = startComponent + 1; j < endComponent; j++) {
                            destination[destinationPos++] = Math.acos(strength[sourcePos + j + 1] / magnitude);
                        }
                        sourcePos += components + 1;
                    }
                }

                // Special case if we are only interested in the first angle
                private void fillFirstComponent(int startColumn, int endColumn, int startRow, int endRow, double[] destination, int destinationOffset) {
                    int length = (endColumn - startColumn) * (endRow * startRow);
                    double[] buffer = new double[length * 2];
                    int destinationPos = destinationOffset;

                    // Read the two first components in each cell
                    ((VectorField) field).fillComponents(startColumn, endColumn, startRow, endRow, 0, 2, buffer, 0, false);

                    // Fill in the angles
                    for (int i = 0; i < length; i++) {
                        destination[destinationPos++] = Math.atan2(buffer[i * 2 + 1], buffer[i * 2]);
                    }
                }
            };
        }
    }

    /**
     * Compute the magnitude of the given vector.
     * @param values the values.
     * @param offset the offset to the first component in the vector.
     * @param length the number of components in the vector.
     * @return The vector magnitude.
     */
    static double computeMagnitude(double[] values, int offset, int length) {
        double magnitude = 0;

        // Compute magnitude inline
        for (int i = 0; i < length; i++) {
            magnitude += values[offset + i] * values[offset + i];
        }
        return Math.sqrt(magnitude);
    }

    /**
     * Create a scalar field from a two dimensional vector field.
     * @param operator mapping of X and Y values, producing the final scalar value.
     * @return The corresponding scalar field.
     */
    public default ScalarField map(DoubleBinaryOperator operator) {
        if (getComponents() != 2) {
            throw new IllegalArgumentException("Cannot map a vector field of " + getComponents() + " dimensions.");
        }
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                double[] strength = getComponentsArray(column, column + 1, row, row + 1);
                return operator.applyAsDouble(strength[0], strength[1]);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                double[] strength = getComponentsArray(startColumn, endColumn, startRow, endRow);
                int length = strength.length / 2;

                // Calculate final value
                for (int i = 0; i < length; i++) {
                    outputValues[i] = operator.applyAsDouble(strength[2 * i], strength[2 * i + 1]);
                }
            }
        };
    }

    /**
     * Create a scalar field from the X and Y values of this vector field.
     * @param operator mapping of X and Y values, producing the final scalar value.
     * @return The corresponding scalar field.
     */
    public default ScalarField map(ScalarMapping operator) {
        int components = getComponents();

        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                double[] strength = getComponentsArray(column, column + 1, row, row + 1);
                return operator.apply(strength, 0, strength.length, column, row);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                double[] strength = getComponentsArray(startColumn, endColumn, startRow, endRow);
                int index = 0;
                int sourcePos = 0;

                // Calculate final value
                for (int row = startRow; row < endRow; row++) {
                    for (int col = startColumn; col < endColumn; col++) {
                        outputValues[index] = operator.apply(strength, sourcePos, components, col, row);
                        index++;
                        sourcePos += components;
                    }
                }
            }
        };
    }

    /**
     * Aggregate the given non-zero collection of fields. Note that each field must have the same size and x/y coordinates.
     * @param fields the fields to aggregate.
     * @param aggregator aggregate the content of a cell for each provided scalar field.
     * @return The resulting scalar field.
     */
    public static VectorField aggregate(Iterable<? extends VectorField> fields, VectorInPlaceAggregator aggregator) {
        final ImmutableList<VectorField> copy = ImmutableList.copyOf(fields);

        // Ensure we're not aggregating fields of different components
        int[] distinctArray = copy.stream().mapToInt(VectorField::getComponents).distinct().toArray();

        if (distinctArray.length != 1) {
            throw new IllegalArgumentException("Cannot aggregate fields of different component count: " + Arrays.asList(copy));
        }
        return aggregate(copy, distinctArray[0], aggregator);
    }

    /**
     * Aggregate the given non-zero collection of fields. Note that each field must have the same size and x/y coordinates.
     * @param fields the fields to aggregate.
     * @param components the number of components of the output vector field.
     * @param aggregator aggregate the content of a cell for each provided scalar field.
     * @return The resulting scalar field.
     */
    public static VectorField aggregate(Iterable<? extends VectorField> fields, int components, VectorInPlaceAggregator aggregator) {
        final VectorField[] copy = Iterables.toArray(fields, VectorField.class);

        if (copy.length == 0) {
            throw new IllegalArgumentException("Cannot aggregate zero fields.");
        }
        // Now construct our aggregate vector field
        return new VectorProxy(copy[0]) {
            @Override
            public int getComponents() {
                return components;
            }

            @Override
            public void fillComponents(int startColumn, int endColumn, int startRow, int endRow,
                                       int startComponent, int endComponent, double[] destination, int destinationOffset, boolean zeroDestination) {
                double[] buffer = new double[getComponents() * copy.length];
                int destinationPos = destinationOffset;

                for (int row = startRow; row < endRow; row++) {
                    for (int col = startColumn; col < endColumn; col++) {
                        // Read all the values we need
                        for (int i = 0; i < copy.length; i++) {
                            copy[i].fillComponents(col, col + 1, row, row + 1, buffer, i * components);
                        }
                        // Aggregate and copy over the final value
                        int aggregateIndex = aggregator.aggregate(buffer, components, col, row);

                        for (int i = startComponent; i < endComponent; i++) {
                            destination[destinationPos++] = buffer[aggregateIndex + i];
                        }
                    }
                }
            }
        };
    }

    /**
     * Aggregate the given non-zero collection of fields. Note that each field must have the same size and x/y coordinates.
     * @param fields the fields to aggregate.
     * @param outputComponents the number of outputComponents of the output vector field.
     * @param aggregator aggregate the content of a cell for each provided scalar field.
     * @return The resulting scalar field.
     */
    public static VectorField aggregateExternal(Iterable<? extends VectorField> fields, int outputComponents, VectorExternalAggregator aggregator) {
        final VectorField[] copy = Iterables.toArray(fields, VectorField.class);

        if (copy.length == 0) {
            throw new IllegalArgumentException("Cannot aggregate zero fields.");
        }
        final int inputComponents = copy[0].getComponents();

        // Now construct our aggregate vector field
        return new VectorProxy(copy[0]) {
            @Override
            public int getComponents() {
                return outputComponents;
            }

            @Override
            public void fillComponents(int startColumn, int endColumn, int startRow, int endRow,
                                       int startComponent, int endComponent, double[] destination, int destinationOffset, boolean zeroDestination) {
                double[] buffer = new double[getComponents() * copy.length];
                int destinationPos = destinationOffset;

                for (int row = startRow; row < endRow; row++) {
                    for (int col = startColumn; col < endColumn; col++) {
                        // Read all the values we need
                        for (int i = 0; i < copy.length; i++) {
                            copy[i].fillComponents(col, col + 1, row, row + 1, buffer, i * inputComponents);
                        }
                        // Aggregate and copy over the final value
                        destinationPos = aggregator.aggregate(buffer, inputComponents, destination, destinationPos, col, row);
                    }
                }
            }
        };
    }

    /**
     * Create an array of the same component from the given array of vector components.
     * @param vectorComponents array of every component from a set of vectors.
     * @param componentIndex the component index.
     * @param components the number of components in each vector in the array.
     * @return An array of components.
     */
    public static double[] extractComponent(double[] vectorComponents, int componentIndex, int components) {
        if ((vectorComponents.length % components) != 0) {
            throw new IllegalArgumentException("vectorComponents must be divisible by " + components);
        }
        double[] result = new double[vectorComponents.length / components];

        for (int i = 0; i < result.length; i++) {
            result[i] = vectorComponents[i * components + componentIndex];
        }
        return result;
    }

    /**
     * A field that is forwarding the cell metadata of another field.
     */
    public static abstract class VectorProxy extends Proxy implements VectorField {
        /**
         * Construct a new vector field proxy.
         * @param field the discrete field to proxy.
         */
        public VectorProxy(DiscreteField field) {
            super(field);
        }
    }
}
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blob 16616�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.model.HarmonicSumField;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.solver.continuous.BoundingBox;
import com.comphenix.magnets.solver.continuous.Solver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.optim.*;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.time.Duration;
import java.util.*;
import java.util.concurrent.TimeUnit;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.DoubleStream;
import java.util.stream.IntStream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getModelSource(), a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // CMES
        if (a.getModelFile() != null && a.getModelSource() == PlotArguments.ModelSource.DRONE_2) {
            Solver solver = a.getSolverName().toSolver();

            if (a.getDroneLocation() != null) {
                testCMES(solver, model, a.getX(), a.getY(), a.getDroneLocation());
            }
            if (a.isComputeDronePDF()) {
                computePDF(solver, model, a.getX(), a.getY(), a.getDronePDFSamples());
            }
        }

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                Range<Double> errorRange = errorField.getRange();

                System.out.println("Writing error map with value range: " + errorRange);
                writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    private static void testCMES(Solver solver, MagneticModel model, SegmentRange x, SegmentRange y, RealVector droneLocation) {
        ContinuousField sinusoids = new HarmonicSumField(model.conductors(), 0);

        // The target position
        double[] target = sinusoids.getVector(droneLocation.getEntry(0), droneLocation.getEntry(1)).toArray();

        // Real solution
        System.out.println("Attempting to find " + new ArrayRealVector(target) + " (point " + droneLocation + " ) in field ...");
        PointValuePair solution = solver.findMinimum(sinusoids, target, new BoundingBox(x, y));
        RealVector solutionPoint = new ArrayRealVector(solution.getPoint());

        System.out.println("Possible solution: " + solutionPoint + ", distance: " + droneLocation.getDistance(solutionPoint));
        System.out.println("Value of possible: " + sinusoids.getVector(solution.getPoint()[0], solution.getPoint()[1]));
    }

    private static void computePDF(Solver solver, MagneticModel model, SegmentRange x, SegmentRange y, int dronePDFSamples) {
        ContinuousField sinusoids = new HarmonicSumField(model.conductors(), 0);

        // Samples of the distances
        BoundingBox box = new BoundingBox(x, y);
        Random rnd = new Random();

        DoubleSummaryStatistics stats = IntStream.range(0, dronePDFSamples).mapToDouble(i -> {
            double[] randomPoint = new double[] { x.getStart() + x.getEnd() * rnd.nextDouble(), y.getStart() + y.getEnd() * rnd.nextDouble() };
            double[] randomTarget = sinusoids.getVector(randomPoint[0], randomPoint[1]).toArray();

            Stopwatch watch = Stopwatch.createStarted();
            PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, box);
            watch.stop();

            // Store the distance between the solution and the random point
            double sample = new ArrayRealVector(randomPoint, false).getDistance(
                    new ArrayRealVector(bestSolution.getPoint(), false));

            System.out.println("Point " + new ArrayRealVector(randomPoint, false) + " distance: " + sample);
            return watch.elapsed(TimeUnit.NANOSECONDS) / 1.0E6;

        }).parallel().summaryStatistics();

        System.out.println("Average elapsed: " + stats.getAverage() + " ms (std: " + Math.sqrt(stats.getAverage()) + " ms)");
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;
        Stopwatch watch = Stopwatch.createStarted();

        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                createImage(field, valueRange, column -> {
                    if (maxColumns != null) {
                        // Compute maximum value in each row
                        for (int i = 0; i < maxColumns.length; i++) {
                            if (!Double.isNaN(column[i])) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    }
                });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            watch.stop();
            System.out.println("Written " + destination + " (total time: " + watch + ")");
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        RealVector valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        Vector2D solvedPoint = measure("Time finding solution", () -> solver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        //ScalarField error = createErrorMap(vectorField, solver);
        ScalarField distance = new ScalarArrayField(vectorField.map(
            (vectorArray, vectorOffset, vectorLength, column, row) -> {
                return valuePoint.getDistance(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));
            }
        ));
        return distance;
    }

    private static ScalarField createErrorMap(VectorField vectorField, VectorFieldSolver solver) {
        long startTime = System.nanoTime();

        // Draw error distance
        return measure("Computing error map", () -> new ScalarArrayField(vectorField.map(
                (vectorArray, vectorOffset, vectorLength, column, row) -> {
                    Vector2D solution = solver.solve(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));

                    // Return the distance to the correct point
                    if (solution != null) {
                        return solution.distance(new Vector2D(vectorField.getColumn(column), vectorField.getRow(row)));
                    } else {
                        return Math.PI * 2;
                    }
                }), progress -> {
            long elapsed = System.nanoTime() - startTime;
            Duration eta = Duration.ofNanos((long) (elapsed * (1.0 / progress - 1)));

            System.out.printf("Progress: %.3f, eta: %s\n", progress * 100, eta);
        }));
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));

        // Single frame without a vector field
        return ImmutableList.of(new PlotFrame(field, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.ModelSource source, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = getVectorField(model, source, t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Retrieve the vector field from a magnetic model and a model source.
     * @param model the model.
     * @param source the source.
     * @param time the time.
     * @param xPoints the x coordinates.
     * @param yPoints the y coordinates.
     * @return
     */
    private static VectorField getVectorField(MagneticModel model, PlotArguments.ModelSource source, double time, double[] xPoints, double[] yPoints) {
        switch (source) {
            case MAGNETIC_FIELD:
                return model.getVectorField(time, xPoints, yPoints);
            case SINUSOID_FIELD:
                return new HarmonicSumField(model.conductors(), time).toVectorField(xPoints, yPoints);
            case DRONE_2:
                ContinuousField sinusoids = new HarmonicSumField(model.conductors(), time);
                return new DroneVectorField(sinusoids, 0, (yPoints[1] - yPoints[0]) * 20).toVectorField(xPoints, yPoints);
            default:
                throw new IllegalArgumentException("Unknown model source: " + source);
        }
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 4400�<?xml version="1.0" encoding="UTF-8"?>
<project xmlns="http://maven.apache.org/POM/4.0.0"
         xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
         xsi:schemaLocation="http://maven.apache.org/POM/4.0.0 http://maven.apache.org/xsd/maven-4.0.0.xsd">
    <modelVersion>4.0.0</modelVersion>

    <groupId>com.comphenix.plot</groupId>
    <artifactId>PlotCSV</artifactId>
    <version>1.0-SNAPSHOT</version>

    <repositories>
        <repository>
            <id>comphenix-repo</id>
            <url>http://repo.comphenix.net/content/groups/public/</url>
        </repository>
    </repositories>

    <build>
        <plugins>
            <plugin>
                <groupId>org.apache.maven.plugins</groupId>
                <artifactId>maven-compiler-plugin</artifactId>
                <version>3.2</version>
                <configuration>
                    <source>1.8</source>
                    <target>1.8</target>
                </configuration>
            </plugin>

            <plugin>
                <groupId>org.apache.maven.plugins</groupId>
                <artifactId>maven-jar-plugin</artifactId>
                <configuration>
                    <archive>
                        <manifest>
                            <mainClass>com.comphenix.magnets.PlotApplication</mainClass>
                        </manifest>
                    </archive>
                </configuration>
            </plugin>

            <plugin>
                <groupId>org.apache.maven.plugins</groupId>
                <artifactId>maven-shade-plugin</artifactId>
                <version>2.3</version>
                <executions>
                    <execution>
                        <phase>package</phase>
                        <goals>
                            <goal>shade</goal>
                        </goals>
                        <configuration>
                            <shadedArtifactAttached>false</shadedArtifactAttached>
                            <createDependencyReducedPom>false</createDependencyReducedPom>
                        </configuration>
                    </execution>
                </executions>
            </plugin>

            <plugin>
                <groupId>com.github.wvengen</groupId>
                <artifactId>proguard-maven-plugin</artifactId>
                <executions>
                    <execution>
                        <phase>package</phase>
                        <goals><goal>proguard</goal></goals>
                    </execution>
                </executions>
                <configuration>
                    <options>
                        <option>-dontwarn</option>
                        <option>-allowaccessmodification</option>
                        <option>-keepattributes *Annotation*</option>
                        <option>-keepattributes Signature</option>
                        <option>-keepattributes InnerClasses,EnclosingMethod</option>
                        <option>-keep public class com.comphenix.** { *; }</option>
                        <option>-dontwarn com.google.**</option>
                    </options>

                    <libs>
                        <lib>${java.home}/lib/rt.jar</lib>
                    </libs>
                </configuration>
            </plugin>
        </plugins>
    </build>

    <dependencies>
        <!-- Can also be acquired on http://www.objectplanet.com/pngencoder/ -->
        <dependency>
            <groupId>com.objectplanet.image</groupId>
            <artifactId>PngEncoder</artifactId>
            <version>2.0.2</version>
        </dependency>

        <dependency>
            <groupId>com.univocity</groupId>
            <artifactId>univocity-parsers</artifactId>
            <version>1.3.1</version>
            <type>jar</type>
        </dependency>
        <dependency>
            <groupId>com.google.guava</groupId>
            <artifactId>guava</artifactId>
            <version>18.0</version>
        </dependency>
        <dependency>
            <groupId>org.apache.commons</groupId>
            <artifactId>commons-math3</artifactId>
            <version>3.4.1</version>
        </dependency>
        <dependency>
            <groupId>junit</groupId>
            <artifactId>junit</artifactId>
            <version>4.11</version>
            <scope>test</scope>
        </dependency>
    </dependencies>
</project>
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blob 6397�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.fields.WireContinuousField;
import com.google.common.collect.Lists;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.util.Arrays;
import java.util.Collections;
import java.util.List;

import static java.util.stream.Collectors.toList;

/**
 * A field that computes the harmonic sum of the magnetic field emanating from the given conductors.
 * Created by Kristian on 01.04.2015.
 */
public class HarmonicSumField implements ContinuousField {
    private static final int OUTPUT_FACTOR = 2;

    // List of actual conductors
    private final List<Conductor> conductorList;

    // Precomputed values
    private final List<WireContinuousField> maxFields;
    private final CosineDifferenceTable differenceTable;
    private final double[] cosineTable;
    private final double[] sineTable;
    private final int components;

    /**
     * Construct a harmonic sum field from the given list of conductors.
     * @param conductorIterable the conductors.
     * @param phaseOffset global phase offset (in radians) of every sinusoid to sum.
     */
    public HarmonicSumField(Iterable<? extends Conductor> conductorIterable, double phaseOffset) {
        List<Conductor> conductorList = Lists.newArrayList(conductorIterable);
        this.conductorList = conductorList;
        this.maxFields = conductorList.stream().map(Conductor::getMaximumField).collect(toList());

        // We have an amplitude and phase for each component
        this.components = maxFields.stream().mapToInt(ContinuousField::getComponents).max().getAsInt() * OUTPUT_FACTOR;

        // Precompute constants
        double[] angles = this.conductorList.stream().mapToDouble(
                c -> Math.toRadians(c.getCurrent().getPhase()) + phaseOffset).toArray();
        this.differenceTable = new CosineDifferenceTable(angles);
        this.cosineTable = Arrays.stream(angles).map(Math::cos).toArray();
        this.sineTable = Arrays.stream(angles).map(Math::sin).toArray();
    }

    @Override
    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {
        int condStartComponent = Math.floorDiv(startComponent, 2);
        int condEndComponent = ceilDiv(endComponent, 2);
        int condNumComponents = condEndComponent - condStartComponent;

        // Whether or not to skip the very first amplitude or very last phase
        boolean skipFirstComponent = (startComponent % 2) != 0;     // inclusive
        boolean skipLastComponent = (endComponent % 2) != 0;        // exclusive
        double[] conductors = getConductorAmplitudes(condStartComponent, condEndComponent, condNumComponents, x, y);

        // Final amplitude sum
        for (int component = 0; component < condNumComponents; component++) {
            double amplitude = 0;
            double phaseNumerator = 0;
            double phaseDenominator = 0;

            for (int i = 0; i < conductorList.size(); i++) {
                // Amplitude of conductor at index i
                double iConductor = conductors[i * condNumComponents + component];

                // Prepare phase
                phaseNumerator += iConductor * sineTable[i];
                phaseDenominator += iConductor * cosineTable[i];

                // Self-contribution
                amplitude += iConductor * iConductor;

                for (int j = i + 1; j < conductorList.size(); j++) {
                    amplitude += iConductor * conductors[j * condNumComponents + component] * differenceTable.getCosine(i, j);
                }
            }

            // Write out
            if (!(skipFirstComponent && component == 0)) {
                destination[destinationOffset++] = Math.sqrt(amplitude);
            }
            if (!(skipLastComponent && component == condNumComponents - 1)) {
                destination[destinationOffset++] = MathUtils.normalizeAngle(Math.atan2(phaseNumerator, phaseDenominator), FastMath.PI);
            }
        }
    }

    /**
     * Retrieve an ummutable view of the conductors being summed.
     * @return The conductors.
     */
    public List<Conductor> conductors() {
        return Collections.unmodifiableList(conductorList);
    }

    /**
     * Divide x by y and round away from zero.
     * @param x the x value.
     * @param y the y value.
     * @return The final value.
     */
    private static int ceilDiv(int x, int y){
        return -Math.floorDiv(-x,y);
    }

    /**
     * Retrieve the amplitude of the magnetic field of the different conductors.
    */
    private double[] getConductorAmplitudes(int startComponent, int endComponent, int numComponents, double x, double y) {
        double[] result = new double[conductorList.size() * numComponents];
        int position = 0;

        // Fetch amplitudes for each component
        for (WireContinuousField field : maxFields) {
            field.addComponents(x, y, startComponent, endComponent, result, position);
            position += numComponents;
        }
        return result;
    }

    @Override
    public int getComponents() {
        return components;
    }

    private static class CosineDifferenceTable {
        private final double[] cache;
        private final int angleCount;

        /**
         * Constructor for computing the difference table.
         * @param angles the angles.
         */
        private CosineDifferenceTable(double[] angles) {
            double[] result = new double[angles.length * angles.length];
            for (int i = 0; i < angles.length; i++) {
                for (int j = 0; j < angles.length; j++) {
                    result[i * angles.length + j] = Math.cos(angles[i] - angles[j]);
                }
            }
            this.cache = result;
            this.angleCount = angles.length;
        }

        /**
         * Retrieve the cosine of the angle difference between element at i and j.
         * @param i index of first angle.
         * @param j index of the second angle.
         * @return Cosine of the angle difference.
         */
        public double getCosine(int i, int j) {
            return cache[i * angleCount + j];
        }
    }
}











PlotCSV/.git/objects/96/9629fc2bd59861b904ac253f29fb9b5219a785

PlotCSV/.git/objects/96/9629fc2bd59861b904ac253f29fb9b5219a785


blob 9939�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.LevenbergSolver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.Maps;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.RealVector;

import java.awt.*;
import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.Arrays;
import java.util.Map;
import java.util.Objects;
import java.util.function.Consumer;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.DoubleStream;
import java.util.stream.IntStream;
import java.util.stream.Stream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {

    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        Map<ScalarField, Integer> indexLookup = Maps.newConcurrentMap();
        Supplier<Stream<ScalarField>> fields = a.getModelFile() != null ?
                getFields(model, indexLookup, a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile(), indexLookup);

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), fields);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        fields.get().parallel().forEach(field -> {
            try {
                Integer index = indexLookup.get(field);
                double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;

                if (maxColumns != null) {
                    Arrays.fill(maxColumns, -Double.MAX_VALUE);
                }

                BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                        createImage(field, range, column -> {
                            if (maxColumns != null) {
                                // Compute maximum value in each row
                                for (int i = 0; i < maxColumns.length; i++) {
                                    if (!Double.isNaN(column[i])) {
                                        maxColumns[i] = Math.max(maxColumns[i], column[i]);
                                    }
                                }
                            }
                        });

                // Draw line graph
                if (maxColumns != null) {
                    double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
                    double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
                    Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : range;

                    new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                            lineRange.lowerEndpoint(), lineRange.upperEndpoint());
                }

                // Test drone location
                if (a.getDroneLocation() != null) {
                    if (model == null) {
                        throw new IllegalStateException("Cannot test drone location without a model.");
                    }
                    RealVector pos = a.getDroneLocation();
                    double time = a.getT().getSegment(index);
                    Vector2D nearestPoint = field.getNearestPoint(pos.getEntry(0), pos.getEntry(1));
                    Vector2D valuePoint = model.getVector(nearestPoint.getX(), nearestPoint.getY(), time);

                    LevenbergSolver solver = new LevenbergSolver();
                    Vector2D solvedPoint = solver.solve(valuePoint, new Vector2D(1, 1), time, model);

                    System.out.println("Nearest point: " + nearestPoint);
                    System.out.println("Value of point: " + valuePoint + "\n");
                    System.out.println("Found solution: " + solvedPoint);
                    System.out.println("Value of solution: " + model.getVector(solvedPoint.getX(), solvedPoint.getY(), time));
                }

                File destination = new File(String.format(a.getOutputPattern(), index));
                File parentFile = destination.getAbsoluteFile().getParentFile();

                // Ensure parent directory is created
                if (parentFile != null) {
                    Files.createDirectories(parentFile.toPath());
                }

                // About 6x faster than ImageIO
                try (OutputStream stream = new FileOutputStream(destination)) {
                    (new PngEncoder()).encode(image, stream);
                    System.out.println("Written " + destination);
                }
            } catch (IOException e) {
                throw new RuntimeException("Cannot write frame.", e);
            }
        });
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, Supplier<Stream<ScalarField>> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.get().parallel().
                    map(ScalarField::getRange).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<ScalarField>> getFields(Path dataFile, Map<ScalarField, Integer> indexLookup) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        return () -> {
            ScalarField field = measure("Reading data file " + dataFile,
                    () -> CvsFieldParser.system().parse(dataFile));

            indexLookup.put(field, 0);
            return Stream.of(field);
        };
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param modelFile the model file.
     * @param visualization the visualization method. Only relevant for model file.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<ScalarField>> getFields(Path modelFile, Map<ScalarField, Integer> indexLookup, PlotArguments.Visualization visualization, SegmentRange t, SegmentRange x, SegmentRange y) {
        return getFields(ModelDeserializer.system().deserialize(modelFile), indexLookup, visualization, t, x, y);
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param visualization the visualization method. Only relevant for model file.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<ScalarField>> getFields(MagneticModel model, Map<ScalarField, Integer> indexLookup, PlotArguments.Visualization visualization, SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();

        return () -> IntStream.range(0, t.getSegments()).mapToObj(index -> {
            // Lazy computation
            ScalarField field = visualization.filter(model.getVectorField(t.getSegment(index), xPoints, yPoints));
            indexLookup.put(field, index);
            return field;
        });
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}











PlotCSV/.git/objects/96/ac0a90811468240dcfe38ff30ba7f4c1eea402

PlotCSV/.git/objects/96/ac0a90811468240dcfe38ff30ba7f4c1eea402









PlotCSV/.git/objects/96/e007aa12eb2738c85b4c34d279e94a86fb6dc8

PlotCSV/.git/objects/96/e007aa12eb2738c85b4c34d279e94a86fb6dc8









PlotCSV/.git/objects/96/fbeae873c76853df2dabb8a5c3a9669ac3354f

PlotCSV/.git/objects/96/fbeae873c76853df2dabb8a5c3a9669ac3354f


blob 5249�package com.comphenix.magnets.solver;

import com.comphenix.magnets.fields.VectorField;
import com.google.common.base.Preconditions;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.RealVector;
import sun.reflect.generics.reflectiveObjects.NotImplementedException;

import java.util.List;

/**
 * Created by Kristian on 24.02.2015.
 */
public class VectorFieldSolver {
    private final VectorField field;

    public VectorFieldSolver(VectorField vectorField) {
        this.field = Preconditions.checkNotNull(vectorField, "vectorField cannot be NULL");
    }

    /**
     * Brute-force search for a point with the specified value.
     * @param value point with the value to find.
     * @return The best find, or NULL if searching took too long or no value could be found.
     */
    public Vector2D solve(RealVector value) {
        Vector2D bestPoint = new Vector2D(field.getColumn(0), field.getRow(0));
        double bestDistance = field.getNearestValue(bestPoint.getX(), bestPoint.getY()).getDistance(value);

        // Brute force every value
        for (int row = 0; row < field.getRows(); row++) {
            for (int col = 0; col < field.getColumns(); col++) {
                RealVector currentValue = field.getVector(col, row);
                double currentDistance = currentValue.getDistance(value);

                if (currentDistance < bestDistance) {
                    bestDistance = currentDistance;
                    bestPoint = new Vector2D(field.getColumn(col), field.getRow(row));
                }
            }
        }
        return bestPoint;
    }

    /**
     * Improve lookup speed by indexing solutions in a quad-tree.
     * @return An indexed solver.
     */
    public VectorFieldSolver indexed() {
        throw new NotImplementedException();

/*        Range<Double> xRange = field.x().getRange();
        Range<Double> yRange = field.y().getRange();
        PointQuadTree<PointMapping> lookup = new PointQuadTree<>(xRange.lowerEndpoint(), xRange.upperEndpoint(), yRange.lowerEndpoint(), yRange.upperEndpoint());

        // Prepare QuadTree
        for (int row = 0; row < field.getRows(); row++) {
            for (int col = 0; col < field.getColumns(); col++) {
                lookup.add(new PointMapping(field.getVector(col, row), col, row));
            }
        }

        return new VectorFieldSolver(field){
            private final double EPSILON = 0.5;

            @Override
            public Vector2D solve(Vector2D value) {
                PointMapping bestMapping = null;
                double bestDistance = Double.MAX_VALUE;

                for (PointMapping mapping : lookup(value, EPSILON)) {
                    double currentDistance = mapping.from.distanceSq(value);

                    if (currentDistance < bestDistance) {
                        bestDistance = currentDistance;
                        bestMapping = mapping;
                    }
                }

                if (bestMapping == null) {
                    return super.solve(value);
                    //throw new IllegalArgumentException("Unable to find value: " + value);
                }
                return new Vector2D(field.getColumn(bestMapping.column), field.getRow(bestMapping.row));
            }

            public List<PointMapping> lookup(Vector2D point, double epsilon) {
                List<PointMapping> candidates = Lists.newArrayList();
                Bounds bounds = new Bounds(point.getX() - epsilon, point.getX() + epsilon, point.getY() - epsilon, point.getY() + epsilon);

                // Wrap-arounds
                if (bounds.minX < 0) {
                    lookup.search(new Bounds(Math.PI * 2 + point.getX(), Math.PI * 2, bounds.minY, bounds.maxY), candidates);
                }
                if (bounds.minY < 0) {
                    lookup.search(new Bounds(bounds.minX, bounds.maxX, Math.PI * 2 + point.getY(), Math.PI * 2), candidates);
                }
                if (bounds.maxX > Math.PI * 2) {
                    lookup.search(new Bounds(0, bounds.maxX - Math.PI * 2, bounds.minY, bounds.maxY), candidates);
                }
                if (bounds.maxY > Math.PI * 2) {
                    lookup.search(new Bounds(bounds.minX, bounds.maxX, 0, bounds.maxY - Math.PI * 2), candidates);
                }
                lookup.search(bounds, candidates);
                return candidates;
            }

            @Override
            public VectorFieldSolver indexed() {
                // Return itself
                return this;
            }
        };*/
    }

    /**
     * Represents a mapping from a vector point to a [column, row] pair.
     */
    private static class PointMapping implements PointQuadTree.Item {
        public final Vector2D from;
        public final int column;
        public final int row;

        public PointMapping(Vector2D from, int column, int row) {
            this.from = from;
            this.column = column;
            this.row = row;
        }

        @Override
        public Vector2D getPoint() {
            return from;
        }
    }
}
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blob 6265�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.fields.FourDimensionalField;
import com.comphenix.magnets.fields.WireContinuousField;
import com.comphenix.magnets.util.CosineDifferenceTable;
import com.comphenix.magnets.util.MathEx;
import com.comphenix.magnets.util.PrimitiveArrays;
import com.google.common.collect.Lists;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.util.Arrays;
import java.util.Collections;
import java.util.List;

import static java.util.stream.Collectors.toList;

/**
 * A field that computes the harmonic sum of the magnetic field emanating from the given conductors.
 * Created by Kristian on 01.04.2015.
 */
public class HarmonicSumField implements FourDimensionalField {
    protected static final int OUTPUT_FACTOR = 2;

    // List of actual conductors
    protected final List<Conductor> conductorList;

    // Precomputed values
    protected final List<WireContinuousField> maxFields;
    protected final CosineDifferenceTable differenceTable;
    protected final double[] cosineTable;
    protected final double[] sineTable;
    protected final int components;

    /**
     * Construct a harmonic sum field from the given list of conductors.
     * @param conductorIterable the conductors.
     * @param phaseOffset global phase offset (in radians) of every sinusoid to sum.
     */
    public HarmonicSumField(Iterable<? extends Conductor> conductorIterable, double phaseOffset) {
        List<Conductor> conductorList = Lists.newArrayList(conductorIterable);
        this.conductorList = conductorList;
        this.maxFields = conductorList.stream().map(Conductor::getMaximumField).collect(toList());

        // We have an amplitude and phase for each component
        this.components = maxFields.stream().mapToInt(ContinuousField::getComponents).max().getAsInt() * OUTPUT_FACTOR;

        // Precompute constants
        double[] angles = this.conductorList.stream().mapToDouble(
                c -> Math.toRadians(c.getCurrent().getPhase()) + phaseOffset).toArray();
        this.differenceTable = new CosineDifferenceTable(angles);
        this.cosineTable = Arrays.stream(angles).map(Math::cos).toArray();
        this.sineTable = Arrays.stream(angles).map(Math::sin).toArray();
    }

    @Override
    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {
        // Note that the default values in the extra two dimensions is 1
        addComponents(x, y, 1, 1, startComponent, endComponent, destination, destinationOffset);
    }

    @Override
    public void addComponents(double x, double y, double z, double t, int startComponent, int endComponent, double[] destination, int destinationOffset) {
        int condStartComponent = Math.floorDiv(startComponent, 2);
        int condEndComponent = MathEx.ceilDiv(endComponent, 2);
        int condNumComponents = condEndComponent - condStartComponent;

        // Whether or not to skip the very first amplitude or very last phase
        boolean skipFirstComponent = (startComponent % 2) != 0;     // inclusive
        boolean skipLastComponent = (endComponent % 2) != 0;        // exclusive
        double[] conductors = getConductorAmplitudes(condStartComponent, condEndComponent, condNumComponents, x, y, z, t);

        // Final amplitude sum
        for (int component = 0; component < condNumComponents; component++) {
            double amplitude = 0;
            double phaseNumerator = 0;
            double phaseDenominator = 0;

            for (int i = 0; i < conductorList.size(); i++) {
                // Amplitude of conductor at index i
                double iConductor = conductors[i * condNumComponents + component];

                // Prepare phase
                phaseNumerator += iConductor * sineTable[i];
                phaseDenominator += iConductor * cosineTable[i];

                // Self-contribution
                amplitude += iConductor * iConductor;

                for (int j = i + 1; j < conductorList.size(); j++) {
                    amplitude += 2 * iConductor * conductors[j * condNumComponents + component] * differenceTable.getCosine(i, j);
                }
            }

            // Write out
            if (!(skipFirstComponent && component == 0)) {
                destination[destinationOffset++] = Math.sqrt(amplitude);
            }
            if (!(skipLastComponent && component == condNumComponents - 1)) {
                // Note that we invert the angle here - this is necessary for our result to agreee with the FFT
                double angle = MathUtils.normalizeAngle(-Math.atan2(phaseNumerator, phaseDenominator), FastMath.PI);
                destination[destinationOffset++] = angle;
            }
        }
    }

    /**
     * Retrieve an ummutable view of the conductors being summed.
     * @return The conductors.
     */
    public List<Conductor> conductors() {
        return Collections.unmodifiableList(conductorList);
    }

    /**
     * Retrieve the amplitude of the magnetic field of the different conductors.
    */
    protected double[] getConductorAmplitudes(int startComponent, int endComponent, int numComponents, double x, double y, double a, double b) {
        double[] result = new double[conductorList.size() * numComponents];
        int position = 0;

        // Fetch amplitudes for each component
        for (int i = 0; i < maxFields.size(); i++) {
            WireContinuousField field = maxFields.get(i);

            if (a != 1 && i == 0) {
                PrimitiveArrays.addToArray(field.getComponentsArray(x, y, startComponent, endComponent), a, result, position);
            } else if (b != 1 && i == maxFields.size() - 1) {
                PrimitiveArrays.addToArray(field.getComponentsArray(x, y, startComponent, endComponent), b, result, position);
            } else {
                field.addComponents(x, y, startComponent, endComponent, result, position);
            }
            position += numComponents;
        }
        return result;
    }

    @Override
    public int getComponents() {
        return components;
    }
}
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blob 10867�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarArrayField;
import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.SamplerSolver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.RealVector;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.Arrays;
import java.util.List;
import java.util.Locale;
import java.util.Objects;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    // Test drone location
                    if (a.getDroneLocation() != null) {
                        testDroneLocation(a, model, frame.getScalarField(), frame.getIndex());
                    }
                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(agr.aggregate(frames, a.getVisualization(), xCords, yCords)));
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;

        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                createImage(field, valueRange, column -> {
                    if (maxColumns != null) {
                        // Compute maximum value in each row
                        for (int i = 0; i < maxColumns.length; i++) {
                            if (!Double.isNaN(column[i])) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    }
                });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            System.out.println("Written " + destination);
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param model current magnetic model.
     * @param field the scalar field.
     * @param index field index.
     */
    private static void testDroneLocation(PlotArguments a, MagneticModel model, ScalarField field, Integer index) {
        if (model == null) {
            throw new IllegalStateException("Cannot test drone location without a model.");
        }
        RealVector pos = a.getDroneLocation();
        double time = a.getT().getSegment(index);
        Vector2D nearestPoint = field.getNearestPoint(pos.getEntry(0), pos.getEntry(1));
        Vector2D valuePoint = model.getVector(nearestPoint.getX(), nearestPoint.getY(), time);

        //LevenbergSolver solver = new LevenbergSolver();
        SamplerSolver solver = new SamplerSolver(a.getX().toRange(), a.getY().toRange());
        Vector2D solvedPoint = solver.solve(valuePoint, new Vector2D(2, 2), time, model);

        System.out.println("Nearest point: " + nearestPoint);
        System.out.println("Value of point: " + valuePoint + "\n");
        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + model.getVector(solvedPoint.getX(), solvedPoint.getY(), time));
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));

        // Single frame without a vector field
        return ImmutableList.of(new PlotFrame(field, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = model.getVectorField(t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 6735�package com.comphenix.magnets.fields;

import com.google.common.collect.Iterables;
import com.google.common.collect.Lists;
import org.apache.commons.math3.analysis.MultivariateFunction;
import org.apache.commons.math3.analysis.MultivariateVectorFunction;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.util.MathUtils;

import java.util.ArrayList;
import java.util.Arrays;
import java.util.List;
import java.util.function.BiFunction;
import java.util.function.DoubleBinaryOperator;

/**
 * Represents a continuous field.
 */
public interface ContinuousField {
    /**
     * Convert this continous field to a discrete vector field.
     * @param xCoordinates the x coordinates.
     * @param yCoordinates the y coordinates.
     * @return The vector field.
     */
    public default VectorField toVectorField(double[] xCoordinates, double[] yCoordinates) {
        return new VectorMatrixField(this, xCoordinates, yCoordinates);
    }

    /**
     * Convert the current continuous field to a scalar field based on the square distance to the given value.
     * @param value the value.
     * @return The squared distance field.
     */
    static MultivariateFunction withSquareDistance(ContinuousField field, double[] value) {
        return point -> {
            double[] buffer = new double[field.getComponents()];
            double squareDistance = 0;

            // Read the value of the field at this point
            field.addComponents(point[0], point[1], buffer, 0);

            // Compute the squared distance
            for (int i = 0; i < buffer.length; i++) {
                double delta = buffer[i] - value[i];
                squareDistance += delta * delta;
            }
            return squareDistance;
        };
    }

    /**
     * Retrieve the magnitude of the given cell.
     * @param x the x coordinate of the location in meters.
     * @param y the y coordinate of the location in meters.
     * @return The corresponding magnitude.
     */
    public default double getMagnitude(double x, double y) {
        double[] strength = new double[getComponents()];
        double squareMagnitude = 0;
        addComponents(x, y, strength, 0);

        for (double value : strength) {
            squareMagnitude = value * value;
        }
        return Math.sqrt(squareMagnitude);
    }

    /**
     * Retrieve the polar angles of the given cell.
     * @param x the x coordinate of the location in meters.
     * @param y the y coordinate of the location in meters.
     * @return The corresponding angles, in radians.
     */
    public default RealVector getAngle(double x, double y) {
        double[] strength = new double[getComponents()];
        double[] angles = new double[strength.length - 1];
        addComponents(x, y, strength, 0);

        // Standard inverse
        angles[0] = Math.atan2(strength[1], strength[0]);

        // Additional angles
        if (strength.length > 2) {
            double magnitude = new ArrayRealVector(strength, false).getNorm();

            for (int i = 1; i < angles.length; i++) {
                angles[i] = Math.acos(strength[i + 1] / magnitude);
            }
        }
        return new ArrayRealVector(angles, false);
    }

    /**
     * Retrieve the value of the given cell.
     * @param x the x coordinate of the location in meters.
     * @param y the y coordinate of the location in meters.
     * @return The corresponding value.
     */
    public default RealVector getVector(double x, double y) {
        double[] strength = new double[getComponents()];
        addComponents(x, y, strength, 0);
        return new ArrayRealVector(strength, false);
    }

    /**
     * Retrieve the number of components in each cell vector in this field.
     * @return The number of components.
     */
    public int getComponents();

    /**
     * Add the field strength in the X-axis and the Y-axis to each output array respectively, using the provided element offset.
     * @param x x-coordinate of the current point.
     * @param y y-coordinate of the current point.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     */
    public default void addComponents(double x, double y, double[] destination, int destinationOffset) {
        addComponents(x, y, 0, getComponents(), destination, destinationOffset);
    }

    /**
     * Add the field strength in the X-axis and the Y-axis to each output array respectively, using the provided element offset.
     * <p />
     * Note that the range represented by startComponent and endComponent must be non-zero in length and not exceed the boundaries
     * of the components in the field. Otherwise, the behavior is undefined.
     * @param x x-coordinate of the current point.
     * @param y y-coordinate of the current point.
     * @param startComponent index of the first component, inclusive.
     * @param endComponent index of the last component, exclusive.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     */
    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset);

    /**
     * Create a continuous field that is the summed value of the given fields at every point.
     * @param fields the fields. Must be non-zero.
     * @return The corresponding summed field.
     */
    public static ContinuousField sum(Iterable<? extends ContinuousField> fields) {
        ContinuousField[] copy = Iterables.toArray(fields, ContinuousField.class);

        if (copy.length == 0) {
            throw new IllegalArgumentException("Cannot merge zero fields.");
        }
        // Use the largest component
        int components = Arrays.stream(copy).mapToInt(ContinuousField::getComponents).max().getAsInt();

        return new ContinuousField() {
            @Override
            public int getComponents() {
                return components;
            }

            @Override
            public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {
                // Initial values
                Arrays.fill(destination, destinationOffset, destinationOffset + (endComponent - startComponent), 0);

                for (ContinuousField field : copy) {
                    field.addComponents(x, y, startComponent, endComponent, destination, destinationOffset);
                }
            }
        };
    }
}
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blob 1355�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.fields.ContinuousField;
import org.apache.commons.math3.optim.*;
import org.apache.commons.math3.optim.nonlinear.scalar.GoalType;
import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;
import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.CMAESOptimizer;
import org.apache.commons.math3.random.JDKRandomGenerator;

/**
 * Created by Kristian on 08.04.2015.
 */
public class CmaesSolver implements Solver {
    @Override
    public PointValuePair findMinimum(ContinuousField field, double[] target, BoundingBox boundingBox) {
        CMAESOptimizer optimizer = new CMAESOptimizer(1000, 0, true, 0, 0, new JDKRandomGenerator(), false, new SimpleValueChecker(-1, 0.00000000001));

        // Real solution
        return optimizer.optimize(
                new SimpleBounds(boundingBox.getLowerBound().toArray(), boundingBox.getUpperBound().toArray()),
                new InitialGuess(boundingBox.getCenter().toArray()),
                new CMAESOptimizer.Sigma(boundingBox.getExtent().toArray()),
                new CMAESOptimizer.PopulationSize(2000), GoalType.MINIMIZE,
                new MaxIter(2000000),
                new MaxEval(10000000),
                new ObjectiveFunction(ContinuousField.withSquareDistance(field, target)));
    }
}
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blob 4043�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.util.MathEx;
import org.apache.commons.math3.transform.DftNormalization;
import org.apache.commons.math3.transform.FastFourierTransformer;
import org.apache.commons.math3.transform.TransformType;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.util.ArrayList;
import java.util.List;

/**
 * A field that computes the sinusoidal amplitude and phase of a given field, similar to a harmonic sum field.
 * Created by Kristian on 01.04.2015.
 */
public class FastFourierField implements ContinuousField {
    private static final int OUTPUT_FACTOR = 2;
    private static final int SAMPLE_COUNT = 8;

    // Convert to sinusoidal phase
    private static final double TO_SINUSOID = Math.PI / 2.0;

    private List<ContinuousField> fieldSamples;
    private int components;
    private int innerComponents;

    public FastFourierField(MagneticModel model) {
        double frequency = model.conductors().get(0).getCurrent().getAngularFrequency() / 360.0;
        double tDelta = 1 / (frequency * SAMPLE_COUNT);
        this.fieldSamples = new ArrayList<>();

        // Sample the field over a single period
        for (int i = 0; i < SAMPLE_COUNT; i++) {
            ContinuousField field = model.getContinuousField(tDelta * i);
            this.fieldSamples.add(field);

            // Record the component count
            if (innerComponents != 0 && innerComponents != field.getComponents()) {
                throw new IllegalStateException("All field samples must have the same number of components.");
            }
            this.innerComponents = field.getComponents();
            this.components = innerComponents * OUTPUT_FACTOR;
        }
    }

    @Override
    public int getComponents() {
        return components;
    }

    @Override
    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {
        int condStartComponent = Math.floorDiv(startComponent, 2);
        int condEndComponent = MathEx.ceilDiv(endComponent, 2);
        int condNumComponents = condEndComponent - condStartComponent;

        // Whether or not to skip the very first amplitude or very last phase
        boolean skipFirstComponent = (startComponent % 2) != 0;     // inclusive
        boolean skipLastComponent = (endComponent % 2) != 0;        // exclusive
        double[] samples = getSamples(x, y);

        // Compute the amplitude and phase of the different sinusoids
        for (int component = 0; component < condNumComponents; component++) {
            double[] re = VectorField.extractComponent(samples, component, innerComponents);
            double[] im = new double[re.length];
            FastFourierTransformer.transformInPlace(
                    new double[][]{re, im}, DftNormalization.STANDARD, TransformType.FORWARD);

            // Write out
            if (!(skipFirstComponent && component == 0)) {
                destination[destinationOffset++] = 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
            }
            if (!(skipLastComponent && component == condNumComponents - 1)) {
                destination[destinationOffset++] = MathUtils.normalizeAngle(Math.atan2(im[1], re[1]) + TO_SINUSOID, FastMath.PI);
            }
        }
    }

    /**
     * Sample the underlying fields at the given coordinate.
     * @param x the x coordinate.
     * @param y the y coordinate.
     * @return The sampled points.
     */
    private double[] getSamples(double x, double y) {
        double[] samples = new double[fieldSamples.size() * innerComponents];

        // Sample the same point from every time instant
        for (int i = 0; i < fieldSamples.size(); i++) {
            fieldSamples.get(i).addComponents(x, y, samples, i * innerComponents);
        }
        return samples;
    }
}
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blob 6080�package com.comphenix.magnets.fields;

/**
 * Represents a modifiable vector field.
 * <p />
 * Note that, unlike {@link com.comphenix.magnets.fields.ScalarArrayField}, its dimensions are fixed.
 * Created by Kristian on 18.02.2015.
 */
public class VectorMatrixField implements VectorField {
    // Input
    private final double[] xCoordinates;
    private final double[] yCoordinates;
    private final int components;
    private final double[][] data;

    /**
     * Construct a copy of the given vector field.
     * @param field the field.
     */
    public VectorMatrixField(VectorField field) {
        this.xCoordinates = field.toColumnArray();
        this.yCoordinates = field.toRowArray();
        this.components = field.getComponents();
        double[][] result = new double[yCoordinates.length][];

        // Read all the values
        for (int row = 0; row < yCoordinates.length; row++) {
            double[] buffer = new double[xCoordinates.length * components];
            field.fillComponents(0, xCoordinates.length, row, row + 1, buffer, 0);
            result[row] = buffer;
        }
        this.data = result;
    }

    /**
     * Construct a new modifiable vector field of the given size.
     * <p />
     * Note that the input arrays will not be cloned.
     * @param xCoordinates the x coordinates of each column.
     * @param yCoordinates the y coordinates of each row.
     * @param components the number of components in each vector.
     * @param data the raw field data.
     */
    public VectorMatrixField(double[] xCoordinates, double[] yCoordinates, int components, double[][] data) {
        this.xCoordinates = xCoordinates;
        this.yCoordinates = yCoordinates;
        this.components = components;
        this.data = data;
    }

    @Override
    public int getComponents() {
        return components;
    }

    /**
     * Construct a new vector array field from the given coordinates and vector.
     * @param x the x coordinates.
     * @param y the y coordinates.
     * @param vector the vector.
     * @return The filled array field.
     */
    public static VectorMatrixField fromValue(double[] x, double[] y, double[] vector) {
        double[][] result = new double[y.length][];

        // Combine the values in each field
        for (int row = 0; row < y.length; row++) {
            double[] buffer = new double[x.length * vector.length];

            for (int i = 0; i < buffer.length; i++) {
                buffer[i] = vector[i % vector.length];
            }
            result[row] = buffer;
        }
        return new VectorMatrixField(x.clone(), y.clone(), vector.length, result);
    }

    /**
     * Retrieve the magnitude of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding magnitude.
     */
    @Override
    public double getMagnitude(int column, int row) {
        double squareMagnitude = 0;

        for (int i = 0; i < components; i++) {
            double value = data[row][column * components + i];
            squareMagnitude = value * value;
        }
        return Math.sqrt(squareMagnitude);
    }

    /**
     * Set the value of the cell at the given location.
     * @param column the column index.
     * @param row the row index.
     * @param vector new cell vector.
     */
    public void setValue(int column, int row, double[] vector) {
        System.arraycopy(vector, 0, data[row], column * components, components);
    }

    @Override
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent,
                               double[] destination, int destinationOffset, boolean zeroDestination) {
        if (startComponent == 0 && endComponent == components) {
            fillComponents(startColumn, endColumn, startRow, endRow, destination, destinationOffset);
        } else {
            manualFill(startColumn, endColumn, startRow, endRow, startComponent, endComponent, destination, destinationOffset);
        }
    }

    @Override
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] destination, int destinationOffset) {
        int length = (endColumn - startColumn) * components;

        // Copy block by block
        for (int row = startRow; row < endRow; row++) {
            System.arraycopy(data[row], startColumn * components, destination, destinationOffset, length);
            destinationOffset += length;
        }
    }

    /**
     * Fill the given destination array using a manual copy of components.
     * and finally from lowest row to highest row.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @param startComponent index of the first component, inclusive.
     * @param endComponent index of the last component, exclusive.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     */
    private void manualFill(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent, double[] destination, int destinationOffset) {
        for (int row = startRow; row < endRow; row++) {
            double[] columnData = data[row];

            for (int col = startColumn; col < endColumn; col++) {
                for (int i = startComponent; i < endComponent; i++) {
                    destination[destinationOffset++] = columnData[col * components + i];
                }
            }
        }
    }

    @Override
    public double getColumn(int column) {
        return xCoordinates[column];
    }

    @Override
    public double getRow(int row) {
        return yCoordinates[row];
    }

    @Override
    public int getColumns() {
        return xCoordinates.length;
    }

    @Override
    public int getRows() {
        return yCoordinates.length;
    }
}
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blob 2187�package com.comphenix.magnets.datastructure.kdtree;

import com.comphenix.magnets.datastructure.BinaryHeap;
import com.comphenix.magnets.datastructure.IntervalHeap;
import com.comphenix.magnets.datastructure.MinHeap;

import java.util.Arrays;
import java.util.Iterator;

/**
 *
 */
public class NearestNeighborIterator<T> implements Iterator<T>, Iterable<T> {
    private DistanceFunction distanceFunction;
    private double[] searchPoint;
    private MinHeap<KdNode<T>> pendingPaths;
    private IntervalHeap<T> evaluatedPoints;
    private int pointsRemaining;
    private double lastDistanceReturned;

    protected NearestNeighborIterator(KdNode<T> treeRoot, double[] searchPoint, int maxPointsReturned, DistanceFunction distanceFunction) {
        this.searchPoint = Arrays.copyOf(searchPoint, searchPoint.length);
        this.pointsRemaining = Math.min(maxPointsReturned, treeRoot.size());
        this.distanceFunction = distanceFunction;
        this.pendingPaths = new BinaryHeap.Min<KdNode<T>>();
        this.pendingPaths.offer(0, treeRoot);
        this.evaluatedPoints = new IntervalHeap<T>();
    }

    /* -------- INTERFACE IMPLEMENTATION -------- */

    @Override
    public boolean hasNext() {
        return pointsRemaining > 0;
    }

    @Override
    public T next() {
        if (!hasNext()) {
            throw new IllegalStateException("NearestNeighborIterator has reached end!");
        }

        while (pendingPaths.size() > 0 && (evaluatedPoints.size() == 0 || (pendingPaths.getMinKey() < evaluatedPoints.getMinKey()))) {
            KdTree.nearestNeighborSearchStep(pendingPaths, evaluatedPoints, pointsRemaining, distanceFunction, searchPoint);
        }

        // Return the smallest distance point
        pointsRemaining--;
        lastDistanceReturned = evaluatedPoints.getMinKey();
        T value = evaluatedPoints.getMin();
        evaluatedPoints.removeMin();
        return value;
    }

    public double distance() {
        return lastDistanceReturned;
    }

    @Override
    public void remove() {
        throw new UnsupportedOperationException();
    }

    @Override
    public Iterator<T> iterator() {
        return this;
    }
}
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blob 2088�package com.comphenix.magnets.solver;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.collect.Range;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;

import java.util.Objects;

/**
 * Attempt to find a global minimum in a given range.
 * Created by Kristian on 16.02.2015.
 */
public class SamplerSolver {
    private final Range<Double> xRange;
    private final Range<Double> yRange;

    public SamplerSolver(Range<Double> yRange, Range<Double> xRange) {
        this.yRange = Objects.requireNonNull(yRange, "yRange cannot be NULL");
        this.xRange = Objects.requireNonNull(xRange, "xRange cannot be NULL");
    }

    /**
     * Attempt to find the closest point in the magnetic model with the given value.
     * @param value the value.
     * @param guessPoint the initial guess.
     * @param model the magnetic model.
     * @return A possible solution,
     */
    public Vector2D solve(Vector2D value, Vector2D guessPoint, double guessTime, MagneticModel model) {
        // Brute force 1 million elements
        SegmentRange xSegment = SegmentRange.fromRange(xRange, 1000);
        SegmentRange ySegment = SegmentRange.fromRange(yRange, 1000);

        ContinuousField field = model.getContinuousField(0);
        Vector2D bestPoint = guessPoint;
        double bestDistance = field.getVector(guessPoint.getX(), guessPoint.getY()).distanceSq(value);

        for (double y = ySegment.getStart(); y < ySegment.getEnd(); y += ySegment.getStepSize()) {
            for (double x = xSegment.getStart(); x < xSegment.getEnd(); x += xSegment.getStepSize()) {
                Vector2D currentValue = field.getVector(x, y);
                double currentDistance = currentValue.distanceSq(value);

                if (currentDistance < bestDistance) {
                    bestDistance = currentDistance;
                    bestPoint = new Vector2D(x, y);
                }
            }
        }
        return bestPoint;
    }
}
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blob 140�package com.comphenix.magnets.model;

/**
 * Boundary to earth.
 * Created by Kristian on 23.04.2015.
 */
public class EarthPlanes {
    
}
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blob 2765�package com.comphenix.magnets;

import java.util.Arrays;
import java.util.DoubleSummaryStatistics;
import java.util.stream.Collector;
import java.util.stream.Collectors;
import java.util.stream.DoubleStream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class FieldDouble {
    private static final int INITIAL_CAPACITY = 10;

    // Initial values
    private double[] x = new double[INITIAL_CAPACITY];
    private double[] y = new double[INITIAL_CAPACITY];
    private double[][] data = new double[INITIAL_CAPACITY][];
    private int width = 0;
    private int height = 0;

    /**
     * Retrieve the current X coordinates.
     * @return The X coordinates.
     */
    public double[] getX() {
        return Arrays.copyOf(x, width);
    }

    /**
     * Set the x coordinates of the cells.
     * @param x the x coordinates.
     */
    public void setX(double[] x) {
        this.x = x.clone();
        this.width = x.length;
    }

    /**
     * Retrieve the current Y coordinates.
     * @return The Y coordinates.
     */
    public double[] getY() {
        return Arrays.copyOf(x, height);
    }

    /**
     * Set the Y coordinates of the cells.
     * @param y the y coordinates.
     */
    public void setY(double[] y) {
        this.y = y.clone();
    }

    /**
     * Add the given coordinate to the bottom of the matrix.
     * @param yCoordinate the y coordinate.
     * @param values the values to add.
     */
    public void addRow(double yCoordinate, double[] values) {
        ensureHeight();
        y[height] = yCoordinate;
        data[height] = values;

        // Increment
        height++;
    }

    /**
     * Retrieve the value in the given cell.
     * @param x the x coordinate of the cell.
     * @param y the y coordinate of the cell.
     * @return The value.
     */
    public double getValue(int x, int y) {
        return data[y][x];
    }

    /**
     * View this matrix as a stream of cell values.
     * @return The corresponding stream.
     */
    public DoubleStream stream() {
        return Arrays.stream(data, 0, height).flatMapToDouble(Arrays::stream);
    }

    /**
     * Ensure the matrix is sufficiently large in the Y direction.
     */
    protected void ensureHeight() {
        if (y.length == height) {
            y = Arrays.copyOf(y, (int) (y.length * 1.5));
        }
        if (data.length == height) {
            data = Arrays.copyOf(data, (int) (data.length * 1.5));
        }
    }

    /**
     * Retrieve the width of the matrix.
     * @return The width.
     */
    public int getWidth() {
        return width;
    }

    /**
     * Retrieve the height of the matrix.
     * @return The height.
     */
    public int getHeight() {
        return height;
    }
}
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blob 5135�package com.comphenix.magnets.datastructure.kdtree;

import java.util.Arrays;

/**
 *
 */
class KdNode<T> {
    // All types
    protected int dimensions;
    protected int bucketCapacity;
    protected int size;

    // Leaf only
    protected double[][] points;
    protected Object[] data;

    // Stem only
    protected KdNode<T> left, right;
    protected int splitDimension;
    protected double splitValue;

    // Bounds
    protected double[] minBound, maxBound;
    protected boolean singlePoint;

    protected KdNode(int dimensions, int bucketCapacity) {
        // Init base
        this.dimensions = dimensions;
        this.bucketCapacity = bucketCapacity;
        this.size = 0;
        this.singlePoint = true;

        // Init leaf elements
        this.points = new double[bucketCapacity+1][];
        this.data = new Object[bucketCapacity+1];
    }

    /* -------- SIMPLE GETTERS -------- */

    public int size() {
        return size;
    }

    public boolean isLeaf() {
        return points != null;
    }

    /* -------- OPERATIONS -------- */

    public void addPoint(double[] point, T value) {
        KdNode<T> cursor = this;
        while (!cursor.isLeaf()) {
            cursor.extendBounds(point);
            cursor.size++;
            if (point[cursor.splitDimension] > cursor.splitValue) {
                cursor = cursor.right;
            }
            else {
                cursor = cursor.left;
            }
        }
        cursor.addLeafPoint(point, value);
    }

    /* -------- INTERNAL OPERATIONS -------- */

    void addLeafPoint(double[] point, T value) {
        // Add the data point
        points[size] = point;
        data[size] = value;
        extendBounds(point);
        size++;

        if (size == points.length - 1) {
            // If the node is getting too large
            if (calculateSplit()) {
                // If the node successfully had it's split value calculated, split node
                splitLeafNode();
            } else {
                // If the node could not be split, enlarge node
                increaseLeafCapacity();
            }
        }
    }

    private boolean checkBounds(double[] point) {
        for (int i = 0; i < dimensions; i++) {
            if (point[i] > maxBound[i]) return false;
            if (point[i] < minBound[i]) return false;
        }
        return true;
    }

    private void extendBounds(double[] point) {
        if (minBound == null) {
            minBound = Arrays.copyOf(point, dimensions);
            maxBound = Arrays.copyOf(point, dimensions);
            return;
        }

        for (int i = 0; i < dimensions; i++) {
            if (Double.isNaN(point[i])) {
                if (!Double.isNaN(minBound[i]) || !Double.isNaN(maxBound[i])) {
                    singlePoint = false;
                }
                minBound[i] = Double.NaN;
                maxBound[i] = Double.NaN;
            }
            else if (minBound[i] > point[i]) {
                minBound[i] = point[i];
                singlePoint = false;
            }
            else if (maxBound[i] < point[i]) {
                maxBound[i] = point[i];
                singlePoint = false;
            }
        }
    }

    private void increaseLeafCapacity() {
        points = Arrays.copyOf(points, points.length*2);
        data = Arrays.copyOf(data, data.length*2);
    }

    private boolean calculateSplit() {
        if (singlePoint) return false;

        double width = 0;
        for (int i = 0; i < dimensions; i++) {
            double dwidth = (maxBound[i] - minBound[i]);
            if (Double.isNaN(dwidth)) dwidth = 0;
            if (dwidth > width) {
                splitDimension = i;
                width = dwidth;
            }
        }

        if (width == 0) {
            return false;
        }

        // Start the split in the middle of the variance
        splitValue = (minBound[splitDimension] + maxBound[splitDimension]) * 0.5;

        // Never split on infinity or NaN
        if (splitValue == Double.POSITIVE_INFINITY) {
            splitValue = Double.MAX_VALUE;
        }
        else if (splitValue == Double.NEGATIVE_INFINITY) {
            splitValue = -Double.MAX_VALUE;
        }

        // Don't let the split value be the same as the upper value as
        // can happen due to rounding errors!
        if (splitValue == maxBound[splitDimension]) {
            splitValue = minBound[splitDimension];
        }

        // Success
        return true;
    }

    private void splitLeafNode() {
        right = new KdNode<T>(dimensions, bucketCapacity);
        left = new KdNode<T>(dimensions, bucketCapacity);

        // Move locations into children
        for (int i = 0; i < size; i++) {
            double[] oldLocation = points[i];
            Object oldData = data[i];
            if (oldLocation[splitDimension] > splitValue) {
                right.addLeafPoint(oldLocation, (T) oldData);
            }
            else {
                left.addLeafPoint(oldLocation, (T) oldData);
            }
        }

        points = null;
        data = null;
    }
}
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blob 22443�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Splitter;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.transform.DftNormalization;
import org.apache.commons.math3.transform.FastFourierTransformer;
import org.apache.commons.math3.transform.TransformType;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.awt.Color;
import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.*;
import java.util.function.*;
import java.util.stream.Collectors;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        },
        TEMPERATURE() {
            @Override
            public Gradient toGradient() {
                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);
            }
        },
        HSV() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float)factor, intensity, intensity);
                };
            }
        },
        HSV2() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (2 * factor), intensity, intensity);
                };
            }
        },
        HSV10() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (10 * factor), intensity, intensity);
                };
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return getScalar(field.angles());
            }
        },
        X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.x();
            }
        },
        Y {
            @Override
            public ScalarField filter(VectorField field) {
                return field.y();
            }
        },
        Y_MINUS_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b - a);
            }
        },
        Y_DIV_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b / a);
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Attempt to get a scalar view of the given field.
         * @param field the field.
         * @return The resulting scalar field.
         */
        private static ScalarField getScalar(DiscreteField field) {
            return field instanceof VectorField ? ((VectorField) field).magnitudes() : (ScalarField) field;
        }

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
                case "x":
                    return X;
                case "y":
                    return Y;
                case "y-x":
                    return Y_MINUS_X;
                case "ydivx":
                    return Y_DIV_X;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    /**
     * Represents visualization of aggregate values.
     */
    public enum Aggregate {
        /**
         * Compute the average value in all the frames.
         */
        AVERAGE {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar = ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        0,
                        (a, b) -> a + b,
                        a -> a / frames.size()
                );

                // Maybe create a vector average as well?
                return new PlotFrame(scalar, null);
            }
        },
        /**
         * Compute the maximum value in all the frames.
         */
        MAX {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar =  ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        -Double.MAX_VALUE,
                        Math::max,
                        DoubleUnaryOperator.identity());

                // Maybe create a vector maximum as well?
                return new PlotFrame(scalar, null);
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_DIRECT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            // First vector will contain the result
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(components, i, vectorLength);
                            }
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            /**
             * Retrieve the angle of the peak value in the given array of values.
             * @param values the values.
             * @param offset the starting position.
             * @param stepSize the step size.
             * @return The peak angle.
             */
            private double getPeakAngle(double[] values, int offset, int stepSize) {
                double bestValue = values[offset];
                int bestIndex = offset;
                int count = 1;

                for (int i = offset + stepSize; i < values.length; i += stepSize) {
                    if (values[i] > bestValue) {
                        bestValue = values[i];
                        bestIndex = i;
                    }
                    count++;
                }
                return (bestIndex / (double)count) * Math.PI * 2;
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAngle(double[] re) {
                double[] im = new double[re.length];
                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);

                return MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
            }
        },

        /**
         * Compute the amplitude of the sine at the maximum X and Y values, respectively.
         */
        AMPLITUDE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAmplitude(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAmplitude(double[] re) {
                double[] im = new double[re.length];

                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);
                return 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
            }
        },

        /**
         * Compute the actual drone measurements.
         */
        DRONE_SENSOR {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                // A field of sinusoids
                VectorField sinusoids = VectorField.aggregateExternal(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        frames.get(0).getVectorField().getComponents() * 2,
                        (components, vectorLength, source, sourcePos, column, row) -> {

                            for (int i = 0; i < vectorLength; i++) {
                                double[] re = VectorField.extractComponent(components, i, vectorLength);
                                double[] im = new double[re.length];

                                FastFourierTransformer.transformInPlace(
                                        new double[][]{re, im}, DftNormalization.STANDARD, TransformType.FORWARD);

                                // Compute both the angle and the amplitude
                                source[sourcePos++] = 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
                                source[sourcePos++] = MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
                            }
                            ;
                            return sourcePos;
                        }
                );

                final VectorField field = new DroneVectorField(sinusoids);
                return new PlotFrame(visualization.filter(field), field);
            }
        };

        /**
         * Aggregate the given frames into a final scalar field.
         *
         * @param frames the frames to aggregate.
         * @param visualization optional visualization to apply, if necessary.
         * @param x the x coordinate of each column in the final scalar field.
         * @param y the y coordinate of each row in the final scalar field.
         * @return The final frame.
         */
        public abstract PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y);

         /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Aggregate parse(String text) {
            switch (text.toLowerCase()) {
                case "a":
                case "average":
                    return AVERAGE;
                case "m":
                case "max":
                    return MAX;
                case "xyd":
                case "xy_phase_difference_direct":
                    return MAX_XY_PHASE_DIFFERENCE_DIRECT;
                case "xyf":
                case "xy_phase_difference_fft":
                    return MAX_XY_PHASE_DIFFERENCE_FFT;
                case "ampf":
                case "amplitude_fft":
                    return AMPLITUDE_FFT;
                case "drone":
                case "drone_sensor":
                    return DRONE_SENSOR;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an aggregate.");
        }

    }

    /**
     * The data in the model to display.
     */
    public enum ModelSource {
        /**
         * The magnetic field.
         */
        MAGNETIC_FIELD,

        /**
         * The amplitude and phase of the sinusoid representing the x and y component of the magnetic field.
         */
        SINUSOID_FIELD,

        /**
         * A drone with two sensors.
         */
        DRONE_2;

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding model source..
         */
        public static ModelSource parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnetic_field":
                    return MAGNETIC_FIELD;
                case "s":
                case "sinusoid_field":
                    return SINUSOID_FIELD;
                case "d2":
                case "drone_2":
                    return DRONE_2;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an model source.");
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;
    private ModelSource modelSource;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Function that is applied to every value
    private DoubleUnaryOperator valueOperator;

    // Test location of the drone
    private RealVector droneLocation;

    // Whether or not to display the help context
    private boolean displayHelp;

    // Whether or not to draw each frame
    private boolean drawFrames = true;

    // The aggregates
    private List<Aggregate> aggregates = Lists.newArrayList();

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                switch (arg.substring(1).toLowerCase()) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "ms":
                    case "modelsource":
                        modelSource = ModelSource.parse(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        applyValueOperator(Math::log10);
                        break;
                    case "a":
                    case "abslog":
                        applyValueOperator(x -> Math.sin(x) * Math.log(Math.abs(x)));
                        break;
                    case "d:":
                    case "drone":
                        droneLocation = new ArrayRealVector(new double[] { Double.parseDouble(args[++i]), Double.parseDouble(args[++i]) });
                        break;
                    case "f":
                    case "frames":
                        drawFrames = Boolean.parseBoolean(args[++i]);
                        break;
                    case "ag":
                    case "aggregate":
                        // Parse aggregate list
                        aggregates = Splitter.on(",").splitToList(args[++i]).stream().
                                map(Aggregate::parse).
                                collect(Collectors.toList());
                        break;
                    default:
                        throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times (existing pattern: " + outputPattern + ")");
                }
                outputPattern = arg;
            }
        }
    }

    protected void applyValueOperator(DoubleUnaryOperator operator) {
        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;
    }

    public RealVector getDroneLocation() {
        return droneLocation;
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ModelSource getModelSource() {
        return modelSource;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public DoubleUnaryOperator getValueOperator() {
        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }

    public boolean isDrawFrames() {
        return drawFrames;
    }

    public List<Aggregate> getAggregates() {
        return aggregates;
    }
}
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blob 2655�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarArrayField;
import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.fields.VectorField;

/**
 * Represents an accumulator for finding the frame with the maximum X and Y value.
 */
class FrameIndexAccumulator {
    private final PlotArguments.MaximumScalarField maximumX;
    private final PlotArguments.MaximumScalarField maximumY;

    /**
     * Construct a new accumulator from the given column and row coordinates.
     * @param x the column coordinates.
     * @param y the row coordinates.
     */
    public FrameIndexAccumulator(double[] x, double[] y) {
        this.maximumX = new PlotArguments.MaximumScalarField(ScalarArrayField.fromValue(x, y, 0));
        this.maximumY = new PlotArguments.MaximumScalarField(ScalarArrayField.fromValue(x, y, 0));
    }

    /**
     * Construct a copy of a given accumulator.
     * @param other the other accumulator.
     */
    public FrameIndexAccumulator(FrameIndexAccumulator other) {
        this.maximumX = new PlotArguments.MaximumScalarField(other.maximumX);
        this.maximumY = new PlotArguments.MaximumScalarField(other.maximumY);
    }

    /**
     * Compute the maximum using the given vector field and frame index.
     * @param field the vector field.
     * @param index the frame index.
     */
    public void max(VectorField field, int index) {
        maximumX.max(field.x(), index);
        maximumY.max(field.y(), index);
    }

    /**
     * Convert this accumulator to a scalar field.
     * @return The scalar field.
     */
    public ScalarField toScalarField() {
        double[] x = maximumX.getScalarField().toColumnArray();
        double[] y = maximumY.getScalarField().toRowArray();
        ScalarArrayField result = ScalarArrayField.fromValue(x, y, 0);

        int[][] xIndex = maximumX.fieldIndices();
        int[][] yIndex = maximumY.fieldIndices();

        // Display the difference
        for (int row = 0; row < result.getRows(); row++) {
            for (int col = 0; col < result.getColumns(); col++) {
                result.setValue(col, row, xIndex[row][col] - yIndex[row][col]);
            }
        }
        return result;
    }

    /**
     * Merge the content of one accumulator into another.
     * @param a first accumulator.
     * @param b second accumulator.
     */
    public static FrameIndexAccumulator merge(FrameIndexAccumulator a, FrameIndexAccumulator b) {
        FrameIndexAccumulator copy = new FrameIndexAccumulator(a);

        copy.maximumX.merge(b.maximumX);
        copy.maximumY.merge(b.maximumY);
        return copy;
    }
}
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blob 2262�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.fields.VectorField;

import java.util.Objects;

/**
 * Represents a single plotted frame.
 */
class PlotFrame {
    private final ScalarField scalarField;
    private final VectorField vectorField;
    private final int index;
    private final int totalFrames;

    /**
     * Construct a new frame.
     * @param scalarField the scalar field. Cannot be NULL.
     * @param vectorField optional vector field.
     * @param index the frame index.
     * @param totalFrames the total number of frames.
     */
    public PlotFrame(ScalarField scalarField, VectorField vectorField, int index, int totalFrames) {
        this.scalarField = Objects.requireNonNull(scalarField, "scalarField cannot be NULL");
        this.vectorField = vectorField;
        this.index = index;
        this.totalFrames = totalFrames;
    }

    /**
     * Retrieve the index of this frame.
     * @return The index.
     */
    public int getIndex() {
        return index;
    }

    /**
     * Retrieve the total number of frames.
     * @return Total number of frames.
     */
    public int getTotalFrames() {
        return totalFrames;
    }

    /**
     * Retrieve the scalar field associated with this frame.
     * @return The scalar field. Cannot be NULL.
     */
    public ScalarField getScalarField() {
        return scalarField;
    }

    /**
     * Retrieve the underlying vector field, if any.
     * @return The vector field, or NULL.
     */
    public VectorField getVectorField() {
        return vectorField;
    }


    @Override
    public int hashCode() {
        return Objects.hash(scalarField, vectorField, index, totalFrames);
    }

    @Override
    public boolean equals(Object obj) {
        if (this == obj) {
            return true;
        }
        if (obj == null || getClass() != obj.getClass()) {
            return false;
        }
        final PlotFrame other = (PlotFrame) obj;
        return Objects.equals(this.scalarField, other.scalarField)
                && Objects.equals(this.vectorField, other.vectorField)
                && this.index == other.index
                && this.totalFrames == other.totalFrames;
    }
}
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blob 6937�package com.comphenix.magnets.util;

import com.google.common.base.Objects;
import com.google.common.base.Preconditions;
import com.google.common.base.Splitter;
import com.google.common.collect.Range;

import java.util.Arrays;
import java.util.List;
import java.util.Locale;
import java.util.stream.DoubleStream;

/**
 * Represents a range that is divided into N equally sized segments.
 * Created by Kristian on 27.01.2015.
 */
public class SegmentRange {
    private final double start;
    private final double end;
    private final int segments;

    // Computed
    private final double stepSize;

    /**
     * Parse a range with an optional segment count.
     * @param range the range.
     * @return The corresponding segment range.
     */
    public static SegmentRange parse(String range) {
        List<String> elements = Splitter.on(":").limit(3).splitToList(range);

        if (elements.size() < 2) {
            throw new IllegalArgumentException("Please specify range (:) in " + range);
        }
        double start = Double.parseDouble(elements.get(0));
        double end = Double.parseDouble(elements.get(1));

        if (elements.size() == 3) {
            return new SegmentRange(start, end, Integer.parseInt(elements.get(2)));
        } else  {
            return new SegmentRange(start, end, 1);
        }
    }

    /**
     * Construct a new segment range from the given range.
     * @param range the range.
     * @param segments the segments.
     * @return The segmented range.
     */
    public static SegmentRange fromRange(Range<Double> range, int segments) {
        return new SegmentRange(range.lowerEndpoint(), range.upperEndpoint(), segments);
    }

    /**
     * Construct an approximate segment range from a sequence of increasing or decreasing numbers.
     * <p />
     * All numbers in the sequence must increase or decrease by a fixed amount.
     * @param values increasing values.
     * @return An equivalent segment range.
     */
    public static SegmentRange fromArray(double[] values) {
        if (values.length < 1) {
            throw new IllegalArgumentException("Cannot construct segment from an array with no elements.");
        } else if (values.length == 1) {
            // Special case
            return new SegmentRange(values[0], values[0], 1);
        }
        double stepSize = values[1] - values[0];

        for (int i = 2; i < values.length; i++) {
            // Current step size
            double step = values[i] - values[i - 1];

            if (Math.signum(stepSize) != Math.signum(step)) {
                throw new IllegalArgumentException("Step at " + i + " has a different sign than the first step.");
            } else if (Math.abs(step - stepSize) > 0.01) {
                throw new IllegalArgumentException("Too large step size deviation at index " + i);
            }
        }
        return new SegmentRange(values[0], values[values.length - 1], values.length);
    }

    /**
     * Construct a new segment range.
     * @param start the starting value.
     * @param end the ending value.
     * @param segments the segment count. Cannot be negative.
     */
    public SegmentRange(double start, double end, int segments) {
        if (segments < 0) {
            throw new IllegalArgumentException("Segments cannot be negative.");
        }
        this.start = start;
        this.end = end;
        this.segments = segments;

        // Computed step size
        this.stepSize = (end - start) / segments;
    }

    /**
     * Retrieve the distance between each value in the segmented range.
     * @return The step size.
     */
    public double getStepSize() {
        return stepSize;
    }

    /**
     * Retrieve the starting value of this range.
     * @return The starting value.
     */
    public double getStart() {
        return start;
    }

    /**
     * Retrieve the last value in this range.
     * @return Last value.
     */
    public double getEnd() {
        return end;
    }

    /**
     * Compute the distance between the start and the end in this segment.
     * @return The distance.
     */
    public double getWidth() {
        return end - start;
    }

    /**
     * Retrieve the number of segments in this range.
     * @return The number of segments.
     */
    public int getSegments() {
        return segments;
    }

    /**
     * Retrieve the segment at a specified index.
     * @param index the index.
     * @return The corresponding segment.
     */
    public double getSegment(int index) {
        Preconditions.checkPositionIndex(index, segments);
        return start + stepSize * index;
    }

    /**
     * Retrieve the nearest segment index.
     * @param segment the segment value.
     * @return The nearest segment index.
     */
    public int getNearestIndex(double segment) {
        return (int)Math.round((segment - start) / stepSize);
    }

    /**
     * Compute a union of this segment range and the given value.
     * @param value the value to include.
     * @return Segment range that contains every value in this range, and the given value, using the same step size.
     */
    public SegmentRange union(double value) {
        double index = (value - start) / stepSize;

        if (index > segments) {
            int roundIndex = (int) Math.ceil(index); // Away from zero
            return new SegmentRange(start, start + stepSize * roundIndex, roundIndex);
        } else if (index < 0) {
            int roundIndex = (int) Math.floor(index); // Also away from zero
            return new SegmentRange(start + stepSize * roundIndex, end, -roundIndex + segments);
        } else {
            // No need to combine anything
            return this;
        }
    }

    /**
     * Convert this range to a double array.
     * @return The double array.
     */
    public double[] toArray() {
        return stream().toArray();
    }

    /**
     * Retrieve a stream representing this segment range.
     * @return The double stream.
     */
    public DoubleStream stream() {
        return DoubleStream.iterate(start, x -> x + stepSize).limit(segments);
    }

    @Override
    public boolean equals(Object o) {
        if (this == o) return true;
        if (o == null || getClass() != o.getClass()) return false;

        SegmentRange that = (SegmentRange) o;
        if (Double.compare(that.end, end) != 0) return false;
        if (segments != that.segments) return false;
        return Double.compare(that.start, start) == 0;
    }

    @Override
    public int hashCode() {
        return Objects.hashCode(start, end, segments);
    }

    @Override
    public String toString() {
        return String.format(Locale.US, "%s:%s:%d", start, end, segments);
    }

    /**
     * Convert this segment to a range.
     * @return The range.
     */
    public Range<Double> toRange() {
        return Range.closed(getStart(), getEnd());
    }
}
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blob 114�package com.comphenix.magnets.graphics;

/**
 * Created by Kristian on 27.01.2015.
 */
public class LineGraph {
}
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blob 7850�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.Maps;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.Arrays;
import java.util.Map;
import java.util.Objects;
import java.util.function.Consumer;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.IntStream;
import java.util.stream.Stream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {

    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }

        // The input to visualize
        Map<ScalarField, Integer> indexLookup = Maps.newConcurrentMap();
        Supplier<Stream<ScalarField>> fields = a.getModelFile() != null ?
                getFields(a.getModelFile(), indexLookup, a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile(), indexLookup);

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), fields);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        fields.get().parallel().forEach(field -> {
            try {
                Integer index = indexLookup.get(field);
                double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;

                if (maxColumns != null) {
                    Arrays.fill(maxColumns, -Double.MAX_VALUE);
                }

                BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                        createImage(field, range, column -> {
                            if (maxColumns != null) {
                                // Compute maximum value in each row
                                for (int i = 0; i < maxColumns.length; i++) {
                                    if (!Double.isNaN(column[i])) {
                                        maxColumns[i] = Math.max(maxColumns[i], column[i]);
                                    }
                                }
                            }
                        });

                // Draw line graph
                if (maxColumns != null) {
                    double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
                    double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
                    Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : range;

                    new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                            lineRange.lowerEndpoint(), lineRange.upperEndpoint());
                }
                File destination = new File(String.format(a.getOutputPattern(), index));
                File parentFile = destination.getAbsoluteFile().getParentFile();

                // Ensure parent directory is created
                if (parentFile != null) {
                    Files.createDirectories(parentFile.toPath());
                }

                // About 6x faster than ImageIO
                try (OutputStream stream = new FileOutputStream(destination)) {
                    (new PngEncoder()).encode(image, stream);
                    System.out.println("Written " + destination);
                }
            } catch (IOException e) {
                throw new RuntimeException("Cannot write frame.", e);
            }
        });
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, Supplier<Stream<ScalarField>> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.get().parallel().
                    map(ScalarField::getRange).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<ScalarField>> getFields(Path dataFile, Map<ScalarField, Integer> indexLookup) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        return () -> {
            ScalarField field = measure("Reading data file " + dataFile,
                    () -> CvsFieldParser.system().parse(dataFile));

            indexLookup.put(field, 0);
            return Stream.of(field);
        };
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param modelFile the model file.
     * @param visualization the visualization method. Only relevant for model file.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<ScalarField>> getFields(Path modelFile, Map<ScalarField, Integer> indexLookup, PlotArguments.Visualization visualization, SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(modelFile, "modelFile cannot be NULL");

        MagneticModel model = ModelDeserializer.system().deserialize(modelFile);
        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();

        return () -> IntStream.range(0, t.getSegments()).mapToObj(index -> {
            // Lazy computation
            ScalarField field = visualization.filter(model.getVectorField(t.getSegment(index), xPoints, yPoints));
            indexLookup.put(field, index);
            return field;
        });
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 1312�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.fields.VectorField;

import java.util.Objects;

/**
* Created by Kristian on 17.02.2015.
*/
public class Frame {
    private final ScalarField scalarField;
    private final VectorField vectorField;
    private final int index;

    /**
     * Construct a new frame.
     * @param scalarField the scalar field. Cannot be NULL.
     * @param vectorField optional vector field.
     * @param index the frame index.
     */
    public Frame(ScalarField scalarField, VectorField vectorField, int index) {
        this.scalarField = Objects.requireNonNull(scalarField, "scalarField cannot be NULL");
        this.vectorField = vectorField;
        this.index = index;
    }

    /**
     * Retrieve the index of this frame.
     * @return The index.
     */
    public int getIndex() {
        return index;
    }

    /**
     * Retrieve the scalar field associated with this frame.
     * @return The scalar field. Cannot be NULL.
     */
    public ScalarField getScalarField() {
        return scalarField;
    }

    /**
     * Retrieve the underlying vector field, if any.
     * @return The vector field, or NULL.
     */
    public VectorField getVectorField() {
        return vectorField;
    }
}











PlotCSV/.git/objects/a4/9b2dcbde733a5134b8f6dc893c3ee26b0e3b0f

PlotCSV/.git/objects/a4/9b2dcbde733a5134b8f6dc893c3ee26b0e3b0f


blob 1169�package com.comphenix.magnets.fields;

import com.comphenix.magnets.model.*;
import com.google.common.collect.Lists;
import org.apache.commons.math3.linear.RealVector;
import org.junit.Assert;
import org.junit.Test;

/**
 * Created by Kristian on 10.06.2015.
 */
public class HarmonicSumTest {
    @Test
    public void testSimilarity() {
        MagneticModel model = createModel();

        ContinuousField sinusoids = new HarmonicSumField(model.conductors(), 0);
        ContinuousField measured = new FastFourierField(model);

        RealVector a = sinusoids.getVector(0, 0);
        RealVector b = measured.getVector(0, 0);
        Assert.assertTrue("Harmonic sum and FFT must agreee.", a.getDistance(b) < 0.1);
    }

    private MagneticModel createModel() {
        MagneticModel model = new MagneticModel(Lists.newArrayList(
            new Conductor(-9.0, 20.0, 0.04, new AlternatingCurrent(12000.0, 18000.0, 0.0, 0.0)),
            new Conductor(0.0, 20.0, 0.04, new AlternatingCurrent(12000.0, 18000.0, 120.0, 0.0)),
            new Conductor(9.0, 20.0, 0.04, new AlternatingCurrent(12000.0, 18000.0, 240.0, 0.0))
        ));
        return model;
    }
}
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commit 288�tree 87eabd57b09b4a4ccc6e88cb9cc9bd11f5078786
parent cc9bfd6cd1facbef5c54ac4f2ebe69421c0de44d
author Kristian S. Stangeland <kr_stang@hotmail.com> 1424769575 +0100
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1424769575 +0100

Enable display of the amplitude of each sinusoid.











PlotCSV/.git/objects/a6/3e8d5d5755aa4c96bb6768da2204246f1c3323

PlotCSV/.git/objects/a6/3e8d5d5755aa4c96bb6768da2204246f1c3323


blob 31760�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.GraphAxis;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.solver.continuous.*;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Splitter;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Maps;
import com.google.common.collect.Range;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.transform.DftNormalization;
import org.apache.commons.math3.transform.FastFourierTransformer;
import org.apache.commons.math3.transform.TransformType;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.awt.Color;
import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.*;
import java.util.function.*;
import java.util.stream.Collectors;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        },
        TEMPERATURE() {
            @Override
            public Gradient toGradient() {
                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);
            }
        },
        HSV() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = 1; // (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float)factor, intensity, intensity);
                };
            }
        },
        HSV2() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (2 * factor), intensity, intensity);
                };
            }
        },
        HSV10() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (10 * factor), intensity, intensity);
                };
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        NORMALIZED_MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                List<Range<Double>> ranges = field.getComponentRanges();

                return field.map((vectorArray, vectorOffset, vectorLength, column, row) -> {
                    double squaredMagnitude = 0;

                    for (int i = 0; i < vectorLength; i++) {
                        Range<Double> range = ranges.get(i);
                        double normalized = (vectorArray[vectorOffset + i] - range.lowerEndpoint()) /
                                (range.upperEndpoint() - range.lowerEndpoint());

                        squaredMagnitude += normalized * normalized;
                    }
                    return Math.sqrt(squaredMagnitude);
                });
            }
        },
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return getScalar(field.angles());
            }
        },
        X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.x();
            }
        },
        Y {
            @Override
            public ScalarField filter(VectorField field) {
                return field.y();
            }
        },
        Y_MINUS_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b - a);
            }
        },
        Y_DIV_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b / a);
            }
        },
        ANGLE_DIFFERENCE {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map(DroneVectorField::angleDiff);
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Attempt to get a scalar view of the given field.
         * @param field the field.
         * @return The resulting scalar field.
         */
        private static ScalarField getScalar(DiscreteField field) {
            return field instanceof VectorField ? ((VectorField) field).magnitudes() : (ScalarField) field;
        }

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "nm":
                case "normalizedmagnitude":
                    return NORMALIZED_MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
                case "x":
                    return X;
                case "y":
                    return Y;
                case "ysubx":
                case "y-x":
                    return Y_MINUS_X;
                case "ydivx":
                    return Y_DIV_X;
                case "anglediff":
                    return ANGLE_DIFFERENCE;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    /**
     * Represents visualization of aggregate values.
     */
    public enum Aggregate {
        /**
         * Compute the average value in all the frames.
         */
        AVERAGE {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar = ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        0,
                        (a, b) -> a + b,
                        a -> a / frames.size()
                );

                // Maybe create a vector average as well?
                return new PlotFrame(scalar, null);
            }
        },
        /**
         * Compute the maximum value in all the frames.
         */
        MAX {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar =  ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        -Double.MAX_VALUE,
                        Math::max,
                        DoubleUnaryOperator.identity());

                // Maybe create a vector maximum as well?
                return new PlotFrame(scalar, null);
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_DIRECT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            // First vector will contain the result
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(components, i, vectorLength);
                            }
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            /**
             * Retrieve the angle of the peak value in the given array of values.
             * @param values the values.
             * @param offset the starting position.
             * @param stepSize the step size.
             * @return The peak angle.
             */
            private double getPeakAngle(double[] values, int offset, int stepSize) {
                double bestValue = values[offset];
                int bestIndex = offset;
                int count = 1;

                for (int i = offset + stepSize; i < values.length; i += stepSize) {
                    if (values[i] > bestValue) {
                        bestValue = values[i];
                        bestIndex = i;
                    }
                    count++;
                }
                return (bestIndex / (double)count) * Math.PI * 2;
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAngle(double[] re) {
                double[] im = new double[re.length];
                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);

                return MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
            }
        },

        /**
         * Compute the amplitude of the sine at the maximum X and Y values, respectively.
         */
        AMPLITUDE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAmplitude(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAmplitude(double[] re) {
                double[] im = new double[re.length];

                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);
                return 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
            }
        },

        /**
         * Compute the actual drone measurements.
         */
        DRONE_SENSOR {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                // A field of sinusoids
                VectorField sinusoids = VectorField.aggregateExternal(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        frames.get(0).getVectorField().getComponents() * 2,
                        (components, vectorLength, source, sourcePos, column, row) -> {

                            for (int i = 0; i < vectorLength; i++) {
                                double[] re = VectorField.extractComponent(components, i, vectorLength);
                                double[] im = new double[re.length];

                                FastFourierTransformer.transformInPlace(
                                        new double[][]{re, im}, DftNormalization.STANDARD, TransformType.FORWARD);

                                // Compute both the angle and the amplitude
                                source[sourcePos++] = 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
                                source[sourcePos++] = MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
                            }
                            ;
                            return sourcePos;
                        }
                );

                // TODO: FIX THIS LATER
                throw new UnsupportedOperationException("Unsupported");
            }
        };

        /**
         * Aggregate the given frames into a final scalar field.
         *
         * @param frames the frames to aggregate.
         * @param visualization optional visualization to apply, if necessary.
         * @param x the x coordinate of each column in the final scalar field.
         * @param y the y coordinate of each row in the final scalar field.
         * @return The final frame.
         */
        public abstract PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y);

         /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Aggregate parse(String text) {
            switch (text.toLowerCase()) {
                case "a":
                case "average":
                    return AVERAGE;
                case "m":
                case "max":
                    return MAX;
                case "xyd":
                case "xy_phase_difference_direct":
                    return MAX_XY_PHASE_DIFFERENCE_DIRECT;
                case "xyf":
                case "xy_phase_difference_fft":
                    return MAX_XY_PHASE_DIFFERENCE_FFT;
                case "ampf":
                case "amplitude_fft":
                    return AMPLITUDE_FFT;
                case "drone":
                case "drone_sensor":
                    return DRONE_SENSOR;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an aggregate.");
        }

    }

    /**
     * The data in the model to display.
     */
    public enum ModelSource {
        /**
         * The magnetic field.
         */
        MAGNETIC_FIELD,

        /**
         * The amplitude and phase of the sinusoid representing the x and y component of the magnetic field.
         */
        SINUSOID_FIELD,

        /**
         * A drone with only one sensor.
         */
        DRONE_1,

        /**
         * A drone with two sensors.
         */
        DRONE_2,

        /**
         * Three sensors.
         */
        DRONE_3,

        /**
         * Four, in a square.
         */
        DRONE_4,

        /**
         * Five points around a drone.
         */
        DRONE_5,

        /**
         * Sensors in a vertical line.
         */
        DRONE_VERTICAL,


        /**
         * Two vertical rows of sensors.
         */
        DRONE_VERTICAL2,

        /**
         * Sensors in a horizontal line.
         */
        DRONE_HORIZONTAL;

        /**
         * Determine if this is a drone field.
         * @return TRUE if it is, FALSE otherwise.
         */
        public boolean isDroneField() {
            return !(this == MAGNETIC_FIELD || this == SINUSOID_FIELD);
        }

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding model source..
         */
        public static ModelSource parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnetic_field":
                    return MAGNETIC_FIELD;
                case "s":
                case "sinusoid_field":
                    return SINUSOID_FIELD;
                case "d1":
                case "drone_1":
                    return DRONE_1;
                case "d2":
                case "drone_2":
                    return DRONE_2;
                case "d3":
                case "drone_3":
                    return DRONE_3;
                case "d4":
                case "drone_4":
                    return DRONE_4;
                case "d5":
                case "drone_5":
                    return DRONE_5;
                case "dv":
                case "drone_vertical":
                    return DRONE_VERTICAL;
                case "dv2":
                case "drone_vertical2":
                    return DRONE_VERTICAL2;
                case "dh":
                case "drone_horizontal":
                    return DRONE_HORIZONTAL;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an model source.");
        }
    }

    public enum SolverName {
        BOBYGA(BobygaSolver::new),
        CMAES(CmaesSolver::new);

        private final Supplier<Solver> supplier;

        SolverName(Supplier<Solver> supplier) {
            this.supplier = supplier;
        }

        /**
         * Retrieve the correct solver.
         * @return The correct solver.
         */
        public Solver toSolver() {
            return supplier.get();
        }

        public static SolverName parse(String text) {
            return valueOf(text.toUpperCase());
        }
    }

    /**
     * The different output formats.
     */
    public enum OutputFormat {
        PNG,
        CSV;

        /**
         * Retrieve the extension associated with this output format.
         * @return The extension.
         */
        public String getExtension() {
            switch (this) {
                case PNG: return "png";
                case CSV: return "csv";
                default: throw new IllegalStateException("Unknown extension for " + this);
            }
        }

        public static OutputFormat parse(String text) {
            return valueOf(text.toUpperCase());
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private Path secondModelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;
    private ModelSource modelSource = ModelSource.MAGNETIC_FIELD;
    private int interpolateCount = 1;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Function that is applied to every value
    private DoubleUnaryOperator valueOperator;

    // Test location of the drone
    private RealVector droneLocation;
    private double droneSearchRadius = Double.MAX_VALUE;
    private int dronePDFSamples;
    private boolean drawDroneErrorMap;
    private int droneRepeatCount = 0;
    private boolean droneSimulation;

    // The solver to use
    private SolverName solverName = SolverName.CMAES;
    private Map<String, String> solverProperties = Maps.newHashMap();

    // Whether or not to display the help context
    private boolean displayHelp;

    // Whether or not to draw each frame
    private boolean drawFrames = true;

    // The aggregates
    private List<Aggregate> aggregates = Lists.newArrayList();

    // Image format
    private OutputFormat outputFormat = OutputFormat.PNG;

    // To draw axes
    private GraphAxis XAxis;
    private GraphAxis YAxis;
    private GraphAxis ZAxis;

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                String argumentName = arg.substring(1).toLowerCase();

                switch (argumentName) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "m2":
                    case "model2":
                        secondModelFile = Paths.get(args[++i]);
                        break;
                    case "i":
                    case "interpolate":
                        interpolateCount = Integer.parseInt(args[++i]);
                        break;
                    case "ms":
                    case "modelsource":
                        modelSource = ModelSource.parse(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        applyValueOperator(Math::log10);
                        break;
                    case "a":
                    case "abslog":
                        applyValueOperator(x -> Math.signum(x) * Math.log(Math.abs(x * 1000) + 1));
                        break;
                    case "d:":
                    case "drone":
                        droneLocation = new ArrayRealVector(new double[] { Double.parseDouble(args[++i]), Double.parseDouble(args[++i]) });
                        break;
                    case "dp":
                    case "drone_pdf":
                        dronePDFSamples = Integer.parseInt(args[++i].trim());
                        break;
                    case "dr":
                    case "drone_radius":
                        droneSearchRadius = Double.parseDouble(args[++i].trim());
                        break;
                    case "dm":
                    case "drone_map":
                        drawDroneErrorMap = true;
                        break;
                    case "dc":
                    case "drone_repeat":
                        droneRepeatCount = Integer.parseInt(args[++i].trim());
                        break;
                    case "ds":
                    case "drone_simulation":
                        droneSimulation = true;
                        break;
                    case "solver":
                        solverName = SolverName.parse(args[++i]);
                        break;
                    case "f":
                    case "frames":
                        drawFrames = Boolean.parseBoolean(args[++i]);
                        break;
                    case "ag":
                    case "aggregate":
                        // Parse aggregate list
                        aggregates = Splitter.on(",").splitToList(args[++i]).stream().
                                map(Aggregate::parse).
                                collect(Collectors.toList());
                        break;
                    case "of":
                    case "output_format":
                        this.outputFormat = OutputFormat.parse(args[++i]);
                        break;
                    case "ax":
                        XAxis = readAxis(args[++i]);
                        break;
                    case "ay":
                        YAxis = readAxis(args[++i]);
                        break;
                    case "az":
                        ZAxis = readAxis(args[++i]);
                        break;
                    default:
                        // Special cases
                        if (argumentName.startsWith("solver.")) {
                            // Preserve case-sensitivity
                            solverProperties.put(Splitter.on(".").limit(2).splitToList(arg).get(1), args[++i]);
                        } else {
                            throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                        }
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times (existing pattern: " + outputPattern + ")");
                }
                outputPattern = arg;
            }
        }
    }

    /**
     * Read a graph axis based on the following format:
     *    NAME:TICK_COUNT:SIZE
     * @param axis the axis.
     * @return The graph axis.
     */
    protected GraphAxis readAxis(String axis) {
        List<String> elements = Splitter.on(':').limit(3).splitToList(axis);
        int size = elements.size() >= 3 ? Integer.parseInt(elements.get(2)) : 64;
        int tickCount = elements.size() >= 2 ? Integer.parseInt(elements.get(1)) : 20;
        return new GraphAxis(size, tickCount, elements.get(0));
    }

    protected void applyValueOperator(DoubleUnaryOperator operator) {
        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;
    }

    public RealVector getDroneLocation() {
        return droneLocation;
    }

    /**
     * Retrieve the number of samples of the drone error distance to compute its PDF.
     * @return The drone PDF sample count. 0 or negative to not compute the PDF.
     */
    public int getDronePDFSamples() {
        return dronePDFSamples;
    }

    public boolean isComputeDronePDF() {
        return dronePDFSamples > 0;
    }

    public boolean isDrawDroneErrorMap() {
        return drawDroneErrorMap;
    }

    public boolean isDroneSimulation() {
        return droneSimulation;
    }

    /**
     * Retrieve the image output format.
     * @return The output format.
     */
    public OutputFormat getOutputFormat() {
        return outputFormat;
    }

    /**
     * Retrieve the maximum radius around the real point to search.
     * </p>
     * Note that the x and y ranges have higher priority.
     * @return The drone search radius.
     */
    public double getDroneSearchRadius() {
        return droneSearchRadius;
    }

    /**
     * Retrieve the number of times we will repeat the CMAES algorihm to get the most accurate result.
     * @return The repeat count.
     */
    public int getDroneRepeatCount() {
        return droneRepeatCount;
    }

    public SolverName getSolverName() {
        return solverName;
    }

    /**
     * Additional solver properties.
     * @return Solver properties.
     */
    public Map<String, String> getSolverProperties() {
        return solverProperties;
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ModelSource getModelSource() {
        return modelSource;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public DoubleUnaryOperator getValueOperator() {
        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();
    }

    public GraphAxis getXAxis() {
        return XAxis;
    }

    public GraphAxis getYAxis() {
        return YAxis;
    }

    public GraphAxis getZAxis() {
        return ZAxis;
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }

    public boolean isDrawFrames() {
        return drawFrames;
    }

    public List<Aggregate> getAggregates() {
        return aggregates;
    }

    public Path getSecondModelFile() {
        return secondModelFile;
    }

    public int getInterpolateCount() {
        return interpolateCount;
    }
}
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blob 1883�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.fields.ContinuousField;
import org.apache.commons.math3.analysis.MultivariateFunction;
import org.apache.commons.math3.analysis.MultivariateVectorFunction;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.optim.*;
import org.apache.commons.math3.optim.nonlinear.scalar.GoalType;
import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;
import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.CMAESOptimizer;
import org.apache.commons.math3.random.JDKRandomGenerator;

/**
 * Created by Kristian on 08.04.2015.
 */
public interface Solver {
    /**
     * Find the minimum point on the given field.
     * @param field the function.
     * @param target the target value.
     * @param lowerBound edge with the lowest coordinates of the hyper-cube to search.
     * @param upperBound edge witht the highest coordinates of the hyper-cube to search.
     * @return The minimum point and its value.
     */
    PointValuePair findMinimum(ContinuousField field, double[] target, double[] lowerBound, double[] upperBound);

    /**
     * Compute the average point of the given lower bound and ypper.
     * @param lowerBound
     * @param upperBound
     * @return
     */
    static double[] getAverage(double[] lowerBound, double[] upperBound) {
        double[] sigma = new double[lowerBound.length];

        for (int i = 0; i < lowerBound.length; i++) {
            sigma[i] = (upperBound[i] + lowerBound[i]) / 2;
        }
        return sigma;
    }

    static double[] getSigma(double[] lowerBound, double[] upperBound) {
        double[] sigma = new double[lowerBound.length];

        for (int i = 0; i < lowerBound.length; i++) {
            sigma[i] = Math.abs(upperBound[i] - lowerBound[i]);
        }
        return sigma;
    }
}
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blob 128�package com.comphenix.magnets.graphics;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface Gradient {
}
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blob 199�package com.comphenix.magnets.model;

/**
 * Represents the sensors on a drone.
 * Created by Kristian on 10.03.2015.
 */
public class DroneSenses {
    // TODO: Let this be specified by the model
}











PlotCSV/.git/objects/ab/e7063875e9c0061d3d8021cc5084d723695a43

PlotCSV/.git/objects/ab/e7063875e9c0061d3d8021cc5084d723695a43









PlotCSV/.git/objects/ac/a609a97c68651f61afca5120020ecba46bee7d

PlotCSV/.git/objects/ac/a609a97c68651f61afca5120020ecba46bee7d


commit 433�tree 331fbdf38985cef7025b984fad7d8518d3444da5
parent 2dcac628e5537b88474b3e72d037b21c07ac0a07
author Kristian S. Stangeland <kr_stang@hotmail.com> 1422395221 +0100
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1422395221 +0100

Improve performance even more by switching to a third-party PNG encoder. Also ensure every CPU core is used.

This encoder is native Java, and appears to be at least 6 times faster than ImageIO.
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blob 908�package com.comphenix.magnets.model;

import org.apache.commons.math3.fitting.leastsquares.MultivariateJacobianFunction;
import org.apache.commons.math3.linear.RealMatrix;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.util.Pair;

import java.util.List;

/**
 * Created by Kristian on 14.04.2015.
 */
public class DroneMultivariateFunction implements MultivariateJacobianFunction {
    // List of actual conductors
    private final List<Conductor> conductorList;

    /**
     * Construct a multivariate differential function representing the vector field of the summed magnetic field of the given conductors.
     * @param conductorIterable the conductors.
     */
    public DroneMultivariateFunction(Iterable<? extends Conductor> conductorIterable) {

    }

    @Override
    public Pair<RealVector, RealMatrix> value(RealVector point) {
        return null;
    }
}
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blob 829�package com.comphenix.magnets.fields;

/**
 * Represents a simple simulator of magnetic fields.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class FieldSimulator {



    public static class WireFieldComponent {
        private final double centerX;
        private final double centerY;
        private final double current;

        /**
         * Construct a new magnetic field centered on a wire.
         * @param centerX X coordinate of the wire center.
         * @param centerY Y coordinate of the wire center.
         * @param current current flowing through the wire in amperes.
         */
        public WireFieldComponent(double centerX, double centerY, double current) {
            this.centerX = centerX;
            this.centerY = centerY;
            this.current = current;
        }


    }
}
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blob 109�package com.comphenix.magnets;

/**
 * Created by Kristian on 27.01.2015.
 */
public class PlotArguments {
}
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blob 4047�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.fields.DiscreteField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.fields.VectorMatrixField;
import com.comphenix.magnets.util.SegmentRange;

import java.util.Arrays;

/**
 * Created by Kristian on 02.04.2015.
 */
public class DroneVectorField implements ContinuousField {
    /**
     * Number of components per sensor.
     */
    private static final int COMPONENTS_PER_SENSOR = 2;

    // We have three values
    private final int components;
    private final ContinuousField sinusoids;
    private final double[] sensorDelta;
    private final int sensorCount;

    /**
     * Construct a new drone field for two sensors.
     * @param sinusoids the underlying sinusoid field.
     * @return The drone vector field.
     */
    public static DroneVectorField twoSensors(ContinuousField sinusoids) {
        return new DroneVectorField(sinusoids, new double[] { 0, 0 });
    }

    public DroneVectorField(ContinuousField sinusoids, double[] sensorDelta) {
        this.sinusoids = sinusoids;
        this.sensorDelta = sensorDelta;
        this.sensorCount = sensorDelta.length / 2;
        this.components = sensorCount * COMPONENTS_PER_SENSOR;

        if ((sensorDelta.length % 2) != 0) {
            throw new IllegalArgumentException("Sensor delta must be divisible by two.");
        }
    }

    /**
     * Retrieve the sensor offsets.
     * @return The sensor offsets.
     */
    public double[] getSensorDelta() {
        return sensorDelta.clone();
    }

    @Override
    public int getComponents() {
        return components;
    }

    @Override
    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {
        int innerComponents = sinusoids.getComponents();
        double[] points = new double[innerComponents * sensorCount];

        // Read from the N points
        for (int i = 0; i < sensorCount; i++) {
            sinusoids.addComponents(x + sensorDelta[i * 2], y + sensorDelta[i * 2 + 1], points, i * innerComponents);
        }
        writeComponents(startComponent, endComponent, destination, destinationOffset, points, innerComponents);
    }

    /**
     * Write the given range of components using the first and second point to the destination array.
     * @param startComponent the starting component (inclusive)
     * @param endComponent the ending component (inclusive)
     * @param destination the destination array.
     * @param destinationOffset the destination offset.
     * @param points flattened array of point components.
     * @param pointsComponents number of components in the points array.
     * @return The new destination offset.
     */
    protected static int writeComponents(int startComponent, int endComponent, double[] destination, int destinationOffset, double[] points, int pointsComponents) {
        for (int i = startComponent; i < endComponent; i++) {
            int offset = (i / COMPONENTS_PER_SENSOR) * pointsComponents;

            switch (i % COMPONENTS_PER_SENSOR) {
                case 0:
                    // Take the difference of the phase of X and phase of Y
                    destination[destinationOffset++] = angleDiff(points[offset + 1], points[offset + 3]);
                    break;

                case 1:
                    // Amplitude angle
                    destination[destinationOffset++] = Math.atan2(points[offset + 2], points[offset]);
                    break;
            }
        }
        return destinationOffset;
    }

    /**
     * Compute the angle difference of the two angles.
     * @param a first angle.
     * @param b second angle.
     * @return The angle difference.
     */
    public static double angleDiff(double a, double b) {
        //return b - a;
        if (a > b) {
            return 2 * Math.PI - a + b;
        } else {
            return b - a;
        }
    }
}
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blob 115�package com.comphenix.magnets.electricity;

/**
 * Created by Kristian on 26.01.2015.
 */
public class Current {
}
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blob 3870�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.fields.DiscreteField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.fields.VectorMatrixField;
import com.comphenix.magnets.util.SegmentRange;

/**
 * Created by Kristian on 02.04.2015.
 */
public class DroneVectorField implements ContinuousField {
    /**
     * Number of components per sensor.
     */
    private static final int COMPONENTS_PER_SENSOR = 2;

    // We have three values
    private final int components;
    private final ContinuousField sinusoids;
    private final double[] sensorDelta;
    private final int sensorCount;

    /**
     * Construct a new drone field for two sensors.
     * @param sinusoids the underlying sinusoid field.
     * @return The drone vector field.
     */
    public static DroneVectorField twoSensors(ContinuousField sinusoids) {
        return new DroneVectorField(sinusoids, new double[] { 0, 0, 3, 0, 6, 0, 9, 0 });
    }

    public DroneVectorField(ContinuousField sinusoids, double[] sensorDelta) {
        this.sinusoids = sinusoids;
        this.sensorDelta = sensorDelta;
        this.sensorCount = sensorDelta.length / 2;
        this.components = sensorCount * COMPONENTS_PER_SENSOR;

        if ((sensorDelta.length % 2) != 0) {
            throw new IllegalArgumentException("Sensor delta must be divisible by two.");
        }
    }

    @Override
    public int getComponents() {
        return components;
    }

    @Override
    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {
        int innerComponents = sinusoids.getComponents();
        double[] points = new double[innerComponents * sensorCount];

        // Read from the N points
        for (int i = 0; i < sensorCount; i++) {
            sinusoids.addComponents(x + sensorDelta[i * 2], y + sensorDelta[i * 2 + 1], points, i * innerComponents);
        }
        writeComponents(startComponent, endComponent, destination, destinationOffset, points, innerComponents);
    }

    /**
     * Write the given range of components using the first and second point to the destination array.
     * @param startComponent the starting component (inclusive)
     * @param endComponent the ending component (inclusive)
     * @param destination the destination array.
     * @param destinationOffset the destination offset.
     * @param points flattened array of point components.
     * @param pointsComponents number of components in the points array.
     * @return The new destination offset.
     */
    protected static int writeComponents(int startComponent, int endComponent, double[] destination, int destinationOffset, double[] points, int pointsComponents) {
        for (int i = startComponent; i < endComponent; i++) {
            int offset = (i / COMPONENTS_PER_SENSOR) * pointsComponents;

            switch (i % COMPONENTS_PER_SENSOR) {
                case 0:
                    // Take the difference of the phase of X and phase of Y
                    destination[destinationOffset++] = angleDiff(points[offset + 1], points[offset + 3]);
                    break;

                case 1:
                    // Amplitude angle
                    destination[destinationOffset++] = Math.atan2(points[offset + 2], points[offset]);
                    break;
            }
        }
        return destinationOffset;
    }

    /**
     * Compute the angle difference of the two angles.
     * @param a first angle.
     * @param b second angle.
     * @return The angle difference.
     */
    public static double angleDiff(double a, double b) {
        //return b - a;
        if (a > b) {
            return 2 * Math.PI - a + b;
        } else {
            return b - a;
        }
    }
}
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blob 4259�package com.comphenix.magnets.datastructure.kdtree;

import com.comphenix.magnets.datastructure.BinaryHeap;
import com.comphenix.magnets.datastructure.MaxHeap;
import com.comphenix.magnets.datastructure.MinHeap;
import com.comphenix.magnets.datastructure.kdtree.DistanceFunction;

/**
 *
 */
public class KdTree<T> extends KdNode<T> {
    public KdTree(int dimensions) {
        this(dimensions, 24);
    }

    public KdTree(int dimensions, int bucketCapacity) {
        super(dimensions, bucketCapacity);
    }

    public NearestNeighborIterator<T> getNearestNeighborIterator(double[] searchPoint, int maxPointsReturned, DistanceFunction distanceFunction) {
        return new NearestNeighborIterator<T>(this, searchPoint, maxPointsReturned, distanceFunction);
    }

    public MaxHeap<T> findNearestNeighbors(double[] searchPoint, int maxPointsReturned, DistanceFunction distanceFunction) {
        BinaryHeap.Min<KdNode<T>> pendingPaths = new BinaryHeap.Min<KdNode<T>>();
        BinaryHeap.Max<T> evaluatedPoints = new BinaryHeap.Max<T>();
        int pointsRemaining = Math.min(maxPointsReturned, size());
        pendingPaths.offer(0, this);

        while (pendingPaths.size() > 0 && (evaluatedPoints.size() < pointsRemaining || (pendingPaths.getMinKey() < evaluatedPoints.getMaxKey()))) {
            nearestNeighborSearchStep(pendingPaths, evaluatedPoints, pointsRemaining, distanceFunction, searchPoint);
        }

        return evaluatedPoints;
    }

    @SuppressWarnings("unchecked")
    protected static <T> void nearestNeighborSearchStep (
            MinHeap<KdNode<T>> pendingPaths, MaxHeap<T> evaluatedPoints, int desiredPoints,
            DistanceFunction distanceFunction, double[] searchPoint) {
        // If there are pending paths possibly closer than the nearest evaluated point, check it out
        KdNode<T> cursor = pendingPaths.getMin();
        pendingPaths.removeMin();

        // Descend the tree, recording paths not taken
        while (!cursor.isLeaf()) {
            KdNode<T> pathNotTaken;
            if (searchPoint[cursor.splitDimension] > cursor.splitValue) {
                pathNotTaken = cursor.left;
                cursor = cursor.right;
            }
            else {
                pathNotTaken = cursor.right;
                cursor = cursor.left;
            }
            double otherDistance = distanceFunction.distanceToRect(searchPoint, pathNotTaken.minBound, pathNotTaken.maxBound);
            // Only add a path if we either need more points or it's closer than furthest point on list so far
            if (evaluatedPoints.size() < desiredPoints || otherDistance <= evaluatedPoints.getMaxKey()) {
                pendingPaths.offer(otherDistance, pathNotTaken);
            }
        }

        if (cursor.singlePoint) {
            double nodeDistance = distanceFunction.distance(cursor.points[0], searchPoint);
            // Only add a point if either need more points or it's closer than furthest on list so far
            if (evaluatedPoints.size() < desiredPoints || nodeDistance <= evaluatedPoints.getMaxKey()) {
                for (int i = 0; i < cursor.size(); i++) {
                    T value = (T) cursor.data[i];

                    // If we don't need any more, replace max
                    if (evaluatedPoints.size() == desiredPoints) {
                        evaluatedPoints.replaceMax(nodeDistance, value);
                    } else {
                        evaluatedPoints.offer(nodeDistance, value);
                    }
                }
            }
        } else {
            // Add the points at the cursor
            for (int i = 0; i < cursor.size(); i++) {
                double[] point = cursor.points[i];
                T value = (T) cursor.data[i];
                double distance = distanceFunction.distance(point, searchPoint);
                // Only add a point if either need more points or it's closer than furthest on list so far
                if (evaluatedPoints.size() < desiredPoints) {
                    evaluatedPoints.offer(distance, value);
                } else if (distance < evaluatedPoints.getMaxKey()) {
                    evaluatedPoints.replaceMax(distance, value);
                }
            }
        }
    }
}
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blob 2074�package com.comphenix.magnets.fields;

import com.google.common.collect.ImmutableList;
import com.google.common.collect.Range;

import java.util.Objects;
import java.util.stream.DoubleStream;

/**
 * Represents a simple simulator of magnetic fields.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class VectorSimulatedField implements ScalarField {
    /**
     * Represents a magnetic field source.
     */
    public static interface MagneticSource {
        /**
         * Retrieve the strength of the magnetic field emanating from the current source at the given location.
         * @param x the x coordinate of the location in meters.
         * @param y the y coordinate of the location in meters.
         * @return The strength of the magnetic field in tesla.
         */
        public double getStrength(double x, double y);
    }

    private final ImmutableList<MagneticSource> sources;
    private final double[] yCoordinates;
    private final double[] xCoordinates;

    /**
     * Construct a new simulated field with the given magnetic sources.
     * @param sources the sources.
     */
    public VectorSimulatedField(ImmutableList<MagneticSource> sources, double[] xCoordinates, double[] yCoordinates) {
        this.sources = Objects.requireNonNull(sources);
        this.xCoordinates = xCoordinates.clone();
        this.yCoordinates = yCoordinates.clone();
    }

    @Override
    public double[] getX() {
        return xCoordinates.clone();
    }

    @Override
    public double[] getY() {
        return yCoordinates.clone();
    }

    @Override
    public double getValue(int column, int row) {
        // Always zero
        double value = 0;
        double x = xCoordinates[column];
        double y = yCoordinates[row];

        for (MagneticSource source : sources) {
            value += source.getStrength(x, y);
        }
        return value;
    }

    @Override
    public int getColumns() {
        return xCoordinates.length;
    }

    @Override
    public int getRows() {
        return yCoordinates.length;
    }
}
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blob 122�package com.comphenix.magnets.solver.continuous;

/**
 * Created by Kristian on 15.04.2015.
 */
public class LMSolver {
}
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blob 121�package com.comphenix.magnets.model;

/**
 * Created by Kristian on 14.06.2015.
 */
public class CurrentBalanceField {
}
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blob 9516�package com.comphenix.magnets.solver;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.solver.continuous.BoundingBox;
import com.comphenix.magnets.solver.continuous.Solver;
import com.google.common.base.Preconditions;
import com.google.common.collect.Lists;
import com.google.common.primitives.Doubles;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;

import java.util.ArrayDeque;
import java.util.List;
import java.util.Queue;
import java.util.concurrent.ThreadLocalRandom;

/**
 * Created by Kristian on 30.05.2015.
 */
public class DroneSimulation {
    private static final double MAXIMUM_SPEED = 1; // m/s
    private static final double MAXIMUM_ACCELERATION = 1; // m/s^2

    private static final double MINIMUM_TARGET_DISTANCE = 0.25;

    // We can aim for 100 ms elapsed per CMAES run
    private static final double TIME_DELTA = 0.1;

    // input
    private RealVector startLocation = new ArrayRealVector(new double[] { 0, 0});
    private List<RealVector> targetLocations = Lists.newArrayList(new ArrayRealVector(new double[] { 0, 40 }));
    private BoundingBox boundingBox = new BoundingBox(new double[] { -35, 0 }, new double[] { 35, 40} );
    private Solver solver;
    private double droneSearchRadius = Double.MAX_VALUE;

    private ContinuousField sinusoidField;
    private ContinuousField singleSensorField;
    private ContinuousField droneField;

    // Current drone and time
    private Drone drone;
    private Queue<RealVector> targets;
    private RealVector estimatedLocation;

    // Current time
    private double time;

    public DroneSimulation(RealVector startLocation, List<RealVector> targetLocations, BoundingBox boundingBox, Solver solver, double droneSearchRadius) {
        this.startLocation = startLocation;
        this.targetLocations = targetLocations;
        this.boundingBox = boundingBox;
        this.solver = solver;
        this.droneSearchRadius = droneSearchRadius;
    }

    public void start(ContinuousField sinusoidField, ContinuousField droneField, int maxIterations) {
        this.sinusoidField = sinusoidField;
        this.singleSensorField = new DroneVectorField(sinusoidField, new double[] {0, 0} );
        this.droneField = droneField;
        drone = new Drone(startLocation);
        targets = new ArrayDeque<>(targetLocations);
        estimatedLocation = null;
        time = 0;
        simulate(maxIterations);
    }

    public void simulate(int maxIterations) {
        VirtualSensorSystem virtual = new VirtualSensorSystem();
        RealVector insLocation = drone.createNullVector();

        // Headers
        System.out.println("Time;Estimated Location;True Location");

        for (int i = 0; i < maxIterations; i++) {
            RealVector target = targets.peek();

            if (target == null) {
                break;
            } else if (estimatedLocation == null) {
                // Vertical virtual sensors
                drone.setTargetVelocity(new ArrayRealVector(new double[] { 0, MAXIMUM_SPEED }));

                // Sample approximately every 3 meters
                if (virtual.getLastSamplePoint() == null || virtual.getLastSamplePoint().getDistance(insLocation) >= 3) {
                    RealVector sample = drone.sample(singleSensorField);
                    virtual.addSample(insLocation, sample);
                }

                // Four points should be sufficient
                if (virtual.getSamplePoints() >= 4) {
                    estimatedLocation = virtual.calculatePoint(sinusoidField, solver, boundingBox).add(insLocation);
                }
            } else if (target.getDistance(estimatedLocation) < MINIMUM_TARGET_DISTANCE) {
                // Move on to the next point
                targets.poll();
            } else {
                RealVector distanceVector = target.subtract(estimatedLocation);
                double distance = distanceVector.getNorm();

                if (distance < MAXIMUM_SPEED * 2) {
                    drone.setTargetVelocity(distanceVector.unitVector().mapMultiply(distance / (1.9 * MAXIMUM_SPEED)));
                } else {
                    drone.setTargetVelocity(distanceVector.unitVector().mapMultiply(MAXIMUM_SPEED));
                }

                // Estimate the current position
                RealVector invariantTarget = drone.sample(droneField);
                double[] guessPoint;
                BoundingBox searchBox = boundingBox;

                // See if the drone radius is overriding the search box
                if (droneSearchRadius < searchBox.getMaximumExtent()) {
                    searchBox = BoundingBox.fromHyperCube(estimatedLocation.toArray(), droneSearchRadius * 2).intersect(boundingBox);
                    guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
                } else {
                    guessPoint = boundingBox.getCenter().toArray();
                }

                // Find the nearest point
                estimatedLocation = new ArrayRealVector(
                        solver.findMinimum(droneField, invariantTarget.toArray(),
                                guessPoint, searchBox, 5).getPoint(), false);
            }

            // Inform the user
            System.out.printf("%s;%s;%s%n",
                    time, estimatedLocation != null ? estimatedLocation : "N/A;N/A", drone.getLocation());

            drone.tick(TIME_DELTA);
            time += TIME_DELTA;

            // Relative movement calculated by INS
            insLocation = insLocation.add(drone.getCurrentVelocity().mapMultiply(TIME_DELTA));
        }
    }

    public RealVector getStartLocation() {
        return startLocation;
    }

    public void setStartLocation(RealVector startLocation) {
        this.startLocation = startLocation;
    }

    public List<RealVector> getTargetLocations() {
        return targetLocations;
    }

    public void setTargetLocations(List<RealVector> targetLocations) {
        this.targetLocations = targetLocations;
    }

    public BoundingBox getBoundingBox() {
        return boundingBox;
    }

    public void setBoundingBox(BoundingBox boundingBox) {
        this.boundingBox = boundingBox;
    }

    public Solver getSolver() {
        return solver;
    }

    public void setSolver(Solver solver) {
        this.solver = solver;
    }

    public double getDroneSearchRadius() {
        return droneSearchRadius;
    }

    public void setDroneSearchRadius(double droneSearchRadius) {
        this.droneSearchRadius = droneSearchRadius;
    }

    private static class VirtualSensorSystem {
        private List<Double> relativePoints = Lists.newArrayList();
        private List<Double> invariants = Lists.newArrayList();
        private RealVector lastSamplePoint = null;

        public void addSample(RealVector insLocation, RealVector sample) {
            // Sample this location
            relativePoints.addAll(Doubles.asList(insLocation.toArray()));
            invariants.addAll(Doubles.asList(sample.toArray()));
            lastSamplePoint = insLocation;
        }

        public RealVector calculatePoint(ContinuousField sinusoids, Solver solver, BoundingBox boundingBox) {
            DroneVectorField multiSample = new DroneVectorField(sinusoids, Doubles.toArray(relativePoints));

            return new ArrayRealVector(solver.findMinimum(
                    multiSample, Doubles.toArray(invariants),
                    boundingBox.getCenter().toArray(), boundingBox, 5).getPoint(), false);
        }

        public int getSamplePoints() {
            return relativePoints.size() / 2;
        }

        public RealVector getLastSamplePoint() {
            return lastSamplePoint;
        }
    }

    private static class Drone {
        /**
         * True location.
         */
        private RealVector location;
        private RealVector currentVelocity;
        private RealVector targetVelocity;

        public Drone(RealVector location) {
            this.location = Preconditions.checkNotNull(location, "location cannot be NULL");
            this.currentVelocity = createNullVector();
        }

        public RealVector createNullVector() {
            return new ArrayRealVector(location.getDimension());
        }

        public void tick(double dt) {
            RealVector distanceMoved = currentVelocity.mapMultiply(dt);

            // Increment current location
            location = location.add(distanceMoved);

            // Update the target velocity
            if (targetVelocity != null) {
                RealVector velocityMoved = targetVelocity.subtract(currentVelocity).
                        unitVector().mapMultiply(MAXIMUM_ACCELERATION * dt);
                currentVelocity = currentVelocity.add(velocityMoved);
            }
        }

        public void setTargetVelocity(RealVector targetVelocity) {
            this.targetVelocity = targetVelocity;
        }

        public RealVector getTargetVelocity() {
            return targetVelocity;
        }

        public RealVector getCurrentVelocity() {
            return currentVelocity;
        }

        public RealVector getLocation() {
            return location;
        }

        public RealVector sample(ContinuousField droneField) {
            return droneField.getVector(location.getEntry(0), location.getEntry(1));
        }
    }
}
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blob 1032�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.fields.ContinuousField;
import org.apache.commons.math3.optim.*;
import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;
import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.BOBYQAOptimizer;

/**
 * Created by Kristian on 08.04.2015.
 */
public class BobygaSolver implements Solver {
    @Override
    public PointValuePair findMinimum(ContinuousField field, double[] target, double[] guessPoint, BoundingBox boundingBox) {
        BOBYQAOptimizer optimizer = new BOBYQAOptimizer(6, boundingBox.getExtent().getMaxValue(), 1E-12);

        // Real solution
        return optimizer.optimize(
                new SimpleBounds(boundingBox.getLowerBound().toArray(), boundingBox.getUpperBound().toArray()),
                new InitialGuess(guessPoint),
                new MaxIter(2000000),
                new MaxEval(10000000),
                new ObjectiveFunction(ContinuousField.withSquareDistance(field, target)));
    }
}
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blob 12404�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.time.Duration;
import java.util.Arrays;
import java.util.List;
import java.util.Objects;
import java.util.concurrent.TimeUnit;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(model, frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                Range<Double> errorRange = errorField.getRange();

                System.out.println("Writing error map with value range: " + errorRange);
                writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;
        Stopwatch watch = Stopwatch.createStarted();

        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                createImage(field, valueRange, column -> {
                    if (maxColumns != null) {
                        // Compute maximum value in each row
                        for (int i = 0; i < maxColumns.length; i++) {
                            if (!Double.isNaN(column[i])) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    }
                });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            watch.stop();
            System.out.println("Written " + destination + " (total time: " + watch + ")");
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        RealVector valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        //VectorFieldSolver indexedSolver = measure("Indexing solver", solver::indexed);
        Vector2D solvedPoint = measure("Time finding solution", () -> solver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        //ScalarField error = createErrorMap(vectorField, solver);
        ScalarField distance = new ScalarArrayField(vectorField.map(
            (vectorArray, vectorOffset, vectorLength, column, row) -> {
                return valuePoint.getDistance(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));
            }
        ));
        return distance;
    }

    private static ScalarField createErrorMap(VectorField vectorField, VectorFieldSolver solver) {
        long startTime = System.nanoTime();

        // Draw error distance
        return measure("Computing error map", () -> new ScalarArrayField(vectorField.map(
                (vectorArray, vectorOffset, vectorLength, column, row) -> {
            Vector2D solution = solver.solve(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));

            // Return the distance to the correct point
            if (solution != null) {
                return solution.distance(new Vector2D(vectorField.getColumn(column), vectorField.getRow(row)));
            } else {
                return Math.PI * 2;
            }
        }), progress -> {
            long elapsed = System.nanoTime() - startTime;
            Duration eta = Duration.ofNanos((long) (elapsed * (1.0 / progress - 1)));

            System.out.printf("Progress: %.3f, eta: %s\n", progress * 100, eta);
        }));
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));

        // Single frame without a vector field
        return ImmutableList.of(new PlotFrame(field, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = model.getVectorField(t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 1908�package com.comphenix.magnets.fields;

/**
 * Represents a magnetic field source.
 */
public interface ContinuousField {
    /**
     * Retrieve the absolute strength of the magnetic field emanating from the current source at the given location.
     * @param x the x coordinate of the location in meters.
     * @param y the y coordinate of the location in meters.
     * @return The strength of the magnetic field in tesla.
     */
    public default double getStrength(double x, double y) {
        double[] strengthX = new double[1];
        double[] strengthY = new double[1];
        fillComponents(new double[] { x}, new double[] { y }, strengthX, strengthY);
        return Math.sqrt(strengthX[0] * strengthX[0] + strengthY[0] * strengthY[0]);
    }

    /**
     * Retrieve the angle of of the magnetic field at the given location.
     * @param x the x coordinate of the location in meters.
     * @param y the y coordinate of the location in meters.
     * @return The angle in radians.
     */
    public default double getAngle(double x, double y) {
        double[] strengthX = new double[1];
        double[] strengthY = new double[1];
        fillComponents(new double[] { x}, new double[] { y }, strengthX, strengthY);
        return Math.atan2(strengthY[0], strengthX[0]);
    }

    /**
     * Fill the two output arrays with the magnetic field strength in the X-axis and Y-axis respectively.
     * <p>
     * Note that this method will fill the content of the two output arrays. Each array must have the same number of elements.
     * @param inputX input X coordinates.
     * @param inputY input Y coordinates.
     * @param outputStrengthX the magnetic field strength in the X-axis.
     * @param outputStrengthY the magnetic field strength in the Y-axis.
     */
    public void fillComponents(double[] inputX, double[] inputY, double[] outputStrengthX, double[] outputStrengthY);
}
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parent 3510f8cf723171a7d6f25e505989bc02ecefe215
author Kristian S. Stangeland <kr_stang@hotmail.com> 1427739960 +0200
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1427739960 +0200

Adding more gradients.
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blob 5365�package com.comphenix.magnets.fields;

import com.google.common.collect.Iterables;
import com.google.common.collect.Lists;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;

import java.util.ArrayList;
import java.util.Arrays;
import java.util.List;
import java.util.function.BiFunction;
import java.util.function.DoubleBinaryOperator;

/**
 * Represents a continuous field.
 */
public interface ContinuousField {
    /**
     * Retrieve the magnitude of the given cell.
     * @param x the x coordinate of the location in meters.
     * @param y the y coordinate of the location in meters.
     * @return The corresponding magnitude.
     */
    public default double getMagnitude(double x, double y) {
        double[] strength = new double[getComponents()];
        double squareMagnitude = 0;
        addComponents(x, y, strength, 0);

        for (double value : strength) {
            squareMagnitude = value * value;
        }
        return Math.sqrt(squareMagnitude);
    }

    /**
     * Retrieve the polar angles of the given cell.
     * @param x the x coordinate of the location in meters.
     * @param y the y coordinate of the location in meters.
     * @return The corresponding angles, in radians.
     */
    public default RealVector getAngle(double x, double y) {
        double[] strength = new double[getComponents()];
        double[] angles = new double[strength.length - 1];
        addComponents(x, y, strength, 0);

        // Standard inverse
        angles[0] = Math.atan2(strength[1], strength[0]);

        // Additional angles
        if (strength.length > 2) {
            double magnitude = new ArrayRealVector(strength, false).getNorm();

            for (int i = 1; i < angles.length; i++) {
                angles[i] = Math.acos(strength[i + 1] / magnitude);
            }
        }
        return new ArrayRealVector(angles, false);
    }

    /**
     * Retrieve the value of the given cell.
     * @param x the x coordinate of the location in meters.
     * @param y the y coordinate of the location in meters.
     * @return The corresponding value.
     */
    public default RealVector getVector(double x, double y) {
        double[] strength = new double[getComponents()];
        addComponents(x, y, strength, 0);
        return new ArrayRealVector(strength, false);
    }

    /**
     * Retrieve the number of components in each cell vector in this field.
     * @return The number of components.
     */
    public int getComponents();

    /**
     * Add the field strength in the X-axis and the Y-axis to each output array respectively, using the provided element offset.
     * @param x x-coordinate of the current point.
     * @param y y-coordinate of the current point.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     */
    public default void addComponents(double x, double y, double[] destination, int destinationOffset) {
        addComponents(x, y, 0, getComponents(), destination, destinationOffset);
    }

    /**
     * Add the field strength in the X-axis and the Y-axis to each output array respectively, using the provided element offset.
     * <p />
     * Note that the range represented by startComponent and endComponent must be non-zero in length and not exceed the boundaries
     * of the components in the field. Otherwise, the behavior is undefined.
     * @param x x-coordinate of the current point.
     * @param y y-coordinate of the current point.
     * @param startComponent index of the first component, inclusive.
     * @param endComponent index of the last component, exclusive.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     */
    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset);

    /**
     * Create a continuous field that is the summed value of the given fields at every point.
     * @param fields the fields. Must be non-zero.
     * @return The corresponding summed field.
     */
    public static ContinuousField sum(Iterable<? extends ContinuousField> fields) {
        ContinuousField[] copy = Iterables.toArray(fields, ContinuousField.class);

        if (copy.length == 0) {
            throw new IllegalArgumentException("Cannot merge zero fields.");
        }
        // Use the largest component
        int components = Arrays.stream(copy).mapToInt(ContinuousField::getComponents).max().getAsInt();

        return new ContinuousField() {
            @Override
            public int getComponents() {
                return components;
            }

            @Override
            public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {
                // Initial values
                Arrays.fill(destination, destinationOffset, destinationOffset + (endComponent - startComponent), 0);

                for (ContinuousField field : copy) {
                    field.addComponents(x, y, startComponent, endComponent, destination, destinationOffset);
                }
            }
        };
    }
}
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commit 334�tree d9174708bad80687113d8b717135a43142e0d451
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author Kristian S. Stangeland <kr_stang@hotmail.com> 1422939050 +0100
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1422939050 +0100

Adding x and y plots using a "temperature" scale (red for positive numbers, blue for negative).
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blob 3982�package com.comphenix.magnets.graphics;

import com.comphenix.magnets.fields.ScalarField;
import com.google.common.collect.Range;

import java.awt.image.BufferedImage;
import java.util.Objects;
import java.util.function.Consumer;
import java.util.function.DoubleUnaryOperator;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class FieldGraph {
    private final Gradient gradient;
    private final DoubleUnaryOperator valueOperator;

    /**
     * Construct a new graph that colorizes a field based on the given gradient.
     * @param gradient the colorizing gradient.
     */
    public FieldGraph(Gradient gradient) {
       this(gradient, DoubleUnaryOperator.identity());
    }

    /**
     * Construct a new graph that colorizes a field based on the given gradient.
     * @param gradient the colorizing gradient.
     * @param valueOperator an operator to apply to every value in the field.
     */
    public FieldGraph(Gradient gradient, DoubleUnaryOperator valueOperator) {
        this.gradient = Objects.requireNonNull(gradient, "gradient must not be NULL");
        this.valueOperator = Objects.requireNonNull(valueOperator, "valueOperator must not be NULL");
    }

    /**
     * Retrieve the gradient used to colorize the field.
     * @return The gradient.
     */
    public Gradient getGradient() {
        return gradient;
    }

    /**
     * Retrieve the operator that is applied to every value.
     * @return A graph operator.
     */
    public DoubleUnaryOperator getValueOperator() {
        return valueOperator;
    }

    /**
     * Construct an image representation of the given matrix.
     * @param matrix the matrix.
     * @return The resulting image.
     */
    public BufferedImage createImage(ScalarField matrix) {
        return createImage(matrix, matrix.getRange(), v -> {});
    }

    /**
     * Construct an image representation of the given matrix.
     * <p />
     * Note that the array given to the consumer may be altered after the method has been called.
     * @param matrix the matrix.
     * @param range the range containing the minimum and maximum value.
     * @param columnConsumer an arbitrary consumer of columns that have been read of the field.
     * @return The resulting image.
     */
    public BufferedImage createImage(ScalarField matrix, Range<Double> range, Consumer<double[]> columnConsumer) {
        // Matrix
        double minValue = valueOperator.applyAsDouble(range.lowerEndpoint());
        double maxValue = valueOperator.applyAsDouble(range.upperEndpoint());
        double delta = maxValue - minValue;

        // Value buffer
        double[] values = new double[matrix.getColumns()];

        // Output image
        int[] pixels = new int[matrix.getRows() * matrix.getColumns()];
        int pixelIndex = 0;
        int mask = 255 << 24;

        for (int y = 0; y < matrix.getRows(); y++) {
            // Prepare values
            matrix.fillValues(0, matrix.getColumns(), y, y + 1, values);

            for (int x = 0; x < matrix.getColumns(); x++) {
                double value = valueOperator.applyAsDouble(values[x]);
                double normalized = (value - minValue) / delta;

                pixels[pixelIndex++] = mask | gradient.getColor(normalized);
                values[x] = value;
            }
            // Process column
            columnConsumer.accept(values);
        }
        return fromPixels(matrix.getColumns(), matrix.getRows(), pixels);
    }

    /**
     * Convert an array of RGB pixel values into an BufferedImage.
     * @param width the width.
     * @param height the height.
     * @param pixels the pixel data.
     * @return The corresponding buffered image.
     */
    protected BufferedImage fromPixels(int width, int height, int[] pixels) {
        BufferedImage image = new BufferedImage(width, height, BufferedImage.TYPE_INT_ARGB);
        image.setRGB(0, 0, width, height, pixels, 0, width);
        return image;
    }
}
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blob 444�package com.comphenix.magnets;

import java.awt.*;

/**
 * Created by Kristian Stangeland on 17.01.2015.
 */
public class HueGradient {
    /**
     * Retrieve the gradient color.
     * @param factor a factor between 0 and 1.
     * @return The corresponding gradient color.
     */
    public int getColor(double factor) {
        return Color.HSBtoRGB((float) factor * 2, (float) (0.7 + factor * 0.3), (float) (0.3 + factor * 0.7));
    }
}
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blob 128�package com.comphenix.magnets.electricity;

/**
 * Created by Kristian on 26.01.2015.
 */
public class TimeVariantComponent {
}
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blob 110�package com.comphenix.magnets.util;

/**
 * Created by Kristian on 27.01.2015.
 */
public class StepRange {
}
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blob 118�package com.comphenix.magnets.model;

/**
 * Created by Kristian on 02.04.2015.
 */
public class DroneVectorField {
}
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blob 1064�package com.comphenix.magnets.model;

/**
 * Represents a conductor in physical space.
 * Created by Kristian on 27.01.2015.
 */
public class PointConductor {
    private final double x;
    private final double y;
    private final AlternatingCurrent current;

    /**
     * Construct a point-conductor in XY space.
     * @param x coordinate in the X axis.
     * @param y coordinate in the Y axis.
     * @param current the current.
     */
    public PointConductor(double x, double y, AlternatingCurrent current) {
        this.x = x;
        this.y = y;
        this.current = current;
    }

    /**
     * Retrieve the coordinate in the X axis.
     * @return X axis coordinate.
     */
    public double getX() {
        return x;
    }

    /**
     * Retrieve the coordinate in the Y axis.
     * @return Y axis coordinate.
     */
    public double getY() {
        return y;
    }

    /**
     * Retrieve the current in this conductor.
     * @return The current.
     */
    public AlternatingCurrent getCurrent() {
        return current;
    }
}
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blob 3035�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.fields.DiscreteField;
import com.comphenix.magnets.fields.VectorSimulatedField;
import com.comphenix.magnets.fields.WireContinuousField;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.collect.Lists;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.RealVector;

import javax.xml.bind.annotation.*;
import java.util.Collections;
import java.util.List;
import java.util.Map;
import java.util.stream.Collectors;

/**
 * Represents a model of sources for magnetic fields.
 * Created by Kristian on 27.01.2015.
 */
@XmlAccessorType(XmlAccessType.FIELD)
@XmlRootElement(name = "model")
public class MagneticModel {
    @XmlElementWrapper(name = "conductors")
    @XmlElement(name = "conductor", type = Conductor.class)
    private List<Conductor> conductors;

    /**
     * Construct a new empty magnetic model.
     */
    public MagneticModel() {
        this.conductors = Lists.newArrayList();
    }

    /**
     * Construct a new magnetic model with the given list of conductors in the XY plane.
     * @param conductors the conductor list which will be copied.
     */
    public MagneticModel(List<Conductor> conductors) {
        this.conductors = Lists.newArrayList(conductors);
    }

    /**
     * Retrieve a mutable view of all the conductors in this model.
     * @return The conductors in the model.
     */
    public List<Conductor> conductors() {
        return conductors;
    }

    /**
     * Retrieve the vector value of the complete magnetic field at a given location and time.
     * @param x the x coordinate.
     * @param y the y coordinate.
     * @param t the time.
     * @return The corresponding vector.
     */
    public RealVector getVector(double x, double y, double t) {
        return getContinuousField(t).getVector(x, y);
    }

    /**
     * Retrieve the continuous field at the given time.
     * @param time the time.
     * @return The corresponding continuous field.
     */
    public ContinuousField getContinuousField(double time) {
        return ContinuousField.sum(getContinuousFields(time).values());
    }

    /**
     * Retrieve the continuous magnetic fields due to the conductors in this model, experienced at the given time.
     * @return The continuous magnetic fields.
     */
    public Map<Conductor, WireContinuousField> getContinuousFields(double time) {
        return conductors.stream().collect(Collectors.toMap(c -> c, c -> c.getMagneticField(time)));
    }

    /**
     * Retrieve the vector field at a given time.
     * @param time the time.
     * @return The corresponding vector field.
     */
    public VectorSimulatedField getVectorField(double time, double[] x, double[] y) {
        return new VectorSimulatedField(
                conductors.stream().map(c -> c.getMagneticField(time)).collect(Collectors.toList()),
                x, y
        );
    }
}
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blob 10187�package com.comphenix.magnets.fields;

import com.google.common.collect.Iterables;

import java.util.Objects;
import java.util.function.DoubleBinaryOperator;

/**
 * Represents a field of vector quantities.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface VectorField extends DiscreteField {
    /**
     * Represents a simple cell aggregator.
     */
    public interface VectorAggregator {
        /**
         * Aggregate the same cell throughout multiple scalar fields.
         * @param xValues the x values of the cell in each vector field.
         * @param yValues the y values of the cell in each vector field.
         * @param column the column of the cell.
         * @param row the row of the cell.
         * @return The index where the aggregate result can be found.
         */
        public int aggregate(double[] xValues, double[] yValues, int column, int row);
    }

    /**
     * Retrieve the magnitude of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding magnitude.
     */
    public default double getMagnitude(int column, int row) {
        double[] strengthX = new double[1];
        double[] strengthY = new double[1];
        fillComponents(column, column + 1, row, row + 1, strengthX, strengthY, 0);
        return Math.sqrt(strengthX[0] * strengthX[0] + strengthY[0] * strengthY[0]);
    }

    /**
     * Retrieve the angle of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding angle, in radians.
     */
    public default double getAngle(int column, int row) {
        double[] strengthX = new double[1];
        double[] strengthY = new double[1];
        fillComponents(column, column + 1, row, row + 1, strengthX, strengthY, 0);
        return Math.atan2(strengthY[0], strengthX[0]);
    }

    /**
     * Fill the two output arrays with the magnetic field strength in the X-axis and Y-axis respectively.
     * <p />
     * Note that this method will fill the content of the two output arrays. Each array must have the same number of elements.
     * <p />
     * The output array will be filled in order from lowest column to highest, and then lowest row to highest.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @param outputStrengthX the magnetic field strength in the X-axis.
     * @param outputStrengthY the magnetic field strength in the Y-axis.
     * @param outputOffset the starting offset in both arrays where values will be written.
     */
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] outputStrengthX, double[] outputStrengthY, int outputOffset);

    /**
     * View the magnitude of each cell in this vector field.
     * @return The magnitudes.
     */
    public default ScalarField magnitudes() {
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                return getMagnitude(column, row);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                double[] strengthX = new double[outputValues.length];
                double[] strengthY = new double[outputValues.length];
                fillComponents(startColumn, endColumn, startRow, endRow, strengthX, strengthY, 0);

                // Calculate magnitude
                for (int i = 0; i < outputValues.length; i++) {
                    outputValues[i] = Math.sqrt(strengthX[i] * strengthX[i] + strengthY[i] * strengthY[i]);
                }
            }
        };
    }

    /**
     * View the magnitude of the x component in this vector field.
     * @return The x components.
     */
    public default ScalarField x() {
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                double[] output = new double[1];
                fillValues(column, column + 1, row, row + 1, output);
                return output[0];
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                // We don't care about the Y strength
                double[] strengthY = new double[outputValues.length];
                fillComponents(startColumn, endColumn, startRow, endRow, outputValues, strengthY, 0);
            }
        };
    }

    /**
     * View the magnitude of the y component in this vector field.
     * @return The y components.
     */
    public default ScalarField y() {
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                double[] output = new double[1];
                fillValues(column, column + 1, row, row + 1, output);
                return output[0];
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                // We don't care about the Y strength
                double[] strengthX = new double[outputValues.length];
                fillComponents(startColumn, endColumn, startRow, endRow, strengthX, outputValues, 0);
            }
        };
    }

    /**
     * View the angle of each cell in this vector field.
     * @return The angles.
     */
    public default ScalarField angles() {
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                return getAngle(column, row);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                double[] strengthX = new double[outputValues.length];
                double[] strengthY = new double[outputValues.length];
                fillComponents(startColumn, endColumn, startRow, endRow, strengthX, strengthY, 0);

                // Calculate angle
                for (int i = 0; i < outputValues.length; i++) {
                    outputValues[i] = Math.atan2(strengthY[i], strengthX[i]);
                }
            }
        };
    }

    /**
     * Create a scalar field from the X and Y values of this vector field.
     * @param operator mapping of X and Y values, producing the final scalar value.
     * @return The corresponding scalar field.
     */
    public default ScalarField map(DoubleBinaryOperator operator) {
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                double[] strengthX = new double[1];
                double[] strengthY = new double[1];
                fillComponents(column, column + 1, row, row + 1, strengthX, strengthY, 0);
                return operator.applyAsDouble(strengthX[0], strengthY[0]);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                double[] strengthX = new double[outputValues.length];
                double[] strengthY = new double[outputValues.length];
                fillComponents(startColumn, endColumn, startRow, endRow, strengthX, strengthY, 0);

                // Calculate final value
                for (int i = 0; i < outputValues.length; i++) {
                    outputValues[i] = operator.applyAsDouble(strengthY[i], strengthX[i]);
                }
            }
        };
    }

    /**
     * Aggregate the given non-zero collection of fields. Note that each field must have the same size and x/y coordinates.
     * @param fields the fields to aggregate.
     * @param aggregator aggregate the content of a cell for each provided scalar field.
     * @return The resulting scalar field.
     */
    public static VectorField aggregate(Iterable<? extends VectorField> fields, VectorAggregator aggregator) {
        final VectorField[] copy = Iterables.toArray(fields, VectorField.class);

        if (copy.length == 0) {
            throw new IllegalArgumentException("Cannot aggregate zero fields.");
        }
        return new VectorProxy(copy[0]) {
            @Override
            public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] outputStrengthX, double[] outputStrengthY, final int outputOffset) {
                double[] fieldX = new double[copy.length];
                double[] fieldY = new double[copy.length];
                int index = outputOffset;

                for (int row = startRow; row < endRow; row++) {
                    for (int col = startColumn; col < endColumn; col++) {
                        // Read all the values we need
                        for (int i = 0; i < copy.length; i++) {
                            copy[i].fillComponents(col, col + 1, row, row + 1, fieldX, fieldY, i);
                        }
                        // Aggregate and copy over the final value
                        int aggregateIndex = aggregator.aggregate(fieldX, fieldY, col, row);
                        outputStrengthX[index] = fieldX[aggregateIndex];
                        outputStrengthY[index] = fieldY[aggregateIndex];

                        // Next output
                        index++;
                    }
                }
            }
        };
    }

    /**
     * A field that is forwarding the cell metadata of another field.
     */
    public static abstract class VectorProxy extends Proxy implements VectorField {
        /**
         * Construct a new vector field proxy.
         * @param field the discrete field to proxy.
         */
        public VectorProxy(DiscreteField field) {
            super(field);
        }
    }
}
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blob 115�package com.comphenix.magnets.model;

/**
 * Created by Kristian on 27.01.2015.
 */
public class MagneticModel {
}
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blob 2956�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.WireContinuousField;

import javax.xml.bind.annotation.*;

/**
 * Represents a conductor in physical space.
 * Created by Kristian on 27.01.2015.
 */
@XmlAccessorType(XmlAccessType.FIELD)
public class Conductor {
    @XmlAttribute(name = "x")
    private double x;
    @XmlAttribute(name = "y")
    private double y;
    @XmlAttribute(name="radius")
    private double radius;
    @XmlElement(name="current")
    private AlternatingCurrent current;

    /**
     * Construct a conductor at point (0, 0) with no radius and no current.
     */
    public Conductor() {
        // Default
        this.current = new AlternatingCurrent();
    }

    /**
     * Construct a point-conductor in XY space.
     * @param x coordinate in the X axis.
     * @param y coordinate in the Y axis.
     * @param radius the radius of the conductor.
     * @param current the current.
     */
    public Conductor(double x, double y, double radius, AlternatingCurrent current) {
        this.x = x;
        this.y = y;
        this.radius = radius;
        this.current = current;
    }

    /**
     * Retrieve the coordinate in the X axis.
     * @return X axis coordinate.
     */
    public double getX() {
        return x;
    }

    /**
     * Set the coordinate in the X axis.
     * @param x new x axis.
     */
    public void setX(double x) {
        this.x = x;
    }

    /**
     * Retrieve the coordinate in the Y axis.
     * @return Y axis coordinate.
     */
    public double getY() {
        return y;
    }

    /**
     * Set the coordinate in the Y axis.
     * @param y new Y axis.
     */
    public void setY(double y) {
        this.y = y;
    }

    /**
     * Retrieve the radius of the conductor.
     * @return Radius of conductor.
     */
    public double getRadius() {
        return radius;
    }

    /**
     * Set the radius of the conductor.
     * @param radius new radius of the conductor.
     */
    public void setRadius(double radius) {
        this.radius = radius;
    }

    /**
     * Retrieve the current in this conductor.
     * @return The current.
     */
    public AlternatingCurrent getCurrent() {
        return current;
    }

    /**
     * Set the current of this conductor.
     * @param current the current.
     */
    public void setCurrent(AlternatingCurrent current) {
        this.current = current;
    }

    /**
     * Retrieve the magnetic field associated with this conductor at the given time.
     * @return The magnetic field.
     */
    public WireContinuousField getMagneticField(double time) {
        return new WireContinuousField(x, y, radius, current.compute(time));
    }

    /**
     * Retrieve the maximum magnetic field.
     * @return The maximum magnetic field.
     */
    public WireContinuousField getMaximumField() {
        return new WireContinuousField(x, y, radius, current.getPeakCurrent());
    }
}
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blob 118�package com.comphenix.magnets;

/**
 * Created by Kristian Stangeland on 23.01.2015.
 */
public class StreamUtils {
}
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blob 3249�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.fields.DiscreteField;
import com.comphenix.magnets.fields.VectorSimulatedField;
import com.comphenix.magnets.fields.WireContinuousField;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.collect.Lists;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.RealVector;

import javax.xml.bind.annotation.*;
import java.util.Collections;
import java.util.List;
import java.util.Map;
import java.util.stream.Collectors;

/**
 * Represents a model of sources for magnetic fields.
 * Created by Kristian on 27.01.2015.
 */
@XmlAccessorType(XmlAccessType.FIELD)
@XmlRootElement(name = "model")
public class MagneticModel {
    @XmlElementWrapper(name = "conductors")
    @XmlElement(name = "conductor", type = Conductor.class)
    private List<Conductor> conductors;

    // View of actual conductors
    private transient List<Conductor> conductorView;

    /**
     * Construct a new empty magnetic model.
     */
    public MagneticModel() {
        this.conductors = Lists.newArrayList();
    }

    /**
     * Construct a new magnetic model with the given list of conductors in the XY plane.
     * @param conductors the conductor list which will be copied.
     */
    public MagneticModel(List<Conductor> conductors) {
        this.conductors = Lists.newArrayList(conductors);
    }

    /**
     * Retrieve a immutable view of all the conductors in this model.
     * @return The conductors in the model.
     */
    public List<Conductor> conductors() {
        if (conductorView == null) {
            conductorView = Collections.unmodifiableList(this.conductors);
        }
        return conductorView;
    }

    /**
     * Retrieve the vector value of the complete magnetic field at a given location and time.
     * @param x the x coordinate.
     * @param y the y coordinate.
     * @param t the time.
     * @return The corresponding vector.
     */
    public RealVector getVector(double x, double y, double t) {
        return getContinuousField(t).getVector(x, y);
    }

    /**
     * Retrieve the continuous field at the given time.
     * @param time the time.
     * @return The corresponding continuous field.
     */
    public ContinuousField getContinuousField(double time) {
        return ContinuousField.sum(getContinuousFields(time).values());
    }

    /**
     * Retrieve the continuous magnetic fields due to the conductors in this model, experienced at the given time.
     * @return The continuous magnetic fields.
     */
    public Map<Conductor, WireContinuousField> getContinuousFields(double time) {
        return conductors.stream().collect(Collectors.toMap(c -> c, c -> c.getMagneticField(time)));
    }

    /**
     * Retrieve the vector field at a given time.
     * @param time the time.
     * @return The corresponding vector field.
     */
    public VectorSimulatedField getVectorField(double time, double[] x, double[] y) {
        return new VectorSimulatedField(
                conductors.stream().map(c -> c.getMagneticField(time)).collect(Collectors.toList()),
                x, y
        );
    }
}
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blob 31190�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.GraphAxis;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.solver.continuous.*;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Splitter;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Maps;
import com.google.common.collect.Range;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.transform.DftNormalization;
import org.apache.commons.math3.transform.FastFourierTransformer;
import org.apache.commons.math3.transform.TransformType;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.awt.Color;
import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.*;
import java.util.function.*;
import java.util.stream.Collectors;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        },
        TEMPERATURE() {
            @Override
            public Gradient toGradient() {
                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);
            }
        },
        HSV() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = 1; // (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float)factor, intensity, intensity);
                };
            }
        },
        HSV2() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (2 * factor), intensity, intensity);
                };
            }
        },
        HSV10() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (10 * factor), intensity, intensity);
                };
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        NORMALIZED_MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                List<Range<Double>> ranges = field.getComponentRanges();

                return field.map((vectorArray, vectorOffset, vectorLength, column, row) -> {
                    double squaredMagnitude = 0;

                    for (int i = 0; i < vectorLength; i++) {
                        Range<Double> range = ranges.get(i);
                        double normalized = (vectorArray[vectorOffset + i] - range.lowerEndpoint()) /
                                (range.upperEndpoint() - range.lowerEndpoint());

                        squaredMagnitude += normalized * normalized;
                    }
                    return Math.sqrt(squaredMagnitude);
                });
            }
        },
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return getScalar(field.angles());
            }
        },
        X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.x();
            }
        },
        Y {
            @Override
            public ScalarField filter(VectorField field) {
                return field.y();
            }
        },
        Y_MINUS_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b - a);
            }
        },
        Y_DIV_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b / a);
            }
        },
        ANGLE_DIFFERENCE {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map(DroneVectorField::angleDiff);
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Attempt to get a scalar view of the given field.
         * @param field the field.
         * @return The resulting scalar field.
         */
        private static ScalarField getScalar(DiscreteField field) {
            return field instanceof VectorField ? ((VectorField) field).magnitudes() : (ScalarField) field;
        }

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "nm":
                case "normalizedmagnitude":
                    return NORMALIZED_MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
                case "x":
                    return X;
                case "y":
                    return Y;
                case "ysubx":
                case "y-x":
                    return Y_MINUS_X;
                case "ydivx":
                    return Y_DIV_X;
                case "anglediff":
                    return ANGLE_DIFFERENCE;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    /**
     * Represents visualization of aggregate values.
     */
    public enum Aggregate {
        /**
         * Compute the average value in all the frames.
         */
        AVERAGE {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar = ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        0,
                        (a, b) -> a + b,
                        a -> a / frames.size()
                );

                // Maybe create a vector average as well?
                return new PlotFrame(scalar, null);
            }
        },
        /**
         * Compute the maximum value in all the frames.
         */
        MAX {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar =  ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        -Double.MAX_VALUE,
                        Math::max,
                        DoubleUnaryOperator.identity());

                // Maybe create a vector maximum as well?
                return new PlotFrame(scalar, null);
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_DIRECT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            // First vector will contain the result
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(components, i, vectorLength);
                            }
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            /**
             * Retrieve the angle of the peak value in the given array of values.
             * @param values the values.
             * @param offset the starting position.
             * @param stepSize the step size.
             * @return The peak angle.
             */
            private double getPeakAngle(double[] values, int offset, int stepSize) {
                double bestValue = values[offset];
                int bestIndex = offset;
                int count = 1;

                for (int i = offset + stepSize; i < values.length; i += stepSize) {
                    if (values[i] > bestValue) {
                        bestValue = values[i];
                        bestIndex = i;
                    }
                    count++;
                }
                return (bestIndex / (double)count) * Math.PI * 2;
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAngle(double[] re) {
                double[] im = new double[re.length];
                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);

                return MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
            }
        },

        /**
         * Compute the amplitude of the sine at the maximum X and Y values, respectively.
         */
        AMPLITUDE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAmplitude(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAmplitude(double[] re) {
                double[] im = new double[re.length];

                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);
                return 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
            }
        },

        /**
         * Compute the actual drone measurements.
         */
        DRONE_SENSOR {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                // A field of sinusoids
                VectorField sinusoids = VectorField.aggregateExternal(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        frames.get(0).getVectorField().getComponents() * 2,
                        (components, vectorLength, source, sourcePos, column, row) -> {

                            for (int i = 0; i < vectorLength; i++) {
                                double[] re = VectorField.extractComponent(components, i, vectorLength);
                                double[] im = new double[re.length];

                                FastFourierTransformer.transformInPlace(
                                        new double[][]{re, im}, DftNormalization.STANDARD, TransformType.FORWARD);

                                // Compute both the angle and the amplitude
                                source[sourcePos++] = 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
                                source[sourcePos++] = MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
                            }
                            ;
                            return sourcePos;
                        }
                );

                // TODO: FIX THIS LATER
                throw new UnsupportedOperationException("Unsupported");
            }
        };

        /**
         * Aggregate the given frames into a final scalar field.
         *
         * @param frames the frames to aggregate.
         * @param visualization optional visualization to apply, if necessary.
         * @param x the x coordinate of each column in the final scalar field.
         * @param y the y coordinate of each row in the final scalar field.
         * @return The final frame.
         */
        public abstract PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y);

         /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Aggregate parse(String text) {
            switch (text.toLowerCase()) {
                case "a":
                case "average":
                    return AVERAGE;
                case "m":
                case "max":
                    return MAX;
                case "xyd":
                case "xy_phase_difference_direct":
                    return MAX_XY_PHASE_DIFFERENCE_DIRECT;
                case "xyf":
                case "xy_phase_difference_fft":
                    return MAX_XY_PHASE_DIFFERENCE_FFT;
                case "ampf":
                case "amplitude_fft":
                    return AMPLITUDE_FFT;
                case "drone":
                case "drone_sensor":
                    return DRONE_SENSOR;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an aggregate.");
        }

    }

    /**
     * The data in the model to display.
     */
    public enum ModelSource {
        /**
         * The magnetic field.
         */
        MAGNETIC_FIELD,

        /**
         * The amplitude and phase of the sinusoid representing the x and y component of the magnetic field.
         */
        SINUSOID_FIELD,

        /**
         * A drone with only one sensor.
         */
        DRONE_1,

        /**
         * A drone with two sensors.
         */
        DRONE_2,

        /**
         * Three sensors.
         */
        DRONE_3,

        /**
         * Four, in a square.
         */
        DRONE_4,

        /**
         * Five points around a drone.
         */
        DRONE_5,

        /**
         * Sensors in a vertical line.
         */
        DRONE_VERTICAL,


        /**
         * Two vertical rows of sensors.
         */
        DRONE_VERTICAL2,

        /**
         * Sensors in a horizontal line.
         */
        DRONE_HORIZONTAL;

        /**
         * Determine if this is a drone field.
         * @return TRUE if it is, FALSE otherwise.
         */
        public boolean isDroneField() {
            return !(this == MAGNETIC_FIELD || this == SINUSOID_FIELD);
        }

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding model source..
         */
        public static ModelSource parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnetic_field":
                    return MAGNETIC_FIELD;
                case "s":
                case "sinusoid_field":
                    return SINUSOID_FIELD;
                case "d1":
                case "drone_1":
                    return DRONE_1;
                case "d2":
                case "drone_2":
                    return DRONE_2;
                case "d3":
                case "drone_3":
                    return DRONE_3;
                case "d4":
                case "drone_4":
                    return DRONE_4;
                case "d5":
                case "drone_5":
                    return DRONE_5;
                case "dv":
                case "drone_vertical":
                    return DRONE_VERTICAL;
                case "dv2":
                case "drone_vertical2":
                    return DRONE_VERTICAL2;
                case "dh":
                case "drone_horizontal":
                    return DRONE_HORIZONTAL;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an model source.");
        }
    }

    public enum SolverName {
        BOBYGA(BobygaSolver::new),
        CMAES(CmaesSolver::new);

        private final Supplier<Solver> supplier;

        SolverName(Supplier<Solver> supplier) {
            this.supplier = supplier;
        }

        /**
         * Retrieve the correct solver.
         * @return The correct solver.
         */
        public Solver toSolver() {
            return supplier.get();
        }

        public static SolverName parse(String text) {
            return valueOf(text.toUpperCase());
        }
    }

    /**
     * The different output formats.
     */
    public enum OutputFormat {
        PNG,
        CSV;

        /**
         * Retrieve the extension associated with this output format.
         * @return The extension.
         */
        public String getExtension() {
            switch (this) {
                case PNG: return "png";
                case CSV: return "csv";
                default: throw new IllegalStateException("Unknown extension for " + this);
            }
        }

        public static OutputFormat parse(String text) {
            return valueOf(text.toUpperCase());
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;
    private ModelSource modelSource = ModelSource.MAGNETIC_FIELD;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Function that is applied to every value
    private DoubleUnaryOperator valueOperator;

    // Test location of the drone
    private RealVector droneLocation;
    private double droneSearchRadius = Double.MAX_VALUE;
    private int dronePDFSamples;
    private boolean drawDroneErrorMap;
    private int droneRepeatCount = 0;
    private boolean droneSimulation;

    // The solver to use
    private SolverName solverName = SolverName.CMAES;
    private Map<String, String> solverProperties = Maps.newHashMap();

    // Whether or not to display the help context
    private boolean displayHelp;

    // Whether or not to draw each frame
    private boolean drawFrames = true;

    // The aggregates
    private List<Aggregate> aggregates = Lists.newArrayList();

    // Image format
    private OutputFormat outputFormat = OutputFormat.PNG;

    // To draw axes
    private GraphAxis XAxis;
    private GraphAxis YAxis;
    private GraphAxis ZAxis;

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                String argumentName = arg.substring(1).toLowerCase();

                switch (argumentName) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "ms":
                    case "modelsource":
                        modelSource = ModelSource.parse(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        applyValueOperator(Math::log10);
                        break;
                    case "a":
                    case "abslog":
                        applyValueOperator(x -> Math.signum(x) * Math.log(Math.abs(x * 1000) + 1));
                        break;
                    case "d:":
                    case "drone":
                        droneLocation = new ArrayRealVector(new double[] { Double.parseDouble(args[++i]), Double.parseDouble(args[++i]) });
                        break;
                    case "dp":
                    case "drone_pdf":
                        dronePDFSamples = Integer.parseInt(args[++i].trim());
                        break;
                    case "dr":
                    case "drone_radius":
                        droneSearchRadius = Double.parseDouble(args[++i].trim());
                        break;
                    case "dm":
                    case "drone_map":
                        drawDroneErrorMap = true;
                        break;
                    case "dc":
                    case "drone_repeat":
                        droneRepeatCount = Integer.parseInt(args[++i].trim());
                        break;
                    case "ds":
                    case "drone_simulation":
                        droneSimulation = true;
                        break;
                    case "solver":
                        solverName = SolverName.parse(args[++i]);
                        break;
                    case "f":
                    case "frames":
                        drawFrames = Boolean.parseBoolean(args[++i]);
                        break;
                    case "ag":
                    case "aggregate":
                        // Parse aggregate list
                        aggregates = Splitter.on(",").splitToList(args[++i]).stream().
                                map(Aggregate::parse).
                                collect(Collectors.toList());
                        break;
                    case "of":
                    case "output_format":
                        this.outputFormat = OutputFormat.parse(args[++i]);
                        break;
                    case "ax":
                        XAxis = readAxis(args[++i]);
                        break;
                    case "ay":
                        YAxis = readAxis(args[++i]);
                        break;
                    case "az":
                        ZAxis = readAxis(args[++i]);
                        break;
                    default:
                        // Special cases
                        if (argumentName.startsWith("solver.")) {
                            // Preserve case-sensitivity
                            solverProperties.put(Splitter.on(".").limit(2).splitToList(arg).get(1), args[++i]);
                        } else {
                            throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                        }
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times (existing pattern: " + outputPattern + ")");
                }
                outputPattern = arg;
            }
        }
    }

    /**
     * Read a graph axis based on the following format:
     *    NAME:TICK_COUNT:SIZE
     * @param axis the axis.
     * @return The graph axis.
     */
    protected GraphAxis readAxis(String axis) {
        List<String> elements = Splitter.on(':').limit(3).splitToList(axis);
        int size = elements.size() >= 3 ? Integer.parseInt(elements.get(2)) : 64;
        int tickCount = elements.size() >= 2 ? Integer.parseInt(elements.get(1)) : 20;
        return new GraphAxis(size, tickCount, elements.get(0));
    }

    protected void applyValueOperator(DoubleUnaryOperator operator) {
        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;
    }

    public RealVector getDroneLocation() {
        return droneLocation;
    }

    /**
     * Retrieve the number of samples of the drone error distance to compute its PDF.
     * @return The drone PDF sample count. 0 or negative to not compute the PDF.
     */
    public int getDronePDFSamples() {
        return dronePDFSamples;
    }

    public boolean isComputeDronePDF() {
        return dronePDFSamples > 0;
    }

    public boolean isDrawDroneErrorMap() {
        return drawDroneErrorMap;
    }

    public boolean isDroneSimulation() {
        return droneSimulation;
    }

    /**
     * Retrieve the image output format.
     * @return The output format.
     */
    public OutputFormat getOutputFormat() {
        return outputFormat;
    }

    /**
     * Retrieve the maximum radius around the real point to search.
     * </p>
     * Note that the x and y ranges have higher priority.
     * @return The drone search radius.
     */
    public double getDroneSearchRadius() {
        return droneSearchRadius;
    }

    /**
     * Retrieve the number of times we will repeat the CMAES algorihm to get the most accurate result.
     * @return The repeat count.
     */
    public int getDroneRepeatCount() {
        return droneRepeatCount;
    }

    public SolverName getSolverName() {
        return solverName;
    }

    /**
     * Additional solver properties.
     * @return Solver properties.
     */
    public Map<String, String> getSolverProperties() {
        return solverProperties;
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ModelSource getModelSource() {
        return modelSource;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public DoubleUnaryOperator getValueOperator() {
        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();
    }

    public GraphAxis getXAxis() {
        return XAxis;
    }

    public GraphAxis getYAxis() {
        return YAxis;
    }

    public GraphAxis getZAxis() {
        return ZAxis;
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }

    public boolean isDrawFrames() {
        return drawFrames;
    }

    public List<Aggregate> getAggregates() {
        return aggregates;
    }
}
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blob 1004�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.fields.ContinuousField;
import org.apache.commons.math3.optim.*;
import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;
import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.BOBYQAOptimizer;

/**
 * Created by Kristian on 08.04.2015.
 */
public class BobygaSolver implements Solver {
    @Override
    public PointValuePair findMinimum(ContinuousField field, double[] target, BoundingBox boundingBox) {
        BOBYQAOptimizer optimizer = new BOBYQAOptimizer(target.length * 2);

        // Real solution
        return optimizer.optimize(
                new SimpleBounds(boundingBox.getLowerBound().toArray(), boundingBox.getUpperBound().toArray()),
                new InitialGuess(boundingBox.getCenter().toArray()),
                new MaxIter(2000000),
                new MaxEval(10000000),
                new ObjectiveFunction(ContinuousField.withSquareDistance(field, target)));
    }
}
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blob 119�package com.comphenix.magnets.fields;

/**
 * Created by Kristian on 26.01.2015.
 */
public class AlternatingField {
}
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blob 120�package com.comphenix.magnets.util;

/**
 * Created by Kristian on 09.06.2015.
 */
public class LinearInterpolation {
}
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commit 274�tree 73b0ad2a241ea5eb12c5271e62ab8b5fb9d87f18
parent 8a4850012c7351dc9c928fc093875a5a75234004
author Kristian S. Stangeland <kr_stang@hotmail.com> 1425933368 +0100
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1425933368 +0100

Make VectorField multi-dimensional.
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blob 10074�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.LevenbergSolver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.Maps;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.math3.analysis.DifferentiableMultivariateVectorFunction;
import org.apache.commons.math3.analysis.MultivariateMatrixFunction;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.optimization.PointVectorValuePair;
import org.apache.commons.math3.optimization.general.LevenbergMarquardtOptimizer;

import java.awt.image.BufferedImage;
import java.io.*;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.*;
import java.util.function.Consumer;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.DoubleStream;
import java.util.stream.IntStream;
import java.util.stream.Stream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        Map<ScalarField, Integer> indexLookup = Maps.newConcurrentMap();
        Supplier<Stream<ScalarField>> fields = a.getModelFile() != null ?
                getFields(model, indexLookup, a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile(), indexLookup);

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), fields);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        fields.get().parallel().forEach(field -> {
            try {
                Integer index = indexLookup.get(field);
                double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;

                if (maxColumns != null) {
                    Arrays.fill(maxColumns, -Double.MAX_VALUE);
                }

                BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                        createImage(field, range, column -> {
                            if (maxColumns != null) {
                                // Compute maximum value in each row
                                for (int i = 0; i < maxColumns.length; i++) {
                                    if (!Double.isNaN(column[i])) {
                                        maxColumns[i] = Math.max(maxColumns[i], column[i]);
                                    }
                                }
                            }
                        });

                // Draw line graph
                if (maxColumns != null) {
                    double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
                    double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
                    Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : range;

                    new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                            lineRange.lowerEndpoint(), lineRange.upperEndpoint());
                }

                // Test drone location
                if (a.getDroneLocation() != null) {
                    if (model == null) {
                        throw new IllegalStateException("Cannot test drone location without a model.");
                    }
                    RealVector pos = a.getDroneLocation();
                    double time = a.getT().getSegment(index);
                    Vector2D nearestPoint = field.getNearestPoint(pos.getEntry(0), pos.getEntry(1));
                    Vector2D valuePoint = model.getVector(nearestPoint.getX(), nearestPoint.getY(), time);

                    LevenbergSolver solver = new LevenbergSolver();
                    Vector2D solvedPoint = solver.solve(valuePoint, new Vector2D(1, 1), time, model);

                    System.out.println("Nearest point: " + nearestPoint);
                    System.out.println("Value of point: " + valuePoint + "\n");
                    System.out.println("Found solution: " + solvedPoint);
                    System.out.println("Value of solution: " + model.getVector(solvedPoint.getX(), solvedPoint.getY(), time));
                }

                File destination = new File(String.format(a.getOutputPattern(), index));
                File parentFile = destination.getAbsoluteFile().getParentFile();

                // Ensure parent directory is created
                if (parentFile != null) {
                    Files.createDirectories(parentFile.toPath());
                }

                // About 6x faster than ImageIO
                try (OutputStream stream = new FileOutputStream(destination)) {
                    (new PngEncoder()).encode(image, stream);
                    System.out.println("Written " + destination);
                }
            } catch (IOException e) {
                throw new RuntimeException("Cannot write frame.", e);
            }
        });
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, Supplier<Stream<ScalarField>> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.get().parallel().
                    map(ScalarField::getRange).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<ScalarField>> getFields(Path dataFile, Map<ScalarField, Integer> indexLookup) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        return () -> {
            ScalarField field = measure("Reading data file " + dataFile,
                    () -> CvsFieldParser.system().parse(dataFile));

            indexLookup.put(field, 0);
            return Stream.of(field);
        };
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param modelFile the model file.
     * @param visualization the visualization method. Only relevant for model file.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<ScalarField>> getFields(Path modelFile, Map<ScalarField, Integer> indexLookup, PlotArguments.Visualization visualization, SegmentRange t, SegmentRange x, SegmentRange y) {
        return getFields(ModelDeserializer.system().deserialize(modelFile), indexLookup, visualization, t, x, y);
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param visualization the visualization method. Only relevant for model file.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<ScalarField>> getFields(MagneticModel model, Map<ScalarField, Integer> indexLookup, PlotArguments.Visualization visualization, SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();

        return () -> IntStream.range(0, t.getSegments()).mapToObj(index -> {
            // Lazy computation
            ScalarField field = visualization.filter(model.getVectorField(t.getSegment(index), xPoints, yPoints));
            indexLookup.put(field, index);
            return field;
        });
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 7525�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.Maps;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.Arrays;
import java.util.Map;
import java.util.Objects;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.IntStream;
import java.util.stream.Stream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }

        // The input to visualize
        Map<ScalarField, Integer> indexLookup = Maps.newConcurrentMap();
        Supplier<Stream<ScalarField>> fields = a.getModelFile() != null ?
                getFields(a.getModelFile(), indexLookup, a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile(), indexLookup);

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), fields);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.isLogarithm() ? Math::log10 : DoubleUnaryOperator.identity();

        // Process images in parallel
        fields.get().parallel().forEach(field -> {
            try {
                Integer index = indexLookup.get(field);
                double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;

                if (maxColumns != null) {
                    Arrays.fill(maxColumns, -Double.MAX_VALUE);
                }

                BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                        createImage(field, range, column -> {
                            if (maxColumns != null) {
                                // Compute maximum value in each row
                                for (int i = 0; i < maxColumns.length; i++) {
                                    maxColumns[i] = Math.max(maxColumns[i], column[i]);
                                }
                            }
                        });

                // Draw line graph
                if (maxColumns != null) {
                    double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
                    double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());

                    new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                            a.getMaximumGraphZ().getStart(), a.getMaximumGraphZ().getEnd());
                }
                File destination = new File(String.format(a.getOutputPattern(), index));
                File parentFile = destination.getAbsoluteFile().getParentFile();

                // Ensure parent directory is created
                if (parentFile != null) {
                    Files.createDirectories(parentFile.toPath());
                }

                // About 6x faster than ImageIO
                try (OutputStream stream = new FileOutputStream(destination)) {
                    (new PngEncoder()).encode(image, stream);
                    System.out.println("Written " + destination);
                }
            } catch (IOException e) {
                throw new RuntimeException("Cannot write frame.", e);
            }
        });
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, Supplier<Stream<ScalarField>> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            return fields.get().parallel().
                    map(ScalarField::getRange).reduce(Range::span).get();
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<ScalarField>> getFields(Path dataFile, Map<ScalarField, Integer> indexLookup) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        return () -> {
            ScalarField field = measure("Reading data file " + dataFile,
                    () -> CvsFieldParser.system().parse(dataFile));

            indexLookup.put(field, 0);
            return Stream.of(field);
        };
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param modelFile the model file.
     * @param visualization the visualization method. Only relevant for model file.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static Supplier<Stream<ScalarField>> getFields(Path modelFile, Map<ScalarField, Integer> indexLookup, PlotArguments.Visualization visualization, SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(modelFile, "modelFile cannot be NULL");

        MagneticModel model = ModelDeserializer.system().deserialize(modelFile);
        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();

        return () -> IntStream.range(0, t.getSegments()).mapToObj(index -> {
            // Lazy computation
            ScalarField field = visualization.filter(model.getVectorField(t.getSegment(index), xPoints, yPoints));
            indexLookup.put(field, index);
            return field;
        });
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 3602�package com.comphenix.magnets.util;

import com.google.common.base.Objects;
import com.google.common.base.Preconditions;
import com.google.common.base.Splitter;

import java.util.List;
import java.util.Locale;
import java.util.stream.DoubleStream;

/**
 * Represents a range that is divided into N equally sized segments.
 * Created by Kristian on 27.01.2015.
 */
public class SegmentRange {
    private final double start;
    private final double end;
    private final int segments;

    // Computed
    private final double stepSize;

    /**
     * Parse a range with an optional segment count.
     * @param range the range.
     * @return The corresponding segment range.
     */
    public static SegmentRange parse(String range) {
        List<String> elements = Splitter.on(":").limit(3).splitToList(range);

        if (elements.size() < 2) {
            throw new IllegalArgumentException("Please specify range (:) in " + range);
        }
        double start = Double.parseDouble(elements.get(0));
        double end = Double.parseDouble(elements.get(1));

        if (elements.size() == 3) {
            return new SegmentRange(start, end, Integer.parseInt(elements.get(2)));
        } else  {
            return new SegmentRange(start, end, 1);
        }
    }

    /**
     * Construct a new segment range.
     * @param start the starting value.
     * @param end the ending value.
     * @param segments the segment count. Cannot be negative.
     */
    public SegmentRange(double start, double end, int segments) {
        if (segments < 0) {
            throw new IllegalArgumentException("Segments cannot be negative.");
        }
        this.start = start;
        this.end = end;
        this.segments = segments;

        // Computed step size
        this.stepSize = (end - start) / segments;
    }

    /**
     * Retrieve the starting value of this range.
     * @return The starting value.
     */
    public double getStart() {
        return start;
    }

    /**
     * Retrieve the last value in this range.
     * @return Last value.
     */
    public double getEnd() {
        return end;
    }

    /**
     * Retrieve the number of segments in this range.
     * @return The number of segments.
     */
    public int getSegments() {
        return segments;
    }

    /**
     * Retrieve the segment at a specified index.
     * @param index the index.
     * @return The corresponding segment.
     */
    public double getSegment(int index) {
        Preconditions.checkPositionIndex(index, segments);
        return start + stepSize * index;
    }

    /**
     * Convert this range to a double array.
     * @return The double array.
     */
    public double[] toArray() {
        return stream().toArray();
    }

    /**
     * Retrieve a stream representing this segment range.
     * @return The double stream.
     */
    public DoubleStream stream() {
        return DoubleStream.iterate(start, x -> x + stepSize).limit(segments);
    }

    @Override
    public boolean equals(Object o) {
        if (this == o) return true;
        if (o == null || getClass() != o.getClass()) return false;

        SegmentRange that = (SegmentRange) o;
        if (Double.compare(that.end, end) != 0) return false;
        if (segments != that.segments) return false;
        return Double.compare(that.start, start) == 0;
    }

    @Override
    public int hashCode() {
        return Objects.hashCode(start, end, segments);
    }

    @Override
    public String toString() {
        return String.format(Locale.US, "%s:%s:%d", start, end, segments);
    }
}
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blob 21384�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.io.CvsFieldWriter;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.model.HarmonicSumField;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.solver.continuous.BoundingBox;
import com.comphenix.magnets.solver.continuous.Solver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.beanutils.BeanUtils;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.optim.*;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.*;
import java.util.concurrent.ThreadLocalRandom;
import java.util.concurrent.TimeUnit;
import java.util.concurrent.atomic.AtomicInteger;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.IntStream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getModelSource(), a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // CMES
        if (a.getModelFile() != null && a.getModelSource() == PlotArguments.ModelSource.DRONE_2) {
            Solver solver = a.getSolverName().toSolver();
            BoundingBox box = new BoundingBox(a.getX(), a.getY());

            // Initialize properties
            BeanUtils.populate(solver, a.getSolverProperties());
            System.out.println("Finding minimum using " + solver);

            if (a.getDroneLocation() != null) {
                testCMES(solver, model, a.getX(), a.getY(), a.getDroneLocation());
            }
            if (a.isComputeDronePDF()) {
                computePDF(solver, model, box, a.getDroneSearchRadius(), a.getDronePDFSamples());
            }
            if (a.isDrawDroneErrorMap()) {
                writeDroneErrorMap(a, solver, model, box, a.getX(), a.getY(), new File(rootFolder, "DRONE_ERROR.png"));
            }
        }

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                Range<Double> errorRange = errorField.getRange();

                System.out.println("Writing error map with value range: " + errorRange);
                writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    private static void testCMES(Solver solver, MagneticModel model, SegmentRange x, SegmentRange y, RealVector droneLocation) {
        ContinuousField sinusoids = DroneVectorField.twoSensors(new HarmonicSumField(model.conductors(), 0));

        // The target position
        Random rnd = new Random();
        double[] target = sinusoids.getVector(droneLocation.getEntry(0), droneLocation.getEntry(1)).toArray();

        // Real solution
        System.out.println("Attempting to find " + new ArrayRealVector(target) + " (point " + droneLocation + " ) in field ...");
        PointValuePair solution = solver.findMinimum(sinusoids, target, new BoundingBox(x, y));
        RealVector solutionPoint = new ArrayRealVector(solution.getPoint());

        System.out.println("Possible solution: " + solutionPoint + ", distance: " + droneLocation.getDistance(solutionPoint));
        System.out.println("Value of possible: " + sinusoids.getVector(solution.getPoint()[0], solution.getPoint()[1]));
    }

    private static void computePDF(Solver solver, MagneticModel model, BoundingBox box, double droneSearchRadius, int dronePDFSamples) {
        ContinuousField sinusoids = DroneVectorField.twoSensors(new HarmonicSumField(model.conductors(), 0));

        DoubleSummaryStatistics distanceStats = new DoubleSummaryStatistics();
        AtomicInteger misses = new AtomicInteger();

        // Pre-generate the random points according to a seed
        Random pointRandom = new Random(1);
        RealVector[] points = IntStream.range(0, dronePDFSamples).
                mapToObj(i -> box.randomPoint(pointRandom)).toArray(RealVector[]::new);

        Stopwatch totalElapsed = Stopwatch.createStarted();

        // Samples of the distances
        DoubleSummaryStatistics stats = IntStream.range(0, dronePDFSamples).mapToDouble(i -> {
            double[] randomPoint = points[i].toArray();
            double[] randomTarget = sinusoids.getVector(randomPoint[0], randomPoint[1]).toArray();
            double[] guessPoint = null;
            BoundingBox searchBox = box;

            // See if the drone radius is overriding the search box
            if (droneSearchRadius < box.getMaximumExtent()) {
                searchBox = BoundingBox.fromHyperCube(randomPoint, droneSearchRadius).intersect(box);
                guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
            } else {
                guessPoint = box.getCenter().toArray();
            }

            Stopwatch watch = Stopwatch.createStarted();
            PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox);
            watch.stop();

            // Store the distance between the solution and the random point
            double sample = new ArrayRealVector(randomPoint, false).getDistance(
                    new ArrayRealVector(bestSolution.getPoint(), false));
            distanceStats.accept(sample);

            if (sample > 0.1) {
                misses.incrementAndGet();
            }
            System.out.println("Point " + new ArrayRealVector(randomPoint, false) + " distance: " + sample);
            return watch.elapsed(TimeUnit.NANOSECONDS) / 1.0E6;

        }).parallel().summaryStatistics();

        totalElapsed.stop();
        System.out.println("Total elapsed (real-time): " + totalElapsed);
        System.out.println("Average elapsed (per point): " + stats.getAverage() + " ms (std: " + Math.sqrt(stats.getAverage()) + " ms)");
        System.out.println("Average distance: " + distanceStats.getAverage() + " m (std: " + Math.sqrt(distanceStats.getAverage()) + " m)");
        System.out.println("Misses (above 0.1): " + misses.get() + " of " + dronePDFSamples);
    }

    private static void writeDroneErrorMap(PlotArguments a, Solver solver, MagneticModel model, BoundingBox box, SegmentRange xRange, SegmentRange yRange, File file) throws IOException {
        ContinuousField sinusoids = DroneVectorField.twoSensors(new HarmonicSumField(model.conductors(), 0));
        Stopwatch watch = Stopwatch.createStarted();
        Stopwatch total = Stopwatch.createStarted();

        ScalarField errorMap = ScalarArrayField.fromFunction(xRange.toArray(), yRange.toArray(), (x, y) -> {
            double[] specificPoint = new double[] { x, y };
            double[] randomTarget = sinusoids.getVector(specificPoint[0], specificPoint[1]).toArray();
            double[] guessPoint = null;
            BoundingBox searchBox = box;

            // See if the drone radius is overriding the search box
            if (a.getDroneSearchRadius() < box.getMaximumExtent()) {
                searchBox = BoundingBox.fromHyperCube(specificPoint, a.getDroneSearchRadius()).intersect(box);
                guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
            } else {
                guessPoint = box.getCenter().toArray();
            }

            try {
                PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox);

                // We want to plot the distance
                return new ArrayRealVector(specificPoint, false).getDistance(
                        new ArrayRealVector(bestSolution.getPoint(), false));

            } catch (Exception e) {
                System.out.println("Error occurred for " + new ArrayRealVector(specificPoint, false));
                e.printStackTrace();
                return box.getMaximumExtent();
            }

        }, progress -> {
            if (watch.elapsed(TimeUnit.SECONDS) > 1) {
                System.out.println("Current progress: " + progress * 100 + "%");

                watch.reset();
                watch.start();
            }
        });

        total.stop();
        System.out.println("Generated drone map in " + total);

        // Write out the drone map
        writeScalarField(a, null, a.getValueOperator(), errorMap, file);
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        destination = getSiblingFile(destination, a.getOutputFormat().getExtension());

        switch (a.getOutputFormat()) {
            case PNG:
                writePngField(a, valueRange, valueOperator, field, destination);
                break;
            case CSV:
                Stopwatch watch = Stopwatch.createStarted();
                CvsFieldWriter writer = new CvsFieldWriter();
                writer.write(destination.toPath(), field);

                watch.stop();
                System.out.println("Written " + destination + " (total time: " + watch + ")");
                break;
        }
    }

    /**
     * Retrieve a sibling file with the same name and the given extension,
     * @param file the file.
     * @param extension the extension.
     * @return Sibling file with similar file name, but different extension.
     */
    private static File getSiblingFile(File file, String extension) {
        return new File(file.getParentFile(),
                com.google.common.io.Files.getNameWithoutExtension(file.getName()) + "." + extension);
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writePngField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;
        Stopwatch watch = Stopwatch.createStarted();

        // Recompute range
        if (valueRange == null) {
            valueRange = field.getRange();
        }
        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                createImage(field, valueRange, column -> {
                    if (maxColumns != null) {
                        // Compute maximum value in each row
                        for (int i = 0; i < maxColumns.length; i++) {
                            if (!Double.isNaN(column[i])) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    }
                });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            watch.stop();
            System.out.println("Written " + destination + " (total time: " + watch + ")");
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        RealVector valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        Vector2D solvedPoint = measure("Time finding solution", () -> solver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        ScalarField distance = new ScalarArrayField(vectorField.map(
            (vectorArray, vectorOffset, vectorLength, column, row) -> {
                return valuePoint.getDistance(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));
            }
        ));
        return distance;
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));

        // Single frame without a vector field
        return ImmutableList.of(new PlotFrame(field, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.ModelSource source, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = getVectorField(model, source, t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Retrieve the vector field from a magnetic model and a model source.
     * @param model the model.
     * @param source the source.
     * @param time the time.
     * @param xPoints the x coordinates.
     * @param yPoints the y coordinates.
     * @return
     */
    private static VectorField getVectorField(MagneticModel model, PlotArguments.ModelSource source, double time, double[] xPoints, double[] yPoints) {
        switch (source) {
            case MAGNETIC_FIELD:
                return model.getVectorField(time, xPoints, yPoints);
            case SINUSOID_FIELD:
                return new HarmonicSumField(model.conductors(), time).toVectorField(xPoints, yPoints);
            case DRONE_2:
                ContinuousField sinusoids = new HarmonicSumField(model.conductors(), time);
                return new DroneVectorField(sinusoids, new double[] {0, 0, 0, (yPoints[1] - yPoints[0]) * 20 }).toVectorField(xPoints, yPoints);
            default:
                throw new IllegalArgumentException("Unknown model source: " + source);
        }
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 18689�package com.comphenix.magnets;

import com.comphenix.magnets.fields.DiscreteField;
import com.comphenix.magnets.fields.ScalarArrayField;
import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Splitter;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.transform.DftNormalization;
import org.apache.commons.math3.transform.FastFourierTransformer;
import org.apache.commons.math3.transform.TransformType;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.awt.Color;
import java.io.IOException;
import java.nio.DoubleBuffer;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.*;
import java.util.function.*;
import java.util.stream.Collector;
import java.util.stream.Collectors;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        },
        TEMPERATURE() {
            @Override
            public Gradient toGradient() {
                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);
            }
        },
        HSV2() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (2 * factor), intensity, intensity);
                };
            }
        },
        HSV10() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (10 * factor), intensity, intensity);
                };
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return getScalar(field.angles());
            }
        },
        X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.x();
            }
        },
        Y {
            @Override
            public ScalarField filter(VectorField field) {
                return field.y();
            }
        },
        Y_MINUS_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b - a);
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Attempt to get a scalar view of the given field.
         * @param field the field.
         * @return The resulting scalar field.
         */
        private static ScalarField getScalar(DiscreteField field) {
            return field instanceof VectorField ? ((VectorField) field).magnitudes() : (ScalarField) field;
        }

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
                case "x":
                    return X;
                case "y":
                    return Y;
                case "y-x":
                    return Y_MINUS_X;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    /**
     * Represents visualization of aggregate values.
     */
    public enum Aggregate {
        /**
         * Compute the average value in all the frames.
         */
        AVERAGE {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar = ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        0,
                        (a, b) -> a + b,
                        a -> a / frames.size()
                );

                // Maybe create a vector average as well?
                return new PlotFrame(scalar, null);
            }
        },
        /**
         * Compute the maximum value in all the frames.
         */
        MAX {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar =  ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        -Double.MAX_VALUE,
                        Math::max,
                        DoubleUnaryOperator.identity());

                // Maybe create a vector maximum as well?
                return new PlotFrame(scalar, null);
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_DIRECT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            // First vector will contain the result
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(components, i, vectorLength);
                            }
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            /**
             * Retrieve the angle of the peak value in the given array of values.
             * @param values the values.
             * @param offset the starting position.
             * @param stepSize the step size.
             * @return The peak angle.
             */
            private double getPeakAngle(double[] values, int offset, int stepSize) {
                double bestValue = values[offset];
                int bestIndex = offset;
                int count = 1;

                for (int i = offset + stepSize; i < values.length; i += stepSize) {
                    if (values[i] > bestValue) {
                        bestValue = values[i];
                        bestIndex = i;
                    }
                    count++;
                }
                return (bestIndex / (double)count) * Math.PI * 2;
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAngle(double[] re) {
                double[] im = new double[re.length];
                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);

                return MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
            }
        },

        /**
         * Compute the amplitude of the sine at the maximum X and Y values, respectively.
         */
        AMPLITUDE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAmplitude(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAmplitude(double[] re) {
                double[] im = new double[re.length];

                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);
                return 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
            }
        };

        /**
         * Aggregate the given frames into a final scalar field.
         * @param frames the frames to aggregate.
         * @param visualization optional visualization to apply, if necessary.
         * @param x the x coordinate of each column in the final scalar field.
         * @param y the y coordinate of each row in the final scalar field.
         * @return The final frame.
         */
        public abstract PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y);

         /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Aggregate parse(String text) {
            switch (text.toLowerCase()) {
                case "a":
                case "average":
                    return AVERAGE;
                case "m":
                case "max":
                    return MAX;
                case "xyd":
                case "xy_phase_difference_direct":
                    return MAX_XY_PHASE_DIFFERENCE_DIRECT;
                case "xyf":
                case "xy_phase_difference_fft":
                    return MAX_XY_PHASE_DIFFERENCE_FFT;
                case "ampf":
                case "amplitude_fft":
                    return AMPLITUDE_FFT;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an aggregate.");
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Function that is applied to every value
    private DoubleUnaryOperator valueOperator;

    // Test location of the drone
    private RealVector droneLocation;

    // Whether or not to display the help context
    private boolean displayHelp;

    // Whether or not to draw each frame
    private boolean drawFrames = true;

    // The aggregates
    private List<Aggregate> aggregates = Lists.newArrayList();

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                switch (arg.substring(1).toLowerCase()) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        applyValueOperator(Math::log10);
                        break;
                    case "a":
                    case "abslog":
                        applyValueOperator(x -> Math.sin(x) * Math.log(Math.abs(x)));
                        break;
                    case "d:":
                    case "drone":
                        droneLocation = new ArrayRealVector(new double[] { Double.parseDouble(args[++i]), Double.parseDouble(args[++i]) });
                        break;
                    case "f":
                    case "frames":
                        drawFrames = Boolean.parseBoolean(args[++i]);
                        break;
                    case "ag":
                    case "aggregate":
                        // Parse aggregate list
                        aggregates = Splitter.on(",").splitToList(args[++i]).stream().
                                map(Aggregate::parse).
                                collect(Collectors.toList());
                        break;
                    default:
                        throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times (existing pattern: " + outputPattern + ")");
                }
                outputPattern = arg;
            }
        }
    }

    protected void applyValueOperator(DoubleUnaryOperator operator) {
        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;
    }

    public RealVector getDroneLocation() {
        return droneLocation;
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public DoubleUnaryOperator getValueOperator() {
        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }

    public boolean isDrawFrames() {
        return drawFrames;
    }

    public List<Aggregate> getAggregates() {
        return aggregates;
    }
}
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blob 2526�package com.comphenix.magnets.fields;

import com.google.common.collect.ImmutableList;

import java.util.Arrays;
import java.util.Collection;
import java.util.Objects;
import java.util.stream.DoubleStream;
import java.util.stream.IntStream;

/**
 * Represents a simple simulator of magnetic fields.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class VectorSimulatedField implements VectorField {
    // Input
    private final ImmutableList<ContinuousField> sources;
    private final double[] yCoordinates;
    private final double[] xCoordinates;

    /**
     * Construct a new simulated field with the given magnetic sources.
     * @param sources the sources.
     */
    public VectorSimulatedField(Collection<ContinuousField> sources, double[] xCoordinates, double[] yCoordinates) {
        this.sources = ImmutableList.copyOf(Objects.requireNonNull(sources));
        this.xCoordinates = xCoordinates.clone();
        this.yCoordinates = yCoordinates.clone();
    }

    @Override
    public double getColumn(int column) {
        return xCoordinates[column];
    }

    @Override
    public double getRow(int row) {
        return yCoordinates[row];
    }

    @Override
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] outputStrengthX, double[] outputStrengthY, final int outputOffset) {
        // Ensure all the arrays are of the same length
        if (outputStrengthX.length != outputStrengthY.length) {
            throw new IllegalArgumentException("All output arrays must have the same length.");
        }
        int index = outputOffset;

        // Initial value
        for (int row = startRow; row < endRow; row++) {
            for (int col = startColumn; col < endColumn; col++) {
                outputStrengthX[index] = 0;
                outputStrengthY[index] = 0;
                index++;
            }
        }

        // Now accumulate
        for (ContinuousField source : sources) {
            index = outputOffset;

            for (int row = startRow; row < endRow; row++) {
                for (int col = startColumn; col < endColumn; col++) {
                    source.addComponents(xCoordinates[col], yCoordinates[row], outputStrengthX, index, outputStrengthY, index);
                    index++;
                }
            }
        }
    }

    @Override
    public int getColumns() {
        return xCoordinates.length;
    }

    @Override
    public int getRows() {
        return yCoordinates.length;
    }
}
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blob 127�package com.comphenix.magnets.fields;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface CellField {
}
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blob 113�package com.comphenix.magnets.solver;

/**
 * Created by Kristian on 08.04.2015.
 */
public interface Solver {
}
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commit 300�tree f1d923a22b24971597cd0a887017a1918a1fd741
parent e61af1915c29897a3ed19152f19ca07a7429474f
author Kristian S. Stangeland <kr_stang@hotmail.com> 1429129310 +0200
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1429129310 +0200

Adding support for writing output to a CSV (TSV) file instead
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blob 314�package com.comphenix.magnets.fields;

import java.util.stream.DoubleStream;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface Field2D {
    double[] getX();

    double[] getY();

    double getValue(int x, int y);

    DoubleStream stream();

    int getWidth();

    int getHeight();
}
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commit 270�tree b447c92057090a23e8456b2723acc6ea531e041c
parent 87a5105fe6e5510b3a58c2acdd84c7e636c27067
author Kristian S. Stangeland <kr_stang@hotmail.com> 1432748376 +0200
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1432748376 +0200

Compute the magnitude correctly
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blob 12034�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.Arrays;
import java.util.List;
import java.util.Locale;
import java.util.Objects;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                //Range<Double> errorRange = errorField.getRange();

                //System.out.println("Writing error map with value range: " + errorRange);
                //writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;
        Stopwatch watch = Stopwatch.createStarted();

        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                createImage(field, valueRange, column -> {
                    if (maxColumns != null) {
                        // Compute maximum value in each row
                        for (int i = 0; i < maxColumns.length; i++) {
                            if (!Double.isNaN(column[i])) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    }
                });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            watch.stop();
            System.out.println("Written " + destination + " (total time: " + watch + ")");
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        RealVector valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        //VectorFieldSolver indexedSolver = measure("Indexing solver", solver::indexed);
        Vector2D solvedPoint = measure("Time finding solution", () -> solver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        // Draw error distance
//        ScalarField error = measure("Computing error map", () -> new ScalarArrayField(vectorField.map(
//                (vectorArray, vectorOffset, vectorLength, column, row) -> {
//            Vector2D solution = solver.solve(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));
//
//            // Return the distance to the correct point
//            if (solution != null) {
//                return solution.distance(new Vector2D(vectorField.getColumn(column), vectorField.getRow(row)));
//            } else {
//                return Math.PI * 2;
//            }
//        }), progress -> {
//            System.out.printf("Progress: %.3f\n", progress * 100); }));
//        return error;
        return null;
    }

    private static Vector2D fromRealVector(RealVector vector) {
        if (vector.getDimension() != 2) {
            throw new IllegalArgumentException("Unexpected dimension: " + vector);
        }
        return new Vector2D(vector.getEntry(0), vector.getEntry(1));
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));

        // Single frame without a vector field
        return ImmutableList.of(new PlotFrame(field, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = model.getVectorField(t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 4129�package com.comphenix.magnets.fields;

/**
 * Represents the magnetic field from a simple straight wire.
 */
public class WireContinuousField implements ContinuousField {
    /**
     * The permeability of free space (vacuum).
     */
    // TODO: Change to 1E-7
    public static final double FREE_SPACE = 4.0 * Math.PI * 10E-7; // T*m/A

    protected final double centerX;
    protected final double centerY;
    protected final double wireRadius;
    protected final double wireRadiusSquared;
    protected final double permeability;
    protected final double wireCurrent;

    // Precomputed numerator and factor
    protected final double numeratorSpace;
    protected final double factorWire;

    /**
     * Construct a new magnetic field source centered on a wire.
     * @param centerX X coordinate of the wire center in meters.
     * @param centerY Y coordinate of the wire center in meters.
     * @param wireRadius the radius of the wire, in meters.
     * @param wireCurrent current flowing through the wire in amperes.
     */
    public WireContinuousField(double centerX, double centerY, double wireRadius, double wireCurrent) {
        this(centerX, centerY, wireRadius, wireCurrent, FREE_SPACE);
    }

    /**
     * Construct a new magnetic field source centered on a wire.
     * <p />
     * Negative current indicates that the current flows toward the camera (Z-direction).
     * @param centerX X coordinate of the wire center in meters.
     * @param centerY Y coordinate of the wire center in meters.
     * @param wireRadius the radius of the wire, in meters.
     * @param wireCurrent current flowing through the wire in amperes.
     * @param permeability the permeability of the surrounding space in T m/A.
     */
    public WireContinuousField(double centerX, double centerY, double wireRadius, double wireCurrent, double permeability) {
        this.centerX = centerX;
        this.centerY = centerY;
        this.wireRadius = wireRadius;
        this.wireRadiusSquared = wireRadius * wireRadius;
        this.wireCurrent = wireCurrent;
        this.permeability = permeability;

        // Precomputed constant factor
        this.numeratorSpace = (permeability * wireCurrent) / (2 * Math.PI);
        this.factorWire = (permeability * wireCurrent) / (2 * Math.PI * wireRadius * wireRadius);
    }

    /**
     * The X coordinate of the wire center in meters.
     */
    public double getCenterX() {
        return centerX;
    }

    /**
     * The Y coordinate of the wire center in meters.
     */
    public double getCenterY() {
        return centerY;
    }

    /**
     * Retrieve the radius of the wire.
     * @return The wire radius.
     */
    public double getWireRadius() {
        return wireRadius;
    }

    /**
     * The current flowing through the wire in amperes.
     */
    public double getWireCurrent() {
        return wireCurrent;
    }

    /**
     * The permeability of the surrounding space in T m/A.
     */
    public double getPermeability() {
        return permeability;
    }

    @Override
    public int getComponents() {
        return 2;
    }

    @Override
    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {
        double dX = x - centerX;
        double dY = y - centerY;
        double r2 = dX * dX + dY * dY; // Always positive

        // Write output strength components
        if (r2 < wireRadiusSquared) {
            // This factor is negative when the current is negative, rotating the resulting vector 180 degrees
            if (startComponent == 0) {
                destination[destinationOffset++] += dY * factorWire;
            }
            if (endComponent == 2) {
                destination[destinationOffset] += -dX * factorWire;
            }
        } else {
            if (startComponent == 0) {
                destination[destinationOffset++] += dY * numeratorSpace / r2;
            }
            if (endComponent == 2) {
                destination[destinationOffset] += -dX * numeratorSpace / r2;
            }
        }
    }
}
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blob 119�package com.comphenix.magnets.model;

/**
 * Created by Kristian on 09.06.2015.
 */
public class ModelInterpolator {
}
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commit 330�tree aebd1c6534db36ad775af9f2eacde3c51d97cb29
parent 030e40397a711801b6cc4f81972c81586a12a901
author Kristian S. Stangeland <kr_stang@hotmail.com> 1424760392 +0100
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1424760392 +0100

Cell values over time change as a sinusoid. Use FFT to improve detection of the peak value.
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blob 25659�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.LinearGradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.solver.continuous.*;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Splitter;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.transform.DftNormalization;
import org.apache.commons.math3.transform.FastFourierTransformer;
import org.apache.commons.math3.transform.TransformType;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.awt.Color;
import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.*;
import java.util.function.*;
import java.util.stream.Collectors;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        },
        TEMPERATURE() {
            @Override
            public Gradient toGradient() {
                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);
            }
        },
        HSV() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float)factor, intensity, intensity);
                };
            }
        },
        HSV2() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (2 * factor), intensity, intensity);
                };
            }
        },
        HSV10() {
            @Override
            public Gradient toGradient() {
                return factor -> {
                    float intensity = (float) (0.7 + 0.3 * factor);
                    return Color.HSBtoRGB((float) (10 * factor), intensity, intensity);
                };
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return getScalar(field.angles());
            }
        },
        X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.x();
            }
        },
        Y {
            @Override
            public ScalarField filter(VectorField field) {
                return field.y();
            }
        },
        Y_MINUS_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b - a);
            }
        },
        Y_DIV_X {
            @Override
            public ScalarField filter(VectorField field) {
                return field.map((a, b) -> b / a);
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Attempt to get a scalar view of the given field.
         * @param field the field.
         * @return The resulting scalar field.
         */
        private static ScalarField getScalar(DiscreteField field) {
            return field instanceof VectorField ? ((VectorField) field).magnitudes() : (ScalarField) field;
        }

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
                case "x":
                    return X;
                case "y":
                    return Y;
                case "y-x":
                    return Y_MINUS_X;
                case "ydivx":
                    return Y_DIV_X;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    /**
     * Represents visualization of aggregate values.
     */
    public enum Aggregate {
        /**
         * Compute the average value in all the frames.
         */
        AVERAGE {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar = ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        0,
                        (a, b) -> a + b,
                        a -> a / frames.size()
                );

                // Maybe create a vector average as well?
                return new PlotFrame(scalar, null);
            }
        },
        /**
         * Compute the maximum value in all the frames.
         */
        MAX {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                ScalarField scalar =  ScalarField.aggregate(
                        frames.stream().
                                map(PlotFrame::getScalarField).collect(Collectors.toList()),
                        -Double.MAX_VALUE,
                        Math::max,
                        DoubleUnaryOperator.identity());

                // Maybe create a vector maximum as well?
                return new PlotFrame(scalar, null);
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_DIRECT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            // First vector will contain the result
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(components, i, vectorLength);
                            }
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            /**
             * Retrieve the angle of the peak value in the given array of values.
             * @param values the values.
             * @param offset the starting position.
             * @param stepSize the step size.
             * @return The peak angle.
             */
            private double getPeakAngle(double[] values, int offset, int stepSize) {
                double bestValue = values[offset];
                int bestIndex = offset;
                int count = 1;

                for (int i = offset + stepSize; i < values.length; i += stepSize) {
                    if (values[i] > bestValue) {
                        bestValue = values[i];
                        bestIndex = i;
                    }
                    count++;
                }
                return (bestIndex / (double)count) * Math.PI * 2;
            }
        },

        /**
         * Compute the phase difference of the maximum X and Y value.
         */
        MAX_XY_PHASE_DIFFERENCE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAngle(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAngle(double[] re) {
                double[] im = new double[re.length];
                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);

                return MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
            }
        },

        /**
         * Compute the amplitude of the sine at the maximum X and Y values, respectively.
         */
        AMPLITUDE_FFT {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                VectorField field = VectorField.aggregate(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        (components, vectorLength, column, row) -> {
                            for (int i = 0; i < vectorLength; i++) {
                                components[i] = getPeakAmplitude(VectorField.extractComponent(components, i, vectorLength));
                            };
                            return 0;
                        }
                );
                return new PlotFrame(visualization.filter(field), field);
            }

            // Note that this modifies the incoming array in-place!
            private double getPeakAmplitude(double[] re) {
                double[] im = new double[re.length];

                FastFourierTransformer.transformInPlace(
                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);
                return 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
            }
        },

        /**
         * Compute the actual drone measurements.
         */
        DRONE_SENSOR {
            @Override
            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {
                if (frames.size() < 8) {
                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");
                }

                // A field of sinusoids
                VectorField sinusoids = VectorField.aggregateExternal(
                        frames.stream().
                                map(PlotFrame::getVectorField).collect(Collectors.toList()),
                        frames.get(0).getVectorField().getComponents() * 2,
                        (components, vectorLength, source, sourcePos, column, row) -> {

                            for (int i = 0; i < vectorLength; i++) {
                                double[] re = VectorField.extractComponent(components, i, vectorLength);
                                double[] im = new double[re.length];

                                FastFourierTransformer.transformInPlace(
                                        new double[][]{re, im}, DftNormalization.STANDARD, TransformType.FORWARD);

                                // Compute both the angle and the amplitude
                                source[sourcePos++] = 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;
                                source[sourcePos++] = MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);
                            }
                            ;
                            return sourcePos;
                        }
                );

                // TODO: FIX THIS LATER
                throw new UnsupportedOperationException("Unsupported");
            }
        };

        /**
         * Aggregate the given frames into a final scalar field.
         *
         * @param frames the frames to aggregate.
         * @param visualization optional visualization to apply, if necessary.
         * @param x the x coordinate of each column in the final scalar field.
         * @param y the y coordinate of each row in the final scalar field.
         * @return The final frame.
         */
        public abstract PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y);

         /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Aggregate parse(String text) {
            switch (text.toLowerCase()) {
                case "a":
                case "average":
                    return AVERAGE;
                case "m":
                case "max":
                    return MAX;
                case "xyd":
                case "xy_phase_difference_direct":
                    return MAX_XY_PHASE_DIFFERENCE_DIRECT;
                case "xyf":
                case "xy_phase_difference_fft":
                    return MAX_XY_PHASE_DIFFERENCE_FFT;
                case "ampf":
                case "amplitude_fft":
                    return AMPLITUDE_FFT;
                case "drone":
                case "drone_sensor":
                    return DRONE_SENSOR;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an aggregate.");
        }

    }

    /**
     * The data in the model to display.
     */
    public enum ModelSource {
        /**
         * The magnetic field.
         */
        MAGNETIC_FIELD,

        /**
         * The amplitude and phase of the sinusoid representing the x and y component of the magnetic field.
         */
        SINUSOID_FIELD,

        /**
         * A drone with two sensors.
         */
        DRONE_2;

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding model source..
         */
        public static ModelSource parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnetic_field":
                    return MAGNETIC_FIELD;
                case "s":
                case "sinusoid_field":
                    return SINUSOID_FIELD;
                case "d2":
                case "drone_2":
                    return DRONE_2;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as an model source.");
        }
    }

    public enum SolverName {
        BOBYGA(BobygaSolver::new),
        CMAES(CmaesSolver::new);

        private final Supplier<Solver> supplier;

        SolverName(Supplier<Solver> supplier) {
            this.supplier = supplier;
        }

        /**
         * Retrieve the correct solver.
         * @return The correct solver.
         */
        public Solver toSolver() {
            return supplier.get();
        }

        public static SolverName parse(String text) {
            return valueOf(text.toUpperCase());
        }
    }

    /**
     * The different output formats.
     */
    public enum OutputFormat {
        PNG,
        CSV;

        /**
         * Retrieve the extension associated with this output format.
         * @return The extension.
         */
        public String getExtension() {
            switch (this) {
                case PNG: return "png";
                case CSV: return "csv";
                default: throw new IllegalStateException("Unknown extension for " + this);
            }
        }

        public static OutputFormat parse(String text) {
            return valueOf(text.toUpperCase());
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;
    private ModelSource modelSource = ModelSource.DRONE_2;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;

    // Current output
    private String outputPattern = null;

    // Function that is applied to every value
    private DoubleUnaryOperator valueOperator;

    // Test location of the drone
    private RealVector droneLocation;
    private double droneSearchRadius = Double.MAX_VALUE;
    private int dronePDFSamples;
    private boolean drawDroneErrorMap;

    // The solver to use
    private SolverName solverName = SolverName.CMAES;

    // Whether or not to display the help context
    private boolean displayHelp;

    // Whether or not to draw each frame
    private boolean drawFrames = true;

    // The aggregates
    private List<Aggregate> aggregates = Lists.newArrayList();

    // Image format
    private OutputFormat outputFormat = OutputFormat.PNG;

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                switch (arg.substring(1).toLowerCase()) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "ms":
                    case "modelsource":
                        modelSource = ModelSource.parse(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        applyValueOperator(Math::log10);
                        break;
                    case "a":
                    case "abslog":
                        applyValueOperator(x -> Math.sin(x) * Math.log(Math.abs(x)));
                        break;
                    case "d:":
                    case "drone":
                        droneLocation = new ArrayRealVector(new double[] { Double.parseDouble(args[++i]), Double.parseDouble(args[++i]) });
                        break;
                    case "dp":
                    case "drone_pdf":
                        dronePDFSamples = Integer.parseInt(args[++i].trim());
                        break;
                    case "dr":
                    case "drone_radius":
                        droneSearchRadius = Double.parseDouble(args[++i].trim());
                        break;
                    case "solver":
                        solverName = SolverName.parse(args[++i]);
                        break;
                    case "dm":
                    case "drone_map":
                        drawDroneErrorMap = true;
                        break;
                    case "f":
                    case "frames":
                        drawFrames = Boolean.parseBoolean(args[++i]);
                        break;
                    case "ag":
                    case "aggregate":
                        // Parse aggregate list
                        aggregates = Splitter.on(",").splitToList(args[++i]).stream().
                                map(Aggregate::parse).
                                collect(Collectors.toList());
                        break;
                    case "of":
                    case "output_format":
                        this.outputFormat = OutputFormat.parse(args[++i]);
                        break;
                    default:
                        throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times (existing pattern: " + outputPattern + ")");
                }
                outputPattern = arg;
            }
        }
    }

    protected void applyValueOperator(DoubleUnaryOperator operator) {
        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;
    }

    public RealVector getDroneLocation() {
        return droneLocation;
    }

    /**
     * Retrieve the number of samples of the drone error distance to compute its PDF.
     * @return The drone PDF sample count. 0 or negative to not compute the PDF.
     */
    public int getDronePDFSamples() {
        return dronePDFSamples;
    }

    public boolean isComputeDronePDF() {
        return dronePDFSamples > 0;
    }

    public boolean isDrawDroneErrorMap() {
        return drawDroneErrorMap;
    }

    /**
     * Retrieve the image output format.
     * @return The output format.
     */
    public OutputFormat getOutputFormat() {
        return outputFormat;
    }

    /**
     * Retrieve the maximum radius around the real point to search.
     * </p>
     * Note that the x and y ranges have higher priority.
     * @return The drone search radius.
     */
    public double getDroneSearchRadius() {
        return droneSearchRadius;
    }

    public SolverName getSolverName() {
        return solverName;
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ModelSource getModelSource() {
        return modelSource;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public DoubleUnaryOperator getValueOperator() {
        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }

    public boolean isDrawFrames() {
        return drawFrames;
    }

    public List<Aggregate> getAggregates() {
        return aggregates;
    }
}
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blob 6340�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.graphics.Gradient;
import com.comphenix.magnets.graphics.RainbowGradient;
import com.comphenix.magnets.util.SegmentRange;

import java.io.IOException;
import java.nio.file.Path;
import java.nio.file.Paths;

/**
 * Represents a class for parsing PlotCVS arguments.
 * Created by Kristian on 27.01.2015.
 */
class PlotArguments {
    public enum ColorScheme {
        RAINBOW() {
            @Override
            public Gradient toGradient() {
                return new RainbowGradient();
            }
        };

        /**
         * Retrieve the corresponding gradient.
         * @return The gradient.
         */
        public abstract Gradient toGradient();
    }

    public enum Visualization {
        MAGNITUDE{
            @Override
            public ScalarField filter(VectorField field) {
                return field.magnitudes();
            }
        },
        ANGLE {
            @Override
            public ScalarField filter(VectorField field) {
                return field.angles();
            }
        };

        public abstract ScalarField filter(VectorField field);

        /**
         * Parse the given text.
         * @param text the text.
         * @return The corresponding visualization.
         */
        public static Visualization parse(String text) {
            switch (text.toLowerCase()) {
                case "m":
                case "magnitude":
                    return MAGNITUDE;
                case "a":
                case "angle":
                    return ANGLE;
            }
            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");
        }
    }

    // Current input
    private Path dataFile = null;
    private Path modelFile = null;
    private ColorScheme scheme = ColorScheme.RAINBOW;

    // Dimensions
    private SegmentRange x = new SegmentRange(-1, 1, 640);
    private SegmentRange y = new SegmentRange(-1, 1, 480);
    private SegmentRange t = new SegmentRange(0, 0, 1);
    private SegmentRange z = null;

    // Simple graph
    private SegmentRange maximumGraphY = null;
    private SegmentRange maximumGraphZ = null;

    // Visualization
    private Visualization visualization = Visualization.MAGNITUDE;
    private boolean logarithm = false;

    // Current output
    private String outputPattern = null;

    // Whether or not to display the help context
    private boolean displayHelp;

    /**
     * Parse the given arguments.
     * @param args the arguments to parse.
     */
    public PlotArguments(String[] args) throws IOException {
        parse(args);
    }

    /**
     * Parse the given array of arguments.
     * @param args the arguments to parse.
     * @throws IOException If anything went wrong.
     */
    protected void parse(String[] args) throws IOException {
        // Process all arguments
        for (int i = 0; i < args.length; i++) {
            String arg = args[i];

            if (i == 12) {
                System.out.println("Last element");
            }

            // Handle all command arguments
            if (arg.startsWith("-") || arg.startsWith("/")) {
                switch (arg.substring(1).toLowerCase()) {
                    case "?":
                    case "h":
                    case "help":
                        displayHelp = true;
                        break;
                    case "d":
                    case "data":
                        dataFile = Paths.get(args[++i]);
                        break;
                    case "m":
                    case "model":
                        modelFile = Paths.get(args[++i]);
                        break;
                    case "s":
                    case "scheme":
                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());
                        break;
                    case "x":
                        x = SegmentRange.parse(args[++i]);
                        break;
                    case "y":
                        y = SegmentRange.parse(args[++i]);
                        break;
                    case "z":
                        z = SegmentRange.parse(args[++i]);
                        break;
                    case "t":
                        t = SegmentRange.parse(args[++i]);
                        break;
                    case "gy":
                        maximumGraphY = SegmentRange.parse(args[++i]);
                        break;
                    case "gz":
                        maximumGraphZ = SegmentRange.parse(args[++i]);
                        break;
                    case "v":
                    case "value":
                        visualization = Visualization.parse(args[++i]);
                        break;
                    case "l":
                    case "log":
                        logarithm = true;
                        break;
                    default:
                        throw new IllegalArgumentException("Unknown flag " + arg.substring(1));
                }
            } else {
                if (outputPattern != null) {
                    throw new IllegalStateException("Cannot specify output pattern multiple times.");
                }
                outputPattern = arg;
            }
        }
    }

    public Path getDataFile() {
        return dataFile;
    }

    public Path getModelFile() {
        return modelFile;
    }

    public ColorScheme getScheme() {
        return scheme;
    }

    public SegmentRange getX() {
        return x;
    }

    public SegmentRange getY() {
        return y;
    }

    public SegmentRange getT() {
        return t;
    }

    public SegmentRange getZ() {
        return z;
    }

    public SegmentRange getMaximumGraphY() {
        return maximumGraphY;
    }

    public SegmentRange getMaximumGraphZ() {
        return maximumGraphZ;
    }

    public Visualization getVisualization() {
        return visualization;
    }

    public boolean isLogarithm() {
        return logarithm;
    }

    public String getOutputPattern() {
        return outputPattern;
    }

    public boolean isDisplayHelp() {
        return displayHelp;
    }
}
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blob 86�/**
 * Created by Kristian Stangeland on 17.01.2015.
 */
public class HueGradient {
}
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blob 3059�package com.comphenix.magnets.fields;

import com.comphenix.magnets.util.PrimitiveArrays;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;

import java.util.Arrays;
import java.util.Objects;

/**
 * A field that is divided into discrete cells.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface DiscreteField {
    /**
     * Retrieve the cell nearest the given point.
     * @param x the x coordinate of the point.
     * @param y the y coordinate of the point.
     * @return The corresponding point.
     */
    public default Vector2D getNearestPoint(double x, double y) {
        double[] columns = toColumnArray();
        double[] rows = toRowArray();
        int nearestColumn = PrimitiveArrays.findNearest(columns, x);
        int nearestRow = PrimitiveArrays.findNearest(rows, y);
        return new Vector2D(columns[nearestColumn], rows[nearestRow]);
    }

    /**
     * Retrieve the current X coordinates of the given column.
     * @param column the column index.
     * @return The X coordinates.
     */
    public double getColumn(int column);

    /**
     * Retrieve the current column X coordinates as an array.
     * @return Current column array.
     */
    public default double[] toColumnArray() {
        double[] result = new double[getColumns()];

        for (int i = 0; i < getColumns(); i++) {
            result[i] = getColumn(i);
        }
        return result;
    }

    /**
     * Retrieve the Y coordinate of the given row.
     * @param row the row index.
     * @return The Y coordinates.
     */
    public double getRow(int row);

    /**
     * Retrieve the current column X coordinates as an array.
     * @return Current column array.
     */
    public default double[] toRowArray() {
        double[] result = new double[getRows()];

        for (int i = 0; i < getRows(); i++) {
            result[i] = getRow(i);
        }
        return result;
    }

    /**
     * Retrieve the number of rows in the field.
     * @return Number of rows.
     */
    public int getColumns();

    /**
     * Retrieve the number of columns in the field.
     * @return The column count.
     */
    public int getRows();

    /**
     * A field that is forwarding the cell metadata of another field.
     */
    public static abstract class Proxy implements DiscreteField {
        protected final DiscreteField field;

        /**
         * Construct a new discrete field proxy.
         * @param field the discrete field to proxy.
         */
        public Proxy(DiscreteField field) {
            this.field = Objects.requireNonNull(field);
        }

        @Override
        public double getRow(int row) {
            return field.getRow(row);
        }

        @Override
        public double getColumn(int column) {
            return field.getColumn(column);
        }

        @Override
        public int getRows() {
            return field.getRows();
        }

        @Override
        public int getColumns() {
            return field.getColumns();
        }
    }
}
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commit 257�tree 47c57fd0144a1b0298b8769d607201c1d8a9730f
parent b65d1b26aa8b98f0a9db0ac09210004761e71e27
author Kristian S. Stangeland <kr_stang@hotmail.com> 1423835971 +0100
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1423835971 +0100

Adding an attempt.
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blob 2115�package com.comphenix.magnets.model;

/**
 * Represents an electric current.
 * Created by Kristian on 26.01.2015.
 */
public class AlternatingCurrent {
    private final double amplitude;
    private final double angularFrequency;
    private final double phase;
    private final double directCurrent;

    /**
     * Construct a new representation of alternating current.
     * @param amplitude the amplitude in amperes.
     * @param angularFrequency the angular frequency in radians per second.
     * @param phase the phase in radians.
     * @param directCurrent the direct current bias/offset, in amperes.
     */
    protected AlternatingCurrent(double amplitude, double angularFrequency, double phase, double directCurrent) {
        this.amplitude = amplitude;
        this.angularFrequency = angularFrequency;
        this.phase = phase;
        this.directCurrent = directCurrent;
    }

    /**
     * Retrieve the peak current exhibited by the alternating current sinusoid.
     * @return Amplitude of the current sinusoid, in amperes.
     */
    public double getAmplitude() {
        return amplitude;
    }

    /**
     * Retrieve the angular frequency of the alternating current in radians per second.
     * @return The angular frequency of the sinusoid.
     */
    public double getAngularFrequency() {
        return angularFrequency;
    }

    /**
     * Retrieve the phase displacement of the sinusoid in radians.
     * @return The phase displacement.
     */
    public double getPhase() {
        return phase;
    }

    /**
     * Retrieve the direct current bias, which is the remaining constant current after setting the amplitude of
     * the sinusoid to zero.
     * @return The direct current bias, in amperes.
     */
    public double getDirectCurrent() {
        return directCurrent;
    }

    /**
     * Compute the instantaneous current at a given time.
     * @param t the time in seconds.
     * @return The current, in amperes.
     */
    public double compute(double t) {
        return amplitude * Math.sin(t * angularFrequency - phase) + directCurrent;
    }
}
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blob 6312�package com.comphenix.magnets.fields;

import com.google.common.collect.Iterables;
import com.google.common.collect.Range;

import java.util.Arrays;
import java.util.Objects;
import java.util.function.*;
import java.util.stream.DoubleStream;
import java.util.stream.IntStream;
import java.util.stream.Stream;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface ScalarField extends DiscreteField {
    /**
     * Retrieve the value of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding value.
     */
    public double getValue(int column, int row);

    /**
     * Fill the field values corresponding to the cells at the given columns and rows.
     * <p />
     * All three arrays must be of the same length.
     * <p />
     * The output array will be filled in order from lowest column to highest, and then lowest row to highest.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @param outputValues the output values.
     */
    public default void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
        int index = 0;

        for (int row = startRow; row < endRow; row++) {
            for (int column = startColumn; column < endColumn; column++) {
                outputValues[index++] = getValue(column, row);
            }
        }
    }

    /**
     * View this matrix as a stream of cell values.
     * @return The corresponding stream.
     */
    public default DoubleStream stream() {
        return IntStream.range(0, getColumns()).
            <DoubleStream>mapToObj(
                row -> IntStream.range(0, getRows()).mapToDouble(col -> getValue(col, row))).
            flatMapToDouble(x -> x);
    }

    /**
     * Retrieve the minimum and maximum cell value expressed as a range.
     * @return The minimum and maximum.
     */
    public default Range<Double> getRange() {
        double minimum = Double.MAX_VALUE;
        double maximum = Double.MIN_VALUE;

        for (int row = 0; row < getRows(); row++) {
            for (int col = 0; col < getColumns(); col++) {
                double value = getValue(col, row);

                minimum = Math.min(minimum, value);
                maximum = Math.max(maximum, value);
            }
        }
        return Range.closed(minimum, maximum);
    }

    /**
     * Retrieve a stream of all the rows of values in the field.
     * @return Every row in the field.
     */
    public default Stream<double[]> rows() {
        int rowCount = getRows();
        int columnCount = getColumns();

        return IntStream.range(0, rowCount).mapToObj(row -> {
            double[] values = new double[columnCount];

            // Read values
            fillValues(0, columnCount, row, row + 1, values);
            return values;
        });
    }

    /**
     * Convert the current scalar field to a jagged array.
     * @return The row-major jagged array.
     */
    public default double[][] toDoubleArray() {
        return rows().toArray(double[][]::new);
    }

    /**
     * Convert the current scalar field to an array scalar field, if it isn't one already.
     * @return This field as an array field.
     */
    public default ScalarArrayField toArrayField() {
        return this instanceof ScalarArrayField ? (ScalarArrayField) this : new ScalarArrayField(this);
    }

    /**
     * Aggregate the given non-zero collection of fields. Note that each field must have the same size and x/y coordinates.
     * @param fields the fields to aggregate.
     * @param initialValue the initial value in the aggregate.
     * @param combiner combiner of cell values.
     * @param finisher a finisher that is applied when all the cell values have been combined.
     * @return The resulting scalar field.
     */
    public static ScalarField aggregate(Iterable<? extends ScalarField> fields, double initialValue, DoubleBinaryOperator combiner, DoubleUnaryOperator finisher) {
        final ScalarField[] copy = Iterables.toArray(fields, ScalarField.class);

        if (copy.length == 0) {
            throw new IllegalArgumentException("Cannot aggregate zero fields.");
        }
        return new ScalarProxy(copy[0]) {
            @Override
            public double getValue(int column, int row) {
                double value = initialValue;

                for (ScalarField field : copy) {
                    value = combiner.applyAsDouble(value, field.getValue(column, row));
                }
                return finisher.applyAsDouble(value);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                int index = 0;
                double[] input = new double[endColumn - startColumn];
                double[] output = new double[endColumn - startColumn];

                for (int row = startRow; row < endRow; row++) {
                    // Initialize output row
                    Arrays.fill(output, initialValue);

                    // Read and process values from each field
                    for (ScalarField field : copy) {
                        field.fillValues(startColumn, endColumn, row, row + 1, input);

                        // Combine with output
                        for (int i = 0; i < output.length; i++) {
                            output[i] = combiner.applyAsDouble(output[i], input[i]);
                        }
                    }
                    // Now write out the output
                    for (double anOutput : output) {
                        outputValues[index++] = finisher.applyAsDouble(anOutput);
                    }
                }
            }
        };
    }

    /**
     * A proxy for scalar fields.
     */
    public static abstract class ScalarProxy extends Proxy implements ScalarField {
        /**
         * Construct a new scalar field proxy.
         * @param field the discrete field to proxy.
         */
        public ScalarProxy(DiscreteField field) {
            super(field);
        }
    }
}
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blob 117�package com.comphenix.magnets.electricity;

/**
 * Created by Kristian on 27.01.2015.
 */
public class Conductor {
}
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commit 300�tree 7b3aa4f16d324263e9153b9bebf92dcc42460a91
parent e15829036106b5ed4d4cdc8c40f35e6d63489c2f
author Kristian S. Stangeland <kr_stang@hotmail.com> 1433959982 +0200
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1433959982 +0200

Add the ability to simulate the drone sensor more accurately.
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blob 118�package com.comphenix.magnets.fields;

/**
 * Created by Kristian on 10.06.2015.
 */
public class HarmonicSumTest {
}
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blob 3024�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.fields.DiscreteField;
import com.comphenix.magnets.fields.VectorSimulatedField;
import com.comphenix.magnets.fields.WireContinuousField;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.collect.Lists;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.RealVector;

import javax.xml.bind.annotation.*;
import java.util.Collections;
import java.util.List;
import java.util.Map;
import java.util.stream.Collectors;

/**
 * Represents a model of sources for magnetic fields.
 * Created by Kristian on 27.01.2015.
 */
@XmlAccessorType(XmlAccessType.FIELD)
@XmlRootElement(name = "model")
public class MagneticModel {
    @XmlElementWrapper(name = "conductors")
    @XmlElement(name = "conductor", type = Conductor.class)
    private List<Conductor> conductors;

    /**
     * Construct a new empty magnetic model.
     */
    public MagneticModel() {
        this.conductors = Lists.newArrayList();
    }

    /**
     * Construct a new magnetic model with the given list of conductors in the XY plane.
     * @param conductors the conductor list which will be copied.
     */
    public MagneticModel(List<Conductor> conductors) {
        this.conductors = Lists.newArrayList(conductors);
    }

    /**
     * Retrieve a mutable view of all the conductors in this model.
     * @return The conductors in the model.
     */
    public List<Conductor> conductors() {
        return conductors;
    }

    /**
     * Retrieve the vector value of the complete magnetic field at a given location and time.
     * @param x the x coordinate.
     * @param y the y coordinate.
     * @param t the time.
     * @return The corresponding vector.
     */
    public Vector2D getVector(double x, double y, double t) {
        return getContinuousField(t).getVector(x, y);
    }

    /**
     * Retrieve the continuous field at the given time.
     * @param time the time.
     * @return The corresponding continuous field.
     */
    public ContinuousField getContinuousField(double time) {
        return ContinuousField.sum(getContinuousFields(time).values());
    }

    /**
     * Retrieve the continuous magnetic fields due to the conductors in this model, experienced at the given time.
     * @return The continuous magnetic fields.
     */
    public Map<Conductor, WireContinuousField> getContinuousFields(double time) {
        return conductors.stream().collect(Collectors.toMap(c -> c, c -> c.getMagneticField(time)));
    }

    /**
     * Retrieve the vector field at a given time.
     * @param time the time.
     * @return The corresponding vector field.
     */
    public VectorSimulatedField getVectorField(double time, double[] x, double[] y) {
        return new VectorSimulatedField(
                conductors.stream().map(c -> c.getMagneticField(time)).collect(Collectors.toList()),
                x, y);
    }
}
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blob 3397�package com.comphenix.magnets.solver;

import com.comphenix.magnets.datastructure.kdtree.KdTree;
import com.comphenix.magnets.datastructure.kdtree.SquareEuclideanDistanceFunction;
import com.comphenix.magnets.fields.VectorField;
import com.google.common.base.Preconditions;
import com.google.common.collect.Iterators;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.RealVector;
import sun.reflect.generics.reflectiveObjects.NotImplementedException;

import java.util.Iterator;

/**
 * Created by Kristian on 24.02.2015.
 */
public class VectorFieldSolver {
    private final VectorField field;

    public VectorFieldSolver(VectorField vectorField) {
        this.field = Preconditions.checkNotNull(vectorField, "vectorField cannot be NULL");
    }

    /**
     * Brute-force search for a point with the specified value.
     * @param value point with the value to find.
     * @return The best find, or NULL if searching took too long or no value could be found.
     */
    public Vector2D solve(RealVector value) {
        Vector2D bestPoint = new Vector2D(field.getColumn(0), field.getRow(0));
        double bestDistance = field.getNearestValue(bestPoint.getX(), bestPoint.getY()).getDistance(value);

        // Brute force every value
        for (int row = 0; row < field.getRows(); row++) {
            for (int col = 0; col < field.getColumns(); col++) {
                RealVector currentValue = field.getVector(col, row);
                double currentDistance = currentValue.getDistance(value);

                if (currentDistance < bestDistance) {
                    bestDistance = currentDistance;
                    bestPoint = new Vector2D(field.getColumn(col), field.getRow(row));
                }
            }
        }
        return bestPoint;
    }

    /**
     * Improve lookup speed by indexing solutions in a quad-tree.
     * @return An indexed solver.
     */
    public VectorFieldSolver indexed() {
        KdTree<CellPoint> tree = new KdTree<>(field.getComponents());

        // Initialize the KD-tree
        for (int row = 0; row < field.getRows(); row++) {
            for (int col = 0; col < field.getColumns(); col++) {
                double[] value = field.getComponentsArray(col, col + 1, row, row + 1);
                tree.addPoint(value, new CellPoint(col, row));
            }
        }

        return new VectorFieldSolver(field){
            @Override
            public Vector2D solve(RealVector value) {
                CellPoint[] points = Iterators.toArray(tree.getNearestNeighborIterator(value.toArray(),
                        1, new SquareEuclideanDistanceFunction()), CellPoint.class);

                if (points.length > 0) {
                    return new Vector2D(field.getColumn(points[0].column), field.getRow(points[0].row));
                }
                return null;
            }

            @Override
            public VectorFieldSolver indexed() {
                // Return itself
                return this;
            }
        };
    }

    /**
     * Represents a mapping from a vector point to a [column, row] pair.
     */
    private static class CellPoint {
        public final int column;
        public final int row;

        public CellPoint(int column, int row) {
            this.column = column;
            this.row = row;
        }
    }
}
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blob 21385�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.io.CvsFieldWriter;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.model.HarmonicSumField;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.solver.continuous.BoundingBox;
import com.comphenix.magnets.solver.continuous.Solver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.beanutils.BeanUtils;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.optim.*;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.*;
import java.util.concurrent.ThreadLocalRandom;
import java.util.concurrent.TimeUnit;
import java.util.concurrent.atomic.AtomicInteger;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.IntStream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getModelSource(), a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // CMES
        if (a.getModelFile() != null && a.getModelSource() == PlotArguments.ModelSource.DRONE_2) {
            Solver solver = a.getSolverName().toSolver();
            BoundingBox box = new BoundingBox(a.getX(), a.getY());

            // Initialize properties
            BeanUtils.populate(solver, a.getSolverProperties());
            System.out.println("Finding minimum using " + solver);

            if (a.getDroneLocation() != null) {
                testCMES(solver, model, a.getX(), a.getY(), a.getDroneLocation());
            }
            if (a.isComputeDronePDF()) {
                computePDF(solver, model, box, a.getDroneSearchRadius(), a.getDronePDFSamples());
            }
            if (a.isDrawDroneErrorMap()) {
                writeDroneErrorMap(a, solver, model, box, a.getX(), a.getY(), new File(rootFolder, "DRONE_ERROR.png"));
            }
        }

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                Range<Double> errorRange = errorField.getRange();

                System.out.println("Writing error map with value range: " + errorRange);
                writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    private static void testCMES(Solver solver, MagneticModel model, SegmentRange x, SegmentRange y, RealVector droneLocation) {
        ContinuousField sinusoids = DroneVectorField.twoSensors(new HarmonicSumField(model.conductors(), 0));

        // The target position
        Random rnd = new Random();
        double[] target = sinusoids.getVector(droneLocation.getEntry(0), droneLocation.getEntry(1)).toArray();

        // Real solution
        System.out.println("Attempting to find " + new ArrayRealVector(target) + " (point " + droneLocation + " ) in field ...");
        PointValuePair solution = solver.findMinimum(sinusoids, target, new BoundingBox(x, y));
        RealVector solutionPoint = new ArrayRealVector(solution.getPoint());

        System.out.println("Possible solution: " + solutionPoint + ", distance: " + droneLocation.getDistance(solutionPoint));
        System.out.println("Value of possible: " + sinusoids.getVector(solution.getPoint()[0], solution.getPoint()[1]));
    }

    private static void computePDF(Solver solver, MagneticModel model, BoundingBox box, double droneSearchRadius, int dronePDFSamples) {
        ContinuousField sinusoids = DroneVectorField.twoSensors(new HarmonicSumField(model.conductors(), 0));

        DoubleSummaryStatistics distanceStats = new DoubleSummaryStatistics();
        AtomicInteger misses = new AtomicInteger();

        // Pre-generate the random points according to a seed
        Random pointRandom = new Random(1);
        RealVector[] points = IntStream.range(0, dronePDFSamples).
                mapToObj(i -> box.randomPoint(pointRandom)).toArray(RealVector[]::new);

        Stopwatch totalElapsed = Stopwatch.createStarted();

        // Samples of the distances
        DoubleSummaryStatistics stats = IntStream.range(0, dronePDFSamples).mapToDouble(i -> {
            double[] randomPoint = points[i].toArray();
            double[] randomTarget = sinusoids.getVector(randomPoint[0], randomPoint[1]).toArray();
            double[] guessPoint = null;
            BoundingBox searchBox = box;

            // See if the drone radius is overriding the search box
            if (droneSearchRadius < box.getMaximumExtent()) {
                searchBox = BoundingBox.fromHyperCube(randomPoint, droneSearchRadius).intersect(box);
                guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
            } else {
                guessPoint = box.getCenter().toArray();
            }

            Stopwatch watch = Stopwatch.createStarted();
            PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox);
            watch.stop();

            // Store the distance between the solution and the random point
            double sample = new ArrayRealVector(randomPoint, false).getDistance(
                    new ArrayRealVector(bestSolution.getPoint(), false));
            distanceStats.accept(sample);

            if (sample > 0.1) {
                misses.incrementAndGet();
            }
            System.out.println("Point " + new ArrayRealVector(randomPoint, false) + " distance: " + sample);
            return watch.elapsed(TimeUnit.NANOSECONDS) / 1.0E6;

        }).parallel().summaryStatistics();

        totalElapsed.stop();
        System.out.println("Total elapsed (real-time): " + totalElapsed);
        System.out.println("Average elapsed (per point): " + stats.getAverage() + " ms (std: " + Math.sqrt(stats.getAverage()) + " ms)");
        System.out.println("Average distance: " + distanceStats.getAverage() + " m (std: " + Math.sqrt(distanceStats.getAverage()) + " m)");
        System.out.println("Misses (above 0.1): " + misses.get() + " of " + dronePDFSamples);
    }

    private static void writeDroneErrorMap(PlotArguments a, Solver solver, MagneticModel model, BoundingBox box, SegmentRange xRange, SegmentRange yRange, File file) throws IOException {
        ContinuousField sinusoids = DroneVectorField.twoSensors(new HarmonicSumField(model.conductors(), 0));
        Stopwatch watch = Stopwatch.createStarted();
        Stopwatch total = Stopwatch.createStarted();

        ScalarField errorMap = ScalarArrayField.fromFunction(xRange.toArray(), yRange.toArray(), (x, y) -> {
            double[] specificPoint = new double[] { x, y };
            double[] randomTarget = sinusoids.getVector(specificPoint[0], specificPoint[1]).toArray();
            double[] guessPoint = null;
            BoundingBox searchBox = box;

            // See if the drone radius is overriding the search box
            if (a.getDroneSearchRadius() < box.getMaximumExtent()) {
                searchBox = BoundingBox.fromHyperCube(specificPoint, a.getDroneSearchRadius()).intersect(box);
                guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
            } else {
                guessPoint = box.getCenter().toArray();
            }

            try {
                PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox);

                // We want to plot the distance
                return new ArrayRealVector(specificPoint, false).getDistance(
                        new ArrayRealVector(bestSolution.getPoint(), false));

            } catch (Exception e) {
                System.out.println("Error occurred for " + new ArrayRealVector(specificPoint, false));
                e.printStackTrace();
                return box.getDiagonalLength();
            }

        }, progress -> {
            if (watch.elapsed(TimeUnit.SECONDS) > 1) {
                System.out.println("Current progress: " + progress * 100 + "%");

                watch.reset();
                watch.start();
            }
        });

        total.stop();
        System.out.println("Generated drone map in " + total);

        // Write out the drone map
        writeScalarField(a, null, a.getValueOperator(), errorMap, file);
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        destination = getSiblingFile(destination, a.getOutputFormat().getExtension());

        switch (a.getOutputFormat()) {
            case PNG:
                writePngField(a, valueRange, valueOperator, field, destination);
                break;
            case CSV:
                Stopwatch watch = Stopwatch.createStarted();
                CvsFieldWriter writer = new CvsFieldWriter();
                writer.write(destination.toPath(), field);

                watch.stop();
                System.out.println("Written " + destination + " (total time: " + watch + ")");
                break;
        }
    }

    /**
     * Retrieve a sibling file with the same name and the given extension,
     * @param file the file.
     * @param extension the extension.
     * @return Sibling file with similar file name, but different extension.
     */
    private static File getSiblingFile(File file, String extension) {
        return new File(file.getParentFile(),
                com.google.common.io.Files.getNameWithoutExtension(file.getName()) + "." + extension);
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writePngField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;
        Stopwatch watch = Stopwatch.createStarted();

        // Recompute range
        if (valueRange == null) {
            valueRange = field.getRange();
        }
        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                createImage(field, valueRange, column -> {
                    if (maxColumns != null) {
                        // Compute maximum value in each row
                        for (int i = 0; i < maxColumns.length; i++) {
                            if (!Double.isNaN(column[i])) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    }
                });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            watch.stop();
            System.out.println("Written " + destination + " (total time: " + watch + ")");
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        RealVector valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        Vector2D solvedPoint = measure("Time finding solution", () -> solver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        ScalarField distance = new ScalarArrayField(vectorField.map(
            (vectorArray, vectorOffset, vectorLength, column, row) -> {
                return valuePoint.getDistance(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));
            }
        ));
        return distance;
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));

        // Single frame without a vector field
        return ImmutableList.of(new PlotFrame(field, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.ModelSource source, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = getVectorField(model, source, t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Retrieve the vector field from a magnetic model and a model source.
     * @param model the model.
     * @param source the source.
     * @param time the time.
     * @param xPoints the x coordinates.
     * @param yPoints the y coordinates.
     * @return
     */
    private static VectorField getVectorField(MagneticModel model, PlotArguments.ModelSource source, double time, double[] xPoints, double[] yPoints) {
        switch (source) {
            case MAGNETIC_FIELD:
                return model.getVectorField(time, xPoints, yPoints);
            case SINUSOID_FIELD:
                return new HarmonicSumField(model.conductors(), time).toVectorField(xPoints, yPoints);
            case DRONE_2:
                ContinuousField sinusoids = new HarmonicSumField(model.conductors(), time);
                return new DroneVectorField(sinusoids, new double[] {0, 0, 0, (yPoints[1] - yPoints[0]) * 20 }).toVectorField(xPoints, yPoints);
            default:
                throw new IllegalArgumentException("Unknown model source: " + source);
        }
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 2733�import java.util.Arrays;
import java.util.DoubleSummaryStatistics;
import java.util.stream.Collector;
import java.util.stream.Collectors;
import java.util.stream.DoubleStream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class FieldDouble {
    private static final int INITIAL_CAPACITY = 10;

    // Initial values
    private double[] x = new double[INITIAL_CAPACITY];
    private double[] y = new double[INITIAL_CAPACITY];
    private double[][] data = new double[INITIAL_CAPACITY][];
    private int width = 0;
    private int height = 0;

    /**
     * Retrieve the current X coordinates.
     * @return The X coordinates.
     */
    public double[] getX() {
        return Arrays.copyOf(x, width);
    }

    /**
     * Set the x coordinates of the cells.
     * @param x the x coordinates.
     */
    public void setX(double[] x) {
        this.x = x.clone();
        this.width = x.length;
    }

    /**
     * Retrieve the current Y coordinates.
     * @return The Y coordinates.
     */
    public double[] getY() {
        return Arrays.copyOf(x, height);
    }

    /**
     * Set the Y coordinates of the cells.
     * @param y the y coordinates.
     */
    public void setY(double[] y) {
        this.y = y.clone();
    }

    /**
     * Add the given coordinate to the bottom of the matrix.
     * @param yCoordinate the y coordinate.
     * @param values the values to add.
     */
    public void addRow(double yCoordinate, double[] values) {
        ensureHeight();
        y[height] = yCoordinate;
        data[height] = values;

        // Increment
        height++;
    }

    /**
     * Retrieve the value in the given cell.
     * @param x the x coordinate of the cell.
     * @param y the y coordinate of the cell.
     * @return The value.
     */
    public double getValue(int x, int y) {
        return data[y][x];
    }

    /**
     * View this matrix as a stream of cell values.
     * @return The corresponding stream.
     */
    public DoubleStream stream() {
        return Arrays.stream(data, 0, height).flatMapToDouble(Arrays::stream);
    }

    /**
     * Ensure the matrix is sufficiently large in the Y direction.
     */
    protected void ensureHeight() {
        if (y.length == height) {
            y = Arrays.copyOf(y, (int) (y.length * 1.5));
        }
        if (data.length == height) {
            data = Arrays.copyOf(data, (int) (data.length * 1.5));
        }
    }

    /**
     * Retrieve the width of the matrix.
     * @return The width.
     */
    public int getWidth() {
        return width;
    }

    /**
     * Retrieve the height of the matrix.
     * @return The height.
     */
    public int getHeight() {
        return height;
    }
}











PlotCSV/.git/objects/d6/42b4f28a2fbf13371b3fdc07561228eda1af24

PlotCSV/.git/objects/d6/42b4f28a2fbf13371b3fdc07561228eda1af24









PlotCSV/.git/objects/d6/ad9cb5e950de89ed71757d0018d838b0b9c0b1

PlotCSV/.git/objects/d6/ad9cb5e950de89ed71757d0018d838b0b9c0b1









PlotCSV/.git/objects/d7/3af0a1d4776d158312b24b785abdfacef06be0

PlotCSV/.git/objects/d7/3af0a1d4776d158312b24b785abdfacef06be0









PlotCSV/.git/objects/d7/910bed3c0a04adbbb8337a843e6b2d3a7e73b2

PlotCSV/.git/objects/d7/910bed3c0a04adbbb8337a843e6b2d3a7e73b2









PlotCSV/.git/objects/d8/f2f9af5e4bb0b5b1e11ac12d38999fa9ed7c2b

PlotCSV/.git/objects/d8/f2f9af5e4bb0b5b1e11ac12d38999fa9ed7c2b


blob 16130�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.model.HarmonicSumField;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.solver.continuous.BoundingBox;
import com.comphenix.magnets.solver.continuous.Solver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.optim.*;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.time.Duration;
import java.util.Arrays;
import java.util.List;
import java.util.Objects;
import java.util.Random;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getModelSource(), a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // CMES
        if (a.getModelFile() != null && a.getModelSource() == PlotArguments.ModelSource.DRONE_2) {
            Solver solver = a.getSolverName().toSolver();

            if (a.getDroneLocation() != null) {
                testCMES(solver, model, a.getX(), a.getY(), a.getDroneLocation());
            }
            if (a.isComputeDronePDF()) {
                computePDF(solver, model, a.getX(), a.getY(), a.getDronePDFSamples());
            }
        }

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                Range<Double> errorRange = errorField.getRange();

                System.out.println("Writing error map with value range: " + errorRange);
                writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    private static void testCMES(Solver solver, MagneticModel model, SegmentRange x, SegmentRange y, RealVector droneLocation) {
        ContinuousField sinusoids = new HarmonicSumField(model.conductors(), 0);

        // The target position
        double[] target = sinusoids.getVector(droneLocation.getEntry(0), droneLocation.getEntry(1)).toArray();

        // Real solution
        System.out.println("Attempting to find " + new ArrayRealVector(target) + " (point " + droneLocation + " ) in field ...");
        PointValuePair solution = solver.findMinimum(sinusoids, target, new BoundingBox(x, y));

        System.out.println("Possible solution: " + new ArrayRealVector(solution.getPoint()));
        System.out.println("Value of possible: " + sinusoids.getVector(solution.getPoint()[0], solution.getPoint()[1]));
    }

    private static void computePDF(Solver solver, MagneticModel model, SegmentRange x, SegmentRange y, int dronePDFSamples) {
        ContinuousField sinusoids = new HarmonicSumField(model.conductors(), 0);

        // Samples of the distances
        BoundingBox box = new BoundingBox(x, y);
        Random rnd = new Random();

        for (int i = 0; i < dronePDFSamples; i++) {
            double[] randomPoint = new double[] { x.getStart() + x.getEnd() * rnd.nextDouble(), y.getStart() + y.getEnd() * rnd.nextDouble() };
            double[] randomTarget = sinusoids.getVector(randomPoint[0], randomPoint[1]).toArray();
            PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, box);

            // Store the distance between the solution and the random point
            double sample = new ArrayRealVector(randomPoint, false).getDistance(
                            new ArrayRealVector(bestSolution.getPoint(), false));

            System.out.println("Point " + new ArrayRealVector(randomPoint, false) + " distance: " + sample);
        }
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;
        Stopwatch watch = Stopwatch.createStarted();

        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                createImage(field, valueRange, column -> {
                    if (maxColumns != null) {
                        // Compute maximum value in each row
                        for (int i = 0; i < maxColumns.length; i++) {
                            if (!Double.isNaN(column[i])) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    }
                });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            watch.stop();
            System.out.println("Written " + destination + " (total time: " + watch + ")");
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        RealVector valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        Vector2D solvedPoint = measure("Time finding solution", () -> solver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        //ScalarField error = createErrorMap(vectorField, solver);
        ScalarField distance = new ScalarArrayField(vectorField.map(
            (vectorArray, vectorOffset, vectorLength, column, row) -> {
                return valuePoint.getDistance(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));
            }
        ));
        return distance;
    }

    private static ScalarField createErrorMap(VectorField vectorField, VectorFieldSolver solver) {
        long startTime = System.nanoTime();

        // Draw error distance
        return measure("Computing error map", () -> new ScalarArrayField(vectorField.map(
                (vectorArray, vectorOffset, vectorLength, column, row) -> {
                    Vector2D solution = solver.solve(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));

                    // Return the distance to the correct point
                    if (solution != null) {
                        return solution.distance(new Vector2D(vectorField.getColumn(column), vectorField.getRow(row)));
                    } else {
                        return Math.PI * 2;
                    }
                }), progress -> {
            long elapsed = System.nanoTime() - startTime;
            Duration eta = Duration.ofNanos((long) (elapsed * (1.0 / progress - 1)));

            System.out.printf("Progress: %.3f, eta: %s\n", progress * 100, eta);
        }));
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));

        // Single frame without a vector field
        return ImmutableList.of(new PlotFrame(field, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.ModelSource source, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = getVectorField(model, source, t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Retrieve the vector field from a magnetic model and a model source.
     * @param model the model.
     * @param source the source.
     * @param time the time.
     * @param xPoints the x coordinates.
     * @param yPoints the y coordinates.
     * @return
     */
    private static VectorField getVectorField(MagneticModel model, PlotArguments.ModelSource source, double time, double[] xPoints, double[] yPoints) {
        switch (source) {
            case MAGNETIC_FIELD:
                return model.getVectorField(time, xPoints, yPoints);
            case SINUSOID_FIELD:
                return new HarmonicSumField(model.conductors(), time).toVectorField(xPoints, yPoints);
            case DRONE_2:
                ContinuousField sinusoids = new HarmonicSumField(model.conductors(), time);
                return new DroneVectorField(sinusoids, 0, (yPoints[1] - yPoints[0]) * 20).toVectorField(xPoints, yPoints);
            default:
                throw new IllegalArgumentException("Unknown model source: " + source);
        }
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 7242�package com.comphenix.magnets.fields;

import com.comphenix.magnets.util.SegmentRange;

/**
 * Represents a modifiable vector field.
 * <p />
 * Note that, unlike {@link com.comphenix.magnets.fields.ScalarArrayField}, its dimensions are fixed.
 * Created by Kristian on 18.02.2015.
 */
public class VectorMatrixField implements VectorField {
    // Input
    private final double[] xCoordinates;
    private final double[] yCoordinates;
    private final int components;
    private final double[][] data;

    /**
     * Construct a copy of the given vector field.
     * @param field the field.
     */
    public VectorMatrixField(VectorField field) {
        this.xCoordinates = field.toColumnArray();
        this.yCoordinates = field.toRowArray();
        this.components = field.getComponents();
        double[][] result = new double[yCoordinates.length][];

        // Read all the values
        for (int row = 0; row < yCoordinates.length; row++) {
            double[] buffer = new double[xCoordinates.length * components];
            field.fillComponents(0, xCoordinates.length, row, row + 1, buffer, 0);
            result[row] = buffer;
        }
        this.data = result;
    }

    /**
     * Sample from the given continuous field and create a discrete field.
     * @param continuousField the continuous field.
     * @param xCoordinates the x coordinates of the columns.
     * @param yCoordinates the y coordinates of the rows.
     */
    public VectorMatrixField(ContinuousField continuousField, double[] xCoordinates, double[] yCoordinates) {
        this.xCoordinates = xCoordinates.clone();
        this.yCoordinates = yCoordinates.clone();
        this.components = continuousField.getComponents();
        double[][] result = new double[yCoordinates.length][];

        // Read all the values
        for (int row = 0; row < yCoordinates.length; row++) {
            double[] buffer = new double[xCoordinates.length * components];
            int position = 0;

            for (int col = 0; col < xCoordinates.length; col++) {
                continuousField.addComponents(xCoordinates[col], yCoordinates[row], 0, components, buffer, position);
                position += components;
            }
            result[row] = buffer;
        }
        this.data = result;
    }

    /**
     * Construct a new modifiable vector field of the given size.
     * <p />
     * Note that the input arrays will not be cloned.
     * @param xCoordinates the x coordinates of each column.
     * @param yCoordinates the y coordinates of each row.
     * @param components the number of components in each vector.
     * @param data the raw field data.
     */
    public VectorMatrixField(double[] xCoordinates, double[] yCoordinates, int components, double[][] data) {
        this.xCoordinates = xCoordinates;
        this.yCoordinates = yCoordinates;
        this.components = components;
        this.data = data;
    }

    @Override
    public int getComponents() {
        return components;
    }

    /**
     * Construct a new vector array field from the given coordinates and vector.
     * @param x the x coordinates.
     * @param y the y coordinates.
     * @param vector the vector.
     * @return The filled array field.
     */
    public static VectorMatrixField fromValue(double[] x, double[] y, double[] vector) {
        double[][] result = new double[y.length][];

        // Combine the values in each field
        for (int row = 0; row < y.length; row++) {
            double[] buffer = new double[x.length * vector.length];

            for (int i = 0; i < buffer.length; i++) {
                buffer[i] = vector[i % vector.length];
            }
            result[row] = buffer;
        }
        return new VectorMatrixField(x.clone(), y.clone(), vector.length, result);
    }

    /**
     * Retrieve the magnitude of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding magnitude.
     */
    @Override
    public double getMagnitude(int column, int row) {
        double squareMagnitude = 0;

        for (int i = 0; i < components; i++) {
            double value = data[row][column * components + i];
            squareMagnitude += value * value;
        }
        return Math.sqrt(squareMagnitude);
    }

    /**
     * Set the value of the cell at the given location.
     * @param column the column index.
     * @param row the row index.
     * @param vector new cell vector.
     */
    public void setValue(int column, int row, double[] vector) {
        System.arraycopy(vector, 0, data[row], column * components, components);
    }

    @Override
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent,
                               double[] destination, int destinationOffset, boolean zeroDestination) {
        if (startComponent == 0 && endComponent == components) {
            fillComponents(startColumn, endColumn, startRow, endRow, destination, destinationOffset);
        } else {
            manualFill(startColumn, endColumn, startRow, endRow, startComponent, endComponent, destination, destinationOffset);
        }
    }

    @Override
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] destination, int destinationOffset) {
        int length = (endColumn - startColumn) * components;

        // Copy block by block
        for (int row = startRow; row < endRow; row++) {
            System.arraycopy(data[row], startColumn * components, destination, destinationOffset, length);
            destinationOffset += length;
        }
    }

    /**
     * Fill the given destination array using a manual copy of components.
     * and finally from lowest row to highest row.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @param startComponent index of the first component, inclusive.
     * @param endComponent index of the last component, exclusive.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     */
    private void manualFill(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent, double[] destination, int destinationOffset) {
        for (int row = startRow; row < endRow; row++) {
            double[] columnData = data[row];

            for (int col = startColumn; col < endColumn; col++) {
                for (int i = startComponent; i < endComponent; i++) {
                    destination[destinationOffset++] = columnData[col * components + i];
                }
            }
        }
    }

    @Override
    public double getColumn(int column) {
        return xCoordinates[column];
    }

    @Override
    public double getRow(int row) {
        return yCoordinates[row];
    }

    @Override
    public int getColumns() {
        return xCoordinates.length;
    }

    @Override
    public int getRows() {
        return yCoordinates.length;
    }
}











PlotCSV/.git/objects/d9/bdd1b1a2073fd06ed11c7de77e991a9d6cb5df

PlotCSV/.git/objects/d9/bdd1b1a2073fd06ed11c7de77e991a9d6cb5df









PlotCSV/.git/objects/d9/c874db455e444981b8582eb5ac70bc254b633d

PlotCSV/.git/objects/d9/c874db455e444981b8582eb5ac70bc254b633d


blob 2555�package com.comphenix.magnets;

import com.univocity.parsers.csv.CsvParser;
import com.univocity.parsers.csv.CsvParserSettings;

import java.io.Reader;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class FieldCvsParser {
    private static final FieldCvsParser system = new FieldCvsParser(getDefaultSettings());

    // CVS settings
    private final CsvParserSettings settings;

    /**
     * Retrieve the default CVS settings.
     * @return Default settings.
     */
    private static CsvParserSettings getDefaultSettings() {
        CsvParserSettings settings = new CsvParserSettings();
        settings.setMaxColumns(5000);
        settings.getFormat().setLineSeparator("\n");
        settings.getFormat().setDelimiter('\t');
        return settings;
    }

    public static FieldCvsParser system() {
        return system;
    }

    public FieldCvsParser(CsvParserSettings settings) {
        this.settings = settings;
    }

    /**
     * Parse a CVS file into a matrix.
     * @param reader the CVS file being read.
     * @return The corresponding matrix.
     */
    public FieldDouble parse(Reader reader) {
        FieldDouble result = new FieldDouble();
        CsvParser parser = new CsvParser(settings);
        boolean hasHeader = false;

        parser.beginParsing(reader);

        // Stream each row
        for (String[] row = parser.parseNext(); row != null; row = parser.parseNext()) {
            if (row.length <= 1)
                continue;

            if (!hasHeader) {
                result.setX(parseDouble(row, 1));
                hasHeader = true;
            } else {
                result.addRow(Double.parseDouble(row[0]), parseDouble(row, 1));
            }
        }
        return result;
    }

    /**
     * Parse the given subset of strings as doubles.
     * @param values the values.
     * @param offset the offset.
     * @return The resulting doubles.
     */
    protected double[] parseDouble(String[] values, int offset) {
        return parseDouble(values, offset, values.length - offset);
    }

    /**
     * Parse the given subset of strings as doubles.
     * @param values the values.
     * @param offset the offset.
     * @param length the length.
     * @return The resulting doubles.
     */
    protected double[] parseDouble(String[] values, int offset, int length) {
        double[] result = new double[length];

        for (int i = 0; i < length; i++) {
            result[i] = Double.parseDouble(values[i + offset]);
        }
        return result;
    }
}
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blob 356�package com.comphenix.magnets.fields;

/**
 * Represents a simple magnetic field.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class MagneticFieldSimulator {


    /**
     *
     * @param x
     * @param y
     * @param current
     * @return
     */
    public MagneticFieldSimulator addWire(double x, double y, double current) {

    }
}











PlotCSV/.git/objects/da/a4a4d639bf43a66123336242c31c38f388f00f

PlotCSV/.git/objects/da/a4a4d639bf43a66123336242c31c38f388f00f









PlotCSV/.git/objects/da/ebfbc560ffecaae360b1890c9379532839eb30

PlotCSV/.git/objects/da/ebfbc560ffecaae360b1890c9379532839eb30









PlotCSV/.git/objects/db/a7809c42ae4505a6b3673fc4803699a9e46650

PlotCSV/.git/objects/db/a7809c42ae4505a6b3673fc4803699a9e46650


blob 3606�package com.comphenix.magnets.model;

import javax.xml.bind.annotation.XmlAccessType;
import javax.xml.bind.annotation.XmlAccessorType;
import javax.xml.bind.annotation.XmlAttribute;
import javax.xml.bind.annotation.XmlRootElement;

/**
 * Represents an electric current.
 * Created by Kristian on 26.01.2015.
 */
@XmlAccessorType(XmlAccessType.FIELD)
public class AlternatingCurrent {
    @XmlAttribute(name = "amp")
    private double amplitude;
    @XmlAttribute(name = "freq")
    private double angularFrequency;
    @XmlAttribute(name = "phase")
    private double phase;
    @XmlAttribute(name = "dc")
    private double directCurrent;

    /**
     * Construct a new object representing no current.
     */
    public AlternatingCurrent() {
        // Empty
    }

    /**
     * Construct a new representation of alternating current.
     * @param amplitude the amplitude in amperes.
     * @param angularFrequency the angular frequency in radians per second.
     * @param phase the phase in radians.
     * @param directCurrent the direct current bias/offset, in amperes.
     */
    public AlternatingCurrent(double amplitude, double angularFrequency, double phase, double directCurrent) {
        this.amplitude = amplitude;
        this.angularFrequency = angularFrequency;
        this.phase = phase;
        this.directCurrent = directCurrent;
    }

    /**
     * Retrieve the peak current exhibited by the alternating current sinusoid.
     * @return Amplitude of the current sinusoid, in amperes.
     */
    public double getAmplitude() {
        return amplitude;
    }

    /**
     * Set the the peak current exhibited by the alternating current sinusoid.
     * @param amplitude new Amplitude of the current sinusoid, in amperes.
     */
    public void setAmplitude(double amplitude) {
        this.amplitude = amplitude;
    }

    /**
     * Retrieve the angular frequency of the alternating current in degrees per second.
     * @return The angular frequency of the sinusoid.
     */
    public double getAngularFrequency() {
        return angularFrequency;
    }

    /**
     * Set the angular frequency of the alternating current in degrees per second.
     * @param angularFrequency new angular frequency of the sinusoid.
     */
    public void setAngularFrequency(double angularFrequency) {
        this.angularFrequency = angularFrequency;
    }

    /**
     * Retrieve the phase displacement of the sinusoid in degrees.
     * @return The phase displacement.
     */
    public double getPhase() {
        return phase;
    }

    /**
     * Set the phase displacement of the sinusoid in degrees.
     * @param phase new phase displacement.
     */
    public void setPhase(double phase) {
        this.phase = phase;
    }

    /**
     * Retrieve the direct current bias, which is the remaining constant current after setting the amplitude of
     * the sinusoid to zero.
     * @return The direct current bias, in amperes.
     */
    public double getDirectCurrent() {
        return directCurrent;
    }

    /**
     * Set the direct current bias.
     * @see #getDirectCurrent()
     * @param directCurrent the new direct current bias, in amperes.
     */
    public void setDirectCurrent(double directCurrent) {
        this.directCurrent = directCurrent;
    }

    /**
     * Compute the instantaneous current at a given time.
     * @param t the time in seconds.
     * @return The current, in amperes.
     */
    public double compute(double t) {
        return amplitude * Math.sin(Math.toRadians(t * angularFrequency - phase)) + directCurrent;
    }
}
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blob 8161�package com.comphenix.magnets.fields;

import java.nio.ByteBuffer;
import java.util.Arrays;
import java.util.function.DoubleBinaryOperator;
import java.util.function.IntToDoubleFunction;
import java.util.stream.DoubleStream;
import java.util.stream.IntStream;

/**
 * Represents a simple mutating 2D field.
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class ScalarArrayField implements ScalarField {
    private static final int INITIAL_CAPACITY = 10;

    // Initial values
    private double[] x = new double[INITIAL_CAPACITY];
    private double[] y = new double[INITIAL_CAPACITY];
    private double[][] data = new double[INITIAL_CAPACITY][];
    private int columns = 0;
    private int rows = 0;

    /**
     * Construct a new empty array field.
     */
    public ScalarArrayField() {
    }

    /**
     * Construct a new array field from the given scalar field.
     * @param field the scalar field.
     */
    public ScalarArrayField(ScalarField field) {
        this.x = field.toColumnArray();
        this.y = field.toRowArray();
        this.data = field.rows().parallel().toArray(double[][]::new);
        this.columns = field.getColumns();
        this.rows = field.getRows();
    }

    /**
     * Construct a new array field from the given double arrays.
     * @param x the X coordinates of the cells in the field.
     * @param y the Y coordinates of the cells in the field.
     * @param data the data.
     */
    public ScalarArrayField(double[] x, double[] y, double[][] data) {
        this.x = x;
        this.y = y;
        this.data = data;
        this.rows = data.length;
        this.columns = data.length > 0 ? data[0].length : 0;
    }

    /**
     * Retrieve a scalar array field with the given cell coordinates, and initialize the cells to the specified value.
     * @param x the X coordinates of the cells in the field.
     * @param y the Y coordinates of the cells in the field.
     * @param cellValue the value based on the X and Y coordinates.
     * @return The corresponding array field.
     */
    public static ScalarArrayField fromFunction(double[] x, double[] y, DoubleBinaryOperator cellValue) {
        double[][] result = new double[y.length][];

        // Combine the values in each field
        for (int row = 0; row < y.length; row++) {
            double[] buffer = new double[x.length];

            for (int col = 0; col < x.length; col++) {
                buffer[col] = cellValue.applyAsDouble(x[col], y[row]);
            }
            result[row] = buffer;
        }
        return new ScalarArrayField(x.clone(), y.clone(), result);
    }

    /**
     * Construct a new scalar array field from the given coordinates and cell value.
     * @param x the x coordinates.
     * @param y the y coordinates.
     * @param value the cell value.
     * @return The filled array field.
     */
    public static ScalarArrayField fromValue(double[] x, double[] y, double value) {
        double[][] result = new double[y.length][];

        // Combine the values in each field
        for (int row = 0; row < y.length; row++) {
            double[] buffer = new double[x.length];
            Arrays.fill(buffer, value);
            result[row] = buffer;
        }
        return new ScalarArrayField(x.clone(), y.clone(), result);
    }

    /**
     * Retrieve a scalar array field that wraps the given arrays.
     * @param x the X coordinates of the cells in the field.
     * @param y the Y coordinates of the cells in the field.
     * @param data the data.
     * @return The corresponding array field.
     */
    public static ScalarArrayField fromArray(double[] x, double[] y, double[][] data) {
        return new ScalarArrayField(x.clone(), y.clone(),
            Arrays.stream(data).map(arr -> Arrays.copyOf(arr, arr.length)).toArray(double[][]::new));
    }

    /**
     * Merge to given scalar fields of the same dimensions, producing an entirely new field.
     * @param first the first field.
     * @param second the second field.
     * @param op the operator.
     * @return The resulting array field.
     */
    public static ScalarArrayField merge(ScalarField first, ScalarField second, DoubleBinaryOperator op) {
        ScalarArrayField copy = new ScalarArrayField(first);
        copy.merge(second, op);
        return copy;
    }

    @Override
    public double[] toColumnArray() {
        return Arrays.copyOf(x, columns);
    }

    @Override
    public double[] toRowArray() {
        return Arrays.copyOf(y, rows);
    }

    /**
     * Combine the values of this array field and the target field, using the provided binary operator.
     * <p />
     * The coordinates of these fields must be the same.
     * @param other the other array field.
     * @param op operator applied to each corresponding value in this field and the given field.
     */
    public void merge(ScalarField other, DoubleBinaryOperator op) {
        if (getRows() != other.getRows())
            throw new IllegalArgumentException("Fields must have the same number of rows.");
        if (getColumns() != other.getColumns())
            throw new IllegalArgumentException("Fields must have the same number of columns.");

        // Combine the values in each field
        for (int row = 0; row < getRows(); row++) {
            double[] left = data[row];

            for (int col = 0; col < getColumns(); col++) {
                left[col] = op.applyAsDouble(left[col], other.getValue(col, row));
            }
        }
    }

    /**
     * Determine if the first N entries in the given array is equal.
     * @param a first array.
     * @param b second array.
     * @param n the number of entries to check.
     * @return TRUE if it is, FALSE otherwise.
     */
    protected static boolean firstEqual(double[] a, double[] b, int n) {
        assert a.length >= n && b.length >= n;

        for(int i = 0; i < n; i++)
            if(a[i] != b[i])
                return false;
        return true;
    }

    @Override
    public double getColumn(int column) {
        return x[column];
    }

    @Override
    public double getRow(int row) {
        return y[row];
    }

    /**
     * Set the x coordinates of the columns.
     * @param x the x coordinates.
     */
    public void setX(double[] x) {
        this.x = x.clone();
        this.columns = x.length;
    }

    /**
     * Set the Y coordinates of the cells.
     * @param y the y coordinates.
     */
    public void setY(double[] y) {
        this.y = y.clone();
    }

    /**
     * Add the given coordinate to the bottom of the matrix.
     * @param yCoordinate the y coordinate.
     * @param values the values to add.
     */
    public void addRow(double yCoordinate, double[] values) {
        ensureHeight();
        y[rows] = yCoordinate;
        data[rows] = values;

        // Increment
        rows++;
    }

    /**
     * Set the value of the cell at the given location.
     * @param column the column index.
     * @param row the row index.
     * @param value the new value of the cell.
     */
    public void setValue(int column, int row, double value) {
        data[row][column] = value;
    }

    @Override
    public double getValue(int column, int row) {
        return data[row][column];
    }

    @Override
    public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
        int index = 0;

        // Just loop through
        for (int row = startRow; row < endRow; row++) {
            for (int column = startColumn; column < endColumn; column++) {
                outputValues[index++] = data[row][column];
            }
        }
    }

    /**
     * Ensure the matrix is sufficiently large in the Y direction.
     */
    protected void ensureHeight() {
        if (y.length == rows) {
            y = Arrays.copyOf(y, (int) (y.length * 1.5));
        }
        if (data.length == rows) {
            data = Arrays.copyOf(data, (int) (data.length * 1.5));
        }
    }

    @Override
    public int getRows() {
        return rows;
    }

    @Override
    public int getColumns() {
        return columns;
    }
}
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blob 135�package com.comphenix.magnets.functions;

/**
 * Created by Kristian Stangeland on 23.01.2015.
 */
public interface IntIntToDouble {
}
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blob 13499�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.model.HarmonicSumField;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.time.Duration;
import java.util.Arrays;
import java.util.List;
import java.util.Objects;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getModelSource(), a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                Range<Double> errorRange = errorField.getRange();

                System.out.println("Writing error map with value range: " + errorRange);
                writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;
        Stopwatch watch = Stopwatch.createStarted();

        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                createImage(field, valueRange, column -> {
                    if (maxColumns != null) {
                        // Compute maximum value in each row
                        for (int i = 0; i < maxColumns.length; i++) {
                            if (!Double.isNaN(column[i])) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    }
                });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            watch.stop();
            System.out.println("Written " + destination + " (total time: " + watch + ")");
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        RealVector valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        Vector2D solvedPoint = measure("Time finding solution", () -> solver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        //ScalarField error = createErrorMap(vectorField, solver);
        ScalarField distance = new ScalarArrayField(vectorField.map(
            (vectorArray, vectorOffset, vectorLength, column, row) -> {
                return valuePoint.getDistance(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));
            }
        ));
        return distance;
    }

    private static ScalarField createErrorMap(VectorField vectorField, VectorFieldSolver solver) {
        long startTime = System.nanoTime();

        // Draw error distance
        return measure("Computing error map", () -> new ScalarArrayField(vectorField.map(
                (vectorArray, vectorOffset, vectorLength, column, row) -> {
                    Vector2D solution = solver.solve(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));

                    // Return the distance to the correct point
                    if (solution != null) {
                        return solution.distance(new Vector2D(vectorField.getColumn(column), vectorField.getRow(row)));
                    } else {
                        return Math.PI * 2;
                    }
                }), progress -> {
            long elapsed = System.nanoTime() - startTime;
            Duration eta = Duration.ofNanos((long) (elapsed * (1.0 / progress - 1)));

            System.out.printf("Progress: %.3f, eta: %s\n", progress * 100, eta);
        }));
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));

        // Single frame without a vector field
        return ImmutableList.of(new PlotFrame(field, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.ModelSource source, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = getVectorField(model, source, t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Retrieve the vector field from a magnetic model and a model source.
     * @param model the model.
     * @param source the source.
     * @param time the time.
     * @param xPoints the x coordinates.
     * @param yPoints the y coordinates.
     * @return
     */
    private static VectorField getVectorField(MagneticModel model, PlotArguments.ModelSource source, double time, double[] xPoints, double[] yPoints) {
        switch (source) {
            case MAGNETIC_FIELD:
                return model.getVectorField(time, xPoints, yPoints);
            case SINUSOID_FIELD:
                return new HarmonicSumField(model.conductors(), time, xPoints, yPoints);
            case DRONE_2:
                VectorField sinusoids = new HarmonicSumField(model.conductors(), time, xPoints, yPoints);
                return new DroneVectorField(sinusoids);
            default:
                throw new IllegalArgumentException("Unknown model source: " + source);
        }
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 8596�package com.comphenix.magnets.datastructure;

import java.util.Arrays;

/**
 * An implementation of an implicit binary interval heap.
 */
public class IntervalHeap<T> implements MinHeap<T>, MaxHeap<T> {
    private static final int defaultCapacity = 64;
    private Object[] data;
    private double[] keys;
    private int capacity;
    private int size;

    public IntervalHeap() {
        this(defaultCapacity);
    }

    public IntervalHeap(int capacity) {
        this.data = new Object[capacity];
        this.keys = new double[capacity];
        this.capacity = capacity;
        this.size = 0;
    }

    public void offer(double key, T value) {
        // If move room is needed, double array size
        if (size >= capacity) {
            capacity *= 2;
            data = Arrays.copyOf(data, capacity);
            keys = Arrays.copyOf(keys, capacity);
        }

        // Insert new value at the end
        size++;
        data[size-1] = value;
        keys[size-1] = key;
        siftInsertedValueUp();
    }

    public void removeMin() {
        if (size == 0) {
            throw new IllegalStateException();
        }

        size--;
        data[0] = data[size];
        keys[0] = keys[size];
        data[size] = null;
        siftDownMin(0);
    }

    public void replaceMin(double key, T value) {
        if (size == 0) {
            throw new IllegalStateException();
        }

        data[0] = value;
        keys[0] = key;
        if (size > 1) {
            // Swap with pair if necessary
            if (keys[1] < key) {
                swap(0, 1);
            }
            siftDownMin(0);
        }
    }

    public void removeMax() {
        if (size == 0) {
            throw new IllegalStateException();
        } else if (size == 1) {
            removeMin();
            return;
        }

        size--;
        data[1] = data[size];
        keys[1] = keys[size];
        data[size] = null;
        siftDownMax(1);
    }

    public void replaceMax(double key, T value) {
        if (size == 0) {
            throw new IllegalStateException();
        } else if (size == 1) {
            replaceMin(key, value);
            return;
        }

        data[1] = value;
        keys[1] = key;
        // Swap with pair if necessary
        if (key < keys[0]) {
            swap(0, 1);
        }
        siftDownMax(1);
    }

    @SuppressWarnings("unchecked")
    public T getMin() {
        if (size == 0) {
            throw new IllegalStateException();
        }

        return (T) data[0];
    }

    @SuppressWarnings("unchecked")
    public T getMax() {
        if (size == 0) {
            throw new IllegalStateException();
        } else if (size == 1) {
            return (T) data[0];
        }

        return (T) data[1];
    }

    public double getMinKey() {
        if (size == 0) {
            throw new IllegalStateException();
        }

        return keys[0];
    }

    public double getMaxKey() {
        if (size == 0) {
            throw new IllegalStateException();
        } else if (size == 1) {
            return keys[0];
        }

        return keys[1];
    }

    private int swap(int x, int y) {
        Object yData = data[y];
        double yDist = keys[y];
        data[y] = data[x];
        keys[y] = keys[x];
        data[x] = yData;
        keys[x] = yDist;
        return y;
    }

    /**
     * Min-side (u % 2 == 0):
     * - leftchild:  2u + 2
     * - rightchild: 2u + 4
     * - parent:     (x/2-1)&~1
     *
     * Max-side (u % 2 == 1):
     * - leftchild:  2u + 1
     * - rightchild: 2u + 3
     * - parent:     (x/2-1)|1
     */

    private void siftInsertedValueUp() {
        int u = size-1;
        if (u == 0) {
            // Do nothing if it's the only element!
        }
        else if (u == 1) {
            // If it is the second element, just sort it with it's pair
            if  (keys[u] < keys[u-1]) { // If less than it's pair
                swap(u, u-1); // Swap with it's pair
            }
        }
        else if (u % 2 == 1) {
            // Already paired. Ensure pair is ordered right
            int p = (u/2-1)|1; // The larger value of the parent pair
            if  (keys[u] < keys[u-1]) { // If less than it's pair
                u = swap(u, u-1); // Swap with it's pair
                if (keys[u] < keys[p-1]) { // If smaller than smaller parent pair
                    // Swap into min-heap side
                    u = swap(u, p-1);
                    siftUpMin(u);
                }
            } else {
                if (keys[u] > keys[p]) { // If larger that larger parent pair
                    // Swap into max-heap side
                    u = swap(u, p);
                    siftUpMax(u);
                }
            }
        } else {
            // Inserted in the lower-value slot without a partner
            int p = (u/2-1)|1; // The larger value of the parent pair
            if (keys[u] > keys[p]) { // If larger that larger parent pair
                // Swap into max-heap side
                u = swap(u, p);
                siftUpMax(u);
            } else if (keys[u] < keys[p-1]) { // If smaller than smaller parent pair
                // Swap into min-heap side
                u = swap(u, p-1);
                siftUpMin(u);
            }
        }
    }

    private void siftUpMin(int c) {
        // Min-side parent: (x/2-1)&~1
        for (int p = (c/2-1)&~1; p >= 0 && keys[c] < keys[p]; c = p, p = (c/2-1)&~1) {
            swap(c, p);
        }
    }

    private void siftUpMax(int c) {
        // Max-side parent: (x/2-1)|1
        for (int p = (c/2-1)|1; p >= 0 && keys[c] > keys[p]; c = p, p = (c/2-1)|1) {
            swap(c, p);
        }
    }

    private void siftDownMin(int p) {
        for (int c = p * 2 + 2; c < size; p = c, c = p * 2 + 2) {
            if (c + 2 < size && keys[c + 2] < keys[c]) {
                c += 2;
            }
            if (keys[c] < keys[p]) {
                swap(p, c);
                // Swap with pair if necessary
                if (c+1 < size && keys[c+1] < keys[c]) {
                    swap(c, c+1);
                }
            } else {
                break;
            }
        }
    }

    private void siftDownMax(int p) {
        for (int c = p * 2 + 1; c <= size; p = c, c = p * 2 + 1) {
            if (c == size) {
                // If the left child only has half a pair
                if (keys[c - 1] > keys[p]) {
                    swap(p, c - 1);
                }
                break;
            } else if (c + 2 == size) {
                // If there is only room for a right child lower pair
                if (keys[c + 1] > keys[c]) {
                    if (keys[c + 1] > keys[p]) {
                       swap(p, c + 1);
                    }
                    break;
                }
            } else if (c + 2 < size) {
                // If there is room for a right child upper pair
                if (keys[c + 2] > keys[c]) {
                    c += 2;
                }
            }
            if (keys[c] > keys[p]) {
                swap(p, c);
                // Swap with pair if necessary
                if (keys[c-1] > keys[c]) {
                    swap(c, c-1);
                }
            } else {
                break;
            }
        }
    }

    public int size() {
        return size;
    }

    public int capacity() {
        return capacity;
    }

    @Override
    public String toString() {
        java.text.DecimalFormat twoPlaces = new java.text.DecimalFormat("0.00");
        StringBuffer str = new StringBuffer(IntervalHeap.class.getCanonicalName());
        str.append(", size: ").append(size()).append(" capacity: ").append(capacity());
        int i = 0, p = 2;
        while (i < size()) {
            int x = 0;
            str.append("\t");
            while ((i+x) < size() && x < p) {
                str.append(twoPlaces.format(keys[i + x])).append(", ");
                x++;
            }
            str.append("\n");
            i += x;
            p *= 2;
        }
        return str.toString();
    }

    private boolean validateHeap() {
        // Validate left-right
        for (int i = 0; i < size-1; i+= 2) {
            if (keys[i] > keys[i+1]) return false;
        }
        // Validate within parent interval
        for (int i = 2; i < size; i++) {
            double maxParent = keys[(i/2-1)|1];
            double minParent = keys[(i/2-1)&~1];
            if (keys[i] > maxParent || keys[i] < minParent) return false;
        }
        return true;
    }
}
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blob 2575�package com.comphenix.magnets.fields;

import com.google.common.collect.ImmutableList;

import java.util.Arrays;
import java.util.Collection;
import java.util.Objects;
import java.util.stream.DoubleStream;
import java.util.stream.IntStream;

/**
 * Represents a simple simulator of magnetic fields.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class VectorSimulatedField implements VectorField {
    // Input
    private final ImmutableList<ContinuousField> sources;
    private final double[] yCoordinates;
    private final double[] xCoordinates;

    /**
     * Construct a new simulated field with the given magnetic sources.
     * @param sources the sources.
     */
    public VectorSimulatedField(Collection<ContinuousField> sources, double[] xCoordinates, double[] yCoordinates) {
        this.sources = ImmutableList.copyOf(Objects.requireNonNull(sources));
        this.xCoordinates = xCoordinates.clone();
        this.yCoordinates = yCoordinates.clone();
    }

    @Override
    public double getColumn(int column) {
        return xCoordinates[column];
    }

    @Override
    public double getRow(int row) {
        return yCoordinates[row];
    }

    @Override
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] outputStrengthX, double[] outputStrengthY, int outputOffset) {
        // Ensure all the arrays are of the same length
        if (outputStrengthX.length != outputStrengthY.length) {
            throw new IllegalArgumentException("All output arrays must have the same length.");
        }
        int index = outputOffset;

        // Initial value
        for (int row = startRow; row < endRow; row++) {
            for (int col = startColumn; col < endColumn; col++) {
                outputStrengthX[index] = 0;
                outputStrengthY[index] = 0;
                index++;
            }
        }

        // Now accumulate
        for (int i = 0; i < sources.size(); i++) {
            ContinuousField source = sources.get(i);
            index = outputOffset;

            for (int row = startRow; row < endRow; row++) {
                for (int col = startColumn; col < endColumn; col++) {
                    source.addComponents(xCoordinates[col], yCoordinates[row], outputStrengthX, index, outputStrengthY, index);
                    index++;
                }
            }
        }
    }

    @Override
    public int getColumns() {
        return xCoordinates.length;
    }

    @Override
    public int getRows() {
        return yCoordinates.length;
    }
}
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blob 2569�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.util.SegmentRange;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;

/**
 * Represents an N-dimensional bounding box.
 * Created by Kristian on 08.04.2015.
 */
public class BoundingBox {
    private final RealVector lowerBound;
    private final RealVector upperBound;

    private RealVector center;
    private RealVector extent;

    /**
     * Construct a new bounding box.
     * @param lowerBound the lower bound.
     * @param upperBound the upper bound.
     */
    public BoundingBox(double[] lowerBound, double[] upperBound) {
        this.lowerBound = new ArrayRealVector(lowerBound);
        this.upperBound = new ArrayRealVector(upperBound);
    }

    /**
     * Construct a 2D bounding box from the given ranges.
     * @param xRange the x range.
     * @param yRange the y range.
     */
    public BoundingBox(SegmentRange xRange, SegmentRange yRange) {
        this(new double[] {xRange.getStart(), yRange.getStart()}, new double[] {xRange.getEnd(), yRange.getEnd()});
    }

    /**
     * Compute the center point of the current bounding box.
     * @return The center point.
     */
    public RealVector getCenter() {
        RealVector result = center;

        if (result == null) {
            double[] sigma = new double[lowerBound.getDimension()];

            for (int i = 0; i < lowerBound.getDimension(); i++) {
                sigma[i] = (lowerBound.getEntry(i) + upperBound.getEntry(i)) / 2;
            }
            center = result = new ArrayRealVector(sigma, false);
        }
        return result;
    }

    /**
     * Compute the width of each dimension in the bounding box.
     * @return The dimensions.
     */
    public RealVector getExtent() {
        RealVector result = extent;

        if (result == null) {
            double[] sigma = new double[lowerBound.getDimension()];

            for (int i = 0; i < lowerBound.getDimension(); i++) {
                sigma[i] = Math.abs(upperBound.getEntry(i) - lowerBound.getEntry(i));
            }
            extent = result = new ArrayRealVector(sigma, false);
        }
        return result;
    }

    /**
     * Retrieve the current lower bound.
     * @return The lower bound,
     */
    public RealVector getLowerBound() {
        return lowerBound;
    }

    /**
     * Retrieve the upper bound.
     * @return Upper bound of the bounding box.
     */
    public RealVector getUpperBound() {
        return upperBound;
    }
}
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blob 5519�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarArrayField;
import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.fields.VectorField;

import java.util.Arrays;
import java.util.stream.IntStream;

/**
 * Represents an accumulator for finding the frame with the maximum X and Y value.
 */
class MaxAccumulator {
    private final MaximumScalarField maximumX;
    private final MaximumScalarField maximumY;

    /**
     * Construct a new accumulator from the given column and row coordinates.
     * @param x the column coordinates.
     * @param y the row coordinates.
     */
    public MaxAccumulator(double[] x, double[] y) {
        this.maximumX = new MaximumScalarField(ScalarArrayField.fromValue(x, y, 0));
        this.maximumY = new MaximumScalarField(ScalarArrayField.fromValue(x, y, 0));
    }

    /**
     * Construct a copy of a given accumulator.
     * @param other the other accumulator.
     */
    public MaxAccumulator(MaxAccumulator other) {
        this.maximumX = new MaximumScalarField(other.maximumX);
        this.maximumY = new MaximumScalarField(other.maximumY);
    }

    /**
     * Compute the maximum using the given vector field and frame index.
     * @param field the vector field.
     * @param index the frame index.
     */
    public void max(VectorField field, int index) {
        maximumX.max(field.x(), index);
        maximumY.max(field.y(), index);
    }

    /**
     * Convert this accumulator to a scalar field.
     * @return The scalar field.
     */
    public ScalarField toScalarField() {
        double[] x = maximumX.getScalarField().toColumnArray();
        double[] y = maximumY.getScalarField().toRowArray();
        ScalarArrayField result = ScalarArrayField.fromValue(x, y, 0);

        int[][] xIndex = maximumX.fieldIndices();
        int[][] yIndex = maximumY.fieldIndices();

        // Display the difference
        for (int row = 0; row < result.getRows(); row++) {
            for (int col = 0; col < result.getColumns(); col++) {
                result.setValue(col, row, xIndex[row][col] - yIndex[row][col]);
            }
        }
        return result;
    }

    /**
     * Merge the content of one accumulator into another.
     * @param a first accumulator.
     * @param b second accumulator.
     */
    public static MaxAccumulator merge(MaxAccumulator a, MaxAccumulator b) {
        MaxAccumulator copy = new MaxAccumulator(a);

        copy.maximumX.merge(b.maximumX);
        copy.maximumY.merge(b.maximumY);
        return copy;
    }

    /**
     * A scalar field that is based on the field index.
     */
    private static class MaximumScalarField {
        private ScalarArrayField scalarField;
        private int[][] fieldIndices;

        /**
         * Construct a new scalar field for keeping track of the maximum value.
         * @param scalarField the scalar field.
         */
        public MaximumScalarField(ScalarArrayField scalarField) {
            this.scalarField = scalarField;
            this.fieldIndices = IntStream.of(0, scalarField.getRows()).
                    mapToObj(i -> new int[scalarField.getColumns()]).
                    toArray(int[][]::new);
        }

        /**
         * Construct a copy of the given maximum scalar field.
         * @param other the other maximum scalar field.
         */
        public MaximumScalarField(MaximumScalarField other) {
            this.scalarField = new ScalarArrayField(other.getScalarField());
            this.fieldIndices = Arrays.stream(other.fieldIndices).map(int[]::clone).toArray(int[][]::new);
        }

        public ScalarField getScalarField() {
            return scalarField;
        }

        public int[][] fieldIndices() {
            return fieldIndices;
        }

        /**
         * Store the cell value in the given field if it is higher than the current cell value.
         * <p />
         * In addition, keep track of the field index.
         * @param field the field.
         * @param index the index.
         */
        public void max(ScalarField field, int index) {
            double[] buffer = new double[field.getColumns()];

            for (int row = 0; row < scalarField.getRows(); row++) {
                // Read an entire row from the field
                field.fillValues(0, field.getColumns(), row, row + 1, buffer);

                for (int col = 0; col < scalarField.getColumns(); col++) {
                    if (scalarField.getValue(col, row) < buffer[col]) {
                        scalarField.setValue(col, row, buffer[col]);
                        fieldIndices[row][col] = index;
                    }
                }
            }
        }

        /**
         * Merge the maximum values with the given scalar field.
         * @param other the other maximum scalar field.
         */
        public void merge(MaximumScalarField other) {
            for (int row = 0; row < scalarField.getRows(); row++) {
                for (int col = 0; col < scalarField.getColumns(); col++) {
                    double valueA = this.scalarField.getValue(col, row);
                    double valueB = other.scalarField.getValue(col, row);

                    // Merge in the maximum value
                    if (valueA < valueB) {
                        scalarField.setValue(col, row, valueB);
                        fieldIndices[row][col] = other.fieldIndices[row][col];
                    }
                }
            }
        }
    }
}
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commit 266�tree 488b034189d6e326339f3a44284d5fd7ff987713
parent 0d83103caad2d4251a9bcbdc76d9326094c4255b
author Kristian S. Stangeland <kr_stang@hotmail.com> 1433821430 +0200
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1433821430 +0200

Adding model interpolation.
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blob 2405�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.fields.ContinuousField;
import com.google.common.base.Throwables;
import org.apache.commons.beanutils.BeanUtils;
import org.apache.commons.math3.optim.*;
import org.apache.commons.math3.optim.nonlinear.scalar.GoalType;
import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;
import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.CMAESOptimizer;
import org.apache.commons.math3.random.JDKRandomGenerator;

import java.lang.reflect.InvocationTargetException;
import java.util.Map;

/**
 * Created by Kristian on 08.04.2015.
 */
public class CmaesSolver implements Solver {
    private int iterations = 2000;
    private int populationSize = 4000;
    private double threshold = 0.000000000001;

    @Override
    public PointValuePair findMinimum(ContinuousField field, double[] target, double[] guessPoint, BoundingBox boundingBox) {
        CMAESOptimizer optimizer = new CMAESOptimizer(iterations, 0, true, 0, 0, new JDKRandomGenerator(), false, new SimpleValueChecker(-1, threshold));

        // Real solution
        return optimizer.optimize(
                new SimpleBounds(boundingBox.getLowerBound().toArray(), boundingBox.getUpperBound().toArray()),
                new InitialGuess(guessPoint),
                new CMAESOptimizer.Sigma(boundingBox.getExtent().toArray()),
                new CMAESOptimizer.PopulationSize(populationSize), GoalType.MINIMIZE,
                new MaxIter(2000000),
                new MaxEval(10000000),
                new ObjectiveFunction(ContinuousField.withSquareDistance(field, target)));
    }

    public int getIterations() {
        return iterations;
    }

    public void setIterations(int iterations) {
        this.iterations = iterations;
    }

    public int getPopulationSize() {
        return populationSize;
    }

    public void setPopulationSize(int populationSize) {
        this.populationSize = populationSize;
    }

    public double getThreshold() {
        return threshold;
    }

    public void setThreshold(double threshold) {
        this.threshold = threshold;
    }

    @Override
    public String toString() {
        return "CmaesSolver{" +
                "iterations=" + iterations +
                ", populationSize=" + populationSize +
                ", threshold=" + threshold +
                '}';
    }
}
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commit 339�tree 61ce984ac875fed40345af0e21ae896a0a39b4fc
parent aca609a97c68651f61afca5120020ecba46bee7d
author Kristian S. Stangeland <kr_stang@hotmail.com> 1422400557 +0100
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1422400557 +0100

Added a line graph to display the maximum value in some axis.

The line graph is hard coded for now.
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blob 331�package com.comphenix.magnets;

/**
 * Represents a simple magnetic field.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class FieldSimulator {
    /**
     *
     * @param x
     * @param y
     * @param current
     * @return
     */
    public FieldSimulator addWire(double x, double y, double current) {

    }
}
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blob 118�package com.comphenix.magnets.solver;

/**
 * Created by Kristian on 12.02.2015.
 */
public class LevenbergSolver {
}
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blob 21477�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.io.CvsFieldWriter;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.model.HarmonicSumField;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.solver.continuous.BoundingBox;
import com.comphenix.magnets.solver.continuous.Solver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.beanutils.BeanUtils;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.optim.*;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.*;
import java.util.concurrent.ThreadLocalRandom;
import java.util.concurrent.TimeUnit;
import java.util.concurrent.atomic.AtomicInteger;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;
import java.util.stream.IntStream;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getModelSource(), a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // CMES
        if (a.getModelFile() != null && a.getModelSource() == PlotArguments.ModelSource.DRONE_2) {
            Solver solver = a.getSolverName().toSolver();
            BoundingBox box = new BoundingBox(a.getX(), a.getY());

            // Initialize properties
            BeanUtils.populate(solver, a.getSolverProperties());
            System.out.println("Finding minimum using " + solver);

            if (a.getDroneLocation() != null) {
                testCMES(solver, model, a.getX(), a.getY(), a.getDroneLocation());
            }
            if (a.isComputeDronePDF()) {
                computePDF(solver, model, box, a.getDroneSearchRadius(), a.getDronePDFSamples());
            }
            if (a.isDrawDroneErrorMap()) {
                writeDroneErrorMap(a, solver, model, box, a.getX(), a.getY(), new File(rootFolder, "DRONE_ERROR.png"));
            }
        }

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                Range<Double> errorRange = errorField.getRange();

                System.out.println("Writing error map with value range: " + errorRange);
                writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    private static void testCMES(Solver solver, MagneticModel model, SegmentRange x, SegmentRange y, RealVector droneLocation) {
        ContinuousField sinusoids = DroneVectorField.twoSensors(new HarmonicSumField(model.conductors(), 0));

        // The target position
        Random rnd = new Random();
        double[] target = sinusoids.getVector(droneLocation.getEntry(0), droneLocation.getEntry(1)).toArray();

        // Real solution
        System.out.println("Attempting to find " + new ArrayRealVector(target) + " (point " + droneLocation + " ) in field ...");
        PointValuePair solution = solver.findMinimum(sinusoids, target, new BoundingBox(x, y));
        RealVector solutionPoint = new ArrayRealVector(solution.getPoint());

        System.out.println("Possible solution: " + solutionPoint + ", distance: " + droneLocation.getDistance(solutionPoint));
        System.out.println("Value of possible: " + sinusoids.getVector(solution.getPoint()[0], solution.getPoint()[1]));
    }

    private static void computePDF(Solver solver, MagneticModel model, BoundingBox box, double droneSearchRadius, int dronePDFSamples) {
        ContinuousField sinusoids = DroneVectorField.twoSensors(new HarmonicSumField(model.conductors(), 0));

        DoubleSummaryStatistics distanceStats = new DoubleSummaryStatistics();
        AtomicInteger misses = new AtomicInteger();

        // Pre-generate the random points according to a seed
        Random pointRandom = new Random(1);
        RealVector[] points = IntStream.range(0, dronePDFSamples).
                mapToObj(i -> box.randomPoint(pointRandom)).toArray(RealVector[]::new);

        Stopwatch totalElapsed = Stopwatch.createStarted();

        // Samples of the distances
        DoubleSummaryStatistics stats = IntStream.range(0, dronePDFSamples).mapToDouble(i -> {
            double[] randomPoint = points[i].toArray();
            double[] randomTarget = sinusoids.getVector(randomPoint[0], randomPoint[1]).toArray();
            double[] guessPoint = null;
            BoundingBox searchBox = box;

            // See if the drone radius is overriding the search box
            if (droneSearchRadius < box.getMaximumExtent()) {
                searchBox = BoundingBox.fromHyperCube(randomPoint, droneSearchRadius).intersect(box);
                guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
            } else {
                guessPoint = box.getCenter().toArray();
            }

            Stopwatch watch = Stopwatch.createStarted();
            PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox);
            watch.stop();

            // Store the distance between the solution and the random point
            double sample = new ArrayRealVector(randomPoint, false).getDistance(
                    new ArrayRealVector(bestSolution.getPoint(), false));
            distanceStats.accept(sample);

            if (sample > 0.1) {
                misses.incrementAndGet();
            }
            System.out.println("Point " + new ArrayRealVector(randomPoint, false) + " distance: " + sample);
            return watch.elapsed(TimeUnit.NANOSECONDS) / 1.0E6;

        }).parallel().summaryStatistics();

        totalElapsed.stop();
        System.out.println("Total elapsed (real-time): " + totalElapsed);
        System.out.println("Average elapsed (per point): " + stats.getAverage() + " ms (std: " + Math.sqrt(stats.getAverage()) + " ms)");
        System.out.println("Average distance: " + distanceStats.getAverage() + " m (std: " + Math.sqrt(distanceStats.getAverage()) + " m)");
        System.out.println("Misses (above 0.1): " + misses.get() + " of " + dronePDFSamples);
    }

    private static void writeDroneErrorMap(PlotArguments a, Solver solver, MagneticModel model, BoundingBox box, SegmentRange xRange, SegmentRange yRange, File file) throws IOException {
        ContinuousField sinusoids = DroneVectorField.twoSensors(new HarmonicSumField(model.conductors(), 0));
        Stopwatch watch = Stopwatch.createStarted();
        Stopwatch total = Stopwatch.createStarted();

        ScalarField errorMap = ScalarArrayField.fromFunction(xRange.toArray(), yRange.toArray(), (x, y) -> {
            double[] specificPoint = new double[] { x, y };
            double[] randomTarget = sinusoids.getVector(specificPoint[0], specificPoint[1]).toArray();
            double[] guessPoint = null;
            BoundingBox searchBox = box;

            // See if the drone radius is overriding the search box
            if (a.getDroneSearchRadius() < box.getMaximumExtent()) {
                searchBox = BoundingBox.fromHyperCube(specificPoint, a.getDroneSearchRadius()).intersect(box);
                guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
            } else {
                guessPoint = box.getCenter().toArray();
            }

            try {
                PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox);

                // We want to plot the distance
                return new ArrayRealVector(specificPoint, false).getDistance(
                        new ArrayRealVector(bestSolution.getPoint(), false));

            } catch (Exception e) {
                System.out.println("Error occurred for " + new ArrayRealVector(specificPoint, false));
                e.printStackTrace();
                return box.getDiagonalLength();
            }

        }, progress -> {
            if (watch.elapsed(TimeUnit.SECONDS) > 1) {
                System.out.println("Current progress: " + progress * 100 + "%");

                watch.reset();
                watch.start();
            }
        });

        total.stop();
        System.out.println("Generated drone map in " + total);

        // Write out the drone map
        writeScalarField(a, null, a.getValueOperator(), errorMap, file);
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        destination = getSiblingFile(destination, a.getOutputFormat().getExtension());

        switch (a.getOutputFormat()) {
            case PNG:
                writePngField(a, valueRange, valueOperator, field, destination);
                break;
            case CSV:
                Stopwatch watch = Stopwatch.createStarted();
                CvsFieldWriter writer = new CvsFieldWriter();
                writer.write(destination.toPath(), field);

                watch.stop();
                System.out.println("Written " + destination + " (total time: " + watch + ")");
                break;
        }
    }

    /**
     * Retrieve a sibling file with the same name and the given extension,
     * @param file the file.
     * @param extension the extension.
     * @return Sibling file with similar file name, but different extension.
     */
    private static File getSiblingFile(File file, String extension) {
        return new File(file.getParentFile(),
                com.google.common.io.Files.getNameWithoutExtension(file.getName()) + "." + extension);
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writePngField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;
        Stopwatch watch = Stopwatch.createStarted();

        // Recompute range
        if (valueRange == null) {
            valueRange = field.getRange();
        }
        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        FieldGraph graph = new FieldGraph(a.getScheme().toGradient(), valueOperator, a.getXAxis(), a.getYAxis());
        BufferedImage image = graph.createImage(field, a.getX().toRange(), a.getY().toRange(), valueRange, column -> {
            if (maxColumns != null) {
                // Compute maximum value in each row
                for (int i = 0; i < maxColumns.length; i++) {
                    if (!Double.isNaN(column[i])) {
                        maxColumns[i] = Math.max(maxColumns[i], column[i]);
                    }
                }
            }
        });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, graph.getMargins().getLeft(), graph.getMargins().getTop(),
                    maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            watch.stop();
            System.out.println("Written " + destination + " (total time: " + watch + ")");
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        RealVector valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        Vector2D solvedPoint = measure("Time finding solution", () -> solver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        ScalarField distance = new ScalarArrayField(vectorField.map(
            (vectorArray, vectorOffset, vectorLength, column, row) -> {
                return valuePoint.getDistance(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));
            }
        ));
        return distance;
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));

        // Single frame without a vector field
        return ImmutableList.of(new PlotFrame(field, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.ModelSource source, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = getVectorField(model, source, t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Retrieve the vector field from a magnetic model and a model source.
     * @param model the model.
     * @param source the source.
     * @param time the time.
     * @param xPoints the x coordinates.
     * @param yPoints the y coordinates.
     * @return
     */
    private static VectorField getVectorField(MagneticModel model, PlotArguments.ModelSource source, double time, double[] xPoints, double[] yPoints) {
        switch (source) {
            case MAGNETIC_FIELD:
                return model.getVectorField(time, xPoints, yPoints);
            case SINUSOID_FIELD:
                return new HarmonicSumField(model.conductors(), time).toVectorField(xPoints, yPoints);
            case DRONE_2:
                ContinuousField sinusoids = new HarmonicSumField(model.conductors(), time);
                return new DroneVectorField(sinusoids, new double[] {0, 0, 0, (yPoints[1] - yPoints[0]) * 20 }).toVectorField(xPoints, yPoints);
            default:
                throw new IllegalArgumentException("Unknown model source: " + source);
        }
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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More implementation
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blob 2810�package com.comphenix.magnets.fields;

import java.util.Arrays;
import java.util.DoubleSummaryStatistics;
import java.util.stream.Collector;
import java.util.stream.Collectors;
import java.util.stream.DoubleStream;

/**
 * Represents a simple 2D field.
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class ArrayFieldDouble {
    private static final int INITIAL_CAPACITY = 10;

    // Initial values
    private double[] x = new double[INITIAL_CAPACITY];
    private double[] y = new double[INITIAL_CAPACITY];
    private double[][] data = new double[INITIAL_CAPACITY][];
    private int width = 0;
    private int height = 0;

    /**
     * Retrieve the current X coordinates.
     * @return The X coordinates.
     */
    public double[] getX() {
        return Arrays.copyOf(x, width);
    }

    /**
     * Set the x coordinates of the cells.
     * @param x the x coordinates.
     */
    public void setX(double[] x) {
        this.x = x.clone();
        this.width = x.length;
    }

    /**
     * Retrieve the current Y coordinates.
     * @return The Y coordinates.
     */
    public double[] getY() {
        return Arrays.copyOf(x, height);
    }

    /**
     * Set the Y coordinates of the cells.
     * @param y the y coordinates.
     */
    public void setY(double[] y) {
        this.y = y.clone();
    }

    /**
     * Add the given coordinate to the bottom of the matrix.
     * @param yCoordinate the y coordinate.
     * @param values the values to add.
     */
    public void addRow(double yCoordinate, double[] values) {
        ensureHeight();
        y[height] = yCoordinate;
        data[height] = values;

        // Increment
        height++;
    }

    /**
     * Retrieve the value in the given cell.
     * @param x the x coordinate of the cell.
     * @param y the y coordinate of the cell.
     * @return The value.
     */
    public double getValue(int x, int y) {
        return data[y][x];
    }

    /**
     * View this matrix as a stream of cell values.
     * @return The corresponding stream.
     */
    public DoubleStream stream() {
        return Arrays.stream(data, 0, height).flatMapToDouble(Arrays::stream);
    }

    /**
     * Ensure the matrix is sufficiently large in the Y direction.
     */
    protected void ensureHeight() {
        if (y.length == height) {
            y = Arrays.copyOf(y, (int) (y.length * 1.5));
        }
        if (data.length == height) {
            data = Arrays.copyOf(data, (int) (data.length * 1.5));
        }
    }

    /**
     * Retrieve the width of the matrix.
     * @return The width.
     */
    public int getWidth() {
        return width;
    }

    /**
     * Retrieve the height of the matrix.
     * @return The height.
     */
    public int getHeight() {
        return height;
    }
}
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blob 2259�package com.comphenix.magnets;

import javax.imageio.ImageIO;
import java.awt.image.*;
import java.io.IOException;
import java.io.Reader;
import java.nio.file.Files;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.DoubleSummaryStatistics;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws IOException {
        Path file = Paths.get(args[0]);

        try (Reader reader = Files.newBufferedReader(file)) {
            System.out.println("Reading CVS file ...");
            FieldDouble result = FieldCvsParser.system().parse(reader);

            System.out.println("Drawing output image ...");
            BufferedImage image = drawMatrix(result);

            // Write output
            System.out.println("Writing image to file ...");
            ImageIO.write(image, "png", file.resolveSibling("output-log-5.png").toFile());
        }
    }

    private static BufferedImage drawMatrix(FieldDouble matrix) {
        // Matrix
        DoubleSummaryStatistics statistics = matrix.stream().summaryStatistics();
        double minLog = Math.log10(statistics.getMin());
        double maxLog = Math.log10(statistics.getMax());

        // Output image
        int[] pixels = new int[matrix.getWidth() * matrix.getHeight()];
        int pixelIndex = 0;

        int mask = 255 << 24;
        //LinearGradient gradient = LinearGradient.fromColors(Color.BLACK, Color.YELLOW, Color.WHITE);
        HueGradient gradient = new HueGradient();

        for (int y = 0; y < matrix.getHeight(); y++) {
            for (int x = 0; x < matrix.getWidth(); x++) {
                double valueLog = Math.log10(matrix.getValue(x, y));
                double normalized = (valueLog - minLog) / (maxLog - minLog);

                pixels[pixelIndex++] = mask | gradient.getColor(normalized);
            }
        }
        return fromPixels(matrix.getWidth(), matrix.getHeight(), pixels);
    }

    private static BufferedImage fromPixels(int width, int height, int[] pixels) {
        BufferedImage image = new BufferedImage(width, height, BufferedImage.TYPE_INT_ARGB);
        image.setRGB(0, 0, width, height, pixels, 0, width);
        return image;
    }
}
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blob 3112�package com.comphenix.magnets.graphics;

import java.awt.*;
import java.util.Arrays;
import java.util.stream.IntStream;

/**
 * Represents a gradient.
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class LinearGradient implements Gradient {
    private final int colorRed[];
    private final int colorGreen[];
    private final int colorBlue[];
    private final int rgbColor[];
    private final int length;
    private final int segments;

    /**
     * Construct a new linear gradient.
     * @param colorRed red colors.
     * @param colorGreen green colors.
     * @param colorBlue blue colors.
     */
    protected LinearGradient(int[] colorRed, int[] colorGreen, int[] colorBlue) {
        if (colorRed.length != colorGreen.length || colorGreen.length != colorBlue.length)
            throw new IllegalStateException("Color arrays must have the same length.");
        this.colorRed = colorRed;
        this.colorGreen = colorGreen;
        this.colorBlue = colorBlue;

        // Dividing the color space in 3 yields 2 segments, etc.
        this.length = colorBlue.length;
        this.segments = length - 1;

        // Compute the RGB equivalent of a color segment
        this.rgbColor = IntStream.range(0, segments).
                map(i -> (colorRed[i] << 16) | (colorGreen[i] << 8) | colorBlue[i]).
                toArray();
    }

    /**
     * Construct a new linear gradient from the given colors.
     * @param colors the colors.
     * @return The corresponding linear gradient.
     */
    public static LinearGradient fromColors(Color... colors) {
        return new LinearGradient(
            Arrays.stream(colors).mapToInt(Color::getRed).toArray(),
            Arrays.stream(colors).mapToInt(Color::getGreen).toArray(),
            Arrays.stream(colors).mapToInt(Color::getBlue).toArray()
        );
    }

    /**
     * Retrieve the number of segments in this gradient.
     * @return The number of segments.
     */
    public int getSegments() {
        return segments;
    }

    /**
     * Retrieve the color of a specific segment.
     * @param index index of the segment.
     * @return The RGB segment color.
     */
    public int getSegmentColor(int index) {
        return rgbColor[index];
    }

    /**
     * Retrieve the gradient color.
     * @param factor a factor between 0 and 1.
     * @return The corresponding RGB color.
     */
    @Override
    public int getColor(double factor) {
        // Handle extreme values
        if (factor < 0) {
            return rgbColor[0];
        } else if (factor > 1) {
            return rgbColor[segments - 1];
        }
        int index = (int) (factor * segments);

        if (index == segments) {
            index--;
        }
        double fTo = (factor - ((double)index / segments)) * segments;
        double fFrom = 1 - fTo;

        return
            ((int) (fFrom * colorRed[index] + fTo * colorRed[index + 1]) << 16) |
            ((int) (fFrom * colorGreen[index] + fTo * colorGreen[index + 1]) << 8) |
            ((int) (fFrom * colorBlue[index] + fTo * colorBlue[index + 1]));
    }
}
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blob 2040�package com.comphenix.magnets;

import java.awt.*;
import java.util.Arrays;

/**
 * Represents a gradient.
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class LinearGradient {
    private final int colorRed[];
    private final int colorGreen[];
    private final int colorBlue[];
    private final int length;
    private final int segments;

    /**
     * Construct a new linear gradient.
     * @param colorRed red colors.
     * @param colorGreen green colors.
     * @param colorBlue blue colors.
     */
    protected LinearGradient(int[] colorRed, int[] colorGreen, int[] colorBlue) {
        if (colorRed.length != colorGreen.length || colorGreen.length != colorBlue.length)
            throw new IllegalStateException("Color arrays must have the same length.");
        this.colorRed = colorRed;
        this.colorGreen = colorGreen;
        this.colorBlue = colorBlue;

        // Dividing the color space in 3 yields 2 segments, etc.
        this.length = colorBlue.length;
        this.segments = length - 1;
    }

    public static LinearGradient fromColors(Color... colors) {
        return new LinearGradient(
            Arrays.stream(colors).mapToInt(Color::getRed).toArray(),
            Arrays.stream(colors).mapToInt(Color::getGreen).toArray(),
            Arrays.stream(colors).mapToInt(Color::getBlue).toArray()
        );
    }

    /**
     * Retrieve the gradient color.
     * @param factor a factor between 0 and 1.
     * @return The corresponding gradient color.
     */
    public int getColor(double factor) {
        int index = (int) (factor * segments);

        if (index == segments) {
            index--;
        }
        double fTo = (factor - ((double)index / segments)) * segments;
        double fFrom = 1 - fTo;

        return
            ((int) (fFrom * colorRed[index] + fTo * colorRed[index + 1]) << 16) |
            ((int) (fFrom * colorGreen[index] + fTo * colorGreen[index + 1]) << 8) |
            ((int) (fFrom * colorBlue[index] + fTo * colorBlue[index + 1]));
    }
}
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blob 3354�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.fields.DiscreteField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.fields.VectorMatrixField;
import com.comphenix.magnets.util.SegmentRange;

/**
 * Created by Kristian on 02.04.2015.
 */
public class DroneVectorField implements ContinuousField {
    /**
     * Number of components per sensor.
     */
    private static final int COMPONENTS_PER_SENSOR = 1;

    // We have three values
    private final int components;
    private final ContinuousField sinusoids;
    private final double[] sensorDelta;
    private final int sensorCount;

    /**
     * Construct a new drone field for two sensors.
     * @param sinusoids the underlying sinusoid field.
     * @return The drone vector field.
     */
    public static DroneVectorField twoSensors(ContinuousField sinusoids) {
        return new DroneVectorField(sinusoids, new double[] { 0, 0, 3, 0, 6, 0, 9, 0 });
    }

    public DroneVectorField(ContinuousField sinusoids, double[] sensorDelta) {
        this.sinusoids = sinusoids;
        this.sensorDelta = sensorDelta;
        this.sensorCount = sensorDelta.length / 2;
        this.components = sensorCount * COMPONENTS_PER_SENSOR;

        if ((sensorDelta.length % 2) != 0) {
            throw new IllegalArgumentException("Sensor delta must be divisible by two.");
        }
    }

    @Override
    public int getComponents() {
        return components;
    }

    @Override
    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {
        int innerComponents = sinusoids.getComponents();
        double[] points = new double[innerComponents * sensorCount];

        // Read from the N points
        for (int i = 0; i < sensorCount; i++) {
            sinusoids.addComponents(x + sensorDelta[i * 2], y + sensorDelta[i * 2 + 1], points, i * innerComponents);
        }
        writeComponents(startComponent, endComponent, destination, destinationOffset, points, innerComponents);
    }

    /**
     * Write the given range of components using the first and second point to the destination array.
     * @param startComponent the starting component (inclusive)
     * @param endComponent the ending component (inclusive)
     * @param destination the destination array.
     * @param destinationOffset the destination offset.
     * @param points flattened array of point components.
     * @param pointsComponents number of components in the points array.
     * @return The new destination offset.
     */
    protected static int writeComponents(int startComponent, int endComponent, double[] destination, int destinationOffset, double[] points, int pointsComponents) {
        for (int i = startComponent; i < endComponent; i++) {
            int offset = i * pointsComponents;

            // Take the difference of the phase of X and phase of Y
            destination[destinationOffset++] = angleDiff(points[offset + 1], points[offset + 3]);
        }
        return destinationOffset;
    }

    private static double angleDiff(double a, double b) {
        //return b - a;
        if (a > b) {
            return 2 * Math.PI - a + b;
        } else {
            return b - a;
        }
    }
}
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blob 1855�package com.comphenix.magnets.model;

import javax.xml.bind.JAXBContext;
import javax.xml.bind.JAXBException;
import javax.xml.bind.Unmarshaller;
import java.io.IOException;
import java.io.InputStream;
import java.nio.file.Files;
import java.nio.file.Path;

/**
 * A deserializer of models.
 * Created by Kristian on 27.01.2015.
 */
public class ModelDeserializer {
    private static volatile ModelDeserializer system;

    private final Unmarshaller unmarshaller;

    /**
     * Retrieve the current system deserializer.
     * @return The system deserializer.
     */
    public static ModelDeserializer system() {
        ModelDeserializer result = system;

        if (result == null) {
            try {
                system = result = new ModelDeserializer();
            } catch (JAXBException e) {
                throw new RuntimeException("Unable to construct model.");
            }
        }
        return result;
    }

    /**
     * Construct a new magnetic model deserializer.
     * @throws JAXBException Cannot construct deserializer.
     */
    public ModelDeserializer() throws JAXBException {
        JAXBContext context = JAXBContext.newInstance(MagneticModel.class);
        this.unmarshaller = context.createUnmarshaller();
    }

    /**
     * Deserialize a magnetic model from the given file.
     * @param path XML file.
     * @return The corresponding magnetic model.
     * @throws IOException
     */
    public MagneticModel deserialize(Path path) {
        try (InputStream stream = Files.newInputStream(path)) {
            return (MagneticModel) unmarshaller.unmarshal(stream);
        } catch (JAXBException e) {
            throw new RuntimeException("Unable to unmarshal object.", e);
        } catch (IOException e) {
            throw new RuntimeException("Unable to read input file.", e);
        }
    }
}
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blob 131�package com.comphenix.magnets.util;

/**
 * Created by Kristian Stangeland on 23.01.2015.
 */
public class DeviationStatistics {
}
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blob 5448�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.util.SegmentRange;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;

import java.awt.*;
import java.awt.geom.Arc2D;
import java.util.Arrays;
import java.util.Random;

/**
 * Represents an N-dimensional bounding box.
 * Created by Kristian on 08.04.2015.
 */
public class BoundingBox {
    private final RealVector lowerBound;
    private final RealVector upperBound;

    private RealVector center;
    private RealVector extent;
    private double maximumExtent = Double.NaN;
    private double diagonalLength = Double.NaN;

    /**
     * Construct a new bounding box representing an axis-aligned hyper cube.
     * @param centerPoint the center point.
     * @param edgeLength the edge length.
     * @return The bounding box.
     */
    public static BoundingBox fromHyperCube(double[] centerPoint, double edgeLength) {
        return new BoundingBox(
            Arrays.stream(centerPoint).map(x -> x - edgeLength / 2).toArray(),
            Arrays.stream(centerPoint).map(x -> x + edgeLength / 2).toArray()
        );
    }

    /**
     * Construct a new bounding box.
     * @param lowerBound the lower bound.
     * @param upperBound the upper bound.
     */
    public BoundingBox(double[] lowerBound, double[] upperBound) {
        this.lowerBound = new ArrayRealVector(lowerBound);
        this.upperBound = new ArrayRealVector(upperBound);
    }

    /**
     * Construct a 2D bounding box from the given ranges.
     * @param xRange the x range.
     * @param yRange the y range.
     */
    public BoundingBox(SegmentRange xRange, SegmentRange yRange) {
        this(new double[] {xRange.getStart(), yRange.getStart()}, new double[] {xRange.getEnd(), yRange.getEnd()});
    }

    /**
     * Retrieve the number of dimensions.
     * @return Number of dimensions.
     */
    public int getDimensions() {
        return lowerBound.getDimension();
    }

    /**
     * Compute the center point of the current bounding box.
     * @return The center point.
     */
    public RealVector getCenter() {
        RealVector result = center;

        if (result == null) {
            double[] sigma = new double[lowerBound.getDimension()];

            for (int i = 0; i < lowerBound.getDimension(); i++) {
                sigma[i] = (lowerBound.getEntry(i) + upperBound.getEntry(i)) / 2;
            }
            center = result = new ArrayRealVector(sigma, false);
        }
        return result;
    }

    /**
     * Compute the width of each dimension in the bounding box.
     * @return The dimensions.
     */
    public RealVector getExtent() {
        RealVector result = extent;

        if (result == null) {
            double[] sigma = new double[lowerBound.getDimension()];

            for (int i = 0; i < lowerBound.getDimension(); i++) {
                sigma[i] = Math.abs(upperBound.getEntry(i) - lowerBound.getEntry(i));
            }
            extent = result = new ArrayRealVector(sigma, false);
        }
        return result;
    }

    /**
     * Retrieve the maximum extent.
     * @return The maxumum extent.
     */
    public double getMaximumExtent() {
        if (Double.isNaN(maximumExtent)) {
            maximumExtent = getExtent().getMaxValue();
        }
        return maximumExtent;
    }

    /**
     * Get the length of the diagonal.
     * @return The diagonal length.
     */
    public double getDiagonalLength() {
        if (Double.isNaN(diagonalLength)) {
            diagonalLength = lowerBound.getDistance(upperBound);
        }
        return diagonalLength;
    }

    /**
     * Compute the intersection of the current bounding box and the given bounding box.
     * </p>
     * The dimensions of the two boxes must match.
     * @param box the box.
     * @return The intersection, or NULL if the two don't intersect.
     */
    public BoundingBox intersect(BoundingBox box) {
        if (getDimensions() != box.getDimensions()) {
            throw new IllegalArgumentException("The dimensions of the two boxes must match.");
        }
        double[] lower = new double[getDimensions()];
        double[] upper = new double[getDimensions()];

        for (int i = 0; i < getDimensions(); i++) {
            lower[i] = Math.max(lowerBound.getEntry(i), box.getLowerBound().getEntry(i));
            upper[i] = Math.min(upperBound.getEntry(i), box.getUpperBound().getEntry(i));

            // No intersection
            if (lower[i] > upper[i]) {
                return null;
            }
        }
        return new BoundingBox(lower, upper);
    }

    /**
     * Retrieve the current lower bound.
     * @return The lower bound,
     */
    public RealVector getLowerBound() {
        return lowerBound;
    }

    /**
     * Retrieve the upper bound.
     * @return Upper bound of the bounding box.
     */
    public RealVector getUpperBound() {
        return upperBound;
    }

    /**
     * Retrieve a random point within the current bounding box.
     * @param rnd the random number generator.
     * @return The random point.
     */
    public RealVector randomPoint(Random rnd) {
        double[] point = lowerBound.toArray();

        for (int i = 0; i < point.length; i++) {
            point[i] += rnd.nextDouble() * (upperBound.getEntry(i) - point[i]);
        }
        return new ArrayRealVector(point, false);
    }
}
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blob 111�package com.comphenix.magnets.graphics;

/**
 * Created by Kristian on 05.05.2015.
 */
public class Margin {
}
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blob 3315�package com.comphenix.magnets.fields;

/**
 * Represents a simple simulator of magnetic fields.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class SimulatedField {
    /**
     * Represents a magnetic field source.
     */
    public static interface MagneticSource {
        /**
         * Retrieve the strength of the magnetic field emanating from the current source at the given location.
         * @param x the x coordinate of the location in meters.
         * @param y the y coordinate of the location in meters.
         * @return The strength of the magnetic field in tesla.
         */
        public double getStrength(double x, double y);
    }

    /**
     * Represents the magnetic field from a simple straight wire.
     */
    public static class WireMagneticSource implements MagneticSource {
        /**
         * The permeability of free space (vacuum).
         */
        public static final double FREE_SPACE = 4.0 * Math.PI * 10E-7; // T*m/A

        private final double centerX;
        private final double centerY;
        private final double current;
        private final double permeability;

        // Precomputed numerator
        private final double numerator;

        /**
         * Construct a new magnetic field source centered on a wire.
         * @param centerX X coordinate of the wire center in meters.
         * @param centerY Y coordinate of the wire center in meters.
         * @param current current flowing through the wire in amperes.
         */
        public WireMagneticSource(double centerX, double centerY, double current) {
            this(centerX, centerY, current, FREE_SPACE);
        }

        /**
         * Construct a new magnetic field source centered on a wire.
         * @param centerX X coordinate of the wire center in meters.
         * @param centerY Y coordinate of the wire center in meters.
         * @param current current flowing through the wire in amperes.
         * @param permeability the permeability of the surrounding space in T m/A.
         */
        public WireMagneticSource(double centerX, double centerY, double current, double permeability) {
            this.centerX = centerX;
            this.centerY = centerY;
            this.current = current;
            this.permeability = permeability;

            // Precomputed constant factor
            this.numerator = (permeability * current) / (2 * Math.PI);
        }

        @Override
        public double getStrength(double x, double y) {
            double dX = x - centerX;
            double dY = y - centerY;
            return numerator / Math.sqrt(dX * dX + dY * dY);
        }

        /**
         * The X coordinate of the wire center in meters.
         */
        public double getCenterX() {
            return centerX;
        }

        /**
         * The Y coordinate of the wire center in meters.
         */
        public double getCenterY() {
            return centerY;
        }

        /**
         * The current flowing through the wire in amperes.
         */
        public double getCurrent() {
            return current;
        }

        /**
         * The permeability of the surrounding space in T m/A.
         */
        public double getPermeability() {
            return permeability;
        }
    }
}
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blob 114�package com.comphenix.magnets.solver;

/**
 * Created by Kristian on 24.02.2015.
 */
public class PhaseSolver {
}
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blob 3027�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.fields.DiscreteField;
import com.comphenix.magnets.fields.VectorSimulatedField;
import com.comphenix.magnets.fields.WireContinuousField;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.collect.Lists;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.RealVector;

import javax.xml.bind.annotation.*;
import java.util.Collections;
import java.util.List;
import java.util.Map;
import java.util.stream.Collectors;

/**
 * Represents a model of sources for magnetic fields.
 * Created by Kristian on 27.01.2015.
 */
@XmlAccessorType(XmlAccessType.FIELD)
@XmlRootElement(name = "model")
public class MagneticModel {
    @XmlElementWrapper(name = "conductors")
    @XmlElement(name = "conductor", type = Conductor.class)
    private List<Conductor> conductors;

    /**
     * Construct a new empty magnetic model.
     */
    public MagneticModel() {
        this.conductors = Lists.newArrayList();
    }

    /**
     * Construct a new magnetic model with the given list of conductors in the XY plane.
     * @param conductors the conductor list which will be copied.
     */
    public MagneticModel(List<Conductor> conductors) {
        this.conductors = Lists.newArrayList(conductors);
    }

    /**
     * Retrieve a mutable view of all the conductors in this model.
     * @return The conductors in the model.
     */
    public List<Conductor> conductors() {
        return conductors;
    }

    /**
     * Retrieve the vector value of the complete magnetic field at a given location and time.
     * @param x the x coordinate.
     * @param y the y coordinate.
     * @param t the time.
     * @return The corresponding vector.
     */
    public RealVector getVector(double x, double y, double t) {
        return getContinuousField(t).getVector(x, y);
    }

    /**
     * Retrieve the continuous field at the given time.
     * @param time the time.
     * @return The corresponding continuous field.
     */
    public ContinuousField getContinuousField(double time) {
        return ContinuousField.sum(getContinuousFields(time).values());
    }

    /**
     * Retrieve the continuous magnetic fields due to the conductors in this model, experienced at the given time.
     * @return The continuous magnetic fields.
     */
    public Map<Conductor, WireContinuousField> getContinuousFields(double time) {
        return conductors.stream().collect(Collectors.toMap(c -> c, c -> c.getMagneticField(time)));
    }

    /**
     * Retrieve the vector field at a given time.
     * @param time the time.
     * @return The corresponding vector field.
     */
    public VectorSimulatedField getVectorField(double time, double[] x, double[] y) {
        return new VectorSimulatedField(
            conductors.stream().map(c -> c.getMagneticField(time)).collect(Collectors.toList()),
            x, y
        );
    }
}
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blob 2232�package com.comphenix.magnets.fields;

import com.google.common.collect.ImmutableList;

import java.util.Arrays;
import java.util.Collection;
import java.util.Objects;
import java.util.stream.DoubleStream;
import java.util.stream.IntStream;

/**
 * Represents a simple simulator of magnetic fields.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class VectorSimulatedField implements VectorField {
    // Input
    private final ImmutableList<ContinuousField> sources;
    private final double[] yCoordinates;
    private final double[] xCoordinates;

    /**
     * Construct a new simulated field with the given magnetic sources.
     * @param sources the sources.
     */
    public VectorSimulatedField(Collection<ContinuousField> sources, double[] xCoordinates, double[] yCoordinates) {
        this.sources = ImmutableList.copyOf(Objects.requireNonNull(sources));
        this.xCoordinates = xCoordinates.clone();
        this.yCoordinates = yCoordinates.clone();
    }

    @Override
    public double getColumn(int column) {
        return xCoordinates[column];
    }

    @Override
    public double getRow(int row) {
        return yCoordinates[row];
    }

    @Override
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] outputStrengthX, double[] outputStrengthY) {
        // Ensure all the arrays are of the same length
        if (outputStrengthX.length != outputStrengthY.length) {
            throw new IllegalArgumentException("All output arrays must have the same length.");
        }
        Arrays.fill(outputStrengthX, 0);
        Arrays.fill(outputStrengthY, 0);

        for (ContinuousField source : sources) {
            int index = 0;

            for (int row = startRow; row < endRow; row++) {
                for (int col = startColumn; col < endColumn; col++) {
                    source.addComponents(xCoordinates[col], yCoordinates[row], outputStrengthX, index, outputStrengthY, index);
                    index++;
                }
            }
        }
    }

    @Override
    public int getColumns() {
        return xCoordinates.length;
    }

    @Override
    public int getRows() {
        return yCoordinates.length;
    }
}
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blob 6173�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.util.SegmentRange;
import com.google.common.primitives.Doubles;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;
import org.apache.commons.math3.util.DoubleArray;

import java.awt.*;
import java.awt.geom.Arc2D;
import java.util.Arrays;
import java.util.Random;

/**
 * Represents an N-dimensional bounding box.
 * Created by Kristian on 08.04.2015.
 */
public class BoundingBox {
    private final RealVector lowerBound;
    private final RealVector upperBound;

    private RealVector center;
    private RealVector extent;
    private double maximumExtent = Double.NaN;
    private double diagonalLength = Double.NaN;

    /**
     * Construct a new bounding box representing an axis-aligned hyper cube.
     * @param centerPoint the center point.
     * @param edgeLength the edge length.
     * @return The bounding box.
     */
    public static BoundingBox fromHyperCube(double[] centerPoint, double edgeLength) {
        return new BoundingBox(
            Arrays.stream(centerPoint).map(x -> x - edgeLength / 2).toArray(),
            Arrays.stream(centerPoint).map(x -> x + edgeLength / 2).toArray()
        );
    }

    /**
     * Construct a two-dimensional bounding box.
     * @param lowerX the lower x.
     * @param lowerY the lower y.
     * @param upperX the upper x.
     * @param upperY the upper y.
     */
    public BoundingBox(double lowerX, double lowerY, double upperX, double upperY) {
        this(new double[]{ lowerX, lowerY}, new double[] { upperX, upperY} );
    }

    /**
     * Construct a new bounding box.
     * @param lowerBound the lower bound.
     * @param upperBound the upper bound.
     */
    public BoundingBox(double[] lowerBound, double[] upperBound) {
        this.lowerBound = new ArrayRealVector(lowerBound);
        this.upperBound = new ArrayRealVector(upperBound);
    }

    /**
     * Construct a 2D bounding box from the given ranges.
     * @param xRange the x range.
     * @param yRange the y range.
     */
    public BoundingBox(SegmentRange xRange, SegmentRange yRange) {
        this(new double[] {xRange.getStart(), yRange.getStart()}, new double[] {xRange.getEnd(), yRange.getEnd()});
    }

    public BoundingBox addBounds(double[] lowerBound, double[] upperBound) {
        return new BoundingBox(
                Doubles.concat(this.lowerBound.toArray(), lowerBound),
                Doubles.concat(this.upperBound.toArray(), upperBound));
    }

    /**
     * Retrieve the number of dimensions.
     * @return Number of dimensions.
     */
    public int getDimensions() {
        return lowerBound.getDimension();
    }

    /**
     * Compute the center point of the current bounding box.
     * @return The center point.
     */
    public RealVector getCenter() {
        RealVector result = center;

        if (result == null) {
            double[] sigma = new double[lowerBound.getDimension()];

            for (int i = 0; i < lowerBound.getDimension(); i++) {
                sigma[i] = (lowerBound.getEntry(i) + upperBound.getEntry(i)) / 2;
            }
            center = result = new ArrayRealVector(sigma, false);
        }
        return result;
    }

    /**
     * Compute the width of each dimension in the bounding box.
     * @return The dimensions.
     */
    public RealVector getExtent() {
        RealVector result = extent;

        if (result == null) {
            double[] sigma = new double[lowerBound.getDimension()];

            for (int i = 0; i < lowerBound.getDimension(); i++) {
                sigma[i] = Math.abs(upperBound.getEntry(i) - lowerBound.getEntry(i));
            }
            extent = result = new ArrayRealVector(sigma, false);
        }
        return result;
    }

    /**
     * Retrieve the maximum extent.
     * @return The maxumum extent.
     */
    public double getMaximumExtent() {
        if (Double.isNaN(maximumExtent)) {
            maximumExtent = getExtent().getMaxValue();
        }
        return maximumExtent;
    }

    /**
     * Get the length of the diagonal.
     * @return The diagonal length.
     */
    public double getDiagonalLength() {
        if (Double.isNaN(diagonalLength)) {
            diagonalLength = lowerBound.getDistance(upperBound);
        }
        return diagonalLength;
    }

    /**
     * Compute the intersection of the current bounding box and the given bounding box.
     * </p>
     * The dimensions of the two boxes must match.
     * @param box the box.
     * @return The intersection, or NULL if the two don't intersect.
     */
    public BoundingBox intersect(BoundingBox box) {
        if (getDimensions() != box.getDimensions()) {
            throw new IllegalArgumentException("The dimensions of the two boxes must match.");
        }
        double[] lower = new double[getDimensions()];
        double[] upper = new double[getDimensions()];

        for (int i = 0; i < getDimensions(); i++) {
            lower[i] = Math.max(lowerBound.getEntry(i), box.getLowerBound().getEntry(i));
            upper[i] = Math.min(upperBound.getEntry(i), box.getUpperBound().getEntry(i));

            // No intersection
            if (lower[i] > upper[i]) {
                return null;
            }
        }
        return new BoundingBox(lower, upper);
    }

    /**
     * Retrieve the current lower bound.
     * @return The lower bound,
     */
    public RealVector getLowerBound() {
        return lowerBound;
    }

    /**
     * Retrieve the upper bound.
     * @return Upper bound of the bounding box.
     */
    public RealVector getUpperBound() {
        return upperBound;
    }

    /**
     * Retrieve a random point within the current bounding box.
     * @param rnd the random number generator.
     * @return The random point.
     */
    public RealVector randomPoint(Random rnd) {
        double[] point = lowerBound.toArray();

        for (int i = 0; i < point.length; i++) {
            point[i] += rnd.nextDouble() * (upperBound.getEntry(i) - point[i]);
        }
        return new ArrayRealVector(point, false);
    }
}
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blob 3998�package com.comphenix.magnets.datastructure;

import java.util.Arrays;

/**
 * An implementation of an implicit binary heap. Min-heap and max-heap both supported 
 */
public abstract class BinaryHeap<T> {
    protected static final int defaultCapacity = 64;
    private final int direction;
    private Object[] data;
    private double[] keys;
    private int capacity;
    private int size;

    protected BinaryHeap(int capacity, int direction) {
        this.direction = direction;
        this.data = new Object[capacity];
        this.keys = new double[capacity];
        this.capacity = capacity;
        this.size = 0;
    }

    public void offer(double key, T value) {
        // If move room is needed, double array size
        if (size >= capacity) {
            capacity *= 2;
            data = Arrays.copyOf(data, capacity);
            keys = Arrays.copyOf(keys, capacity);
        }

        // Insert new value at the end
        data[size] = value;
        keys[size] = key;
        siftUp(size);
        size++;
    }

    protected void removeTip() {
        if (size == 0) {
            throw new IllegalStateException();
        }

        size--;
        data[0] = data[size];
        keys[0] = keys[size];
        data[size] = null;
        siftDown(0);
    }
    
    protected void replaceTip(double key, T value) {
        if (size == 0) {
            throw new IllegalStateException();
        }

        data[0] = value;
        keys[0] = key;
        siftDown(0);
    }

    @SuppressWarnings("unchecked")
    protected T getTip() {
        if (size == 0) {
            throw new IllegalStateException();
        }

        return (T) data[0];
    }

    protected double getTipKey() {
        if (size == 0) {
            throw new IllegalStateException();
        }

        return keys[0];
    }

    private void siftUp(int c) {
        for (int p = (c - 1) / 2; c != 0 && direction*keys[c] > direction*keys[p]; c = p, p = (c - 1) / 2) {
            Object pData = data[p];
            double pDist = keys[p];
            data[p] = data[c];
            keys[p] = keys[c];
            data[c] = pData;
            keys[c] = pDist;
        }
    }

    private void siftDown(int p) {
        for (int c = p * 2 + 1; c < size; p = c, c = p * 2 + 1) {
            if (c + 1 < size && direction*keys[c] < direction*keys[c + 1]) {
                c++;
            }
            if (direction*keys[p] < direction*keys[c]) {
                // Swap the points
                Object pData = data[p];
                double pDist = keys[p];
                data[p] = data[c];
                keys[p] = keys[c];
                data[c] = pData;
                keys[c] = pDist;
            } else {
                break;
            }
        }
    }

    public int size() {
        return size;
    }

    public int capacity() {
        return capacity;
    }

    public static final class Max<T> extends BinaryHeap<T> implements MaxHeap<T> {
        public Max() {
            super(defaultCapacity, 1);
        }
        public Max(int capacity) {
            super(capacity, 1);
        }
        public void removeMax() {
            removeTip();
        }
        public void replaceMax(double key, T value) {
            replaceTip(key, value);
        }
        public T getMax() {
            return getTip();
        }
        public double getMaxKey() {
            return getTipKey();
        }
    }
    public static final class Min<T> extends BinaryHeap<T> implements MinHeap<T> {
        public Min() {
            super(defaultCapacity, -1);
        }
        public Min(int capacity) {
            super(capacity, -1);
        }
        public void removeMin() {
            removeTip();
        }
        public void replaceMin(double key, T value) {
            replaceTip(key, value);
        }
        public T getMin() {
            return getTip();
        }
        public double getMinKey() {
            return getTipKey();
        }
    }
}
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blob 114�package com.comphenix.magnets.model;

/**
 * Created by Kristian on 10.03.2015.
 */
public class DroneSensors {
}
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blob 1034�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.fields.ContinuousField;
import org.apache.commons.math3.optim.*;
import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;
import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.BOBYQAOptimizer;

/**
 * Created by Kristian on 08.04.2015.
 */
public class BobygaSolver implements Solver {
    @Override
    public PointValuePair findMinimum(ContinuousField field, double[] target, BoundingBox boundingBox) {
        BOBYQAOptimizer optimizer = new BOBYQAOptimizer(6, boundingBox.getExtent().getMaxValue(), 1E-12);

        // Real solution
        return optimizer.optimize(
                new SimpleBounds(boundingBox.getLowerBound().toArray(), boundingBox.getUpperBound().toArray()),
                new InitialGuess(boundingBox.getCenter().toArray()),
                new MaxIter(2000000),
                new MaxEval(10000000),
                new ObjectiveFunction(ContinuousField.withSquareDistance(field, target)));
    }
}
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blob 123�package com.comphenix.magnets.model;

/**
 * Created by Kristian on 14.06.2015.
 */
public class CurrentImbalanceField {
}
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blob 640�package com.comphenix.magnets.util;

import java.util.DoubleSummaryStatistics;

/**
 * Created by Kristian Stangeland on 23.01.2015.
 */
public final class StreamUtils {
    private StreamUtils() {
        // Sealed
    }

    /**
     * Combine two double statistics.
     * @param a the left statistics.
     * @param b the right statistics.
     * @return The resulting statistics.
     */
    public static DoubleSummaryStatistics combine(DoubleSummaryStatistics a, DoubleSummaryStatistics b) {
        DoubleSummaryStatistics copy = new DoubleSummaryStatistics();
        copy.combine(a);
        copy.combine(b);
    return copy;
}
}
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blob 2715�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.WireContinuousField;

import javax.xml.bind.annotation.*;

/**
 * Represents a conductor in physical space.
 * Created by Kristian on 27.01.2015.
 */
@XmlAccessorType(XmlAccessType.FIELD)
public class Conductor {
    @XmlAttribute(name = "x")
    private double x;
    @XmlAttribute(name = "y")
    private double y;
    @XmlAttribute(name="radius")
    private double radius;
    @XmlElement(name="current")
    private AlternatingCurrent current;

    /**
     * Construct a conductor at point (0, 0) with no radius and no current.
     */
    public Conductor() {
        // Default
        this.current = new AlternatingCurrent();
    }

    /**
     * Construct a point-conductor in XY space.
     * @param x coordinate in the X axis.
     * @param y coordinate in the Y axis.
     * @param radius the radius of the conductor.
     * @param current the current.
     */
    public Conductor(double x, double y, double radius, AlternatingCurrent current) {
        this.x = x;
        this.y = y;
        this.radius = radius;
        this.current = current;
    }

    /**
     * Retrieve the coordinate in the X axis.
     * @return X axis coordinate.
     */
    public double getX() {
        return x;
    }

    /**
     * Set the coordinate in the X axis.
     * @param x new x axis.
     */
    public void setX(double x) {
        this.x = x;
    }

    /**
     * Retrieve the coordinate in the Y axis.
     * @return Y axis coordinate.
     */
    public double getY() {
        return y;
    }

    /**
     * Set the coordinate in the Y axis.
     * @param y new Y axis.
     */
    public void setY(double y) {
        this.y = y;
    }

    /**
     * Retrieve the radius of the conductor.
     * @return Radius of conductor.
     */
    public double getRadius() {
        return radius;
    }

    /**
     * Set the radius of the conductor.
     * @param radius new radius of the conductor.
     */
    public void setRadius(double radius) {
        this.radius = radius;
    }

    /**
     * Retrieve the current in this conductor.
     * @return The current.
     */
    public AlternatingCurrent getCurrent() {
        return current;
    }

    /**
     * Set the current of this conductor.
     * @param current the current.
     */
    public void setCurrent(AlternatingCurrent current) {
        this.current = current;
    }

    /**
     * Retrieve the magnetic field associated with this conductor at the given time.
     * @return The magnetic field.
     */
    public WireContinuousField getMagneticField(double time) {
        return new WireContinuousField(x, y, radius, current.compute(time));
    }
}
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blob 13515�package com.comphenix.magnets.graphics;

import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Strings;
import com.google.common.collect.Range;
import com.sun.javafx.scene.layout.region.Margins;

import java.awt.*;
import java.awt.font.TextLayout;
import java.awt.geom.Rectangle2D;
import java.awt.image.BufferedImage;
import java.util.Objects;
import java.util.function.Consumer;
import java.util.function.DoubleUnaryOperator;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class FieldGraph {
    private final Gradient gradient;
    private final DoubleUnaryOperator valueOperator;

    private GraphAxis XAxis;
    private GraphAxis YAxis;

    // Cached
    private Margin cachedMargin;

    /**
     * Construct a new graph that colorizes a field based on the given gradient.
     * @param gradient the colorizing gradient.
     */
    public FieldGraph(Gradient gradient) {
       this(gradient, DoubleUnaryOperator.identity());
    }

    /**
     * Construct a new graph that colorizes a field based on the given gradient.
     * @param gradient the colorizing gradient.
     * @param valueOperator an operator to apply to every value in the field.
     */
    public FieldGraph(Gradient gradient, DoubleUnaryOperator valueOperator) {
        this.gradient = Objects.requireNonNull(gradient, "gradient must not be NULL");
        this.valueOperator = Objects.requireNonNull(valueOperator, "valueOperator must not be NULL");
    }

    /**
     * Construct a new graph that colorizes a field based on the given gradient.
     * @param gradient the colorizing gradient.
     * @param valueOperator an operator to apply to every value in the field.
     * @param XAxis the current X-axis.
     * @param YAxis the current Y-axis.
     */
    public FieldGraph(Gradient gradient, DoubleUnaryOperator valueOperator, GraphAxis XAxis, GraphAxis YAxis) {
        this(gradient, valueOperator);
        this.XAxis = XAxis;
        this.YAxis = YAxis;
    }

    /**
     * Retrieve the gradient used to colorize the field.
     * @return The gradient.
     */
    public Gradient getGradient() {
        return gradient;
    }

    /**
     * Retrieve the operator that is applied to every value.
     * @return A graph operator.
     */
    public DoubleUnaryOperator getValueOperator() {
        return valueOperator;
    }

    /**
     * Retrieve the axis that is used to draw the X-axis.
     * @return The X-axis.
     */
    public GraphAxis getXAxis() {
        return XAxis;
    }

    /**
     * Set the axis that is used to draw the X-axis
     * @param XAxis the new X-axis.
     */
    public void setXAxis(GraphAxis XAxis) {
        this.XAxis = XAxis;
        this.cachedMargin = null;
    }

    /**
     * Retrieve the axis that is used to draw the Y-axis.
     * @return The Y-axis.
     */
    public GraphAxis getYAxis() {
        return YAxis;
    }

    /**
     * Set the axis that is used to draw the Y-axis
     * @param YAxis the new Y-axis.
     */
    public void setYAxis(GraphAxis YAxis) {
        this.YAxis = YAxis;
        this.cachedMargin = null;
    }

    /**
     * Construct an image representation of the given matrix.
     * @param matrix the matrix.
     * @return The resulting image.
     */
    public BufferedImage createImage(ScalarField matrix) {
        return createImage(matrix, matrix.getRange(), v -> {});
    }

    /**
     * Construct an image representation of the given matrix.
     * <p />
     * Note that the array given to the consumer may be altered after the method has been called.
     * @param matrix the matrix.
     * @param zRange the range containing the minimum and maximum value.
     * @param columnConsumer an arbitrary consumer of columns that have been read of the field.
     * @return The resulting image.
     */
    public BufferedImage createImage(ScalarField matrix, Range<Double> zRange, Consumer<double[]> columnConsumer) {
        return createImage(matrix,
                Range.closed(matrix.getColumn(0), matrix.getColumn(matrix.getColumns() - 1)),
                Range.closed(matrix.getRow(0), matrix.getRow(matrix.getRows() - 1)), zRange, columnConsumer);
    }

    /**
     * Construct an image representation of the given matrix.
     * <p />
     * Note that the array given to the consumer may be altered after the method has been called.
     * @param matrix the matrix.
     * @param xRange the range of the minimum and maximum x position.
     * @param yRange the range of the minimum and maximum y position.
     * @param zRange the range containing the minimum and maximum value.
     * @param columnConsumer an arbitrary consumer of columns that have been read of the field.
     * @return The resulting image.
     */
    public BufferedImage createImage(ScalarField matrix, Range<Double> xRange, Range<Double> yRange, Range<Double> zRange, Consumer<double[]> columnConsumer) {
        // Matrix
        double minValue = valueOperator.applyAsDouble(zRange.lowerEndpoint());
        double maxValue = valueOperator.applyAsDouble(zRange.upperEndpoint());
        double delta = maxValue - minValue;

        // Value buffer
        double[] values = new double[matrix.getColumns()];

        // Output image
        int[] pixels = new int[matrix.getRows() * matrix.getColumns()];
        int pixelIndex = 0;
        int mask = 255 << 24;

        for (int y = 0; y < matrix.getRows(); y++) {
            // Prepare values
            matrix.fillValues(0, matrix.getColumns(), y, y + 1, values);

            for (int x = 0; x < matrix.getColumns(); x++) {
                double value = valueOperator.applyAsDouble(values[x]);
                double normalized = (value - minValue) / delta;

                pixels[pixelIndex++] = mask | gradient.getColor(normalized);
                values[x] = value;
            }
            // Process column
            columnConsumer.accept(values);
        }
        return createGraph(matrix, xRange, yRange, Range.closed(minValue, maxValue), pixels);
    }

    /**
     * Construct the actual buffered image from a given scalar matrix and the pixel data.
     * @param matrix the scalar matrix.
     * @param xRange the range of the minimum and maximum x position.
     * @param yRange the range of the minimum and maximum y position.
     * @param pixelData the pixel data.
     * @return The corresponding buffered image.
     */
    protected BufferedImage createGraph(ScalarField matrix, Range<Double> xRange, Range<Double> yRange, Range<Double> zRange, int[] pixelData) {
        Margin margin = getMargins();
        Rectangle gradientRect = computeGradientArea(matrix, margin);
        boolean drawGradient = XAxis != null && YAxis != null;

        // Fill gradient box
        if (drawGradient) {
            fillGradientBox(
                    gradientRect.x - margin.getLeft(),
                    gradientRect.y - margin.getTop(),
                    gradientRect.width, gradientRect.height, pixelData, matrix.getColumns());
        }

        BufferedImage image = fromPixels(matrix.getColumns(), matrix.getRows(), margin, Color.WHITE, pixelData);
        Graphics2D g = image.createGraphics();

        if (XAxis != null) {
            int y = image.getHeight() - margin.getBottom();
            drawAxis(g, XAxis, xRange.lowerEndpoint(), xRange.upperEndpoint(), true, 0, 0,
                    margin.getLeft(), y, image.getWidth() - margin.getRight(), y);

            if (!Strings.isNullOrEmpty(XAxis.getLabel())) {
                drawCentered(g, XAxis.getLabel(),
                        (float) (image.getWidth() - (margin.getRight() * 0.6)),
                        (float) (y - (margin.getBottom() * 0.2)));
            }
        }
        if (YAxis != null) {
            drawAxis(g, YAxis, yRange.lowerEndpoint(), yRange.upperEndpoint(), true, 0, 0,
                     margin.getLeft(), margin.getTop(), margin.getLeft(), image.getHeight() - margin.getBottom());

            if (!Strings.isNullOrEmpty(YAxis.getLabel())) {
                drawCentered(g, YAxis.getLabel(),
                        margin.getLeft(),
                        (float) (margin.getTop() * 0.3));
            }
        }

        // Now, draw the Z axis in the top corner
        if (drawGradient) {
            drawGradientBox(g, gradientRect, zRange);
        }

        g.dispose();
        return image;
    }

    private Rectangle computeGradientArea(ScalarField matrix, Margin margin) {
        int imageRightEdge = margin.getLeft() + matrix.getColumns();
        int width = matrix.getColumns() / 7;

        // Area where the gradient will be placed
        return new Rectangle(imageRightEdge - width - 16, margin.getTop() + 16, width, 24);
    }

    /**
     * Fill the gradient box.
     * @param x starting x position.
     * @param y starting y position.
     * @param width width of the box.
     * @param height height of the box.
     * @param pixels the pixel data.
     * @param stride the stride.
     */
    private void fillGradientBox(int x, int y, int width, int height, int[] pixels, int stride) {
        // Fill the gradient
        for (int dY = 0; dY < height; dY++) {
            int rowOffset = (y + dY) * stride;

            for (int dX = 0; dX < width; dX++) {
                pixels[rowOffset + x + dX] = gradient.getColor(dX / (double)width);
            }
        }
    }

    /**
     * Draw the gradient box outline.
     * @param g graphics.
     * @param zAxisBox the area.
     * @param zRange the Z range.
     */
    private void drawGradientBox(Graphics2D g, Rectangle zAxisBox, Range<Double> zRange) {
        g.setXORMode(Color.BLACK);
        g.draw(zAxisBox);
        g.setPaintMode();

        drawAxis(g, new GraphAxis(8, 3, "z"), zRange.lowerEndpoint(), zRange.upperEndpoint(), false, 0, 8,
                (int) zAxisBox.getMinX(), (int) zAxisBox.getMaxY(), (int) zAxisBox.getMaxX(), (int) zAxisBox.getMaxY());
    }

    public Margin getMargins() {
        Margin result = cachedMargin;

        if (cachedMargin == null) {
            cachedMargin = result = new Margin(
                    YAxis != null ? YAxis.getWidth() : 0,
                    XAxis != null ? XAxis.getWidth() : 0,
                    YAxis != null ? YAxis.getWidth() : 0,
                    XAxis != null ? XAxis.getWidth() : 0);
        }
        return result;
    }

    protected void drawCentered(Graphics2D g, String text, float x, float y) {
        Rectangle2D boundary = g.getFontMetrics().getStringBounds(text, g);
        g.setXORMode(Color.BLACK);
        g.drawString(text, (float) (x - boundary.getWidth() / 2.0), (float) (y + boundary.getHeight() / 3.0));
        g.setPaintMode();
    }

    protected void drawAxis(Graphics2D g, GraphAxis axis, double startValue, double endValue, boolean drawLine, int fontOffsetX, int fontOffsetY, int startX, int startY, int endX, int endY) {
        if (drawLine) {
            g.setXORMode(Color.BLACK);
            g.drawLine(startX, startY, endX, endY);
            g.setPaintMode();
        }

        // Draw the ticks
        if (axis.getTickCount() > 0) {
            double biasN = (double) (axis.getTickCount() - 1);
            double dX = (endX - startX) / biasN;
            double dY = (endY - startY) / biasN;
            double dV = (endValue - startValue) / biasN;

            // Compute the displacement in the tick line
            double lineAngle = Math.atan2(dY, dX) + (Math.PI / 2);
            int lX = (int) (axis.getWidth() * 0.25 * Math.cos(lineAngle));
            int lY = (int) (axis.getWidth() * 0.25 * Math.sin(lineAngle));
            float fX = (float) (axis.getWidth() * 0.5 * Math.cos(lineAngle));
            float fY = (float) (axis.getWidth() * 0.5 * Math.sin(lineAngle));

            for (int i = 0; i < axis.getTickCount(); i++) {
                int cX = (int) Math.round(startX + dX * i);
                int cY = (int) Math.round(startY + dY * i);
                double value = startValue + dV * i;

                // Write the tick line and then the value
                g.setXORMode(Color.BLACK);
                g.drawLine(cX - lX, cY - lY, cX + lX, cY + lY);
                g.setPaintMode();
                drawCentered(g, round(value), cX + fX + fontOffsetX, cY + fY + fontOffsetY);
            }
        }
    }

    /**
     * Round the given axis value.
     * @param value the value.
     * @return Rounded string of value.
     */
    protected String round(double value) {
        return Double.toString(Math.round(value * 100) / 100.0);
    }

    /**
     * Convert an array of RGB pixel values into an BufferedImage.
     * @param width the width.
     * @param height the height.
     * @param margin current margin.
     * @param pixels the pixel data.
     * @return The corresponding buffered image.
     */
    protected BufferedImage fromPixels(int width, int height, Margin margin, Color background, int[] pixels) {
        BufferedImage image = new BufferedImage(width + margin.width(), height + margin.height(), BufferedImage.TYPE_INT_ARGB);

        if (background != null && !Color.BLACK.equals(background)) {
            Graphics g = image.getGraphics();
            g.setColor(background);
            g.fillRect(0, 0, image.getWidth(), image.getHeight());
            g.dispose();
        }
        image.setRGB(margin.getLeft(), margin.getTop(), width, height, pixels, 0, width);
        return image;
    }
}
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commit 275�tree b57873e390d6532e070af51cfaeb265d55865101
parent 583ed9ed73e08ab16651893e7980ab0a7f1dfeca
author Kristian S. Stangeland <kr_stang@hotmail.com> 1427930079 +0200
committer Kristian S. Stangeland <kr_stang@hotmail.com> 1427930079 +0200

Refactor out the drone vector field.
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blob 10805�package com.comphenix.magnets;

import com.comphenix.magnets.fields.ScalarArrayField;
import com.comphenix.magnets.fields.ScalarField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.SamplerSolver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.RealVector;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.Arrays;
import java.util.List;
import java.util.Locale;
import java.util.Objects;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    // Test drone location
                    if (a.getDroneLocation() != null) {
                        testDroneLocation(a, model, frame.getScalarField(), frame.getIndex());
                    }
                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            ScalarField field = new ScalarArrayField(agr.aggregate(frames, a.getVisualization(), xCords, yCords));
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;

        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                createImage(field, valueRange, column -> {
                    if (maxColumns != null) {
                        // Compute maximum value in each row
                        for (int i = 0; i < maxColumns.length; i++) {
                            if (!Double.isNaN(column[i])) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    }
                });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            System.out.println("Written " + destination);
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param model current magnetic model.
     * @param field the scalar field.
     * @param index field index.
     */
    private static void testDroneLocation(PlotArguments a, MagneticModel model, ScalarField field, Integer index) {
        if (model == null) {
            throw new IllegalStateException("Cannot test drone location without a model.");
        }
        RealVector pos = a.getDroneLocation();
        double time = a.getT().getSegment(index);
        Vector2D nearestPoint = field.getNearestPoint(pos.getEntry(0), pos.getEntry(1));
        Vector2D valuePoint = model.getVector(nearestPoint.getX(), nearestPoint.getY(), time);

        //LevenbergSolver solver = new LevenbergSolver();
        SamplerSolver solver = new SamplerSolver(a.getX().toRange(), a.getY().toRange());
        Vector2D solvedPoint = solver.solve(valuePoint, new Vector2D(2, 2), time, model);

        System.out.println("Nearest point: " + nearestPoint);
        System.out.println("Value of point: " + valuePoint + "\n");
        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + model.getVector(solvedPoint.getX(), solvedPoint.getY(), time));
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));

        // Single frame without a vector field
        return ImmutableList.of(new PlotFrame(field, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = model.getVectorField(t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 2653�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.fields.ContinuousField;
import org.apache.commons.math3.analysis.MultivariateFunction;
import org.apache.commons.math3.analysis.MultivariateVectorFunction;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.optim.*;
import org.apache.commons.math3.optim.nonlinear.scalar.GoalType;
import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;
import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.CMAESOptimizer;
import org.apache.commons.math3.random.JDKRandomGenerator;

/**
 * Created by Kristian on 08.04.2015.
 */
public interface Solver {
    /**
     * Find the minimum point on the given field.
     * @param field the function.
     * @param target the target value.
     * @param boundingBox the bounding box of the volume to search.
     * @return The minimum point and its value.
     */
    default PointValuePair findMinimum(ContinuousField field, double[] target, BoundingBox boundingBox) {
        return findMinimum(field, target, boundingBox.getCenter().toArray(), boundingBox);
    }

    /**
     * Find the minimum point on the given field.
     * @param field the function.
     * @param target the target value.
     * @param guessPoint the guessing point. Must be within the bounding box.
     * @param boundingBox the bounding box of the volume to search.
     * @return The minimum point and its value.
     */
    PointValuePair findMinimum(ContinuousField field, double[] target, double[] guessPoint, BoundingBox boundingBox);

    /**
     * Find the minimum point on the given field.
     * @param field the function.
     * @param target the target value.
     * @param guessPoint the guessing point. Must be within the bounding box.
     * @param boundingBox the bounding box of the volume to search.
     * @param repeatCount the number of times to repeat the search to improve the accuracy.
     * @return The minimum point and its value.
     */
    default PointValuePair findMinimum(ContinuousField field, double[] target, double[] guessPoint, BoundingBox boundingBox, int repeatCount) {
        PointValuePair best = findMinimum(field, target, guessPoint, boundingBox);;

        if (best.getValue() < 1E-6) {
            // Probably no need to repeat this ...
            return best;
        }

        for (int j = 0; j < repeatCount; j++) {
            PointValuePair another = findMinimum(field, target, guessPoint, boundingBox);

            if (another.getSecond() < best.getValue()) {
                best = another;
            }
        }
        return best;
    }
}
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blob 3511�package com.comphenix.magnets.fields;

import com.google.common.collect.Iterables;
import com.google.common.collect.Lists;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.RealVector;

import java.util.ArrayList;
import java.util.List;
import java.util.function.BiFunction;
import java.util.function.DoubleBinaryOperator;

/**
 * Represents a continuous field.
 */
public interface ContinuousField {
    /**
     * Retrieve the vector of the field at the given location.
     * @param x the x coordinate of the location in meters.
     * @param y the y coordinate of the location in meters.
     * @return The vector.
     */
    public default Vector2D getVector(double x, double y) {
        double[] strengthX = new double[1];
        double[] strengthY = new double[1];
        addComponents(x, y, strengthX, 0, strengthY, 0);
        return new Vector2D(strengthX[0], strengthY[0]);
    }

    /**
     * Retrieve the magnitude of the field at the given location.
     * @param x the x coordinate of the location in meters.
     * @param y the y coordinate of the location in meters.
     * @return The magnitude of the field.
     */
    public default double getMagnitude(double x, double y) {
        double[] strengthX = new double[1];
        double[] strengthY = new double[1];
        addComponents(x, y, strengthX, 0, strengthY, 0);
        return Math.sqrt(strengthX[0] * strengthX[0] + strengthY[0] * strengthY[0]);
    }

    /**
     * Retrieve the angle of of the field at the given location.
     * @param x the x coordinate of the location in meters.
     * @param y the y coordinate of the location in meters.
     * @return The angle in radians.
     */
    public default double getAngle(double x, double y) {
        double[] strengthX = new double[1];
        double[] strengthY = new double[1];
        addComponents(x, y, strengthX, 0, strengthY, 0);
        return Math.atan2(strengthY[0], strengthX[0]);
    }

    /**
     * Add the field strength in the X-axis and the Y-axis to each output array respectively, using the provided element offset.
     * @param x x-coordinate of the current point.
     * @param y y-coordinate of the current point.
     * @param outputStrengthX output array of field strengths in the X-axis.
     * @param offsetX index to write the X field strength.
     * @param outputStrengthY output array of field strengths in the Y-axis.
     * @param offsetY index to write the Y field strength.
     */
    public void addComponents(double x, double y, double[] outputStrengthX, int offsetX, double[] outputStrengthY, int offsetY);

    /**
     * Create a continuous field that is the summed value of the given fields at every point.
     * @param fields the fields. Must be non-zero.
     * @return The corresponding summed field.
     */
    public static ContinuousField sum(Iterable<? extends ContinuousField> fields) {
        ContinuousField[] copy = Iterables.toArray(fields, ContinuousField.class);

        if (copy.length == 0) {
            throw new IllegalArgumentException("Cannot merge zero fields.");
        }
        return (x, y, outputStrengthX, offsetX, outputStrengthY, offsetY) -> {
            // Initial values
            outputStrengthX[offsetX] = 0;
            outputStrengthY[offsetY] = 0;

            for (ContinuousField field : copy) {
                field.addComponents(x, y, outputStrengthX, offsetX, outputStrengthY, offsetY);
            }
        };
    }
}
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blob 129�package com.comphenix.magnets.fields;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface VectorField {
}
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blob 13566�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.model.HarmonicSumField;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.time.Duration;
import java.util.Arrays;
import java.util.List;
import java.util.Objects;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getModelSource(), a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                Range<Double> errorRange = errorField.getRange();

                System.out.println("Writing error map with value range: " + errorRange);
                writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;
        Stopwatch watch = Stopwatch.createStarted();

        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                createImage(field, valueRange, column -> {
                    if (maxColumns != null) {
                        // Compute maximum value in each row
                        for (int i = 0; i < maxColumns.length; i++) {
                            if (!Double.isNaN(column[i])) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    }
                });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            watch.stop();
            System.out.println("Written " + destination + " (total time: " + watch + ")");
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        RealVector valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        Vector2D solvedPoint = measure("Time finding solution", () -> solver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        //ScalarField error = createErrorMap(vectorField, solver);
        ScalarField distance = new ScalarArrayField(vectorField.map(
            (vectorArray, vectorOffset, vectorLength, column, row) -> {
                return valuePoint.getDistance(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));
            }
        ));
        return distance;
    }

    private static ScalarField createErrorMap(VectorField vectorField, VectorFieldSolver solver) {
        long startTime = System.nanoTime();

        // Draw error distance
        return measure("Computing error map", () -> new ScalarArrayField(vectorField.map(
                (vectorArray, vectorOffset, vectorLength, column, row) -> {
                    Vector2D solution = solver.solve(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));

                    // Return the distance to the correct point
                    if (solution != null) {
                        return solution.distance(new Vector2D(vectorField.getColumn(column), vectorField.getRow(row)));
                    } else {
                        return Math.PI * 2;
                    }
                }), progress -> {
            long elapsed = System.nanoTime() - startTime;
            Duration eta = Duration.ofNanos((long) (elapsed * (1.0 / progress - 1)));

            System.out.printf("Progress: %.3f, eta: %s\n", progress * 100, eta);
        }));
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));

        // Single frame without a vector field
        return ImmutableList.of(new PlotFrame(field, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.ModelSource source, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = getVectorField(model, source, t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Retrieve the vector field from a magnetic model and a model source.
     * @param model the model.
     * @param source the source.
     * @param time the time.
     * @param xPoints the x coordinates.
     * @param yPoints the y coordinates.
     * @return
     */
    private static VectorField getVectorField(MagneticModel model, PlotArguments.ModelSource source, double time, double[] xPoints, double[] yPoints) {
        switch (source) {
            case MAGNETIC_FIELD:
                return model.getVectorField(time, xPoints, yPoints);
            case SINUSOID_FIELD:
                return new HarmonicSumField(model.conductors(), time).toVectorField(xPoints, yPoints);
            case DRONE_2:
                ContinuousField sinusoids = new HarmonicSumField(model.conductors(), time);
                return new DroneVectorField(sinusoids, 0, (yPoints[1] - yPoints[0]) * 20).toVectorField(xPoints, yPoints);
            default:
                throw new IllegalArgumentException("Unknown model source: " + source);
        }
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 3587�package com.comphenix.magnets.graphics;

import com.comphenix.magnets.fields.ScalarField;
import com.google.common.collect.Range;

import java.awt.image.BufferedImage;
import java.util.Objects;
import java.util.function.DoubleUnaryOperator;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class FieldGraph {
    private final Gradient gradient;
    private final DoubleUnaryOperator valueOperator;

    /**
     * Construct a new graph that colorizes a field based on the given gradient.
     * @param gradient the colorizing gradient.
     */
    public FieldGraph(Gradient gradient) {
       this(gradient, DoubleUnaryOperator.identity());
    }

    /**
     * Construct a new graph that colorizes a field based on the given gradient.
     * @param gradient the colorizing gradient.
     * @param valueOperator an operator to apply to every value in the field.
     */
    public FieldGraph(Gradient gradient, DoubleUnaryOperator valueOperator) {
        this.gradient = Objects.requireNonNull(gradient, "gradient must not be NULL");
        this.valueOperator = Objects.requireNonNull(valueOperator, "valueOperator must not be NULL");
    }

    /**
     * Retrieve the gradient used to colorize the field.
     * @return The gradient.
     */
    public Gradient getGradient() {
        return gradient;
    }

    /**
     * Retrieve the operator that is applied to every value.
     * @return A graph operator.
     */
    public DoubleUnaryOperator getValueOperator() {
        return valueOperator;
    }

    /**
     * Construct an image representation of the given matrix.
     * @param matrix the matrix.
     * @return The resulting image.
     */
    public BufferedImage createImage(ScalarField matrix) {
        return createImage(matrix, matrix.getRange());
    }

    /**
     * Construct an image representation of the given matrix.
     * @param matrix the matrix.
     * @param range the range containing the minimum and maximum value.
     * @return The resulting image.
     */
    public BufferedImage createImage(ScalarField matrix, Range<Double> range) {
        // Matrix
        double minValue = valueOperator.applyAsDouble(range.lowerEndpoint());
        double maxValue = valueOperator.applyAsDouble(range.upperEndpoint());
        double delta = maxValue - minValue;

        // Value buffer
        double[] values = new double[matrix.getColumns()];

        // Output image
        int[] pixels = new int[matrix.getRows() * matrix.getColumns()];
        int pixelIndex = 0;
        int mask = 255 << 24;

        for (int y = 0; y < matrix.getRows(); y++) {
            // Prepare values
            matrix.fillValues(0, matrix.getColumns(), y, y + 1, values);

            for (int x = 0; x < matrix.getColumns(); x++) {
                double value = valueOperator.applyAsDouble(values[x]);
                double normalized = (value - minValue) / delta;

                pixels[pixelIndex++] = mask | gradient.getColor(normalized);
            }
        }
        return fromPixels(matrix.getColumns(), matrix.getRows(), pixels);
    }

    /**
     * Convert an array of RGB pixel values into an BufferedImage.
     * @param width the width.
     * @param height the height.
     * @param pixels the pixel data.
     * @return The corresponding buffered image.
     */
    protected BufferedImage fromPixels(int width, int height, int[] pixels) {
        BufferedImage image = new BufferedImage(width, height, BufferedImage.TYPE_INT_ARGB);
        image.setRGB(0, 0, width, height, pixels, 0, width);
        return image;
    }
}
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blob 11469�package com.comphenix.magnets;

import com.comphenix.magnets.fields.*;
import com.comphenix.magnets.graphics.FieldGraph;
import com.comphenix.magnets.graphics.LineGraph;
import com.comphenix.magnets.io.CvsFieldParser;
import com.comphenix.magnets.model.MagneticModel;
import com.comphenix.magnets.model.ModelDeserializer;
import com.comphenix.magnets.solver.VectorFieldSolver;
import com.comphenix.magnets.util.SegmentRange;
import com.google.common.base.Charsets;
import com.google.common.base.Stopwatch;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Lists;
import com.google.common.collect.Range;
import com.google.common.io.Resources;
import com.objectplanet.image.PngEncoder;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.RealVector;

import java.awt.image.BufferedImage;
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.OutputStream;
import java.nio.file.Files;
import java.nio.file.Path;
import java.util.Arrays;
import java.util.List;
import java.util.Locale;
import java.util.Objects;
import java.util.function.DoubleUnaryOperator;
import java.util.function.Supplier;

/**
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class PlotApplication {
    public static void main(String[] args) throws Exception {
        PlotArguments a = new PlotArguments(args);

        // See if we should display the help context
        if (a.isDisplayHelp()) {
            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));
            return;
        }

        // Ensure we have an output
        if (a.getOutputPattern() == null) {
            throw new IllegalArgumentException("Must specify output pattern");
        }
        if (a.getDataFile() == null && a.getModelFile() == null) {
            throw new IllegalArgumentException("Must specify a data file or model file.");
        }
        // The root folder
        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();

        // Current model, if any
        MagneticModel model = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;

        // The input to visualize
        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?
                getFields(model, a.getVisualization(), a.getT(), a.getX(), a.getY()) :
                getFields(a.getDataFile());

        // Fetch value range (may require computation)
        Range<Double> range = getValueRange(a.getZ(), frames);

        // Context for the frame computation
        DoubleUnaryOperator valueOperator = a.getValueOperator();

        // Process images in parallel
        if (a.isDrawFrames()) {
            frames.stream().parallel().forEach(frame -> {
                try {
                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));
                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());

                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);
                } catch (IOException e) {
                    throw new RuntimeException("Cannot write frame.", e);
                }
            });
        }
        // Aggregate operations
        double[] xCords = a.getX().toArray();
        double[] yCords = a.getY().toArray();

        // Compute aggregates
        for (PlotArguments.Aggregate agr : a.getAggregates()) {
            // Visualization here is just a hint
            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);
            ScalarField field = measure("Computing " + agr.name(),
                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));

            // Test drone location
            if (a.getDroneLocation() != null) {
                ScalarField errorField = testDroneLocation(a, aggregateFrame);
                Range<Double> errorRange = errorField.getRange();

                System.out.println("Writing error map with value range: " + errorRange);
                writeScalarField(a, errorRange, valueOperator, field, new File(rootFolder, agr.name() + "_ERROR_.png"));
            }
            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));
        }
    }

    /**
     * Write a scalar field to the given output file.
     * @param a plot arguments.
     * @param valueRange current value range.
     * @param valueOperator current value operator.
     * @param field the field to write.
     * @param destination the destination file.
     * @throws IOException If we were unable to write the file.
     */
    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {
        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;

        if (maxColumns != null) {
            Arrays.fill(maxColumns, -Double.MAX_VALUE);
        }
        BufferedImage image = new FieldGraph(a.getScheme().toGradient(), valueOperator).
                createImage(field, valueRange, column -> {
                    if (maxColumns != null) {
                        // Compute maximum value in each row
                        for (int i = 0; i < maxColumns.length; i++) {
                            if (!Double.isNaN(column[i])) {
                                maxColumns[i] = Math.max(maxColumns[i], column[i]);
                            }
                        }
                    }
                });

        // Draw line graph
        if (maxColumns != null) {
            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());
            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());
            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;

            new LineGraph().draw(image, maxColumns, 0, maxColumns.length, minY, maxY,
                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());
        }
        File parentFile = destination.getAbsoluteFile().getParentFile();

        // Ensure parent directory is created
        if (parentFile != null) {
            Files.createDirectories(parentFile.toPath());
        }

        // About 6x faster than ImageIO
        try (OutputStream stream = new FileOutputStream(destination)) {
            (new PngEncoder()).encode(image, stream);
            System.out.println("Written " + destination);
        }
    }

    /**
     * Test drone location.
     * @param a current arguments.
     * @param aggregateFrame the aggregateFrame.
     */
    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {
        RealVector pos = a.getDroneLocation();
        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());
        Vector2D valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));

        System.out.println("Drone location: " + pos);
        System.out.println("Value of point: " + valuePoint + "\n");

        VectorFieldSolver solver = new VectorFieldSolver(vectorField);
        VectorFieldSolver indexedSolver = measure("Indexing solver", solver::indexed);
        Vector2D solvedPoint = measure("Time finding solution", () -> indexedSolver.solve(valuePoint));

        System.out.println("Found solution: " + solvedPoint);
        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));

        // Draw error distance
        ScalarField error = measure("Computing error map", () -> new ScalarArrayField(vectorField.map((valueX, valueY, column, row) -> {
            Vector2D solution = indexedSolver.solve(new Vector2D(valueX, valueY));

            // Return the distance to the correct point
            if (solution != null) {
                return solution.distance(new Vector2D(vectorField.getColumn(column), vectorField.getRow(row)));
            } else {
                return Math.PI * 2;
            }
        }), progress -> {
            System.out.printf("Progress: %.3f\n", progress * 100); }));
        return error;
    }

    /**
     * Retrieve the range the z dimension will be restricted to.
     * @param z the z dimension range.
     * @param fields the fields.
     * @return The resulting z dimension range.
     */
    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {
        // Compute if unspecified
        if (z == null) {
            System.out.println("Computing z dimension ...");
            Range<Double> computed = fields.stream().parallel().
                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();

            System.out.println("Computed z range: " + computed);
            return computed;
        }
        return Range.closed(z.getStart(), z.getEnd());
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param dataFile optional data file.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(Path dataFile) {
        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");

        ScalarField field = measure("Reading data file " + dataFile,
                () -> CvsFieldParser.system().parse(dataFile));

        // Single frame without a vector field
        return ImmutableList.of(new PlotFrame(field, null, 0, 1));
    }

    /**
     * Retrieve the scalar fields that will be visualized.
     * @param model the model.
     * @param t the time dimension.
     * @param x the x dimension.
     * @param y the y dimension.
     * @return The resulting scalar fields.
     */
    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.Visualization visualization,
                                                           SegmentRange t, SegmentRange x, SegmentRange y) {
        Objects.requireNonNull(model, "modelFile cannot be NULL");

        double[] xPoints = x.toArray();
        double[] yPoints = y.toArray();
        List<PlotFrame> frames = Lists.newArrayList();

        // No need to speed this process up through multi-threading
        for (int index = 0; index < t.getSegments(); index++) {
            VectorField vectorField = model.getVectorField(t.getSegment(index), xPoints, yPoints);
            ScalarField scalarField = visualization.filter(vectorField);
            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));
        }
        return ImmutableList.copyOf(frames);
    }

    /**
     * Measure the elapsed time of the given callable.
     * <p />
     * This will be written to System.out.
     * @param message additional message.
     * @param supplier the supplier.
     * @param <T> type of the callable.
     * @return The resulting value.
     */
    private static <T> T measure(String message, Supplier<T> supplier) {
        Stopwatch watch = Stopwatch.createStarted();
        T result = supplier.get();

        // Print elapsed time
        System.out.println(message);
        System.out.println("[Time elapsed: " + watch + "]");
        return result;
    }
}
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blob 1356�package com.comphenix.magnets.solver.continuous;

import com.comphenix.magnets.fields.ContinuousField;
import org.apache.commons.math3.optim.*;
import org.apache.commons.math3.optim.nonlinear.scalar.GoalType;
import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;
import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.CMAESOptimizer;
import org.apache.commons.math3.random.JDKRandomGenerator;

/**
 * Created by Kristian on 08.04.2015.
 */
public class CmaesSolver implements Solver {
    @Override
    public PointValuePair findMinimum(ContinuousField field, double[] target, BoundingBox boundingBox) {
        CMAESOptimizer optimizer = new CMAESOptimizer(1000, 0, true, 0, 0, new JDKRandomGenerator(), false, new SimpleValueChecker(-1, 0.000000000001));

        // Real solution
        return optimizer.optimize(
                new SimpleBounds(boundingBox.getLowerBound().toArray(), boundingBox.getUpperBound().toArray()),
                new InitialGuess(boundingBox.getCenter().toArray()),
                new CMAESOptimizer.Sigma(boundingBox.getExtent().toArray()),
                new CMAESOptimizer.PopulationSize(2000), GoalType.MINIMIZE,
                new MaxIter(2000000),
                new MaxEval(10000000),
                new ObjectiveFunction(ContinuousField.withSquareDistance(field, target)));
    }
}
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blob 6077�package com.comphenix.magnets.fields;

/**
 * Represents a modifiable vector field.
 * <p />
 * Note that, unlike {@link com.comphenix.magnets.fields.ScalarArrayField}, its dimensions are fixed.
 * Created by Kristian on 18.02.2015.
 */
public class VectorMatrixField implements VectorField {
    // Input
    private final double[] xCoordinates;
    private final double[] yCoordinates;
    private final int components;
    private final double[][] data;

    /**
     * Construct a copy of the given vector field.
     * @param field the field.
     */
    public VectorMatrixField(VectorField field) {
        this.xCoordinates = field.toColumnArray();
        this.yCoordinates = field.toRowArray();
        this.components = field.getComponents();
        double[][] result = new double[yCoordinates.length][];

        // Read all the values
        for (int row = 0; row < yCoordinates.length; row++) {
            double[] buffer = new double[xCoordinates.length * components];
            field.fillComponents(0, xCoordinates.length, row, row + 1, buffer, 0);
            result[row] = buffer;
        }
        this.data = result;
    }

    /**
     * Construct a new modifiable vector field of the given size.
     * <p />
     * Note that the input arrays will not be cloned.
     * @param xCoordinates the x coordinates of each column.
     * @param yCoordinates the y coordinates of each row.
     * @param components the number of components in each vector.
     * @param data the raw field data.
     */
    public VectorMatrixField(double[] xCoordinates, double[] yCoordinates, int components, double[][] data) {
        this.xCoordinates = xCoordinates;
        this.yCoordinates = yCoordinates;
        this.components = components;
        this.data = data;
    }

    @Override
    public int getComponents() {
        return components;
    }

    /**
     * Construct a new vector array field from the given coordinates and vector.
     * @param x the x coordinates.
     * @param y the y coordinates.
     * @param vector the vector.
     * @return The filled array field.
     */
    public static VectorMatrixField fromValue(double[] x, double[] y, double[] vector) {
        double[][] result = new double[y.length][];

        // Combine the values in each field
        for (int row = 0; row < y.length; row++) {
            double[] buffer = new double[x.length * vector.length];

            for (int i = 0; i < buffer.length; i++) {
                buffer[i] = vector[i % vector.length];
            }
            result[row] = buffer;
        }
        return new VectorMatrixField(x.clone(), y.clone(), vector.length, result);
    }

    /**
     * Retrieve the magnitude of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding magnitude.
     */
    @Override
    public double getMagnitude(int column, int row) {
        double squareMagnitude = 0;

        for (int i = 0; i < components; i++) {
            double value = data[row][column * components + i];
            squareMagnitude = value * value;
        }
        return Math.sqrt(squareMagnitude);
    }

    /**
     * Set the value of the cell at the given location.
     * @param column the column index.
     * @param row the row index.
     * @param vector new cell vector.
     */
    public void setValue(int column, int row, double[] vector) {
        System.arraycopy(vector, 0, data[row], column * components, components);
    }

    @Override
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent,
                               double[] destination, int destinationOffset, boolean zeroDestination) {
        if (startColumn == 0 && endComponent == components) {
            fillComponents(startColumn, endColumn, startRow, endRow, destination, destinationOffset);
        } else {
            manualFill(startColumn, endColumn, startRow, endRow, startComponent, endComponent, destination, destinationOffset);
        }
    }

    @Override
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] destination, int destinationOffset) {
        int length = (endColumn - startColumn) * components;

        // Copy block by block
        for (int row = startRow; row < endRow; row++) {
            System.arraycopy(data[row], startColumn * components, destination, destinationOffset, length);
            destinationOffset += length;
        }
    }

    /**
     * Fill the given destination array using a manual copy of components.
     * and finally from lowest row to highest row.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @param startComponent index of the first component, inclusive.
     * @param endComponent index of the last component, exclusive.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     */
    private void manualFill(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent, double[] destination, int destinationOffset) {
        for (int row = startRow; row < endRow; row++) {
            double[] columnData = data[row];

            for (int col = startColumn; col < endColumn; col++) {
                for (int i = startComponent; i < endComponent; i++) {
                    destination[destinationOffset++] = columnData[col * components + i];
                }
            }
        }
    }

    @Override
    public double getColumn(int column) {
        return xCoordinates[column];
    }

    @Override
    public double getRow(int row) {
        return yCoordinates[row];
    }

    @Override
    public int getColumns() {
        return xCoordinates.length;
    }

    @Override
    public int getRows() {
        return yCoordinates.length;
    }
}
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blob 10176�package com.comphenix.magnets.solver;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.fields.FourDimensionalField;
import com.comphenix.magnets.model.DroneVectorField;
import com.comphenix.magnets.solver.continuous.BoundingBox;
import com.comphenix.magnets.solver.continuous.Solver;
import com.google.common.base.Preconditions;
import com.google.common.collect.Lists;
import com.google.common.primitives.Doubles;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;

import java.util.ArrayDeque;
import java.util.List;
import java.util.Queue;
import java.util.concurrent.ThreadLocalRandom;

/**
 * Created by Kristian on 30.05.2015.
 */
public class DroneSimulation {
    /**
     * A factory for constructing drone sensor fields.
     */
    public interface DroneFieldFactory {
        /**
         * Retrieve a drone field using the given sensors.
         * @param sensors the X and Y offsets to N different sensors.
         * @return The corresponding drone field.
         */
        FourDimensionalField getField(double[] sensors);
    }

    private static final double MAXIMUM_SPEED = 1; // m/s
    private static final double MAXIMUM_ACCELERATION = 1; // m/s^2

    private static final double MINIMUM_TARGET_DISTANCE = 0.25;

    // We can aim for 100 ms elapsed per CMAES run
    private static final double TIME_DELTA = 0.1;

    // input
    private RealVector startLocation = new ArrayRealVector(new double[] { 0, 0});
    private List<RealVector> targetLocations = Lists.newArrayList(new ArrayRealVector(new double[] { 0, 40 }));
    private BoundingBox boundingBox = new BoundingBox(new double[] { -35, 0 }, new double[] { 35, 40} );
    private Solver solver;
    private double droneSearchRadius = Double.MAX_VALUE;

    private DroneFieldFactory modelField;
    private DroneFieldFactory realField;
    private double[] droneSensors;

    // Current drone and time
    private Drone drone;
    private Queue<RealVector> targets;
    private RealVector estimatedLocation;

    // Current time
    private double time;

    public DroneSimulation(RealVector startLocation, List<RealVector> targetLocations, BoundingBox boundingBox, Solver solver, double droneSearchRadius) {
        this.startLocation = startLocation;
        this.targetLocations = targetLocations;
        this.boundingBox = boundingBox;
        this.solver = solver;
        this.droneSearchRadius = droneSearchRadius;
    }

    public void start(DroneFieldFactory modelField, DroneFieldFactory realField, double[] droneSensors, int maxIterations) {
        this.modelField = modelField;
        this.realField = realField;
        this.droneSensors = droneSensors;
        drone = new Drone(startLocation);
        targets = new ArrayDeque<>(targetLocations);
        estimatedLocation = null;
        time = 0;
        simulate(maxIterations);
    }

    public void simulate(int maxIterations) {
        VirtualSensorSystem virtual = new VirtualSensorSystem();
        RealVector insLocation = drone.createNullVector();

        // Drone fields
        FourDimensionalField singleRealField = realField.getField(new double[] { 0, 0 });
        FourDimensionalField multiRealField = realField.getField(droneSensors);
        FourDimensionalField multiModelField = modelField.getField(droneSensors);

        // Headers
        System.out.println("Time;Estimated Location;True Location");

        for (int i = 0; i < maxIterations; i++) {
            RealVector target = targets.peek();

            if (target == null) {
                break;
            } else if (estimatedLocation == null) {
                // Vertical virtual sensors
                drone.setTargetVelocity(new ArrayRealVector(new double[] { 0, MAXIMUM_SPEED }));

                // Sample approximately every 3 meters
                if (virtual.getLastSamplePoint() == null || virtual.getLastSamplePoint().getDistance(insLocation) >= 3) {
                    RealVector sample = drone.sample(singleRealField);
                    virtual.addSample(insLocation, sample);
                }

                // Four points should be sufficient
                if (virtual.getSamplePoints() >= 4) {
                    estimatedLocation = virtual.calculatePoint(modelField, solver, boundingBox).add(insLocation);
                }
            } else if (target.getDistance(estimatedLocation) < MINIMUM_TARGET_DISTANCE) {
                // Move on to the next point
                targets.poll();
            } else {
                RealVector distanceVector = target.subtract(estimatedLocation);
                double distance = distanceVector.getNorm();

                if (distance < MAXIMUM_SPEED * 2) {
                    drone.setTargetVelocity(distanceVector.unitVector().mapMultiply(distance / (1.9 * MAXIMUM_SPEED)));
                } else {
                    drone.setTargetVelocity(distanceVector.unitVector().mapMultiply(MAXIMUM_SPEED));
                }

                // Estimate the current position
                RealVector invariantTarget = drone.sample(multiRealField);
                double[] guessPoint;
                BoundingBox searchBox = boundingBox;

                // See if the drone radius is overriding the search box
                if (droneSearchRadius < searchBox.getMaximumExtent()) {
                    searchBox = BoundingBox.fromHyperCube(estimatedLocation.toArray(), droneSearchRadius * 2).intersect(boundingBox);
                    guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();
                } else {
                    guessPoint = boundingBox.getCenter().toArray();
                }

                // Find the nearest point
                estimatedLocation = new ArrayRealVector(
                        solver.findMinimum(multiModelField, invariantTarget.toArray(),
                                guessPoint, searchBox, 5).getPoint(), false);
            }

            // Inform the user
            System.out.printf("%s;%s;%s%n",
                    time, estimatedLocation != null ? estimatedLocation : "N/A;N/A", drone.getLocation());

            drone.tick(TIME_DELTA);
            time += TIME_DELTA;

            // Relative movement calculated by INS
            insLocation = insLocation.add(drone.getCurrentVelocity().mapMultiply(TIME_DELTA));
        }
    }

    public RealVector getStartLocation() {
        return startLocation;
    }

    public void setStartLocation(RealVector startLocation) {
        this.startLocation = startLocation;
    }

    public List<RealVector> getTargetLocations() {
        return targetLocations;
    }

    public void setTargetLocations(List<RealVector> targetLocations) {
        this.targetLocations = targetLocations;
    }

    public BoundingBox getBoundingBox() {
        return boundingBox;
    }

    public void setBoundingBox(BoundingBox boundingBox) {
        this.boundingBox = boundingBox;
    }

    public Solver getSolver() {
        return solver;
    }

    public void setSolver(Solver solver) {
        this.solver = solver;
    }

    public double getDroneSearchRadius() {
        return droneSearchRadius;
    }

    public void setDroneSearchRadius(double droneSearchRadius) {
        this.droneSearchRadius = droneSearchRadius;
    }

    private static class VirtualSensorSystem {
        private List<Double> relativePoints = Lists.newArrayList();
        private List<Double> invariants = Lists.newArrayList();
        private RealVector lastSamplePoint = null;

        public void addSample(RealVector insLocation, RealVector sample) {
            // Sample this location
            relativePoints.addAll(Doubles.asList(insLocation.toArray()));
            invariants.addAll(Doubles.asList(sample.toArray()));
            lastSamplePoint = insLocation;
        }

        public RealVector calculatePoint(DroneFieldFactory factory, Solver solver, BoundingBox boundingBox) {
            FourDimensionalField multiSample = factory.getField(Doubles.toArray(relativePoints));

            return new ArrayRealVector(solver.findMinimum(
                    multiSample, Doubles.toArray(invariants),
                    boundingBox.getCenter().toArray(), boundingBox, 5).getPoint(), false);
        }

        public int getSamplePoints() {
            return relativePoints.size() / 2;
        }

        public RealVector getLastSamplePoint() {
            return lastSamplePoint;
        }
    }

    private static class Drone {
        /**
         * True location.
         */
        private RealVector location;
        private RealVector currentVelocity;
        private RealVector targetVelocity;

        public Drone(RealVector location) {
            this.location = Preconditions.checkNotNull(location, "location cannot be NULL");
            this.currentVelocity = createNullVector();
        }

        public RealVector createNullVector() {
            return new ArrayRealVector(location.getDimension());
        }

        public void tick(double dt) {
            RealVector distanceMoved = currentVelocity.mapMultiply(dt);

            // Increment current location
            location = location.add(distanceMoved);

            // Update the target velocity
            if (targetVelocity != null) {
                RealVector velocityMoved = targetVelocity.subtract(currentVelocity).
                        unitVector().mapMultiply(MAXIMUM_ACCELERATION * dt);
                currentVelocity = currentVelocity.add(velocityMoved);
            }
        }

        public void setTargetVelocity(RealVector targetVelocity) {
            this.targetVelocity = targetVelocity;
        }

        public RealVector getTargetVelocity() {
            return targetVelocity;
        }

        public RealVector getCurrentVelocity() {
            return currentVelocity;
        }

        public RealVector getLocation() {
            return location;
        }

        public RealVector sample(ContinuousField droneField) {
            return droneField.getVector(location.getEntry(0), location.getEntry(1));
        }
    }
}











PlotCSV/.git/objects/fa/2c40d0cc0311a88bb65ef299445155a2c57773

PlotCSV/.git/objects/fa/2c40d0cc0311a88bb65ef299445155a2c57773


blob 4219�<?xml version="1.0" encoding="UTF-8"?>
<project xmlns="http://maven.apache.org/POM/4.0.0"
         xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
         xsi:schemaLocation="http://maven.apache.org/POM/4.0.0 http://maven.apache.org/xsd/maven-4.0.0.xsd">
    <modelVersion>4.0.0</modelVersion>

    <groupId>com.comphenix.plot</groupId>
    <artifactId>PlotCSV</artifactId>
    <version>1.0-SNAPSHOT</version>

    <repositories>
        <repository>
            <id>comphenix-repo</id>
            <url>http://repo.comphenix.net/content/groups/public/</url>
        </repository>
    </repositories>

    <build>
        <plugins>
            <plugin>
                <groupId>org.apache.maven.plugins</groupId>
                <artifactId>maven-compiler-plugin</artifactId>
                <version>3.2</version>
                <configuration>
                    <source>1.8</source>
                    <target>1.8</target>
                </configuration>
            </plugin>

            <plugin>
                <groupId>org.apache.maven.plugins</groupId>
                <artifactId>maven-jar-plugin</artifactId>
                <configuration>
                    <archive>
                        <manifest>
                            <mainClass>com.comphenix.magnets.PlotApplication</mainClass>
                        </manifest>
                    </archive>
                </configuration>
            </plugin>

            <plugin>
                <groupId>org.apache.maven.plugins</groupId>
                <artifactId>maven-shade-plugin</artifactId>
                <version>2.3</version>
                <executions>
                    <execution>
                        <phase>package</phase>
                        <goals>
                            <goal>shade</goal>
                        </goals>
                        <configuration>
                            <shadedArtifactAttached>false</shadedArtifactAttached>
                            <createDependencyReducedPom>false</createDependencyReducedPom>
                        </configuration>
                    </execution>
                </executions>
            </plugin>

            <plugin>
                <groupId>com.github.wvengen</groupId>
                <artifactId>proguard-maven-plugin</artifactId>
                <executions>
                    <execution>
                        <phase>package</phase>
                        <goals><goal>proguard</goal></goals>
                    </execution>
                </executions>
                <configuration>
                    <options>
                        <option>-dontwarn</option>
                        <option>-allowaccessmodification</option>
                        <option>-keepattributes *Annotation*</option>
                        <option>-keepattributes Signature</option>
                        <option>-keepattributes InnerClasses,EnclosingMethod</option>
                        <option>-keep public class com.comphenix.** { *; }</option>
                        <option>-dontwarn com.google.**</option>
                    </options>

                    <libs>
                        <lib>${java.home}/lib/rt.jar</lib>
                    </libs>
                </configuration>
            </plugin>
        </plugins>
    </build>

    <dependencies>
        <!-- Can also be acquired on http://www.objectplanet.com/pngencoder/ -->
        <dependency>
            <groupId>com.objectplanet.image</groupId>
            <artifactId>PngEncoder</artifactId>
            <version>2.0.2</version>
        </dependency>

        <dependency>
            <groupId>com.univocity</groupId>
            <artifactId>univocity-parsers</artifactId>
            <version>1.3.1</version>
            <type>jar</type>
        </dependency>
        <dependency>
            <groupId>com.google.guava</groupId>
            <artifactId>guava</artifactId>
            <version>18.0</version>
        </dependency>
        <dependency>
            <groupId>junit</groupId>
            <artifactId>junit</artifactId>
            <version>4.11</version>
            <scope>test</scope>
        </dependency>
    </dependencies>
</project>
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blob 2181�package com.comphenix.magnets.fields;

import com.comphenix.magnets.util.PrimitiveArrays;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;

import java.util.Arrays;

/**
 * A field that is divided into discrete cells.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface DiscreteField {
    /**
     * Retrieve the value of the cell nearest the given point.
     * @param x the x coordinate of the point.
     * @param y the y coordinate of the point.
     * @return The corresponding value.
     */
    public default Vector2D getNearestPoint(double x, double y) {
        double[] columns = toColumnArray();
        double[] rows = toRowArray();
        int nearestColumn = PrimitiveArrays.findNearest(columns, x);
        int nearestRow = PrimitiveArrays.findNearest(rows, y);
        return new Vector2D(columns[nearestColumn], rows[nearestRow]);
    }

    /**
     * Retrieve the current X coordinates of the given column.
     * @param column the column index.
     * @return The X coordinates.
     */
    public double getColumn(int column);

    /**
     * Retrieve the current column X coordinates as an array.
     * @return Current column array.
     */
    public default double[] toColumnArray() {
        double[] result = new double[getColumns()];

        for (int i = 0; i < getColumns(); i++) {
            result[i] = getColumn(i);
        }
        return result;
    }

    /**
     * Retrieve the Y coordinate of the given row.
     * @param row the row index.
     * @return The Y coordinates.
     */
    public double getRow(int row);

    /**
     * Retrieve the current column X coordinates as an array.
     * @return Current column array.
     */
    public default double[] toRowArray() {
        double[] result = new double[getRows()];

        for (int i = 0; i < getRows(); i++) {
            result[i] = getRow(i);
        }
        return result;
    }

    /**
     * Retrieve the number of columns in the field.
     * @return The column count.
     */
    public int getRows();

    /**
     * Retrieve the number of rows in the field.
     * @return Number of rows.
     */
    public int getColumns();
}
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blob 136�package com.comphenix.magnets.fields;

/**
 * Created by Kristian Stangeland on 20.01.2015.
 */
public class WireMagneticSourceTest {
}
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blob 159�package com.comphenix.magnets.electricity;

/**
 * Represents a time-variant component.
 * Created by Kristian on 26.01.2015.
 */
public class FieldSource {
}
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blob 7473�package com.comphenix.magnets.fields;

import java.nio.ByteBuffer;
import java.util.Arrays;
import java.util.function.DoubleBinaryOperator;
import java.util.function.IntToDoubleFunction;
import java.util.stream.DoubleStream;
import java.util.stream.IntStream;

/**
 * Represents a simple mutating 2D field.
 * Created by Kristian Stangeland on 16.01.2015.
 */
public class ScalarArrayField implements ScalarField {
    private static final int INITIAL_CAPACITY = 10;

    // Initial values
    private double[] x = new double[INITIAL_CAPACITY];
    private double[] y = new double[INITIAL_CAPACITY];
    private double[][] data = new double[INITIAL_CAPACITY][];
    private int columns = 0;
    private int rows = 0;

    /**
     * Construct a new empty array field.
     */
    public ScalarArrayField() {
    }

    /**
     * Construct a new array field from the given scalar field.
     * @param field the scalar field.
     */
    public ScalarArrayField(ScalarField field) {
        this.x = field.toColumnArray();
        this.y = field.toRowArray();
        this.data = field.rows().parallel().toArray(double[][]::new);
        this.columns = field.getColumns();
        this.rows = field.getRows();
    }

    /**
     * Construct a new array field from the given double arrays.
     * @param x the X coordinates of the cells in the field.
     * @param y the Y coordinates of the cells in the field.
     * @param data the data.
     */
    protected ScalarArrayField(double[] x, double[] y, double[][] data) {
        this.x = x;
        this.y = y;
        this.data = data;
        this.rows = data.length;
        this.columns = data.length > 0 ? data[0].length : 0;
    }

    /**
     * Retrieve a scalar array field with the given cell coordinates, and initialize the cells to the specified value.
     * @param x the X coordinates of the cells in the field.
     * @param y the Y coordinates of the cells in the field.
     * @param cellValue the value based on the X and Y coordinates).
     * @return The corresponding array field.
     */
    public static ScalarArrayField fromFunction(double[] x, double[] y, DoubleBinaryOperator cellValue) {
        double[][] result = new double[y.length][];

        // Combine the values in each field
        for (int row = 0; row < y.length; row++) {
            double[] buffer = new double[x.length];

            for (int col = 0; col < x.length; col++) {
                buffer[col] = cellValue.applyAsDouble(x[col], y[row]);
            }
            result[row] = buffer;
        }
        return new ScalarArrayField(x.clone(), y.clone(), result);
    }

    /**
     * Construct a new scalar array field from the given coordinates and cell value.
     * @param x the x coordinates.
     * @param y the y coordinates.
     * @param value the cell value.
     * @return The filled array field.
     */
    public static ScalarArrayField fromValue(double[] x, double[] y, double value) {
        double[][] result = new double[y.length][];

        // Combine the values in each field
        for (int row = 0; row < y.length; row++) {
            double[] buffer = new double[x.length];
            Arrays.fill(buffer, value);
            result[row] = buffer;
        }
        return new ScalarArrayField(x.clone(), y.clone(), result);
    }

    /**
     * Retrieve a scalar array field that wraps the given arrays.
     * @param x the X coordinates of the cells in the field.
     * @param y the Y coordinates of the cells in the field.
     * @param data the data.
     * @return The corresponding array field.
     */
    public static ScalarArrayField fromArray(double[] x, double[] y, double[][] data) {
        return new ScalarArrayField(x.clone(), y.clone(),
            Arrays.stream(data).map(arr -> Arrays.copyOf(arr, arr.length)).toArray(double[][]::new));
    }

    @Override
    public double[] toColumnArray() {
        return Arrays.copyOf(x, columns);
    }

    @Override
    public double[] toRowArray() {
        return Arrays.copyOf(y, rows);
    }

    /**
     * Combine the values of this array field and the target field, using the provided binary operator.
     * <p />
     * The coordinates of these fields must be the same.
     * @param other the other array field.
     * @param op operator applied to each corresponding value in this field and the given field.
     * @return A new scalar field.
     */
    public void merge(ScalarField other, DoubleBinaryOperator op) {
        if (getRows() != other.getRows())
            throw new IllegalArgumentException("Fields must have the same number of rows.");
        if (getColumns() != other.getColumns())
            throw new IllegalArgumentException("Fields must have the same number of columns.");

        double[][] result = new double[getRows()][];

        // Combine the values in each field
        for (int row = 0; row < getRows(); row++) {
            double[] left = data[row];

            for (int col = 0; col < getColumns(); col++) {
                left[col] = op.applyAsDouble(left[col], other.getValue(col, row));
            }
        }
    }

    /**
     * Determine if the first N entries in the given array is equal.
     * @param a first array.
     * @param b second array.
     * @param n the number of entries to check.
     * @return TRUE if it is, FALSE otherwise.
     */
    protected static boolean firstEqual(double[] a, double[] b, int n) {
        assert a.length >= n && b.length >= n;

        for(int i = 0; i < n; i++)
            if(a[i] != b[i])
                return false;
        return true;
    }

    @Override
    public double getColumn(int column) {
        return x[column];
    }

    @Override
    public double getRow(int row) {
        return y[row];
    }

    /**
     * Set the x coordinates of the columns.
     * @param x the x coordinates.
     */
    public void setX(double[] x) {
        this.x = x.clone();
        this.columns = x.length;
    }

    /**
     * Set the Y coordinates of the cells.
     * @param y the y coordinates.
     */
    public void setY(double[] y) {
        this.y = y.clone();
    }

    /**
     * Add the given coordinate to the bottom of the matrix.
     * @param yCoordinate the y coordinate.
     * @param values the values to add.
     */
    public void addRow(double yCoordinate, double[] values) {
        ensureHeight();
        y[rows] = yCoordinate;
        data[rows] = values;

        // Increment
        rows++;
    }

    @Override
    public double getValue(int column, int row) {
        return data[row][column];
    }

    @Override
    public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
        int index = 0;

        // Just loop through
        for (int row = startRow; row < endRow; row++) {
            for (int column = startColumn; column < endColumn; column++) {
                outputValues[index++] = data[row][column];
            }
        }
    }

    /**
     * Ensure the matrix is sufficiently large in the Y direction.
     */
    protected void ensureHeight() {
        if (y.length == rows) {
            y = Arrays.copyOf(y, (int) (y.length * 1.5));
        }
        if (data.length == rows) {
            data = Arrays.copyOf(data, (int) (data.length * 1.5));
        }
    }

    @Override
    public int getRows() {
        return columns;
    }

    @Override
    public int getColumns() {
        return rows;
    }
}
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blob 4244�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.WireContinuousField;
import com.comphenix.magnets.util.PrimitiveArrays;
import com.google.common.collect.Lists;

import java.util.List;

/**
 * Created by Kristian on 14.06.2015.
 */
public class CurrentImbalanceField extends DroneVectorField {
    private final double positionY;
    private final double positionX;
    private List<ImbalancedSinusoid> sensorFields;

    public CurrentImbalanceField(Iterable<? extends Conductor> conductors, double[] sensorDelta, double positionX, double positionY) {
        super(new HarmonicSumField(conductors, 0), sensorDelta);
        this.sensorFields = Lists.newArrayList();
        this.positionX = positionX;
        this.positionY = positionY;

        // Sensor fields
        for (int i = 0; i < sensorDelta.length / 2; i++) {
            ImbalancedSinusoid sinusoid = new ImbalancedSinusoid(conductors,
                    positionX + sensorDelta[i * 2],
                    positionY + sensorDelta[i * 2 + 1]);
            sensorFields.add(sinusoid);

            if (sinusoid.getComponents() != this.sinusoids.getComponents()) {
                throw new IllegalStateException("Unexpected sinusoid count: " + sinusoid.getComponents());
            }
        }
    }

    public double getPositionX() {
        return positionX;
    }

    public double getPositionY() {
        return positionY;
    }

    @Override
    public void addComponents(double a, double b, int startComponent, int endComponent, double[] destination, int destinationOffset) {
        int innerComponents = sinusoids.getComponents();
        double[] points = new double[innerComponents * sensorCount];

        // Compute components
        for (int i = 0; i < sensorFields.size(); i++) {
            ImbalancedSinusoid sensor = sensorFields.get(i);
            sensor.addComponents(a, b, points, i * sensor.getComponents());
        }
        writeComponents(startComponent, endComponent, destination, destinationOffset, points, innerComponents);
    }

    /**
     * Ä field where we reinterpret the X and Y position as factors that modify the amplitude of the left and right sinusoid
     * respectively. This should allow us to compute the true current imbalance.
     */
    private static class ImbalancedSinusoid extends HarmonicSumField {
        private final double positionX;
        private final double positionY;

        /**
         * Construct a harmonic sum field from the given list of conductors.
         * @param conductorIterable the conductors.
         */
        public ImbalancedSinusoid(Iterable<? extends Conductor> conductorIterable, double positionX, double positionY) {
            super(conductorIterable, 0);
            this.positionX = positionX;
            this.positionY = positionY;

            // For now
            if (conductors().size() != 3) {
                throw new IllegalStateException("We can only compute the imbalance for three conductors.");
            }
        }

        // Note that the two last parameters have been renamed
        protected double[] getConductorAmplitudes(int startComponent, int endComponent, int numComponents, double a, double b) {
            double[] result = new double[conductorList.size() * numComponents];
            int position = 0;

            // Fetch amplitudes for each component
            for (int i = 0; i < maxFields.size(); i++) {
                WireContinuousField field = maxFields.get(i);

                switch (i) {
                    case 1:
                        field.addComponents(positionX, positionY, startComponent, endComponent, result, position);
                        break;
                    case 0:
                        PrimitiveArrays.addToArray(field.getComponentsArray(positionX, positionY, startComponent, endComponent), a, result, position);
                        break;
                    case 2:
                        PrimitiveArrays.addToArray(field.getComponentsArray(positionX, positionY, startComponent, endComponent), b, result, position);
                        break;
                }
                position += numComponents;
            }
            return result;
        }
    }
}
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blob 24509�package com.comphenix.magnets.fields;

import com.comphenix.magnets.util.PrimitiveArrays;
import com.google.common.collect.ImmutableList;
import com.google.common.collect.Iterables;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;

import java.util.Arrays;
import java.util.function.DoubleBinaryOperator;

/**
 * Represents a field of vector quantities.
 * Created by Kristian Stangeland on 20.01.2015.
 */
public interface VectorField extends DiscreteField {
    /**
     * Represents a simple cell aggregator.
     */
    public interface VectorInPlaceAggregator {
        /**
         * Aggregate the same cell throughout multiple scalar fields.
         * @param components array of components from each vector in the scalar field.
         * @param vectorLength the length of a vector in the component array.
         * @param column the column of the cell.
         * @param row the row of the cell.
         * @return The index where the aggregate result can be found.
         */
        public int aggregate(double[] components, int vectorLength, int column, int row);
    }

    /**
     * Represents a cell aggregator that returns a different vector length.
     */
    public interface VectorExternalAggregator {
        /**
         * Aggregate the same cell throughout multiple scalar fields.
         * @param inputComponents array of components from each vector in the scalar field.
         * @param vectorLength the length of a vector in the component array.
         * @param outputComponents the output double array.
         * @param outputIndex the output index in the output array
         * @param column the column of the cell.
         * @param row the row of the cell.
         * @return The new output index.
         */
        public int aggregate(double[] inputComponents, int vectorLength, double[] outputComponents, int outputIndex, int column, int row);
    }

    /**
     * Convert the content of a cell to a scalar value.
     */
    public interface ScalarMapping {
        /**
         * Convert the vector in the given cell to a scalar value.
         * @param vectorArray array containing the vector.
         * @param vectorOffset index of the first component of the vector.
         * @param vectorLength the length of the vector.
         * @param row the row of the cell.
         * @return The corresponding scalar value.
         */
        public double apply(double[] vectorArray, int vectorOffset, int vectorLength, int column, int row);
    }

    /**
     * Retrieve the magnitude of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding magnitude.
     */
    public default double getMagnitude(int column, int row) {
        double[] strength = new double[getComponents()];
        double squareMagnitude = 0;
        fillComponents(column, column + 1, row, row + 1, strength, 0);

        for (double value : strength) {
            squareMagnitude = value * value;
        }
        return Math.sqrt(squareMagnitude);
    }

    /**
     * Retrieve the polar angles of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding angles, in radians.
     */
    public default RealVector getAngle(int column, int row) {
        double[] strength = new double[getComponents()];
        double[] angles = new double[strength.length - 1];
        fillComponents(column, column + 1, row, row + 1, strength, 0);

        // Standard inverse
        angles[0] = Math.atan2(strength[1], strength[0]);

        // Additional angles
        if (strength.length > 2) {
            double magnitude = new ArrayRealVector(strength, false).getNorm();

            for (int i = 1; i < angles.length; i++) {
                angles[i] = Math.acos(strength[i + 1] / magnitude);
            }
        }
        return new ArrayRealVector(angles, false);
    }

    /**
     * Retrieve the value of the given cell.
     * @param column the column of the cell.
     * @param row the row of the cell.
     * @return The corresponding value.
     */
    public default RealVector getVector(int column, int row) {
        double[] strength = new double[getComponents()];
        fillComponents(column, column + 1, row, row + 1, strength, 0);
        return new ArrayRealVector(strength, false);
    }

    /**
     * Retrieve the value of the cell nearest the given point.
     * @param x the x coordinate of the point.
     * @param y the y coordinate of the point.
     * @return The corresponding value.
     */
    public default RealVector getNearestValue(double x, double y) {
        double[] columns = toColumnArray();
        double[] rows = toRowArray();
        int nearestColumn = PrimitiveArrays.findNearest(columns, x);
        int nearestRow = PrimitiveArrays.findNearest(rows, y);
        return getVector(nearestColumn, nearestRow);
    }

    /**
     * Retrieve the number of components in each cell vector in this field.
     * @return The number of components.
     */
    public int getComponents();

    /**
     * Retrieve an array of all the components in the given rectangle.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @return The resulting component array.
     */
    public default double[] getComponentsArray(int startColumn, int endColumn, int startRow, int endRow) {
        double[] buffer = new double[(endColumn - startColumn) * (endRow - startRow) * getComponents()];
        fillComponents(startColumn, endColumn, startRow, endRow, 0, getComponents(), buffer, 0, false);
        return buffer;
    }

    /**
     * Retrieve an array of the given components in the given rectangle.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @param startComponent index of the first component, inclusive.
     * @param endComponent index of the last component, exclusive.
     * @return The resulting component array.
     */
    public default double[] getComponentsArray(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent) {
        double[] buffer = new double[(endColumn - startColumn) * (endRow - startRow) * (endComponent - startComponent)];
        fillComponents(startColumn, endColumn, startRow, endRow, startComponent, endComponent, buffer, 0, false);
        return buffer;
    }

    /**
     * Fill the destination array with the respective magnitude of the component in the cell vectors.
     * <p />
     * The destination array will be filled in order from lowest component to highest component, then lowest column to highest column,
     * and finally from lowest row to highest row.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     */
    public default void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] destination, int destinationOffset) {
        fillComponents(startColumn, endColumn, startRow, endRow, 0, getComponents(), destination, destinationOffset, true);
    }

    /**
     * Fill the output array with the respective magnitude of the component in the cell vectors.
     * <p />
     * The destination array will be filled in order from lowest component to highest component, then lowest column to highest column,
     * and finally from lowest row to highest row.
     * @param startColumn the starting column, inclusive.
     * @param endColumn the end column, exclusive.
     * @param startRow the starting row, inclusive.
     * @param endRow the ending row, exclusive.
     * @param startComponent index of the first component, inclusive.
     * @param endComponent index of the last component, exclusive.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     * @param zeroDestination whether or not to zero every element in the destination array if necessary. FALSE to avoid this step.
     */
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent, double[] destination, int destinationOffset, boolean zeroDestination);

    /**
     * View the magnitude of each cell in this vector field.
     * @return The magnitudes.
     */
    public default ScalarField magnitudes() {
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                return getMagnitude(column, row);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                int components = getComponents();

                // Special cases
                if (components < 1) {
                    throw new IllegalStateException("Unexpected component size: " + components);
                } else if (components == 1) {
                    fillComponents(startColumn, endColumn, startRow, endRow, outputValues, 0);
                    return;
                }
                double[] strength = getComponentsArray(startColumn, endColumn, startRow, endRow);

                // Calculate magnitude
                for (int i = 0; i < outputValues.length; i++) {
                    outputValues[i] = computeMagnitude(strength, i * components, components);
                }
            }
        };
    }

    /**
     * View the magnitude of the x component in this vector field.
     * @return The x components.
     */
    public default ScalarField x() {
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                fillComponents(startColumn, endColumn, startRow, endRow, 0, 1, outputValues, 0, true);
            }
        };
    }

    /**
     * View the magnitude of the y component in this vector field.
     * @return The y components.
     */
    public default ScalarField y() {
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                fillComponents(startColumn, endColumn, startRow, endRow, 1, 2, outputValues, 0, true);
            }
        };
    }

    /**
     * View the angle of each cell in this vector field.
     * <p />
     * This is either a ScalarField or a VectorField.
     * @return The angles.
     */
    public default DiscreteField angles() {
        int components = getComponents() - 1;

        if (components == 1) {
            return new ScalarField.ScalarProxy(VectorField.this) {
                @Override
                public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                    double[] strength = getComponentsArray(startColumn, endColumn, startRow, endRow);
                    int length = strength.length / 2;

                    // Calculate angle
                    for (int i = 0; i < length; i++) {
                        outputValues[i] = Math.atan2(strength[i * 2 + 1], strength[i * 2]);
                    }
                }
            };

        } else {
            return new VectorProxy(VectorField.this) {
                @Override
                public int getComponents() {
                    return components;
                }

                @Override
                public void fillComponents(int startColumn, int endColumn, int startRow, int endRow,
                                           int startComponent, int endComponent, double[] destination, int destinationOffset, boolean zeroDestination) {

                    // Special case
                    if (startComponent == 0 && endComponent == 1) {
                        fillFirstComponent(startColumn, endColumn, startRow, endRow, destination, destinationOffset);
                        return;
                    }

                    // We need to compute every underlying value, as we have to compute the magnitude
                    double[] strength = ((VectorField)field).getComponentsArray(startColumn, endColumn, startRow, endRow);
                    int length = (endColumn - startColumn) * (endRow - startRow);
                    int sourcePos = 0;
                    int destinationPos = destinationOffset;

                    // Fill in angles
                    for (int i = 0; i < length; i++) {
                        double magnitude = computeMagnitude(strength, sourcePos, components + 1);

                        // First angle
                        if (startComponent == 0) {
                            destination[destinationPos++] = Math.atan2(strength[sourcePos + 1], strength[sourcePos]);
                        }
                        // Additional angles
                        for (int j = startComponent + 1; j < endComponent; j++) {
                            destination[destinationPos++] = Math.acos(strength[sourcePos + j + 1] / magnitude);
                        }
                        sourcePos += components + 1;
                    }
                }

                // Special case if we are only interested in the first angle
                private void fillFirstComponent(int startColumn, int endColumn, int startRow, int endRow, double[] destination, int destinationOffset) {
                    int length = (endColumn - startColumn) * (endRow * startRow);
                    double[] buffer = new double[length * 2];
                    int destinationPos = destinationOffset;

                    // Read the two first components in each cell
                    ((VectorField) field).fillComponents(startColumn, endColumn, startRow, endRow, 0, 2, buffer, 0, false);

                    // Fill in the angles
                    for (int i = 0; i < length; i++) {
                        destination[destinationPos++] = Math.atan2(buffer[i * 2 + 1], buffer[i * 2]);
                    }
                }
            };
        }
    }

    /**
     * Compute the magnitude of the given vector.
     * @param values the values.
     * @param offset the offset to the first component in the vector.
     * @param length the number of components in the vector.
     * @return The vector magnitude.
     */
    static double computeMagnitude(double[] values, int offset, int length) {
        double magnitude = 0;

        // Compute magnitude inline
        for (int i = 0; i < length; i++) {
            magnitude += values[offset + i] * values[offset + i];
        }
        return Math.sqrt(magnitude);
    }

    /**
     * Create a scalar field from a two dimensional vector field.
     * @param operator mapping of X and Y values, producing the final scalar value.
     * @return The corresponding scalar field.
     */
    public default ScalarField map(DoubleBinaryOperator operator) {
        if (getComponents() != 2) {
            throw new IllegalArgumentException("Cannot map a vector field of " + getComponents() + " dimensions.");
        }
        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                double[] strength = getComponentsArray(column, column + 1, row, row + 1);
                return operator.applyAsDouble(strength[0], strength[1]);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                double[] strength = getComponentsArray(startColumn, endColumn, startRow, endRow);
                int length = strength.length / 2;

                // Calculate final value
                for (int i = 0; i < length; i++) {
                    outputValues[i] = operator.applyAsDouble(strength[2 * i], strength[2 * i + 1]);
                }
            }
        };
    }

    /**
     * Create a scalar field from the X and Y values of this vector field.
     * @param operator mapping of X and Y values, producing the final scalar value.
     * @return The corresponding scalar field.
     */
    public default ScalarField map(ScalarMapping operator) {
        int components = getComponents();

        return new ScalarField.ScalarProxy(VectorField.this) {
            @Override
            public double getValue(int column, int row) {
                double[] strength = getComponentsArray(column, column + 1, row, row + 1);
                return operator.apply(strength, 0, strength.length, column, row);
            }

            @Override
            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {
                double[] strength = getComponentsArray(startColumn, endColumn, startRow, endRow);
                int index = 0;
                int sourcePos = 0;

                // Calculate final value
                for (int row = startRow; row < endRow; row++) {
                    for (int col = startColumn; col < endColumn; col++) {
                        outputValues[index] = operator.apply(strength, sourcePos, components, index * col, row);
                        index++;
                        sourcePos += components;
                    }
                }
            }
        };
    }

    /**
     * Aggregate the given non-zero collection of fields. Note that each field must have the same size and x/y coordinates.
     * @param fields the fields to aggregate.
     * @param aggregator aggregate the content of a cell for each provided scalar field.
     * @return The resulting scalar field.
     */
    public static VectorField aggregate(Iterable<? extends VectorField> fields, VectorInPlaceAggregator aggregator) {
        final ImmutableList<VectorField> copy = ImmutableList.copyOf(fields);

        // Ensure we're not aggregating fields of different components
        int[] distinctArray = copy.stream().mapToInt(VectorField::getComponents).distinct().toArray();

        if (distinctArray.length != 1) {
            throw new IllegalArgumentException("Cannot aggregate fields of different component count: " + Arrays.asList(copy));
        }
        return aggregate(copy, distinctArray[0], aggregator);
    }

    /**
     * Aggregate the given non-zero collection of fields. Note that each field must have the same size and x/y coordinates.
     * @param fields the fields to aggregate.
     * @param components the number of components of the output vector field.
     * @param aggregator aggregate the content of a cell for each provided scalar field.
     * @return The resulting scalar field.
     */
    public static VectorField aggregate(Iterable<? extends VectorField> fields, int components, VectorInPlaceAggregator aggregator) {
        final VectorField[] copy = Iterables.toArray(fields, VectorField.class);

        if (copy.length == 0) {
            throw new IllegalArgumentException("Cannot aggregate zero fields.");
        }
        // Now construct our aggregate vector field
        return new VectorProxy(copy[0]) {
            @Override
            public int getComponents() {
                return components;
            }

            @Override
            public void fillComponents(int startColumn, int endColumn, int startRow, int endRow,
                                       int startComponent, int endComponent, double[] destination, int destinationOffset, boolean zeroDestination) {
                double[] buffer = new double[getComponents() * copy.length];
                int destinationPos = destinationOffset;

                for (int row = startRow; row < endRow; row++) {
                    for (int col = startColumn; col < endColumn; col++) {
                        // Read all the values we need
                        for (int i = 0; i < copy.length; i++) {
                            copy[i].fillComponents(col, col + 1, row, row + 1, buffer, i * components);
                        }
                        // Aggregate and copy over the final value
                        int aggregateIndex = aggregator.aggregate(buffer, components, col, row);

                        for (int i = startComponent; i < endComponent; i++) {
                            destination[destinationPos++] = buffer[aggregateIndex + i];
                        }
                    }
                }
            }
        };
    }

    /**
     * Aggregate the given non-zero collection of fields. Note that each field must have the same size and x/y coordinates.
     * @param fields the fields to aggregate.
     * @param outputComponents the number of outputComponents of the output vector field.
     * @param aggregator aggregate the content of a cell for each provided scalar field.
     * @return The resulting scalar field.
     */
    public static VectorField aggregateExternal(Iterable<? extends VectorField> fields, int outputComponents, VectorExternalAggregator aggregator) {
        final VectorField[] copy = Iterables.toArray(fields, VectorField.class);

        if (copy.length == 0) {
            throw new IllegalArgumentException("Cannot aggregate zero fields.");
        }
        final int inputComponents = copy[0].getComponents();

        // Now construct our aggregate vector field
        return new VectorProxy(copy[0]) {
            @Override
            public int getComponents() {
                return outputComponents;
            }

            @Override
            public void fillComponents(int startColumn, int endColumn, int startRow, int endRow,
                                       int startComponent, int endComponent, double[] destination, int destinationOffset, boolean zeroDestination) {
                double[] buffer = new double[getComponents() * copy.length];
                int destinationPos = destinationOffset;

                for (int row = startRow; row < endRow; row++) {
                    for (int col = startColumn; col < endColumn; col++) {
                        // Read all the values we need
                        for (int i = 0; i < copy.length; i++) {
                            copy[i].fillComponents(col, col + 1, row, row + 1, buffer, i * inputComponents);
                        }
                        // Aggregate and copy over the final value
                        destinationPos = aggregator.aggregate(buffer, inputComponents, destination, destinationPos, col, row);
                    }
                }
            }
        };
    }

    /**
     * Create an array of the same component from the given array of vector components.
     * @param vectorComponents array of every component from a set of vectors.
     * @param componentIndex the component index.
     * @param components the number of components in each vector in the array.
     * @return An array of components.
     */
    public static double[] extractComponent(double[] vectorComponents, int componentIndex, int components) {
        if ((vectorComponents.length % components) != 0) {
            throw new IllegalArgumentException("vectorComponents must be divisible by " + components);
        }
        double[] result = new double[vectorComponents.length / components];

        for (int i = 0; i < result.length; i++) {
            result[i] = vectorComponents[i * components + componentIndex];
        }
        return result;
    }

    /**
     * A field that is forwarding the cell metadata of another field.
     */
    public static abstract class VectorProxy extends Proxy implements VectorField {
        /**
         * Construct a new vector field proxy.
         * @param field the discrete field to proxy.
         */
        public VectorProxy(DiscreteField field) {
            super(field);
        }
    }
}
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blob 5742�package com.comphenix.magnets.fields;

import com.google.common.collect.Iterables;
import com.google.common.collect.Lists;
import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;
import org.apache.commons.math3.linear.ArrayRealVector;
import org.apache.commons.math3.linear.RealVector;

import java.util.ArrayList;
import java.util.Arrays;
import java.util.List;
import java.util.function.BiFunction;
import java.util.function.DoubleBinaryOperator;

/**
 * Represents a continuous field.
 */
public interface ContinuousField {
    /**
     * Convert this continous field to a discrete vector field.
     * @param xCoordinates the x coordinates.
     * @param yCoordinates the y coordinates.
     * @return The vector field.
     */
    public default VectorField toVectorField(double[] xCoordinates, double[] yCoordinates) {
        return new VectorMatrixField(this, xCoordinates, yCoordinates);
    }

    /**
     * Retrieve the magnitude of the given cell.
     * @param x the x coordinate of the location in meters.
     * @param y the y coordinate of the location in meters.
     * @return The corresponding magnitude.
     */
    public default double getMagnitude(double x, double y) {
        double[] strength = new double[getComponents()];
        double squareMagnitude = 0;
        addComponents(x, y, strength, 0);

        for (double value : strength) {
            squareMagnitude = value * value;
        }
        return Math.sqrt(squareMagnitude);
    }

    /**
     * Retrieve the polar angles of the given cell.
     * @param x the x coordinate of the location in meters.
     * @param y the y coordinate of the location in meters.
     * @return The corresponding angles, in radians.
     */
    public default RealVector getAngle(double x, double y) {
        double[] strength = new double[getComponents()];
        double[] angles = new double[strength.length - 1];
        addComponents(x, y, strength, 0);

        // Standard inverse
        angles[0] = Math.atan2(strength[1], strength[0]);

        // Additional angles
        if (strength.length > 2) {
            double magnitude = new ArrayRealVector(strength, false).getNorm();

            for (int i = 1; i < angles.length; i++) {
                angles[i] = Math.acos(strength[i + 1] / magnitude);
            }
        }
        return new ArrayRealVector(angles, false);
    }

    /**
     * Retrieve the value of the given cell.
     * @param x the x coordinate of the location in meters.
     * @param y the y coordinate of the location in meters.
     * @return The corresponding value.
     */
    public default RealVector getVector(double x, double y) {
        double[] strength = new double[getComponents()];
        addComponents(x, y, strength, 0);
        return new ArrayRealVector(strength, false);
    }

    /**
     * Retrieve the number of components in each cell vector in this field.
     * @return The number of components.
     */
    public int getComponents();

    /**
     * Add the field strength in the X-axis and the Y-axis to each output array respectively, using the provided element offset.
     * @param x x-coordinate of the current point.
     * @param y y-coordinate of the current point.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     */
    public default void addComponents(double x, double y, double[] destination, int destinationOffset) {
        addComponents(x, y, 0, getComponents(), destination, destinationOffset);
    }

    /**
     * Add the field strength in the X-axis and the Y-axis to each output array respectively, using the provided element offset.
     * <p />
     * Note that the range represented by startComponent and endComponent must be non-zero in length and not exceed the boundaries
     * of the components in the field. Otherwise, the behavior is undefined.
     * @param x x-coordinate of the current point.
     * @param y y-coordinate of the current point.
     * @param startComponent index of the first component, inclusive.
     * @param endComponent index of the last component, exclusive.
     * @param destination the destination array.
     * @param destinationOffset the starting offset of the destination array.
     */
    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset);

    /**
     * Create a continuous field that is the summed value of the given fields at every point.
     * @param fields the fields. Must be non-zero.
     * @return The corresponding summed field.
     */
    public static ContinuousField sum(Iterable<? extends ContinuousField> fields) {
        ContinuousField[] copy = Iterables.toArray(fields, ContinuousField.class);

        if (copy.length == 0) {
            throw new IllegalArgumentException("Cannot merge zero fields.");
        }
        // Use the largest component
        int components = Arrays.stream(copy).mapToInt(ContinuousField::getComponents).max().getAsInt();

        return new ContinuousField() {
            @Override
            public int getComponents() {
                return components;
            }

            @Override
            public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {
                // Initial values
                Arrays.fill(destination, destinationOffset, destinationOffset + (endComponent - startComponent), 0);

                for (ContinuousField field : copy) {
                    field.addComponents(x, y, startComponent, endComponent, destination, destinationOffset);
                }
            }
        };
    }
}
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blob 7618�package com.comphenix.magnets.model;

import com.comphenix.magnets.fields.ContinuousField;
import com.comphenix.magnets.fields.VectorField;
import com.comphenix.magnets.fields.WireContinuousField;
import com.google.common.collect.Lists;
import org.apache.commons.math3.util.FastMath;
import org.apache.commons.math3.util.MathUtils;

import java.util.Arrays;
import java.util.List;

import static java.util.stream.Collectors.toList;

/**
 * A field that computes the harmonic sum of the given
 * Created by Kristian on 01.04.2015.
 */
public class HarmonicSumField implements VectorField {
    private static final int OUTPUT_FACTOR = 2;

    private final double[] columns;
    private final double[] rows;
    private final double phaseOffset;
    private List<Conductor> conductorList;

    // Precomputed values
    private List<WireContinuousField> maxFields;
    private final CosineDifferenceTable differenceTable;
    private final double[] cosineTable;
    private final double[] sineTable;
    private final int components;

    /**
     * Construct a harmonic sum field from the given list of conductors.
     * @param conductorIterable the conductors.
     * @param phaseOffset global phase offset (in radians) of every sinusoid to sum.
     * @param x coordinates of the columns.
     * @param y coordinates of the rows.
     */
    public HarmonicSumField(Iterable<? extends Conductor> conductorIterable, double phaseOffset, double[] x, double[] y) {
        List<Conductor> conductorList = Lists.newArrayList(conductorIterable);
        this.conductorList = conductorList;
        this.maxFields = conductorList.stream().map(Conductor::getMaximumField).collect(toList());

        // We have an amplitude and phase for each component
        this.components = maxFields.stream().mapToInt(ContinuousField::getComponents).max().getAsInt() * OUTPUT_FACTOR;
        this.phaseOffset = phaseOffset;
        this.columns = x.clone();
        this.rows = y.clone();

        // Precompute constants
        double[] angles = this.conductorList.stream().mapToDouble(
                c -> Math.toRadians(c.getCurrent().getPhase()) + phaseOffset).toArray();
        this.differenceTable = new CosineDifferenceTable(angles);
        this.cosineTable = Arrays.stream(angles).map(Math::cos).toArray();
        this.sineTable = Arrays.stream(angles).map(Math::sin).toArray();
    }

    @Override
    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent,
                               double[] destination, int destinationOffset, boolean zeroDestination) {
        // All preconditions
        if (startComponent > endComponent) {
            throw new IllegalArgumentException("startComponent cannot be greater than endComponent: " +
                    "[start: " + startComponent + ", end: " + endComponent + "]");
        } else if (endComponent - startComponent > components) {
            throw new IllegalArgumentException("Exceeded the range of components: " +
                    "[start: " + startComponent + ", end: " + endComponent + "]");
        } else if (startComponent == endComponent) {
            // No components to write
            return;
        }

        int condStartComponent = Math.floorDiv(startComponent, 2);
        int condEndComponent = (int) Math.ceil(endComponent / 2.0);
        int condNumComponents = condEndComponent - condStartComponent;

        // Whether or not to skip the very first amplitude or very last phase
        boolean skipFirstComponent = (startComponent % 2) != 0;     // inclusive
        boolean skipLastComponent = (endComponent % 2) != 0;        // exclusive

        for (int row = startRow; row < endRow; row++) {
            double y = rows[row];

            for (int col = startColumn; col < endColumn; col++) {
                double x = columns[col];
                double[] conductors = getConductorAmplitudes(condStartComponent, condEndComponent, condNumComponents, x, y);

                // Final amplitude sum
                for (int component = 0; component < condNumComponents; component++) {
                    double amplitude = 0;
                    double phaseNumerator = 0;
                    double phaseDenominator = 0;

                    for (int i = 0; i < conductorList.size(); i++) {
                        // Amplitude of conductor at index i
                        double iConductor = conductors[i * condNumComponents + component];

                        // Prepare phase
                        phaseNumerator += iConductor * sineTable[i];
                        phaseDenominator += iConductor * cosineTable[i];

                        // Self-contribution
                        amplitude += iConductor * iConductor;

                        for (int j = i + 1; j < conductorList.size(); j++) {
                            amplitude += iConductor * conductors[j * condNumComponents + component] * differenceTable.getCosine(i, j);
                        }
                    }

                    // Write out
                    if (!(skipFirstComponent && component == 0)) {
                        destination[destinationOffset++] = Math.sqrt(amplitude);
                    }
                    if (!(skipLastComponent && component == condNumComponents - 1)) {
                        destination[destinationOffset++] = MathUtils.normalizeAngle(Math.atan2(phaseNumerator, phaseDenominator), FastMath.PI);
                    }
                }
            }
        }
    }

    /**
     * Retrieve the amplitude of the magnetic field of the different conductors.
    */
    private double[] getConductorAmplitudes(int startComponent, int endComponent, int numComponents, double x, double y) {
        double[] result = new double[conductorList.size() * numComponents];
        int position = 0;

        // Fetch amplitudes for each component
        for (WireContinuousField field : maxFields) {
            field.addComponents(x, y, startComponent, endComponent, result, position);
            position += numComponents;
        }
        return result;
    }

    @Override
    public int getComponents() {
        return components;
    }

    @Override
    public double getColumn(int column) {
        return columns[column];
    }

    @Override
    public double getRow(int row) {
        return rows[row];
    }

    @Override
    public int getRows() {
        return rows.length;
    }

    @Override
    public int getColumns() {
        return columns.length;
    }

    private static class CosineDifferenceTable {
        private final double[] cache;
        private final int angleCount;

        /**
         * Constructor for computing the difference table.
         * @param angles the angles.
         */
        private CosineDifferenceTable(double[] angles) {
            double[] result = new double[angles.length * angles.length];
            for (int i = 0; i < angles.length; i++) {
                for (int j = 0; j < angles.length; j++) {
                    result[i * angles.length + j] = Math.cos(angles[i] - angles[j]);
                }
            }
            this.cache = result;
            this.angleCount = angles.length;
        }

        /**
         * Retrieve the cosine of the angle difference between element at i and j.
         * @param i index of first angle.
         * @param j index of the second angle.
         * @return Cosine of the angle difference.
         */
        public double getCosine(int i, int j) {
            return cache[i * angleCount + j];
        }
    }
}
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package com.comphenix.magnets.fields;





import com.google.common.collect.Iterables;


import com.google.common.collect.Lists;


import org.apache.commons.math3.analysis.MultivariateFunction;


import org.apache.commons.math3.analysis.MultivariateVectorFunction;


import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;


import org.apache.commons.math3.linear.ArrayRealVector;


import org.apache.commons.math3.linear.RealVector;


import org.apache.commons.math3.util.MathUtils;





import java.util.ArrayList;


import java.util.Arrays;


import java.util.List;


import java.util.function.BiFunction;


import java.util.function.DoubleBinaryOperator;





/**


 * Represents a continuous field.


 */


public interface ContinuousField {


    /**


     * Convert this continous field to a discrete vector field.


     * @param xCoordinates the x coordinates.


     * @param yCoordinates the y coordinates.


     * @return The vector field.


     */


    public default VectorField toVectorField(double[] xCoordinates, double[] yCoordinates) {


        return new VectorMatrixField(this, xCoordinates, yCoordinates);


    }





    /**


     * Convert the current continuous field to a scalar field based on the square distance to the given value.


     * @param value the value.


     * @return The squared distance field.


     */


    static MultivariateFunction withSquareDistance(ContinuousField field, double[] value) {


        return point -> {


            double[] buffer = new double[field.getComponents()];


            double squareDistance = 0;





            // Read the value of the field at this point


            field.addComponents(point[0], point[1], buffer, 0);





            // Compute the squared distance


            for (int i = 0; i < buffer.length; i++) {


                double delta = buffer[i] - value[i];


                squareDistance += delta * delta;


            }


            return squareDistance;


        };


    }





    /**


     * Retrieve the magnitude of the given cell.


     * @param x the x coordinate of the location in meters.


     * @param y the y coordinate of the location in meters.


     * @return The corresponding magnitude.


     */


    public default double getMagnitude(double x, double y) {


        double[] strength = new double[getComponents()];


        double squareMagnitude = 0;


        addComponents(x, y, strength, 0);





        for (double value : strength) {


            squareMagnitude += value * value;


        }


        return Math.sqrt(squareMagnitude);


    }





    /**


     * Retrieve the polar angles of the given cell.


     * @param x the x coordinate of the location in meters.


     * @param y the y coordinate of the location in meters.


     * @return The corresponding angles, in radians.


     */


    public default RealVector getAngle(double x, double y) {


        double[] strength = new double[getComponents()];


        double[] angles = new double[strength.length - 1];


        addComponents(x, y, strength, 0);





        // Standard inverse


        angles[0] = Math.atan2(strength[1], strength[0]);





        // Additional angles


        if (strength.length > 2) {


            double magnitude = new ArrayRealVector(strength, false).getNorm();





            for (int i = 1; i < angles.length; i++) {


                angles[i] = Math.acos(strength[i + 1] / magnitude);


            }


        }


        return new ArrayRealVector(angles, false);


    }








    /**


     * Retrieve the value of the given cell.


     * @param point the point.


     * @return The corresponding value.


     */


    public default RealVector getVector(RealVector point) {


        if (point.getDimension() != 2) {


            throw new IllegalArgumentException("Vector " + point + " must be two dimensions.");


        }


        return getVector(point.getEntry(0), point.getEntry(1));


    }





    /**


     * Retrieve the value of the given cell.


     * @param x the x coordinate of the location in meters.


     * @param y the y coordinate of the location in meters.


     * @return The corresponding value.


     */


    public default RealVector getVector(double x, double y) {


        double[] strength = new double[getComponents()];


        addComponents(x, y, strength, 0);


        return new ArrayRealVector(strength, false);


    }





    /**


     * Retrieve the number of components in each cell vector in this field.


     * @return The number of components.


     */


    public int getComponents();





    /**


     * Retrieve an array of the given components in the given rectangle.


     * @param x x-coordinate of the current point.


     * @param y y-coordinate of the current point.


     * @param startComponent index of the first component, inclusive.


     * @param endComponent index of the last component, exclusive.


     * @return The resulting component array.


     */


    public default double[] getComponentsArray(double x, double y, int startComponent, int endComponent) {


        double[] buffer = new double[endComponent - startComponent];


        addComponents(x, y, startComponent, endComponent, buffer, 0);


        return buffer;


    }





    /**


     * Add the field strength in the X-axis and the Y-axis to each output array respectively, using the provided element offset.


     * @param x x-coordinate of the current point.


     * @param y y-coordinate of the current point.


     * @param destination the destination array.


     * @param destinationOffset the starting offset of the destination array.


     */


    public default void addComponents(double x, double y, double[] destination, int destinationOffset) {


        addComponents(x, y, 0, getComponents(), destination, destinationOffset);


    }





    /**


     * Add the field strength in the X-axis and the Y-axis to each output array respectively, using the provided element offset.


     * <p />


     * Note that the range represented by startComponent and endComponent must be non-zero in length and not exceed the boundaries


     * of the components in the field. Otherwise, the behavior is undefined.


     * @param x x-coordinate of the current point.


     * @param y y-coordinate of the current point.


     * @param startComponent index of the first component, inclusive.


     * @param endComponent index of the last component, exclusive.


     * @param destination the destination array.


     * @param destinationOffset the starting offset of the destination array.


     */


    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset);





    /**


     * Create a continuous field that is the summed value of the given fields at every point.


     * @param fields the fields. Must be non-zero.


     * @return The corresponding summed field.


     */


    public static ContinuousField sum(Iterable<? extends ContinuousField> fields) {


        ContinuousField[] copy = Iterables.toArray(fields, ContinuousField.class);





        if (copy.length == 0) {


            throw new IllegalArgumentException("Cannot merge zero fields.");


        }


        // Use the largest component


        int components = Arrays.stream(copy).mapToInt(ContinuousField::getComponents).max().getAsInt();





        return new ContinuousField() {


            @Override


            public int getComponents() {


                return components;


            }





            @Override


            public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {


                // Initial values


                Arrays.fill(destination, destinationOffset, destinationOffset + (endComponent - startComponent), 0);





                for (ContinuousField field : copy) {


                    field.addComponents(x, y, startComponent, endComponent, destination, destinationOffset);


                }


            }


        };


    }


}
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package com.comphenix.magnets.fields;





import com.comphenix.magnets.util.PrimitiveArrays;


import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;





import java.util.Arrays;


import java.util.Objects;





/**


 * A field that is divided into discrete cells.


 * Created by Kristian Stangeland on 20.01.2015.


 */


public interface DiscreteField {


    /**


     * Retrieve the cell nearest the given point.


     * @param x the x coordinate of the point.


     * @param y the y coordinate of the point.


     * @return The corresponding point.


     */


    public default Vector2D getNearestPoint(double x, double y) {


        double[] columns = toColumnArray();


        double[] rows = toRowArray();


        int nearestColumn = PrimitiveArrays.findNearest(columns, x);


        int nearestRow = PrimitiveArrays.findNearest(rows, y);


        return new Vector2D(columns[nearestColumn], rows[nearestRow]);


    }





    /**


     * Retrieve the current X coordinates of the given column.


     * @param column the column index.


     * @return The X coordinates.


     */


    public double getColumn(int column);





    /**


     * Retrieve the current column X coordinates as an array.


     * @return Current column array.


     */


    public default double[] toColumnArray() {


        double[] result = new double[getColumns()];





        for (int i = 0; i < getColumns(); i++) {


            result[i] = getColumn(i);


        }


        return result;


    }





    /**


     * Retrieve the Y coordinate of the given row.


     * @param row the row index.


     * @return The Y coordinates.


     */


    public double getRow(int row);





    /**


     * Retrieve the current column X coordinates as an array.


     * @return Current column array.


     */


    public default double[] toRowArray() {


        double[] result = new double[getRows()];





        for (int i = 0; i < getRows(); i++) {


            result[i] = getRow(i);


        }


        return result;


    }





    /**


     * Retrieve the number of rows in the field.


     * @return Number of rows.


     */


    public int getColumns();





    /**


     * Retrieve the number of columns in the field.


     * @return The column count.


     */


    public int getRows();





    /**


     * A field that is forwarding the cell metadata of another field.


     */


    public static abstract class Proxy implements DiscreteField {


        protected final DiscreteField field;





        /**


         * Construct a new discrete field proxy.


         * @param field the discrete field to proxy.


         */


        public Proxy(DiscreteField field) {


            this.field = Objects.requireNonNull(field);


        }





        @Override


        public double getRow(int row) {


            return field.getRow(row);


        }





        @Override


        public double getColumn(int column) {


            return field.getColumn(column);


        }





        @Override


        public int getRows() {


            return field.getRows();


        }





        @Override


        public int getColumns() {


            return field.getColumns();


        }


    }


}
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package com.comphenix.magnets.fields;





import org.apache.commons.math3.analysis.MultivariateFunction;





/**


 * Represents a four-dimensional continuous field.


 * Created by Kristian on 15.06.2015.


 */


public interface FourDimensionalField extends ContinuousField {


    /**


     * Convert the current four dimensional field to a scalar field based on the square distance to the given value.


     * @param value the value.


     * @return The squared distance field.


     */


    static MultivariateFunction withSquareDistance4D(FourDimensionalField field, double[] value) {


        return point -> {


            double[] buffer = new double[field.getComponents()];


            double squareDistance = 0;





            // Read the value of the field at this point


            field.addComponents(point[0], point[1], point[2], point[3], 0, field.getComponents(), buffer, 0);





            // Compute the squared distance


            for (int i = 0; i < buffer.length; i++) {


                double delta = buffer[i] - value[i];


                squareDistance += delta * delta;


            }


            return squareDistance;


        };


    }





    /**


     * Add the field strength in the X-axis and the Y-axis to each output array respectively, using the provided element offset.


     * <p />


     * Note that the range represented by startComponent and endComponent must be non-zero in length and not exceed the boundaries


     * of the components in the field. Otherwise, the behavior is undefined.


     * @param x x-coordinate of the current point.


     * @param y y-coordinate of the current point.


     * @param startComponent index of the first component, inclusive.


     * @param endComponent index of the last component, exclusive.


     * @param destination the destination array.


     * @param destinationOffset the starting offset of the destination array.


     */


    default void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {


        addComponents(x, y, 0, 0, startComponent, endComponent, destination, destinationOffset);


    }





    /**


     * Add the field strength in the X-axis and the Y-axis to each output array respectively, using the provided element offset.


     * <p />


     * Note that the range represented by startComponent and endComponent must be non-zero in length and not exceed the boundaries


     * of the components in the field. Otherwise, the behavior is undefined.


     * @param x x-coordinate of the current point.


     * @param y y-coordinate of the current point.


     * @param z z-coordinate of the current point.


     * @param t time of the current point.


     * @param startComponent index of the first component, inclusive.


     * @param endComponent index of the last component, exclusive.


     * @param destination the destination array.


     * @param destinationOffset the starting offset of the destination array.


     */


    public void addComponents(double x, double y, double z, double t, int startComponent, int endComponent, double[] destination, int destinationOffset);


}
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package com.comphenix.magnets.fields;





import java.nio.ByteBuffer;


import java.util.Arrays;


import java.util.concurrent.atomic.AtomicInteger;


import java.util.function.DoubleBinaryOperator;


import java.util.function.DoubleConsumer;


import java.util.function.IntBinaryOperator;


import java.util.function.IntToDoubleFunction;


import java.util.stream.DoubleStream;


import java.util.stream.IntStream;





/**


 * Represents a simple mutating 2D field.


 * Created by Kristian Stangeland on 16.01.2015.


 */


public class ScalarArrayField implements ScalarField {


    private static final int INITIAL_CAPACITY = 10;





    // Initial values


    private double[] x = new double[INITIAL_CAPACITY];


    private double[] y = new double[INITIAL_CAPACITY];


    private double[][] data = new double[INITIAL_CAPACITY][];


    private int columns = 0;


    private int rows = 0;





    /**


     * Construct a new empty array field.


     */


    public ScalarArrayField() {


    }





    /**


     * Construct a new array field from the given scalar field.


     * @param field the scalar field.


     */


    public ScalarArrayField(ScalarField field) {


        this(field, a -> {});


    }





    /**


     * Construct a new array field from the given scalar field.


     * @param field the scalar field.


     * @param progress notified of the current progress.


     */


    public ScalarArrayField(ScalarField field, DoubleConsumer progress) {


        AtomicInteger counter = new AtomicInteger();





        this.x = field.toColumnArray();


        this.y = field.toRowArray();


        this.data = field.rows().parallel().peek(row ->


                progress.accept(counter.incrementAndGet() / (double)field.getRows())).toArray(double[][]::new);


        this.columns = field.getColumns();


        this.rows = field.getRows();


    }





    /**


     * Construct a new array field from the given double arrays.


     * @param x the X coordinates of the cells in the field.


     * @param y the Y coordinates of the cells in the field.


     * @param data the data.


     */


    public ScalarArrayField(double[] x, double[] y, double[][] data) {


        this.x = x;


        this.y = y;


        this.data = data;


        this.rows = data.length;


        this.columns = data.length > 0 ? data[0].length : 0;


    }





    /**


     * Retrieve a scalar array field with the given cell coordinates, and initialize the cells to the specified value.


     * @param x the X coordinates of the cells in the field.


     * @param y the Y coordinates of the cells in the field.


     * @param cellValue the value based on the X and Y coordinates.


     * @param progress consumer that is notified of the current row progress.


     * @return The corresponding array field.


     */


    public static ScalarArrayField fromFunction(double[] x, double[] y, DoubleBinaryOperator cellValue, DoubleConsumer progress) {


        double[][] result = new double[y.length][];





        // Combine the values in each field


        for (int row = 0; row < y.length; row++) {


            int rowIndex = row;


            progress.accept(row / (double)y.length);





            // Process row in parallel


            double[] rowValues = IntStream.range(0, x.length).


                    mapToDouble(colIndex -> cellValue.applyAsDouble(x[colIndex], y[rowIndex])).


                    parallel().toArray();


            result[rowIndex] = rowValues;


        }


        return new ScalarArrayField(x.clone(), y.clone(), result);


    }





    /**


     * Construct a new scalar array field from the given coordinates and cell value.


     * @param x the x coordinates.


     * @param y the y coordinates.


     * @param value the cell value.


     * @return The filled array field.


     */


    public static ScalarArrayField fromValue(double[] x, double[] y, double value) {


        double[][] result = new double[y.length][];





        // Combine the values in each field


        for (int row = 0; row < y.length; row++) {


            double[] buffer = new double[x.length];


            Arrays.fill(buffer, value);


            result[row] = buffer;


        }


        return new ScalarArrayField(x.clone(), y.clone(), result);


    }





    /**


     * Retrieve a scalar array field that wraps the given arrays.


     * @param x the X coordinates of the cells in the field.


     * @param y the Y coordinates of the cells in the field.


     * @param data the data.


     * @return The corresponding array field.


     */


    public static ScalarArrayField fromArray(double[] x, double[] y, double[][] data) {


        return new ScalarArrayField(x.clone(), y.clone(),


            Arrays.stream(data).map(arr -> Arrays.copyOf(arr, arr.length)).toArray(double[][]::new));


    }





    /**


     * Merge to given scalar fields of the same dimensions, producing an entirely new field.


     * @param first the first field.


     * @param second the second field.


     * @param op the operator.


     * @return The resulting array field.


     */


    public static ScalarArrayField merge(ScalarField first, ScalarField second, DoubleBinaryOperator op) {


        ScalarArrayField copy = new ScalarArrayField(first);


        copy.merge(second, op);


        return copy;


    }





    @Override


    public double[] toColumnArray() {


        return Arrays.copyOf(x, columns);


    }





    @Override


    public double[] toRowArray() {


        return Arrays.copyOf(y, rows);


    }





    /**


     * Combine the values of this array field and the target field, using the provided binary operator.


     * <p />


     * The coordinates of these fields must be the same.


     * @param other the other array field.


     * @param op operator applied to each corresponding value in this field and the given field.


     */


    public void merge(ScalarField other, DoubleBinaryOperator op) {


        if (getRows() != other.getRows())


            throw new IllegalArgumentException("Fields must have the same number of rows.");


        if (getColumns() != other.getColumns())


            throw new IllegalArgumentException("Fields must have the same number of columns.");





        // Combine the values in each field


        for (int row = 0; row < getRows(); row++) {


            double[] left = data[row];





            for (int col = 0; col < getColumns(); col++) {


                left[col] = op.applyAsDouble(left[col], other.getValue(col, row));


            }


        }


    }





    /**


     * Determine if the first N entries in the given array is equal.


     * @param a first array.


     * @param b second array.


     * @param n the number of entries to check.


     * @return TRUE if it is, FALSE otherwise.


     */


    protected static boolean firstEqual(double[] a, double[] b, int n) {


        assert a.length >= n && b.length >= n;





        for(int i = 0; i < n; i++)


            if(a[i] != b[i])


                return false;


        return true;


    }





    @Override


    public double getColumn(int column) {


        return x[column];


    }





    @Override


    public double getRow(int row) {


        return y[row];


    }





    /**


     * Set the x coordinates of the columns.


     * @param x the x coordinates.


     */


    public void setX(double[] x) {


        this.x = x.clone();


        this.columns = x.length;


    }





    /**


     * Set the Y coordinates of the cells.


     * @param y the y coordinates.


     */


    public void setY(double[] y) {


        this.y = y.clone();


    }





    /**


     * Add the given coordinate to the bottom of the matrix.


     * @param yCoordinate the y coordinate.


     * @param values the values to add.


     */


    public void addRow(double yCoordinate, double[] values) {


        ensureHeight();


        y[rows] = yCoordinate;


        data[rows] = values;





        // Increment


        rows++;


    }





    /**


     * Set the value of the cell at the given location.


     * @param column the column index.


     * @param row the row index.


     * @param value the new value of the cell.


     */


    public void setValue(int column, int row, double value) {


        data[row][column] = value;


    }





    @Override


    public double getValue(int column, int row) {


        return data[row][column];


    }





    @Override


    public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {


        int index = 0;





        // Just loop through


        for (int row = startRow; row < endRow; row++) {


            for (int column = startColumn; column < endColumn; column++) {


                outputValues[index++] = data[row][column];


            }


        }


    }





    /**


     * Ensure the matrix is sufficiently large in the Y direction.


     */


    protected void ensureHeight() {


        if (y.length == rows) {


            y = Arrays.copyOf(y, (int) (y.length * 1.5));


        }


        if (data.length == rows) {


            data = Arrays.copyOf(data, (int) (data.length * 1.5));


        }


    }





    @Override


    public int getRows() {


        return rows;


    }





    @Override


    public int getColumns() {


        return columns;


    }


}
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package com.comphenix.magnets.fields;





import com.google.common.collect.Iterables;


import com.google.common.collect.Range;





import java.util.Arrays;


import java.util.function.DoubleBinaryOperator;


import java.util.function.DoubleUnaryOperator;


import java.util.stream.DoubleStream;


import java.util.stream.IntStream;


import java.util.stream.Stream;





/**


 * Created by Kristian Stangeland on 20.01.2015.


 */


public interface ScalarField extends DiscreteField {


    /**


     * Retrieve the value of the given cell.


     * @param column the column of the cell.


     * @param row the row of the cell.


     * @return The corresponding value.


     */


    public double getValue(int column, int row);





    /**


     * Fill the field values corresponding to the cells at the given columns and rows.


     * <p />


     * All three arrays must be of the same length.


     * <p />


     * The output array will be filled in order from lowest column to highest, and then lowest row to highest.


     * @param startColumn the starting column, inclusive.


     * @param endColumn the end column, exclusive.


     * @param startRow the starting row, inclusive.


     * @param endRow the ending row, exclusive.


     * @param outputValues the output values.


     */


    public default void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {


        int index = 0;





        for (int row = startRow; row < endRow; row++) {


            for (int column = startColumn; column < endColumn; column++) {


                outputValues[index++] = getValue(column, row);


            }


        }


    }





    /**


     * View this matrix as a stream of cell values.


     * @return The corresponding stream.


     */


    public default DoubleStream stream() {


        return IntStream.range(0, getColumns()).


            <DoubleStream>mapToObj(


                row -> IntStream.range(0, getRows()).mapToDouble(col -> getValue(col, row))).


            flatMapToDouble(x -> x);


    }





    /**


     * Retrieve the minimum and maximum cell value expressed as a range.


     * @return The minimum and maximum.


     */


    public default Range<Double> getRange() {


        double minimum = Double.MAX_VALUE;


        double maximum = Double.MIN_VALUE;





        for (int row = 0; row < getRows(); row++) {


            for (int col = 0; col < getColumns(); col++) {


                double value = getValue(col, row);





                if (value < minimum) {


                    minimum = value;


                }


                if (value > maximum) {


                    maximum = value;


                }


            }


        }


        return Range.closed(minimum, maximum);


    }





    /**


     * Retrieve a stream of all the rows of values in the field.


     * @return Every row in the field.


     */


    public default Stream<double[]> rows() {


        int rowCount = getRows();


        int columnCount = getColumns();





        return IntStream.range(0, rowCount).mapToObj(row -> {


            double[] values = new double[columnCount];





            // Read values


            fillValues(0, columnCount, row, row + 1, values);


            return values;


        });


    }





    /**


     * Convert the current scalar field to a jagged array.


     * @return The row-major jagged array.


     */


    public default double[][] toDoubleArray() {


        return rows().toArray(double[][]::new);


    }





    /**


     * Convert the current scalar field to an array scalar field, if it isn't one already.


     * @return This field as an array field.


     */


    public default ScalarArrayField toArrayField() {


        return this instanceof ScalarArrayField ? (ScalarArrayField) this : new ScalarArrayField(this);


    }





    /**


     * Aggregate the given non-zero collection of fields. Note that each field must have the same size and x/y coordinates.


     * @param fields the fields to aggregate.


     * @param initialValue the initial value in the aggregate.


     * @param combiner combiner of cell values.


     * @param finisher a finisher that is applied when all the cell values have been combined.


     * @return The resulting scalar field.


     */


    public static ScalarField aggregate(Iterable<? extends ScalarField> fields, double initialValue, DoubleBinaryOperator combiner, DoubleUnaryOperator finisher) {


        final ScalarField[] copy = Iterables.toArray(fields, ScalarField.class);





        if (copy.length == 0) {


            throw new IllegalArgumentException("Cannot aggregate zero fields.");


        }


        return new ScalarProxy(copy[0]) {


            @Override


            public double getValue(int column, int row) {


                double value = initialValue;





                for (ScalarField field : copy) {


                    value = combiner.applyAsDouble(value, field.getValue(column, row));


                }


                return finisher.applyAsDouble(value);


            }





            @Override


            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {


                int index = 0;


                double[] input = new double[endColumn - startColumn];


                double[] output = new double[endColumn - startColumn];





                for (int row = startRow; row < endRow; row++) {


                    // Initialize output row


                    Arrays.fill(output, initialValue);





                    // Read and process values from each field


                    for (ScalarField field : copy) {


                        field.fillValues(startColumn, endColumn, row, row + 1, input);





                        // Combine with output


                        for (int i = 0; i < output.length; i++) {


                            output[i] = combiner.applyAsDouble(output[i], input[i]);


                        }


                    }


                    // Now write out the output


                    for (double anOutput : output) {


                        outputValues[index++] = finisher.applyAsDouble(anOutput);


                    }


                }


            }


        };


    }





    /**


     * A proxy for scalar fields.


     */


    public static abstract class ScalarProxy extends Proxy implements ScalarField {


        /**


         * Construct a new scalar field proxy.


         * @param field the discrete field to proxy.


         */


        public ScalarProxy(DiscreteField field) {


            super(field);


        }





        @Override


        public double getValue(int column, int row) {


            double[] output = new double[1];


            fillValues(column, column + 1, row, row + 1, output);


            return output[0];


        }


    }


}
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package com.comphenix.magnets.fields;





import com.comphenix.magnets.util.PrimitiveArrays;


import com.google.common.collect.ImmutableList;


import com.google.common.collect.Iterables;


import com.google.common.collect.Lists;


import com.google.common.collect.Range;


import org.apache.commons.math3.linear.ArrayRealVector;


import org.apache.commons.math3.linear.RealVector;





import java.util.ArrayList;


import java.util.Arrays;


import java.util.List;


import java.util.function.DoubleBinaryOperator;


import java.util.stream.DoubleStream;


import java.util.stream.IntStream;





/**


 * Represents a field of vector quantities.


 * Created by Kristian Stangeland on 20.01.2015.


 */


public interface VectorField extends DiscreteField {


    /**


     * Represents a simple cell aggregator.


     */


    public interface VectorInPlaceAggregator {


        /**


         * Aggregate the same cell throughout multiple scalar fields.


         * @param components array of components from each vector in the scalar field.


         * @param vectorLength the length of a vector in the component array.


         * @param column the column of the cell.


         * @param row the row of the cell.


         * @return The index where the aggregate result can be found.


         */


        public int aggregate(double[] components, int vectorLength, int column, int row);


    }





    /**


     * Represents a cell aggregator that returns a different vector length.


     */


    public interface VectorExternalAggregator {


        /**


         * Aggregate the same cell throughout multiple scalar fields.


         * @param inputComponents array of components from each vector in the scalar field.


         * @param vectorLength the length of a vector in the component array.


         * @param outputComponents the output double array.


         * @param outputIndex the output index in the output array


         * @param column the column of the cell.


         * @param row the row of the cell.


         * @return The new output index.


         */


        public int aggregate(double[] inputComponents, int vectorLength, double[] outputComponents, int outputIndex, int column, int row);


    }





    /**


     * Convert the content of a cell to a scalar value.


     */


    public interface ScalarMapping {


        /**


         * Convert the vector in the given cell to a scalar value.


         * @param vectorArray array containing the vector.


         * @param vectorOffset index of the first component of the vector.


         * @param vectorLength the length of the vector.


         * @param row the row of the cell.


         * @return The corresponding scalar value.


         */


        public double apply(double[] vectorArray, int vectorOffset, int vectorLength, int column, int row);


    }





    /**


     * Retrieve the magnitude of the given cell.


     * @param column the column of the cell.


     * @param row the row of the cell.


     * @return The corresponding magnitude.


     */


    public default double getMagnitude(int column, int row) {


        double[] strength = new double[getComponents()];


        double squareMagnitude = 0;


        fillComponents(column, column + 1, row, row + 1, strength, 0);





        for (double value : strength) {


            squareMagnitude = value * value;


        }


        return Math.sqrt(squareMagnitude);


    }





    /**


     * Retrieve the polar angles of the given cell.


     * @param column the column of the cell.


     * @param row the row of the cell.


     * @return The corresponding angles, in radians.


     */


    public default RealVector getAngle(int column, int row) {


        double[] strength = new double[getComponents()];


        double[] angles = new double[strength.length - 1];


        fillComponents(column, column + 1, row, row + 1, strength, 0);





        // Standard inverse


        angles[0] = Math.atan2(strength[1], strength[0]);





        // Additional angles


        if (strength.length > 2) {


            double magnitude = new ArrayRealVector(strength, false).getNorm();





            for (int i = 1; i < angles.length; i++) {


                angles[i] = Math.acos(strength[i + 1] / magnitude);


            }


        }


        return new ArrayRealVector(angles, false);


    }





    /**


     * Retrieve the value of the given cell.


     * @param column the column of the cell.


     * @param row the row of the cell.


     * @return The corresponding value.


     */


    public default RealVector getVector(int column, int row) {


        double[] strength = new double[getComponents()];


        fillComponents(column, column + 1, row, row + 1, strength, 0);


        return new ArrayRealVector(strength, false);


    }





    /**


     * Retrieve the value of the cell nearest the given point.


     * @param x the x coordinate of the point.


     * @param y the y coordinate of the point.


     * @return The corresponding value.


     */


    public default RealVector getNearestValue(double x, double y) {


        double[] columns = toColumnArray();


        double[] rows = toRowArray();


        int nearestColumn = PrimitiveArrays.findNearest(columns, x);


        int nearestRow = PrimitiveArrays.findNearest(rows, y);


        return getVector(nearestColumn, nearestRow);


    }





    /**


     * Retrieve the number of components in each cell vector in this field.


     * @return The number of components.


     */


    public int getComponents();





    /**


     * Retrieve an array of all the components in the given rectangle.


     * @param startColumn the starting column, inclusive.


     * @param endColumn the end column, exclusive.


     * @param startRow the starting row, inclusive.


     * @param endRow the ending row, exclusive.


     * @return The resulting component array.


     */


    public default double[] getComponentsArray(int startColumn, int endColumn, int startRow, int endRow) {


        double[] buffer = new double[(endColumn - startColumn) * (endRow - startRow) * getComponents()];


        fillComponents(startColumn, endColumn, startRow, endRow, 0, getComponents(), buffer, 0, false);


        return buffer;


    }





    /**


     * Retrieve an array of the given components in the given rectangle.


     * @param startColumn the starting column, inclusive.


     * @param endColumn the end column, exclusive.


     * @param startRow the starting row, inclusive.


     * @param endRow the ending row, exclusive.


     * @param startComponent index of the first component, inclusive.


     * @param endComponent index of the last component, exclusive.


     * @return The resulting component array.


     */


    public default double[] getComponentsArray(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent) {


        double[] buffer = new double[(endColumn - startColumn) * (endRow - startRow) * (endComponent - startComponent)];


        fillComponents(startColumn, endColumn, startRow, endRow, startComponent, endComponent, buffer, 0, false);


        return buffer;


    }





    /**


     * Fill the destination array with the respective magnitude of the component in the cell vectors.


     * <p />


     * The destination array will be filled in order from lowest component to highest component, then lowest column to highest column,


     * and finally from lowest row to highest row.


     * @param startColumn the starting column, inclusive.


     * @param endColumn the end column, exclusive.


     * @param startRow the starting row, inclusive.


     * @param endRow the ending row, exclusive.


     * @param destination the destination array.


     * @param destinationOffset the starting offset of the destination array.


     */


    public default void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] destination, int destinationOffset) {


        fillComponents(startColumn, endColumn, startRow, endRow, 0, getComponents(), destination, destinationOffset, true);


    }





    /**


     * Fill the output array with the respective magnitude of the component in the cell vectors.


     * <p />


     * The destination array will be filled in order from lowest component to highest component, then lowest column to highest column,


     * and finally from lowest row to highest row.


     * @param startColumn the starting column, inclusive.


     * @param endColumn the end column, exclusive.


     * @param startRow the starting row, inclusive.


     * @param endRow the ending row, exclusive.


     * @param startComponent index of the first component, inclusive.


     * @param endComponent index of the last component, exclusive.


     * @param destination the destination array.


     * @param destinationOffset the starting offset of the destination array.


     * @param zeroDestination whether or not to zero every element in the destination array if necessary. FALSE to avoid this step.


     */


    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent, double[] destination, int destinationOffset, boolean zeroDestination);





    /**


     * View the magnitude of each cell in this vector field.


     * @return The magnitudes.


     */


    public default ScalarField magnitudes() {


        return new ScalarField.ScalarProxy(VectorField.this) {


            @Override


            public double getValue(int column, int row) {


                return getMagnitude(column, row);


            }





            @Override


            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {


                int components = getComponents();





                // Special cases


                if (components < 1) {


                    throw new IllegalStateException("Unexpected component size: " + components);


                } else if (components == 1) {


                    fillComponents(startColumn, endColumn, startRow, endRow, outputValues, 0);


                    return;


                }


                double[] strength = getComponentsArray(startColumn, endColumn, startRow, endRow);





                // Calculate magnitude


                for (int i = 0; i < outputValues.length; i++) {


                    outputValues[i] = computeMagnitude(strength, i * components, components);


                }


            }


        };


    }





    /**


     * View the magnitude of the x component in this vector field.


     * @return The x components.


     */


    public default ScalarField x() {


        return new ScalarField.ScalarProxy(VectorField.this) {


            @Override


            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {


                fillComponents(startColumn, endColumn, startRow, endRow, 0, 1, outputValues, 0, true);


            }


        };


    }





    /**


     * View the magnitude of the y component in this vector field.


     * @return The y components.


     */


    public default ScalarField y() {


        return new ScalarField.ScalarProxy(VectorField.this) {


            @Override


            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {


                fillComponents(startColumn, endColumn, startRow, endRow, 1, 2, outputValues, 0, true);


            }


        };


    }





    /**


     * Retrieve the range of every component in the field, starting with component zero and moving upwards.


     * @return Range of every component.


     */


    public default List<Range<Double>> getComponentRanges() {


        int components = getComponents();


        double[] min = new double[components];


        double[] max = new double[components];


        List<Range<Double>> output = Lists.newArrayList();





        // Initialize the minimum and maximum


        for (int i = 0; i < components; i++) {


            min[i] = Integer.MAX_VALUE;


            max[i] = -Integer.MAX_VALUE;


        }





        // Now find better values


        for (int row = 0; row < getRows(); row++) {


            double[] data = getComponentsArray(0, getColumns(), row, row + 1);





            for (int i = 0; i < data.length; i++) {


                int component = i % components;





                if (min[component] > data[i]) {


                    min[component] = data[i];


                }


                if (max[component] < data[i]) {


                    max[component] = data[i];


                }


            }


        }





        // Restore the ranges


        for (int i = 0; i < components; i++) {


            output.add(Range.closed(min[i], max[i]));


        }


        return output;


    }





    /**


     * View the angle of each cell in this vector field.


     * <p />


     * This is either a ScalarField or a VectorField.


     * @return The angles.


     */


    public default DiscreteField angles() {


        int components = getComponents() - 1;





        if (components == 1) {


            return new ScalarField.ScalarProxy(VectorField.this) {


                @Override


                public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {


                    double[] strength = getComponentsArray(startColumn, endColumn, startRow, endRow);


                    int length = strength.length / 2;





                    // Calculate angle


                    for (int i = 0; i < length; i++) {


                        outputValues[i] = Math.atan2(strength[i * 2 + 1], strength[i * 2]);


                    }


                }


            };





        } else {


            return new VectorProxy(VectorField.this) {


                @Override


                public int getComponents() {


                    return components;


                }





                @Override


                public void fillComponents(int startColumn, int endColumn, int startRow, int endRow,


                                           int startComponent, int endComponent, double[] destination, int destinationOffset, boolean zeroDestination) {





                    // Special case


                    if (startComponent == 0 && endComponent == 1) {


                        fillFirstComponent(startColumn, endColumn, startRow, endRow, destination, destinationOffset);


                        return;


                    }





                    // We need to compute every underlying value, as we have to compute the magnitude


                    double[] strength = ((VectorField)field).getComponentsArray(startColumn, endColumn, startRow, endRow);


                    int length = (endColumn - startColumn) * (endRow - startRow);


                    int sourcePos = 0;


                    int destinationPos = destinationOffset;





                    // Fill in angles


                    for (int i = 0; i < length; i++) {


                        double magnitude = computeMagnitude(strength, sourcePos, components + 1);





                        // First angle


                        if (startComponent == 0) {


                            destination[destinationPos++] = Math.atan2(strength[sourcePos + 1], strength[sourcePos]);


                        }


                        // Additional angles


                        for (int j = startComponent + 1; j < endComponent; j++) {


                            destination[destinationPos++] = Math.acos(strength[sourcePos + j + 1] / magnitude);


                        }


                        sourcePos += components + 1;


                    }


                }





                // Special case if we are only interested in the first angle


                private void fillFirstComponent(int startColumn, int endColumn, int startRow, int endRow, double[] destination, int destinationOffset) {


                    int length = (endColumn - startColumn) * (endRow * startRow);


                    double[] buffer = new double[length * 2];


                    int destinationPos = destinationOffset;





                    // Read the two first components in each cell


                    ((VectorField) field).fillComponents(startColumn, endColumn, startRow, endRow, 0, 2, buffer, 0, false);





                    // Fill in the angles


                    for (int i = 0; i < length; i++) {


                        destination[destinationPos++] = Math.atan2(buffer[i * 2 + 1], buffer[i * 2]);


                    }


                }


            };


        }


    }





    /**


     * Compute the magnitude of the given vector.


     * @param values the values.


     * @param offset the offset to the first component in the vector.


     * @param length the number of components in the vector.


     * @return The vector magnitude.


     */


    static double computeMagnitude(double[] values, int offset, int length) {


        double magnitude = 0;





        // Compute magnitude inline


        for (int i = 0; i < length; i++) {


            magnitude += values[offset + i] * values[offset + i];


        }


        return Math.sqrt(magnitude);


    }





    /**


     * Create a scalar field from a two dimensional vector field.


     * @param operator mapping of X and Y values, producing the final scalar value.


     * @return The corresponding scalar field.


     */


    public default ScalarField map(DoubleBinaryOperator operator) {


        if (getComponents() != 2) {


            throw new IllegalArgumentException("Cannot map a vector field of " + getComponents() + " dimensions.");


        }


        return new ScalarField.ScalarProxy(VectorField.this) {


            @Override


            public double getValue(int column, int row) {


                double[] strength = getComponentsArray(column, column + 1, row, row + 1);


                return operator.applyAsDouble(strength[0], strength[1]);


            }





            @Override


            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {


                double[] strength = getComponentsArray(startColumn, endColumn, startRow, endRow);


                int length = strength.length / 2;





                // Calculate final value


                for (int i = 0; i < length; i++) {


                    outputValues[i] = operator.applyAsDouble(strength[2 * i], strength[2 * i + 1]);


                }


            }


        };


    }





    /**


     * Create a scalar field from the X and Y values of this vector field.


     * @param operator mapping of X and Y values, producing the final scalar value.


     * @return The corresponding scalar field.


     */


    public default ScalarField map(ScalarMapping operator) {


        int components = getComponents();





        return new ScalarField.ScalarProxy(VectorField.this) {


            @Override


            public double getValue(int column, int row) {


                double[] strength = getComponentsArray(column, column + 1, row, row + 1);


                return operator.apply(strength, 0, strength.length, column, row);


            }





            @Override


            public void fillValues(int startColumn, int endColumn, int startRow, int endRow, double[] outputValues) {


                double[] strength = getComponentsArray(startColumn, endColumn, startRow, endRow);


                int index = 0;


                int sourcePos = 0;





                // Calculate final value


                for (int row = startRow; row < endRow; row++) {


                    for (int col = startColumn; col < endColumn; col++) {


                        outputValues[index] = operator.apply(strength, sourcePos, components, col, row);


                        index++;


                        sourcePos += components;


                    }


                }


            }


        };


    }





    /**


     * Aggregate the given non-zero collection of fields. Note that each field must have the same size and x/y coordinates.


     * @param fields the fields to aggregate.


     * @param aggregator aggregate the content of a cell for each provided scalar field.


     * @return The resulting scalar field.


     */


    public static VectorField aggregate(Iterable<? extends VectorField> fields, VectorInPlaceAggregator aggregator) {


        final ImmutableList<VectorField> copy = ImmutableList.copyOf(fields);





        // Ensure we're not aggregating fields of different components


        int[] distinctArray = copy.stream().mapToInt(VectorField::getComponents).distinct().toArray();





        if (distinctArray.length != 1) {


            throw new IllegalArgumentException("Cannot aggregate fields of different component count: " + Arrays.asList(copy));


        }


        return aggregate(copy, distinctArray[0], aggregator);


    }





    /**


     * Aggregate the given non-zero collection of fields. Note that each field must have the same size and x/y coordinates.


     * @param fields the fields to aggregate.


     * @param components the number of components of the output vector field.


     * @param aggregator aggregate the content of a cell for each provided scalar field.


     * @return The resulting scalar field.


     */


    public static VectorField aggregate(Iterable<? extends VectorField> fields, int components, VectorInPlaceAggregator aggregator) {


        final VectorField[] copy = Iterables.toArray(fields, VectorField.class);





        if (copy.length == 0) {


            throw new IllegalArgumentException("Cannot aggregate zero fields.");


        }


        // Now construct our aggregate vector field


        return new VectorProxy(copy[0]) {


            @Override


            public int getComponents() {


                return components;


            }





            @Override


            public void fillComponents(int startColumn, int endColumn, int startRow, int endRow,


                                       int startComponent, int endComponent, double[] destination, int destinationOffset, boolean zeroDestination) {


                double[] buffer = new double[getComponents() * copy.length];


                int destinationPos = destinationOffset;





                for (int row = startRow; row < endRow; row++) {


                    for (int col = startColumn; col < endColumn; col++) {


                        // Read all the values we need


                        for (int i = 0; i < copy.length; i++) {


                            copy[i].fillComponents(col, col + 1, row, row + 1, buffer, i * components);


                        }


                        // Aggregate and copy over the final value


                        int aggregateIndex = aggregator.aggregate(buffer, components, col, row);





                        for (int i = startComponent; i < endComponent; i++) {


                            destination[destinationPos++] = buffer[aggregateIndex + i];


                        }


                    }


                }


            }


        };


    }





    /**


     * Aggregate the given non-zero collection of fields. Note that each field must have the same size and x/y coordinates.


     * @param fields the fields to aggregate.


     * @param outputComponents the number of outputComponents of the output vector field.


     * @param aggregator aggregate the content of a cell for each provided scalar field.


     * @return The resulting scalar field.


     */


    public static VectorField aggregateExternal(Iterable<? extends VectorField> fields, int outputComponents, VectorExternalAggregator aggregator) {


        final VectorField[] copy = Iterables.toArray(fields, VectorField.class);





        if (copy.length == 0) {


            throw new IllegalArgumentException("Cannot aggregate zero fields.");


        }


        final int inputComponents = copy[0].getComponents();





        // Now construct our aggregate vector field


        return new VectorProxy(copy[0]) {


            @Override


            public int getComponents() {


                return outputComponents;


            }





            @Override


            public void fillComponents(int startColumn, int endColumn, int startRow, int endRow,


                                       int startComponent, int endComponent, double[] destination, int destinationOffset, boolean zeroDestination) {


                double[] buffer = new double[getComponents() * copy.length];


                int destinationPos = destinationOffset;





                for (int row = startRow; row < endRow; row++) {


                    for (int col = startColumn; col < endColumn; col++) {


                        // Read all the values we need


                        for (int i = 0; i < copy.length; i++) {


                            copy[i].fillComponents(col, col + 1, row, row + 1, buffer, i * inputComponents);


                        }


                        // Aggregate and copy over the final value


                        destinationPos = aggregator.aggregate(buffer, inputComponents, destination, destinationPos, col, row);


                    }


                }


            }


        };


    }





    /**


     * Create an array of the same component from the given array of vector components.


     * @param vectorComponents array of every component from a set of vectors.


     * @param componentIndex the component index.


     * @param components the number of components in each vector in the array.


     * @return An array of components.


     */


    public static double[] extractComponent(double[] vectorComponents, int componentIndex, int components) {


        if ((vectorComponents.length % components) != 0) {


            throw new IllegalArgumentException("vectorComponents must be divisible by " + components);


        }


        double[] result = new double[vectorComponents.length / components];





        for (int i = 0; i < result.length; i++) {


            result[i] = vectorComponents[i * components + componentIndex];


        }


        return result;


    }





    /**


     * A field that is forwarding the cell metadata of another field.


     */


    public static abstract class VectorProxy extends Proxy implements VectorField {


        /**


         * Construct a new vector field proxy.


         * @param field the discrete field to proxy.


         */


        public VectorProxy(DiscreteField field) {


            super(field);


        }


    }


}
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package com.comphenix.magnets.fields;





import com.comphenix.magnets.util.SegmentRange;





/**


 * Represents a modifiable vector field.


 * <p />


 * Note that, unlike {@link com.comphenix.magnets.fields.ScalarArrayField}, its dimensions are fixed.


 * Created by Kristian on 18.02.2015.


 */


public class VectorMatrixField implements VectorField {


    // Input


    private final double[] xCoordinates;


    private final double[] yCoordinates;


    private final int components;


    private final double[][] data;





    /**


     * Construct a copy of the given vector field.


     * @param field the field.


     */


    public VectorMatrixField(VectorField field) {


        this.xCoordinates = field.toColumnArray();


        this.yCoordinates = field.toRowArray();


        this.components = field.getComponents();


        double[][] result = new double[yCoordinates.length][];





        // Read all the values


        for (int row = 0; row < yCoordinates.length; row++) {


            double[] buffer = new double[xCoordinates.length * components];


            field.fillComponents(0, xCoordinates.length, row, row + 1, buffer, 0);


            result[row] = buffer;


        }


        this.data = result;


    }





    /**


     * Sample from the given continuous field and create a discrete field.


     * @param continuousField the continuous field.


     * @param xCoordinates the x coordinates of the columns.


     * @param yCoordinates the y coordinates of the rows.


     */


    public VectorMatrixField(ContinuousField continuousField, double[] xCoordinates, double[] yCoordinates) {


        this.xCoordinates = xCoordinates.clone();


        this.yCoordinates = yCoordinates.clone();


        this.components = continuousField.getComponents();


        double[][] result = new double[yCoordinates.length][];





        // Read all the values


        for (int row = 0; row < yCoordinates.length; row++) {


            double[] buffer = new double[xCoordinates.length * components];


            int position = 0;





            for (int col = 0; col < xCoordinates.length; col++) {


                continuousField.addComponents(xCoordinates[col], yCoordinates[row], 0, components, buffer, position);


                position += components;


            }


            result[row] = buffer;


        }


        this.data = result;


    }





    /**


     * Construct a new modifiable vector field of the given size.


     * <p />


     * Note that the input arrays will not be cloned.


     * @param xCoordinates the x coordinates of each column.


     * @param yCoordinates the y coordinates of each row.


     * @param components the number of components in each vector.


     * @param data the raw field data.


     */


    public VectorMatrixField(double[] xCoordinates, double[] yCoordinates, int components, double[][] data) {


        this.xCoordinates = xCoordinates;


        this.yCoordinates = yCoordinates;


        this.components = components;


        this.data = data;


    }





    @Override


    public int getComponents() {


        return components;


    }





    /**


     * Construct a new vector array field from the given coordinates and vector.


     * @param x the x coordinates.


     * @param y the y coordinates.


     * @param vector the vector.


     * @return The filled array field.


     */


    public static VectorMatrixField fromValue(double[] x, double[] y, double[] vector) {


        double[][] result = new double[y.length][];





        // Combine the values in each field


        for (int row = 0; row < y.length; row++) {


            double[] buffer = new double[x.length * vector.length];





            for (int i = 0; i < buffer.length; i++) {


                buffer[i] = vector[i % vector.length];


            }


            result[row] = buffer;


        }


        return new VectorMatrixField(x.clone(), y.clone(), vector.length, result);


    }





    /**


     * Retrieve the magnitude of the given cell.


     * @param column the column of the cell.


     * @param row the row of the cell.


     * @return The corresponding magnitude.


     */


    @Override


    public double getMagnitude(int column, int row) {


        double squareMagnitude = 0;





        for (int i = 0; i < components; i++) {


            double value = data[row][column * components + i];


            squareMagnitude += value * value;


        }


        return Math.sqrt(squareMagnitude);


    }





    /**


     * Set the value of the cell at the given location.


     * @param column the column index.


     * @param row the row index.


     * @param vector new cell vector.


     */


    public void setValue(int column, int row, double[] vector) {


        System.arraycopy(vector, 0, data[row], column * components, components);


    }





    @Override


    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent,


                               double[] destination, int destinationOffset, boolean zeroDestination) {


        if (startComponent == 0 && endComponent == components) {


            fillComponents(startColumn, endColumn, startRow, endRow, destination, destinationOffset);


        } else {


            manualFill(startColumn, endColumn, startRow, endRow, startComponent, endComponent, destination, destinationOffset);


        }


    }





    @Override


    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, double[] destination, int destinationOffset) {


        int length = (endColumn - startColumn) * components;





        // Copy block by block


        for (int row = startRow; row < endRow; row++) {


            System.arraycopy(data[row], startColumn * components, destination, destinationOffset, length);


            destinationOffset += length;


        }


    }





    /**


     * Fill the given destination array using a manual copy of components.


     * and finally from lowest row to highest row.


     * @param startColumn the starting column, inclusive.


     * @param endColumn the end column, exclusive.


     * @param startRow the starting row, inclusive.


     * @param endRow the ending row, exclusive.


     * @param startComponent index of the first component, inclusive.


     * @param endComponent index of the last component, exclusive.


     * @param destination the destination array.


     * @param destinationOffset the starting offset of the destination array.


     */


    private void manualFill(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent, double[] destination, int destinationOffset) {


        for (int row = startRow; row < endRow; row++) {


            double[] columnData = data[row];





            for (int col = startColumn; col < endColumn; col++) {


                for (int i = startComponent; i < endComponent; i++) {


                    destination[destinationOffset++] = columnData[col * components + i];


                }


            }


        }


    }





    @Override


    public double getColumn(int column) {


        return xCoordinates[column];


    }





    @Override


    public double getRow(int row) {


        return yCoordinates[row];


    }





    @Override


    public int getColumns() {


        return xCoordinates.length;


    }





    @Override


    public int getRows() {


        return yCoordinates.length;


    }


}







PlotCSV/src/main/java/com/comphenix/magnets/fields/VectorSimulatedField.java


PlotCSV/src/main/java/com/comphenix/magnets/fields/VectorSimulatedField.java

package com.comphenix.magnets.fields;





import com.google.common.collect.ImmutableList;





import java.util.Arrays;


import java.util.Collection;


import java.util.Objects;


import java.util.stream.DoubleStream;


import java.util.stream.IntStream;





/**


 * Represents a simple simulator of magnetic fields.


 * Created by Kristian Stangeland on 20.01.2015.


 */


public class VectorSimulatedField implements VectorField {


    // Input


    private final ImmutableList<ContinuousField> sources;


    private final int components;


    private final double[] yCoordinates;


    private final double[] xCoordinates;





    /**


     * Construct a new simulated field with the given magnetic sources.


     * @param sources the sources.


     */


    public VectorSimulatedField(Collection<ContinuousField> sources, double[] xCoordinates, double[] yCoordinates) {


        this.sources = ImmutableList.copyOf(Objects.requireNonNull(sources));


        this.components = this.sources.stream().mapToInt(ContinuousField::getComponents).max().getAsInt();


        this.xCoordinates = xCoordinates.clone();


        this.yCoordinates = yCoordinates.clone();


    }





    @Override


    public double getColumn(int column) {


        return xCoordinates[column];


    }





    @Override


    public double getRow(int row) {


        return yCoordinates[row];


    }





    @Override


    public int getComponents() {


        return components;


    }





    @Override


    public void fillComponents(int startColumn, int endColumn, int startRow, int endRow, int startComponent, int endComponent,


                               double[] destination, int destinationOffset, boolean zeroDestination) {


        int length = (endColumn - startColumn) * (endRow - startRow) * (endComponent - startComponent);


        int components = endComponent - startComponent;





        // Prepare incoming array


        if (zeroDestination) {


            Arrays.fill(destination, destinationOffset, destinationOffset + length, 0.0);


        }





        // Now accumulate


        for (int i = 0; i < sources.size(); i++) {


            ContinuousField source = sources.get(i);


            int position = destinationOffset;





            for (int row = startRow; row < endRow; row++) {


                for (int col = startColumn; col < endColumn; col++) {


                    source.addComponents(xCoordinates[col], yCoordinates[row], startComponent, endComponent, destination, position);


                    position += components;


                }


            }


        }


    }





    @Override


    public int getColumns() {


        return xCoordinates.length;


    }





    @Override


    public int getRows() {


        return yCoordinates.length;


    }


}
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package com.comphenix.magnets.fields;





/**


 * Represents the magnetic field from a simple straight wire.


 */


public class WireContinuousField implements ContinuousField {


    /**


     * The permeability of free space (vacuum).


     */


    // TODO: Change to 1E-7


    public static final double FREE_SPACE = 4.0 * Math.PI * 10E-7; // T*m/A





    protected final double centerX;


    protected final double centerY;


    protected final double wireRadius;


    protected final double wireRadiusSquared;


    protected final double permeability;


    protected final double wireCurrent;





    // Precomputed numerator and factor


    protected final double numeratorSpace;


    protected final double factorWire;





    /**


     * Construct a new magnetic field source centered on a wire.


     * @param centerX X coordinate of the wire center in meters.


     * @param centerY Y coordinate of the wire center in meters.


     * @param wireRadius the radius of the wire, in meters.


     * @param wireCurrent current flowing through the wire in amperes.


     */


    public WireContinuousField(double centerX, double centerY, double wireRadius, double wireCurrent) {


        this(centerX, centerY, wireRadius, wireCurrent, FREE_SPACE);


    }





    /**


     * Construct a new magnetic field source centered on a wire.


     * <p />


     * Negative current indicates that the current flows toward the camera (Z-direction).


     * @param centerX X coordinate of the wire center in meters.


     * @param centerY Y coordinate of the wire center in meters.


     * @param wireRadius the radius of the wire, in meters.


     * @param wireCurrent current flowing through the wire in amperes.


     * @param permeability the permeability of the surrounding space in T m/A.


     */


    public WireContinuousField(double centerX, double centerY, double wireRadius, double wireCurrent, double permeability) {


        this.centerX = centerX;


        this.centerY = centerY;


        this.wireRadius = wireRadius;


        this.wireRadiusSquared = wireRadius * wireRadius;


        this.wireCurrent = wireCurrent;


        this.permeability = permeability;





        // Precomputed constant factor


        this.numeratorSpace = (permeability * wireCurrent) / (2 * Math.PI);


        this.factorWire = (permeability * wireCurrent) / (2 * Math.PI * wireRadius * wireRadius);


    }





    /**


     * The X coordinate of the wire center in meters.


     */


    public double getCenterX() {


        return centerX;


    }





    /**


     * The Y coordinate of the wire center in meters.


     */


    public double getCenterY() {


        return centerY;


    }





    /**


     * Retrieve the radius of the wire.


     * @return The wire radius.


     */


    public double getWireRadius() {


        return wireRadius;


    }





    /**


     * The current flowing through the wire in amperes.


     */


    public double getWireCurrent() {


        return wireCurrent;


    }





    /**


     * The permeability of the surrounding space in T m/A.


     */


    public double getPermeability() {


        return permeability;


    }





    @Override


    public int getComponents() {


        return 2;


    }





    @Override


    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {


        double dX = x - centerX;


        double dY = y - centerY;


        double r2 = dX * dX + dY * dY; // Always positive





        // Write output strength components


        if (r2 < wireRadiusSquared) {


            // This factor is negative when the current is negative, rotating the resulting vector 180 degrees


            if (startComponent == 0) {


                destination[destinationOffset++] += dY * factorWire;


            }


            if (endComponent == 2) {


                destination[destinationOffset] += -dX * factorWire;


            }


        } else {


            if (startComponent == 0) {


                destination[destinationOffset++] += dY * numeratorSpace / r2;


            }


            if (endComponent == 2) {


                destination[destinationOffset] += -dX * numeratorSpace / r2;


            }


        }


    }


}
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package com.comphenix.magnets.graphics;





import com.comphenix.magnets.fields.ScalarField;


import com.comphenix.magnets.util.SegmentRange;


import com.google.common.base.Strings;


import com.google.common.collect.Range;


import com.sun.javafx.scene.layout.region.Margins;





import java.awt.*;


import java.awt.font.TextLayout;


import java.awt.geom.Rectangle2D;


import java.awt.image.BufferedImage;


import java.util.Objects;


import java.util.function.Consumer;


import java.util.function.DoubleUnaryOperator;





/**


 * Created by Kristian Stangeland on 20.01.2015.


 */


public class FieldGraph {


    private final Gradient gradient;


    private final DoubleUnaryOperator valueOperator;





    private GraphAxis XAxis;


    private GraphAxis YAxis;


    private GraphAxis ZAxis = new GraphAxis(8, 3, "z");





    // Cached


    private Margin cachedMargin;





    /**


     * Construct a new graph that colorizes a field based on the given gradient.


     * @param gradient the colorizing gradient.


     */


    public FieldGraph(Gradient gradient) {


       this(gradient, DoubleUnaryOperator.identity());


    }





    /**


     * Construct a new graph that colorizes a field based on the given gradient.


     * @param gradient the colorizing gradient.


     * @param valueOperator an operator to apply to every value in the field.


     */


    public FieldGraph(Gradient gradient, DoubleUnaryOperator valueOperator) {


        this.gradient = Objects.requireNonNull(gradient, "gradient must not be NULL");


        this.valueOperator = Objects.requireNonNull(valueOperator, "valueOperator must not be NULL");


    }





    /**


     * Construct a new graph that colorizes a field based on the given gradient.


     * @param gradient the colorizing gradient.


     * @param valueOperator an operator to apply to every value in the field.


     * @param XAxis the current X-axis.


     * @param YAxis the current Y-axis.


     */


    public FieldGraph(Gradient gradient, DoubleUnaryOperator valueOperator, GraphAxis XAxis, GraphAxis YAxis) {


        this(gradient, valueOperator);


        this.XAxis = XAxis;


        this.YAxis = YAxis;


    }





    /**


     * Retrieve the gradient used to colorize the field.


     * @return The gradient.


     */


    public Gradient getGradient() {


        return gradient;


    }





    /**


     * Retrieve the operator that is applied to every value.


     * @return A graph operator.


     */


    public DoubleUnaryOperator getValueOperator() {


        return valueOperator;


    }





    /**


     * Retrieve the axis that is used to draw the X-axis.


     * @return The X-axis.


     */


    public GraphAxis getXAxis() {


        return XAxis;


    }





    /**


     * Set the axis that is used to draw the X-axis


     * @param XAxis the new X-axis.


     */


    public void setXAxis(GraphAxis XAxis) {


        this.XAxis = XAxis;


        this.cachedMargin = null;


    }





    /**


     * Retrieve the axis that is used to draw the Y-axis.


     * @return The Y-axis.


     */


    public GraphAxis getYAxis() {


        return YAxis;


    }





    /**


     * Set the axis that is used to draw the Y-axis


     * @param YAxis the new Y-axis.


     */


    public void setYAxis(GraphAxis YAxis) {


        this.YAxis = YAxis;


        this.cachedMargin = null;


    }





    /**


     * Retrieve the axis that is used to draw the Z-axis.


     * @return The Z-axis.


     */


    public GraphAxis getZAxis() {


        return ZAxis;


    }





    /**


     * Set the axis that is used to draw the Z-axis


     * @param ZAxis the new Z-axis.


     */


    public void setZAxis(GraphAxis ZAxis) {


        this.ZAxis = ZAxis;


    }





    /**


     * Construct an image representation of the given matrix.


     * @param matrix the matrix.


     * @return The resulting image.


     */


    public BufferedImage createImage(ScalarField matrix) {


        return createImage(matrix, matrix.getRange(), v -> {});


    }





    /**


     * Construct an image representation of the given matrix.


     * <p />


     * Note that the array given to the consumer may be altered after the method has been called.


     * @param matrix the matrix.


     * @param zRange the range containing the minimum and maximum value.


     * @param columnConsumer an arbitrary consumer of columns that have been read of the field.


     * @return The resulting image.


     */


    public BufferedImage createImage(ScalarField matrix, Range<Double> zRange, Consumer<double[]> columnConsumer) {


        return createImage(matrix,


                Range.closed(matrix.getColumn(0), matrix.getColumn(matrix.getColumns() - 1)),


                Range.closed(matrix.getRow(0), matrix.getRow(matrix.getRows() - 1)), zRange, columnConsumer);


    }





    /**


     * Construct an image representation of the given matrix.


     * <p />


     * Note that the array given to the consumer may be altered after the method has been called.


     * @param matrix the matrix.


     * @param xRange the range of the minimum and maximum x position.


     * @param yRange the range of the minimum and maximum y position.


     * @param zRange the range containing the minimum and maximum value.


     * @param columnConsumer an arbitrary consumer of columns that have been read of the field.


     * @return The resulting image.


     */


    public BufferedImage createImage(ScalarField matrix, Range<Double> xRange, Range<Double> yRange, Range<Double> zRange, Consumer<double[]> columnConsumer) {


        // Matrix


        double minValue = valueOperator.applyAsDouble(zRange.lowerEndpoint());


        double maxValue = valueOperator.applyAsDouble(zRange.upperEndpoint());


        double delta = maxValue - minValue;





        // Value buffer


        double[] values = new double[matrix.getColumns()];





        // Output image


        int[] pixels = new int[matrix.getRows() * matrix.getColumns()];


        int pixelIndex = 0;


        int mask = 255 << 24;





        for (int y = 0; y < matrix.getRows(); y++) {


            // Prepare values


            matrix.fillValues(0, matrix.getColumns(), y, y + 1, values);





            for (int x = 0; x < matrix.getColumns(); x++) {


                double value = valueOperator.applyAsDouble(values[x]);


                double normalized = (value - minValue) / delta;





                pixels[pixelIndex++] = mask | gradient.getColor(normalized);


                values[x] = value;


            }


            // Process column


            columnConsumer.accept(values);


        }


        return createGraph(matrix, xRange, yRange, Range.closed(minValue, maxValue), pixels);


    }





    /**


     * Construct the actual buffered image from a given scalar matrix and the pixel data.


     * @param matrix the scalar matrix.


     * @param xRange the range of the minimum and maximum x position.


     * @param yRange the range of the minimum and maximum y position.


     * @param pixelData the pixel data.


     * @return The corresponding buffered image.


     */


    protected BufferedImage createGraph(ScalarField matrix, Range<Double> xRange, Range<Double> yRange, Range<Double> zRange, int[] pixelData) {


        Margin margin = getMargins();


        Rectangle gradientRect = computeGradientArea(matrix, margin);


        boolean drawGradient = XAxis != null && YAxis != null;





        // Fill gradient box


        if (drawGradient) {


            fillGradientBox(


                    gradientRect.x - margin.getLeft(),


                    gradientRect.y - margin.getTop(),


                    gradientRect.width, gradientRect.height, pixelData, matrix.getColumns());


        }





        BufferedImage image = fromPixels(matrix.getColumns(), matrix.getRows(), margin, Color.WHITE, pixelData);


        Graphics2D g = image.createGraphics();





        if (XAxis != null) {


            int y = image.getHeight() - margin.getBottom();


            drawAxis(g, XAxis, xRange.lowerEndpoint(), xRange.upperEndpoint(), true, 0, 0,


                    margin.getLeft(), y, image.getWidth() - margin.getRight(), y);





            if (!Strings.isNullOrEmpty(XAxis.getLabel())) {


                drawCentered(g, XAxis.getLabel(),


                        (float) (image.getWidth() - (margin.getRight() * 0.6)),


                        (float) (y - (margin.getBottom() * 0.2)));


            }


        }


        if (YAxis != null) {


            drawAxis(g, YAxis, yRange.lowerEndpoint(), yRange.upperEndpoint(), true, 0, 0,


                     margin.getLeft(), margin.getTop(), margin.getLeft(), image.getHeight() - margin.getBottom());





            if (!Strings.isNullOrEmpty(YAxis.getLabel())) {


                drawCentered(g, YAxis.getLabel(),


                        margin.getLeft(),


                        (float) (margin.getTop() * 0.3));


            }


        }





        // Now, draw the Z axis in the top corner


        if (drawGradient && ZAxis != null) {


            drawGradientBox(g, ZAxis, gradientRect, zRange);


        }





        g.dispose();


        return image;


    }





    private Rectangle computeGradientArea(ScalarField matrix, Margin margin) {


        int imageRightEdge = margin.getLeft() + matrix.getColumns();


        int width = matrix.getColumns() / 7;





        // Area where the gradient will be placed


        return new Rectangle(imageRightEdge - width - 16, margin.getTop() + 16, width, 24);


    }





    /**


     * Fill the gradient box.


     * @param x starting x position.


     * @param y starting y position.


     * @param width width of the box.


     * @param height height of the box.


     * @param pixels the pixel data.


     * @param stride the stride.


     */


    private void fillGradientBox(int x, int y, int width, int height, int[] pixels, int stride) {


        // Fill the gradient


        for (int dY = 0; dY < height; dY++) {


            int rowOffset = (y + dY) * stride;





            for (int dX = 0; dX < width; dX++) {


                pixels[rowOffset + x + dX] = gradient.getColor(dX / (double)width);


            }


        }


    }





    /**


     * Draw the gradient box outline.


     * @param g graphics.


     * @param zAxisBox the area.


     * @param zRange the Z range.


     */


    private void drawGradientBox(Graphics2D g, GraphAxis axis, Rectangle zAxisBox, Range<Double> zRange) {


        g.setXORMode(Color.BLACK);


        g.draw(zAxisBox);


        g.setPaintMode();





        drawAxis(g, axis, zRange.lowerEndpoint(), zRange.upperEndpoint(), false, 0, 8,


                (int) zAxisBox.getMinX(), (int) zAxisBox.getMaxY(), (int) zAxisBox.getMaxX(), (int) zAxisBox.getMaxY());


    }





    public Margin getMargins() {


        Margin result = cachedMargin;





        if (cachedMargin == null) {


            cachedMargin = result = new Margin(


                    YAxis != null ? YAxis.getWidth() : 0,


                    XAxis != null ? XAxis.getWidth() : 0,


                    YAxis != null ? YAxis.getWidth() : 0,


                    XAxis != null ? XAxis.getWidth() : 0);


        }


        return result;


    }





    protected void drawCentered(Graphics2D g, String text, float x, float y) {


        Rectangle2D boundary = g.getFontMetrics().getStringBounds(text, g);


        g.setXORMode(Color.BLACK);


        g.drawString(text, (float) (x - boundary.getWidth() / 2.0), (float) (y + boundary.getHeight() / 3.0));


        g.setPaintMode();


    }





    protected void drawAxis(Graphics2D g, GraphAxis axis, double startValue, double endValue, boolean drawLine, int fontOffsetX, int fontOffsetY, int startX, int startY, int endX, int endY) {


        if (drawLine) {


            g.setXORMode(Color.BLACK);


            g.drawLine(startX, startY, endX, endY);


            g.setPaintMode();


        }





        // Draw the ticks


        if (axis.getTickCount() > 0) {


            double biasN = (double) (axis.getTickCount() - 1);


            double dX = (endX - startX) / biasN;


            double dY = (endY - startY) / biasN;


            double dV = (endValue - startValue) / biasN;





            // Compute the displacement in the tick line


            double lineAngle = Math.atan2(dY, dX) + (Math.PI / 2);


            int lX = (int) (axis.getWidth() * 0.25 * Math.cos(lineAngle));


            int lY = (int) (axis.getWidth() * 0.25 * Math.sin(lineAngle));


            float fX = (float) (axis.getWidth() * 0.5 * Math.cos(lineAngle));


            float fY = (float) (axis.getWidth() * 0.5 * Math.sin(lineAngle));





            for (int i = 0; i < axis.getTickCount(); i++) {


                int cX = (int) Math.round(startX + dX * i);


                int cY = (int) Math.round(startY + dY * i);


                double value = startValue + dV * i;





                // Write the tick line and then the value


                g.setXORMode(Color.BLACK);


                g.drawLine(cX - lX, cY - lY, cX + lX, cY + lY);


                g.setPaintMode();


                drawCentered(g, round(value), cX + fX + fontOffsetX, cY + fY + fontOffsetY);


            }


        }


    }





    /**


     * Round the given axis value.


     * @param value the value.


     * @return Rounded string of value.


     */


    protected String round(double value) {


        return Double.toString(Math.round(value * 100) / 100.0);


    }





    /**


     * Convert an array of RGB pixel values into an BufferedImage.


     * @param width the width.


     * @param height the height.


     * @param margin current margin.


     * @param pixels the pixel data.


     * @return The corresponding buffered image.


     */


    protected BufferedImage fromPixels(int width, int height, Margin margin, Color background, int[] pixels) {


        BufferedImage image = new BufferedImage(width + margin.width(), height + margin.height(), BufferedImage.TYPE_INT_ARGB);





        if (background != null && !Color.BLACK.equals(background)) {


            Graphics g = image.getGraphics();


            g.setColor(background);


            g.fillRect(0, 0, image.getWidth(), image.getHeight());


            g.dispose();


        }


        image.setRGB(margin.getLeft(), margin.getTop(), width, height, pixels, 0, width);


        return image;


    }


}
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package com.comphenix.magnets.graphics;





import java.awt.*;





/**


 * Created by Kristian Stangeland on 20.01.2015.


 */


public interface Gradient {


    /**


     * Retrieve the gradient color.


     * @param factor a factor between 0 and 1.


     * @return The corresponding gradient color.


     */


    public int getColor(double factor);


}
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package com.comphenix.magnets.graphics;





import java.util.Objects;





/**


 * An axis in a graph.


 * Created by Kristian on 05.05.2015.


 */


public class GraphAxis {


    private final int width;


    private final int tickCount;


    private final String label;





    /**


     * Construct an axis to be drawn.


     * @param width the width of the axis.


     * @param tickCount number of ticks to be drawn.


     * @param label the axis label.


     */


    public GraphAxis(int width, int tickCount, String label) {


        this.width = width;


        this.tickCount = tickCount;


        this.label = label;


    }





    /**


     * Retrieve the width of the axis.


     * @return The width.


     */


    public int getWidth() {


        return width;


    }





    /**


     * Number of ticks to be drawn.


     * @return Number of ticks.


     */


    public int getTickCount() {


        return tickCount;


    }





    /**


     * Retrieve the label indentifying this axis.


     * @return The label.


     */


    public String getLabel() {


        return label;


    }





    @Override


    public int hashCode() {


        return Objects.hash(width, tickCount, label);


    }





    @Override


    public boolean equals(Object obj) {


        if (this == obj) {


            return true;


        }


        if (obj == null || getClass() != obj.getClass()) {


            return false;


        }


        final GraphAxis other = (GraphAxis) obj;


        return Objects.equals(this.width, other.width)


                && Objects.equals(this.tickCount, other.tickCount)


                && Objects.equals(this.label, other.label);


    }





    @Override


    public String toString() {


        return "GraphAxis{" +


            "width=" + width +


            ", tickCount=" + tickCount +


            ", label='" + label + '\'' +


            '}';


    }


}
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package com.comphenix.magnets.graphics;





import java.awt.*;


import java.util.Arrays;


import java.util.stream.IntStream;





/**


 * Represents a gradient.


 * Created by Kristian Stangeland on 16.01.2015.


 */


public class LinearGradient implements Gradient {


    private final int colorRed[];


    private final int colorGreen[];


    private final int colorBlue[];


    private final int rgbColor[];


    private final int length;


    private final int segments;





    /**


     * Construct a new linear gradient.


     * @param colorRed red colors.


     * @param colorGreen green colors.


     * @param colorBlue blue colors.


     */


    protected LinearGradient(int[] colorRed, int[] colorGreen, int[] colorBlue) {


        if (colorRed.length != colorGreen.length || colorGreen.length != colorBlue.length)


            throw new IllegalStateException("Color arrays must have the same length.");


        this.colorRed = colorRed;


        this.colorGreen = colorGreen;


        this.colorBlue = colorBlue;





        // Dividing the color space in 3 yields 2 segments, etc.


        this.length = colorBlue.length;


        this.segments = length - 1;





        // Compute the RGB equivalent of a color segment


        this.rgbColor = IntStream.range(0, segments).


                map(i -> (colorRed[i] << 16) | (colorGreen[i] << 8) | colorBlue[i]).


                toArray();


    }





    /**


     * Construct a new linear gradient from the given colors.


     * @param colors the colors.


     * @return The corresponding linear gradient.


     */


    public static LinearGradient fromColors(Color... colors) {


        return new LinearGradient(


            Arrays.stream(colors).mapToInt(Color::getRed).toArray(),


            Arrays.stream(colors).mapToInt(Color::getGreen).toArray(),


            Arrays.stream(colors).mapToInt(Color::getBlue).toArray()


        );


    }





    /**


     * Retrieve the number of segments in this gradient.


     * @return The number of segments.


     */


    public int getSegments() {


        return segments;


    }





    /**


     * Retrieve the color of a specific segment.


     * @param index index of the segment.


     * @return The RGB segment color.


     */


    public int getSegmentColor(int index) {


        return rgbColor[index];


    }





    /**


     * Retrieve the gradient color.


     * @param factor a factor between 0 and 1.


     * @return The corresponding RGB color.


     */


    @Override


    public int getColor(double factor) {


        // Handle extreme values


        if (factor < 0) {


            return rgbColor[0];


        } else if (factor > 1) {


            return rgbColor[segments - 1];


        }


        int index = (int) (factor * segments);





        if (index == segments) {


            index--;


        }


        double fTo = (factor - ((double)index / segments)) * segments;


        double fFrom = 1 - fTo;





        return


            ((int) (fFrom * colorRed[index] + fTo * colorRed[index + 1]) << 16) |


            ((int) (fFrom * colorGreen[index] + fTo * colorGreen[index + 1]) << 8) |


            ((int) (fFrom * colorBlue[index] + fTo * colorBlue[index + 1]));


    }


}
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package com.comphenix.magnets.graphics;





import java.awt.*;


import java.awt.geom.Line2D;


import java.awt.image.BufferedImage;


import java.util.DoubleSummaryStatistics;


import java.util.stream.DoubleStream;





/**


 * Represents a simple graph for drawing a line.


 * Created by Kristian on 27.01.2015.


 */


public class LineGraph {


    private Color penColor = Color.RED;





    /**


     * Draw the given graph of values on the given image.


     * @param destination the destination image.


     * @param values the values to draw.


     * @param xmin the minimum x value.


     * @param xmax the maximum x value.


     * @param ymin the minimum y value.


     * @param ymax the maximum y value.


     * @param zmin the minimum z value.


     * @param zmax the maximum z value.


     */


    public void draw(BufferedImage destination, int offsetX, int offsetY, double[] values, double xmin, double xmax, double ymin, double ymax, double zmin, double zmax) {


        double xStep = (xmax - xmin) / values.length;


        double yStep = (ymax - ymin) / (zmax - zmin);





        // Current position


        Graphics g = destination.createGraphics();


        g.setColor(penColor);


        g.translate(offsetX, offsetY);





        try {


            int lastX = 0;


            int lastY = 0;





            // Draw the graph


            for (int i = 0; i < values.length; i++) {


                int x = (int) (xmin + i * xStep);


                int y = (int) (ymin + yStep * (values[i] - zmin));





                y = clamp(y, (int)ymin, (int)ymax);





                if (i != 0) {


                    g.drawLine(lastX, lastY, x, y);


                }


                lastX = x;


                lastY = y;


            }


        } finally {


            g.dispose();


        }


    }





    private int clamp(int value, int a, int b) {


        if (a > b) {


            return clamp(value, b, a);


        }


        return value < a ? a : (value > b ? b : value);


    }





    /**


     * Retrieve the color used to draw line graphs.


     * @return The color.


     */


    public Color getPenColor() {


        return penColor;


    }





    /**


     * Set the color used to draw line graphs.


     * @param penColor the color to draw line graphs.


     */


    public void setPenColor(Color penColor) {


        this.penColor = penColor;


    }


}
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package com.comphenix.magnets.graphics;





import com.sun.javafx.scene.layout.region.Margins;





/**


 * Created by Kristian on 05.05.2015.


 */


public class Margin {


    private final int left;


    private final int top;


    private final int right;


    private final int bottom;





    /**


     * Construct a new margin.


     * @param left width of the left border.


     * @param top width of the top border.


     * @param right width of the right border.


     * @param bottom width of the bottom border.


     */


    public Margin(int left, int top, int right, int bottom) {


        this.left = left;


        this.top = top;


        this.right = right;


        this.bottom = bottom;


    }





    /**


     * Retrieve the width of the left border.


     */


    public int getLeft() {


        return left;


    }





    /**


     * Retrieve the width of the top border.


     */


    public int getTop() {


        return top;


    }





    /**


     * Retrieve the width of the right border.


     */


    public int getRight() {


        return right;


    }





    /**


     * Retrieve the width of the bottom border.


     */


    public int getBottom() {


        return bottom;


    }





    /**


     * Retrieve the width of both the left and the right border.


     * @return The horizontal width.


     */


    public int width() {


        return left + right;


    }





    /**


     * Retrieve the width of both the top and the bottom border.


     * @return The vertical width.


     */


    public int height() {


        return top + bottom;


    }





    @Override


    public boolean equals(Object o) {


        if (this == o) return true;


        if (o == null || getClass() != o.getClass()) return false;





        Margin margin = (Margin) o;


        if (left != margin.left) return false;


        if (top != margin.top) return false;


        return right == margin.right && bottom == margin.bottom;


    }





    @Override


    public int hashCode() {


        int result = left;


        result = 31 * result + top;


        result = 31 * result + right;


        result = 31 * result + bottom;


        return result;


    }





    @Override


    public String toString() {


        return "Margin{" +


            "left=" + left +


            ", top=" + top +


            ", right=" + right +


            ", bottom=" + bottom +


            '}';


    }


}
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package com.comphenix.magnets.graphics;





/**


 * Created by Kristian Stangeland on 22.01.2015.


 */


public class RainbowGradient implements Gradient {


    protected final TrapezoidComponent red;


    protected final TrapezoidComponent green;


    protected final TrapezoidComponent blue;





    public RainbowGradient() {


        blue = new TrapezoidComponent(0.25D, 0.25D, 0.75D);


        green = new TrapezoidComponent(0.5D, 0.25D, 0.75D);


        red = new TrapezoidComponent(0.75D, 0.25D, 0.75D);


    }





    protected RainbowGradient(TrapezoidComponent red, TrapezoidComponent green, TrapezoidComponent blue) {


        this.red = red;


        this.green = green;


        this.blue = blue;


    }





    @Override


    public int getColor(double factor) {


        return (red.getComponent(factor) << 16) |


               (green.getComponent(factor) << 8) |


                blue.getComponent(factor);


    }





    /**


     * A RGB-component shaped as a trapezoid depending on the normalized input.


     */


    private static class TrapezoidComponent {


        private final double bLeft;


        private final double bRight;


        private final double tLeft;


        private final double tRight;





        public TrapezoidComponent(double center, double topwidth, double bottomwidth) {


            this(center - bottomwidth / 2.0D, center + bottomwidth / 2.0D, center - topwidth / 2.0D, center + topwidth / 2.0D);


        }





        public TrapezoidComponent(double bLeft, double bRight, double tLeft, double tRight) {


            this.bLeft = bLeft;


            this.bRight = bRight;


            this.tLeft = tLeft;


            this.tRight = tRight;


        }





        /**


         * Retrieve the component in the range 0 - 255.


         * @param value the value.


         * @return The corresponding component.


         */


        public int getComponent(double value) {


            if(value >= bLeft && value < bRight) {


                if (value >= tLeft && value < tRight) {


                    return 255;


                } else if (value >= bLeft && value < tLeft) {


                    return (int) (255 * (value - bLeft) / (tLeft - bLeft));


                } else if (value >= tRight && value < bRight) {


                    return (int) (255 * (value - bRight) / (tRight - bRight));


                }


            }


            return 0;


        }


    }


}
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package com.comphenix.magnets.io;





import com.comphenix.magnets.fields.ScalarArrayField;


import com.univocity.parsers.csv.CsvParser;


import com.univocity.parsers.csv.CsvParserSettings;





import java.io.IOException;


import java.io.Reader;


import java.nio.file.Files;


import java.nio.file.Path;





/**


 * Created by Kristian Stangeland on 16.01.2015.


 */


public class CvsFieldParser {


    private static final CvsFieldParser system = new CvsFieldParser(getDefaultSettings());





    // CSV settings


    private final CsvParserSettings settings;





    /**


     * Retrieve the default CSV settings.


     * @return Default settings.


     */


    private static CsvParserSettings getDefaultSettings() {


        CsvParserSettings settings = new CsvParserSettings();


        settings.setMaxColumns(5000);


        settings.getFormat().setLineSeparator("\n");


        settings.getFormat().setDelimiter('\t');


        return settings;


    }





    public static CvsFieldParser system() {


        return system;


    }





    public CvsFieldParser(CsvParserSettings settings) {


        this.settings = settings;


    }





    /**


     * Parse a CSV file into a matrix.


     * @param path the CSV file to read.


     * @return The corresponding matrix.


     */


    public ScalarArrayField parse(Path path) {


        try (Reader reader = Files.newBufferedReader(path)) {


            return parse(reader);


        } catch (IOException e) {


            throw new RuntimeException("Cannot read input file.", e);


        }


    }





    /**


     * Parse a CSV file into a matrix.


     * @param reader the CSV file being read.


     * @return The corresponding matrix.


     */


    public ScalarArrayField parse(Reader reader) {


        ScalarArrayField result = new ScalarArrayField();


        CsvParser parser = new CsvParser(settings);


        boolean hasHeader = false;





        parser.beginParsing(reader);





        // Stream each row


        for (String[] row = parser.parseNext(); row != null; row = parser.parseNext()) {


            if (row.length <= 1)


                continue;





            if (!hasHeader) {


                result.setX(parseDouble(row, 1));


                hasHeader = true;


            } else {


                result.addRow(Double.parseDouble(row[0]), parseDouble(row, 1));


            }


        }


        return result;


    }





    /**


     * Parse the given subset of strings as doubles.


     * @param values the values.


     * @param offset the offset.


     * @return The resulting doubles.


     */


    protected double[] parseDouble(String[] values, int offset) {


        return parseDouble(values, offset, values.length - offset);


    }





    /**


     * Parse the given subset of strings as doubles.


     * @param values the values.


     * @param offset the offset.


     * @param length the length.


     * @return The resulting doubles.


     */


    protected double[] parseDouble(String[] values, int offset, int length) {


        double[] result = new double[length];





        for (int i = 0; i < length; i++) {


            result[i] = Double.parseDouble(values[i + offset]);


        }


        return result;


    }


}
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package com.comphenix.magnets.io;





import com.comphenix.magnets.fields.ScalarField;


import com.univocity.parsers.csv.CsvFormat;


import com.univocity.parsers.csv.CsvWriter;


import com.univocity.parsers.csv.CsvWriterSettings;


import com.univocity.parsers.tsv.TsvWriter;


import com.univocity.parsers.tsv.TsvWriterSettings;





import java.io.IOException;


import java.io.Reader;


import java.io.Writer;


import java.nio.file.Files;


import java.nio.file.Path;


import java.util.Arrays;


import java.util.stream.Stream;





/**


 * Created by Kristian on 15.04.2015.


 */


public class CvsFieldWriter {


    public CvsFieldWriter() {





    }





    /**


     * Write the given scalar field to a CSV file.


     * @param destination the destination file.


     * @param field the field.


     */


    public void write(Path destination, ScalarField field) {


        try (Writer writer = Files.newBufferedWriter(destination)) {


            write(writer, field);


        } catch (IOException e) {


            throw new RuntimeException("Cannot write to output file.", e);


        }


    }





    /**


     * Write the given scalar field to a CSV file.


     * <p />


     * The caller is responsible for closing the given writer.


     * @param textWriter the writer.


     * @param field the field.


     * @throws IOException I/O error.


     */


    public void write(Writer textWriter, ScalarField field) throws IOException {


        TsvWriter tsvWriter = new TsvWriter(textWriter, new TsvWriterSettings());





        // Write headers


        tsvWriter.writeHeaders("x\\y");


        writeRow(tsvWriter, "unit", field.toColumnArray());





        // Row buffer


        double[] buffer = new double[field.getColumns()];





        for (int row = 0; row < field.getRows(); row++) {


            double rowPosition = field.getRow(row);





            field.fillValues(0, field.getColumns(), row, row + 1, buffer);


            writeRow(tsvWriter, Double.toString(rowPosition), buffer);


        }


        tsvWriter.flush();


    }





    private void writeRow(TsvWriter csvWriter, String rowHeader, double[] rowValues) {


        csvWriter.writeRow(Stream.concat(Stream.of(rowHeader), Arrays.stream(rowValues).boxed()).toArray());


    }


}
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package com.comphenix.magnets.model;





import javax.xml.bind.annotation.XmlAccessType;


import javax.xml.bind.annotation.XmlAccessorType;


import javax.xml.bind.annotation.XmlAttribute;


import javax.xml.bind.annotation.XmlRootElement;





/**


 * Represents an electric current.


 * Created by Kristian on 26.01.2015.


 */


@XmlAccessorType(XmlAccessType.FIELD)


public class AlternatingCurrent {


    @XmlAttribute(name = "amp")


    private double amplitude;


    @XmlAttribute(name = "freq")


    private double angularFrequency;


    @XmlAttribute(name = "phase")


    private double phase;


    @XmlAttribute(name = "dc")


    private double directCurrent;





    /**


     * Construct a new object representing no current.


     */


    public AlternatingCurrent() {


        // Empty


    }





    /**


     * Construct a new representation of alternating current.


     * @param amplitude the amplitude in amperes.


     * @param angularFrequency the angular frequency in radians per second.


     * @param phase the phase in radians.


     * @param directCurrent the direct current bias/offset, in amperes.


     */


    public AlternatingCurrent(double amplitude, double angularFrequency, double phase, double directCurrent) {


        this.amplitude = amplitude;


        this.angularFrequency = angularFrequency;


        this.phase = phase;


        this.directCurrent = directCurrent;


    }





    /**


     * Retrieve the peak current exhibited by the alternating current sinusoid.


     * @return Amplitude of the current sinusoid, in amperes.


     */


    public double getAmplitude() {


        return amplitude;


    }





    /**


     * Set the the peak current exhibited by the alternating current sinusoid.


     * @param amplitude new Amplitude of the current sinusoid, in amperes.


     */


    public void setAmplitude(double amplitude) {


        this.amplitude = amplitude;


    }





    /**


     * Retrieve the angular frequency of the alternating current in degrees per second.


     * @return The angular frequency of the sinusoid.


     */


    public double getAngularFrequency() {


        return angularFrequency;


    }





    /**


     * Set the angular frequency of the alternating current in degrees per second.


     * @param angularFrequency new angular frequency of the sinusoid.


     */


    public void setAngularFrequency(double angularFrequency) {


        this.angularFrequency = angularFrequency;


    }





    /**


     * Retrieve the phase displacement of the sinusoid in degrees.


     * @return The phase displacement.


     */


    public double getPhase() {


        return phase;


    }





    /**


     * Set the phase displacement of the sinusoid in degrees.


     * @param phase new phase displacement.


     */


    public void setPhase(double phase) {


        this.phase = phase;


    }





    /**


     * Retrieve the direct current bias, which is the remaining constant current after setting the amplitude of


     * the sinusoid to zero.


     * @return The direct current bias, in amperes.


     */


    public double getDirectCurrent() {


        return directCurrent;


    }





    /**


     * Set the direct current bias.


     * @see #getDirectCurrent()


     * @param directCurrent the new direct current bias, in amperes.


     */


    public void setDirectCurrent(double directCurrent) {


        this.directCurrent = directCurrent;


    }





    /**


     * Compute the instantaneous current at a given time.


     * @param t the time in seconds.


     * @return The current, in amperes.


     */


    public double compute(double t) {


        return amplitude * Math.sin(Math.toRadians(t * angularFrequency - phase)) + directCurrent;


    }





    /**


     * Retrieve the peak current.


     * @return The peak current.


     */


    public double getPeakCurrent() {


        return amplitude + directCurrent;


    }


}
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package com.comphenix.magnets.model;





import com.comphenix.magnets.fields.WireContinuousField;





import javax.xml.bind.annotation.*;





/**


 * Represents a conductor in physical space.


 * Created by Kristian on 27.01.2015.


 */


@XmlAccessorType(XmlAccessType.FIELD)


public class Conductor {


    @XmlAttribute(name = "x")


    private double x;


    @XmlAttribute(name = "y")


    private double y;


    @XmlAttribute(name="radius")


    private double radius;


    @XmlElement(name="current")


    private AlternatingCurrent current;





    /**


     * Construct a conductor at point (0, 0) with no radius and no current.


     */


    public Conductor() {


        // Default


        this.current = new AlternatingCurrent();


    }





    /**


     * Construct a point-conductor in XY space.


     * @param x coordinate in the X axis.


     * @param y coordinate in the Y axis.


     * @param radius the radius of the conductor.


     * @param current the current.


     */


    public Conductor(double x, double y, double radius, AlternatingCurrent current) {


        this.x = x;


        this.y = y;


        this.radius = radius;


        this.current = current;


    }





    /**


     * Retrieve the coordinate in the X axis.


     * @return X axis coordinate.


     */


    public double getX() {


        return x;


    }





    /**


     * Set the coordinate in the X axis.


     * @param x new x axis.


     */


    public void setX(double x) {


        this.x = x;


    }





    /**


     * Retrieve the coordinate in the Y axis.


     * @return Y axis coordinate.


     */


    public double getY() {


        return y;


    }





    /**


     * Set the coordinate in the Y axis.


     * @param y new Y axis.


     */


    public void setY(double y) {


        this.y = y;


    }





    /**


     * Retrieve the radius of the conductor.


     * @return Radius of conductor.


     */


    public double getRadius() {


        return radius;


    }





    /**


     * Set the radius of the conductor.


     * @param radius new radius of the conductor.


     */


    public void setRadius(double radius) {


        this.radius = radius;


    }





    /**


     * Retrieve the current in this conductor.


     * @return The current.


     */


    public AlternatingCurrent getCurrent() {


        return current;


    }





    /**


     * Set the current of this conductor.


     * @param current the current.


     */


    public void setCurrent(AlternatingCurrent current) {


        this.current = current;


    }





    /**


     * Retrieve the magnetic field associated with this conductor at the given time.


     * @return The magnetic field.


     */


    public WireContinuousField getMagneticField(double time) {


        return new WireContinuousField(x, y, radius, current.compute(time));


    }





    /**


     * Retrieve the maximum magnetic field.


     * @return The maximum magnetic field.


     */


    public WireContinuousField getMaximumField() {


        return new WireContinuousField(x, y, radius, current.getPeakCurrent());


    }


}
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package com.comphenix.magnets.model;





import com.comphenix.magnets.fields.WireContinuousField;


import com.comphenix.magnets.util.PrimitiveArrays;


import com.google.common.collect.Lists;





import java.util.List;





/**


 * Created by Kristian on 14.06.2015.


 */


public class CurrentImbalanceField extends DroneVectorField {


    private final double positionY;


    private final double positionX;


    private List<ImbalancedSinusoid> sensorFields;





    public CurrentImbalanceField(Iterable<? extends Conductor> conductors, double[] sensorDelta, double positionX, double positionY) {


        super(new HarmonicSumField(conductors, 0), sensorDelta);


        this.sensorFields = Lists.newArrayList();


        this.positionX = positionX;


        this.positionY = positionY;





        // Sensor fields


        for (int i = 0; i < sensorDelta.length / 2; i++) {


            ImbalancedSinusoid sinusoid = new ImbalancedSinusoid(conductors,


                    positionX + sensorDelta[i * 2],


                    positionY + sensorDelta[i * 2 + 1]);


            sensorFields.add(sinusoid);





            if (sinusoid.getComponents() != this.sinusoids.getComponents()) {


                throw new IllegalStateException("Unexpected sinusoid count: " + sinusoid.getComponents());


            }


        }


    }





    public double getPositionX() {


        return positionX;


    }





    public double getPositionY() {


        return positionY;


    }





    @Override


    public void addComponents(double a, double b, int startComponent, int endComponent, double[] destination, int destinationOffset) {


        int innerComponents = sinusoids.getComponents();


        double[] points = new double[innerComponents * sensorCount];





        // Compute components


        for (int i = 0; i < sensorFields.size(); i++) {


            ImbalancedSinusoid sensor = sensorFields.get(i);


            sensor.addComponents(a, b, points, i * sensor.getComponents());


        }


        writeComponents(startComponent, endComponent, destination, destinationOffset, points, innerComponents);


    }





    /**


     * Ä field where we reinterpret the X and Y position as factors that modify the amplitude of the left and right sinusoid


     * respectively. This should allow us to compute the true current imbalance.


     */


    private static class ImbalancedSinusoid extends HarmonicSumField {


        private final double positionX;


        private final double positionY;





        /**


         * Construct a harmonic sum field from the given list of conductors.


         * @param conductorIterable the conductors.


         */


        public ImbalancedSinusoid(Iterable<? extends Conductor> conductorIterable, double positionX, double positionY) {


            super(conductorIterable, 0);


            this.positionX = positionX;


            this.positionY = positionY;





            // For now


            if (conductors().size() != 3) {


                throw new IllegalStateException("We can only compute the imbalance for three conductors.");


            }


        }





        // Note that the two last parameters have been renamed


        protected double[] getConductorAmplitudes(int startComponent, int endComponent, int numComponents, double a, double b) {


            double[] result = new double[conductorList.size() * numComponents];


            int position = 0;





            // Fetch amplitudes for each component


            for (int i = 0; i < maxFields.size(); i++) {


                WireContinuousField field = maxFields.get(i);





                switch (i) {


                    case 1:


                        field.addComponents(positionX, positionY, startComponent, endComponent, result, position);


                        break;


                    case 0:


                        PrimitiveArrays.addToArray(field.getComponentsArray(positionX, positionY, startComponent, endComponent), a, result, position);


                        break;


                    case 2:


                        PrimitiveArrays.addToArray(field.getComponentsArray(positionX, positionY, startComponent, endComponent), b, result, position);


                        break;


                }


                position += numComponents;


            }


            return result;


        }


    }


}
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package com.comphenix.magnets.model;





import com.comphenix.magnets.fields.*;


import com.comphenix.magnets.util.SegmentRange;





import java.util.Arrays;





/**


 * Created by Kristian on 02.04.2015.


 */


public class DroneVectorField implements FourDimensionalField {


    /**


     * Number of components per sensor.


     */


    protected static final int COMPONENTS_PER_SENSOR = 2;





    // We have three values


    protected final int components;


    protected final FourDimensionalField sinusoids;


    protected final double[] sensorDelta;


    protected final int sensorCount;





    /**


     * Construct a new drone field for two sensors.


     * @param sinusoids the underlying sinusoid field.


     * @return The drone vector field.


     */


    public static DroneVectorField twoSensors(FourDimensionalField sinusoids) {


        return new DroneVectorField(sinusoids, new double[] { 0, 0 });


    }





    public DroneVectorField(FourDimensionalField sinusoids, double[] sensorDelta) {


        this.sinusoids = sinusoids;


        this.sensorDelta = sensorDelta;


        this.sensorCount = sensorDelta.length / 2;


        this.components = sensorCount * COMPONENTS_PER_SENSOR;





        if ((sensorDelta.length % 2) != 0) {


            throw new IllegalArgumentException("Sensor delta must be divisible by two.");


        }


    }





    /**


     * Retrieve the sensor offsets.


     * @return The sensor offsets.


     */


    public double[] getSensorDelta() {


        return sensorDelta.clone();


    }





    @Override


    public int getComponents() {


        return components;


    }





    @Override


    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {


        // Note the default dimensional values


        addComponents(x, y, 1, 1, startComponent, endComponent, destination, destinationOffset);


    }





    @Override


    public void addComponents(double x, double y, double z, double t, int startComponent, int endComponent, double[] destination, int destinationOffset) {


        int innerComponents = sinusoids.getComponents();


        double[] points = new double[innerComponents * sensorCount];





        // Read from the N points


        for (int i = 0; i < sensorCount; i++) {


            sinusoids.addComponents(x + sensorDelta[i * 2], y + sensorDelta[i * 2 + 1], z, t, 0, innerComponents, points, i * innerComponents);


        }


        writeComponents(startComponent, endComponent, destination, destinationOffset, points, innerComponents);


    }





    /**


     * Write the given range of components using the first and second point to the destination array.


     * @param startComponent the starting component (inclusive)


     * @param endComponent the ending component (inclusive)


     * @param destination the destination array.


     * @param destinationOffset the destination offset.


     * @param points flattened array of point components.


     * @param pointsComponents number of components in the points array.


     * @return The new destination offset.


     */


    protected static int writeComponents(int startComponent, int endComponent, double[] destination, int destinationOffset, double[] points, int pointsComponents) {


        for (int i = startComponent; i < endComponent; i++) {


            int offset = (i / COMPONENTS_PER_SENSOR) * pointsComponents;





            switch (i % COMPONENTS_PER_SENSOR) {


                case 0:


                    // Take the difference of the phase of X and phase of Y


                    destination[destinationOffset++] = angleDiff(points[offset + 1], points[offset + 3]);


                    break;





                case 1:


                    // Amplitude angle


                    destination[destinationOffset++] = Math.atan2(points[offset + 2], points[offset]);


                    break;


            }


        }


        return destinationOffset;


    }





    /**


     * Compute the angle difference of the two angles.


     * @param a first angle.


     * @param b second angle.


     * @return The angle difference.


     */


    public static double angleDiff(double a, double b) {


        //return b - a;


        if (a > b) {


            return 2 * Math.PI - a + b;


        } else {


            return b - a;


        }


    }


}
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package com.comphenix.magnets.model;





import com.comphenix.magnets.fields.ContinuousField;


import com.comphenix.magnets.fields.FourDimensionalField;


import com.comphenix.magnets.fields.VectorField;


import com.comphenix.magnets.util.MathEx;


import org.apache.commons.math3.transform.DftNormalization;


import org.apache.commons.math3.transform.FastFourierTransformer;


import org.apache.commons.math3.transform.TransformType;


import org.apache.commons.math3.util.FastMath;


import org.apache.commons.math3.util.MathUtils;





import java.util.ArrayList;


import java.util.List;





/**


 * A field that computes the sinusoidal amplitude and phase of a given field, similar to a harmonic sum field.


 * Created by Kristian on 01.04.2015.


 */


public class FastFourierField implements FourDimensionalField {


    private static final int OUTPUT_FACTOR = 2;


    private static final int SAMPLE_COUNT = 8;





    // Convert to sinusoidal phase


    private static final double TO_SINUSOID = Math.PI / 2.0;





    private List<FourDimensionalField> fieldSamples;


    private int components;


    private int innerComponents;





    public FastFourierField(MagneticModel model) {


        double frequency = model.conductors().get(0).getCurrent().getAngularFrequency() / 360.0;


        double tDelta = 1 / (frequency * SAMPLE_COUNT);


        this.fieldSamples = new ArrayList<>();





        // Sample the field over a single period


        for (int i = 0; i < SAMPLE_COUNT; i++) {


            FourDimensionalField field = model.getContinuousField(tDelta * i);


            this.fieldSamples.add(field);





            // Record the component count


            if (innerComponents != 0 && innerComponents != field.getComponents()) {


                throw new IllegalStateException("All field samples must have the same number of components.");


            }


            this.innerComponents = field.getComponents();


            this.components = innerComponents * OUTPUT_FACTOR;


        }


    }





    @Override


    public int getComponents() {


        return components;


    }








    @Override


    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {


        addComponents(x, y, 1, 1, startComponent, endComponent, destination, destinationOffset);


    }





    @Override


    public void addComponents(double x, double y, double a, double b, int startComponent, int endComponent, double[] destination, int destinationOffset) {


        int condStartComponent = Math.floorDiv(startComponent, 2);


        int condEndComponent = MathEx.ceilDiv(endComponent, 2);


        int condNumComponents = condEndComponent - condStartComponent;





        // Whether or not to skip the very first amplitude or very last phase


        boolean skipFirstComponent = (startComponent % 2) != 0;     // inclusive


        boolean skipLastComponent = (endComponent % 2) != 0;        // exclusive


        double[] samples = getSamples(x, y, a, b);





        // Compute the amplitude and phase of the different sinusoids


        for (int component = 0; component < condNumComponents; component++) {


            double[] re = VectorField.extractComponent(samples, component, innerComponents);


            double[] im = new double[re.length];


            FastFourierTransformer.transformInPlace(


                    new double[][]{re, im}, DftNormalization.STANDARD, TransformType.FORWARD);





            // Write out


            if (!(skipFirstComponent && component == 0)) {


                destination[destinationOffset++] = 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;


            }


            if (!(skipLastComponent && component == condNumComponents - 1)) {


                destination[destinationOffset++] = MathUtils.normalizeAngle(Math.atan2(im[1], re[1]) + TO_SINUSOID, FastMath.PI);


            }


        }


    }





    /**


     * Sample the underlying fields at the given coordinate.


     * @param x the x coordinate.


     * @param y the y coordinate.


     * @param a the a dimension.


     * @param b the a dimension.


     * @return The sampled points.


     */


    private double[] getSamples(double x, double y, double a, double b) {


        double[] samples = new double[fieldSamples.size() * innerComponents];





        // Sample the same point from every time instant


        for (int i = 0; i < fieldSamples.size(); i++) {


            fieldSamples.get(i).addComponents(x, y, a, b, 0, innerComponents, samples, i * innerComponents);


        }


        return samples;


    }


}
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package com.comphenix.magnets.model;





import com.comphenix.magnets.fields.ContinuousField;


import com.comphenix.magnets.fields.FourDimensionalField;


import com.comphenix.magnets.fields.WireContinuousField;


import com.comphenix.magnets.util.CosineDifferenceTable;


import com.comphenix.magnets.util.MathEx;


import com.comphenix.magnets.util.PrimitiveArrays;


import com.google.common.collect.Lists;


import org.apache.commons.math3.util.FastMath;


import org.apache.commons.math3.util.MathUtils;





import java.util.Arrays;


import java.util.Collections;


import java.util.List;





import static java.util.stream.Collectors.toList;





/**


 * A field that computes the harmonic sum of the magnetic field emanating from the given conductors.


 * Created by Kristian on 01.04.2015.


 */


public class HarmonicSumField implements FourDimensionalField {


    protected static final int OUTPUT_FACTOR = 2;





    // List of actual conductors


    protected final List<Conductor> conductorList;





    // Precomputed values


    protected final List<WireContinuousField> maxFields;


    protected final CosineDifferenceTable differenceTable;


    protected final double[] cosineTable;


    protected final double[] sineTable;


    protected final int components;





    /**


     * Construct a harmonic sum field from the given list of conductors.


     * @param conductorIterable the conductors.


     * @param phaseOffset global phase offset (in radians) of every sinusoid to sum.


     */


    public HarmonicSumField(Iterable<? extends Conductor> conductorIterable, double phaseOffset) {


        List<Conductor> conductorList = Lists.newArrayList(conductorIterable);


        this.conductorList = conductorList;


        this.maxFields = conductorList.stream().map(Conductor::getMaximumField).collect(toList());





        // We have an amplitude and phase for each component


        this.components = maxFields.stream().mapToInt(ContinuousField::getComponents).max().getAsInt() * OUTPUT_FACTOR;





        // Precompute constants


        double[] angles = this.conductorList.stream().mapToDouble(


                c -> Math.toRadians(c.getCurrent().getPhase()) + phaseOffset).toArray();


        this.differenceTable = new CosineDifferenceTable(angles);


        this.cosineTable = Arrays.stream(angles).map(Math::cos).toArray();


        this.sineTable = Arrays.stream(angles).map(Math::sin).toArray();


    }





    @Override


    public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {


        // Note that the default values in the extra two dimensions is 1


        addComponents(x, y, 1, 1, startComponent, endComponent, destination, destinationOffset);


    }





    @Override


    public void addComponents(double x, double y, double z, double t, int startComponent, int endComponent, double[] destination, int destinationOffset) {


        int condStartComponent = Math.floorDiv(startComponent, 2);


        int condEndComponent = MathEx.ceilDiv(endComponent, 2);


        int condNumComponents = condEndComponent - condStartComponent;





        // Whether or not to skip the very first amplitude or very last phase


        boolean skipFirstComponent = (startComponent % 2) != 0;     // inclusive


        boolean skipLastComponent = (endComponent % 2) != 0;        // exclusive


        double[] conductors = getConductorAmplitudes(condStartComponent, condEndComponent, condNumComponents, x, y, z, t);





        // Final amplitude sum


        for (int component = 0; component < condNumComponents; component++) {


            double amplitude = 0;


            double phaseNumerator = 0;


            double phaseDenominator = 0;





            for (int i = 0; i < conductorList.size(); i++) {


                // Amplitude of conductor at index i


                double iConductor = conductors[i * condNumComponents + component];





                // Prepare phase


                phaseNumerator += iConductor * sineTable[i];


                phaseDenominator += iConductor * cosineTable[i];





                // Self-contribution


                amplitude += iConductor * iConductor;





                for (int j = i + 1; j < conductorList.size(); j++) {


                    amplitude += 2 * iConductor * conductors[j * condNumComponents + component] * differenceTable.getCosine(i, j);


                }


            }





            // Write out


            if (!(skipFirstComponent && component == 0)) {


                destination[destinationOffset++] = Math.sqrt(amplitude);


            }


            if (!(skipLastComponent && component == condNumComponents - 1)) {


                // Note that we invert the angle here - this is necessary for our result to agreee with the FFT


                double angle = MathUtils.normalizeAngle(-Math.atan2(phaseNumerator, phaseDenominator), FastMath.PI);


                destination[destinationOffset++] = angle;


            }


        }


    }





    /**


     * Retrieve an ummutable view of the conductors being summed.


     * @return The conductors.


     */


    public List<Conductor> conductors() {


        return Collections.unmodifiableList(conductorList);


    }





    /**


     * Retrieve the amplitude of the magnetic field of the different conductors.


    */


    protected double[] getConductorAmplitudes(int startComponent, int endComponent, int numComponents, double x, double y, double a, double b) {


        double[] result = new double[conductorList.size() * numComponents];


        int position = 0;





        // Fetch amplitudes for each component


        for (int i = 0; i < maxFields.size(); i++) {


            WireContinuousField field = maxFields.get(i);





            if (a != 1 && i == 0) {


                PrimitiveArrays.addToArray(field.getComponentsArray(x, y, startComponent, endComponent), a, result, position);


            } else if (b != 1 && i == maxFields.size() - 1) {


                PrimitiveArrays.addToArray(field.getComponentsArray(x, y, startComponent, endComponent), b, result, position);


            } else {


                field.addComponents(x, y, startComponent, endComponent, result, position);


            }


            position += numComponents;


        }


        return result;


    }





    @Override


    public int getComponents() {


        return components;


    }


}
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package com.comphenix.magnets.model;





import com.comphenix.magnets.fields.*;


import com.comphenix.magnets.util.PrimitiveArrays;


import com.comphenix.magnets.util.SegmentRange;


import com.google.common.collect.Iterables;


import com.google.common.collect.Lists;


import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;


import org.apache.commons.math3.linear.RealVector;





import javax.xml.bind.annotation.*;


import java.util.Arrays;


import java.util.Collections;


import java.util.List;


import java.util.Map;


import java.util.stream.Collectors;





/**


 * Represents a model of sources for magnetic fields.


 * Created by Kristian on 27.01.2015.


 */


@XmlAccessorType(XmlAccessType.FIELD)


@XmlRootElement(name = "model")


public class MagneticModel {


    @XmlElementWrapper(name = "conductors")


    @XmlElement(name = "conductor", type = Conductor.class)


    private List<Conductor> conductors;





    // View of actual conductors


    private transient List<Conductor> conductorView;





    /**


     * Construct a new empty magnetic model.


     */


    public MagneticModel() {


        this.conductors = Lists.newArrayList();


    }





    /**


     * Construct a new magnetic model with the given list of conductors in the XY plane.


     * @param conductors the conductor list which will be copied.


     */


    public MagneticModel(List<Conductor> conductors) {


        this.conductors = Lists.newArrayList(conductors);


    }





    /**


     * Retrieve a immutable view of all the conductors in this model.


     * @return The conductors in the model.


     */


    public List<Conductor> conductors() {


        if (conductorView == null) {


            conductorView = Collections.unmodifiableList(this.conductors);


        }


        return conductorView;


    }





    /**


     * Retrieve the vector value of the complete magnetic field at a given location and time.


     * @param x the x coordinate.


     * @param y the y coordinate.


     * @param t the time.


     * @return The corresponding vector.


     */


    public RealVector getVector(double x, double y, double t) {


        return getContinuousField(t).getVector(x, y);


    }





    /**


     * Retrieve the continuous field at the given time.


     * @param time the time.


     * @return The corresponding continuous field.


     */


    public FourDimensionalField getContinuousField(double time) {


        ContinuousField[] copy = Iterables.toArray(getContinuousFields(time).values(), ContinuousField.class);





        if (copy.length == 0) {


            throw new IllegalArgumentException("Cannot merge zero fields.");


        }


        // Use the largest component


        int components = Arrays.stream(copy).mapToInt(ContinuousField::getComponents).max().getAsInt();





        return new FourDimensionalField() {


            @Override


            public int getComponents() {


                return components;


            }





            @Override


            public void addComponents(double x, double y, int startComponent, int endComponent, double[] destination, int destinationOffset) {


                addComponents(x, y, 1, 1, startComponent, endComponent, destination, destinationOffset);


            }





            @Override


            public void addComponents(double x, double y, double a, double b, int startComponent, int endComponent, double[] destination, int destinationOffset) {


                // Initial values


                Arrays.fill(destination, destinationOffset, destinationOffset + (endComponent - startComponent), 0);





                for (int i = 0; i < copy.length; i++) {


                    ContinuousField field = copy[i];





                    if (a != 1 && i == 0) {


                        PrimitiveArrays.addToArray(field.getComponentsArray(x, y, startComponent, endComponent), a, destination, destinationOffset);


                    } else if (b != 1 && i == copy.length - 1) {


                        PrimitiveArrays.addToArray(field.getComponentsArray(x, y, startComponent, endComponent), b, destination, destinationOffset);


                    } else {


                        field.addComponents(x, y, startComponent, endComponent, destination, destinationOffset);


                    }


                }


            }


        };


    }





    /**


     * Retrieve the continuous magnetic fields due to the conductors in this model, experienced at the given time.


     * @return The continuous magnetic fields.


     */


    public Map<Conductor, WireContinuousField> getContinuousFields(double time) {


        return conductors.stream().collect(Collectors.toMap(c -> c, c -> c.getMagneticField(time)));


    }





    /**


     * Retrieve the vector field at a given time.


     * @param time the time.


     * @return The corresponding vector field.


     */


    public VectorSimulatedField getVectorField(double time, double[] x, double[] y) {


        return new VectorSimulatedField(


                conductors.stream().map(c -> c.getMagneticField(time)).collect(Collectors.toList()),


                x, y


        );


    }


}
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package com.comphenix.magnets.model;





import javax.xml.bind.JAXBContext;


import javax.xml.bind.JAXBException;


import javax.xml.bind.Unmarshaller;


import java.io.IOException;


import java.io.InputStream;


import java.nio.file.Files;


import java.nio.file.Path;





/**


 * A deserializer of models.


 * Created by Kristian on 27.01.2015.


 */


public class ModelDeserializer {


    private static volatile ModelDeserializer system;





    private final Unmarshaller unmarshaller;





    /**


     * Retrieve the current system deserializer.


     * @return The system deserializer.


     */


    public static ModelDeserializer system() {


        ModelDeserializer result = system;





        if (result == null) {


            try {


                system = result = new ModelDeserializer();


            } catch (JAXBException e) {


                throw new RuntimeException("Unable to construct model.");


            }


        }


        return result;


    }





    /**


     * Construct a new magnetic model deserializer.


     * @throws JAXBException Cannot construct deserializer.


     */


    public ModelDeserializer() throws JAXBException {


        JAXBContext context = JAXBContext.newInstance(MagneticModel.class);


        this.unmarshaller = context.createUnmarshaller();


    }





    /**


     * Deserialize a magnetic model from the given file.


     * @param path XML file.


     * @return The corresponding magnetic model.


     * @throws IOException


     */


    public MagneticModel deserialize(Path path) {


        try (InputStream stream = Files.newInputStream(path)) {


            return (MagneticModel) unmarshaller.unmarshal(stream);


        } catch (JAXBException e) {


            throw new RuntimeException("Unable to unmarshal object.", e);


        } catch (IOException e) {


            throw new RuntimeException("Unable to read input file.", e);


        }


    }


}
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package com.comphenix.magnets.model;





import com.comphenix.magnets.util.Interpolation;


import com.google.common.base.Preconditions;





import java.util.ArrayList;


import java.util.List;


import java.util.function.DoubleFunction;


import java.util.function.Function;


import java.util.stream.Collectors;





/**


 * Created by Kristian on 09.06.2015.


 */


public interface ModelInterpolator {


    /**


     * Interpolate a model over time.


     * @param time the time, from 0 to 1.


     * @return The interpolated magnetic model.


     */


    MagneticModel getModel(double time);





    /**


     * Retrieve a interpolation between the two models, using a linear model.


     * <p />


     * Note that the two models must have the same number of conductors.


     * @param start the starting model.


     * @param end the ending model.


     * @return The model interpolation.


     */


    static ModelInterpolator linear(MagneticModel start, MagneticModel end) {


        Preconditions.checkNotNull(start, "start cannot be NULL");


        Preconditions.checkNotNull(end, "end cannot be NULL");





        if (start.conductors().size() != end.conductors().size()) {


            throw new IllegalArgumentException("Model " + start + " must have the same number of conductors as " + end);


        }





        List<DoubleFunction<Conductor>> conductorInterpolations = new ArrayList<>();





        // Prepare functions for interpolating conductors


        for (int i = 0; i < start.conductors().size(); i++) {


            Conductor first = start.conductors().get(i);


            Conductor last = end.conductors().get(i);





            // Interpolate physcial attributes


            Interpolation iX = Interpolation.linear(first.getX(), last.getX());


            Interpolation iY = Interpolation.linear(first.getY(), last.getY());


            Interpolation iR = Interpolation.linear(first.getRadius(), last.getRadius());





            // Interpolate current


            DoubleFunction<AlternatingCurrent> iCurrent = interpolateCurrent(first.getCurrent(), last.getCurrent());





            // Add the function that will interpolate


            conductorInterpolations.add(time ->


                            new Conductor(iX.getValue(time), iY.getValue(time), iR.getValue(time), iCurrent.apply(time))


            );


        }


        return time -> new MagneticModel(conductorInterpolations.stream().


                map(f -> f.apply(time)).collect(Collectors.toList()));


    }





    /**


     * Retrieve an interpolator between two different alternating currents.


     * @param first the first current.


     * @param second the second current.


     * @return The interpolator.


     */


    static DoubleFunction<AlternatingCurrent> interpolateCurrent(AlternatingCurrent first, AlternatingCurrent second) {


        Interpolation iA = Interpolation.linear(first.getAmplitude(), second.getAmplitude());


        Interpolation iF = Interpolation.linear(first.getAngularFrequency(), second.getAngularFrequency());


        Interpolation iP = Interpolation.linear(first.getPhase(), second.getPhase());


        Interpolation iDC = Interpolation.linear(first.getDirectCurrent(), second.getDirectCurrent());





        return time -> new AlternatingCurrent(iA.getValue(time), iF.getValue(time), iP.getValue(time), iDC.getValue(time));


    }


}
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package com.comphenix.magnets;





import com.comphenix.magnets.fields.*;


import com.comphenix.magnets.graphics.FieldGraph;


import com.comphenix.magnets.graphics.LineGraph;


import com.comphenix.magnets.io.CvsFieldParser;


import com.comphenix.magnets.io.CvsFieldWriter;


import com.comphenix.magnets.model.*;


import com.comphenix.magnets.solver.DroneSimulation;


import com.comphenix.magnets.solver.VectorFieldSolver;


import com.comphenix.magnets.solver.continuous.BobygaSolver;


import com.comphenix.magnets.solver.continuous.BoundingBox;


import com.comphenix.magnets.solver.continuous.CmaesSolver;


import com.comphenix.magnets.solver.continuous.Solver;


import com.comphenix.magnets.util.PrimitiveArrays;


import com.comphenix.magnets.util.SegmentRange;


import com.google.common.base.Charsets;


import com.google.common.base.Stopwatch;


import com.google.common.collect.ImmutableList;


import com.google.common.collect.Lists;


import com.google.common.collect.Maps;


import com.google.common.collect.Range;


import com.google.common.io.Resources;


import com.objectplanet.image.PngEncoder;


import org.apache.commons.beanutils.BeanUtils;


import org.apache.commons.math3.analysis.MultivariateFunction;


import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;


import org.apache.commons.math3.linear.*;


import org.apache.commons.math3.optim.*;





import java.awt.image.BufferedImage;


import java.io.File;


import java.io.FileOutputStream;


import java.io.IOException;


import java.io.OutputStream;


import java.lang.reflect.InvocationTargetException;


import java.nio.file.Files;


import java.nio.file.Path;


import java.util.*;


import java.util.concurrent.ThreadLocalRandom;


import java.util.concurrent.TimeUnit;


import java.util.concurrent.atomic.AtomicBoolean;


import java.util.concurrent.atomic.AtomicInteger;


import java.util.function.DoubleUnaryOperator;


import java.util.function.Supplier;


import java.util.stream.Collectors;


import java.util.stream.IntStream;





/**


 * Created by Kristian Stangeland on 16.01.2015.


 */


public class PlotApplication {


    public static void main(String[] args) throws Exception {


        PlotArguments a = new PlotArguments(args);





        // See if we should display the help context


        if (a.isDisplayHelp()) {


            System.out.println(Resources.toString(Resources.getResource("Help.txt"), Charsets.UTF_8));


            return;


        }





        // Ensure we have an output


        if (a.getOutputPattern() == null) {


            throw new IllegalArgumentException("Must specify output pattern");


        }


        if (a.getDataFile() == null && a.getModelFile() == null) {


            throw new IllegalArgumentException("Must specify a data file or model file.");


        }


        // The root folder


        File rootFolder = new File(String.format(a.getOutputPattern(), 0)).getParentFile();





        // Current model, if any


        MagneticModel firstModel = a.getModelFile() != null ? ModelDeserializer.system().deserialize(a.getModelFile()) : null;


        MagneticModel secondModel = a.getSecondModelFile() != null ? ModelDeserializer.system().deserialize(a.getSecondModelFile()) : null;


        ModelInterpolator interpolator = secondModel != null ? ModelInterpolator.linear(firstModel, secondModel) : null;





        for (int i = 0; i < a.getInterpolateCount(); i++) {


            MagneticModel model = interpolator != null ? interpolator.getModel(i / (double)a.getInterpolateCount()) : firstModel;


            processFrames(a, interpolator != null ?


                    new File(rootFolder, "Model " + i) : rootFolder, model, secondModel);


        }


    }





    private static void processFrames(PlotArguments a, File rootFolder, MagneticModel model, MagneticModel secondModel) throws Exception {


        // Ensure root folder exists


        rootFolder.mkdirs();





        // The input to visualize


        ImmutableList<PlotFrame> frames = a.getModelFile() != null ?


                getFields(model, a.getModelSource(), a.getVisualization(), a.getT(), a.getX(), a.getY()) :


                getFields(a.getDataFile(), a.getX(), a.getY());





        // Fetch value range (may require computation)


        Range<Double> range = getValueRange(a.getZ(), frames);





        // Context for the frame computation


        DoubleUnaryOperator valueOperator = a.getValueOperator();





        // Process images in parallel


        if (a.isDrawFrames()) {


            frames.stream().parallel().forEach(frame -> {


                try {


                    File destination = new File(String.format(a.getOutputPattern(), frame.getIndex()));


                    System.out.printf("Processing frame %d of %d%n", frame.getIndex(), frame.getTotalFrames());





                    writeScalarField(a, range, valueOperator, frame.getScalarField(), destination);


                } catch (IOException e) {


                    throw new RuntimeException("Cannot write frame.", e);


                }


            });


        }


        // Aggregate operations


        double[] xCords = a.getX().toArray();


        double[] yCords = a.getY().toArray();





        // CMES


        if (a.getModelFile() != null && a.getModelSource().isDroneField()) {


            Solver solver = a.getSolverName().toSolver();


            BoundingBox box = new BoundingBox(a.getX(), a.getY());





            // Initialize properties


            BeanUtils.populate(solver, a.getSolverProperties());


            FourDimensionalField continuousField = getContinuousField(model, a.getModelSource(), a.getT().getStart());





            // Note that the second model is used for the real factory, if it exists


            double[] droneSensors =  continuousField instanceof DroneVectorField ?


                    ((DroneVectorField) continuousField).getSensorDelta() : new double[] {0, 0};


            FourDimensionalField sinusoidField = getContinuousField(model, PlotArguments.ModelSource.SINUSOID_FIELD, 0);


            DroneSimulation.DroneFieldFactory modelFactory = sensors -> new DroneVectorField(sinusoidField, sensors);


            DroneSimulation.DroneFieldFactory realFactory = sensors -> new DroneVectorField(


                    new FastFourierField(secondModel != null ? secondModel : model), sensors);





            if (a.getDroneLocation() != null) {


                System.out.println("Finding minimum using " + solver);


                testCMES(solver, continuousField, realFactory.getField(droneSensors), a.getX(), a.getY(), a.getDroneLocation(), a.isDroneUnbalancedCurrent());


            }


            if (a.isComputeDronePdfBalance()) {


                System.out.println("Computing current imbalance ...");


                computePdfImbalanace(model, secondModel, droneSensors, box, a.getDronePDFSamples());


            }


            if (a.isComputeDronePDF()) {


                computePDF(solver, continuousField, realFactory.getField(droneSensors), box, a.getDroneSearchRadius(),


                        a.getDronePDFSamples(), a.getDroneRepeatCount(), a.getDroneLocation(), a.isDroneUnbalancedCurrent());


            }


            if (a.isDrawDroneErrorMap()) {


                writeDroneErrorMap(a, solver, continuousField, box, a.getX(), a.getY(), new File(rootFolder, "DRONE_ERROR.png"), a.isDroneUnbalancedCurrent());


            }


            if (a.isDroneSimulation()) {


                if (a.isDroneUnbalancedCurrent()) {


                    // Assume the current is balanced, but give the algorithm the option to change the balance


                    box = box.addBounds(new double[] { 0.9, 0.9 }, new double[] { 1.1, 1.1 });


                }





                DroneSimulation simulation = new DroneSimulation(createVector(30, 0),


                        Lists.newArrayList(createVector(20, 40), createVector(0, 40)), box, solver, a.getDroneSearchRadius());





                simulation.start(modelFactory, realFactory,  droneSensors, 1000);


            }


        }





        // Compute aggregates


        for (PlotArguments.Aggregate agr : a.getAggregates()) {


            // Visualization here is just a hint


            PlotFrame aggregateFrame = agr.aggregate(frames, a.getVisualization(), xCords, yCords);


            ScalarField field = measure("Computing " + agr.name(),


                    () -> new ScalarArrayField(aggregateFrame.getScalarField()));





            // Test drone location


            if (a.getDroneLocation() != null) {


                ScalarField errorField = testDroneLocation(a, aggregateFrame);


                Range<Double> errorRange = errorField.getRange();





                System.out.println("Writing error map with value range: " + errorRange);


                writeScalarField(a, errorRange, valueOperator, errorField, new File(rootFolder, agr.name() + "_ERROR_.png"));


            }


            writeScalarField(a, field.getRange(), valueOperator, field, new File(rootFolder, agr.name() + "_" + a.getVisualization().name() + ".png"));


        }


    }





    private static void computePdfImbalanace(MagneticModel model, MagneticModel secondModel, double[] droneSensors, BoundingBox box, int dronePDFSamples) {


        Random rnd = new Random();


        double[] realCurrent = secondModel.conductors().stream().mapToDouble(c -> c.getCurrent().getAmplitude()).toArray();


        ArrayRealVector realValue = new ArrayRealVector(new double[] { realCurrent[0] / realCurrent[1], realCurrent[2] / realCurrent[1] });





        for (int i = 0; i < dronePDFSamples; i++) {


            Stopwatch watch = Stopwatch.createStarted();


            RealVector point = box.randomPoint(rnd);


            PointValuePair solution = findCurrentImbalance(model, secondModel, droneSensors, point.getEntry(0), point.getEntry(1));


            ArrayRealVector solutionValue = new ArrayRealVector(solution.getPoint());





            watch.stop();


            System.out.println(watch.elapsed(TimeUnit.NANOSECONDS) + ", " + solutionValue + ", " + solutionValue.getDistance(realValue));


        }


    }





    private static PointValuePair findCurrentImbalance(MagneticModel model, MagneticModel secondModel, double[] droneSensors, double droneX, double droneY) {


        // Field of current balance


        CurrentImbalanceField imbalanceField = new CurrentImbalanceField(model.conductors(), droneSensors, droneX, droneY);


        double[] target = getMeasuredSinusoids(secondModel, droneSensors, droneX, droneY);





        Solver solver = new CmaesSolver();


        PointValuePair pair = solver.findMinimum(imbalanceField, target, new double[] {1, 1}, new BoundingBox(0.5, 0.5, 2, 2));


        return pair;


    }





    private static double[] getMeasuredSinusoids(MagneticModel measuredModel, double[] droneSensors, double droneX, double droneY) {


        DroneVectorField measuredField = new DroneVectorField(new HarmonicSumField(measuredModel.conductors(), 0), droneSensors);


        return measuredField.getVector(droneX, droneY).toArray();


    }





    private static ArrayRealVector createVector(double... points) {


        return new ArrayRealVector(points);


    }





    private static void testCMES(Solver solver, FourDimensionalField sinusoids, FourDimensionalField sampleField,


                                 SegmentRange x, SegmentRange y, RealVector droneLocation, boolean droneUnbalancedCurrent) {


        // The target position


        double[] target = sampleField.getVector(droneLocation.getEntry(0), droneLocation.getEntry(1)).toArray();


        BoundingBox box = new BoundingBox(x, y);


        double[] guessPoint = box.getCenter().toArray();





        if (droneUnbalancedCurrent) {


            // Assume the current is balanced, but give the algorithm the option to change the balance


            guessPoint = new double[] { guessPoint[0], guessPoint[1], 1, 1 };


            box = box.addBounds(new double[] { 0.5, 0.5 }, new double[] { 2, 2 });


        }





        // Real solution


        System.out.println("Attempting to find " + new ArrayRealVector(target) + " (point " + droneLocation + " ) in field ...");


        PointValuePair solution = solver.findMinimum(sinusoids, target, guessPoint, box);


        RealVector fullPoint = new ArrayRealVector(solution.getPoint());


        RealVector solutionPoint = fullPoint.getSubVector(0, 2);





        System.out.println("Possible solution: " + fullPoint + ", distance: " + droneLocation.getDistance(solutionPoint));


        System.out.println("Value of possible: " + sinusoids.getVector(solution.getPoint()[0], solution.getPoint()[1]));


    }





    private static void computePDF(Solver solver, FourDimensionalField sinusoids, FourDimensionalField sampleField, BoundingBox box,


                                   double droneSearchRadius, int dronePDFSamples, int droneRepeatCount, RealVector droneLocation,


                                   boolean droneUnbalancedCurrent) {





        DoubleSummaryStatistics distanceStats = new DoubleSummaryStatistics();


        Map<Double, AtomicInteger> misses = Maps.newLinkedHashMap();


        AtomicInteger failures = new AtomicInteger();





        // Initialize misses


        misses.put(0.1, new AtomicInteger());


        misses.put(1.0, new AtomicInteger());


        misses.put(5.0, new AtomicInteger());


        misses.put(10.0, new AtomicInteger());





        // Pre-generate the random points according to a seed


        Random pointRandom = new Random(1);


        RealVector[] points = droneLocation == null ? IntStream.range(0, dronePDFSamples).


                mapToObj(i -> box.randomPoint(pointRandom)).toArray(RealVector[]::new) :


                Collections.nCopies(dronePDFSamples, droneLocation).toArray(new RealVector[0]);





        Stopwatch totalElapsed = Stopwatch.createStarted();





        // Samples of the distances


        DoubleSummaryStatistics stats = IntStream.range(0, dronePDFSamples).mapToDouble(i -> {


            double[] randomPoint = points[i].toArray();


            double[] randomTarget = sampleField.getVector(randomPoint[0], randomPoint[1]).toArray();


            double[] guessPoint = null;


            BoundingBox searchBox = box;





            // See if the drone radius is overriding the search box


            if (droneSearchRadius < box.getMaximumExtent()) {


                searchBox = BoundingBox.fromHyperCube(randomPoint, droneSearchRadius * 2).intersect(box);


                guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();


            } else {


                guessPoint = box.getCenter().toArray();


            }





            if (droneUnbalancedCurrent) {


                // Assume the current is balanced, but give the algorithm the option to change the balance


                guessPoint = new double[] { guessPoint[0], guessPoint[1], 1, 1 };


                searchBox = searchBox.addBounds(new double[] { 0.9, 0.9 }, new double[] { 1.1, 1.1 });


            }





            Stopwatch watch = Stopwatch.createStarted();


            try {


                PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox, droneRepeatCount);


                RealVector bestVector = new ArrayRealVector(bestSolution.getPoint(), false);


                RealVector bestPoint = bestVector.getSubVector(0, 2); // in case we have AB





                if (bestSolution.getSecond() > 0.2) {


                    // Reject!


                    throw new RuntimeException("Unable to find point.");


                }





                // Store the distance between the solution and the random point


                double sample = new ArrayRealVector(randomPoint, false).getDistance(bestPoint);


                distanceStats.accept(sample);





                // Count the number of misses


                for (Map.Entry<Double, AtomicInteger> entry : misses.entrySet()) {


                    if (sample > entry.getKey()) {


                        entry.getValue().incrementAndGet();


                    }


                }


                System.out.println("Point " + new ArrayRealVector(randomPoint, false) + " distance: " + sample + ", invariant dist: " + bestSolution.getSecond());





            } catch (Exception e) {


                //e.printStackTrace();


                failures.incrementAndGet();


            } finally {


                watch.stop();


            }


            return watch.elapsed(TimeUnit.NANOSECONDS) / 1.0E6;





        }).parallel().summaryStatistics();





        totalElapsed.stop();


        System.out.println("Total elapsed (real-time): " + totalElapsed);


        System.out.println("Average elapsed (per point): " + stats.getAverage() + " ms (std: " + Math.sqrt(stats.getAverage()) + " ms)");


        System.out.println("Average distance: " + distanceStats.getAverage() + " m (std: " + Math.sqrt(distanceStats.getAverage()) + " m)");





        // Write out the number of misses


        for (Map.Entry<Double, AtomicInteger> entry : misses.entrySet()) {


            System.out.printf("Misses (above %s): %d of %d%n", entry.getKey(), entry.getValue().get(), dronePDFSamples);


        }


        System.out.println("Failures: " + failures.get());


    }





    private static void writeDroneErrorMap(PlotArguments a, Solver solver, FourDimensionalField sinusoids, BoundingBox box,


                                           SegmentRange xRange, SegmentRange yRange, File file, boolean droneUnbalancedCurrent) throws IOException {


        Stopwatch watch = Stopwatch.createStarted();


        Stopwatch total = Stopwatch.createStarted();





        ScalarField errorMap = ScalarArrayField.fromFunction(xRange.toArray(), yRange.toArray(), (x, y) -> {


            double[] specificPoint = new double[] { x, y };


            double[] randomTarget = sinusoids.getVector(specificPoint[0], specificPoint[1]).toArray();


            double[] guessPoint = null;


            BoundingBox searchBox = box;





            // See if the drone radius is overriding the search box


            if (a.getDroneSearchRadius() < box.getMaximumExtent()) {


                searchBox = BoundingBox.fromHyperCube(specificPoint, a.getDroneSearchRadius()).intersect(box);


                guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();


            } else {


                guessPoint = box.getCenter().toArray();


            }





            if (droneUnbalancedCurrent) {


                // Assume the current is balanced, but give the algorithm the option to change the balance


                guessPoint = new double[] { guessPoint[0], guessPoint[1], 1, 1 };


                searchBox = searchBox.addBounds(new double[] { 0.9, 0.9 }, new double[] { 1.1, 1.1 });


            }





            try {


                PointValuePair bestSolution = solver.findMinimum(sinusoids, randomTarget, guessPoint, searchBox);


                RealVector fullPoint = new ArrayRealVector(bestSolution.getPoint());


                RealVector solutionPoint = fullPoint.getSubVector(0, 2);





                // We want to plot the distance


                return new ArrayRealVector(specificPoint, false).getDistance(solutionPoint);





            } catch (Exception e) {


                System.out.println("Error occurred for " + new ArrayRealVector(specificPoint, false));


                e.printStackTrace();


                return box.getDiagonalLength();


            }





        }, progress -> {


            if (watch.elapsed(TimeUnit.SECONDS) > 1) {


                System.out.println("Current progress: " + progress * 100 + "%");





                watch.reset();


                watch.start();


            }


        });





        total.stop();


        System.out.println("Generated drone map in " + total);





        // Write out the drone map


        writeScalarField(a, null, a.getValueOperator(), errorMap, file);


    }





    /**


     * Write a scalar field to the given output file.


     * @param a plot arguments.


     * @param valueRange current value range.


     * @param valueOperator current value operator.


     * @param field the field to write.


     * @param destination the destination file.


     * @throws IOException If we were unable to write the file.


     */


    private static void writeScalarField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {


        destination = getSiblingFile(destination, a.getOutputFormat().getExtension());





        switch (a.getOutputFormat()) {


            case PNG:


                writePngField(a, valueRange, valueOperator, field, destination);


                break;


            case CSV:


                Stopwatch watch = Stopwatch.createStarted();


                CvsFieldWriter writer = new CvsFieldWriter();


                writer.write(destination.toPath(), field);





                watch.stop();


                System.out.println("Written " + destination + " (total time: " + watch + ")");


                break;


        }


    }





    /**


     * Retrieve a sibling file with the same name and the given extension,


     * @param file the file.


     * @param extension the extension.


     * @return Sibling file with similar file name, but different extension.


     */


    private static File getSiblingFile(File file, String extension) {


        return new File(file.getParentFile(),


                com.google.common.io.Files.getNameWithoutExtension(file.getName()) + "." + extension);


    }





    /**


     * Write a scalar field to the given output file.


     * @param a plot arguments.


     * @param valueRange current value range.


     * @param valueOperator current value operator.


     * @param field the field to write.


     * @param destination the destination file.


     * @throws IOException If we were unable to write the file.


     */


    private static void writePngField(PlotArguments a, Range<Double> valueRange, DoubleUnaryOperator valueOperator, ScalarField field, File destination) throws IOException {


        double[] maxColumns = a.getMaximumGraphY() != null ? new double[field.getColumns()] : null;


        Stopwatch watch = Stopwatch.createStarted();





        // Recompute range


        if (valueRange == null) {


            valueRange = field.getRange();


        }


        if (maxColumns != null) {


            Arrays.fill(maxColumns, -Double.MAX_VALUE);


        }


        FieldGraph graph = new FieldGraph(a.getScheme().toGradient(), valueOperator, a.getXAxis(), a.getYAxis());





        if (a.getZAxis() != null) {


            graph.setZAxis(a.getZAxis());


        }


        BufferedImage image = graph.createImage(field, a.getX().toRange(), a.getY().toRange(), valueRange, column -> {


            if (maxColumns != null) {


                // Compute maximum value in each row


                for (int i = 0; i < maxColumns.length; i++) {


                    if (!Double.isNaN(column[i])) {


                        maxColumns[i] = Math.max(maxColumns[i], column[i]);


                    }


                }


            }


        });





        // Draw line graph


        if (maxColumns != null) {


            double minY = a.getY().getNearestIndex(a.getMaximumGraphY().getStart());


            double maxY = a.getY().getNearestIndex(a.getMaximumGraphY().getEnd());


            Range<Double> lineRange = a.getMaximumGraphZ() != null ? a.getMaximumGraphZ().toRange() : valueRange;





            new LineGraph().draw(image, graph.getMargins().getLeft(), graph.getMargins().getTop(),


                    maxColumns, 0, maxColumns.length, minY, maxY,


                    lineRange.lowerEndpoint(), lineRange.upperEndpoint());


        }


        File parentFile = destination.getAbsoluteFile().getParentFile();





        // Ensure parent directory is created


        if (parentFile != null) {


            Files.createDirectories(parentFile.toPath());


        }





        // About 6x faster than ImageIO


        try (OutputStream stream = new FileOutputStream(destination)) {


            (new PngEncoder()).encode(image, stream);


            watch.stop();


            System.out.println("Written " + destination + " (total time: " + watch + ")");


        }


    }





    /**


     * Test drone location.


     * @param a current arguments.


     * @param aggregateFrame the aggregateFrame.


     */


    private static ScalarField testDroneLocation(PlotArguments a, PlotFrame aggregateFrame) {


        RealVector pos = a.getDroneLocation();


        VectorField vectorField = new VectorMatrixField(aggregateFrame.getVectorField());


        RealVector valuePoint = vectorField.getNearestValue(pos.getEntry(0), pos.getEntry(1));





        System.out.println("Drone location: " + pos);


        System.out.println("Value of point: " + valuePoint + "\n");





        VectorFieldSolver solver = new VectorFieldSolver(vectorField);


        Vector2D solvedPoint = measure("Time finding solution", () -> solver.solve(valuePoint));





        System.out.println("Found solution: " + solvedPoint);


        System.out.println("Value of solution: " + vectorField.getNearestValue(solvedPoint.getX(), solvedPoint.getY()));





        ScalarField distance = new ScalarArrayField(vectorField.map(


            (vectorArray, vectorOffset, vectorLength, column, row) -> {


                return valuePoint.getDistance(new ArrayRealVector(vectorArray, vectorOffset, vectorLength));


            }


        ));


        return distance;


    }





    /**


     * Retrieve the range the z dimension will be restricted to.


     * @param z the z dimension range.


     * @param fields the fields.


     * @return The resulting z dimension range.


     */


    private static Range<Double> getValueRange(SegmentRange z, List<PlotFrame> fields) {


        // Compute if unspecified


        if (z == null) {


            System.out.println("Computing z dimension ...");


            Range<Double> computed = fields.stream().parallel().


                    map(f -> f.getScalarField().getRange()).reduce(Range::span).get();





            System.out.println("Computed z range: " + computed);


            return computed;


        }


        return Range.closed(z.getStart(), z.getEnd());


    }





    /**


     * Retrieve the scalar fields that will be visualized.


     * @param dataFile optional data file.


     * @param outputX the x dimensions.


     * @param outputY the y dimensions.


     * @return The resulting scalar fields.


     */


    private static ImmutableList<PlotFrame> getFields(Path dataFile, SegmentRange outputX, SegmentRange outputY) {


        Objects.requireNonNull(dataFile, "dataFile cannot be NULL");





        final ScalarField field = measure("Reading data file " + dataFile,


                () -> CvsFieldParser.system().parse(dataFile));


        ScalarField output = field;


        double[] fieldX = field.toColumnArray();


        double[] fieldY = field.toRowArray();





        if (field.getColumns() != outputX.getSegments() || field.getRows() != outputY.getSegments()) {


            SegmentRange newX = new SegmentRange(fieldX[0], fieldX[fieldX.length - 1], outputX.getSegments());


            SegmentRange newY = new SegmentRange(fieldY[0], fieldY[fieldY.length - 1], outputY.getSegments());





            // Resize the field


            output = ScalarArrayField.fromFunction(newX.toArray(), newY.toArray(), (x, y) -> {


                int nearestX = Math.abs(Arrays.binarySearch(fieldX, x));


                int nearestY = Math.abs(Arrays.binarySearch(fieldY, y));


                return nearestX >= 0 && nearestY >= 0 ? field.getValue(nearestX, nearestY) : 0;


            }, progress -> {});


        }


        return ImmutableList.of(new PlotFrame(output, null, 0, 1));


    }





    /**


     * Retrieve the scalar fields that will be visualized.


     * @param model the model.


     * @param t the time dimension.


     * @param x the x dimension.


     * @param y the y dimension.


     * @return The resulting scalar fields.


     */


    private static ImmutableList<PlotFrame> getFields(MagneticModel model, PlotArguments.ModelSource source, PlotArguments.Visualization visualization,


                                                           SegmentRange t, SegmentRange x, SegmentRange y) {


        Objects.requireNonNull(model, "modelFile cannot be NULL");





        double[] xPoints = x.toArray();


        double[] yPoints = y.toArray();


        List<PlotFrame> frames = Lists.newArrayList();





        // No need to speed this process up through multi-threading


        for (int index = 0; index < t.getSegments(); index++) {


            VectorField vectorField = getVectorField(model, source, t.getSegment(index), xPoints, yPoints);


            ScalarField scalarField = visualization.filter(vectorField);


            frames.add(new PlotFrame(scalarField, vectorField, index, t.getSegments()));


        }


        return ImmutableList.copyOf(frames);


    }





    /**


     * Retrieve the vector field from a magnetic model and a model source.


     * @param model the model.


     * @param source the source.


     * @param time the time.


     * @param xPoints the x coordinates.


     * @param yPoints the y coordinates.


     */


    private static VectorField getVectorField(MagneticModel model, PlotArguments.ModelSource source, double time, double[] xPoints, double[] yPoints) {


        if (source == PlotArguments.ModelSource.MAGNETIC_FIELD) {


            return model.getVectorField(time, xPoints, yPoints);


        } else {


            return getContinuousField(model, source, time).toVectorField(xPoints, yPoints);


        }


    }





    /**


     * Retrieve the continuous field associated with the given model source.


     * @param model the model.


     * @param source the source.


     * @param time the time.


     */


    private static FourDimensionalField getContinuousField(MagneticModel model, PlotArguments.ModelSource source, double time) {


        FourDimensionalField sinusoids = new HarmonicSumField(model.conductors(), time);





        switch (source) {


            case MAGNETIC_FIELD:


                return model.getContinuousField(time);


            case SINUSOID_FIELD:


                return sinusoids;


            case DRONE_1:


                return new DroneVectorField(sinusoids, new double[] {0, 0} );


            case DRONE_2:


                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0});


            case DRONE_3:


                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0, 0.5, 0.5});


            case DRONE_4:


                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0, 1, 1, 0, 1});


            case DRONE_5:


                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0, 1, 1, 0, 1, 0.5, 0.5});


            case DRONE_VERTICAL:


                return new DroneVectorField(sinusoids, new double[] {0, 0, 0, 3, 0, 6, 0, 9});


            case DRONE_VERTICAL2:


                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0, 0, 3, 1, 3, 0, 6, 1, 6, 0, 9, 1, 9});


            case DRONE_VERTICAL26:


                return new DroneVectorField(sinusoids, new double[] {0, 0, 1, 0, 0, 3, 1, 3, 0, 6, 1, 6, 0, 9, 1, 9, 0, 12, 1, 12, 0, 15, 1, 15});


            case DRONE_VERTICAL6:


                return new DroneVectorField(sinusoids, new double[] {0, 0, 0, 3, 0, 6, 0, 9, 0, 12, 0, 15});


            case DRONE_HORIZONTAL:


                return new DroneVectorField(sinusoids, new double[] {0, 0, 3, 0, 6, 0, 9, 0});


            case DRONE_TEST:


                return new DroneVectorField(sinusoids, new double[] {0, 0, 0, 6, 6, 0, 6, 6, 3, 3});


            default:


                throw new IllegalArgumentException("Unknown model source: " + source);


        }


    }





    /**


     * Measure the elapsed time of the given callable.


     * <p />


     * This will be written to System.out.


     * @param message additional message.


     * @param supplier the supplier.


     * @param <T> type of the callable.


     * @return The resulting value.


     */


    private static <T> T measure(String message, Supplier<T> supplier) {


        Stopwatch watch = Stopwatch.createStarted();


        T result = supplier.get();





        // Print elapsed time


        System.out.println(message);


        System.out.println("[Time elapsed: " + watch + "]");


        return result;


    }


}
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package com.comphenix.magnets;





import com.comphenix.magnets.fields.*;


import com.comphenix.magnets.graphics.Gradient;


import com.comphenix.magnets.graphics.GraphAxis;


import com.comphenix.magnets.graphics.LinearGradient;


import com.comphenix.magnets.graphics.RainbowGradient;


import com.comphenix.magnets.model.DroneVectorField;


import com.comphenix.magnets.solver.continuous.*;


import com.comphenix.magnets.util.SegmentRange;


import com.google.common.base.Splitter;


import com.google.common.collect.ImmutableList;


import com.google.common.collect.Lists;


import com.google.common.collect.Maps;


import com.google.common.collect.Range;


import org.apache.commons.math3.linear.ArrayRealVector;


import org.apache.commons.math3.linear.RealVector;


import org.apache.commons.math3.transform.DftNormalization;


import org.apache.commons.math3.transform.FastFourierTransformer;


import org.apache.commons.math3.transform.TransformType;


import org.apache.commons.math3.util.FastMath;


import org.apache.commons.math3.util.MathUtils;





import java.awt.Color;


import java.io.IOException;


import java.nio.file.Path;


import java.nio.file.Paths;


import java.util.*;


import java.util.function.*;


import java.util.stream.Collectors;





/**


 * Represents a class for parsing PlotCVS arguments.


 * Created by Kristian on 27.01.2015.


 */


class PlotArguments {


    public enum ColorScheme {


        RAINBOW() {


            @Override


            public Gradient toGradient() {


                return new RainbowGradient();


            }


        },


        TEMPERATURE() {


            @Override


            public Gradient toGradient() {


                return LinearGradient.fromColors(Color.BLUE, Color.BLUE, Color.BLACK, Color.RED, Color.RED);


            }


        },


        HSV() {


            @Override


            public Gradient toGradient() {


                return factor -> {


                    float intensity = 1; // (float) (0.7 + 0.3 * factor);


                    return Color.HSBtoRGB((float)factor, intensity, intensity);


                };


            }


        },


        HSV2() {


            @Override


            public Gradient toGradient() {


                return factor -> {


                    float intensity = (float) (0.7 + 0.3 * factor);


                    return Color.HSBtoRGB((float) (2 * factor), intensity, intensity);


                };


            }


        },


        HSV10() {


            @Override


            public Gradient toGradient() {


                return factor -> {


                    float intensity = (float) (0.7 + 0.3 * factor);


                    return Color.HSBtoRGB((float) (10 * factor), intensity, intensity);


                };


            }


        };





        /**


         * Retrieve the corresponding gradient.


         * @return The gradient.


         */


        public abstract Gradient toGradient();


    }





    public enum Visualization {


        NORMALIZED_MAGNITUDE{


            @Override


            public ScalarField filter(VectorField field) {


                List<Range<Double>> ranges = field.getComponentRanges();





                return field.map((vectorArray, vectorOffset, vectorLength, column, row) -> {


                    double squaredMagnitude = 0;





                    for (int i = 0; i < vectorLength; i++) {


                        Range<Double> range = ranges.get(i);


                        double normalized = (vectorArray[vectorOffset + i] - range.lowerEndpoint()) /


                                (range.upperEndpoint() - range.lowerEndpoint());





                        squaredMagnitude += normalized * normalized;


                    }


                    return Math.sqrt(squaredMagnitude);


                });


            }


        },


        MAGNITUDE{


            @Override


            public ScalarField filter(VectorField field) {


                return field.magnitudes();


            }


        },


        ANGLE {


            @Override


            public ScalarField filter(VectorField field) {


                return getScalar(field.angles());


            }


        },


        X {


            @Override


            public ScalarField filter(VectorField field) {


                return field.x();


            }


        },


        Y {


            @Override


            public ScalarField filter(VectorField field) {


                return field.y();


            }


        },


        Y_MINUS_X {


            @Override


            public ScalarField filter(VectorField field) {


                return field.map((a, b) -> b - a);


            }


        },


        Y_DIV_X {


            @Override


            public ScalarField filter(VectorField field) {


                return field.map((a, b) -> b / a);


            }


        },


        ANGLE_DIFFERENCE {


            @Override


            public ScalarField filter(VectorField field) {


                return field.map(DroneVectorField::angleDiff);


            }


        };





        public abstract ScalarField filter(VectorField field);





        /**


         * Attempt to get a scalar view of the given field.


         * @param field the field.


         * @return The resulting scalar field.


         */


        private static ScalarField getScalar(DiscreteField field) {


            return field instanceof VectorField ? ((VectorField) field).magnitudes() : (ScalarField) field;


        }





        /**


         * Parse the given text.


         * @param text the text.


         * @return The corresponding visualization.


         */


        public static Visualization parse(String text) {


            switch (text.toLowerCase()) {


                case "m":


                case "magnitude":


                    return MAGNITUDE;


                case "nm":


                case "normalizedmagnitude":


                    return NORMALIZED_MAGNITUDE;


                case "a":


                case "angle":


                    return ANGLE;


                case "x":


                    return X;


                case "y":


                    return Y;


                case "ysubx":


                case "y-x":


                    return Y_MINUS_X;


                case "ydivx":


                    return Y_DIV_X;


                case "anglediff":


                    return ANGLE_DIFFERENCE;


            }


            throw new IllegalArgumentException("Unable to parse '" + text + "' as a visualization.");


        }


    }





    /**


     * Represents visualization of aggregate values.


     */


    public enum Aggregate {


        /**


         * Compute the average value in all the frames.


         */


        AVERAGE {


            @Override


            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {


                ScalarField scalar = ScalarField.aggregate(


                        frames.stream().


                                map(PlotFrame::getScalarField).collect(Collectors.toList()),


                        0,


                        (a, b) -> a + b,


                        a -> a / frames.size()


                );





                // Maybe create a vector average as well?


                return new PlotFrame(scalar, null);


            }


        },


        /**


         * Compute the maximum value in all the frames.


         */


        MAX {


            @Override


            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {


                ScalarField scalar =  ScalarField.aggregate(


                        frames.stream().


                                map(PlotFrame::getScalarField).collect(Collectors.toList()),


                        -Double.MAX_VALUE,


                        Math::max,


                        DoubleUnaryOperator.identity());





                // Maybe create a vector maximum as well?


                return new PlotFrame(scalar, null);


            }


        },





        /**


         * Compute the phase difference of the maximum X and Y value.


         */


        MAX_XY_PHASE_DIFFERENCE_DIRECT {


            @Override


            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {


                VectorField field = VectorField.aggregate(


                        frames.stream().


                                map(PlotFrame::getVectorField).collect(Collectors.toList()),


                        (components, vectorLength, column, row) -> {


                            // First vector will contain the result


                            for (int i = 0; i < vectorLength; i++) {


                                components[i] = getPeakAngle(components, i, vectorLength);


                            }


                            return 0;


                        }


                );


                return new PlotFrame(visualization.filter(field), field);


            }





            /**


             * Retrieve the angle of the peak value in the given array of values.


             * @param values the values.


             * @param offset the starting position.


             * @param stepSize the step size.


             * @return The peak angle.


             */


            private double getPeakAngle(double[] values, int offset, int stepSize) {


                double bestValue = values[offset];


                int bestIndex = offset;


                int count = 1;





                for (int i = offset + stepSize; i < values.length; i += stepSize) {


                    if (values[i] > bestValue) {


                        bestValue = values[i];


                        bestIndex = i;


                    }


                    count++;


                }


                return (bestIndex / (double)count) * Math.PI * 2;


            }


        },





        /**


         * Compute the phase difference of the maximum X and Y value.


         */


        MAX_XY_PHASE_DIFFERENCE_FFT {


            @Override


            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {


                if (frames.size() < 8) {


                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");


                }





                VectorField field = VectorField.aggregate(


                        frames.stream().


                                map(PlotFrame::getVectorField).collect(Collectors.toList()),


                        (components, vectorLength, column, row) -> {


                            for (int i = 0; i < vectorLength; i++) {


                                components[i] = getPeakAngle(VectorField.extractComponent(components, i, vectorLength));


                            };


                            return 0;


                        }


                );


                return new PlotFrame(visualization.filter(field), field);


            }





            // Note that this modifies the incoming array in-place!


            private double getPeakAngle(double[] re) {


                double[] im = new double[re.length];


                FastFourierTransformer.transformInPlace(


                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);





                return MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);


            }


        },





        /**


         * Compute the amplitude of the sine at the maximum X and Y values, respectively.


         */


        AMPLITUDE_FFT {


            @Override


            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {


                if (frames.size() < 8) {


                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");


                }





                VectorField field = VectorField.aggregate(


                        frames.stream().


                                map(PlotFrame::getVectorField).collect(Collectors.toList()),


                        (components, vectorLength, column, row) -> {


                            for (int i = 0; i < vectorLength; i++) {


                                components[i] = getPeakAmplitude(VectorField.extractComponent(components, i, vectorLength));


                            };


                            return 0;


                        }


                );


                return new PlotFrame(visualization.filter(field), field);


            }





            // Note that this modifies the incoming array in-place!


            private double getPeakAmplitude(double[] re) {


                double[] im = new double[re.length];





                FastFourierTransformer.transformInPlace(


                        new double[][] { re, im }, DftNormalization.STANDARD, TransformType.FORWARD);


                return 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;


            }


        },





        /**


         * Compute the actual drone measurements.


         */


        DRONE_SENSOR {


            @Override


            public PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y) {


                if (frames.size() < 8) {


                    throw new IllegalArgumentException("Please specify at least 8 frames for accuracy.");


                }





                // A field of sinusoids


                VectorField sinusoids = VectorField.aggregateExternal(


                        frames.stream().


                                map(PlotFrame::getVectorField).collect(Collectors.toList()),


                        frames.get(0).getVectorField().getComponents() * 2,


                        (components, vectorLength, source, sourcePos, column, row) -> {





                            for (int i = 0; i < vectorLength; i++) {


                                double[] re = VectorField.extractComponent(components, i, vectorLength);


                                double[] im = new double[re.length];





                                FastFourierTransformer.transformInPlace(


                                        new double[][]{re, im}, DftNormalization.STANDARD, TransformType.FORWARD);





                                // Compute both the angle and the amplitude


                                source[sourcePos++] = 2 * Math.sqrt(re[1] * re[1] + im[1] * im[1]) / re.length;


                                source[sourcePos++] = MathUtils.normalizeAngle(-Math.atan2(im[1], re[1]), FastMath.PI);


                            }


                            ;


                            return sourcePos;


                        }


                );





                // TODO: FIX THIS LATER


                throw new UnsupportedOperationException("Unsupported");


            }


        };





        /**


         * Aggregate the given frames into a final scalar field.


         *


         * @param frames the frames to aggregate.


         * @param visualization optional visualization to apply, if necessary.


         * @param x the x coordinate of each column in the final scalar field.


         * @param y the y coordinate of each row in the final scalar field.


         * @return The final frame.


         */


        public abstract PlotFrame aggregate(ImmutableList<PlotFrame> frames, Visualization visualization, double[] x, double[] y);





         /**


         * Parse the given text.


         * @param text the text.


         * @return The corresponding visualization.


         */


        public static Aggregate parse(String text) {


            switch (text.toLowerCase()) {


                case "a":


                case "average":


                    return AVERAGE;


                case "m":


                case "max":


                    return MAX;


                case "xyd":


                case "xy_phase_difference_direct":


                    return MAX_XY_PHASE_DIFFERENCE_DIRECT;


                case "xyf":


                case "xy_phase_difference_fft":


                    return MAX_XY_PHASE_DIFFERENCE_FFT;


                case "ampf":


                case "amplitude_fft":


                    return AMPLITUDE_FFT;


                case "drone":


                case "drone_sensor":


                    return DRONE_SENSOR;


            }


            throw new IllegalArgumentException("Unable to parse '" + text + "' as an aggregate.");


        }





    }





    /**


     * The data in the model to display.


     */


    public enum ModelSource {


        /**


         * The magnetic field.


         */


        MAGNETIC_FIELD,





        /**


         * The amplitude and phase of the sinusoid representing the x and y component of the magnetic field.


         */


        SINUSOID_FIELD,





        /**


         * A drone with only one sensor.


         */


        DRONE_1,





        /**


         * A drone with two sensors.


         */


        DRONE_2,





        /**


         * Three sensors.


         */


        DRONE_3,





        /**


         * Four, in a square.


         */


        DRONE_4,





        /**


         * Five points around a drone.


         */


        DRONE_5,





        /**


         * Sensors in a vertical line.


         */


        DRONE_VERTICAL,








        /**


         * Two vertical rows of sensors.


         */


        DRONE_VERTICAL2,





        /**


         * Two vertical rows of six sensors.


         */


        DRONE_VERTICAL26,





        /**


         * Sensors in a horizontal line.


         */


        DRONE_HORIZONTAL,





        DRONE_VERTICAL6,





        DRONE_TEST;





        /**


         * Determine if this is a drone field.


         * @return TRUE if it is, FALSE otherwise.


         */


        public boolean isDroneField() {


            return !(this == MAGNETIC_FIELD || this == SINUSOID_FIELD);


        }





        /**


         * Parse the given text.


         * @param text the text.


         * @return The corresponding model source..


         */


        public static ModelSource parse(String text) {


            switch (text.toLowerCase()) {


                case "m":


                case "magnetic_field":


                    return MAGNETIC_FIELD;


                case "s":


                case "sinusoid_field":


                    return SINUSOID_FIELD;


                case "d1":


                case "drone_1":


                    return DRONE_1;


                case "d2":


                case "drone_2":


                    return DRONE_2;


                case "d3":


                case "drone_3":


                    return DRONE_3;


                case "d4":


                case "drone_4":


                    return DRONE_4;


                case "d5":


                case "drone_5":


                    return DRONE_5;


                case "dv":


                case "drone_vertical":


                    return DRONE_VERTICAL;


                case "dv2":


                case "drone_vertical2":


                    return DRONE_VERTICAL2;


                case "dh":


                case "drone_horizontal":


                    return DRONE_HORIZONTAL;


                case "dv26":


                case "drone_vertical26":


                    return DRONE_VERTICAL26;


                case "dv6":


                case "drone_vertical6":


                    return DRONE_VERTICAL6;


                case "dtest":


                case "drone_test":


                    return DRONE_TEST;


            }


            throw new IllegalArgumentException("Unable to parse '" + text + "' as an model source.");


        }


    }





    public enum SolverName {


        BOBYGA(BobygaSolver::new),


        CMAES(CmaesSolver::new);





        private final Supplier<Solver> supplier;





        SolverName(Supplier<Solver> supplier) {


            this.supplier = supplier;


        }





        /**


         * Retrieve the correct solver.


         * @return The correct solver.


         */


        public Solver toSolver() {


            return supplier.get();


        }





        public static SolverName parse(String text) {


            return valueOf(text.toUpperCase());


        }


    }





    /**


     * The different output formats.


     */


    public enum OutputFormat {


        PNG,


        CSV;





        /**


         * Retrieve the extension associated with this output format.


         * @return The extension.


         */


        public String getExtension() {


            switch (this) {


                case PNG: return "png";


                case CSV: return "csv";


                default: throw new IllegalStateException("Unknown extension for " + this);


            }


        }





        public static OutputFormat parse(String text) {


            return valueOf(text.toUpperCase());


        }


    }





    // Current input


    private Path dataFile = null;


    private Path modelFile = null;


    private Path secondModelFile = null;


    private ColorScheme scheme = ColorScheme.RAINBOW;


    private ModelSource modelSource = ModelSource.MAGNETIC_FIELD;


    private int interpolateCount = 1;





    // Dimensions


    private SegmentRange x = new SegmentRange(-1, 1, 640);


    private SegmentRange y = new SegmentRange(-1, 1, 480);


    private SegmentRange t = new SegmentRange(0, 0, 1);


    private SegmentRange z = null;





    // Simple graph


    private SegmentRange maximumGraphY = null;


    private SegmentRange maximumGraphZ = null;





    // Visualization


    private Visualization visualization = Visualization.MAGNITUDE;





    // Current output


    private String outputPattern = null;





    // Function that is applied to every value


    private DoubleUnaryOperator valueOperator;





    // Test location of the drone


    private RealVector droneLocation;


    private double droneSearchRadius = Double.MAX_VALUE;


    private int dronePDFSamples;


    private boolean drawDroneErrorMap;


    private int droneRepeatCount = 0;


    private boolean droneSimulation;


    private boolean computeDronePdfBalance;


    private boolean droneUnbalancedCurrent;





    // The solver to use


    private SolverName solverName = SolverName.CMAES;


    private Map<String, String> solverProperties = Maps.newHashMap();





    // Whether or not to display the help context


    private boolean displayHelp;





    // Whether or not to draw each frame


    private boolean drawFrames = true;





    // The aggregates


    private List<Aggregate> aggregates = Lists.newArrayList();





    // Image format


    private OutputFormat outputFormat = OutputFormat.PNG;





    // To draw axes


    private GraphAxis XAxis;


    private GraphAxis YAxis;


    private GraphAxis ZAxis;





    /**


     * Parse the given arguments.


     * @param args the arguments to parse.


     */


    public PlotArguments(String[] args) throws IOException {


        parse(args);


    }





    /**


     * Parse the given array of arguments.


     * @param args the arguments to parse.


     * @throws IOException If anything went wrong.


     */


    protected void parse(String[] args) throws IOException {


        // Process all arguments


        for (int i = 0; i < args.length; i++) {


            String arg = args[i];





            // Handle all command arguments


            if (arg.startsWith("-") || arg.startsWith("/")) {


                String argumentName = arg.substring(1).toLowerCase();





                switch (argumentName) {


                    case "?":


                    case "h":


                    case "help":


                        displayHelp = true;


                        break;


                    case "d":


                    case "data":


                        dataFile = Paths.get(args[++i]);


                        break;


                    case "m":


                    case "model":


                        modelFile = Paths.get(args[++i]);


                        break;


                    case "m2":


                    case "model2":


                        secondModelFile = Paths.get(args[++i]);


                        break;


                    case "i":


                    case "interpolate":


                        interpolateCount = Integer.parseInt(args[++i]);


                        break;


                    case "ms":


                    case "modelsource":


                        modelSource = ModelSource.parse(args[++i]);


                        break;


                    case "s":


                    case "scheme":


                        scheme = ColorScheme.valueOf(args[++i].toUpperCase());


                        break;


                    case "x":


                        x = SegmentRange.parse(args[++i]);


                        break;


                    case "y":


                        y = SegmentRange.parse(args[++i]);


                        break;


                    case "z":


                        z = SegmentRange.parse(args[++i]);


                        break;


                    case "t":


                        t = SegmentRange.parse(args[++i]);


                        break;


                    case "gy":


                        maximumGraphY = SegmentRange.parse(args[++i]);


                        break;


                    case "gz":


                        maximumGraphZ = SegmentRange.parse(args[++i]);


                        break;


                    case "v":


                    case "value":


                        visualization = Visualization.parse(args[++i]);


                        break;


                    case "l":


                    case "log":


                        applyValueOperator(Math::log10);


                        break;


                    case "a":


                    case "abslog":


                        applyValueOperator(x -> Math.signum(x) * Math.log(Math.abs(x * 1000) + 1));


                        break;


                    case "d:":


                    case "drone":


                        droneLocation = new ArrayRealVector(new double[] { Double.parseDouble(args[++i]), Double.parseDouble(args[++i]) });


                        break;


                    case "dp":


                    case "drone_pdf":


                        dronePDFSamples = Integer.parseInt(args[++i].trim());


                        break;


                    case "dr":


                    case "drone_radius":


                        droneSearchRadius = Double.parseDouble(args[++i].trim());


                        break;


                    case "dm":


                    case "drone_map":


                        drawDroneErrorMap = true;


                        break;


                    case "dc":


                    case "drone_repeat":


                        droneRepeatCount = Integer.parseInt(args[++i].trim());


                        break;


                    case "ds":


                    case "drone_simulation":


                        droneSimulation = true;


                        break;


                    case "dpb":


                    case "drone_pdf_balance":


                        computeDronePdfBalance = true;


                        break;


                    case "duc":


                    case "drone_unbalanced_current":


                        droneUnbalancedCurrent = true;


                        break;


                    case "solver":


                        solverName = SolverName.parse(args[++i]);


                        break;


                    case "f":


                    case "frames":


                        drawFrames = Boolean.parseBoolean(args[++i]);


                        break;


                    case "ag":


                    case "aggregate":


                        // Parse aggregate list


                        aggregates = Splitter.on(",").splitToList(args[++i]).stream().


                                map(Aggregate::parse).


                                collect(Collectors.toList());


                        break;


                    case "of":


                    case "output_format":


                        this.outputFormat = OutputFormat.parse(args[++i]);


                        break;


                    case "ax":


                        XAxis = readAxis(args[++i]);


                        break;


                    case "ay":


                        YAxis = readAxis(args[++i]);


                        break;


                    case "az":


                        ZAxis = readAxis(args[++i]);


                        break;


                    default:


                        // Special cases


                        if (argumentName.startsWith("solver.")) {


                            // Preserve case-sensitivity


                            solverProperties.put(Splitter.on(".").limit(2).splitToList(arg).get(1), args[++i]);


                        } else {


                            throw new IllegalArgumentException("Unknown flag " + arg.substring(1));


                        }


                }


            } else {


                if (outputPattern != null) {


                    throw new IllegalStateException("Cannot specify output pattern multiple times (existing pattern: " + outputPattern + ")");


                }


                outputPattern = arg;


            }


        }


    }





    /**


     * Read a graph axis based on the following format:


     *    NAME:TICK_COUNT:SIZE


     * @param axis the axis.


     * @return The graph axis.


     */


    protected GraphAxis readAxis(String axis) {


        List<String> elements = Splitter.on(':').limit(3).splitToList(axis);


        int size = elements.size() >= 3 ? Integer.parseInt(elements.get(2)) : 64;


        int tickCount = elements.size() >= 2 ? Integer.parseInt(elements.get(1)) : 20;


        return new GraphAxis(size, tickCount, elements.get(0));


    }





    protected void applyValueOperator(DoubleUnaryOperator operator) {


        valueOperator = valueOperator != null ? valueOperator.andThen(operator) : operator;


    }





    public RealVector getDroneLocation() {


        return droneLocation;


    }





    /**


     * Retrieve the number of samples of the drone error distance to compute its PDF.


     * @return The drone PDF sample count. 0 or negative to not compute the PDF.


     */


    public int getDronePDFSamples() {


        return dronePDFSamples;


    }





    public boolean isComputeDronePDF() {


        return dronePDFSamples > 0;


    }





    public boolean isDrawDroneErrorMap() {


        return drawDroneErrorMap;


    }





    public boolean isDroneSimulation() {


        return droneSimulation;


    }





    public boolean isComputeDronePdfBalance(){


        return computeDronePdfBalance;


    }





    public boolean isDroneUnbalancedCurrent() {


        return droneUnbalancedCurrent;


    }





    /**


     * Retrieve the image output format.


     * @return The output format.


     */


    public OutputFormat getOutputFormat() {


        return outputFormat;


    }





    /**


     * Retrieve the maximum radius around the real point to search.


     * </p>


     * Note that the x and y ranges have higher priority.


     * @return The drone search radius.


     */


    public double getDroneSearchRadius() {


        return droneSearchRadius;


    }





    /**


     * Retrieve the number of times we will repeat the CMAES algorihm to get the most accurate result.


     * @return The repeat count.


     */


    public int getDroneRepeatCount() {


        return droneRepeatCount;


    }





    public SolverName getSolverName() {


        return solverName;


    }





    /**


     * Additional solver properties.


     * @return Solver properties.


     */


    public Map<String, String> getSolverProperties() {


        return solverProperties;


    }





    public Path getDataFile() {


        return dataFile;


    }





    public Path getModelFile() {


        return modelFile;


    }





    public ModelSource getModelSource() {


        return modelSource;


    }





    public ColorScheme getScheme() {


        return scheme;


    }





    public SegmentRange getX() {


        return x;


    }





    public SegmentRange getY() {


        return y;


    }





    public SegmentRange getT() {


        return t;


    }





    public SegmentRange getZ() {


        return z;


    }





    public DoubleUnaryOperator getValueOperator() {


        return valueOperator != null ? valueOperator : DoubleUnaryOperator.identity();


    }





    public GraphAxis getXAxis() {


        return XAxis;


    }





    public GraphAxis getYAxis() {


        return YAxis;


    }





    public GraphAxis getZAxis() {


        return ZAxis;


    }





    public SegmentRange getMaximumGraphY() {


        return maximumGraphY;


    }





    public SegmentRange getMaximumGraphZ() {


        return maximumGraphZ;


    }





    public Visualization getVisualization() {


        return visualization;


    }





    public String getOutputPattern() {


        return outputPattern;


    }





    public boolean isDisplayHelp() {


        return displayHelp;


    }





    public boolean isDrawFrames() {


        return drawFrames;


    }





    public List<Aggregate> getAggregates() {


        return aggregates;


    }





    public Path getSecondModelFile() {


        return secondModelFile;


    }





    public int getInterpolateCount() {


        return interpolateCount;


    }


}
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package com.comphenix.magnets;





import com.comphenix.magnets.fields.ScalarField;


import com.comphenix.magnets.fields.VectorField;





import java.util.Objects;





/**


 * Represents a single plotted frame.


 */


class PlotFrame {


    private final ScalarField scalarField;


    private final VectorField vectorField;


    private final int index;


    private final int totalFrames;





    /**


     * Construct a single frame.


     * @param scalarField the scalar field. Cannot be NULL.


     * @param vectorField optional vector field.


     */


    public PlotFrame(ScalarField scalarField, VectorField vectorField) {


        this(scalarField, vectorField, 0, 1);


    }





    /**


     * Construct a new frame.


     * @param scalarField the scalar field. Cannot be NULL.


     * @param vectorField optional vector field.


     * @param index the frame index.


     * @param totalFrames the total number of frames.


     */


    public PlotFrame(ScalarField scalarField, VectorField vectorField, int index, int totalFrames) {


        this.scalarField = Objects.requireNonNull(scalarField, "scalarField cannot be NULL");


        this.vectorField = vectorField;


        this.index = index;


        this.totalFrames = totalFrames;


    }





    /**


     * Retrieve the index of this frame.


     * @return The index.


     */


    public int getIndex() {


        return index;


    }





    /**


     * Retrieve the total number of frames.


     * @return Total number of frames.


     */


    public int getTotalFrames() {


        return totalFrames;


    }





    /**


     * Retrieve the scalar field associated with this frame.


     * @return The scalar field. Cannot be NULL.


     */


    public ScalarField getScalarField() {


        return scalarField;


    }





    /**


     * Retrieve the underlying vector field, if any.


     * @return The vector field, or NULL.


     */


    public VectorField getVectorField() {


        return vectorField;


    }








    @Override


    public int hashCode() {


        return Objects.hash(scalarField, vectorField, index, totalFrames);


    }





    @Override


    public boolean equals(Object obj) {


        if (this == obj) {


            return true;


        }


        if (obj == null || getClass() != obj.getClass()) {


            return false;


        }


        final PlotFrame other = (PlotFrame) obj;


        return Objects.equals(this.scalarField, other.scalarField)


                && Objects.equals(this.vectorField, other.vectorField)


                && this.index == other.index


                && this.totalFrames == other.totalFrames;


    }


}
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package com.comphenix.magnets.solver;





import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;





/**


 * Represents an area in the cartesian plane.


 */


public class Bounds {


    public final double minX;


    public final double minY;


    public final double maxX;


    public final double maxY;


    public final double midX;


    public final double midY;





    public Bounds(double minX, double maxX, double minY, double maxY) {


        this.minX = minX;


        this.minY = minY;


        this.maxX = maxX;


        this.maxY = maxY;


        midX = (minX + maxX) / 2;


        midY = (minY + maxY) / 2;


    }


    public boolean contains(double x, double y) {


        return minX <= x && x <= maxX && minY <= y && y <= maxY;


    }





    public boolean contains(Vector2D point) {


        return contains(point.getX(), point.getY());


    }





    public boolean intersects(double minX, double maxX, double minY, double maxY) {


        return minX < this.maxX && this.minX < maxX && minY < this.maxY && this.minY < maxY;


    }





    public boolean intersects(Bounds bounds) {


        return intersects(bounds.minX, bounds.maxX, bounds.minY, bounds.maxY);


    }





    public boolean contains(Bounds bounds) {


        return bounds.minX >= minX && bounds.maxX <= maxX && bounds.minY >= minY && bounds.maxY <= maxY;


    }


}
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package com.comphenix.magnets.solver.continuous;





import com.comphenix.magnets.fields.ContinuousField;


import com.comphenix.magnets.fields.FourDimensionalField;


import org.apache.commons.math3.optim.*;


import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;


import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.BOBYQAOptimizer;





/**


 * Created by Kristian on 08.04.2015.


 */


public class BobygaSolver implements Solver {


    private int interpolationPoints = 6;


    public double stoppingRadius = 1E-13;





    @Override


    public PointValuePair findMinimum(FourDimensionalField field, double[] target, double[] guessPoint, BoundingBox boundingBox) {


        BOBYQAOptimizer optimizer = new BOBYQAOptimizer(interpolationPoints, boundingBox.getExtent().getMaxValue(), stoppingRadius);





        ObjectiveFunction objectiveFunction = new ObjectiveFunction(


                guessPoint.length == 2 ?


                        ContinuousField.withSquareDistance(field, target) :


                        FourDimensionalField.withSquareDistance4D(field, target));





        // Real solution


        return optimizer.optimize(


                new SimpleBounds(boundingBox.getLowerBound().toArray(), boundingBox.getUpperBound().toArray()),


                new InitialGuess(guessPoint),


                new MaxIter(200000),


                new MaxEval(100000),


                objectiveFunction);


    }





    public int getInterpolationPoints() {


        return interpolationPoints;


    }





    public void setInterpolationPoints(int interpolationPoints) {


        this.interpolationPoints = interpolationPoints;


    }





    public double getStoppingRadius() {


        return stoppingRadius;


    }





    public void setStoppingRadius(double stoppingRadius) {


        this.stoppingRadius = stoppingRadius;


    }





    @Override


    public String toString() {


        return "BobygaSolver{" +


                "interpolationPoints=" + interpolationPoints +


                ", stoppingRadius=" + stoppingRadius +


                '}';


    }


}
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package com.comphenix.magnets.solver.continuous;





import com.comphenix.magnets.util.SegmentRange;


import com.google.common.primitives.Doubles;


import org.apache.commons.math3.linear.ArrayRealVector;


import org.apache.commons.math3.linear.RealVector;


import org.apache.commons.math3.util.DoubleArray;





import java.awt.*;


import java.awt.geom.Arc2D;


import java.util.Arrays;


import java.util.Random;





/**


 * Represents an N-dimensional bounding box.


 * Created by Kristian on 08.04.2015.


 */


public class BoundingBox {


    private final RealVector lowerBound;


    private final RealVector upperBound;





    private RealVector center;


    private RealVector extent;


    private double maximumExtent = Double.NaN;


    private double diagonalLength = Double.NaN;





    /**


     * Construct a new bounding box representing an axis-aligned hyper cube.


     * @param centerPoint the center point.


     * @param edgeLength the edge length.


     * @return The bounding box.


     */


    public static BoundingBox fromHyperCube(double[] centerPoint, double edgeLength) {


        return new BoundingBox(


            Arrays.stream(centerPoint).map(x -> x - edgeLength / 2).toArray(),


            Arrays.stream(centerPoint).map(x -> x + edgeLength / 2).toArray()


        );


    }





    /**


     * Construct a two-dimensional bounding box.


     * @param lowerX the lower x.


     * @param lowerY the lower y.


     * @param upperX the upper x.


     * @param upperY the upper y.


     */


    public BoundingBox(double lowerX, double lowerY, double upperX, double upperY) {


        this(new double[]{ lowerX, lowerY}, new double[] { upperX, upperY} );


    }





    /**


     * Construct a new bounding box.


     * @param lowerBound the lower bound.


     * @param upperBound the upper bound.


     */


    public BoundingBox(double[] lowerBound, double[] upperBound) {


        this.lowerBound = new ArrayRealVector(lowerBound);


        this.upperBound = new ArrayRealVector(upperBound);


    }





    /**


     * Construct a 2D bounding box from the given ranges.


     * @param xRange the x range.


     * @param yRange the y range.


     */


    public BoundingBox(SegmentRange xRange, SegmentRange yRange) {


        this(new double[] {xRange.getStart(), yRange.getStart()}, new double[] {xRange.getEnd(), yRange.getEnd()});


    }





    public BoundingBox addBounds(double[] lowerBound, double[] upperBound) {


        return new BoundingBox(


                Doubles.concat(this.lowerBound.toArray(), lowerBound),


                Doubles.concat(this.upperBound.toArray(), upperBound));


    }





    /**


     * Retrieve the number of dimensions.


     * @return Number of dimensions.


     */


    public int getDimensions() {


        return lowerBound.getDimension();


    }





    /**


     * Compute the center point of the current bounding box.


     * @return The center point.


     */


    public RealVector getCenter() {


        RealVector result = center;





        if (result == null) {


            double[] sigma = new double[lowerBound.getDimension()];





            for (int i = 0; i < lowerBound.getDimension(); i++) {


                sigma[i] = (lowerBound.getEntry(i) + upperBound.getEntry(i)) / 2;


            }


            center = result = new ArrayRealVector(sigma, false);


        }


        return result;


    }





    /**


     * Compute the width of each dimension in the bounding box.


     * @return The dimensions.


     */


    public RealVector getExtent() {


        RealVector result = extent;





        if (result == null) {


            double[] sigma = new double[lowerBound.getDimension()];





            for (int i = 0; i < lowerBound.getDimension(); i++) {


                sigma[i] = Math.abs(upperBound.getEntry(i) - lowerBound.getEntry(i));


            }


            extent = result = new ArrayRealVector(sigma, false);


        }


        return result;


    }





    /**


     * Retrieve the maximum extent.


     * @return The maxumum extent.


     */


    public double getMaximumExtent() {


        if (Double.isNaN(maximumExtent)) {


            maximumExtent = getExtent().getMaxValue();


        }


        return maximumExtent;


    }





    /**


     * Get the length of the diagonal.


     * @return The diagonal length.


     */


    public double getDiagonalLength() {


        if (Double.isNaN(diagonalLength)) {


            diagonalLength = lowerBound.getDistance(upperBound);


        }


        return diagonalLength;


    }





    /**


     * Compute the intersection of the current bounding box and the given bounding box.


     * </p>


     * The dimensions of the two boxes must match.


     * @param box the box.


     * @return The intersection, or NULL if the two don't intersect.


     */


    public BoundingBox intersect(BoundingBox box) {


        if (getDimensions() != box.getDimensions()) {


            throw new IllegalArgumentException("The dimensions of the two boxes must match.");


        }


        double[] lower = new double[getDimensions()];


        double[] upper = new double[getDimensions()];





        for (int i = 0; i < getDimensions(); i++) {


            lower[i] = Math.max(lowerBound.getEntry(i), box.getLowerBound().getEntry(i));


            upper[i] = Math.min(upperBound.getEntry(i), box.getUpperBound().getEntry(i));





            // No intersection


            if (lower[i] > upper[i]) {


                return null;


            }


        }


        return new BoundingBox(lower, upper);


    }





    /**


     * Retrieve the current lower bound.


     * @return The lower bound,


     */


    public RealVector getLowerBound() {


        return lowerBound;


    }





    /**


     * Retrieve the upper bound.


     * @return Upper bound of the bounding box.


     */


    public RealVector getUpperBound() {


        return upperBound;


    }





    /**


     * Retrieve a random point within the current bounding box.


     * @param rnd the random number generator.


     * @return The random point.


     */


    public RealVector randomPoint(Random rnd) {


        double[] point = lowerBound.toArray();





        for (int i = 0; i < point.length; i++) {


            point[i] += rnd.nextDouble() * (upperBound.getEntry(i) - point[i]);


        }


        return new ArrayRealVector(point, false);


    }


}
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package com.comphenix.magnets.solver.continuous;





import com.comphenix.magnets.fields.ContinuousField;


import com.comphenix.magnets.fields.FourDimensionalField;


import com.google.common.base.Throwables;


import org.apache.commons.beanutils.BeanUtils;


import org.apache.commons.math3.optim.*;


import org.apache.commons.math3.optim.nonlinear.scalar.GoalType;


import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;


import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.CMAESOptimizer;


import org.apache.commons.math3.random.JDKRandomGenerator;





import java.lang.reflect.InvocationTargetException;


import java.util.Map;





/**


 * Created by Kristian on 08.04.2015.


 */


public class CmaesSolver implements Solver {


    private int iterations = 2000;


    private int populationSize = 4000;


    private double threshold = 0.000000000001;





    @Override


    public PointValuePair findMinimum(FourDimensionalField field, double[] target, double[] guessPoint, BoundingBox boundingBox) {


        CMAESOptimizer optimizer = new CMAESOptimizer(iterations, 0, true, 0, 0, new JDKRandomGenerator(), false, new SimpleValueChecker(-1, threshold));





        if (guessPoint.length != 2 && guessPoint.length != 4) {


            throw new IllegalArgumentException("Unknown guess point length: " + guessPoint.length);


        }





        ObjectiveFunction objectiveFunction = new ObjectiveFunction(


                guessPoint.length == 2 ?


                ContinuousField.withSquareDistance(field, target) :


                        FourDimensionalField.withSquareDistance4D(field, target));





        // Real solution


        return optimizer.optimize(


                new SimpleBounds(boundingBox.getLowerBound().toArray(), boundingBox.getUpperBound().toArray()),


                new InitialGuess(guessPoint),


                new CMAESOptimizer.Sigma(boundingBox.getExtent().toArray()),


                new CMAESOptimizer.PopulationSize(populationSize), GoalType.MINIMIZE,


                new MaxIter(2000000),


                new MaxEval(10000000),


                objectiveFunction);


    }





    public int getIterations() {


        return iterations;


    }





    public void setIterations(int iterations) {


        this.iterations = iterations;


    }





    public int getPopulationSize() {


        return populationSize;


    }





    public void setPopulationSize(int populationSize) {


        this.populationSize = populationSize;


    }





    public double getThreshold() {


        return threshold;


    }





    public void setThreshold(double threshold) {


        this.threshold = threshold;


    }





    @Override


    public String toString() {


        return "CmaesSolver{" +


                "iterations=" + iterations +


                ", populationSize=" + populationSize +


                ", threshold=" + threshold +


                '}';


    }


}
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package com.comphenix.magnets.solver.continuous;





import com.comphenix.magnets.fields.ContinuousField;


import com.comphenix.magnets.fields.FourDimensionalField;


import org.apache.commons.math3.analysis.MultivariateFunction;


import org.apache.commons.math3.analysis.MultivariateVectorFunction;


import org.apache.commons.math3.linear.ArrayRealVector;


import org.apache.commons.math3.optim.*;


import org.apache.commons.math3.optim.nonlinear.scalar.GoalType;


import org.apache.commons.math3.optim.nonlinear.scalar.ObjectiveFunction;


import org.apache.commons.math3.optim.nonlinear.scalar.noderiv.CMAESOptimizer;


import org.apache.commons.math3.random.JDKRandomGenerator;





/**


 * Created by Kristian on 08.04.2015.


 */


public interface Solver {


    /**


     * Find the minimum point on the given field.


     * @param field the function.


     * @param target the target value.


     * @param boundingBox the bounding box of the volume to search.


     * @return The minimum point and its value.


     */


    default PointValuePair findMinimum(FourDimensionalField field, double[] target, BoundingBox boundingBox) {


        return findMinimum(field, target, boundingBox.getCenter().toArray(), boundingBox);


    }





    /**


     * Find the minimum point on the given field.


     * @param field the function.


     * @param target the target value.


     * @param guessPoint the guessing point. Must be within the bounding box.


     * @param boundingBox the bounding box of the volume to search.


     * @return The minimum point and its value.


     */


    PointValuePair findMinimum(FourDimensionalField field, double[] target, double[] guessPoint, BoundingBox boundingBox);





    /**


     * Find the minimum point on the given field.


     * @param field the function.


     * @param target the target value.


     * @param guessPoint the guessing point. Must be within the bounding box.


     * @param boundingBox the bounding box of the volume to search.


     * @param repeatCount the number of times to repeat the search to improve the accuracy.


     * @return The minimum point and its value.


     */


    default PointValuePair findMinimum(FourDimensionalField field, double[] target, double[] guessPoint, BoundingBox boundingBox, int repeatCount) {


        PointValuePair best = findMinimum(field, target, guessPoint, boundingBox);;





        if (best.getValue() < 1E-3) {


            // Probably no need to repeat this ...


            return best;


        }





        for (int j = 0; j < repeatCount; j++) {


            PointValuePair another = findMinimum(field, target, guessPoint, boundingBox);





            if (another.getSecond() < best.getValue()) {


                best = another;


            }


        }


        return best;


    }


}
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package com.comphenix.magnets.solver;





import com.comphenix.magnets.fields.ContinuousField;


import com.comphenix.magnets.fields.FourDimensionalField;


import com.comphenix.magnets.model.DroneVectorField;


import com.comphenix.magnets.solver.continuous.BoundingBox;


import com.comphenix.magnets.solver.continuous.Solver;


import com.google.common.base.Preconditions;


import com.google.common.collect.Lists;


import com.google.common.primitives.Doubles;


import org.apache.commons.math3.linear.ArrayRealVector;


import org.apache.commons.math3.linear.RealVector;





import java.util.ArrayDeque;


import java.util.List;


import java.util.Queue;


import java.util.concurrent.ThreadLocalRandom;





/**


 * Created by Kristian on 30.05.2015.


 */


public class DroneSimulation {


    /**


     * A factory for constructing drone sensor fields.


     */


    public interface DroneFieldFactory {


        /**


         * Retrieve a drone field using the given sensors.


         * @param sensors the X and Y offsets to N different sensors.


         * @return The corresponding drone field.


         */


        FourDimensionalField getField(double[] sensors);


    }





    private static final double MAXIMUM_SPEED = 1; // m/s


    private static final double MAXIMUM_ACCELERATION = 1; // m/s^2





    private static final double MINIMUM_TARGET_DISTANCE = 0.25;





    // We can aim for 100 ms elapsed per CMAES run


    private static final double TIME_DELTA = 0.1;





    // input


    private RealVector startLocation = new ArrayRealVector(new double[] { 0, 0});


    private List<RealVector> targetLocations = Lists.newArrayList(new ArrayRealVector(new double[] { 0, 40 }));


    private BoundingBox boundingBox = new BoundingBox(new double[] { -35, 0 }, new double[] { 35, 40} );


    private Solver solver;


    private double droneSearchRadius = Double.MAX_VALUE;





    private DroneFieldFactory modelField;


    private DroneFieldFactory realField;


    private double[] droneSensors;





    // Current drone and time


    private Drone drone;


    private Queue<RealVector> targets;


    private RealVector estimatedVector;


    private RealVector estimatedLocation;





    // Current time


    private double time;





    public DroneSimulation(RealVector startLocation, List<RealVector> targetLocations, BoundingBox boundingBox, Solver solver, double droneSearchRadius) {


        this.startLocation = startLocation;


        this.targetLocations = targetLocations;


        this.boundingBox = boundingBox;


        this.solver = solver;


        this.droneSearchRadius = droneSearchRadius;


    }





    public void start(DroneFieldFactory modelField, DroneFieldFactory realField, double[] droneSensors, int maxIterations) {


        this.modelField = modelField;


        this.realField = realField;


        this.droneSensors = droneSensors;


        drone = new Drone(startLocation);


        targets = new ArrayDeque<>(targetLocations);


        estimatedLocation = null;


        time = 0;


        simulate(maxIterations);


    }





    public void simulate(int maxIterations) {


        VirtualSensorSystem virtual = new VirtualSensorSystem();


        RealVector insLocation = drone.createNullVector();





        // Drone fields


        FourDimensionalField singleRealField = realField.getField(new double[] { 0, 0 });


        FourDimensionalField multiRealField = realField.getField(droneSensors);


        FourDimensionalField multiModelField = modelField.getField(droneSensors);





        // Headers


        System.out.println("Time;Estimated Location;True Location");





        for (int i = 0; i < maxIterations; i++) {


            RealVector target = targets.peek();





            if (target == null) {


                break;


            } else if (estimatedLocation == null) {


                // Vertical virtual sensors


                drone.setTargetVelocity(new ArrayRealVector(new double[] { 0, MAXIMUM_SPEED }));





                // Sample approximately every 3 meters


                if (virtual.getLastSamplePoint() == null || virtual.getLastSamplePoint().getDistance(insLocation) >= 3) {


                    RealVector sample = drone.sample(singleRealField);


                    virtual.addSample(insLocation, sample);


                }





                // Four points should be sufficient


                if (virtual.getSamplePoints() >= 4) {


                    estimatedVector = virtual.calculatePoint(modelField, solver, boundingBox);


                    estimatedLocation = estimatedVector.getSubVector(0, 2).add(insLocation);


                }


            } else if (target.getDistance(estimatedLocation) < MINIMUM_TARGET_DISTANCE) {


                // Move on to the next point


                targets.poll();


            } else {


                RealVector distanceVector = target.subtract(estimatedLocation);


                double distance = distanceVector.getNorm();





                if (distance < MAXIMUM_SPEED * 2) {


                    drone.setTargetVelocity(distanceVector.unitVector().mapMultiply(distance / (1.9 * MAXIMUM_SPEED)));


                } else {


                    drone.setTargetVelocity(distanceVector.unitVector().mapMultiply(MAXIMUM_SPEED));


                }





                // Estimate the current position


                RealVector invariantTarget = drone.sample(multiRealField);


                double[] guessPoint;


                BoundingBox searchBox = boundingBox;





                // See if the drone radius is overriding the search box


                if (droneSearchRadius < searchBox.getMaximumExtent()) {


                    searchBox = BoundingBox.fromHyperCube(estimatedLocation.toArray(), droneSearchRadius * 2);





                    // Handle additional bounds


                    if (searchBox.getDimensions() != boundingBox.getDimensions()) {


                        int start = searchBox.getDimensions();


                        int count = boundingBox.getDimensions() - searchBox.getDimensions();


                        RealVector additionLower = boundingBox.getLowerBound().getSubVector(start, count);


                        RealVector additionUpper = boundingBox.getUpperBound().getSubVector(start, count);


                        searchBox = searchBox.addBounds(additionLower.toArray(), additionUpper.toArray());


                    }





                    searchBox = searchBox.intersect(boundingBox);


                    guessPoint = searchBox.randomPoint(ThreadLocalRandom.current()).toArray();


                } else {


                    guessPoint = boundingBox.getCenter().toArray();


                }





                // Find the nearest point


                estimatedVector = new ArrayRealVector(


                        solver.findMinimum(multiModelField, invariantTarget.toArray(),


                                guessPoint, searchBox, 5).getPoint(), false);


                estimatedLocation = estimatedVector.getSubVector(0, 2);


            }





            // Inform the user


            System.out.printf("%s;%s;%s%n",


                    time, estimatedLocation != null ? estimatedLocation : "N/A;N/A", drone.getLocation());





            drone.tick(TIME_DELTA);


            time += TIME_DELTA;





            // Relative movement calculated by INS


            insLocation = insLocation.add(drone.getCurrentVelocity().mapMultiply(TIME_DELTA));


        }


    }





    public RealVector getStartLocation() {


        return startLocation;


    }





    public void setStartLocation(RealVector startLocation) {


        this.startLocation = startLocation;


    }





    public List<RealVector> getTargetLocations() {


        return targetLocations;


    }





    public void setTargetLocations(List<RealVector> targetLocations) {


        this.targetLocations = targetLocations;


    }





    public BoundingBox getBoundingBox() {


        return boundingBox;


    }





    public void setBoundingBox(BoundingBox boundingBox) {


        this.boundingBox = boundingBox;


    }





    public Solver getSolver() {


        return solver;


    }





    public void setSolver(Solver solver) {


        this.solver = solver;


    }





    public double getDroneSearchRadius() {


        return droneSearchRadius;


    }





    public void setDroneSearchRadius(double droneSearchRadius) {


        this.droneSearchRadius = droneSearchRadius;


    }





    public RealVector getEstimatedVector() {


        return estimatedVector;


    }





    private static class VirtualSensorSystem {


        private List<Double> relativePoints = Lists.newArrayList();


        private List<Double> invariants = Lists.newArrayList();


        private RealVector lastSamplePoint = null;





        public void addSample(RealVector insLocation, RealVector sample) {


            // Sample this location


            relativePoints.addAll(Doubles.asList(insLocation.toArray()));


            invariants.addAll(Doubles.asList(sample.toArray()));


            lastSamplePoint = insLocation;


        }





        public RealVector calculatePoint(DroneFieldFactory factory, Solver solver, BoundingBox boundingBox) {


            FourDimensionalField multiSample = factory.getField(Doubles.toArray(relativePoints));





            return new ArrayRealVector(solver.findMinimum(


                    multiSample, Doubles.toArray(invariants),


                    boundingBox.getCenter().toArray(), boundingBox, 5).getPoint(), false);


        }





        public int getSamplePoints() {


            return relativePoints.size() / 2;


        }





        public RealVector getLastSamplePoint() {


            return lastSamplePoint;


        }


    }





    private static class Drone {


        /**


         * True location.


         */


        private RealVector location;


        private RealVector currentVelocity;


        private RealVector targetVelocity;





        public Drone(RealVector location) {


            this.location = Preconditions.checkNotNull(location, "location cannot be NULL");


            this.currentVelocity = createNullVector();


        }





        public RealVector createNullVector() {


            return new ArrayRealVector(location.getDimension());


        }





        public void tick(double dt) {


            RealVector distanceMoved = currentVelocity.mapMultiply(dt);





            // Increment current location


            location = location.add(distanceMoved);





            // Update the target velocity


            if (targetVelocity != null) {


                RealVector velocityMoved = targetVelocity.subtract(currentVelocity).


                        unitVector().mapMultiply(MAXIMUM_ACCELERATION * dt);


                currentVelocity = currentVelocity.add(velocityMoved);


            }


        }





        public void setTargetVelocity(RealVector targetVelocity) {


            this.targetVelocity = targetVelocity;


        }





        public RealVector getTargetVelocity() {


            return targetVelocity;


        }





        public RealVector getCurrentVelocity() {


            return currentVelocity;


        }





        public RealVector getLocation() {


            return location;


        }





        public RealVector sample(ContinuousField droneField) {


            return droneField.getVector(location.getEntry(0), location.getEntry(1));


        }


    }


}
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package com.comphenix.magnets.solver;





/*


 * Copyright 2013 Google Inc.


 *


 * Licensed under the Apache License, Version 2.0 (the "License");


 * you may not use this file except in compliance with the License.


 * You may obtain a copy of the License at


 *


 *      http://www.apache.org/licenses/LICENSE-2.0


 *


 * Unless required by applicable law or agreed to in writing, software


 * distributed under the License is distributed on an "AS IS" BASIS,


 * WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.


 * See the License for the specific language governing permissions and


 * limitations under the License.


 */


import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;





import java.util.ArrayList;


import java.util.Collection;


import java.util.List;





/**


 * A quad tree which tracks items with a Point geometry.


 * See http://en.wikipedia.org/wiki/Quadtree for details on the data structure.


 * This class is not thread safe.


 */


public class PointQuadTree<T extends PointQuadTree.Item> {


    public interface Item {


        public Vector2D getPoint();


    }


    /**


     * The bounds of this quad.


     */


    private final Bounds mBounds;





    /**


     * The depth of this quad in the tree.


     */


    private final int mDepth;





    /**


     * Maximum number of elements to store in a quad before splitting.


     */


    private final static int MAX_ELEMENTS = 50;





    /**


     * The elements inside this quad, if any.


     */


    private List<T> mItems;





    /**


     * Maximum depth.


     */


    private final static int MAX_DEPTH = 40;





    /**


     * Child quads.


     */


    private List<PointQuadTree<T>> mChildren = null;





    /**


     * Creates a new quad tree with specified bounds.


     *


     * @param minX


     * @param maxX


     * @param minY


     * @param maxY


     */


    public PointQuadTree(double minX, double maxX, double minY, double maxY) {


        this(new Bounds(minX, maxX, minY, maxY));


    }





    public PointQuadTree(Bounds bounds) {


        this(bounds, 0);


    }





    private PointQuadTree(double minX, double maxX, double minY, double maxY, int depth) {


        this(new Bounds(minX, maxX, minY, maxY), depth);


    }





    private PointQuadTree(Bounds bounds, int depth) {


        mBounds = bounds;


        mDepth = depth;


    }





    /**


     * Insert an item.


     */


    public void add(T item) {


        Vector2D point = item.getPoint();


        if (this.mBounds.contains(point)) {


            insert(point.getX(), point.getY(), item);


        }


    }





    private void insert(double x, double y, T item) {


        if (this.mChildren != null) {


            if (y < mBounds.midY) {


                if (x < mBounds.midX) { // top left


                    mChildren.get(0).insert(x, y, item);


                } else { // top right


                    mChildren.get(1).insert(x, y, item);


                }


            } else {


                if (x < mBounds.midX) { // bottom left


                    mChildren.get(2).insert(x, y, item);


                } else {


                    mChildren.get(3).insert(x, y, item);


                }


            }


            return;


        }


        if (mItems == null) {


            mItems = new ArrayList<T>();


        }


        mItems.add(item);


        if (mItems.size() > MAX_ELEMENTS && mDepth < MAX_DEPTH) {


            split();


        }


    }





    /**


     * Split this quad.


     */


    private void split() {


        mChildren = new ArrayList<PointQuadTree<T>>(4);


        mChildren.add(new PointQuadTree<T>(mBounds.minX, mBounds.midX, mBounds.minY, mBounds.midY, mDepth + 1));


        mChildren.add(new PointQuadTree<T>(mBounds.midX, mBounds.maxX, mBounds.minY, mBounds.midY, mDepth + 1));


        mChildren.add(new PointQuadTree<T>(mBounds.minX, mBounds.midX, mBounds.midY, mBounds.maxY, mDepth + 1));


        mChildren.add(new PointQuadTree<T>(mBounds.midX, mBounds.maxX, mBounds.midY, mBounds.maxY, mDepth + 1));





        List<T> items = mItems;


        mItems = null;





        for (T item : items) {


            // re-insert items into child quads.


            insert(item.getPoint().getX(), item.getPoint().getY(), item);


        }


    }





    /**


     * Remove the given item from the set.


     *


     * @return whether the item was removed.


     */


    public boolean remove(T item) {


        Vector2D point = item.getPoint();


        if (this.mBounds.contains(point)) {


            return remove(point.getX(), point.getY(), item);


        } else {


            return false;


        }


    }





    private boolean remove(double x, double y, T item) {


        if (this.mChildren != null) {


            if (y < mBounds.midY) {


                if (x < mBounds.midX) { // top left


                    return mChildren.get(0).remove(x, y, item);


                } else { // top right


                    return mChildren.get(1).remove(x, y, item);


                }


            } else {


                if (x < mBounds.midX) { // bottom left


                    return mChildren.get(2).remove(x, y, item);


                } else {


                    return mChildren.get(3).remove(x, y, item);


                }


            }


        }


        else {


            return mItems.remove(item);


        }


    }





    /**


     * Removes all points from the quadTree


     */


    public void clear() {


        mChildren = null;


        if (mItems != null) {


            mItems.clear();


        }


    }





    /**


     * Search for all items within a given bounds.


     */


    public Collection<T> search(Bounds searchBounds) {


        final List<T> results = new ArrayList<T>();


        search(searchBounds, results);


        return results;


    }





    /**


     * Search for all items within a given bound, storing the results in the provided collection.


     * @param searchBounds the bound.


     * @param results the destination collection.


     */


    public void search(Bounds searchBounds, Collection<T> results) {


        if (!mBounds.intersects(searchBounds)) {


            return;


        }





        if (this.mChildren != null) {


            for (PointQuadTree<T> quad : mChildren) {


                quad.search(searchBounds, results);


            }


        } else if (mItems != null) {


            if (searchBounds.contains(mBounds)) {


                results.addAll(mItems);


            } else {


                for (T item : mItems) {


                    if (searchBounds.contains(item.getPoint())) {


                        results.add(item);


                    }


                }


            }


        }


    }


}
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package com.comphenix.magnets.solver;





import com.comphenix.magnets.fields.VectorField;


import com.google.common.base.Preconditions;


import com.google.common.collect.Iterators;


import org.apache.commons.math3.geometry.euclidean.twod.Vector2D;


import org.apache.commons.math3.linear.RealVector;


import sun.reflect.generics.reflectiveObjects.NotImplementedException;





import java.util.Iterator;





/**


 * Created by Kristian on 24.02.2015.


 */


public class VectorFieldSolver {


    private final VectorField field;





    public VectorFieldSolver(VectorField vectorField) {


        this.field = Preconditions.checkNotNull(vectorField, "vectorField cannot be NULL");


    }





    /**


     * Brute-force search for a point with the specified value.


     * @param value point with the value to find.


     * @return The best find, or NULL if searching took too long or no value could be found.


     */


    public Vector2D solve(RealVector value) {


        Vector2D bestPoint = new Vector2D(field.getColumn(0), field.getRow(0));


        double bestDistance = field.getNearestValue(bestPoint.getX(), bestPoint.getY()).getDistance(value);





        // Brute force every value


        for (int row = 0; row < field.getRows(); row++) {


            for (int col = 0; col < field.getColumns(); col++) {


                RealVector currentValue = field.getVector(col, row);


                double currentDistance = currentValue.getDistance(value);





                if (currentDistance < bestDistance) {


                    bestDistance = currentDistance;


                    bestPoint = new Vector2D(field.getColumn(col), field.getRow(row));


                }


            }


        }


        return bestPoint;


    }





    /**


     * Improve lookup speed by indexing solutions in a quad-tree.


     * @return An indexed solver.


     */


    public VectorFieldSolver indexed() {


        /* KdTree<CellPoint> tree = new KdTree<>(field.getComponents());





        // Initialize the KD-tree


        for (int row = 0; row < field.getRows(); row++) {


            for (int col = 0; col < field.getColumns(); col++) {


                double[] value = field.getComponentsArray(col, col + 1, row, row + 1);


                tree.addPoint(value, new CellPoint(col, row));


            }


        }





        return new VectorFieldSolver(field){


            @Override


            public Vector2D solve(RealVector value) {


                CellPoint[] points = Iterators.toArray(tree.getNearestNeighborIterator(value.toArray(),


                        1, new SquareEuclideanDistanceFunction()), CellPoint.class);





                if (points.length > 0) {


                    return new Vector2D(field.getColumn(points[0].column), field.getRow(points[0].row));


                }


                return null;


            }





            @Override


            public VectorFieldSolver indexed() {


                // Return itself


                return this;


            }


        }; */


        return this;


    }





    /**


     * Represents a mapping from a vector point to a [column, row] pair.


     */


    private static class CellPoint {


        public final int column;


        public final int row;





        public CellPoint(int column, int row) {


            this.column = column;


            this.row = row;


        }


    }


}
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package com.comphenix.magnets.util;





/**


 * Created by Kristian on 14.06.2015.


 */


public class CosineDifferenceTable {


    private final double[] cache;


    private final int angleCount;





    /**


     * Constructor for computing the difference table.


     *


     * @param angles the angles.


     */


    public CosineDifferenceTable(double[] angles) {


        double[] result = new double[angles.length * angles.length];


        for (int i = 0; i < angles.length; i++) {


            for (int j = 0; j < angles.length; j++) {


                result[i * angles.length + j] = Math.cos(angles[i] - angles[j]);


            }


        }


        this.cache = result;


        this.angleCount = angles.length;


    }





    /**


     * Retrieve the cosine of the angle difference between element at i and j.


     *


     * @param i index of first angle.


     * @param j index of the second angle.


     * @return Cosine of the angle difference.


     */


    public double getCosine(int i, int j) {


        return cache[i * angleCount + j];


    }


}
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package com.comphenix.magnets.util;





import java.util.stream.DoubleStream;





/**


 * Created by Kristian Stangeland on 23.01.2015.


 */


public class DeviationStatistics {


    // This algorithm is due to Donald Knuth, as described in:


    //     Donald E. Knuth (1998). The Art of Computer Programming, volume 2:


    //     Seminumerical Algorithms, 3rd edn., p. 232. Boston: Addison-Wesley.





    private int count = 0;


    private double mean = 0;


    private double m2 = 0;





    // Also keep track of minimum and maximum observation


    private double minimum = Double.MAX_VALUE;


    private double maximum = 0;





    /**


     * Construct a new statistics from a stream.


     * @param stream the stream.


     * @return The resulting statistics.


     */


    public static DeviationStatistics fromStream(DoubleStream stream) {


        return stream.collect(DeviationStatistics::new, DeviationStatistics::observe, DeviationStatistics::combine);


    }





    /**


     * Construct a new deviation statistics with no observations.


     */


    public DeviationStatistics() {


    }





    /**


     * Construct a copy of the given stream.


     * @param other - copy of the stream.


     */


    public DeviationStatistics(DeviationStatistics other) {


        this.count = other.count;


        this.mean = other.mean;


        this.m2 = other.m2;


        this.minimum = other.minimum;


        this.maximum = other.maximum;


    }





    /**


     * Construct a copy of the current statistics.


     * @return Create a copy.


     */


    public DeviationStatistics copy() {


        return new DeviationStatistics(this);


    }





    /**


     * Observe a value.


     * @param value - the observed value.


     */


    public void observe(double value) {


        double delta = value - mean;





        // As per Knuth


        count++;


        mean += delta / count;


        m2 += delta * (value - mean);





        // Update extremes


        if (value < minimum)


            minimum = value;


        if (value > maximum)


            maximum = value;


    }





    /**


     * Retrieve the average of all the observations.


     * @return The average.


     */


    public double getMean() {


        checkCount();


        return mean;


    }





    /**


     * Retrieve the variance of all the observations.


     * @return The variance.


     */


    public double getVariance() {


        checkCount();


        return m2 / (count - 1);


    }





    /**


     * Retrieve the standard deviation of all the observations.


     * @return The STDV.


     */


    public double getStandardDeviation() {


        return Math.sqrt(getVariance());


    }





    /**


     * Retrieve the minimum observation yet observed.


     * @return The minimum observation.


     */


    public double getMinimum() {


        checkCount();


        return minimum;


    }





    /**


     * Retrieve the maximum observation yet observed.


     * @return The maximum observation.


     */


    public double getMaximum() {


        checkCount();


        return maximum;


    }





    /**


     * Combine the two statistics.


     * @param other - the other statistics.


     */


    public void combine(DeviationStatistics other) {


        // Special cases


        if (count == 0)


            return;


        else if (other.count == 0)


            return;





        double delta = other.mean - mean;


        double n = count + other.count;





        this.mean = mean + delta * (other.count / n);


        this.m2 = m2 + other.m2 + ((delta * delta) * (count * other.count) / n);


        this.count = (int) n;


        this.minimum = Math.min(minimum, other.minimum);


        this.maximum = Math.max(maximum, other.maximum);


    }





    /**


     * Retrieve the number of observations.


     * @return Number of observations.


     */


    public int getCount() {


        return count;


    }





    /**


     * Ensure the count is valid.


     */


    private void checkCount() {


        if (count == 0) {


            throw new IllegalStateException("No observations in stream.");


        }


    }





    @Override


    public String toString() {


        if (count == 0)


            return "StatisticsStream [Nothing recorded]";





        return String.format("StatisticsStream [Average: %.3f, SD: %.3f, Min: %.3f, Max: %.3f, Count: %s]",


            getMean(), getStandardDeviation(),


            getMinimum(), getMaximum(), getCount());


    }


}
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package com.comphenix.magnets.util;





/**


 * Created by Kristian on 09.06.2015.


 */


public interface Interpolation {


    /**


     * Retrieve the interpolated value, at the specified time.


     * @param time the time, from 0 to 1.


     * @return The value.


     */


    public double getValue(double time);





    /**


     * Retrieve a linear interpolation between the two values.


     * <p />


     * Interpolations are undefined outside the time interval [0, 1].


     * @param start the starting value.


     * @param end the ending value.


     * @return Linear interpolation.


     */


    public static Interpolation linear(double start, double end) {


        return time -> start + (end - start) * time;


    }


}
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package com.comphenix.magnets.util;





/**


 * Created by Kristian on 10.06.2015.


 */


public final class MathEx {


    private MathEx() {


        // Sealed


    }





    /**


     * Divide x by y and round away from zero.


     * @param x the x value.


     * @param y the y value.


     * @return The final value.


     */


    public static int ceilDiv(int x, int y) {


        return -Math.floorDiv(-x,y);


    }


}
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package com.comphenix.magnets.util;





import com.google.common.base.Preconditions;





/**


 * Created by Kristian on 13.02.2015.


 */


public final class PrimitiveArrays {


    private PrimitiveArrays() {


        // Sealed


    }





    /**


     * Add the given source array to the given target array using a mapping multiplier.


     * @param source the source array.


     * @param multiplier the multiplier.


     * @param target the target array.


     * @param targetOffset the target offset.


     */


    public static void addToArray(double[] source, double multiplier, double[] target, int targetOffset) {


        for (int i = 0; i < source.length; i++) {


            target[targetOffset + i] += source[i] * multiplier;


        }


    }





    /**


     * Retrieve index of the nearest value in the given array of double values.


     * @param values array of values.


     * @param value the value to find.


     * @return Index of the nearest value.


     */


    public static int findNearest(double[] values, double value) {


        if (values == null || values.length == 0) {


            throw new IllegalArgumentException("Input array must contain elements.");


        }


        int bestIndex = 0;


        double bestValue = Math.abs(value - values[0]);





        // Find the best candidate


        for (int i = 1; i < values.length; i++) {


            double candidate = Math.abs(value - values[i]);





            if (candidate < bestValue) {


                bestIndex = i;


                bestValue = candidate;


            }


        }


        return bestIndex;


    }


}
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package com.comphenix.magnets.util;





import com.google.common.base.Objects;


import com.google.common.base.Preconditions;


import com.google.common.base.Splitter;


import com.google.common.collect.Range;





import java.util.Arrays;


import java.util.List;


import java.util.Locale;


import java.util.stream.DoubleStream;





/**


 * Represents a range that is divided into N equally sized segments.


 * Created by Kristian on 27.01.2015.


 */


public class SegmentRange {


    private final double start;


    private final double end;


    private final int segments;





    // Computed


    private final double stepSize;





    /**


     * Parse a range with an optional segment count.


     * @param range the range.


     * @return The corresponding segment range.


     */


    public static SegmentRange parse(String range) {


        List<String> elements = Splitter.on(":").limit(3).splitToList(range);





        if (elements.size() < 2) {


            throw new IllegalArgumentException("Please specify range (:) in " + range);


        }


        double start = Double.parseDouble(elements.get(0));


        double end = Double.parseDouble(elements.get(1));





        if (elements.size() == 3) {


            return new SegmentRange(start, end, Integer.parseInt(elements.get(2)));


        } else  {


            return new SegmentRange(start, end, 1);


        }


    }





    /**


     * Construct a new segment range from the given range.


     * @param range the range.


     * @param segments the segments.


     * @return The segmented range.


     */


    public static SegmentRange fromRange(Range<Double> range, int segments) {


        return new SegmentRange(range.lowerEndpoint(), range.upperEndpoint(), segments);


    }





    /**


     * Construct an approximate segment range from a sequence of increasing or decreasing numbers.


     * <p />


     * All numbers in the sequence must increase or decrease by a fixed amount.


     * @param values increasing values.


     * @return An equivalent segment range.


     */


    public static SegmentRange fromArray(double[] values) {


        if (values.length < 1) {


            throw new IllegalArgumentException("Cannot construct segment from an array with no elements.");


        } else if (values.length == 1) {


            // Special case


            return new SegmentRange(values[0], values[0], 1);


        }


        double stepSize = values[1] - values[0];





        for (int i = 2; i < values.length; i++) {


            // Current step size


            double step = values[i] - values[i - 1];





            if (Math.signum(stepSize) != Math.signum(step)) {


                throw new IllegalArgumentException("Step at " + i + " has a different sign than the first step.");


            } else if (Math.abs(step - stepSize) > 0.01) {


                throw new IllegalArgumentException("Too large step size deviation at index " + i);


            }


        }


        return new SegmentRange(values[0], values[values.length - 1], values.length);


    }





    /**


     * Construct a new segment range.


     * @param start the starting value.


     * @param end the ending value.


     * @param segments the segment count. Cannot be negative.


     */


    public SegmentRange(double start, double end, int segments) {


        if (segments < 0) {


            throw new IllegalArgumentException("Segments cannot be negative.");


        }


        this.start = start;


        this.end = end;


        this.segments = segments;





        // Computed step size


        this.stepSize = (end - start) / segments;


    }





    /**


     * Retrieve the distance between each value in the segmented range.


     * @return The step size.


     */


    public double getStepSize() {


        return stepSize;


    }





    /**


     * Retrieve the starting value of this range.


     * @return The starting value.


     */


    public double getStart() {


        return start;


    }





    /**


     * Retrieve the last value in this range.


     * @return Last value.


     */


    public double getEnd() {


        return end;


    }





    /**


     * Compute the distance between the start and the end in this segment.


     * @return The distance.


     */


    public double getWidth() {


        return end - start;


    }





    /**


     * Retrieve the number of segments in this range.


     * @return The number of segments.


     */


    public int getSegments() {


        return segments;


    }





    /**


     * Retrieve the segment at a specified index.


     * @param index the index.


     * @return The corresponding segment.


     */


    public double getSegment(int index) {


        Preconditions.checkPositionIndex(index, segments);


        return start + stepSize * index;


    }





    /**


     * Retrieve the nearest segment index.


     * @param segment the segment value.


     * @return The nearest segment index.


     */


    public int getNearestIndex(double segment) {


        return (int)Math.round((segment - start) / stepSize);


    }





    /**


     * Compute a union of this segment range and the given value.


     * @param value the value to include.


     * @return Segment range that contains every value in this range, and the given value, using the same step size.


     */


    public SegmentRange union(double value) {


        double index = (value - start) / stepSize;





        if (index > segments) {


            int roundIndex = (int) Math.ceil(index); // Away from zero


            return new SegmentRange(start, start + stepSize * roundIndex, roundIndex);


        } else if (index < 0) {


            int roundIndex = (int) Math.floor(index); // Also away from zero


            return new SegmentRange(start + stepSize * roundIndex, end, -roundIndex + segments);


        } else {


            // No need to combine anything


            return this;


        }


    }





    /**


     * Convert this range to a double array.


     * @return The double array.


     */


    public double[] toArray() {


        return stream().toArray();


    }





    /**


     * Retrieve a stream representing this segment range.


     * @return The double stream.


     */


    public DoubleStream stream() {


        return DoubleStream.iterate(start, x -> x + stepSize).limit(segments);


    }





    @Override


    public boolean equals(Object o) {


        if (this == o) return true;


        if (o == null || getClass() != o.getClass()) return false;





        SegmentRange that = (SegmentRange) o;


        if (Double.compare(that.end, end) != 0) return false;


        if (segments != that.segments) return false;


        return Double.compare(that.start, start) == 0;


    }





    @Override


    public int hashCode() {


        return Objects.hashCode(start, end, segments);


    }





    @Override


    public String toString() {


        return String.format(Locale.US, "%s:%s:%d", start, end, segments);


    }





    /**


     * Convert this segment to a range.


     * @return The range.


     */


    public Range<Double> toRange() {


        return Range.closed(getStart(), getEnd());


    }


}
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package com.comphenix.magnets.util;





import com.google.common.collect.ImmutableList;


import com.google.common.collect.Lists;





import java.util.Arrays;


import java.util.Collection;


import java.util.List;


import java.util.Objects;


import java.util.stream.Collector;


import java.util.stream.IntStream;


import java.util.stream.Stream;





/**


 * Additional stream methods.


 * Created by Kristian on 17.02.2015.


 */


public final class StreamEx {


    private StreamEx() {


        // Sealed





    }





    /**


     * Perform multiple collections at the same time.


     * @param <T> type of elements in the stream.


     * @param stream the stream.


     * @param collectors the collectors.


     * @return Resulting array of results, in the same order as the collectors.


     */


    @SuppressWarnings("unchecked")


    public static <T> Object[] multiCollect(Stream<T> stream, Iterable<Collector<T, ?, ?>> collectors) {


        ImmutableList<Collector> copy = ImmutableList.copyOf(collectors);





        return stream.collect(Collector.of(


            () -> copy.stream().map(c -> c.supplier().get()).toArray(),


            (a, v) -> IntStream.range(0, copy.size()).forEach(i -> copy.get(i).accumulator().accept(a[i], v)),


            (a, b) -> IntStream.range(0, copy.size()).mapToObj(i -> copy.get(i).combiner().apply(a[i], b[i])).toArray(),


            a -> IntStream.range(0, copy.size()).mapToObj(i -> copy.get(i).finisher().apply(a[i])).toArray()


        ));


    }


}







PlotCSV/src/main/resources/Help.txt

Generate a plot or an animation from a list of magnitude data or a electronic
component model.

PlotCSV [-d file] [-m file] [-c colorscheme] [-ms source] [-s scheme]
        [-x start:end:count] [y start:end:count] [z start:end]
        [-t start:end:count] [-v m|a|x|y|y-x|ydivx] [-l] [-a] [-d x:y]
        [-dp count] [-dr radius] [-dm] [-solver name] [-f bool]
        [-ag name1,name2,name3] [-of format] [-ax label:tickCount:width]
        [-ay label:tickCount:height] [-gx start:end] [-gz start:end] output
 -d[ata]    Path to a CSV-file containing the magnitude data to plot.
 -m[odel]   Path to an XML-file containing the model that will be simulated.
 -s[cheme]  The color scheme used in the output image. Rainbow is default.
             Other schemes include Temperature, HSV, HSV2 and HSV10.
 -z         The minimum and maximum z value to display using a color scheme.
             This is computed automatically if left out. The count is ignored
             in this case.
 -l[og]     Apply the natural logarithm to the values before they are
             visualized.
 -a[bslog]  Apply the natural logarithm to the absolute value of each data point,
             then copy the original sign.
 -gy        Display a graph of the maximum value in a given column, using the
             given range in the Y axis.
 -gz        Range of values in the displayed graph. If not specified, the z range
             will be used instead.
 -ax        Display the x axis with a label, a given number of ticks and a width.
 -ax        Display the y axis with a label, a given number of ticks and a width.
 -h         Print this help text.
 output     Format of the output file(s), where %d is the current frame index.

The following flags must be specified if the input is a model file:
 -v[alue]   The value that will actually be visualized. Can be either one of
             m[agnitude], a[ngle], x, y, y-x or ydivx [y / x].
 -x         The minimum and maximum x coordinate of each pixel in model space,
             and the final width of the output image. Default is -1:1:640.
 -y         The minimum and maximum y coordinate of each pixel in model space,
             and the final height of the output image. Default is -1:1:480.
 -t         The starting and ending time in milliseconds, along with the number
             of frames to generate. Each frame is incremented by a regular
             time step.

These flags are all optional, but only valid if the input is a model file:
 -d[rone]   Test the CMAES algortihm once using a given drone location (x, y).
 -dp        Test the CMAES algorithm count times and print the resulting
             probability distribution of the error distance.
 -dm        Test the CMAES algortihm for every point specified by the x and y
             options, and write the resulting error distance map to an image.
 -dr        Optional argument to the previous two CMAES tests - if set, limits
             the search area around the drone to radius meters.
 -solver    The algorithm used in the previous tests. Default is CMAES.
             The other alternative is BOBYGA.
 -f         If TRUE, ensure the animation or image is written to the file
             system. Otherwise, disable it.
 -ag        A list of aggregate functions that should be applied to every
             frame in the animation. These functions include AVERAGE,
             MAX, XYD [phase difference of the peak angle in x and y],
             XYF [phase difference by computing the sinusoid in x and y] and
             AMPF [amplitude difference by computing the sinusoid in x and y].
 -of        The output format of the generated image(s). Default is PNG, but
             it can also be CSV.







PlotCSV/src/test/java/com/comphenix/magnets/fields/HarmonicSumTest.java


PlotCSV/src/test/java/com/comphenix/magnets/fields/HarmonicSumTest.java

package com.comphenix.magnets.fields;





import com.comphenix.magnets.model.*;


import com.google.common.collect.Lists;


import org.apache.commons.math3.linear.RealVector;


import org.junit.Assert;


import org.junit.Test;





/**


 * Created by Kristian on 10.06.2015.


 */


public class HarmonicSumTest {


    @Test


    public void testSimilarity() {


        MagneticModel model = createModel();





        ContinuousField sinusoids = new HarmonicSumField(model.conductors(), 0);


        ContinuousField measured = new FastFourierField(model);





        RealVector a = sinusoids.getVector(0, 0);


        RealVector b = measured.getVector(0, 0);


        Assert.assertTrue("Harmonic sum and FFT must agreee.", a.getDistance(b) < 0.1);


    }





    private MagneticModel createModel() {


        MagneticModel model = new MagneticModel(Lists.newArrayList(


            new Conductor(-9.0, 20.0, 0.04, new AlternatingCurrent(12000.0, 18000.0, 0.0, 0.0)),


            new Conductor(0.0, 20.0, 0.04, new AlternatingCurrent(12000.0, 18000.0, 120.0, 0.0)),


            new Conductor(9.0, 20.0, 0.04, new AlternatingCurrent(12000.0, 18000.0, 240.0, 0.0))


        ));


        return model;


    }


}







PlotCSV/src/test/java/com/comphenix/magnets/fields/WireContinuousFieldTest.java


PlotCSV/src/test/java/com/comphenix/magnets/fields/WireContinuousFieldTest.java

package com.comphenix.magnets.fields;





import org.junit.Assert;


import org.junit.Test;





/**


 * Created by Kristian Stangeland on 20.01.2015.


 */


public class WireContinuousFieldTest {


    @Test


    public void testStrength() {


        WireContinuousField source = new WireContinuousField(0, 0, 1, 1_000_000);


        double strength = source.getMagnitude(1.0, 1.0);


        double angle = source.getAngle(1.0, 1.0).getEntry(0);





        Assert.assertEquals(1.4142135623730, strength, 0.01);


        Assert.assertEquals(-0.785398163397, angle, 0.01);


    }


}








META-INF/MANIFEST.MF

Manifest-Version: 1.0
Archiver-Version: Plexus Archiver
Created-By: Apache Maven
Built-By: Kristian
Build-Jdk: 1.8.0
Main-Class: com.comphenix.magnets.PlotApplication








com/comphenix/magnets/fields/ContinuousField$1.class

package com.comphenix.magnets.fields;
final synchronized class ContinuousField$1 implements ContinuousField {
    void ContinuousField$1(int, ContinuousField[]);
    public final int getComponents();
    public final void addComponents(double, double, int, int, double[], int);
}







com/comphenix/magnets/fields/ContinuousField.class

package com.comphenix.magnets.fields;
public abstract interface ContinuousField {
    public VectorField toVectorField(double[], double[]);
    public static org.apache.commons.c.a.c withSquareDistance(ContinuousField, double[]);
    public double getMagnitude(double, double);
    public org.apache.commons.c.g.s getAngle(double, double);
    public org.apache.commons.c.g.s getVector(org.apache.commons.c.g.s);
    public org.apache.commons.c.g.s getVector(double, double);
    public abstract int getComponents();
    public double[] getComponentsArray(double, double, int, int);
    public void addComponents(double, double, double[], int);
    public abstract void addComponents(double, double, int, int, double[], int);
    public static ContinuousField sum(Iterable);
}







com/comphenix/magnets/fields/DiscreteField$Proxy.class

package com.comphenix.magnets.fields;
public abstract synchronized class DiscreteField$Proxy implements DiscreteField {
    protected final DiscreteField field;
    public void DiscreteField$Proxy(DiscreteField);
    public double getRow(int);
    public double getColumn(int);
    public int getRows();
    public int getColumns();
}







com/comphenix/magnets/fields/DiscreteField.class

package com.comphenix.magnets.fields;
public abstract interface DiscreteField {
    public org.apache.commons.c.f.a.a.a getNearestPoint(double, double);
    public abstract double getColumn(int);
    public double[] toColumnArray();
    public abstract double getRow(int);
    public double[] toRowArray();
    public abstract int getColumns();
    public abstract int getRows();
}







com/comphenix/magnets/fields/FourDimensionalField.class

package com.comphenix.magnets.fields;
public abstract interface FourDimensionalField extends ContinuousField {
    public static org.apache.commons.c.a.c withSquareDistance4D(FourDimensionalField, double[]);
    public void addComponents(double, double, int, int, double[], int);
    public abstract void addComponents(double, double, double, double, int, int, double[], int);
}







com/comphenix/magnets/fields/ScalarArrayField.class

package com.comphenix.magnets.fields;
public synchronized class ScalarArrayField implements ScalarField {
    private static final int INITIAL_CAPACITY = 10;
    private double[] x;
    private double[] y;
    private double[][] data;
    private int columns;
    private int rows;
    public void ScalarArrayField();
    public void ScalarArrayField(ScalarField);
    public void ScalarArrayField(ScalarField, java.util.function.DoubleConsumer);
    public void ScalarArrayField(double[], double[], double[][]);
    public static ScalarArrayField fromFunction(double[], double[], java.util.function.DoubleBinaryOperator, java.util.function.DoubleConsumer);
    public static ScalarArrayField fromValue(double[], double[], double);
    public static ScalarArrayField fromArray(double[], double[], double[][]);
    public static ScalarArrayField merge(ScalarField, ScalarField, java.util.function.DoubleBinaryOperator);
    public double[] toColumnArray();
    public double[] toRowArray();
    public void merge(ScalarField, java.util.function.DoubleBinaryOperator);
    protected static boolean firstEqual(double[], double[], int);
    public double getColumn(int);
    public double getRow(int);
    public void setX(double[]);
    public void setY(double[]);
    public void addRow(double, double[]);
    public void setValue(int, int, double);
    public double getValue(int, int);
    public void fillValues(int, int, int, int, double[]);
    protected void ensureHeight();
    public int getRows();
    public int getColumns();
    static void <clinit>();
}







com/comphenix/magnets/fields/ScalarField$1.class

package com.comphenix.magnets.fields;
final synchronized class ScalarField$1 extends ScalarField$ScalarProxy {
    void ScalarField$1(DiscreteField, double, ScalarField[], java.util.function.DoubleBinaryOperator, java.util.function.DoubleUnaryOperator);
    public final double getValue(int, int);
    public final void fillValues(int, int, int, int, double[]);
}







com/comphenix/magnets/fields/ScalarField$ScalarProxy.class

package com.comphenix.magnets.fields;
public abstract synchronized class ScalarField$ScalarProxy extends DiscreteField$Proxy implements ScalarField {
    public void ScalarField$ScalarProxy(DiscreteField);
    public double getValue(int, int);
}







com/comphenix/magnets/fields/ScalarField.class

package com.comphenix.magnets.fields;
public abstract interface ScalarField extends DiscreteField {
    public abstract double getValue(int, int);
    public void fillValues(int, int, int, int, double[]);
    public java.util.stream.DoubleStream stream();
    public com.a.a.c.aR getRange();
    public java.util.stream.Stream rows();
    public double[][] toDoubleArray();
    public ScalarArrayField toArrayField();
    public static ScalarField aggregate(Iterable, double, java.util.function.DoubleBinaryOperator, java.util.function.DoubleUnaryOperator);
}







com/comphenix/magnets/fields/VectorField$1.class

package com.comphenix.magnets.fields;
final synchronized class VectorField$1 extends ScalarField$ScalarProxy {
    void VectorField$1(VectorField, DiscreteField);
    public final double getValue(int, int);
    public final void fillValues(int, int, int, int, double[]);
}







com/comphenix/magnets/fields/VectorField$2.class

package com.comphenix.magnets.fields;
final synchronized class VectorField$2 extends ScalarField$ScalarProxy {
    void VectorField$2(VectorField, DiscreteField);
    public final void fillValues(int, int, int, int, double[]);
}







com/comphenix/magnets/fields/VectorField$3.class

package com.comphenix.magnets.fields;
final synchronized class VectorField$3 extends ScalarField$ScalarProxy {
    void VectorField$3(VectorField, DiscreteField);
    public final void fillValues(int, int, int, int, double[]);
}







com/comphenix/magnets/fields/VectorField$4.class

package com.comphenix.magnets.fields;
final synchronized class VectorField$4 extends ScalarField$ScalarProxy {
    void VectorField$4(VectorField, DiscreteField);
    public final void fillValues(int, int, int, int, double[]);
}







com/comphenix/magnets/fields/VectorField$5.class

package com.comphenix.magnets.fields;
final synchronized class VectorField$5 extends VectorField$VectorProxy {
    void VectorField$5(VectorField, DiscreteField, int);
    public final int getComponents();
    public final void fillComponents(int, int, int, int, int, int, double[], int, boolean);
}







com/comphenix/magnets/fields/VectorField$6.class

package com.comphenix.magnets.fields;
final synchronized class VectorField$6 extends ScalarField$ScalarProxy {
    void VectorField$6(VectorField, DiscreteField, java.util.function.DoubleBinaryOperator);
    public final double getValue(int, int);
    public final void fillValues(int, int, int, int, double[]);
}







com/comphenix/magnets/fields/VectorField$7.class

package com.comphenix.magnets.fields;
final synchronized class VectorField$7 extends ScalarField$ScalarProxy {
    void VectorField$7(VectorField, DiscreteField, VectorField$ScalarMapping, int);
    public final double getValue(int, int);
    public final void fillValues(int, int, int, int, double[]);
}







com/comphenix/magnets/fields/VectorField$8.class

package com.comphenix.magnets.fields;
final synchronized class VectorField$8 extends VectorField$VectorProxy {
    void VectorField$8(DiscreteField, int, VectorField[], VectorField$VectorInPlaceAggregator);
    public final int getComponents();
    public final void fillComponents(int, int, int, int, int, int, double[], int, boolean);
}







com/comphenix/magnets/fields/VectorField$9.class

package com.comphenix.magnets.fields;
final synchronized class VectorField$9 extends VectorField$VectorProxy {
    void VectorField$9(DiscreteField, int, VectorField[], int, VectorField$VectorExternalAggregator);
    public final int getComponents();
    public final void fillComponents(int, int, int, int, int, int, double[], int, boolean);
}







com/comphenix/magnets/fields/VectorField$ScalarMapping.class

package com.comphenix.magnets.fields;
public abstract interface VectorField$ScalarMapping {
    public abstract double apply(double[], int, int, int, int);
}







com/comphenix/magnets/fields/VectorField$VectorExternalAggregator.class

package com.comphenix.magnets.fields;
public abstract interface VectorField$VectorExternalAggregator {
    public abstract int aggregate(double[], int, double[], int, int, int);
}







com/comphenix/magnets/fields/VectorField$VectorInPlaceAggregator.class

package com.comphenix.magnets.fields;
public abstract interface VectorField$VectorInPlaceAggregator {
    public abstract int aggregate(double[], int, int, int);
}







com/comphenix/magnets/fields/VectorField$VectorProxy.class

package com.comphenix.magnets.fields;
public abstract synchronized class VectorField$VectorProxy extends DiscreteField$Proxy implements VectorField {
    public void VectorField$VectorProxy(DiscreteField);
}







com/comphenix/magnets/fields/VectorField.class

package com.comphenix.magnets.fields;
public abstract interface VectorField extends DiscreteField {
    public double getMagnitude(int, int);
    public org.apache.commons.c.g.s getAngle(int, int);
    public org.apache.commons.c.g.s getVector(int, int);
    public org.apache.commons.c.g.s getNearestValue(double, double);
    public abstract int getComponents();
    public double[] getComponentsArray(int, int, int, int);
    public double[] getComponentsArray(int, int, int, int, int, int);
    public void fillComponents(int, int, int, int, double[], int);
    public abstract void fillComponents(int, int, int, int, int, int, double[], int, boolean);
    public ScalarField magnitudes();
    public ScalarField x();
    public ScalarField y();
    public java.util.List getComponentRanges();
    public DiscreteField angles();
    public static double computeMagnitude(double[], int, int);
    public ScalarField map(java.util.function.DoubleBinaryOperator);
    public ScalarField map(VectorField$ScalarMapping);
    public static VectorField aggregate(Iterable, VectorField$VectorInPlaceAggregator);
    public static VectorField aggregate(Iterable, int, VectorField$VectorInPlaceAggregator);
    public static VectorField aggregateExternal(Iterable, int, VectorField$VectorExternalAggregator);
    public static double[] extractComponent(double[], int, int);
}







com/comphenix/magnets/fields/VectorMatrixField.class

package com.comphenix.magnets.fields;
public synchronized class VectorMatrixField implements VectorField {
    private final double[] xCoordinates;
    private final double[] yCoordinates;
    private final int components;
    private final double[][] data;
    public void VectorMatrixField(VectorField);
    public void VectorMatrixField(ContinuousField, double[], double[]);
    public void VectorMatrixField(double[], double[], int, double[][]);
    public int getComponents();
    public static VectorMatrixField fromValue(double[], double[], double[]);
    public double getMagnitude(int, int);
    public void setValue(int, int, double[]);
    public void fillComponents(int, int, int, int, int, int, double[], int, boolean);
    public void fillComponents(int, int, int, int, double[], int);
    private void manualFill(int, int, int, int, int, int, double[], int);
    public double getColumn(int);
    public double getRow(int);
    public int getColumns();
    public int getRows();
}







com/comphenix/magnets/fields/VectorSimulatedField.class

package com.comphenix.magnets.fields;
public synchronized class VectorSimulatedField implements VectorField {
    private final com.a.a.c.ao sources;
    private final int components;
    private final double[] yCoordinates;
    private final double[] xCoordinates;
    public void VectorSimulatedField(java.util.Collection, double[], double[]);
    public double getColumn(int);
    public double getRow(int);
    public int getComponents();
    public void fillComponents(int, int, int, int, int, int, double[], int, boolean);
    public int getColumns();
    public int getRows();
}







com/comphenix/magnets/fields/WireContinuousField.class

package com.comphenix.magnets.fields;
public synchronized class WireContinuousField implements ContinuousField {
    public static final double FREE_SPACE = 1.2566370614359172E-5;
    protected final double centerX;
    protected final double centerY;
    protected final double wireRadius;
    protected final double wireRadiusSquared;
    protected final double permeability;
    protected final double wireCurrent;
    protected final double numeratorSpace;
    protected final double factorWire;
    public void WireContinuousField(double, double, double, double);
    public void WireContinuousField(double, double, double, double, double);
    public double getCenterX();
    public double getCenterY();
    public double getWireRadius();
    public double getWireCurrent();
    public double getPermeability();
    public int getComponents();
    public void addComponents(double, double, int, int, double[], int);
}







com/comphenix/magnets/graphics/FieldGraph.class

package com.comphenix.magnets.graphics;
public synchronized class FieldGraph {
    private final Gradient gradient;
    private final java.util.function.DoubleUnaryOperator valueOperator;
    private GraphAxis XAxis;
    private GraphAxis YAxis;
    private GraphAxis ZAxis;
    private Margin cachedMargin;
    public void FieldGraph(Gradient);
    public void FieldGraph(Gradient, java.util.function.DoubleUnaryOperator);
    public void FieldGraph(Gradient, java.util.function.DoubleUnaryOperator, GraphAxis, GraphAxis);
    public Gradient getGradient();
    public java.util.function.DoubleUnaryOperator getValueOperator();
    public GraphAxis getXAxis();
    public void setXAxis(GraphAxis);
    public GraphAxis getYAxis();
    public void setYAxis(GraphAxis);
    public GraphAxis getZAxis();
    public void setZAxis(GraphAxis);
    public java.awt.image.BufferedImage createImage(com.comphenix.magnets.fields.ScalarField);
    public java.awt.image.BufferedImage createImage(com.comphenix.magnets.fields.ScalarField, com.a.a.c.aR, java.util.function.Consumer);
    public java.awt.image.BufferedImage createImage(com.comphenix.magnets.fields.ScalarField, com.a.a.c.aR, com.a.a.c.aR, com.a.a.c.aR, java.util.function.Consumer);
    protected java.awt.image.BufferedImage createGraph(com.comphenix.magnets.fields.ScalarField, com.a.a.c.aR, com.a.a.c.aR, com.a.a.c.aR, int[]);
    private java.awt.Rectangle computeGradientArea(com.comphenix.magnets.fields.ScalarField, Margin);
    private void fillGradientBox(int, int, int, int, int[], int);
    private void drawGradientBox(java.awt.Graphics2D, GraphAxis, java.awt.Rectangle, com.a.a.c.aR);
    public Margin getMargins();
    protected void drawCentered(java.awt.Graphics2D, String, float, float);
    protected void drawAxis(java.awt.Graphics2D, GraphAxis, double, double, boolean, int, int, int, int, int, int);
    protected String round(double);
    protected java.awt.image.BufferedImage fromPixels(int, int, Margin, java.awt.Color, int[]);
}







com/comphenix/magnets/graphics/Gradient.class

package com.comphenix.magnets.graphics;
public abstract interface Gradient {
    public abstract int getColor(double);
}







com/comphenix/magnets/graphics/GraphAxis.class

package com.comphenix.magnets.graphics;
public synchronized class GraphAxis {
    private final int width;
    private final int tickCount;
    private final String label;
    public void GraphAxis(int, int, String);
    public int getWidth();
    public int getTickCount();
    public String getLabel();
    public int hashCode();
    public boolean equals(Object);
    public String toString();
}







com/comphenix/magnets/graphics/LinearGradient.class

package com.comphenix.magnets.graphics;
public synchronized class LinearGradient implements Gradient {
    private final int[] colorRed;
    private final int[] colorGreen;
    private final int[] colorBlue;
    private final int[] rgbColor;
    private final int length;
    private final int segments;
    protected void LinearGradient(int[], int[], int[]);
    public static transient LinearGradient fromColors(java.awt.Color[]);
    public int getSegments();
    public int getSegmentColor(int);
    public int getColor(double);
}







com/comphenix/magnets/graphics/LineGraph.class

package com.comphenix.magnets.graphics;
public synchronized class LineGraph {
    private java.awt.Color penColor;
    public void LineGraph();
    public void draw(java.awt.image.BufferedImage, int, int, double[], double, double, double, double, double, double);
    private int clamp(int, int, int);
    public java.awt.Color getPenColor();
    public void setPenColor(java.awt.Color);
}







com/comphenix/magnets/graphics/Margin.class

package com.comphenix.magnets.graphics;
public synchronized class Margin {
    private final int left;
    private final int top;
    private final int right;
    private final int bottom;
    public void Margin(int, int, int, int);
    public int getLeft();
    public int getTop();
    public int getRight();
    public int getBottom();
    public int width();
    public int height();
    public boolean equals(Object);
    public int hashCode();
    public String toString();
}







com/comphenix/magnets/graphics/RainbowGradient$a.class

package com.comphenix.magnets.graphics;
final synchronized class RainbowGradient$a {
    private final double a;
    private final double b;
    private final double c;
    private final double d;
    public void RainbowGradient$a(double, double, double);
    private void RainbowGradient$a(double, double, double, double);
    public final int a(double);
}







com/comphenix/magnets/graphics/RainbowGradient.class

package com.comphenix.magnets.graphics;
public synchronized class RainbowGradient implements Gradient {
    protected final RainbowGradient$a red;
    protected final RainbowGradient$a green;
    protected final RainbowGradient$a blue;
    public void RainbowGradient();
    protected void RainbowGradient(RainbowGradient$a, RainbowGradient$a, RainbowGradient$a);
    public int getColor(double);
}







com/comphenix/magnets/io/CvsFieldParser.class

package com.comphenix.magnets.io;
public synchronized class CvsFieldParser {
    private static final CvsFieldParser system;
    private final com.c.a.d.c settings;
    private static com.c.a.d.c getDefaultSettings();
    public static CvsFieldParser system();
    public void CvsFieldParser(com.c.a.d.c);
    public com.comphenix.magnets.fields.ScalarArrayField parse(java.nio.file.Path);
    public com.comphenix.magnets.fields.ScalarArrayField parse(java.io.Reader);
    protected double[] parseDouble(String[], int);
    protected double[] parseDouble(String[], int, int);
    static void <clinit>();
}







com/comphenix/magnets/io/CvsFieldWriter.class

package com.comphenix.magnets.io;
public synchronized class CvsFieldWriter {
    public void CvsFieldWriter();
    public void write(java.nio.file.Path, com.comphenix.magnets.fields.ScalarField);
    public void write(java.io.Writer, com.comphenix.magnets.fields.ScalarField);
    private void writeRow(com.c.a.e.b, String, double[]);
}







com/comphenix/magnets/model/AlternatingCurrent.class

package com.comphenix.magnets.model;
public synchronized class AlternatingCurrent {
    private double amplitude;
    private double angularFrequency;
    private double phase;
    private double directCurrent;
    public void AlternatingCurrent();
    public void AlternatingCurrent(double, double, double, double);
    public double getAmplitude();
    public void setAmplitude(double);
    public double getAngularFrequency();
    public void setAngularFrequency(double);
    public double getPhase();
    public void setPhase(double);
    public double getDirectCurrent();
    public void setDirectCurrent(double);
    public double compute(double);
    public double getPeakCurrent();
}







com/comphenix/magnets/model/Conductor.class

package com.comphenix.magnets.model;
public synchronized class Conductor {
    private double x;
    private double y;
    private double radius;
    private AlternatingCurrent current;
    public void Conductor();
    public void Conductor(double, double, double, AlternatingCurrent);
    public double getX();
    public void setX(double);
    public double getY();
    public void setY(double);
    public double getRadius();
    public void setRadius(double);
    public AlternatingCurrent getCurrent();
    public void setCurrent(AlternatingCurrent);
    public com.comphenix.magnets.fields.WireContinuousField getMagneticField(double);
    public com.comphenix.magnets.fields.WireContinuousField getMaximumField();
}







com/comphenix/magnets/model/CurrentImbalanceField$a.class

package com.comphenix.magnets.model;
final synchronized class CurrentImbalanceField$a extends HarmonicSumField {
    public void CurrentImbalanceField$a(Iterable, double, double);
}







com/comphenix/magnets/model/CurrentImbalanceField.class

package com.comphenix.magnets.model;
public synchronized class CurrentImbalanceField extends DroneVectorField {
    private final double positionY;
    private final double positionX;
    private java.util.List sensorFields;
    public void CurrentImbalanceField(Iterable, double[], double, double);
    public double getPositionX();
    public double getPositionY();
    public void addComponents(double, double, int, int, double[], int);
}







com/comphenix/magnets/model/DroneVectorField.class

package com.comphenix.magnets.model;
public synchronized class DroneVectorField implements com.comphenix.magnets.fields.FourDimensionalField {
    protected static final int COMPONENTS_PER_SENSOR = 2;
    protected final int components;
    protected final com.comphenix.magnets.fields.FourDimensionalField sinusoids;
    protected final double[] sensorDelta;
    protected final int sensorCount;
    public static DroneVectorField twoSensors(com.comphenix.magnets.fields.FourDimensionalField);
    public void DroneVectorField(com.comphenix.magnets.fields.FourDimensionalField, double[]);
    public double[] getSensorDelta();
    public int getComponents();
    public void addComponents(double, double, int, int, double[], int);
    public void addComponents(double, double, double, double, int, int, double[], int);
    protected static int writeComponents(int, int, double[], int, double[], int);
    public static double angleDiff(double, double);
}







com/comphenix/magnets/model/FastFourierField.class

package com.comphenix.magnets.model;
public synchronized class FastFourierField implements com.comphenix.magnets.fields.FourDimensionalField {
    private static final int OUTPUT_FACTOR = 2;
    private static final int SAMPLE_COUNT = 8;
    private static final double TO_SINUSOID = 1.5707963267948966;
    private java.util.List fieldSamples;
    private int components;
    private int innerComponents;
    public void FastFourierField(MagneticModel);
    public int getComponents();
    public void addComponents(double, double, int, int, double[], int);
    public void addComponents(double, double, double, double, int, int, double[], int);
    private double[] getSamples(double, double, double, double);
}







com/comphenix/magnets/model/HarmonicSumField.class

package com.comphenix.magnets.model;
public synchronized class HarmonicSumField implements com.comphenix.magnets.fields.FourDimensionalField {
    protected static final int OUTPUT_FACTOR = 2;
    protected final java.util.List conductorList;
    protected final java.util.List maxFields;
    protected final com.comphenix.magnets.util.CosineDifferenceTable differenceTable;
    protected final double[] cosineTable;
    protected final double[] sineTable;
    protected final int components;
    public void HarmonicSumField(Iterable, double);
    public void addComponents(double, double, int, int, double[], int);
    public void addComponents(double, double, double, double, int, int, double[], int);
    public java.util.List conductors();
    protected double[] getConductorAmplitudes(int, int, int, double, double, double, double);
    public int getComponents();
}







com/comphenix/magnets/model/MagneticModel$1.class

package com.comphenix.magnets.model;
final synchronized class MagneticModel$1 implements com.comphenix.magnets.fields.FourDimensionalField {
    void MagneticModel$1(MagneticModel, int, com.comphenix.magnets.fields.ContinuousField[]);
    public final int getComponents();
    public final void addComponents(double, double, int, int, double[], int);
    public final void addComponents(double, double, double, double, int, int, double[], int);
}







com/comphenix/magnets/model/MagneticModel.class

package com.comphenix.magnets.model;
public synchronized class MagneticModel {
    private java.util.List conductors;
    private transient java.util.List conductorView;
    public void MagneticModel();
    public void MagneticModel(java.util.List);
    public java.util.List conductors();
    public org.apache.commons.c.g.s getVector(double, double, double);
    public com.comphenix.magnets.fields.FourDimensionalField getContinuousField(double);
    public java.util.Map getContinuousFields(double);
    public com.comphenix.magnets.fields.VectorSimulatedField getVectorField(double, double[], double[]);
}







com/comphenix/magnets/model/ModelDeserializer.class

package com.comphenix.magnets.model;
public synchronized class ModelDeserializer {
    private static volatile ModelDeserializer system;
    private final javax.xml.bind.Unmarshaller unmarshaller;
    public static ModelDeserializer system();
    public void ModelDeserializer();
    public MagneticModel deserialize(java.nio.file.Path);
}







com/comphenix/magnets/model/ModelInterpolator.class

package com.comphenix.magnets.model;
public abstract interface ModelInterpolator {
    public abstract MagneticModel getModel(double);
    public static ModelInterpolator linear(MagneticModel, MagneticModel);
    public static java.util.function.DoubleFunction interpolateCurrent(AlternatingCurrent, AlternatingCurrent);
}







com/comphenix/magnets/PlotApplication$1.class

package com.comphenix.magnets;
final synchronized class PlotApplication$1 {
    static void <clinit>();
}







com/comphenix/magnets/PlotApplication.class

package com.comphenix.magnets;
public synchronized class PlotApplication {
    public void PlotApplication();
    public static void main(String[]);
    private static void processFrames(PlotArguments, java.io.File, model.MagneticModel, model.MagneticModel);
    private static void computePdfImbalanace(model.MagneticModel, model.MagneticModel, double[], solver.continuous.BoundingBox, int);
    private static org.apache.commons.c.i.h findCurrentImbalance(model.MagneticModel, model.MagneticModel, double[], double, double);
    private static double[] getMeasuredSinusoids(model.MagneticModel, double[], double, double);
    private static transient org.apache.commons.c.g.e createVector(double[]);
    private static void testCMES(solver.continuous.Solver, fields.FourDimensionalField, fields.FourDimensionalField, util.SegmentRange, util.SegmentRange, org.apache.commons.c.g.s, boolean);
    private static void computePDF(solver.continuous.Solver, fields.FourDimensionalField, fields.FourDimensionalField, solver.continuous.BoundingBox, double, int, int, org.apache.commons.c.g.s, boolean);
    private static void writeDroneErrorMap(PlotArguments, solver.continuous.Solver, fields.FourDimensionalField, solver.continuous.BoundingBox, util.SegmentRange, util.SegmentRange, java.io.File, boolean);
    private static void writeScalarField(PlotArguments, com.a.a.c.aR, java.util.function.DoubleUnaryOperator, fields.ScalarField, java.io.File);
    private static java.io.File getSiblingFile(java.io.File, String);
    private static void writePngField(PlotArguments, com.a.a.c.aR, java.util.function.DoubleUnaryOperator, fields.ScalarField, java.io.File);
    private static fields.ScalarField testDroneLocation(PlotArguments, a);
    private static com.a.a.c.aR getValueRange(util.SegmentRange, java.util.List);
    private static com.a.a.c.ao getFields(java.nio.file.Path, util.SegmentRange, util.SegmentRange);
    private static com.a.a.c.ao getFields(model.MagneticModel, PlotArguments$ModelSource, PlotArguments$Visualization, util.SegmentRange, util.SegmentRange, util.SegmentRange);
    private static fields.VectorField getVectorField(model.MagneticModel, PlotArguments$ModelSource, double, double[], double[]);
    private static fields.FourDimensionalField getContinuousField(model.MagneticModel, PlotArguments$ModelSource, double);
    private static Object measure(String, java.util.function.Supplier);
}







com/comphenix/magnets/PlotArguments$1.class

package com.comphenix.magnets;
final synchronized class PlotArguments$1 {
    static void <clinit>();
}







com/comphenix/magnets/PlotArguments$Aggregate$1.class

package com.comphenix.magnets;
final synchronized enum PlotArguments$Aggregate$1 {
    void PlotArguments$Aggregate$1(String, int);
    public final a aggregate(com.a.a.c.ao, PlotArguments$Visualization, double[], double[]);
}







com/comphenix/magnets/PlotArguments$Aggregate$2.class

package com.comphenix.magnets;
final synchronized enum PlotArguments$Aggregate$2 {
    void PlotArguments$Aggregate$2(String, int);
    public final a aggregate(com.a.a.c.ao, PlotArguments$Visualization, double[], double[]);
}







com/comphenix/magnets/PlotArguments$Aggregate$3.class

package com.comphenix.magnets;
final synchronized enum PlotArguments$Aggregate$3 {
    void PlotArguments$Aggregate$3(String, int);
    public final a aggregate(com.a.a.c.ao, PlotArguments$Visualization, double[], double[]);
}







com/comphenix/magnets/PlotArguments$Aggregate$4.class

package com.comphenix.magnets;
final synchronized enum PlotArguments$Aggregate$4 {
    void PlotArguments$Aggregate$4(String, int);
    public final a aggregate(com.a.a.c.ao, PlotArguments$Visualization, double[], double[]);
}







com/comphenix/magnets/PlotArguments$Aggregate$5.class

package com.comphenix.magnets;
final synchronized enum PlotArguments$Aggregate$5 {
    void PlotArguments$Aggregate$5(String, int);
    public final a aggregate(com.a.a.c.ao, PlotArguments$Visualization, double[], double[]);
}







com/comphenix/magnets/PlotArguments$Aggregate$6.class

package com.comphenix.magnets;
final synchronized enum PlotArguments$Aggregate$6 {
    void PlotArguments$Aggregate$6(String, int);
    public final a aggregate(com.a.a.c.ao, PlotArguments$Visualization, double[], double[]);
}







com/comphenix/magnets/PlotArguments$Aggregate.class

package com.comphenix.magnets;
public abstract synchronized enum PlotArguments$Aggregate {
    public static final PlotArguments$Aggregate AVERAGE;
    public static final PlotArguments$Aggregate MAX;
    public static final PlotArguments$Aggregate MAX_XY_PHASE_DIFFERENCE_DIRECT;
    public static final PlotArguments$Aggregate MAX_XY_PHASE_DIFFERENCE_FFT;
    public static final PlotArguments$Aggregate AMPLITUDE_FFT;
    public static final PlotArguments$Aggregate DRONE_SENSOR;
    public static PlotArguments$Aggregate[] values();
    public static PlotArguments$Aggregate valueOf(String);
    private void PlotArguments$Aggregate(String, int);
    public abstract a aggregate(com.a.a.c.ao, PlotArguments$Visualization, double[], double[]);
    public static PlotArguments$Aggregate parse(String);
    static void <clinit>();
}







com/comphenix/magnets/PlotArguments$ColorScheme$1.class

package com.comphenix.magnets;
final synchronized enum PlotArguments$ColorScheme$1 {
    void PlotArguments$ColorScheme$1(String, int);
    public final graphics.Gradient toGradient();
}







com/comphenix/magnets/PlotArguments$ColorScheme$2.class

package com.comphenix.magnets;
final synchronized enum PlotArguments$ColorScheme$2 {
    void PlotArguments$ColorScheme$2(String, int);
    public final graphics.Gradient toGradient();
}







com/comphenix/magnets/PlotArguments$ColorScheme$3.class

package com.comphenix.magnets;
final synchronized enum PlotArguments$ColorScheme$3 {
    void PlotArguments$ColorScheme$3(String, int);
    public final graphics.Gradient toGradient();
}







com/comphenix/magnets/PlotArguments$ColorScheme$4.class

package com.comphenix.magnets;
final synchronized enum PlotArguments$ColorScheme$4 {
    void PlotArguments$ColorScheme$4(String, int);
    public final graphics.Gradient toGradient();
}







com/comphenix/magnets/PlotArguments$ColorScheme$5.class

package com.comphenix.magnets;
final synchronized enum PlotArguments$ColorScheme$5 {
    void PlotArguments$ColorScheme$5(String, int);
    public final graphics.Gradient toGradient();
}







com/comphenix/magnets/PlotArguments$ColorScheme.class

package com.comphenix.magnets;
public abstract synchronized enum PlotArguments$ColorScheme {
    public static final PlotArguments$ColorScheme RAINBOW;
    public static final PlotArguments$ColorScheme TEMPERATURE;
    public static final PlotArguments$ColorScheme HSV;
    public static final PlotArguments$ColorScheme HSV2;
    public static final PlotArguments$ColorScheme HSV10;
    public static PlotArguments$ColorScheme[] values();
    public static PlotArguments$ColorScheme valueOf(String);
    private void PlotArguments$ColorScheme(String, int);
    public abstract graphics.Gradient toGradient();
    static void <clinit>();
}







com/comphenix/magnets/PlotArguments$ModelSource.class

package com.comphenix.magnets;
public final synchronized enum PlotArguments$ModelSource {
    public static final PlotArguments$ModelSource MAGNETIC_FIELD;
    public static final PlotArguments$ModelSource SINUSOID_FIELD;
    public static final PlotArguments$ModelSource DRONE_1;
    public static final PlotArguments$ModelSource DRONE_2;
    public static final PlotArguments$ModelSource DRONE_3;
    public static final PlotArguments$ModelSource DRONE_4;
    public static final PlotArguments$ModelSource DRONE_5;
    public static final PlotArguments$ModelSource DRONE_VERTICAL;
    public static final PlotArguments$ModelSource DRONE_VERTICAL2;
    public static final PlotArguments$ModelSource DRONE_VERTICAL26;
    public static final PlotArguments$ModelSource DRONE_HORIZONTAL;
    public static final PlotArguments$ModelSource DRONE_VERTICAL6;
    public static final PlotArguments$ModelSource DRONE_TEST;
    public static PlotArguments$ModelSource[] values();
    public static PlotArguments$ModelSource valueOf(String);
    private void PlotArguments$ModelSource(String, int);
    public final boolean isDroneField();
    public static PlotArguments$ModelSource parse(String);
    static void <clinit>();
}







com/comphenix/magnets/PlotArguments$OutputFormat.class

package com.comphenix.magnets;
public final synchronized enum PlotArguments$OutputFormat {
    public static final PlotArguments$OutputFormat PNG;
    public static final PlotArguments$OutputFormat CSV;
    public static PlotArguments$OutputFormat[] values();
    public static PlotArguments$OutputFormat valueOf(String);
    private void PlotArguments$OutputFormat(String, int);
    public final String getExtension();
    public static PlotArguments$OutputFormat parse(String);
    static void <clinit>();
}







com/comphenix/magnets/PlotArguments$SolverName.class

package com.comphenix.magnets;
public final synchronized enum PlotArguments$SolverName {
    public static final PlotArguments$SolverName BOBYGA;
    public static final PlotArguments$SolverName CMAES;
    private final java.util.function.Supplier supplier;
    public static PlotArguments$SolverName[] values();
    public static PlotArguments$SolverName valueOf(String);
    private void PlotArguments$SolverName(String, int, java.util.function.Supplier);
    public final solver.continuous.Solver toSolver();
    public static PlotArguments$SolverName parse(String);
    static void <clinit>();
}







com/comphenix/magnets/PlotArguments$Visualization$1.class

package com.comphenix.magnets;
final synchronized enum PlotArguments$Visualization$1 {
    void PlotArguments$Visualization$1(String, int);
    public final fields.ScalarField filter(fields.VectorField);
}







com/comphenix/magnets/PlotArguments$Visualization$2.class

package com.comphenix.magnets;
final synchronized enum PlotArguments$Visualization$2 {
    void PlotArguments$Visualization$2(String, int);
    public final fields.ScalarField filter(fields.VectorField);
}







com/comphenix/magnets/PlotArguments$Visualization$3.class

package com.comphenix.magnets;
final synchronized enum PlotArguments$Visualization$3 {
    void PlotArguments$Visualization$3(String, int);
    public final fields.ScalarField filter(fields.VectorField);
}







com/comphenix/magnets/PlotArguments$Visualization$4.class

package com.comphenix.magnets;
final synchronized enum PlotArguments$Visualization$4 {
    void PlotArguments$Visualization$4(String, int);
    public final fields.ScalarField filter(fields.VectorField);
}







com/comphenix/magnets/PlotArguments$Visualization$5.class

package com.comphenix.magnets;
final synchronized enum PlotArguments$Visualization$5 {
    void PlotArguments$Visualization$5(String, int);
    public final fields.ScalarField filter(fields.VectorField);
}







com/comphenix/magnets/PlotArguments$Visualization$6.class

package com.comphenix.magnets;
final synchronized enum PlotArguments$Visualization$6 {
    void PlotArguments$Visualization$6(String, int);
    public final fields.ScalarField filter(fields.VectorField);
}







com/comphenix/magnets/PlotArguments$Visualization$7.class

package com.comphenix.magnets;
final synchronized enum PlotArguments$Visualization$7 {
    void PlotArguments$Visualization$7(String, int);
    public final fields.ScalarField filter(fields.VectorField);
}







com/comphenix/magnets/PlotArguments$Visualization$8.class

package com.comphenix.magnets;
final synchronized enum PlotArguments$Visualization$8 {
    void PlotArguments$Visualization$8(String, int);
    public final fields.ScalarField filter(fields.VectorField);
}







com/comphenix/magnets/PlotArguments$Visualization.class

package com.comphenix.magnets;
public abstract synchronized enum PlotArguments$Visualization {
    public static final PlotArguments$Visualization NORMALIZED_MAGNITUDE;
    public static final PlotArguments$Visualization MAGNITUDE;
    public static final PlotArguments$Visualization ANGLE;
    public static final PlotArguments$Visualization X;
    public static final PlotArguments$Visualization Y;
    public static final PlotArguments$Visualization Y_MINUS_X;
    public static final PlotArguments$Visualization Y_DIV_X;
    public static final PlotArguments$Visualization ANGLE_DIFFERENCE;
    public static PlotArguments$Visualization[] values();
    public static PlotArguments$Visualization valueOf(String);
    private void PlotArguments$Visualization(String, int);
    public abstract fields.ScalarField filter(fields.VectorField);
    private static fields.ScalarField getScalar(fields.DiscreteField);
    public static PlotArguments$Visualization parse(String);
    static void <clinit>();
}







com/comphenix/magnets/PlotArguments.class

package com.comphenix.magnets;
public synchronized class PlotArguments {
    java.nio.file.Path dataFile;
    java.nio.file.Path modelFile;
    java.nio.file.Path secondModelFile;
    PlotArguments$ColorScheme scheme;
    PlotArguments$ModelSource modelSource;
    int interpolateCount;
    util.SegmentRange x;
    util.SegmentRange y;
    util.SegmentRange t;
    util.SegmentRange z;
    util.SegmentRange maximumGraphY;
    util.SegmentRange maximumGraphZ;
    PlotArguments$Visualization visualization;
    String outputPattern;
    private java.util.function.DoubleUnaryOperator valueOperator;
    org.apache.commons.c.g.s droneLocation;
    double droneSearchRadius;
    int dronePDFSamples;
    boolean drawDroneErrorMap;
    int droneRepeatCount;
    boolean droneSimulation;
    boolean computeDronePdfBalance;
    boolean droneUnbalancedCurrent;
    PlotArguments$SolverName solverName;
    java.util.Map solverProperties;
    boolean displayHelp;
    boolean drawFrames;
    java.util.List aggregates;
    PlotArguments$OutputFormat outputFormat;
    graphics.GraphAxis XAxis;
    graphics.GraphAxis YAxis;
    graphics.GraphAxis ZAxis;
    public void PlotArguments(String[]);
    private void parse(String[]);
    private static graphics.GraphAxis readAxis(String);
    private void applyValueOperator(java.util.function.DoubleUnaryOperator);
    public final org.apache.commons.c.g.s getDroneLocation();
    public final int getDronePDFSamples();
    public final boolean isComputeDronePDF();
    public final boolean isDrawDroneErrorMap();
    public final boolean isDroneSimulation();
    public final boolean isComputeDronePdfBalance();
    public final boolean isDroneUnbalancedCurrent();
    public final PlotArguments$OutputFormat getOutputFormat();
    public final double getDroneSearchRadius();
    public final int getDroneRepeatCount();
    public final PlotArguments$SolverName getSolverName();
    public final java.util.Map getSolverProperties();
    public final java.nio.file.Path getDataFile();
    public final java.nio.file.Path getModelFile();
    public final PlotArguments$ModelSource getModelSource();
    public final PlotArguments$ColorScheme getScheme();
    public final util.SegmentRange getX();
    public final util.SegmentRange getY();
    public final util.SegmentRange getT();
    public final util.SegmentRange getZ();
    public final java.util.function.DoubleUnaryOperator getValueOperator();
    public final graphics.GraphAxis getXAxis();
    public final graphics.GraphAxis getYAxis();
    public final graphics.GraphAxis getZAxis();
    public final util.SegmentRange getMaximumGraphY();
    public final util.SegmentRange getMaximumGraphZ();
    public final PlotArguments$Visualization getVisualization();
    public final String getOutputPattern();
    public final boolean isDisplayHelp();
    public final boolean isDrawFrames();
    public final java.util.List getAggregates();
    public final java.nio.file.Path getSecondModelFile();
    public final int getInterpolateCount();
    public static String toLowerCase(String);
    public static boolean isUpperCase(char);
    public static Object firstNonNull(Object, Object);
    public static com.a.a.a.h toStringHelper(Object);
    public static String simpleName(Class);
    public static boolean equal(Object, Object);
    public static transient int hashCode(Object[]);
    public static long systemNanoTime();
    public static void checkArgument(boolean);
    public static void checkArgument(boolean, Object);
    public static transient void checkArgument(boolean, String, Object[]);
    public static void checkState(boolean);
    public static void checkState(boolean, Object);
    public static transient void checkState(boolean, String, Object[]);
    public static Object checkNotNull(Object);
    public static Object checkNotNull(Object, Object);
    public static int checkElementIndex(int, int);
    public static int checkElementIndex(int, int, String);
    public static String badElementIndex(int, int, String);
    public static int checkPositionIndex(int, int);
    public static int checkPositionIndex(int, int, String);
    public static String badPositionIndex(int, int, String);
    public static void checkPositionIndexes(int, int, int);
    public static String badPositionIndexes(int, int, int);
    public static transient String format(String, Object[]);
    public static boolean isNullOrEmpty(String);
    public static void propagateIfInstanceOf(Throwable, Class);
    public static void propagateIfPossible(Throwable);
    public static void propagateIfPossible(Throwable, Class);
    public static RuntimeException propagate(Throwable);
    public static void checkEntryNotNull(Object, Object);
    public static int checkNonnegative(int, String);
    public static void checkRemove(boolean);
    public static boolean removeIf(Iterable, com.a.a.a.i);
    public static boolean removeIfFromRandomAccessList(java.util.List, com.a.a.a.i);
    public static void slowRemoveIfForRemainingElements(java.util.List, com.a.a.a.i, int, int);
    public static Object removeFirstMatching(Iterable, com.a.a.a.i);
    public static String toString(Iterable);
    public static Object getOnlyElement(Iterable);
    public static Object[] toArray(Iterable, Class);
    public static java.util.Collection toCollection(Iterable);
    public static boolean all(Iterable, com.a.a.a.i);
    public static Iterable transform(Iterable, com.a.a.a.f);
    public static Object getFirst(Iterable, Object);
    public static java.util.ArrayList newArrayList();
    public static transient java.util.ArrayList newArrayList(Object[]);
    public static int computeArrayListCapacity(int);
    public static java.util.ArrayList newArrayList(Iterable);
    public static java.util.ArrayList newArrayList(java.util.Iterator);
    public static boolean equalsImpl(java.util.List, Object);
    public static int indexOfImpl(java.util.List, Object);
    public static int lastIndexOfImpl(java.util.List, Object);
    public static boolean equalsImpl(com.a.a.c.aK, Object);
    public static Object[] newArray(Object[], int);
    public static java.util.HashSet newHashSet();
    public static java.util.HashSet newHashSetWithExpectedSize(int);
    public static int hashCodeImpl(java.util.Set);
    public static boolean equalsImpl(java.util.Set, Object);
    public static boolean removeAllImpl(java.util.Set, java.util.Iterator);
    public static boolean removeAllImpl(java.util.Set, java.util.Collection);
    public static Object getElementOrThrow(com.a.a.c.aM$a);
    public static Object getElementOrNull(com.a.a.c.aM$a);
    public static long copy(Readable, Appendable);
    public static String toString(Readable);
    public static StringBuilder toStringBuilder(Readable);
    public static int compare(boolean, boolean);
    public static java.util.concurrent.Executor directExecutor();
    public static Object getUninterruptibly(java.util.concurrent.Future);
    public static String getNullValue(String);
    public static String getNullWriteValue(com.c.a.a.f);
    public static String getNullReadValue(com.c.a.a.f);
    public static String[] addNull(String[]);
    public static com.c.a.c.g getConversion(reflect.Field, annotation.Annotation);
    public static com.c.a.c.g getDefaultConversion(reflect.Field);
    public static void applyFormatSettings(Object, String[]);
    public static void invokeSetter(Object, java.beans.PropertyDescriptor, String);
    public static org.apache.commons.c.a.d fix2ndArgument(org.apache.commons.c.a.a, double);
    public static Object[] flatten(Object[]);
    public static boolean isPowerOfTwo(long);
    public static java.text.NumberFormat getDefaultNumberFormat();
    public static java.text.NumberFormat getDefaultNumberFormat(java.util.Locale);
    public static StringBuffer formatDouble(double, java.text.NumberFormat, StringBuffer, java.text.FieldPosition);
    public static int[] copyOf(int[], int);
    public static int hash(double);
    public static boolean equals(double, double);
    public static int hash(double[]);
    public static double normalizeAngle(double, double);
    public static void checkNotNull(Object);
}







com/comphenix/magnets/a.class

package com.comphenix.magnets;
final synchronized class a {
    private final fields.ScalarField c;
    private final fields.VectorField d;
    final int a;
    final int b;
    public void a(fields.ScalarField, fields.VectorField);
    public void a(fields.ScalarField, fields.VectorField, int, int);
    public final fields.ScalarField a();
    public final fields.VectorField b();
    public final int hashCode();
    public final boolean equals(Object);
}







com/comphenix/magnets/solver/Bounds.class

package com.comphenix.magnets.solver;
public synchronized class Bounds {
    public final double minX;
    public final double minY;
    public final double maxX;
    public final double maxY;
    public final double midX;
    public final double midY;
    public void Bounds(double, double, double, double);
    public boolean contains(double, double);
    public boolean contains(org.apache.commons.c.f.a.a.a);
    public boolean intersects(double, double, double, double);
    public boolean intersects(Bounds);
    public boolean contains(Bounds);
}







com/comphenix/magnets/solver/continuous/BobygaSolver.class

package com.comphenix.magnets.solver.continuous;
public synchronized class BobygaSolver implements Solver {
    private int interpolationPoints;
    public double stoppingRadius;
    public void BobygaSolver();
    public org.apache.commons.c.i.h findMinimum(com.comphenix.magnets.fields.FourDimensionalField, double[], double[], BoundingBox);
    public int getInterpolationPoints();
    public void setInterpolationPoints(int);
    public double getStoppingRadius();
    public void setStoppingRadius(double);
    public String toString();
}







com/comphenix/magnets/solver/continuous/BoundingBox.class

package com.comphenix.magnets.solver.continuous;
public synchronized class BoundingBox {
    private final org.apache.commons.c.g.s lowerBound;
    private final org.apache.commons.c.g.s upperBound;
    private org.apache.commons.c.g.s center;
    private org.apache.commons.c.g.s extent;
    private double maximumExtent;
    private double diagonalLength;
    public static BoundingBox fromHyperCube(double[], double);
    public void BoundingBox(double, double, double, double);
    public void BoundingBox(double[], double[]);
    public void BoundingBox(com.comphenix.magnets.util.SegmentRange, com.comphenix.magnets.util.SegmentRange);
    public BoundingBox addBounds(double[], double[]);
    public int getDimensions();
    public org.apache.commons.c.g.s getCenter();
    public org.apache.commons.c.g.s getExtent();
    public double getMaximumExtent();
    public double getDiagonalLength();
    public BoundingBox intersect(BoundingBox);
    public org.apache.commons.c.g.s getLowerBound();
    public org.apache.commons.c.g.s getUpperBound();
    public org.apache.commons.c.g.s randomPoint(java.util.Random);
}







com/comphenix/magnets/solver/continuous/CmaesSolver.class

package com.comphenix.magnets.solver.continuous;
public synchronized class CmaesSolver implements Solver {
    private int iterations;
    private int populationSize;
    private double threshold;
    public void CmaesSolver();
    public org.apache.commons.c.i.h findMinimum(com.comphenix.magnets.fields.FourDimensionalField, double[], double[], BoundingBox);
    public int getIterations();
    public void setIterations(int);
    public int getPopulationSize();
    public void setPopulationSize(int);
    public double getThreshold();
    public void setThreshold(double);
    public String toString();
}







com/comphenix/magnets/solver/continuous/Solver.class

package com.comphenix.magnets.solver.continuous;
public abstract interface Solver {
    public org.apache.commons.c.i.h findMinimum(com.comphenix.magnets.fields.FourDimensionalField, double[], BoundingBox);
    public abstract org.apache.commons.c.i.h findMinimum(com.comphenix.magnets.fields.FourDimensionalField, double[], double[], BoundingBox);
    public org.apache.commons.c.i.h findMinimum(com.comphenix.magnets.fields.FourDimensionalField, double[], double[], BoundingBox, int);
}







com/comphenix/magnets/solver/DroneSimulation$a.class

package com.comphenix.magnets.solver;
final synchronized class DroneSimulation$a {
    org.apache.commons.c.g.s a;
    org.apache.commons.c.g.s b;
    org.apache.commons.c.g.s c;
    public void DroneSimulation$a(org.apache.commons.c.g.s);
    public final org.apache.commons.c.g.s a();
    public final org.apache.commons.c.g.s a(com.comphenix.magnets.fields.ContinuousField);
}







com/comphenix/magnets/solver/DroneSimulation$DroneFieldFactory.class

package com.comphenix.magnets.solver;
public abstract interface DroneSimulation$DroneFieldFactory {
    public abstract com.comphenix.magnets.fields.FourDimensionalField getField(double[]);
}







com/comphenix/magnets/solver/DroneSimulation$b.class

package com.comphenix.magnets.solver;
final synchronized class DroneSimulation$b {
    java.util.List a;
    java.util.List b;
    org.apache.commons.c.g.s c;
    private void DroneSimulation$b();
}







com/comphenix/magnets/solver/DroneSimulation.class

package com.comphenix.magnets.solver;
public synchronized class DroneSimulation {
    private static final double MAXIMUM_SPEED = 1.0;
    private static final double MAXIMUM_ACCELERATION = 1.0;
    private static final double MINIMUM_TARGET_DISTANCE = 0.25;
    private static final double TIME_DELTA = 0.1;
    private org.apache.commons.c.g.s startLocation;
    private java.util.List targetLocations;
    private continuous.BoundingBox boundingBox;
    private continuous.Solver solver;
    private double droneSearchRadius;
    private DroneSimulation$DroneFieldFactory modelField;
    private DroneSimulation$DroneFieldFactory realField;
    private double[] droneSensors;
    private DroneSimulation$a drone;
    private java.util.Queue targets;
    private org.apache.commons.c.g.s estimatedLocation;
    private double time;
    public void DroneSimulation(org.apache.commons.c.g.s, java.util.List, continuous.BoundingBox, continuous.Solver, double);
    public void start(DroneSimulation$DroneFieldFactory, DroneSimulation$DroneFieldFactory, double[], int);
    public void simulate(int);
    public org.apache.commons.c.g.s getStartLocation();
    public void setStartLocation(org.apache.commons.c.g.s);
    public java.util.List getTargetLocations();
    public void setTargetLocations(java.util.List);
    public continuous.BoundingBox getBoundingBox();
    public void setBoundingBox(continuous.BoundingBox);
    public continuous.Solver getSolver();
    public void setSolver(continuous.Solver);
    public double getDroneSearchRadius();
    public void setDroneSearchRadius(double);
}







com/comphenix/magnets/solver/PointQuadTree$Item.class

package com.comphenix.magnets.solver;
public abstract interface PointQuadTree$Item {
    public abstract org.apache.commons.c.f.a.a.a getPoint();
}







com/comphenix/magnets/solver/PointQuadTree.class

package com.comphenix.magnets.solver;
public synchronized class PointQuadTree {
    private final Bounds mBounds;
    private final int mDepth;
    private static final int MAX_ELEMENTS = 50;
    private java.util.List mItems;
    private static final int MAX_DEPTH = 40;
    private java.util.List mChildren;
    public void PointQuadTree(double, double, double, double);
    public void PointQuadTree(Bounds);
    private void PointQuadTree(double, double, double, double, int);
    private void PointQuadTree(Bounds, int);
    public void add(PointQuadTree$Item);
    private void insert(double, double, PointQuadTree$Item);
    private void split();
    public boolean remove(PointQuadTree$Item);
    private boolean remove(double, double, PointQuadTree$Item);
    public void clear();
    public java.util.Collection search(Bounds);
    public void search(Bounds, java.util.Collection);
}







com/comphenix/magnets/solver/VectorFieldSolver.class

package com.comphenix.magnets.solver;
public synchronized class VectorFieldSolver {
    private final com.comphenix.magnets.fields.VectorField field;
    public void VectorFieldSolver(com.comphenix.magnets.fields.VectorField);
    public org.apache.commons.c.f.a.a.a solve(org.apache.commons.c.g.s);
    public VectorFieldSolver indexed();
}







com/comphenix/magnets/util/CosineDifferenceTable.class

package com.comphenix.magnets.util;
public synchronized class CosineDifferenceTable {
    private final double[] cache;
    private final int angleCount;
    public void CosineDifferenceTable(double[]);
    public double getCosine(int, int);
}







com/comphenix/magnets/util/DeviationStatistics.class

package com.comphenix.magnets.util;
public synchronized class DeviationStatistics {
    private int count;
    private double mean;
    private double m2;
    private double minimum;
    private double maximum;
    public static DeviationStatistics fromStream(java.util.stream.DoubleStream);
    public void DeviationStatistics();
    public void DeviationStatistics(DeviationStatistics);
    public DeviationStatistics copy();
    public void observe(double);
    public double getMean();
    public double getVariance();
    public double getStandardDeviation();
    public double getMinimum();
    public double getMaximum();
    public void combine(DeviationStatistics);
    public int getCount();
    private void checkCount();
    public String toString();
}







com/comphenix/magnets/util/Interpolation.class

package com.comphenix.magnets.util;
public abstract interface Interpolation {
    public abstract double getValue(double);
    public static Interpolation linear(double, double);
}







com/comphenix/magnets/util/MathEx.class

package com.comphenix.magnets.util;
public final synchronized class MathEx {
    private void MathEx();
    public static int ceilDiv(int, int);
}







com/comphenix/magnets/util/PrimitiveArrays.class

package com.comphenix.magnets.util;
public final synchronized class PrimitiveArrays {
    private void PrimitiveArrays();
    public static void addToArray(double[], double, double[], int);
    public static int findNearest(double[], double);
}







com/comphenix/magnets/util/SegmentRange.class

package com.comphenix.magnets.util;
public synchronized class SegmentRange {
    private final double start;
    private final double end;
    private final int segments;
    private final double stepSize;
    public static SegmentRange parse(String);
    public static SegmentRange fromRange(com.a.a.c.aR, int);
    public static SegmentRange fromArray(double[]);
    public void SegmentRange(double, double, int);
    public double getStepSize();
    public double getStart();
    public double getEnd();
    public double getWidth();
    public int getSegments();
    public double getSegment(int);
    public int getNearestIndex(double);
    public SegmentRange union(double);
    public double[] toArray();
    public java.util.stream.DoubleStream stream();
    public boolean equals(Object);
    public int hashCode();
    public String toString();
    public com.a.a.c.aR toRange();
}







com/comphenix/magnets/util/StreamEx.class

package com.comphenix.magnets.util;
public final synchronized class StreamEx {
    private void StreamEx();
    public static Object[] multiCollect(java.util.stream.Stream, Iterable);
}







Help.txt

Generate a plot or an animation from a list of magnitude data or a electronic
component model.

PlotCSV [-d file] [-m file] [-c colorscheme] [-ms source] [-s scheme]
        [-x start:end:count] [y start:end:count] [z start:end]
        [-t start:end:count] [-v m|a|x|y|y-x|ydivx] [-l] [-a] [-d x:y]
        [-dp count] [-dr radius] [-dm] [-solver name] [-f bool]
        [-ag name1,name2,name3] [-of format] [-ax label:tickCount:width]
        [-ay label:tickCount:height] [-gx start:end] [-gz start:end] output
 -d[ata]    Path to a CSV-file containing the magnitude data to plot.
 -m[odel]   Path to an XML-file containing the model that will be simulated.
 -s[cheme]  The color scheme used in the output image. Rainbow is default.
             Other schemes include Temperature, HSV, HSV2 and HSV10.
 -z         The minimum and maximum z value to display using a color scheme.
             This is computed automatically if left out. The count is ignored
             in this case.
 -l[og]     Apply the natural logarithm to the values before they are
             visualized.
 -a[bslog]  Apply the natural logarithm to the absolute value of each data point,
             then copy the original sign.
 -gy        Display a graph of the maximum value in a given column, using the
             given range in the Y axis.
 -gz        Range of values in the displayed graph. If not specified, the z range
             will be used instead.
 -ax        Display the x axis with a label, a given number of ticks and a width.
 -ax        Display the y axis with a label, a given number of ticks and a width.
 -h         Print this help text.
 output     Format of the output file(s), where %d is the current frame index.

The following flags must be specified if the input is a model file:
 -v[alue]   The value that will actually be visualized. Can be either one of
             m[agnitude], a[ngle], x, y, y-x or ydivx [y / x].
 -x         The minimum and maximum x coordinate of each pixel in model space,
             and the final width of the output image. Default is -1:1:640.
 -y         The minimum and maximum y coordinate of each pixel in model space,
             and the final height of the output image. Default is -1:1:480.
 -t         The starting and ending time in milliseconds, along with the number
             of frames to generate. Each frame is incremented by a regular
             time step.

These flags are all optional, but only valid if the input is a model file:
 -d[rone]   Test the CMAES algortihm once using a given drone location (x, y).
 -dp        Test the CMAES algorithm count times and print the resulting
             probability distribution of the error distance.
 -dm        Test the CMAES algortihm for every point specified by the x and y
             options, and write the resulting error distance map to an image.
 -dr        Optional argument to the previous two CMAES tests - if set, limits
             the search area around the drone to radius meters.
 -solver    The algorithm used in the previous tests. Default is CMAES.
             The other alternative is BOBYGA.
 -f         If TRUE, ensure the animation or image is written to the file
             system. Otherwise, disable it.
 -ag        A list of aggregate functions that should be applied to every
             frame in the animation. These functions include AVERAGE,
             MAX, XYD [phase difference of the peak angle in x and y],
             XYF [phase difference by computing the sinusoid in x and y] and
             AMPF [amplitude difference by computing the sinusoid in x and y].
 -of        The output format of the generated image(s). Default is PNG, but
             it can also be CSV.







com/b/a/c.class

package com.b.a;
abstract synchronized class c implements java.awt.image.ImageConsumer {
    private java.awt.image.ImageProducer f;
    protected java.io.ByteArrayOutputStream a;
    protected java.io.ByteArrayOutputStream b;
    protected java.util.zip.DeflaterOutputStream c;
    private java.util.zip.Deflater g;
    private java.util.zip.CRC32 h;
    protected int d;
    protected byte[] e;
    private boolean i;
    void c(int);
    synchronized void a(java.awt.Image, java.io.DataOutputStream);
    protected void a();
    public void setDimensions(int, int);
    public void setColorModel(java.awt.image.ColorModel);
    public abstract void setPixels(int, int, int, int, java.awt.image.ColorModel, int[], int, int);
    public void setPixels(int, int, int, int, java.awt.image.ColorModel, byte[], int, int);
    public synchronized void imageComplete(int);
    protected void a(java.io.DataOutputStream);
    protected final void a(java.io.ByteArrayOutputStream, java.io.DataOutputStream);
    public void setProperties(java.util.Hashtable);
    public void setHints(int);
}







com/b/a/g.class

package com.b.a;
public final synchronized class g extends e {
    void g(int);
    public final void setPixels(int, int, int, int, java.awt.image.ColorModel, int[], int, int);
}







com/b/a/e.class

package com.b.a;
public synchronized class e extends c {
    void e(int);
    public void setDimensions(int, int);
    public void setPixels(int, int, int, int, java.awt.image.ColorModel, int[], int, int);
}







com/b/a/b.class

package com.b.a;
public final synchronized class b extends f {
    private java.io.ByteArrayOutputStream n;
    private java.io.ByteArrayOutputStream o;
    private boolean p;
    void b(int);
    final synchronized void a(java.awt.Image, java.io.DataOutputStream);
    protected final void a(java.io.DataOutputStream);
    public final void setDimensions(int, int);
    public final void setPixels(int, int, int, int, java.awt.image.ColorModel, int[], int, int);
    public final void setPixels(int, int, int, int, java.awt.image.ColorModel, byte[], int, int);
}







com/b/a/f$a$a.class

package com.b.a;
final synchronized class f$a$a {
    int a;
    int b;
    f$a$a c;
    void f$a$a(f$a);
}







com/b/a/f$a.class

package com.b.a;
final synchronized class f$a {
    f$a$a[] a;
    void f$a(f);
    final void a(int, int);
    final int a(int);
}







com/b/a/f.class

package com.b.a;
public synchronized class f extends c {
    protected f$a f;
    private f$a n;
    protected java.io.ByteArrayOutputStream g;
    protected java.io.ByteArrayOutputStream h;
    protected boolean i;
    protected byte[] j;
    protected int k;
    private int o;
    protected int l;
    protected boolean m;
    void f(int);
    synchronized void a(java.awt.Image, java.io.DataOutputStream);
    protected final void a();
    protected void a(java.io.DataOutputStream);
    protected final void b();
    public void setPixels(int, int, int, int, java.awt.image.ColorModel, int[], int, int);
    final void a(int);
    public void setPixels(int, int, int, int, java.awt.image.ColorModel, byte[], int, int);
}







com/b/a/a.class

package com.b.a;
public final synchronized class a {
    private static final byte[] a;
    private static final byte[] b;
    private c c;
    public void a();
    private void a(int);
    private void a(int, int);
    public final synchronized void a(java.awt.Image, java.io.OutputStream);
    static void <clinit>();
}







com/b/a/h.class

package com.b.a;
public final synchronized class h extends d {
    void h(int);
    public final void setPixels(int, int, int, int, java.awt.image.ColorModel, int[], int, int);
}







com/b/a/d.class

package com.b.a;
public synchronized class d extends c {
    void d(int);
    public void setPixels(int, int, int, int, java.awt.image.ColorModel, int[], int, int);
}







com/c/a/a/a.class

package com.c.a.a;
public abstract interface a extends annotation.Annotation {
    public abstract String[] a();
    public abstract String[] b();
}







com/c/a/a/c.class

package com.c.a.a;
public abstract interface c extends annotation.Annotation {
    public abstract String[] a();
    public abstract String[] b();
}







com/c/a/a/d.class

package com.c.a.a;
public abstract interface d extends annotation.Annotation {
}







com/c/a/a/e.class

package com.c.a.a;
public abstract interface e extends annotation.Annotation {
    public abstract String[] a();
}







com/c/a/a/f.class

package com.c.a.a;
public abstract interface f extends annotation.Annotation {
    public abstract String a();
    public abstract int b();
    public abstract String c();
    public abstract String d();
    public abstract boolean e();
}







com/c/a/a/b.class

package com.c.a.a;
public abstract interface b extends annotation.Annotation {
    public abstract Class a();
    public abstract String[] b();
}







com/c/a/a/i.class

package com.c.a.a;
public abstract interface i extends annotation.Annotation {
}







com/c/a/a/a/a.class

package com.c.a.a.a;
public final synchronized class a {
    public final reflect.Field a;
    public int b;
    public String c;
    public final Class d;
    public final reflect.Method e;
    public boolean f;
    public void a(Class, reflect.Field, java.beans.PropertyDescriptor);
    public final int hashCode();
    public final boolean equals(Object);
}







com/c/a/a/g.class

package com.c.a.a;
public abstract interface g extends annotation.Annotation {
    public abstract String a();
    public abstract String b();
}







com/c/a/a/h.class

package com.c.a.a;
public abstract interface h extends annotation.Annotation {
}







com/c/a/d/a.class

package com.c.a.d;
public final synchronized class a extends com.c.a.b.h {
    char e;
    char f;
    public char g;
    public void a();
}







com/c/a/d/c.class

package com.c.a.d;
public final synchronized class c extends com.c.a.b.d {
    private String l;
    boolean k;
    public void c();
    protected final com.c.a.b.b.b a();
}







com/c/a/d/b.class

package com.c.a.d;
public final synchronized class b extends com.c.a.b.a {
    private final boolean e;
    private final boolean f;
    private final boolean g;
    private final char h;
    private final char i;
    private final char j;
    private final char k;
    private final com.c.a.b.b.d l;
    public void b(c);
    protected final void a();
    private void a(char);
    private void c();
}







com/c/a/e/c.class

package com.c.a.e;
public final synchronized class c extends com.c.a.b.f {
    public void c();
}







com/c/a/e/a.class

package com.c.a.e;
public final synchronized class a extends com.c.a.b.h {
    char e;
    public void a();
}







com/c/a/e/b.class

package com.c.a.e;
public final synchronized class b extends com.c.a.b.b {
    private final boolean e;
    private final boolean f;
    private final char g;
    public void b(java.io.Writer, c);
    protected final void a(Object[]);
    private void a(String);
}







com/c/a/c/a.class

package com.c.a.c;
public final synchronized class a extends r {
    public void a();
}







com/c/a/c/t.class

package com.c.a.c;
public final synchronized class t extends r {
    public void t();
}







com/c/a/c/n.class

package com.c.a.c;
public final synchronized class n extends r {
    public void n();
}







com/c/a/c/s.class

package com.c.a.c;
public final synchronized class s implements g {
    private final String a;
    private final String b;
    public void s(String, String);
}







com/c/a/c/o.class

package com.c.a.c;
public final synchronized class o implements g {
    public void o();
}







com/c/a/c/v.class

package com.c.a.c;
public final synchronized class v implements g {
    public void v();
}







com/c/a/c/m.class

package com.c.a.c;
public abstract interface m {
    public abstract Object[] a();
}







com/c/a/c/e.class

package com.c.a.c;
public final synchronized class e extends r implements m {
    private final i a;
    public transient void e(java.util.Calendar, String, String[]);
}







com/c/a/c/l.class

package com.c.a.c;
public final synchronized class l extends q {
    public transient void l(java.math.BigDecimal, String, String[]);
    protected final void a(java.text.DecimalFormat);
}







com/c/a/c/h$1.class

package com.c.a.c;
final synchronized class h$1 extends q {
    transient void h$1(String[]);
    protected final void a(java.text.DecimalFormat);
}







com/c/a/c/f.class

package com.c.a.c;
public final synchronized class f extends r {
    public void f();
}







com/c/a/c/j.class

package com.c.a.c;
public final synchronized class j extends r {
    public void j();
}







com/c/a/c/d.class

package com.c.a.c;
public final synchronized class d extends r {
    public void d();
}







com/c/a/c/q.class

package com.c.a.c;
public abstract synchronized class q extends r implements m {
    private final java.text.DecimalFormat[] a;
    private final String[] c;
    public transient void q(Number, String, String[]);
    public transient void q(String[]);
    protected abstract void a(java.text.DecimalFormat);
    private Number c(String);
}







com/c/a/c/u.class

package com.c.a.c;
public final synchronized class u implements g {
    public void u();
}







com/c/a/c/i.class

package com.c.a.c;
public final synchronized class i extends r implements m {
    final java.text.SimpleDateFormat[] a;
    private final String[] c;
    public transient void i(java.util.Date, String, String[]);
    public transient void i(String[]);
    private java.util.Date c(String);
}







com/c/a/c/k.class

package com.c.a.c;
public final synchronized class k extends r {
    public void k();
}







com/c/a/c/g.class

package com.c.a.c;
public abstract interface g {
    public abstract Object a(Object);
}







com/c/a/c/c.class

package com.c.a.c;
public final synchronized class c extends r {
    private java.util.Set a;
    private java.util.Set c;
    public void c(String[], String[]);
    public void c(Boolean, String, String[], String[]);
}







com/c/a/c/b.class

package com.c.a.c;
public final synchronized class b extends r {
    public void b();
}







com/c/a/c/r.class

package com.c.a.c;
public abstract synchronized class r implements g {
    public Object b;
    public void r();
    public void r(Object, String);
    public final Object b(String);
    protected abstract Object a(String);
}







com/c/a/c/p.class

package com.c.a.c;
public final synchronized class p implements g {
    private java.util.Set a;
    public transient void p(String[]);
    public final Object a(Object);
}







com/c/a/c/h.class

package com.c.a.c;
public final synchronized class h {
    private static final v a;
    private static final o b;
    private static final u c;
    public static v a();
    public static o b();
    public static u c();
    public static s a(String, String);
    public static transient p a(String[]);
    public static transient i a(java.util.Date, String, String[]);
    public static transient e a(java.util.Calendar, String, String[]);
    public static d d();
    public static t e();
    public static n f();
    public static b g();
    public static k h();
    public static j i();
    public static a j();
    public static transient q b(String[]);
    public static transient l a(java.math.BigDecimal, String, String[]);
    public static c a(Boolean, String, String[], String[]);
    public static c k();
    public static f l();
    static void <clinit>();
}







com/c/a/b/c.class

package com.c.a.b;
public final synchronized class c {
    public static String[] a;
    public static transient void a(String, Object[]);
    public static transient void b(String, Object[]);
    public static transient void a(java.util.Collection, Object[]);
    public static int a(Object[], Object);
    public static Object[] a(Object[], Object[]);
    public static String[] a(String[]);
    static void <clinit>();
}







com/c/a/b/j.class

package com.c.a.b;
public abstract interface j {
    public abstract long b();
    public abstract long c();
    public abstract long g();
    public abstract String[] d();
    public abstract int[] e();
    public abstract boolean f();
    public abstract String h();
}







com/c/a/b/a.class

package com.c.a.b;
public abstract synchronized class a {
    public final g a;
    private final c.k e;
    private final int f;
    private final char g;
    private d h;
    public final b.c b;
    public final i c;
    public char d;
    public void a(d);
    public abstract void a();
    public final void a(java.io.Reader);
    public final String[] b();
    private static String a(String, boolean);
    private void c();
}







com/c/a/b/d.class

package com.c.a.b;
public abstract synchronized class d extends e {
    private boolean k;
    boolean a;
    int b;
    boolean c;
    int d;
    public void d();
    public b.b a();
}







com/c/a/b/k.class

package com.c.a.b;
public final synchronized class k extends RuntimeException {
    private final long a;
    private final long b;
    private final String c;
    public void k(j, String, Throwable);
    public void k(j, String);
    public final String getMessage();
}







com/c/a/b/h.class

package com.c.a.b;
public abstract synchronized class h {
    private static final String e;
    private static final char[] f;
    public String a;
    public char[] b;
    public char c;
    char d;
    public void h();
    public final char[] a();
    static void <clinit>();
}







com/c/a/b/b/c.class

package com.c.a.b.b;
public abstract interface c {
    public abstract void b(java.io.Reader);
    public abstract void e();
    public abstract char b();
    public abstract long d();
    public abstract long c();
    public abstract void a(int);
}







com/c/a/b/b/b.class

package com.c.a.b.b;
public abstract interface b {
    public abstract void a(char);
    public abstract void b(char);
    public abstract int a();
    public abstract String b();
    public abstract char[] c();
}







com/c/a/b/b/f.class

package com.c.a.b.b;
public final synchronized class f extends RuntimeException {
    public void f();
}







com/c/a/b/b/h.class

package com.c.a.b.b;
public final synchronized class h extends d {
    private final char e;
    private final char f;
    private final char g;
    public void h(int, String, com.c.a.b.h);
    private void h(int, String, char, com.c.a.b.h);
    public final void a(char);
    public final void b(char);
    public final void e();
}







com/c/a/b/b/e.class

package com.c.a.b.b;
public final synchronized class e extends a {
    private java.io.Reader c;
    public void e(char[], char, int);
    public final void e();
    protected final void a(java.io.Reader);
    protected final void a();
}







com/c/a/b/b/a.class

package com.c.a.b.b;
public abstract synchronized class a implements c {
    private final char c;
    private final char d;
    private final char e;
    private long f;
    private long g;
    private int h;
    public char[] a;
    public int b;
    public void a(char[], char);
    public abstract void a(java.io.Reader);
    public abstract void a();
    public final void b(java.io.Reader);
    private final void f();
    public final char b();
    public final long c();
    public final void a(int);
    public final long d();
}







com/c/a/b/b/d.class

package com.c.a.b.b;
public synchronized class d implements b {
    public final char[] a;
    public final char[] b;
    public int c;
    private String e;
    public int d;
    public void d(int, String);
    public void d(int, String, char);
    public void a(char);
    public void b(char);
    public final String b();
    public String toString();
    public final int a();
    public final void d();
    public final void a(d);
    public final char[] c();
}







com/c/a/b/b/a/d.class

package com.c.a.b.b.a;
final synchronized class d {
    final Object a;
    final int b;
    void d(Object, int);
}







com/c/a/b/b/a/c.class

package com.c.a.b.b.a;
final synchronized class c implements Runnable {
    private final java.util.concurrent.ArrayBlockingQueue a;
    private final a b;
    private final e c;
    private d d;
    private boolean e;
    private boolean f;
    private final java.io.Reader g;
    private Thread h;
    public void c(java.io.Reader, int, int);
    public final void run();
    public final synchronized a a();
    public final void b();
}







com/c/a/b/b/a/e.class

package com.c.a.b.b.a;
abstract synchronized class e {
    private d[] a;
    private final int[] b;
    private int c;
    private int d;
    private int e;
    void e(int);
    protected abstract Object a();
    public final synchronized d b();
    public final synchronized void a(d);
}







com/c/a/b/b/a/b.class

package com.c.a.b.b.a;
public final synchronized class b extends com.c.a.b.b.a {
    private c c;
    private a d;
    private final int e;
    private final int f;
    public void b(char[], char, int, int);
    public final void e();
    protected final void a(java.io.Reader);
    protected final void a();
}







com/c/a/b/b/a/c$1.class

package com.c.a.b.b.a;
final synchronized class c$1 extends e {
    void c$1(c, int, int);
}







com/c/a/b/b/a/a.class

package com.c.a.b.b.a;
final synchronized class a {
    final char[] a;
    int b;
    public void a(int);
}







com/c/a/b/b/g.class

package com.c.a.b.b;
public final synchronized class g implements b {
    private static final g a;
    public static b d();
    private void g();
    public final int a();
    public final String b();
    public final void a(char);
    public final void b(char);
    public final char[] c();
    static void <clinit>();
}







com/c/a/b/l.class

package com.c.a.b;
public final synchronized class l extends RuntimeException {
    private final long a;
    private final Object[] b;
    private final String c;
    private void l(String, long, Object[], String, Throwable);
    public void l(String, long, String, Throwable);
    public void l(String, long, Object[], Throwable);
    public final String getMessage();
}







com/c/a/b/c/h.class

package com.c.a.b.c;
public final synchronized class h implements Cloneable {
    Object[] a;
    public void h();
    public final h a();
}







com/c/a/b/c/a.class

package com.c.a.b.c;
public final synchronized class a implements k {
    public void a();
    public final void a(com.c.a.b.j);
    public final void a(String[], com.c.a.b.j);
    public final void b(com.c.a.b.j);
}







com/c/a/b/c/f.class

package com.c.a.b.c;
abstract synchronized class f {
    private com.c.a.b.a.c a;
    private boolean b;
    private int[] c;
    private boolean d;
    com.c.a.b.a.c a();
    public final Object[] c(String[], com.c.a.b.j);
}







com/c/a/b/c/c.class

package com.c.a.b.c;
abstract synchronized class c extends f {
    final Class a;
    final java.util.Set b;
    boolean c;
    com.c.a.a.a.a[] d;
    boolean e;
    void a(reflect.Field, com.c.a.a.a.a);
    private reflect.Method a(com.c.a.c.g, String);
    private void a(com.c.a.c.g, com.c.a.a.a.a);
    private void a(Object, Object[], com.c.a.b.j);
    public final Object b(String[], com.c.a.b.j);
}







com/c/a/b/c/j.class

package com.c.a.b.c;
public abstract synchronized class j extends f implements k {
    public void a(String[], com.c.a.b.j);
    public abstract void a(Object[], com.c.a.b.j);
    public void a(com.c.a.b.j);
    public void b(com.c.a.b.j);
}







com/c/a/b/c/g.class

package com.c.a.b.c;
public abstract synchronized class g extends j {
    private h a;
    public final void a(com.c.a.b.j);
    public final void a(String[], com.c.a.b.j);
    public final void a(Object[], com.c.a.b.j);
    public void b(com.c.a.b.j);
    protected abstract boolean b();
    protected abstract void a(h);
}







com/c/a/b/c/k.class

package com.c.a.b.c;
public abstract interface k {
    public abstract void a(com.c.a.b.j);
    public abstract void a(String[], com.c.a.b.j);
    public abstract void b(com.c.a.b.j);
}







com/c/a/b/c/d.class

package com.c.a.b.c;
public abstract synchronized class d extends c implements k {
    public final void a(String[], com.c.a.b.j);
    public final void a(com.c.a.b.j);
    public final void b(com.c.a.b.j);
}







com/c/a/b/c/e.class

package com.c.a.b.c;
public synchronized class e implements org.apache.commons.c.a {
    private java.util.List a;
    private String[] b;
    private long c;
    private long d;
    public final void a();
    public final void b();
    public final void a(Object[], com.c.a.b.j);
}







com/c/a/b/c/i.class

package com.c.a.b.c;
public final synchronized class i extends j {
    java.util.List a;
    public final void a(com.c.a.b.j);
    public final void a(Object[], com.c.a.b.j);
    public final void b(com.c.a.b.j);
}







com/c/a/b/c/b.class

package com.c.a.b.c;
public abstract synchronized class b extends j implements k {
    private final e a;
    private final int b;
    private int c;
    private int d;
    public final void a(com.c.a.b.j);
    public final void a(Object[], com.c.a.b.j);
    public final void b(com.c.a.b.j);
}







com/c/a/b/i.class

package com.c.a.b;
public final synchronized class i {
    int a;
    private final String[] g;
    private b.b[] h;
    private final d i;
    private final boolean j;
    private final String k;
    public b.b b;
    private boolean l;
    boolean c;
    String[] d;
    int[] e;
    long f;
    public void i(d);
    private void d();
    public final String[] a();
    private void a(String[]);
    public final void b();
    public final void c();
}







com/c/a/b/e.class

package com.c.a.b;
public abstract synchronized class e {
    public h e;
    private String a;
    public int f;
    public int g;
    boolean h;
    public boolean i;
    public boolean j;
    private a.f b;
    public void e();
    public abstract h b();
}







com/c/a/b/f.class

package com.c.a.b;
public abstract synchronized class f extends e {
    String a;
    public void f();
}







com/c/a/b/g.class

package com.c.a.b;
final synchronized class g implements j {
    private final b.c b;
    private final i c;
    protected boolean a;
    private int[] d;
    public void g(b.c, i);
    public final void a();
    public final long b();
    public final long c();
    public final String[] d();
    public final int[] e();
    public final boolean f();
    public final long g();
    public final String h();
}







com/c/a/b/b.class

package com.c.a.b;
public abstract synchronized class b {
    public final java.io.BufferedWriter a;
    private final boolean e;
    public final b.h b;
    private final Object[] f;
    private final int[] g;
    private final char[] h;
    private String[] i;
    private long j;
    public final String c;
    private String k;
    public final b.b d;
    public void b(java.io.Writer, f);
    public abstract void a(Object[]);
    public final void a();
    public final transient void a(String[]);
    public final transient void b(Object[]);
    private final void b();
    private void c();
    public void a(String, String, Exception);
    private void a(String, Object[], Exception);
    public final String a(Object);
}







com/c/a/b/a/d.class

package com.c.a.b.a;
public final synchronized class d extends g implements f {
    public void d();
    public final int[] a(String[]);
}







com/c/a/b/a/c$1.class

package com.c.a.b.a;
final synchronized class c$1 extends a {
    void c$1(c, java.util.List);
    protected final f a();
}







com/c/a/b/a/c.class

package com.c.a.b.a;
public final synchronized class c {
    private java.util.List c;
    public a a;
    public a b;
    private a d;
    private java.util.Map e;
    public void c();
    public final void a(String[]);
    public final Object a(int, String);
}







com/c/a/b/a/c$2.class

package com.c.a.b.a;
final synchronized class c$2 extends a {
    void c$2(c, java.util.List);
    protected final f a();
}







com/c/a/b/a/e.class

package com.c.a.b.a;
public final synchronized class e extends g implements f {
    public void e();
    public final int[] a(String[]);
}







com/c/a/b/a/c$3.class

package com.c.a.b.a;
final synchronized class c$3 extends a {
    void c$3(c, java.util.List);
    protected final f a();
}







com/c/a/b/a/a.class

package com.c.a.b.a;
public abstract synchronized class a {
    private java.util.Map a;
    private final java.util.List b;
    void a(java.util.List);
    public final transient g a(com.c.a.c.g[]);
    protected abstract f a();
    public final void a(f, java.util.Map, String[]);
    private static void a(f, java.util.List, com.c.a.c.g[]);
    public final boolean b();
}







com/c/a/b/a/f.class

package com.c.a.b.a;
public abstract interface f {
    public abstract int[] a(String[]);
    public abstract String a();
}







com/c/a/b/a/g.class

package com.c.a.b.a;
public synchronized class g {
    private final java.util.List a;
    public void g();
    final java.util.List b();
    public final transient g a(Object[]);
    public final String a();
}







com/c/a/b/a/b.class

package com.c.a.b.a;
public final synchronized class b implements f {
    public void b();
    public final int[] a(String[]);
    public final String a();
}







com/a/a/a/a$1.class

package com.a.a.a;
final synchronized class a$1 {
    static void <clinit>();
}







com/a/a/a/a$a.class

package com.a.a.a;
final synchronized class a$a extends Enum {
    public static final int a;
    public static final int b;
    public static final int c;
    public static final int d;
    public static int[] a();
    static void <clinit>();
}







com/a/a/a/a.class

package com.a.a.a;
abstract synchronized class a implements java.util.Iterator {
    int a;
    private Object b;
    protected void a();
    protected abstract Object a();
    public final boolean hasNext();
    public final Object next();
    public final void remove();
}







com/a/a/a/b$1.class

package com.a.a.a;
final synchronized class b$1 extends b {
    void b$1();
    public final boolean b(char);
    public final String toString();
}







com/a/a/a/b$2.class

package com.a.a.a;
final synchronized class b$2 extends b$a {
    void b$2(String, char, char);
    public final boolean b(char);
}







com/a/a/a/b$3.class

package com.a.a.a;
final synchronized class b$3 extends b$a {
    void b$3(String);
    public final boolean b(char);
}







com/a/a/a/b$4.class

package com.a.a.a;
final synchronized class b$4 extends b {
    void b$4(String);
    public final boolean b(char);
}







com/a/a/a/b$5.class

package com.a.a.a;
final synchronized class b$5 extends b {
    void b$5(String);
    public final boolean b(char);
}







com/a/a/a/b$6.class

package com.a.a.a;
final synchronized class b$6 extends b {
    void b$6(String);
    public final boolean b(char);
}







com/a/a/a/b$7.class

package com.a.a.a;
final synchronized class b$7 extends b {
    void b$7(String);
    public final boolean b(char);
}







com/a/a/a/b$8.class

package com.a.a.a;
final synchronized class b$8 extends b {
    void b$8(String);
    public final boolean b(char);
}







com/a/a/a/b$9.class

package com.a.a.a;
final synchronized class b$9 extends b$a {
    void b$9(String);
    public final boolean b(char);
    public final int a(CharSequence, int);
    public final b a(b);
}







com/a/a/a/b$10.class

package com.a.a.a;
final synchronized class b$10 extends b$a {
    void b$10(String);
    public final boolean b(char);
    public final int a(CharSequence, int);
    public final b a(b);
}







com/a/a/a/b$11.class

package com.a.a.a;
final synchronized class b$11 extends b$a {
    void b$11(String, char);
    public final boolean b(char);
    public final b a(b);
}







com/a/a/a/b$a.class

package com.a.a.a;
abstract synchronized class b$a extends b {
    void b$a(String);
}







com/a/a/a/b$b.class

package com.a.a.a;
final synchronized class b$b extends b {
    private b c;
    private b d;
    private void b$b(b, b, String);
    void b$b(b, b);
    public final boolean b(char);
    final b a(String);
}







com/a/a/a/b$c.class

package com.a.a.a;
final synchronized class b$c extends b {
    private final char[] c;
    private final char[] d;
    void b$c(String, char[], char[]);
    public final boolean b(char);
}







com/a/a/a/b.class

package com.a.a.a;
public abstract synchronized class b implements i {
    private static final String c;
    public static final b a;
    private String d;
    static final int b;
    private static String c(char);
    public static b a(char);
    private static b a(char, char);
    private static b a(char, char, String);
    void b(String);
    protected void b();
    public abstract boolean b(char);
    public b a(b);
    b a(String);
    public int a(CharSequence, int);
    public final boolean a(Character);
    public String toString();
    static void <clinit>();
}







com/a/a/a/c.class

package com.a.a.a;
public final synchronized class c {
    public static final java.nio.charset.Charset a;
    static void <clinit>();
}







com/a/a/a/d.class

package com.a.a.a;
public abstract synchronized class d implements f {
    private final boolean a;
    protected abstract Object a();
    public final Object a(Object);
    public boolean equals(Object);
}







com/a/a/a/e.class

package com.a.a.a;
public abstract synchronized class e implements com.c.a.b.c.k, org.apache.commons.a.k, org.apache.commons.c.j.b {
    public final com.c.a.b.c.e a;
    public final int b;
    public int c;
    public int d;
    public final org.apache.commons.logging.Log e;
    public double f;
    public final boolean a(Object, Object);
    protected abstract boolean a();
    public final int a(Object);
    protected abstract int b();
    public abstract Object c();
    public com.a.a.h.a.l b(Object, Object);
    public void a(com.c.a.b.j);
    public void a(String[], com.c.a.b.j);
    public void b(com.c.a.b.j);
    public abstract Object d();
    public Object a(Class, Object);
    public Object a(Class, Object, String);
    public static Object b(Class, Object);
    public abstract double e();
    public double nextGaussian();
}







com/a/a/a/f.class

package com.a.a.a;
public abstract interface f {
    public abstract Object a(Object);
    public abstract boolean equals(Object);
}







com/a/a/a/g$1.class

package com.a.a.a;
final synchronized class g$1 extends g {
    void g$1(g, g, String);
    final CharSequence a(Object);
    public final g b(String);
}







com/a/a/a/g$a.class

package com.a.a.a;
public final synchronized class g$a {
    private final g a;
    private final String b;
    private void g$a(g, String);
    public final StringBuilder a(StringBuilder, java.util.Iterator);
}







com/a/a/a/g.class

package com.a.a.a;
public synchronized class g {
    final String a;
    public static g a(String);
    void g(String);
    private void g(g);
    public final StringBuilder a(StringBuilder, java.util.Iterator);
    public g b(String);
    CharSequence a(Object);
}







com/a/a/a/h$a.class

package com.a.a.a;
final synchronized class h$a {
    String a;
    Object b;
    h$a c;
    private void h$a();
}







com/a/a/a/h.class

package com.a.a.a;
public final synchronized class h {
    private final String a;
    private h$a b;
    private h$a c;
    private boolean d;
    private void h(String);
    public final h a(String, int);
    public final String toString();
    private h$a a();
    public h a(String, Object);
}







com/a/a/a/i.class

package com.a.a.a;
public abstract interface i {
    public abstract boolean a(Object);
    public abstract boolean equals(Object);
}







com/a/a/a/j$a.class

package com.a.a.a;
final synchronized class j$a implements i, java.io.Serializable {
    private final java.util.List a;
    private void j$a(java.util.List);
    public final boolean a(Object);
    public final int hashCode();
    public final boolean equals(Object);
    public final String toString();
}







com/a/a/a/j$b.class

package com.a.a.a;
final synchronized class j$b implements i, java.io.Serializable {
    private i a;
    private f b;
    private void j$b(i, f);
    public final boolean a(Object);
    public final boolean equals(Object);
    public final int hashCode();
    public final String toString();
}







com/a/a/a/j$c.class

package com.a.a.a;
final synchronized class j$c implements i, java.io.Serializable {
    private final java.util.Collection a;
    private void j$c(java.util.Collection);
    public final boolean a(Object);
    public final boolean equals(Object);
    public final int hashCode();
    public final String toString();
}







com/a/a/a/j$d.class

package com.a.a.a;
final synchronized class j$d implements i, java.io.Serializable {
    private final Object a;
    private void j$d(Object);
    public final boolean a(Object);
    public final int hashCode();
    public final boolean equals(Object);
    public final String toString();
}







com/a/a/a/j$e.class

package com.a.a.a;
final synchronized class j$e implements i, java.io.Serializable {
    private i a;
    void j$e(i);
    public final boolean a(Object);
    public final int hashCode();
    public final boolean equals(Object);
    public final String toString();
}







com/a/a/a/j$f$1.class

package com.a.a.a;
final synchronized enum j$f$1 {
    void j$f$1(String, int);
    public final boolean a(Object);
    public final String toString();
}







com/a/a/a/j$f$2.class

package com.a.a.a;
final synchronized enum j$f$2 {
    void j$f$2(String, int);
    public final boolean a(Object);
    public final String toString();
}







com/a/a/a/j$f$3.class

package com.a.a.a;
final synchronized enum j$f$3 {
    void j$f$3(String, int);
    public final boolean a(Object);
    public final String toString();
}







com/a/a/a/j$f$4.class

package com.a.a.a;
final synchronized enum j$f$4 {
    void j$f$4(String, int);
    public final boolean a(Object);
    public final String toString();
}







com/a/a/a/j$f.class

package com.a.a.a;
abstract synchronized enum j$f {
    private static j$f b;
    private static j$f c;
    public static final j$f a;
    private static j$f d;
    private void j$f(String, int);
    static void <clinit>();
}







com/a/a/a/j.class

package com.a.a.a;
public final synchronized class j {
    private static final g a;
    public static i a(i);
    public static i a(i, i);
    public static i a(Object);
    public static i a(java.util.Collection);
    public static i a(i, f);
    static void <clinit>();
}







com/a/a/a/k$1$1.class

package com.a.a.a;
final synchronized class k$1$1 extends k$a {
    void k$1$1(k$1, k, CharSequence);
    final int a(int);
    final int b(int);
}







com/a/a/a/k$1.class

package com.a.a.a;
public final synchronized class k$1 implements k$b {
    public void k$1(b);
}







com/a/a/a/k$2$1.class

package com.a.a.a;
final synchronized class k$2$1 extends k$a {
    void k$2$1(k$2, k, CharSequence);
    public final int a(int);
    public final int b(int);
}







com/a/a/a/k$2.class

package com.a.a.a;
final synchronized class k$2 implements k$b {
    void k$2(String);
}







com/a/a/a/k$a.class

package com.a.a.a;
abstract synchronized class k$a extends a {
    final CharSequence b;
    private b c;
    private boolean d;
    private int e;
    private int f;
    abstract int a(int);
    abstract int b(int);
    protected void k$a(k, CharSequence);
}







com/a/a/a/k$b.class

package com.a.a.a;
abstract interface k$b {
    public abstract java.util.Iterator a(k, CharSequence);
}







com/a/a/a/k.class

package com.a.a.a;
public final synchronized class k {
    final b a;
    final boolean b;
    private final k$b d;
    final int c;
    public void k(k$b);
    private void k(k$b, boolean, b, int);
    public static k a(String);
    public final k a(int);
    public final java.util.List a(CharSequence);
}







com/a/a/a/l$1.class

package com.a.a.a;
final synchronized class l$1 {
    static void <clinit>();
}







com/a/a/a/l.class

package com.a.a.a;
public final synchronized class l {
    private final n c;
    public boolean a;
    public long b;
    private long d;
    public static l a();
    public void l();
    private void l(n);
    public final l b();
    public final l c();
    private long d();
    public final long a(java.util.concurrent.TimeUnit);
    public final String toString();
}







com/a/a/a/m.class

package com.a.a.a;
public abstract interface m {
    public abstract Object a();
}







com/a/a/a/n$1.class

package com.a.a.a;
final synchronized class n$1 extends n {
    void n$1();
    public final long a();
}







com/a/a/a/n.class

package com.a.a.a;
public abstract synchronized class n {
    private static final n a;
    protected void n();
    public abstract long a();
    public static n b();
    static void <clinit>();
}







com/a/a/b/a$a.class

package com.a.a.b;
public abstract interface a$a {
    public abstract int a();
}







com/a/a/b/a.class

package com.a.a.b;
public abstract synchronized class a implements b, f, g$j {
    public Object a_(Object);
    public Object a(Object);
    void a();
    public g$t a();
    public void a(g$t);
    public g$j b();
    public int c();
    public Object d();
    public long e();
    public void a(long);
    public g$j f();
    public void a(g$j);
    public g$j g();
    public void b(g$j);
    public long h();
    public void b(long);
    public g$j i();
    public void c(g$j);
    public g$j j();
    public void d(g$j);
}







com/a/a/b/b.class

package com.a.a.b;
public abstract interface b {
}







com/a/a/b/c.class

package com.a.a.b;
public synchronized class c extends RuntimeException {
    public void c(String);
    protected void c();
    public void c(Throwable);
}







com/a/a/b/d$a.class

package com.a.a.b;
public abstract synchronized class d$a extends d {
    private final b a;
    protected final b a();
}







com/a/a/b/d.class

package com.a.a.b;
public abstract synchronized class d extends com.a.a.c.X implements b {
    protected abstract b a();
}







com/a/a/b/e$a.class

package com.a.a.b;
public abstract synchronized class e$a extends e {
    private final f a;
    protected final f c();
}







com/a/a/b/e.class

package com.a.a.b;
public abstract synchronized class e extends d implements f {
    protected abstract f c();
    public final Object b(Object);
    public final Object a(Object);
}







com/a/a/b/f.class

package com.a.a.b;
public abstract interface f extends com.a.a.a.f, b {
    public abstract Object b(Object);
    public abstract Object a(Object);
}







com/a/a/b/g$1.class

package com.a.a.b;
final synchronized class g$1 implements g$t {
    void g$1();
    public final Object get();
    public final int a();
    public final g$j b();
    public final g$t a(ref.ReferenceQueue, Object, g$j);
    public final boolean c();
    public final boolean d();
    public final void a(Object);
}







com/a/a/b/g$2.class

package com.a.a.b;
final synchronized class g$2 extends java.util.AbstractQueue {
    void g$2();
    public final boolean offer(Object);
    public final Object peek();
    public final Object poll();
    public final int size();
    public final java.util.Iterator iterator();
}







com/a/a/b/g$a.class

package com.a.a.b;
abstract synchronized class g$a extends java.util.AbstractSet {
    final java.util.concurrent.ConcurrentMap a;
    void g$a(g, java.util.concurrent.ConcurrentMap);
    public int size();
    public boolean isEmpty();
    public void clear();
}







com/a/a/b/g$b$1.class

package com.a.a.b;
final synchronized enum g$b$1 {
    void g$b$1(String, int);
    final g$j a(g$k, Object, int, g$j);
}







com/a/a/b/g$b$2.class

package com.a.a.b;
final synchronized enum g$b$2 {
    void g$b$2(String, int);
    final g$j a(g$k, Object, int, g$j);
    final g$j a(g$k, g$j, g$j);
}







com/a/a/b/g$b$3.class

package com.a.a.b;
final synchronized enum g$b$3 {
    void g$b$3(String, int);
    final g$j a(g$k, Object, int, g$j);
    final g$j a(g$k, g$j, g$j);
}







com/a/a/b/g$b$4.class

package com.a.a.b;
final synchronized enum g$b$4 {
    void g$b$4(String, int);
    final g$j a(g$k, Object, int, g$j);
    final g$j a(g$k, g$j, g$j);
}







com/a/a/b/g$b$5.class

package com.a.a.b;
final synchronized enum g$b$5 {
    void g$b$5(String, int);
    final g$j a(g$k, Object, int, g$j);
}







com/a/a/b/g$b$6.class

package com.a.a.b;
final synchronized enum g$b$6 {
    void g$b$6(String, int);
    final g$j a(g$k, Object, int, g$j);
    final g$j a(g$k, g$j, g$j);
}







com/a/a/b/g$b$7.class

package com.a.a.b;
final synchronized enum g$b$7 {
    void g$b$7(String, int);
    final g$j a(g$k, Object, int, g$j);
    final g$j a(g$k, g$j, g$j);
}







com/a/a/b/g$b$8.class

package com.a.a.b;
final synchronized enum g$b$8 {
    void g$b$8(String, int);
    final g$j a(g$k, Object, int, g$j);
    final g$j a(g$k, g$j, g$j);
}







com/a/a/b/g$b.class

package com.a.a.b;
abstract synchronized enum g$b {
    private static g$b a;
    private static g$b b;
    private static g$b c;
    private static g$b d;
    private static g$b e;
    private static g$b f;
    private static g$b g;
    private static g$b h;
    private void g$b(String, int);
    abstract g$j a(g$k, Object, int, g$j);
    g$j a(g$k, g$j, g$j);
    static void a(g$j, g$j);
    static void b(g$j, g$j);
    static void <clinit>();
}







com/a/a/b/g$c.class

package com.a.a.b;
final synchronized class g$c extends g$e {
    void g$c(g);
}







com/a/a/b/g$d.class

package com.a.a.b;
final synchronized class g$d extends g$a {
    void g$d(g, java.util.concurrent.ConcurrentMap);
    public final java.util.Iterator iterator();
    public final boolean contains(Object);
    public final boolean remove(Object);
}







com/a/a/b/g$e.class

package com.a.a.b;
abstract synchronized class g$e implements java.util.Iterator {
    private int a;
    private int b;
    private g$k c;
    private java.util.concurrent.atomic.AtomicReferenceArray d;
    private g$j e;
    private g$D f;
    private g$D g;
    void g$e(g);
    private void b();
    private boolean c();
    private boolean d();
    private boolean a(g$j);
    public boolean hasNext();
    final g$D a();
    public void remove();
}







com/a/a/b/g$f.class

package com.a.a.b;
final synchronized class g$f extends g$e {
    void g$f(g);
    public final Object next();
}







com/a/a/b/g$g.class

package com.a.a.b;
final synchronized class g$g extends g$a {
    void g$g(g, java.util.concurrent.ConcurrentMap);
    public final java.util.Iterator iterator();
    public final boolean contains(Object);
    public final boolean remove(Object);
}







com/a/a/b/g$h$1.class

package com.a.a.b;
final synchronized class g$h$1 implements com.a.a.a.f {
    void g$h$1(g$h);
    public final Object a(Object);
}







com/a/a/b/g$h.class

package com.a.a.b;
final synchronized class g$h implements g$t {
    volatile g$t a;
    private com.a.a.h.a.p b;
    private com.a.a.a.l c;
    public void g$h();
    public void g$h(g$t);
    public final boolean c();
    public final boolean d();
    public final int a();
    public final boolean b(Object);
    public final boolean a(Throwable);
    public final void a(Object);
    public final com.a.a.h.a.l a(Object, com.a.a.a.e);
    public final long e();
    public final Object get();
    public final g$j b();
    public final g$t a(ref.ReferenceQueue, Object, g$j);
}







com/a/a/b/g$i.class

package com.a.a.b;
final synchronized enum g$i {
    public static final g$i a;
    private void g$i(String, int);
    public final g$t a();
    public final void a(g$t);
    public final g$j b();
    public final int c();
    public final Object d();
    public final long e();
    public final void a(long);
    public final g$j f();
    public final void a(g$j);
    public final g$j g();
    public final void b(g$j);
    public final long h();
    public final void b(long);
    public final g$j i();
    public final void c(g$j);
    public final g$j j();
    public final void d(g$j);
    static void <clinit>();
}







com/a/a/b/g$j.class

package com.a.a.b;
abstract interface g$j {
    public abstract g$t a();
    public abstract void a(g$t);
    public abstract g$j b();
    public abstract int c();
    public abstract Object d();
    public abstract long e();
    public abstract void a(long);
    public abstract g$j f();
    public abstract void a(g$j);
    public abstract g$j g();
    public abstract void b(g$j);
    public abstract long h();
    public abstract void b(long);
    public abstract g$j i();
    public abstract void c(g$j);
    public abstract g$j j();
    public abstract void d(g$j);
}







com/a/a/b/g$k$1.class

package com.a.a.b;
final synchronized class g$k$1 implements Runnable {
    void g$k$1(g$k, Object, int, g$h, com.a.a.h.a.l);
    public final void run();
}







com/a/a/b/g$k.class

package com.a.a.b;
final synchronized class g$k extends java.util.concurrent.locks.ReentrantLock {
    final g a;
    volatile int b;
    private long j;
    int c;
    private int k;
    volatile java.util.concurrent.atomic.AtomicReferenceArray d;
    private long l;
    final ref.ReferenceQueue e;
    final ref.ReferenceQueue f;
    private java.util.Queue m;
    final java.util.concurrent.atomic.AtomicInteger g;
    final java.util.Queue h;
    final java.util.Queue i;
    private g$j a(Object, int, g$j);
    private g$j a(g$j, g$j);
    private void a(g$j, Object, Object, long);
    final Object a(Object, int, g$h, com.a.a.h.a.l);
    private Object a(Object, int, com.a.a.a.e, boolean);
    private g$h a(Object, int, boolean);
    final void a();
    private void d();
    private void a(g$j, long);
    private void e();
    final void a(long);
    private void b(long);
    final void a(g$j, h);
    private void a(Object, g$t, h);
    private void f();
    private g$j d(Object, int);
    private g$j a(Object, int, long);
    final Object a(Object, int);
    final boolean b(Object, int);
    final Object a(Object, int, Object, boolean);
    private void g();
    final boolean a(Object, int, Object, Object);
    final Object a(Object, int, Object);
    final Object c(Object, int);
    private boolean a(Object, int, g$h, Object);
    final boolean b(Object, int, Object);
    private g$j a(g$j, g$j, Object, int, g$t, h);
    private g$j b(g$j, g$j);
    private void a(g$j);
    final boolean a(g$j, int);
    final boolean a(Object, int, g$t);
    private boolean a(Object, int, g$h);
    private boolean a(g$j, int, h);
    final void b();
    private void c(long);
    final void c();
}







com/a/a/b/g$l.class

package com.a.a.b;
synchronized class g$l extends ref.SoftReference implements g$t {
    private g$j a;
    void g$l(ref.ReferenceQueue, Object, g$j);
    public int a();
    public final g$j b();
    public final void a(Object);
    public g$t a(ref.ReferenceQueue, Object, g$j);
    public final boolean c();
    public final boolean d();
}







com/a/a/b/g$m$1.class

package com.a.a.b;
final synchronized enum g$m$1 {
    void g$m$1(String, int);
    final g$t a(g$k, g$j, Object, int);
}







com/a/a/b/g$m$2.class

package com.a.a.b;
final synchronized enum g$m$2 {
    void g$m$2(String, int);
    final g$t a(g$k, g$j, Object, int);
}







com/a/a/b/g$m$3.class

package com.a.a.b;
final synchronized enum g$m$3 {
    void g$m$3(String, int);
    final g$t a(g$k, g$j, Object, int);
}







com/a/a/b/g$m.class

package com.a.a.b;
abstract synchronized enum g$m {
    public static final g$m a;
    private static g$m b;
    private static g$m c;
    private void g$m(String, int);
    abstract g$t a(g$k, g$j, Object, int);
    static void <clinit>();
}







com/a/a/b/g$n.class

package com.a.a.b;
final synchronized class g$n extends g$p {
    private volatile long a;
    private g$j b;
    private g$j c;
    void g$n(Object, int, g$j);
    public final long e();
    public final void a(long);
    public final g$j f();
    public final void a(g$j);
    public final g$j g();
    public final void b(g$j);
}







com/a/a/b/g$o.class

package com.a.a.b;
final synchronized class g$o extends g$p {
    private volatile long a;
    private g$j b;
    private g$j c;
    private volatile long d;
    private g$j e;
    private g$j f;
    void g$o(Object, int, g$j);
    public final long e();
    public final void a(long);
    public final g$j f();
    public final void a(g$j);
    public final g$j g();
    public final void b(g$j);
    public final long h();
    public final void b(long);
    public final g$j i();
    public final void c(g$j);
    public final g$j j();
    public final void d(g$j);
}







com/a/a/b/g$p.class

package com.a.a.b;
synchronized class g$p extends a {
    private Object a;
    private int b;
    private g$j c;
    private volatile g$t d;
    void g$p(Object, int, g$j);
    public final Object d();
    public final g$t a();
    public final void a(g$t);
    public final int c();
    public final g$j b();
}







com/a/a/b/g$q.class

package com.a.a.b;
synchronized class g$q implements g$t {
    private Object a;
    void g$q(Object);
    public Object get();
    public int a();
    public final g$j b();
    public final g$t a(ref.ReferenceQueue, Object, g$j);
    public final boolean c();
    public final boolean d();
    public final void a(Object);
}







com/a/a/b/g$r.class

package com.a.a.b;
final synchronized class g$r extends g$p {
    private volatile long a;
    private g$j b;
    private g$j c;
    void g$r(Object, int, g$j);
    public final long h();
    public final void b(long);
    public final g$j i();
    public final void c(g$j);
    public final g$j j();
    public final void d(g$j);
}







com/a/a/b/g$s.class

package com.a.a.b;
final synchronized class g$s extends g$e {
    void g$s(g);
    public final Object next();
}







com/a/a/b/g$t.class

package com.a.a.b;
abstract interface g$t {
    public abstract Object get();
    public abstract int a();
    public abstract g$j b();
    public abstract g$t a(ref.ReferenceQueue, Object, g$j);
    public abstract void a(Object);
    public abstract boolean c();
    public abstract boolean d();
}







com/a/a/b/g$u.class

package com.a.a.b;
final synchronized class g$u extends java.util.AbstractCollection {
    private final java.util.concurrent.ConcurrentMap a;
    void g$u(g, java.util.concurrent.ConcurrentMap);
    public final int size();
    public final boolean isEmpty();
    public final void clear();
    public final java.util.Iterator iterator();
    public final boolean contains(Object);
}







com/a/a/b/g$v.class

package com.a.a.b;
final synchronized class g$v extends g$x {
    private volatile long a;
    private g$j b;
    private g$j c;
    void g$v(ref.ReferenceQueue, Object, int, g$j);
    public final long e();
    public final void a(long);
    public final g$j f();
    public final void a(g$j);
    public final g$j g();
    public final void b(g$j);
}







com/a/a/b/g$w.class

package com.a.a.b;
final synchronized class g$w extends g$x {
    private volatile long a;
    private g$j b;
    private g$j c;
    private volatile long d;
    private g$j e;
    private g$j f;
    void g$w(ref.ReferenceQueue, Object, int, g$j);
    public final long e();
    public final void a(long);
    public final g$j f();
    public final void a(g$j);
    public final g$j g();
    public final void b(g$j);
    public final long h();
    public final void b(long);
    public final g$j i();
    public final void c(g$j);
    public final g$j j();
    public final void d(g$j);
}







com/a/a/b/g$x.class

package com.a.a.b;
synchronized class g$x extends ref.WeakReference implements g$j {
    private int a;
    private g$j b;
    private volatile g$t c;
    void g$x(ref.ReferenceQueue, Object, int, g$j);
    public final Object d();
    public long e();
    public void a(long);
    public g$j f();
    public void a(g$j);
    public g$j g();
    public void b(g$j);
    public long h();
    public void b(long);
    public g$j i();
    public void c(g$j);
    public g$j j();
    public void d(g$j);
    public final g$t a();
    public final void a(g$t);
    public final int c();
    public final g$j b();
}







com/a/a/b/g$y.class

package com.a.a.b;
synchronized class g$y extends ref.WeakReference implements g$t {
    private g$j a;
    void g$y(ref.ReferenceQueue, Object, g$j);
    public int a();
    public final g$j b();
    public final void a(Object);
    public g$t a(ref.ReferenceQueue, Object, g$j);
    public final boolean c();
    public final boolean d();
}







com/a/a/b/g$z.class

package com.a.a.b;
final synchronized class g$z extends g$x {
    private volatile long a;
    private g$j b;
    private g$j c;
    void g$z(ref.ReferenceQueue, Object, int, g$j);
    public final long h();
    public final void b(long);
    public final g$j i();
    public final void c(g$j);
    public final g$j j();
    public final void d(g$j);
}







com/a/a/b/g$A.class

package com.a.a.b;
final synchronized class g$A extends g$l {
    private int a;
    void g$A(ref.ReferenceQueue, Object, g$j, int);
    public final int a();
    public final g$t a(ref.ReferenceQueue, Object, g$j);
}







com/a/a/b/g$B.class

package com.a.a.b;
final synchronized class g$B extends g$q {
    private int a;
    void g$B(Object, int);
    public final int a();
}







com/a/a/b/g$C.class

package com.a.a.b;
final synchronized class g$C extends g$y {
    private int a;
    void g$C(ref.ReferenceQueue, Object, g$j, int);
    public final int a();
    public final g$t a(ref.ReferenceQueue, Object, g$j);
}







com/a/a/b/g$D.class

package com.a.a.b;
final synchronized class g$D implements java.util.Map$Entry {
    private Object a;
    private Object b;
    void g$D(g, Object, Object);
    public final Object getKey();
    public final Object getValue();
    public final boolean equals(Object);
    public final int hashCode();
    public final Object setValue(Object);
    public final String toString();
}







com/a/a/b/g.class

package com.a.a.b;
synchronized class g extends java.util.AbstractMap implements java.util.concurrent.ConcurrentMap {
    static final java.util.logging.Logger a;
    private int o;
    private int p;
    final g$k[] b;
    final com.a.a.a.e c;
    final com.a.a.a.e d;
    private g$m q;
    final g$m e;
    final long f;
    final a$a g;
    private long r;
    private long s;
    final long h;
    final java.util.Queue i;
    final com.a.a.a.n j;
    final g$b k;
    final com.a.a.a.e l;
    static final g$t m;
    static final java.util.Queue n;
    private java.util.Set t;
    private java.util.Collection u;
    private java.util.Set v;
    final boolean a();
    final boolean b();
    final boolean c();
    final boolean d();
    final boolean e();
    static g$t f();
    static g$j g();
    private int a(Object);
    final g$k a(int);
    final boolean a(g$j, long);
    static void a(g$j, g$j);
    static void a(g$j);
    static void b(g$j, g$j);
    static void b(g$j);
    public boolean isEmpty();
    public int size();
    public Object get(Object);
    public boolean containsKey(Object);
    public boolean containsValue(Object);
    public Object put(Object, Object);
    public Object putIfAbsent(Object, Object);
    public void putAll(java.util.Map);
    public Object remove(Object);
    public boolean remove(Object, Object);
    public boolean replace(Object, Object, Object);
    public Object replace(Object, Object);
    public void clear();
    public java.util.Set keySet();
    public java.util.Collection values();
    public java.util.Set entrySet();
    static void <clinit>();
}







com/a/a/b/h$1.class

package com.a.a.b;
final synchronized enum h$1 {
    void h$1(String, int);
    final boolean a();
}







com/a/a/b/h$2.class

package com.a.a.b;
final synchronized enum h$2 {
    void h$2(String, int);
    final boolean a();
}







com/a/a/b/h$3.class

package com.a.a.b;
final synchronized enum h$3 {
    void h$3(String, int);
    final boolean a();
}







com/a/a/b/h$4.class

package com.a.a.b;
final synchronized enum h$4 {
    void h$4(String, int);
    final boolean a();
}







com/a/a/b/h$5.class

package com.a.a.b;
final synchronized enum h$5 {
    void h$5(String, int);
    final boolean a();
}







com/a/a/b/h.class

package com.a.a.b;
public abstract synchronized enum h {
    public static final h a;
    public static final h b;
    public static final h c;
    public static final h d;
    public static final h e;
    private void h(String, int);
    abstract boolean a();
    static void <clinit>();
}







com/a/a/b/i.class

package com.a.a.b;
public final synchronized class i implements java.util.Map$Entry {
    private final Object a;
    private final Object b;
    void i(Object, Object, h);
    public final Object getKey();
    public final Object getValue();
    public final Object setValue(Object);
    public final boolean equals(Object);
    public final int hashCode();
    public final String toString();
}







com/a/a/c/a$a$1$1.class

package com.a.a.c;
final synchronized class a$a$1$1 extends S {
    void a$a$1$1(a$a$1, java.util.Map$Entry);
    protected final java.util.Map$Entry a();
    public final Object setValue(Object);
}







com/a/a/c/a$a$1.class

package com.a.a.c;
final synchronized class a$a$1 implements java.util.Iterator {
    private java.util.Map$Entry b;
    void a$a$1(a$a, java.util.Iterator);
    public final boolean hasNext();
    public final void remove();
}







com/a/a/c/a$a.class

package com.a.a.c;
final synchronized class a$a extends Z {
    private java.util.Set b;
    private void a$a(a);
    protected final java.util.Set a();
    public final void clear();
    public final boolean remove(Object);
    public final java.util.Iterator iterator();
    public final Object[] toArray();
    public final Object[] toArray(Object[]);
    public final boolean contains(Object);
    public final boolean containsAll(java.util.Collection);
    public final boolean removeAll(java.util.Collection);
    public final boolean retainAll(java.util.Collection);
}







com/a/a/c/a$b.class

package com.a.a.c;
final synchronized class a$b extends Z {
    private void a$b(a);
    protected final java.util.Set a();
    public final void clear();
    public final boolean remove(Object);
    public final boolean removeAll(java.util.Collection);
    public final boolean retainAll(java.util.Collection);
    public final java.util.Iterator iterator();
}







com/a/a/c/a$c.class

package com.a.a.c;
final synchronized class a$c extends Z {
    private java.util.Set a;
    private void a$c(a);
    protected final java.util.Set a();
    public final java.util.Iterator iterator();
    public final Object[] toArray();
    public final Object[] toArray(Object[]);
    public final String toString();
}







com/a/a/c/a.class

package com.a.a.c;
abstract synchronized class a extends R implements q, java.io.Serializable {
    private transient java.util.Set a;
    private transient java.util.Set b;
    private transient java.util.Set c;
    protected final java.util.Map a();
    public boolean containsValue(Object);
    public Object put(Object, Object);
    private void a(Object, boolean, Object, Object);
    public Object remove(Object);
    private Object a(Object);
    private void b(Object);
    public void putAll(java.util.Map);
    public void clear();
    public java.util.Set keySet();
    public java.util.Set entrySet();
}







com/a/a/c/b.class

package com.a.a.c;
abstract synchronized class b extends bq {
    private final int a;
    private int b;
    protected abstract Object a(int);
    protected void b(int);
    protected void b(int, int);
    public final boolean hasNext();
    public final Object next();
    public final int nextIndex();
    public final boolean hasPrevious();
    public final Object previous();
    public final int previousIndex();
}







com/a/a/c/c$1.class

package com.a.a.c;
final synchronized class c$1 {
    static void <clinit>();
}







com/a/a/c/c$a.class

package com.a.a.c;
final synchronized class c$a extends Enum {
    public static final int a;
    public static final int b;
    public static final int c;
    public static final int d;
    public static int[] a();
    static void <clinit>();
}







com/a/a/c/c.class

package com.a.a.c;
public abstract synchronized class c extends bp {
    int a;
    private Object b;
    protected void c();
    protected abstract Object a();
    public final boolean hasNext();
    public final Object next();
}







com/a/a/c/d.class

package com.a.a.c;
abstract synchronized class d extends e implements aG {
    abstract java.util.List a();
    public final java.util.Map b();
    public boolean equals(Object);
}







com/a/a/c/e$a$a.class

package com.a.a.c;
final synchronized class e$a$a extends aJ$d {
    void e$a$a(e$a);
    final java.util.Map a();
    public final java.util.Iterator iterator();
    public final boolean contains(Object);
    public final boolean remove(Object);
}







com/a/a/c/e$a$b.class

package com.a.a.c;
final synchronized class e$a$b implements java.util.Iterator {
    private java.util.Iterator a;
    private java.util.Collection b;
    void e$a$b(e$a);
    public final boolean hasNext();
    public final void remove();
}







com/a/a/c/e$a.class

package com.a.a.c;
synchronized class e$a extends aJ$f {
    final transient java.util.Map a;
    void e$a(e, java.util.Map);
    protected final java.util.Set a();
    public boolean containsKey(Object);
    public java.util.Set keySet();
    public int size();
    public boolean equals(Object);
    public int hashCode();
    public String toString();
    public void clear();
}







com/a/a/c/e$b.class

package com.a.a.c;
abstract synchronized class e$b implements java.util.Iterator {
    private java.util.Iterator a;
    private Object b;
    private java.util.Collection c;
    private java.util.Iterator d;
    abstract Object a();
    public boolean hasNext();
    public Object next();
    public void remove();
}







com/a/a/c/e$c$1.class

package com.a.a.c;
final synchronized class e$c$1 implements java.util.Iterator {
    private java.util.Map$Entry a;
    void e$c$1(e$c, java.util.Iterator);
    public final boolean hasNext();
    public final Object next();
    public final void remove();
}







com/a/a/c/e$c.class

package com.a.a.c;
synchronized class e$c extends aJ$g {
    void e$c(e, java.util.Map);
    public java.util.Iterator iterator();
    public boolean remove(Object);
    public void clear();
    public boolean containsAll(java.util.Collection);
    public boolean equals(Object);
    public int hashCode();
}







com/a/a/c/e$d.class

package com.a.a.c;
final synchronized class e$d extends e$f implements java.util.RandomAccess {
    void e$d(e, Object, java.util.List, e$e);
}







com/a/a/c/e$e$a.class

package com.a.a.c;
synchronized class e$e$a implements java.util.Iterator {
    final java.util.Iterator a;
    private java.util.Collection b;
    void e$e$a(e$e);
    void e$e$a(e$e, java.util.Iterator);
    final void a();
    public boolean hasNext();
    public Object next();
    public void remove();
}







com/a/a/c/e$e.class

package com.a.a.c;
synchronized class e$e extends java.util.AbstractCollection {
    final Object a;
    java.util.Collection b;
    final e$e c;
    private java.util.Collection e;
    void e$e(e, Object, java.util.Collection, e$e);
    final void a();
    final void b();
    final void c();
    public int size();
    public boolean equals(Object);
    public int hashCode();
    public String toString();
    public java.util.Iterator iterator();
    public boolean add(Object);
    public boolean addAll(java.util.Collection);
    public boolean contains(Object);
    public boolean containsAll(java.util.Collection);
    public void clear();
    public boolean remove(Object);
    public boolean removeAll(java.util.Collection);
    public boolean retainAll(java.util.Collection);
}







com/a/a/c/e$f$a.class

package com.a.a.c;
final synchronized class e$f$a extends e$e$a implements java.util.ListIterator {
    void e$f$a(e$f);
    public void e$f$a(e$f, int);
    private java.util.ListIterator b();
    public final boolean hasPrevious();
    public final Object previous();
    public final int nextIndex();
    public final int previousIndex();
    public final void set(Object);
    public final void add(Object);
}







com/a/a/c/e$f.class

package com.a.a.c;
synchronized class e$f extends e$e implements java.util.List {
    void e$f(e, Object, java.util.List, e$e);
    final java.util.List d();
    public boolean addAll(int, java.util.Collection);
    public Object get(int);
    public Object set(int, Object);
    public void add(int, Object);
    public Object remove(int);
    public int indexOf(Object);
    public int lastIndexOf(Object);
    public java.util.ListIterator listIterator();
    public java.util.ListIterator listIterator(int);
    public java.util.List subList(int, int);
}







com/a/a/c/e$g.class

package com.a.a.c;
final synchronized class e$g extends e$e implements java.util.Set {
    void e$g(e, Object, java.util.Set);
    public final boolean removeAll(java.util.Collection);
}







com/a/a/c/e$h.class

package com.a.a.c;
final synchronized class e$h extends e$e implements java.util.SortedSet {
    void e$h(e, Object, java.util.SortedSet, e$e);
    private java.util.SortedSet d();
    public final java.util.Comparator comparator();
    public final Object first();
    public final Object last();
    public final java.util.SortedSet headSet(Object);
    public final java.util.SortedSet subSet(Object, Object);
    public final java.util.SortedSet tailSet(Object);
}







com/a/a/c/e.class

package com.a.a.c;
abstract synchronized class e extends h implements java.io.Serializable {
    private transient int a;
    abstract java.util.Collection c();
    public final int d();
    public final void e();
    final java.util.Collection a(Object, java.util.Collection);
    private java.util.List a(Object, java.util.List, e$e);
    final java.util.Set f();
    final java.util.Map g();
}







com/a/a/c/f$1$1.class

package com.a.a.c;
final synchronized class f$1$1 extends aN$a {
    void f$1$1(f$1, java.util.Map$Entry);
    public final Object a();
    public final int b();
}







com/a/a/c/f$1.class

package com.a.a.c;
final synchronized class f$1 implements java.util.Iterator {
    private java.util.Map$Entry b;
    void f$1(f, java.util.Iterator);
    public final boolean hasNext();
    public final void remove();
}







com/a/a/c/f$a.class

package com.a.a.c;
final synchronized class f$a implements java.util.Iterator {
    private java.util.Iterator a;
    private java.util.Map$Entry b;
    private int c;
    private boolean d;
    void f$a(f);
    public final boolean hasNext();
    public final Object next();
    public final void remove();
}







com/a/a/c/f.class

package com.a.a.c;
abstract synchronized class f extends i implements java.io.Serializable {
    private transient long a;
    public final java.util.Set j_();
    final java.util.Iterator b();
    public void clear();
    final int c();
    public int size();
    public java.util.Iterator iterator();
    public final int a(Object);
    public final int a(Object, int);
    public final int b(Object, int);
    public final int c(Object, int);
    private static int a(x, int);
}







com/a/a/c/g.class

package com.a.a.c;
abstract synchronized class g implements java.util.Map$Entry {
    void g();
    public abstract Object getKey();
    public abstract Object getValue();
    public Object setValue(Object);
    public boolean equals(Object);
    public int hashCode();
    public String toString();
}







com/a/a/c/h.class

package com.a.a.c;
abstract synchronized class h implements aK {
    private transient java.util.Set a;
    private transient java.util.Map b;
    public boolean a(Object, Object);
    public boolean b(Object, Object);
    public java.util.Set h();
    java.util.Set f();
    public java.util.Map b();
    abstract java.util.Map g();
    public boolean equals(Object);
    public int hashCode();
    public String toString();
}







com/a/a/c/i$a.class

package com.a.a.c;
final synchronized class i$a extends aN$b {
    void i$a(i);
    final aM a();
}







com/a/a/c/i$b.class

package com.a.a.c;
final synchronized class i$b extends aN$c {
    void i$b(i);
    final aM a();
    public final java.util.Iterator iterator();
    public final int size();
}







com/a/a/c/i.class

package com.a.a.c;
abstract synchronized class i extends java.util.AbstractCollection implements aM {
    private transient java.util.Set a;
    private transient java.util.Set b;
    public int size();
    public boolean isEmpty();
    public boolean contains(Object);
    public java.util.Iterator iterator();
    public int a(Object);
    public boolean add(Object);
    public int a(Object, int);
    public boolean remove(Object);
    public int b(Object, int);
    public int c(Object, int);
    public final boolean a(Object, int, int);
    public boolean addAll(java.util.Collection);
    public boolean removeAll(java.util.Collection);
    public boolean retainAll(java.util.Collection);
    public void clear();
    public java.util.Set d();
    java.util.Set e();
    abstract java.util.Iterator b();
    abstract int c();
    public java.util.Set j_();
    public boolean equals(Object);
    public int hashCode();
    public String toString();
}







com/a/a/c/j$1.class

package com.a.a.c;
final synchronized class j$1 extends aJ$d {
    void j$1(j);
    final java.util.Map a();
    public final java.util.Iterator iterator();
}







com/a/a/c/j$a.class

package com.a.a.c;
final synchronized class j$a extends aJ$b {
    private void j$a(j);
    final java.util.NavigableMap c();
    final java.util.Iterator d();
}







com/a/a/c/j.class

package com.a.a.c;
abstract synchronized class j extends java.util.AbstractMap implements java.util.NavigableMap {
    public java.util.Map$Entry firstEntry();
    public java.util.Map$Entry lastEntry();
    public java.util.Map$Entry pollFirstEntry();
    public java.util.Map$Entry pollLastEntry();
    public Object firstKey();
    public Object lastKey();
    public java.util.Map$Entry lowerEntry(Object);
    public java.util.Map$Entry floorEntry(Object);
    public java.util.Map$Entry ceilingEntry(Object);
    public java.util.Map$Entry higherEntry(Object);
    public Object lowerKey(Object);
    public Object floorKey(Object);
    public Object ceilingKey(Object);
    public Object higherKey(Object);
    abstract java.util.Iterator a();
    abstract java.util.Iterator b();
    public java.util.SortedMap subMap(Object, Object);
    public java.util.SortedMap headMap(Object);
    public java.util.SortedMap tailMap(Object);
    public java.util.NavigableSet navigableKeySet();
    public java.util.Set keySet();
    public java.util.Set entrySet();
    public java.util.NavigableSet descendingKeySet();
    public java.util.NavigableMap descendingMap();
}







com/a/a/c/k.class

package com.a.a.c;
public abstract synchronized class k extends bp {
    private Object a;
    protected abstract Object a();
    public final boolean hasNext();
    public final Object next();
}







com/a/a/c/l.class

package com.a.a.c;
abstract synchronized class l extends e implements aZ {
    abstract java.util.Set a();
    public java.util.Map b();
    public boolean equals(Object);
}







com/a/a/c/m$1.class

package com.a.a.c;
final synchronized class m$1 extends C {
    void m$1(m);
    final bf e();
    final java.util.Iterator l();
    public final java.util.Iterator iterator();
}







com/a/a/c/m.class

package com.a.a.c;
abstract synchronized class m extends i implements bf {
    private java.util.Comparator a;
    private transient bf b;
    public final java.util.NavigableSet f();
    public final java.util.Comparator g();
    public final aM$a h();
    public final aM$a i();
    public final aM$a j();
    public final aM$a k();
    public final bf a(Object, r, Object, r);
    abstract java.util.Iterator l();
    final java.util.Iterator m();
    public final bf n();
}







com/a/a/c/n.class

package com.a.a.c;
abstract synchronized class n extends l implements aZ {
    abstract java.util.SortedSet i();
    public java.util.Map b();
}







com/a/a/c/o$a.class

package com.a.a.c;
final synchronized class o$a extends java.util.AbstractSet {
    void o$a(o);
    public final boolean contains(Object);
    public final boolean remove(Object);
    public final void clear();
    public final java.util.Iterator iterator();
    public final int size();
}







com/a/a/c/o.class

package com.a.a.c;
abstract synchronized class o implements bk {
    private transient java.util.Set a;
    void o();
    public boolean a(Object);
    public Object a(Object, Object);
    public boolean a();
    public void b();
    public java.util.Set c();
    java.util.Set d();
    abstract java.util.Iterator e();
    public boolean equals(Object);
    public int hashCode();
    public String toString();
}







com/a/a/c/p$1$1.class

package com.a.a.c;
final synchronized class p$1$1 extends bl$a {
    private int a;
    private int b;
    void p$1$1(p$1, int);
    public final Object a();
    public final Object b();
    public final Object c();
}







com/a/a/c/p$1.class

package com.a.a.c;
final synchronized class p$1 extends b {
    void p$1(p, int);
}







com/a/a/c/p$a$1$1$1.class

package com.a.a.c;
final synchronized class p$a$1$1$1 extends g {
    void p$a$1$1$1(p$a$1$1, int);
    public final Object getKey();
    public final Object getValue();
    public final Object setValue(Object);
}







com/a/a/c/p$a$1$1.class

package com.a.a.c;
final synchronized class p$a$1$1 extends b {
    void p$a$1$1(p$a$1, int);
}







com/a/a/c/p$a$1.class

package com.a.a.c;
final synchronized class p$a$1 extends aJ$d {
    void p$a$1(p$a);
    final java.util.Map a();
    public final java.util.Iterator iterator();
}







com/a/a/c/p$a.class

package com.a.a.c;
abstract synchronized class p$a extends aJ$f {
    final ap a;
    private void p$a(ap);
    public java.util.Set keySet();
    abstract String a_();
    abstract Object a(int);
    abstract Object a(int, Object);
    public int size();
    public boolean isEmpty();
    protected final java.util.Set a();
    public boolean containsKey(Object);
    public Object get(Object);
    public Object put(Object, Object);
    public Object remove(Object);
    public void clear();
}







com/a/a/c/p$b.class

package com.a.a.c;
final synchronized class p$b extends p$a {
    private int b;
    void p$b(p, int);
    final String a_();
    final Object a(int);
    final Object a(int, Object);
}







com/a/a/c/p$c.class

package com.a.a.c;
final synchronized class p$c extends p$a {
    private void p$c(p);
    final String a_();
}







com/a/a/c/p.class

package com.a.a.c;
public final synchronized class p extends o implements java.io.Serializable {
    private final ao a;
    private final ao b;
    private final ap c;
    private final ap d;
    private final Object[][] e;
    private transient p$c f;
    public final Object a(int, int);
    public final Object a(int, int, Object);
    public final void b();
    public final boolean a(Object);
    public final Object a(Object, Object);
    public final boolean a();
    public final int f();
    public final java.util.Set c();
    final java.util.Iterator e();
    public final java.util.Map g();
}







com/a/a/c/q.class

package com.a.a.c;
public abstract interface q extends java.util.Map {
}







com/a/a/c/r$1.class

package com.a.a.c;
final synchronized enum r$1 {
    void r$1(String, int);
}







com/a/a/c/r$2.class

package com.a.a.c;
final synchronized enum r$2 {
    void r$2(String, int);
}







com/a/a/c/r.class

package com.a.a.c;
public abstract synchronized enum r {
    public static final r a;
    public static final r b;
    private void r(String, int);
    static r a(boolean);
    static void <clinit>();
}







com/a/a/c/s.class

package com.a.a.c;
public final synchronized class s extends aQ implements java.io.Serializable {
    private com.a.a.a.f a;
    private aQ b;
    public void s(com.a.a.a.f, aQ);
    public final int compare(Object, Object);
    public final boolean equals(Object);
    public final int hashCode();
    public final String toString();
}







com/a/a/c/t$1.class

package com.a.a.c;
final synchronized class t$1 implements com.a.a.a.f {
    void t$1(java.util.Collection);
    public final Object a(Object);
}







com/a/a/c/t.class

package com.a.a.c;
public final synchronized class t {
    static final com.a.a.a.g a;
    static boolean a(java.util.Collection, Object);
    static boolean b(java.util.Collection, Object);
    static boolean a(java.util.Collection, java.util.Collection);
    static String a(java.util.Collection);
    static StringBuilder a(int);
    public static java.util.Collection a(Iterable);
    static void <clinit>();
}







com/a/a/c/u.class

package com.a.a.c;
final synchronized class u extends aQ implements java.io.Serializable {
    private java.util.Comparator a;
    void u(java.util.Comparator);
    public final int compare(Object, Object);
    public final boolean equals(Object);
    public final int hashCode();
    public final String toString();
}







com/a/a/c/v$1.class

package com.a.a.c;
final synchronized class v$1 extends v {
    void v$1();
    public final v a(Comparable, Comparable);
    public final int b();
}







com/a/a/c/v$a.class

package com.a.a.c;
final synchronized class v$a extends v {
    private int d;
    void v$a(int);
    public final v a(Comparable, Comparable);
    public final int b();
}







com/a/a/c/v.class

package com.a.a.c;
public abstract synchronized class v {
    static final v a;
    static final v b;
    static final v c;
    private void v();
    public static v a();
    public abstract v a(Comparable, Comparable);
    public abstract int b();
    static void <clinit>();
}







com/a/a/c/w.class

package com.a.a.c;
public abstract synchronized class w extends aB {
    private w a(Comparable);
    private w a(Comparable, boolean);
    private w a(Comparable, Comparable);
    private w a(Comparable, boolean, Comparable, boolean);
    private w b(Comparable);
    private w b(Comparable, boolean);
    abstract w b_();
    abstract w c_();
    abstract w d_();
    public abstract aR e_();
    public String toString();
}







com/a/a/c/x.class

package com.a.a.c;
final synchronized class x implements java.io.Serializable {
    int a;
    void x(int);
    public final int a(int);
    public final int b(int);
    public final int hashCode();
    public final boolean equals(Object);
    public final String toString();
}







com/a/a/c/y$a.class

package com.a.a.c;
final synchronized class y$a extends y {
    private static final y$a b;
    private void y$a();
    final Comparable a();
    final boolean a(Comparable);
    final void a(StringBuilder);
    final void b(StringBuilder);
    public final int a(y);
    public final String toString();
    static void <clinit>();
}







com/a/a/c/y$b.class

package com.a.a.c;
final synchronized class y$b extends y {
    void y$b(Comparable);
    final boolean a(Comparable);
    final void a(StringBuilder);
    final void b(StringBuilder);
    public final int hashCode();
    public final String toString();
}







com/a/a/c/y$c.class

package com.a.a.c;
final synchronized class y$c extends y {
    private static final y$c b;
    private void y$c();
    final Comparable a();
    final boolean a(Comparable);
    final void a(StringBuilder);
    final void b(StringBuilder);
    public final int a(y);
    public final String toString();
    static void <clinit>();
}







com/a/a/c/y$d.class

package com.a.a.c;
final synchronized class y$d extends y {
    void y$d(Comparable);
    final boolean a(Comparable);
    final void a(StringBuilder);
    final void b(StringBuilder);
    public final int hashCode();
    public final String toString();
}







com/a/a/c/y.class

package com.a.a.c;
public abstract synchronized class y implements java.io.Serializable, Comparable {
    final Comparable a;
    void y(Comparable);
    abstract boolean a(Comparable);
    abstract void a(StringBuilder);
    abstract void b(StringBuilder);
    public int a(y);
    public Comparable a();
    public boolean equals(Object);
    static y b();
    static y c();
    static y b(Comparable);
    static y c(Comparable);
}







com/a/a/c/z$a$1$1.class

package com.a.a.c;
final synchronized class z$a$1$1 extends c {
    private int b;
    private final int c;
    void z$a$1$1(z$a$1);
}







com/a/a/c/z$a$1.class

package com.a.a.c;
final synchronized class z$a$1 extends ar {
    void z$a$1(z$a);
    final ap i_();
    public final bp b();
}







com/a/a/c/z$a.class

package com.a.a.c;
abstract synchronized class z$a extends ap {
    private final int a;
    abstract ap a();
    abstract Object h_();
    final aw c();
    public int size();
    public Object get(Object);
    final aw d();
}







com/a/a/c/z.class

package com.a.a.c;
final synchronized class z extends aW {
    private final ap a;
    private final ap b;
    private final ap c;
    private final ap d;
    private final Object[][] e;
    private final int[] f;
    private final int[] g;
    public final ap h();
    public final ap i();
    public final Object a(Object, Object);
    public final int f();
    final bk$a a(int);
}







com/a/a/c/A.class

package com.a.a.c;
final synchronized class A extends az {
    private final transient az a;
    void A(az);
    public final int a(Object);
    public final aM$a h();
    public final aM$a i();
    public final int size();
    public final aB c();
    final aM$a a(int);
    public final az e();
    public final az a(Object, r);
    public final az b(Object, r);
    final boolean l();
}







com/a/a/c/B.class

package com.a.a.c;
final synchronized class B extends aB {
    private final aB b;
    void B(aB);
    public final int size();
    public final bp b();
    final aB b(Object, boolean);
    final aB a(Object, boolean, Object, boolean);
    final aB a(Object, boolean);
    public final aB f_();
    public final bp c();
    final aB d();
    public final Object lower(Object);
    public final Object floor(Object);
    public final Object ceiling(Object);
    public final Object higher(Object);
    final boolean l();
}







com/a/a/c/C$1.class

package com.a.a.c;
final synchronized class C$1 extends aN$c {
    void C$1(C);
    final aM a();
    public final java.util.Iterator iterator();
    public final int size();
}







com/a/a/c/C.class

package com.a.a.c;
abstract synchronized class C extends U implements bf {
    private transient java.util.Comparator a;
    private transient java.util.NavigableSet b;
    private transient java.util.Set c;
    void C();
    abstract bf e();
    public final java.util.Comparator g();
    public final java.util.NavigableSet f();
    public final aM$a j();
    public final aM$a k();
    public final bf d(Object, r);
    public final bf a(Object, r, Object, r);
    public final bf c(Object, r);
    protected final aM m();
    public final bf n();
    public final aM$a h();
    public final aM$a i();
    abstract java.util.Iterator l();
    public final java.util.Set j_();
    public java.util.Iterator iterator();
    public Object[] toArray();
    public Object[] toArray(Object[]);
    public String toString();
}







com/a/a/c/D.class

package com.a.a.c;
final synchronized class D extends ak {
    static final D a;
    private void D();
    public final ak a();
    public final int size();
    public final boolean isEmpty();
    public final Object get(Object);
    public final aw b();
    final aw d();
    public final aw e();
    final boolean f();
    static void <clinit>();
}







com/a/a/c/E.class

package com.a.a.c;
final synchronized class E extends aw {
    static final E a;
    private void E();
    public final int size();
    public final boolean isEmpty();
    public final boolean contains(Object);
    public final boolean containsAll(java.util.Collection);
    public final bp b();
    final boolean l();
    final int a(Object[], int);
    public final ao a();
    public final boolean equals(Object);
    public final int hashCode();
    final boolean g_();
    public final String toString();
    static void <clinit>();
}







com/a/a/c/F.class

package com.a.a.c;
final synchronized class F extends ax {
    private final transient aB a;
    void F(java.util.Comparator);
    private void F(java.util.Comparator, ax);
    public final Object get(Object);
    public final aB a();
    public final int size();
    public final boolean isEmpty();
    public final al g();
    public final String toString();
    final boolean f();
    public final aw b();
    final aw d();
    public final ax a(Object);
    public final ax b(Object);
    final ax h();
}







com/a/a/c/G.class

package com.a.a.c;
final synchronized class G extends az {
    private final aB a;
    void G(java.util.Comparator);
    public final aM$a h();
    public final aM$a i();
    public final int a(Object);
    public final boolean containsAll(java.util.Collection);
    public final int size();
    public final aB c();
    final aM$a a(int);
    public final az a(Object, r);
    public final az b(Object, r);
    public final bp b();
    public final boolean equals(Object);
    final boolean l();
    final int a(Object[], int);
    public final ao a();
}







com/a/a/c/H.class

package com.a.a.c;
final synchronized class H extends aB {
    void H(java.util.Comparator);
    public final int size();
    public final boolean isEmpty();
    public final boolean contains(Object);
    public final boolean containsAll(java.util.Collection);
    public final bp b();
    public final bp c();
    final boolean l();
    public final ao a();
    final int a(Object[], int);
    public final boolean equals(Object);
    public final int hashCode();
    public final String toString();
    public final Object first();
    public final Object last();
    final aB b(Object, boolean);
    final aB a(Object, boolean, Object, boolean);
    final aB a(Object, boolean);
    final aB d();
}







com/a/a/c/I.class

package com.a.a.c;
public abstract synchronized class I implements Iterable {
    private final Iterable a;
    protected void I();
    public String toString();
}







com/a/a/c/J.class

package com.a.a.c;
public abstract synchronized class J extends M implements java.util.concurrent.BlockingDeque {
    protected abstract java.util.concurrent.BlockingDeque a();
    public int remainingCapacity();
    public void putFirst(Object);
    public void putLast(Object);
    public boolean offerFirst(Object, long, java.util.concurrent.TimeUnit);
    public boolean offerLast(Object, long, java.util.concurrent.TimeUnit);
    public Object takeFirst();
    public Object takeLast();
    public Object pollFirst(long, java.util.concurrent.TimeUnit);
    public Object pollLast(long, java.util.concurrent.TimeUnit);
    public void put(Object);
    public boolean offer(Object, long, java.util.concurrent.TimeUnit);
    public Object take();
    public Object poll(long, java.util.concurrent.TimeUnit);
    public int drainTo(java.util.Collection);
    public int drainTo(java.util.Collection, int);
}







com/a/a/c/K.class

package com.a.a.c;
public abstract synchronized class K extends X implements java.util.Collection {
    protected void K();
    public abstract java.util.Collection c();
    public java.util.Iterator iterator();
    public int size();
    public boolean removeAll(java.util.Collection);
    public boolean isEmpty();
    public boolean contains(Object);
    public boolean add(Object);
    public boolean remove(Object);
    public boolean containsAll(java.util.Collection);
    public boolean addAll(java.util.Collection);
    public boolean retainAll(java.util.Collection);
    public void clear();
    public Object[] toArray();
    public Object[] toArray(Object[]);
    protected boolean a(java.util.Collection);
    protected boolean b(java.util.Collection);
    protected String o();
    protected final Object[] p();
}







com/a/a/c/L.class

package com.a.a.c;
public abstract synchronized class L extends R implements java.util.concurrent.ConcurrentMap {
    protected abstract java.util.concurrent.ConcurrentMap c();
    public Object putIfAbsent(Object, Object);
    public boolean remove(Object, Object);
    public Object replace(Object, Object);
    public boolean replace(Object, Object, Object);
}







com/a/a/c/M.class

package com.a.a.c;
public abstract synchronized class M extends Y implements java.util.Deque {
    protected abstract java.util.Deque d();
    public void addFirst(Object);
    public void addLast(Object);
    public java.util.Iterator descendingIterator();
    public Object getFirst();
    public Object getLast();
    public boolean offerFirst(Object);
    public boolean offerLast(Object);
    public Object peekFirst();
    public Object peekLast();
    public Object pollFirst();
    public Object pollLast();
    public Object pop();
    public void push(Object);
    public Object removeFirst();
    public Object removeLast();
    public boolean removeFirstOccurrence(Object);
    public boolean removeLastOccurrence(Object);
}







com/a/a/c/N.class

package com.a.a.c;
public abstract synchronized class N extends X implements java.util.Iterator {
    protected abstract java.util.Iterator a();
    public boolean hasNext();
    public Object next();
    public void remove();
}







com/a/a/c/O.class

package com.a.a.c;
public abstract synchronized class O extends K implements java.util.List {
    protected abstract java.util.List a();
    public void add(int, Object);
    public boolean addAll(int, java.util.Collection);
    public Object get(int);
    public int indexOf(Object);
    public int lastIndexOf(Object);
    public java.util.ListIterator listIterator();
    public java.util.ListIterator listIterator(int);
    public Object remove(int);
    public Object set(int, Object);
    public java.util.List subList(int, int);
    public boolean equals(Object);
    public int hashCode();
}







com/a/a/c/P.class

package com.a.a.c;
public abstract synchronized class P extends N implements java.util.ListIterator {
    protected abstract java.util.ListIterator c();
    public void add(Object);
    public boolean hasPrevious();
    public int nextIndex();
    public Object previous();
    public int previousIndex();
    public void set(Object);
}







com/a/a/c/Q.class

package com.a.a.c;
public abstract synchronized class Q extends T implements aG {
    protected abstract aG a();
}







com/a/a/c/R$a.class

package com.a.a.c;
public abstract synchronized class R$a extends aJ$d {
    final java.util.Map a();
}







com/a/a/c/R.class

package com.a.a.c;
public abstract synchronized class R extends X implements java.util.Map {
    protected void R();
    protected abstract java.util.Map a();
    public int size();
    public boolean isEmpty();
    public Object remove(Object);
    public void clear();
    public boolean containsKey(Object);
    public boolean containsValue(Object);
    public Object get(Object);
    public Object put(Object, Object);
    public void putAll(java.util.Map);
    public java.util.Set keySet();
    public java.util.Collection values();
    public java.util.Set entrySet();
    public boolean equals(Object);
    public int hashCode();
}







com/a/a/c/S.class

package com.a.a.c;
public abstract synchronized class S extends X implements java.util.Map$Entry {
    protected void S();
    protected abstract java.util.Map$Entry a();
    public Object getKey();
    public Object getValue();
    public Object setValue(Object);
    public boolean equals(Object);
    public int hashCode();
}







com/a/a/c/T.class

package com.a.a.c;
public abstract synchronized class T extends X implements aK {
    protected abstract aK c();
    public final java.util.Map b();
    public final void e();
    public final boolean a(Object, Object);
    public final boolean b(Object, Object);
    public final int d();
    public boolean equals(Object);
    public int hashCode();
}







com/a/a/c/U.class

package com.a.a.c;
public abstract synchronized class U extends K implements aM {
    protected void U();
    protected abstract aM m();
    public final int a(Object);
    public final int a(Object, int);
    public final int b(Object, int);
    public java.util.Set d();
    public java.util.Set j_();
    public boolean equals(Object);
    public int hashCode();
    public final int c(Object, int);
    public final boolean a(Object, int, int);
    protected final boolean a(java.util.Collection);
    protected final boolean b(java.util.Collection);
    protected final String o();
}







com/a/a/c/V.class

package com.a.a.c;
public abstract synchronized class V extends ab implements java.util.NavigableMap {
    protected abstract java.util.NavigableMap c();
    public java.util.Map$Entry lowerEntry(Object);
    public Object lowerKey(Object);
    public java.util.Map$Entry floorEntry(Object);
    public Object floorKey(Object);
    public java.util.Map$Entry ceilingEntry(Object);
    public Object ceilingKey(Object);
    public java.util.Map$Entry higherEntry(Object);
    public Object higherKey(Object);
    public java.util.Map$Entry firstEntry();
    public java.util.Map$Entry lastEntry();
    public java.util.Map$Entry pollFirstEntry();
    public java.util.Map$Entry pollLastEntry();
    public java.util.NavigableMap descendingMap();
    public java.util.NavigableSet navigableKeySet();
    public java.util.NavigableSet descendingKeySet();
    public java.util.NavigableMap subMap(Object, boolean, Object, boolean);
    public java.util.NavigableMap headMap(Object, boolean);
    public java.util.NavigableMap tailMap(Object, boolean);
}







com/a/a/c/W.class

package com.a.a.c;
public abstract synchronized class W extends ad implements java.util.NavigableSet {
    protected abstract java.util.NavigableSet d();
    public Object lower(Object);
    public Object floor(Object);
    public Object ceiling(Object);
    public Object higher(Object);
    public Object pollFirst();
    public Object pollLast();
    public java.util.NavigableSet descendingSet();
    public java.util.Iterator descendingIterator();
    public java.util.NavigableSet subSet(Object, boolean, Object, boolean);
    public java.util.NavigableSet headSet(Object, boolean);
    public java.util.NavigableSet tailSet(Object, boolean);
}







com/a/a/c/X.class

package com.a.a.c;
public abstract synchronized class X {
    protected void X();
    public abstract Object k_();
    public String toString();
}







com/a/a/c/Y.class

package com.a.a.c;
public abstract synchronized class Y extends K implements java.util.Queue {
    public abstract java.util.Queue e();
    public boolean offer(Object);
    public Object poll();
    public Object remove();
    public Object peek();
    public Object element();
}







com/a/a/c/Z.class

package com.a.a.c;
public abstract synchronized class Z extends K implements java.util.Set {
    protected void Z();
    protected abstract java.util.Set a();
    public boolean equals(Object);
    public int hashCode();
    protected final boolean a(java.util.Collection);
}







com/a/a/c/aa.class

package com.a.a.c;
public abstract synchronized class aa extends T implements aZ {
    protected abstract aZ a();
}







com/a/a/c/ab.class

package com.a.a.c;
public abstract synchronized class ab extends R implements java.util.SortedMap {
    protected abstract java.util.SortedMap d();
    public java.util.Comparator comparator();
    public Object firstKey();
    public java.util.SortedMap headMap(Object);
    public Object lastKey();
    public java.util.SortedMap subMap(Object, Object);
    public java.util.SortedMap tailMap(Object);
}







com/a/a/c/ac$a.class

package com.a.a.c;
public abstract synchronized class ac$a extends C {
    final bf e();
}







com/a/a/c/ac.class

package com.a.a.c;
public abstract synchronized class ac extends U implements bf {
    protected abstract bf e();
    public final java.util.NavigableSet f();
    public final java.util.Comparator g();
    public final bf n();
    public final aM$a h();
    public final aM$a i();
    public final aM$a j();
    public final aM$a k();
    public final bf d(Object, r);
    public final bf a(Object, r, Object, r);
    public final bf c(Object, r);
}







com/a/a/c/ad.class

package com.a.a.c;
public abstract synchronized class ad extends Z implements java.util.SortedSet {
    protected abstract java.util.SortedSet e();
    public java.util.Comparator comparator();
    public Object first();
    public java.util.SortedSet headSet(Object);
    public Object last();
    public java.util.SortedSet subSet(Object, Object);
    public java.util.SortedSet tailSet(Object);
}







com/a/a/c/ae.class

package com.a.a.c;
public abstract synchronized class ae extends aa implements aZ {
    protected abstract aZ f();
}







com/a/a/c/af.class

package com.a.a.c;
public abstract synchronized class af extends X implements bk {
    protected abstract bk a();
    public final java.util.Set c();
    public final java.util.Map g();
    public final int f();
    public boolean equals(Object);
    public int hashCode();
}







com/a/a/c/ag.class

package com.a.a.c;
abstract synchronized class ag {
}







com/a/a/c/ah$a.class

package com.a.a.c;
final synchronized class ah$a extends am {
    final int a;
    final int b;
    ah$a c;
    ah$a d;
    void ah$a(Object, int, Object, int);
}







com/a/a/c/ah$b$1$a.class

package com.a.a.c;
final synchronized class ah$b$1$a extends g {
    private ah$a a;
    void ah$b$1$a(ah$b$1, ah$a);
    public final Object getKey();
    public final Object getValue();
    public final Object setValue(Object);
}







com/a/a/c/ah$b$1.class

package com.a.a.c;
final synchronized class ah$b$1 extends ah$d {
    void ah$b$1(ah$b);
}







com/a/a/c/ah$b.class

package com.a.a.c;
final synchronized class ah$b extends aJ$d {
    private void ah$b(ah);
    final java.util.Map a();
    public final java.util.Iterator iterator();
}







com/a/a/c/ah$c$1$1$a.class

package com.a.a.c;
final synchronized class ah$c$1$1$a extends g {
    private ah$a a;
    void ah$c$1$1$a(ah$c$1$1, ah$a);
    public final Object getKey();
    public final Object getValue();
    public final Object setValue(Object);
}







com/a/a/c/ah$c$1$1.class

package com.a.a.c;
final synchronized class ah$c$1$1 extends ah$d {
    void ah$c$1$1(ah$c$1);
}







com/a/a/c/ah$c$1.class

package com.a.a.c;
final synchronized class ah$c$1 extends aJ$d {
    void ah$c$1(ah$c);
    final java.util.Map a();
    public final java.util.Iterator iterator();
}







com/a/a/c/ah$c$a$1.class

package com.a.a.c;
final synchronized class ah$c$a$1 extends ah$d {
    void ah$c$a$1(ah$c$a);
    final Object a(ah$a);
}







com/a/a/c/ah$c$a.class

package com.a.a.c;
final synchronized class ah$c$a extends aJ$g {
    void ah$c$a(ah$c);
    public final boolean remove(Object);
    public final java.util.Iterator iterator();
}







com/a/a/c/ah$c.class

package com.a.a.c;
final synchronized class ah$c extends java.util.AbstractMap implements q, java.io.Serializable {
    private void ah$c(ah);
    public final int size();
    public final void clear();
    public final boolean containsKey(Object);
    public final Object get(Object);
    public final Object put(Object, Object);
    public final Object remove(Object);
    public final java.util.Set keySet();
    public final java.util.Set entrySet();
}







com/a/a/c/ah$d.class

package com.a.a.c;
abstract synchronized class ah$d implements java.util.Iterator {
    private int a;
    private ah$a d;
    ah$a b;
    int c;
    void ah$d(ah);
    private void a();
    public boolean hasNext();
    public Object next();
    public void remove();
    abstract Object a(ah$a);
}







com/a/a/c/ah$e$1.class

package com.a.a.c;
final synchronized class ah$e$1 extends ah$d {
    void ah$e$1(ah$e);
    final Object a(ah$a);
}







com/a/a/c/ah$e.class

package com.a.a.c;
final synchronized class ah$e extends aJ$g {
    void ah$e(ah);
    public final java.util.Iterator iterator();
    public final boolean remove(Object);
}







com/a/a/c/ah.class

package com.a.a.c;
public final synchronized class ah extends java.util.AbstractMap implements q, java.io.Serializable {
    private transient ah$a[] b;
    private transient ah$a[] c;
    transient int a;
    private transient int d;
    private transient int e;
    private transient q f;
    void a(ah$a);
    void b(ah$a);
    static int a(Object);
    ah$a a(Object, int);
    ah$a b(Object, int);
    public final boolean containsKey(Object);
    public final boolean containsValue(Object);
    public final Object get(Object);
    public final Object put(Object, Object);
    void a();
    public final Object remove(Object);
    public final void clear();
    public final int size();
    public final java.util.Set keySet();
    public final java.util.Set entrySet();
}







com/a/a/c/ai.class

package com.a.a.c;
final synchronized class ai {
    private static int a;
    static int a(int);
    static int a(int, double);
    static boolean a(int, int, double);
    static void <clinit>();
}







com/a/a/c/aj.class

package com.a.a.c;
abstract synchronized class aj extends ao {
    void aj();
    abstract al c();
    public boolean contains(Object);
    public int size();
    public boolean isEmpty();
    final boolean l();
}







com/a/a/c/ak.class

package com.a.a.c;
public abstract synchronized class ak extends ap implements q {
    public static ak h();
    public static ak a(Object, Object);
    void ak();
    public abstract ak a();
}







com/a/a/c/al$a.class

package com.a.a.c;
abstract synchronized class al$a extends al$b {
    Object[] a;
    int b;
    void al$a(int);
    public al$a a(Object);
}







com/a/a/c/al$b.class

package com.a.a.c;
public abstract synchronized class al$b {
    static int a(int, int);
    void al$b();
    public abstract al$b b(Object);
    public al$b a(java.util.Iterator);
}







com/a/a/c/al.class

package com.a.a.c;
public abstract synchronized class al extends java.util.AbstractCollection implements java.io.Serializable {
    private transient ao a;
    void al();
    public abstract bp b();
    public final Object[] toArray();
    public final Object[] toArray(Object[]);
    public boolean contains(Object);
    public final boolean add(Object);
    public final boolean remove(Object);
    public final boolean addAll(java.util.Collection);
    public final boolean removeAll(java.util.Collection);
    public final boolean retainAll(java.util.Collection);
    public final void clear();
    public ao a();
    ao m();
    abstract boolean l();
    int a(Object[], int);
}







com/a/a/c/am.class

package com.a.a.c;
synchronized class am extends g implements java.io.Serializable {
    final Object e;
    final Object f;
    void am(Object, Object);
    public final Object getKey();
    public final Object getValue();
    public final Object setValue(Object);
}







com/a/a/c/an$1.class

package com.a.a.c;
final synchronized class an$1 extends aw {
    void an$1(an);
    public final boolean contains(Object);
    public final int size();
    public final bp b();
    final boolean l();
}







com/a/a/c/an$2$1.class

package com.a.a.c;
final synchronized class an$2$1 extends bp {
    private final java.util.Iterator a;
    void an$2$1(an$2);
    public final boolean hasNext();
}







com/a/a/c/an$2.class

package com.a.a.c;
final synchronized class an$2 extends ar {
    void an$2(an);
    final ap i_();
    public final bp b();
}







com/a/a/c/an.class

package com.a.a.c;
final synchronized class an extends ap {
    private final transient java.util.EnumMap a;
    void an(java.util.EnumMap);
    final aw c();
    public final int size();
    public final boolean containsKey(Object);
    public final Object get(Object);
    final aw d();
    final boolean f();
}







com/a/a/c/ao$1.class

package com.a.a.c;
final synchronized class ao$1 extends b {
    void ao$1(ao, int, int);
    protected final Object a(int);
}







com/a/a/c/ao$a.class

package com.a.a.c;
public final synchronized class ao$a extends al$a {
    public void ao$a();
    private void ao$a(int);
    public final ao$a c(Object);
    public final ao$a b(java.util.Iterator);
    public final ao a();
}







com/a/a/c/ao$b.class

package com.a.a.c;
final synchronized class ao$b extends ao {
    private final transient ao b;
    void ao$b(ao);
    private int b(int);
    public final ao e();
    public final boolean contains(Object);
    public final int indexOf(Object);
    public final int lastIndexOf(Object);
    public final ao a(int, int);
    public final Object get(int);
    public final int size();
    final boolean l();
}







com/a/a/c/ao$c.class

package com.a.a.c;
final synchronized class ao$c extends ao {
    private transient int b;
    private transient int c;
    void ao$c(ao, int, int);
    public final int size();
    public final Object get(int);
    public final ao a(int, int);
    final boolean l();
}







com/a/a/c/ao.class

package com.a.a.c;
public abstract synchronized class ao extends al implements java.util.List, java.util.RandomAccess {
    static final ao a;
    public static ao d();
    public static ao a(Object);
    public static ao a(Iterable);
    public static ao a(java.util.Collection);
    static ao b(Object[], int);
    void ao();
    public bp b();
    public bq a(int);
    public int indexOf(Object);
    public int lastIndexOf(Object);
    public boolean contains(Object);
    public ao a(int, int);
    ao b(int, int);
    public final boolean addAll(int, java.util.Collection);
    public final Object set(int, Object);
    public final void add(int, Object);
    public final Object remove(int);
    public final ao a();
    int a(Object[], int);
    public ao e();
    public boolean equals(Object);
    public int hashCode();
    public static ao$a f();
    static void <clinit>();
}







com/a/a/c/ap$a.class

package com.a.a.c;
public final synchronized class ap$a {
    private aq$a[] a;
    private int b;
    public void ap$a();
    private void ap$a(int);
    public final ap$a a(Object, Object);
    public final ap a();
}







com/a/a/c/ap.class

package com.a.a.c;
public abstract synchronized class ap implements java.io.Serializable, java.util.Map {
    private static final java.util.Map$Entry[] a;
    private transient aw b;
    private transient aw c;
    private transient al d;
    public static ap i();
    public static ap b(Object, Object);
    static aq$a c(Object, Object);
    public static ap$a j();
    public static ap a(java.util.Map);
    void ap();
    public final Object put(Object, Object);
    public final Object remove(Object);
    public final void putAll(java.util.Map);
    public final void clear();
    public boolean isEmpty();
    public boolean containsKey(Object);
    public boolean containsValue(Object);
    public abstract Object get(Object);
    public aw b();
    abstract aw d();
    public aw e();
    aw c();
    public al g();
    public boolean equals(Object);
    abstract boolean f();
    public int hashCode();
    public String toString();
    static void <clinit>();
}







com/a/a/c/aq$a.class

package com.a.a.c;
final synchronized class aq$a extends aq {
    void aq$a(Object, Object);
    final aq a();
}







com/a/a/c/aq.class

package com.a.a.c;
abstract synchronized class aq extends am {
    void aq(Object, Object);
    void aq(aq);
    abstract aq a();
}







com/a/a/c/ar.class

package com.a.a.c;
abstract synchronized class ar extends aw {
    void ar();
    abstract ap i_();
    public int size();
    public boolean contains(Object);
    final boolean l();
}







com/a/a/c/as$1.class

package com.a.a.c;
final synchronized class as$1 extends aj {
    void as$1(as, ao);
    public final Object get(int);
    final al c();
}







com/a/a/c/as.class

package com.a.a.c;
final synchronized class as extends aw {
    private final ap a;
    void as(ap);
    public final int size();
    public final bp b();
    public final boolean contains(Object);
    final ao m();
    final boolean l();
}







com/a/a/c/at$1.class

package com.a.a.c;
final synchronized class at$1 extends aj {
    void at$1(at, ao);
    public final Object get(int);
    final al c();
}







com/a/a/c/at.class

package com.a.a.c;
final synchronized class at extends al {
    private final ap a;
    void at(ap);
    public final int size();
    public final bp b();
    public final boolean contains(Object);
    final boolean l();
    final ao m();
}







com/a/a/c/au$a.class

package com.a.a.c;
abstract synchronized class au$a extends bp {
    private java.util.Iterator a;
    private Object b;
    private java.util.Iterator c;
    abstract Object a();
    public boolean hasNext();
    public Object next();
}







com/a/a/c/au.class

package com.a.a.c;
public abstract synchronized class au extends h implements java.io.Serializable {
    private transient ap a;
    private transient int b;
    public final void e();
    public final boolean b(Object, Object);
    public final int d();
    final java.util.Map g();
}







com/a/a/c/av$1.class

package com.a.a.c;
final synchronized class av$1 extends bp {
    private int a;
    private Object b;
    void av$1(av, java.util.Iterator);
    public final boolean hasNext();
    public final Object next();
}







com/a/a/c/av$a$1.class

package com.a.a.c;
final synchronized class av$a$1 extends aj {
    void av$a$1(av$a);
    final al c();
}







com/a/a/c/av$a.class

package com.a.a.c;
final synchronized class av$a extends aw {
    private void av$a(av);
    final boolean l();
    public final bp b();
    final ao m();
    public final int size();
    public final boolean contains(Object);
    public final int hashCode();
}







com/a/a/c/av.class

package com.a.a.c;
public abstract synchronized class av extends al implements aM {
    private transient aw a;
    void av();
    public bp b();
    public boolean contains(Object);
    public boolean containsAll(java.util.Collection);
    public final int a(Object, int);
    public final int b(Object, int);
    public final int c(Object, int);
    public final boolean a(Object, int, int);
    int a(Object[], int);
    public boolean equals(Object);
    public int hashCode();
    public String toString();
    public final aw o();
    abstract aM$a a(int);
    static void <clinit>();
}







com/a/a/c/aw.class

package com.a.a.c;
public abstract synchronized class aw extends al implements java.util.Set {
    public static aw e();
    public static aw c(Object);
    void aw();
    boolean g_();
    public boolean equals(Object);
    public int hashCode();
    public abstract bp b();
}







com/a/a/c/ax.class

package com.a.a.c;
public abstract synchronized class ax extends ay implements java.util.NavigableMap {
    private static final java.util.Comparator a;
    private transient ax b;
    void ax();
    void ax(ax);
    public int size();
    public boolean containsValue(Object);
    boolean f();
    public aw b();
    public abstract aB a();
    public abstract al g();
    public java.util.Comparator comparator();
    public Object firstKey();
    public Object lastKey();
    public abstract ax a(Object);
    private ax a(Object, boolean, Object, boolean);
    public abstract ax b(Object);
    public java.util.Map$Entry lowerEntry(Object);
    public Object lowerKey(Object);
    public java.util.Map$Entry floorEntry(Object);
    public Object floorKey(Object);
    public java.util.Map$Entry ceilingEntry(Object);
    public Object ceilingKey(Object);
    public java.util.Map$Entry higherEntry(Object);
    public Object higherKey(Object);
    public java.util.Map$Entry firstEntry();
    public java.util.Map$Entry lastEntry();
    public final java.util.Map$Entry pollFirstEntry();
    public final java.util.Map$Entry pollLastEntry();
    abstract ax h();
    static void <clinit>();
}







com/a/a/c/ay.class

package com.a.a.c;
abstract synchronized class ay extends ap {
    void ay();
}







com/a/a/c/az.class

package com.a.a.c;
public abstract synchronized class az extends aA implements bf {
    private static final java.util.Comparator a;
    private transient az b;
    void az();
    public final java.util.Comparator g();
    public abstract aB c();
    public az e();
    public final aM$a j();
    public final aM$a k();
    public abstract az a(Object, r);
    public abstract az b(Object, r);
    static void <clinit>();
}







com/a/a/c/aA.class

package com.a.a.c;
abstract synchronized class aA extends av {
    void aA();
}







com/a/a/c/aB.class

package com.a.a.c;
public abstract synchronized class aB extends aC implements be, java.util.NavigableSet {
    private static final java.util.Comparator b;
    private static final aB c;
    final transient java.util.Comparator a;
    private transient aB d;
    static aB a(java.util.Comparator);
    void aB(java.util.Comparator);
    public java.util.Comparator comparator();
    public abstract bp b();
    public aB b(Object);
    public aB d(Object, boolean);
    public aB a(Object, Object);
    public aB b(Object, boolean, Object, boolean);
    public aB a(Object);
    public aB c(Object, boolean);
    abstract aB b(Object, boolean);
    abstract aB a(Object, boolean, Object, boolean);
    abstract aB a(Object, boolean);
    public Object lower(Object);
    public Object floor(Object);
    public Object ceiling(Object);
    public Object higher(Object);
    public Object first();
    public Object last();
    public final Object pollFirst();
    public final Object pollLast();
    public aB f_();
    aB d();
    public abstract bp c();
    static void <clinit>();
}







com/a/a/c/aC.class

package com.a.a.c;
abstract synchronized class aC extends aw {
    void aC();
}







com/a/a/c/aD.class

package com.a.a.c;
public abstract synchronized class aD extends o {
    static bk$a a(Object, Object, Object);
    void aD();
    abstract aw j();
    public abstract ap h();
    public abstract ap i();
    public final void b();
    static void <clinit>();
}







com/a/a/c/aE.class

package com.a.a.c;
public final synchronized class aE extends I {
    public void aE(Iterable, com.a.a.a.f);
    public final java.util.Iterator iterator();
}







com/a/a/c/aF$1.class

package com.a.a.c;
final synchronized class aF$1 extends bq {
    void aF$1();
    public final boolean hasNext();
    public final Object next();
    public final boolean hasPrevious();
    public final Object previous();
    public final int nextIndex();
    public final int previousIndex();
}







com/a/a/c/aF$2.class

package com.a.a.c;
final synchronized class aF$2 extends b {
    void aF$2(int, int, Object[], int);
    protected final Object a(int);
}







com/a/a/c/aF$3.class

package com.a.a.c;
final synchronized class aF$3 extends bp {
    private boolean a;
    void aF$3(Object);
    public final boolean hasNext();
    public final Object next();
}







com/a/a/c/aF$4.class

package com.a.a.c;
final synchronized class aF$4 implements java.util.Iterator {
    void aF$4();
    public final boolean hasNext();
    public final Object next();
    public final void remove();
}







com/a/a/c/aF$5.class

package com.a.a.c;
final synchronized class aF$5 extends bp {
    void aF$5(java.util.Iterator);
    public final boolean hasNext();
    public final Object next();
}







com/a/a/c/aF$6.class

package com.a.a.c;
final synchronized class aF$6 extends bm {
    void aF$6(java.util.Iterator, com.a.a.a.f);
    final Object a(Object);
}







com/a/a/c/aF.class

package com.a.a.c;
public final synchronized class aF {
    private static bq a;
    private static final java.util.Iterator b;
    public static bp a();
    static java.util.Iterator b();
    public static bp a(java.util.Iterator);
    public static boolean a(java.util.Iterator, Object);
    public static boolean a(java.util.Iterator, java.util.Collection);
    public static boolean a(java.util.Iterator, com.a.a.a.i);
    public static boolean b(java.util.Iterator, java.util.Collection);
    public static boolean a(java.util.Iterator, java.util.Iterator);
    public static String b(java.util.Iterator);
    public static Object c(java.util.Iterator);
    public static boolean a(java.util.Collection, java.util.Iterator);
    public static boolean b(java.util.Iterator, com.a.a.a.i);
    public static java.util.Iterator a(java.util.Iterator, com.a.a.a.f);
    public static Object b(java.util.Iterator, Object);
    static Object d(java.util.Iterator);
    static void e(java.util.Iterator);
    static bq a(Object[], int, int, int);
    public static bp a(Object);
    static java.util.ListIterator f(java.util.Iterator);
    static void <clinit>();
}







com/a/a/c/aG.class

package com.a.a.c;
public abstract interface aG extends aK {
}







com/a/a/c/aH$a$1.class

package com.a.a.c;
final synchronized enum aH$a$1 {
    void aH$a$1(String, int);
}







com/a/a/c/aH$a$2.class

package com.a.a.c;
final synchronized enum aH$a$2 {
    void aH$a$2(String, int);
}







com/a/a/c/aH$a$3.class

package com.a.a.c;
final synchronized enum aH$a$3 {
    void aH$a$3(String, int);
}







com/a/a/c/aH$a$4.class

package com.a.a.c;
final synchronized enum aH$a$4 {
    void aH$a$4(String, int);
}







com/a/a/c/aH$a$5.class

package com.a.a.c;
final synchronized enum aH$a$5 {
    void aH$a$5(String, int);
}







com/a/a/c/aH$a.class

package com.a.a.c;
abstract synchronized enum aH$a {
    public static final aH$a a;
    public static final aH$a b;
    public static final aH$a c;
    public static final aH$a d;
    public static final aH$a e;
    private void aH$a(String, int);
    static void <clinit>();
}







com/a/a/c/aH$b.class

package com.a.a.c;
final synchronized class aH$b extends am {
    void aH$b(Object, Object, aH$a);
}







com/a/a/c/aH.class

package com.a.a.c;
public final synchronized class aH extends ag {
    public final String toString();
}







com/a/a/c/aI$1.class

package com.a.a.c;
final synchronized class aI$1 implements aI$r {
    void aI$1();
    public final Object get();
    public final aI$h a();
    public final aI$r a(ref.ReferenceQueue, Object, aI$h);
    public final void b();
}







com/a/a/c/aI$2.class

package com.a.a.c;
final synchronized class aI$2 extends java.util.AbstractQueue {
    void aI$2();
    public final boolean offer(Object);
    public final Object peek();
    public final Object poll();
    public final int size();
    public final java.util.Iterator iterator();
}







com/a/a/c/aI$a$1.class

package com.a.a.c;
final synchronized enum aI$a$1 {
    void aI$a$1(String, int);
    final aI$h a(aI$i, Object, int, aI$h);
}







com/a/a/c/aI$a$2.class

package com.a.a.c;
final synchronized enum aI$a$2 {
    void aI$a$2(String, int);
    final aI$h a(aI$i, Object, int, aI$h);
    final aI$h a(aI$i, aI$h, aI$h);
}







com/a/a/c/aI$a$3.class

package com.a.a.c;
final synchronized enum aI$a$3 {
    void aI$a$3(String, int);
    final aI$h a(aI$i, Object, int, aI$h);
    final aI$h a(aI$i, aI$h, aI$h);
}







com/a/a/c/aI$a$4.class

package com.a.a.c;
final synchronized enum aI$a$4 {
    void aI$a$4(String, int);
    final aI$h a(aI$i, Object, int, aI$h);
    final aI$h a(aI$i, aI$h, aI$h);
}







com/a/a/c/aI$a$5.class

package com.a.a.c;
final synchronized enum aI$a$5 {
    void aI$a$5(String, int);
    final aI$h a(aI$i, Object, int, aI$h);
}







com/a/a/c/aI$a$6.class

package com.a.a.c;
final synchronized enum aI$a$6 {
    void aI$a$6(String, int);
    final aI$h a(aI$i, Object, int, aI$h);
    final aI$h a(aI$i, aI$h, aI$h);
}







com/a/a/c/aI$a$7.class

package com.a.a.c;
final synchronized enum aI$a$7 {
    void aI$a$7(String, int);
    final aI$h a(aI$i, Object, int, aI$h);
    final aI$h a(aI$i, aI$h, aI$h);
}







com/a/a/c/aI$a$8.class

package com.a.a.c;
final synchronized enum aI$a$8 {
    void aI$a$8(String, int);
    final aI$h a(aI$i, Object, int, aI$h);
    final aI$h a(aI$i, aI$h, aI$h);
}







com/a/a/c/aI$a.class

package com.a.a.c;
abstract synchronized enum aI$a {
    private static aI$a a;
    private static aI$a b;
    private static aI$a c;
    private static aI$a d;
    private static aI$a e;
    private static aI$a f;
    private static aI$a g;
    private static aI$a h;
    private void aI$a(String, int);
    abstract aI$h a(aI$i, Object, int, aI$h);
    aI$h a(aI$i, aI$h, aI$h);
    static void a(aI$h, aI$h);
    static void b(aI$h, aI$h);
    static void <clinit>();
}







com/a/a/c/aI$b.class

package com.a.a.c;
final synchronized class aI$b extends aI$d {
    void aI$b(aI);
}







com/a/a/c/aI$c.class

package com.a.a.c;
final synchronized class aI$c extends java.util.AbstractSet {
    void aI$c(aI);
    public final java.util.Iterator iterator();
    public final boolean contains(Object);
    public final boolean remove(Object);
    public final int size();
    public final boolean isEmpty();
    public final void clear();
}







com/a/a/c/aI$d.class

package com.a.a.c;
abstract synchronized class aI$d implements java.util.Iterator {
    private int a;
    private int b;
    private aI$i c;
    private java.util.concurrent.atomic.AtomicReferenceArray d;
    private aI$h e;
    private aI$y f;
    private aI$y g;
    void aI$d(aI);
    private void b();
    private boolean c();
    private boolean d();
    private boolean a(aI$h);
    public boolean hasNext();
    final aI$y a();
    public void remove();
}







com/a/a/c/aI$e.class

package com.a.a.c;
final synchronized class aI$e extends aI$d {
    void aI$e(aI);
    public final Object next();
}







com/a/a/c/aI$f.class

package com.a.a.c;
final synchronized class aI$f extends java.util.AbstractSet {
    void aI$f(aI);
    public final java.util.Iterator iterator();
    public final int size();
    public final boolean isEmpty();
    public final boolean contains(Object);
    public final boolean remove(Object);
    public final void clear();
}







com/a/a/c/aI$g.class

package com.a.a.c;
final synchronized enum aI$g {
    public static final aI$g a;
    private void aI$g(String, int);
    public final aI$r a();
    public final void a(aI$r);
    public final aI$h b();
    public final int c();
    public final Object d();
    public final long e();
    public final void a(long);
    public final aI$h f();
    public final void a(aI$h);
    public final aI$h g();
    public final void b(aI$h);
    public final aI$h h();
    public final void c(aI$h);
    public final aI$h i();
    public final void d(aI$h);
    static void <clinit>();
}







com/a/a/c/aI$h.class

package com.a.a.c;
abstract interface aI$h {
    public abstract aI$r a();
    public abstract void a(aI$r);
    public abstract aI$h b();
    public abstract int c();
    public abstract Object d();
    public abstract long e();
    public abstract void a(long);
    public abstract aI$h f();
    public abstract void a(aI$h);
    public abstract aI$h g();
    public abstract void b(aI$h);
    public abstract aI$h h();
    public abstract void c(aI$h);
    public abstract aI$h i();
    public abstract void d(aI$h);
}







com/a/a/c/aI$i.class

package com.a.a.c;
final synchronized class aI$i extends java.util.concurrent.locks.ReentrantLock {
    final aI a;
    volatile int b;
    int c;
    private int j;
    volatile java.util.concurrent.atomic.AtomicReferenceArray d;
    private int k;
    final ref.ReferenceQueue e;
    final ref.ReferenceQueue f;
    private java.util.Queue l;
    final java.util.concurrent.atomic.AtomicInteger g;
    final java.util.Queue h;
    final java.util.Queue i;
    private aI$h a(aI$h, aI$h);
    private void a(aI$h, Object);
    final void a();
    private void e();
    private void a(aI$h);
    private void f();
    private void a(aI$h, long);
    final void b();
    private void g();
    final void a(aI$h, aH$a);
    private void a(Object, Object, aH$a);
    private boolean h();
    private aI$h d(Object, int);
    private aI$h e(Object, int);
    final Object a(Object, int);
    final boolean b(Object, int);
    final Object a(Object, int, Object, boolean);
    final boolean a(Object, int, Object, Object);
    final Object a(Object, int, Object);
    final Object c(Object, int);
    final boolean b(Object, int, Object);
    private aI$h b(aI$h, aI$h);
    private void b(aI$h);
    final boolean a(aI$h, int);
    final boolean a(Object, int, aI$r);
    private boolean a(aI$h, int, aH$a);
    private static boolean a(aI$r);
    final void c();
    private void i();
    final void d();
}







com/a/a/c/aI$j.class

package com.a.a.c;
final synchronized class aI$j extends ref.SoftReference implements aI$r {
    private aI$h a;
    void aI$j(ref.ReferenceQueue, Object, aI$h);
    public final aI$h a();
    public final void b();
    public final aI$r a(ref.ReferenceQueue, Object, aI$h);
}







com/a/a/c/aI$k$1.class

package com.a.a.c;
final synchronized enum aI$k$1 {
    void aI$k$1(String, int);
    final aI$r a(aI$i, aI$h, Object);
}







com/a/a/c/aI$k$2.class

package com.a.a.c;
final synchronized enum aI$k$2 {
    void aI$k$2(String, int);
    final aI$r a(aI$i, aI$h, Object);
}







com/a/a/c/aI$k$3.class

package com.a.a.c;
final synchronized enum aI$k$3 {
    void aI$k$3(String, int);
    final aI$r a(aI$i, aI$h, Object);
}







com/a/a/c/aI$k.class

package com.a.a.c;
abstract synchronized enum aI$k {
    public static final aI$k a;
    private static aI$k b;
    private static aI$k c;
    private void aI$k(String, int);
    abstract aI$r a(aI$i, aI$h, Object);
    static void <clinit>();
}







com/a/a/c/aI$l.class

package com.a.a.c;
synchronized class aI$l implements aI$h {
    private Object a;
    private int b;
    private aI$h c;
    private volatile aI$r d;
    void aI$l(Object, int, aI$h);
    public final Object d();
    public long e();
    public void a(long);
    public aI$h f();
    public void a(aI$h);
    public aI$h g();
    public void b(aI$h);
    public aI$h h();
    public void c(aI$h);
    public aI$h i();
    public void d(aI$h);
    public final aI$r a();
    public final void a(aI$r);
    public final int c();
    public final aI$h b();
}







com/a/a/c/aI$m.class

package com.a.a.c;
final synchronized class aI$m extends aI$l implements aI$h {
    private aI$h a;
    private aI$h b;
    void aI$m(Object, int, aI$h);
    public final aI$h h();
    public final void c(aI$h);
    public final aI$h i();
    public final void d(aI$h);
}







com/a/a/c/aI$n.class

package com.a.a.c;
final synchronized class aI$n extends aI$l implements aI$h {
    private volatile long a;
    private aI$h b;
    private aI$h c;
    void aI$n(Object, int, aI$h);
    public final long e();
    public final void a(long);
    public final aI$h f();
    public final void a(aI$h);
    public final aI$h g();
    public final void b(aI$h);
}







com/a/a/c/aI$o.class

package com.a.a.c;
final synchronized class aI$o extends aI$l implements aI$h {
    private volatile long a;
    private aI$h b;
    private aI$h c;
    private aI$h d;
    private aI$h e;
    void aI$o(Object, int, aI$h);
    public final long e();
    public final void a(long);
    public final aI$h f();
    public final void a(aI$h);
    public final aI$h g();
    public final void b(aI$h);
    public final aI$h h();
    public final void c(aI$h);
    public final aI$h i();
    public final void d(aI$h);
}







com/a/a/c/aI$p.class

package com.a.a.c;
final synchronized class aI$p implements aI$r {
    private Object a;
    void aI$p(Object);
    public final Object get();
    public final aI$h a();
    public final aI$r a(ref.ReferenceQueue, Object, aI$h);
    public final void b();
}







com/a/a/c/aI$q.class

package com.a.a.c;
final synchronized class aI$q extends aI$d {
    void aI$q(aI);
    public final Object next();
}







com/a/a/c/aI$r.class

package com.a.a.c;
abstract interface aI$r {
    public abstract Object get();
    public abstract aI$h a();
    public abstract aI$r a(ref.ReferenceQueue, Object, aI$h);
    public abstract void b();
}







com/a/a/c/aI$s.class

package com.a.a.c;
final synchronized class aI$s extends java.util.AbstractCollection {
    void aI$s(aI);
    public final java.util.Iterator iterator();
    public final int size();
    public final boolean isEmpty();
    public final boolean contains(Object);
    public final void clear();
}







com/a/a/c/aI$t.class

package com.a.a.c;
synchronized class aI$t extends ref.WeakReference implements aI$h {
    private int a;
    private aI$h b;
    private volatile aI$r c;
    void aI$t(ref.ReferenceQueue, Object, int, aI$h);
    public final Object d();
    public long e();
    public void a(long);
    public aI$h f();
    public void a(aI$h);
    public aI$h g();
    public void b(aI$h);
    public aI$h h();
    public void c(aI$h);
    public aI$h i();
    public void d(aI$h);
    public final aI$r a();
    public final void a(aI$r);
    public final int c();
    public final aI$h b();
}







com/a/a/c/aI$u.class

package com.a.a.c;
final synchronized class aI$u extends aI$t implements aI$h {
    private aI$h a;
    private aI$h b;
    void aI$u(ref.ReferenceQueue, Object, int, aI$h);
    public final aI$h h();
    public final void c(aI$h);
    public final aI$h i();
    public final void d(aI$h);
}







com/a/a/c/aI$v.class

package com.a.a.c;
final synchronized class aI$v extends aI$t implements aI$h {
    private volatile long a;
    private aI$h b;
    private aI$h c;
    void aI$v(ref.ReferenceQueue, Object, int, aI$h);
    public final long e();
    public final void a(long);
    public final aI$h f();
    public final void a(aI$h);
    public final aI$h g();
    public final void b(aI$h);
}







com/a/a/c/aI$w.class

package com.a.a.c;
final synchronized class aI$w extends aI$t implements aI$h {
    private volatile long a;
    private aI$h b;
    private aI$h c;
    private aI$h d;
    private aI$h e;
    void aI$w(ref.ReferenceQueue, Object, int, aI$h);
    public final long e();
    public final void a(long);
    public final aI$h f();
    public final void a(aI$h);
    public final aI$h g();
    public final void b(aI$h);
    public final aI$h h();
    public final void c(aI$h);
    public final aI$h i();
    public final void d(aI$h);
}







com/a/a/c/aI$x.class

package com.a.a.c;
final synchronized class aI$x extends ref.WeakReference implements aI$r {
    private aI$h a;
    void aI$x(ref.ReferenceQueue, Object, aI$h);
    public final aI$h a();
    public final void b();
    public final aI$r a(ref.ReferenceQueue, Object, aI$h);
}







com/a/a/c/aI$y.class

package com.a.a.c;
final synchronized class aI$y extends g {
    private Object a;
    private Object b;
    void aI$y(aI, Object, Object);
    public final Object getKey();
    public final Object getValue();
    public final boolean equals(Object);
    public final int hashCode();
    public final Object setValue(Object);
}







com/a/a/c/aI.class

package com.a.a.c;
synchronized class aI extends java.util.AbstractMap implements java.io.Serializable, java.util.concurrent.ConcurrentMap {
    static final java.util.logging.Logger a;
    private transient int m;
    private transient int n;
    final transient aI$i[] b;
    final com.a.a.a.e c;
    final com.a.a.a.e d;
    private aI$k o;
    final aI$k e;
    final int f;
    final long g;
    final long h;
    final java.util.Queue i;
    final transient aI$a j;
    final com.a.a.a.n k;
    private static aI$r p;
    static final java.util.Queue l;
    private transient java.util.Set q;
    private transient java.util.Collection r;
    private transient java.util.Set s;
    final boolean a();
    final boolean b();
    final boolean c();
    final boolean d();
    static aI$r e();
    static aI$h f();
    private int a(Object);
    final aI$i a(int);
    final boolean a(aI$h);
    static boolean a(aI$h, long);
    static void a(aI$h, aI$h);
    static void b(aI$h);
    static void b(aI$h, aI$h);
    static void c(aI$h);
    public boolean isEmpty();
    public int size();
    public Object get(Object);
    public boolean containsKey(Object);
    public boolean containsValue(Object);
    public Object put(Object, Object);
    public Object putIfAbsent(Object, Object);
    public void putAll(java.util.Map);
    public Object remove(Object);
    public boolean remove(Object, Object);
    public boolean replace(Object, Object, Object);
    public Object replace(Object, Object);
    public void clear();
    public java.util.Set keySet();
    public java.util.Collection values();
    public java.util.Set entrySet();
    static void <clinit>();
}







com/a/a/c/aJ$1.class

package com.a.a.c;
final synchronized class aJ$1 extends bp {
    void aJ$1(bp);
    public final boolean hasNext();
    public final Object next();
}







com/a/a/c/aJ$2.class

package com.a.a.c;
final synchronized class aJ$2 extends bm {
    void aJ$2(java.util.Iterator, com.a.a.a.f);
}







com/a/a/c/aJ$3.class

package com.a.a.c;
final synchronized class aJ$3 extends g {
    void aJ$3(java.util.Map$Entry);
    public final Object getKey();
    public final Object getValue();
}







com/a/a/c/aJ$a.class

package com.a.a.c;
abstract synchronized class aJ$a extends aJ$f {
    private java.util.Map a;
    private com.a.a.a.i b;
    private boolean a(Object, Object);
    public Object put(Object, Object);
    public void putAll(java.util.Map);
    public boolean containsKey(Object);
    public Object get(Object);
    public boolean isEmpty();
    public Object remove(Object);
    final java.util.Collection b();
}







com/a/a/c/aJ$b$1.class

package com.a.a.c;
final synchronized class aJ$b$1 extends aJ$d {
    void aJ$b$1(aJ$b);
    final java.util.Map a();
    public final java.util.Iterator iterator();
}







com/a/a/c/aJ$b.class

package com.a.a.c;
abstract synchronized class aJ$b extends R implements java.util.NavigableMap {
    private transient java.util.Comparator a;
    private transient java.util.Set b;
    private transient java.util.NavigableSet c;
    void aJ$b();
    abstract java.util.NavigableMap c();
    protected final java.util.Map a();
    public java.util.Comparator comparator();
    public Object firstKey();
    public Object lastKey();
    public java.util.Map$Entry lowerEntry(Object);
    public Object lowerKey(Object);
    public java.util.Map$Entry floorEntry(Object);
    public Object floorKey(Object);
    public java.util.Map$Entry ceilingEntry(Object);
    public Object ceilingKey(Object);
    public java.util.Map$Entry higherEntry(Object);
    public Object higherKey(Object);
    public java.util.Map$Entry firstEntry();
    public java.util.Map$Entry lastEntry();
    public java.util.Map$Entry pollFirstEntry();
    public java.util.Map$Entry pollLastEntry();
    public java.util.NavigableMap descendingMap();
    public java.util.Set entrySet();
    abstract java.util.Iterator d();
    public java.util.Set keySet();
    public java.util.NavigableSet navigableKeySet();
    public java.util.NavigableSet descendingKeySet();
    public java.util.NavigableMap subMap(Object, boolean, Object, boolean);
    public java.util.NavigableMap headMap(Object, boolean);
    public java.util.NavigableMap tailMap(Object, boolean);
    public java.util.SortedMap subMap(Object, Object);
    public java.util.SortedMap headMap(Object);
    public java.util.SortedMap tailMap(Object);
    public java.util.Collection values();
    public String toString();
}







com/a/a/c/aJ$c$1.class

package com.a.a.c;
final synchronized enum aJ$c$1 {
    void aJ$c$1(String, int);
}







com/a/a/c/aJ$c$2.class

package com.a.a.c;
final synchronized enum aJ$c$2 {
    void aJ$c$2(String, int);
}







com/a/a/c/aJ$c.class

package com.a.a.c;
abstract synchronized enum aJ$c {
    public static final aJ$c a;
    public static final aJ$c b;
    private void aJ$c(String, int);
    static void <clinit>();
}







com/a/a/c/aJ$d.class

package com.a.a.c;
abstract synchronized class aJ$d extends ba {
    void aJ$d();
    abstract java.util.Map a();
    public int size();
    public void clear();
    public boolean contains(Object);
    public boolean isEmpty();
    public boolean remove(Object);
    public boolean removeAll(java.util.Collection);
    public boolean retainAll(java.util.Collection);
}







com/a/a/c/aJ$e.class

package com.a.a.c;
final synchronized class aJ$e extends aJ$j {
    private java.util.Map a;
    private com.a.a.a.i b;
    void aJ$e(java.util.Map, java.util.Map, com.a.a.a.i);
    public final boolean remove(Object);
    private boolean a(com.a.a.a.i);
    public final boolean removeAll(java.util.Collection);
    public final boolean retainAll(java.util.Collection);
    public final Object[] toArray();
    public final Object[] toArray(Object[]);
}







com/a/a/c/aJ$f.class

package com.a.a.c;
abstract synchronized class aJ$f extends java.util.AbstractMap {
    private transient java.util.Set a;
    private transient java.util.Set b;
    private transient java.util.Collection c;
    void aJ$f();
    abstract java.util.Set a();
    public java.util.Set entrySet();
    public java.util.Set keySet();
    java.util.Set c();
    public java.util.Collection values();
    java.util.Collection b();
}







com/a/a/c/aJ$g.class

package com.a.a.c;
synchronized class aJ$g extends ba {
    final java.util.Map b;
    void aJ$g(java.util.Map);
    java.util.Map a();
    public java.util.Iterator iterator();
    public int size();
    public boolean isEmpty();
    public boolean contains(Object);
    public boolean remove(Object);
    public void clear();
}







com/a/a/c/aJ$h.class

package com.a.a.c;
final synchronized class aJ$h extends aJ$i implements java.util.NavigableSet {
    void aJ$h(java.util.NavigableMap);
    public final Object lower(Object);
    public final Object floor(Object);
    public final Object ceiling(Object);
    public final Object higher(Object);
    public final Object pollFirst();
    public final Object pollLast();
    public final java.util.NavigableSet descendingSet();
    public final java.util.Iterator descendingIterator();
    public final java.util.NavigableSet subSet(Object, boolean, Object, boolean);
    public final java.util.NavigableSet headSet(Object, boolean);
    public final java.util.NavigableSet tailSet(Object, boolean);
    public final java.util.SortedSet subSet(Object, Object);
    public final java.util.SortedSet headSet(Object);
    public final java.util.SortedSet tailSet(Object);
}







com/a/a/c/aJ$i.class

package com.a.a.c;
synchronized class aJ$i extends aJ$g implements java.util.SortedSet {
    void aJ$i(java.util.SortedMap);
    java.util.SortedMap b();
    public java.util.Comparator comparator();
    public java.util.SortedSet subSet(Object, Object);
    public java.util.SortedSet headSet(Object);
    public java.util.SortedSet tailSet(Object);
    public Object first();
    public Object last();
}







com/a/a/c/aJ$j.class

package com.a.a.c;
synchronized class aJ$j extends java.util.AbstractCollection {
    private java.util.Map a;
    void aJ$j(java.util.Map);
    public java.util.Iterator iterator();
    public boolean remove(Object);
    public boolean removeAll(java.util.Collection);
    public boolean retainAll(java.util.Collection);
    public int size();
    public boolean isEmpty();
    public boolean contains(Object);
    public void clear();
}







com/a/a/c/aJ.class

package com.a.a.c;
public final synchronized class aJ {
    private static com.a.a.a.g$a a;
    static java.util.Iterator a(java.util.Iterator);
    static java.util.Iterator b(java.util.Iterator);
    static bp a(bp);
    public static java.util.HashMap a();
    public static int a(int);
    public static java.util.LinkedHashMap b();
    static java.util.Iterator a(java.util.Set, com.a.a.a.f);
    public static java.util.Map$Entry a(Object, Object);
    static com.a.a.a.i a(com.a.a.a.i);
    static Object a(java.util.Map, Object);
    static boolean b(java.util.Map, Object);
    static Object c(java.util.Map, Object);
    static boolean a(java.util.Collection, Object);
    static boolean d(java.util.Map, Object);
    static String a(java.util.Map);
    static Object a(java.util.Map$Entry);
    static void <clinit>();
}







com/a/a/c/aK.class

package com.a.a.c;
public abstract interface aK {
    public abstract int d();
    public abstract boolean a(Object, Object);
    public abstract boolean b(Object, Object);
    public abstract void e();
    public abstract java.util.Map b();
    public abstract boolean equals(Object);
    public abstract int hashCode();
}







com/a/a/c/aL.class

package com.a.a.c;
abstract synchronized class aL extends java.util.AbstractCollection {
    abstract aK a();
    public int size();
    public boolean contains(Object);
    public boolean remove(Object);
    public void clear();
}







com/a/a/c/aM$a.class

package com.a.a.c;
public abstract interface aM$a {
    public abstract Object a();
    public abstract int b();
}







com/a/a/c/aM.class

package com.a.a.c;
public abstract interface aM extends java.util.Collection {
    public abstract int a(Object);
    public abstract int a(Object, int);
    public abstract int b(Object, int);
    public abstract int c(Object, int);
    public abstract boolean a(Object, int, int);
    public abstract java.util.Set d();
    public abstract java.util.Set j_();
    public abstract boolean equals(Object);
    public abstract int hashCode();
    public abstract boolean contains(Object);
    public abstract boolean containsAll(java.util.Collection);
    public abstract boolean remove(Object);
}







com/a/a/c/aN$1.class

package com.a.a.c;
final synchronized class aN$1 extends aQ {
    void aN$1();
}







com/a/a/c/aN$a.class

package com.a.a.c;
abstract synchronized class aN$a implements aM$a {
    void aN$a();
    public boolean equals(Object);
    public int hashCode();
    public String toString();
}







com/a/a/c/aN$b$1.class

package com.a.a.c;
final synchronized class aN$b$1 extends bm {
    void aN$b$1(aN$b, java.util.Iterator);
}







com/a/a/c/aN$b.class

package com.a.a.c;
abstract synchronized class aN$b extends ba {
    void aN$b();
    abstract aM a();
    public void clear();
    public boolean contains(Object);
    public boolean containsAll(java.util.Collection);
    public boolean isEmpty();
    public java.util.Iterator iterator();
    public boolean remove(Object);
    public int size();
}







com/a/a/c/aN$c.class

package com.a.a.c;
abstract synchronized class aN$c extends ba {
    void aN$c();
    abstract aM a();
    public boolean contains(Object);
    public boolean remove(Object);
    public void clear();
}







com/a/a/c/aN$d.class

package com.a.a.c;
final synchronized class aN$d extends aN$a implements java.io.Serializable {
    private Object a;
    private int b;
    void aN$d(Object, int);
    public final Object a();
    public final int b();
}







com/a/a/c/aN$e.class

package com.a.a.c;
final synchronized class aN$e implements java.util.Iterator {
    private final aM a;
    private final java.util.Iterator b;
    private aM$a c;
    private int d;
    private int e;
    private boolean f;
    void aN$e(aM, java.util.Iterator);
    public final boolean hasNext();
    public final Object next();
    public final void remove();
}







com/a/a/c/aN.class

package com.a.a.c;
public final synchronized class aN {
    public static aM$a a(Object, int);
    static boolean a(aM, Object);
    static boolean a(aM, java.util.Collection);
    static boolean b(aM, java.util.Collection);
    static boolean c(aM, java.util.Collection);
    static int a(aM, Object, int);
    static boolean a(aM, Object, int, int);
    static java.util.Iterator a(aM);
    static int b(aM);
    static void <clinit>();
}







com/a/a/c/aO.class

package com.a.a.c;
final synchronized class aO extends aQ implements java.io.Serializable {
    static final aO a;
    public final aQ a();
    public final String toString();
    private void aO();
    static void <clinit>();
}







com/a/a/c/aP.class

package com.a.a.c;
public final synchronized class aP {
    static final Object[] a;
    public static Object[] a(Class, int);
    public static Object[] a(Object[], int);
    static Object[] b(Object[], int);
    static Object[] a(java.util.Collection, Object[]);
    static transient Object[] a(Object[]);
    static void <clinit>();
}







com/a/a/c/aQ.class

package com.a.a.c;
public abstract synchronized class aQ implements java.util.Comparator {
    public static aQ b();
    public static aQ a(java.util.Comparator);
    protected void aQ();
    public aQ a();
    public abstract int compare(Object, Object);
}







com/a/a/c/aR$1.class

package com.a.a.c;
final synchronized class aR$1 implements com.a.a.a.f {
    void aR$1();
}







com/a/a/c/aR$2.class

package com.a.a.c;
final synchronized class aR$2 implements com.a.a.a.f {
    void aR$2();
}







com/a/a/c/aR$3.class

package com.a.a.c;
final synchronized class aR$3 extends aQ {
    void aR$3();
}







com/a/a/c/aR.class

package com.a.a.c;
public final synchronized class aR implements com.a.a.a.i, java.io.Serializable {
    public final y a;
    public final y b;
    private static aR a(y, y);
    public static aR a(Comparable, Comparable);
    private void aR(y, y);
    public final aR a(aR);
    public final boolean equals(Object);
    public final int hashCode();
    public final String toString();
    private static String b(y, y);
    static int b(Comparable, Comparable);
    static void <clinit>();
}







com/a/a/c/aS.class

package com.a.a.c;
final synchronized class aS extends aj {
    private final al b;
    private final ao c;
    private void aS(al, ao);
    void aS(al, Object[]);
    final al c();
    public final bq a(int);
    final int a(Object[], int);
    public final Object get(int);
}







com/a/a/c/aT.class

package com.a.a.c;
final synchronized class aT extends ao {
    private final transient int b;
    private final transient int c;
    private final transient Object[] d;
    private void aT(Object[], int, int);
    void aT(Object[]);
    public final int size();
    final boolean l();
    final int a(Object[], int);
    public final Object get(int);
    public final int indexOf(Object);
    public final int lastIndexOf(Object);
    final ao b(int, int);
    public final bq a(int);
}







com/a/a/c/aU$a.class

package com.a.a.c;
final synchronized class aU$a extends ar {
    private void aU$a(aU);
    final ap i_();
    public final bp b();
    final ao m();
}







com/a/a/c/aU$b.class

package com.a.a.c;
final synchronized class aU$b extends aq {
    private final aq a;
    void aU$b(Object, Object, aq);
    void aU$b(aq, aq);
    final aq a();
}







com/a/a/c/aU.class

package com.a.a.c;
final synchronized class aU extends ap {
    private final transient aq[] a;
    private final transient aq[] b;
    private final transient int c;
    void aU(int, aq$a[]);
    void aU(java.util.Map$Entry[]);
    private static void a(Object, aq, aq);
    public final Object get(Object);
    public final int size();
    final boolean f();
    final aw d();
}







com/a/a/c/aV.class

package com.a.a.c;
final synchronized class aV extends av {
    private final transient ap a;
    private final transient int b;
    void aV(ap, int);
    final boolean l();
    public final int a(Object);
    public final int size();
    public final boolean contains(Object);
    final aM$a a(int);
    public final int hashCode();
}







com/a/a/c/aW$a$1.class

package com.a.a.c;
final synchronized class aW$a$1 extends aj {
    void aW$a$1(aW$a);
    final al c();
}







com/a/a/c/aW$a.class

package com.a.a.c;
final synchronized class aW$a extends aw {
    private void aW$a(aW);
    public final int size();
    public final bp b();
    final ao m();
    public final boolean contains(Object);
    final boolean l();
}







com/a/a/c/aW.class

package com.a.a.c;
abstract synchronized class aW extends aD {
    void aW();
    abstract bk$a a(int);
    final aw j();
}







com/a/a/c/aX.class

package com.a.a.c;
final synchronized class aX extends aQ implements java.io.Serializable {
    static final aX a;
    public final aQ a();
    public final String toString();
    private void aX();
    static void <clinit>();
}







com/a/a/c/aY.class

package com.a.a.c;
final synchronized class aY extends aQ implements java.io.Serializable {
    private aQ a;
    void aY(aQ);
    public final int compare(Object, Object);
    public final aQ a();
    public final int hashCode();
    public final boolean equals(Object);
    public final String toString();
}







com/a/a/c/aZ.class

package com.a.a.c;
public abstract interface aZ extends aK {
}







com/a/a/c/ba.class

package com.a.a.c;
abstract synchronized class ba extends java.util.AbstractSet {
    void ba();
    public boolean removeAll(java.util.Collection);
    public boolean retainAll(java.util.Collection);
}







com/a/a/c/bb.class

package com.a.a.c;
final synchronized class bb extends ak {
    private transient Object a;
    private transient Object b;
    private transient ak c;
    void bb(Object, Object);
    private void bb(Object, Object, ak);
    public final Object get(Object);
    public final int size();
    public final boolean containsKey(Object);
    public final boolean containsValue(Object);
    final boolean f();
    final aw d();
    final aw c();
    public final ak a();
}







com/a/a/c/bc.class

package com.a.a.c;
final synchronized class bc extends ao {
    private transient Object b;
    void bc(Object);
    public final Object get(int);
    public final int indexOf(Object);
    public final bp b();
    public final int lastIndexOf(Object);
    public final int size();
    public final ao a(int, int);
    public final ao e();
    public final boolean contains(Object);
    public final boolean equals(Object);
    public final int hashCode();
    public final String toString();
    public final boolean isEmpty();
    final boolean l();
    final int a(Object[], int);
}







com/a/a/c/bd.class

package com.a.a.c;
final synchronized class bd extends aw {
    private transient Object a;
    private transient int b;
    void bd(Object);
    public final int size();
    public final boolean isEmpty();
    public final boolean contains(Object);
    public final bp b();
    final boolean l();
    final int a(Object[], int);
    public final boolean equals(Object);
    public final int hashCode();
    final boolean g_();
    public final String toString();
}







com/a/a/c/be.class

package com.a.a.c;
abstract interface be extends Iterable {
}







com/a/a/c/bf.class

package com.a.a.c;
public abstract interface bf extends aM, be {
    public abstract java.util.Comparator g();
    public abstract aM$a h();
    public abstract aM$a i();
    public abstract aM$a j();
    public abstract aM$a k();
    public abstract java.util.NavigableSet f();
    public abstract java.util.Set j_();
    public abstract bf n();
    public abstract bf d(Object, r);
    public abstract bf a(Object, r, Object, r);
    public abstract bf c(Object, r);
}







com/a/a/c/bg.class

package com.a.a.c;
synchronized class bg extends aN$b implements java.util.SortedSet {
    final bf a;
    void bg(bf);
    public java.util.Comparator comparator();
    public java.util.SortedSet subSet(Object, Object);
    public java.util.SortedSet headSet(Object);
    public java.util.SortedSet tailSet(Object);
    public Object first();
    public Object last();
}







com/a/a/c/bh.class

package com.a.a.c;
final synchronized class bh extends bg implements java.util.NavigableSet {
    void bh(bf);
    public final Object lower(Object);
    public final Object floor(Object);
    public final Object ceiling(Object);
    public final Object higher(Object);
    public final java.util.NavigableSet descendingSet();
    public final java.util.Iterator descendingIterator();
    public final Object pollFirst();
    public final Object pollLast();
    public final java.util.NavigableSet subSet(Object, boolean, Object, boolean);
    public final java.util.NavigableSet headSet(Object, boolean);
    public final java.util.NavigableSet tailSet(Object, boolean);
}







com/a/a/c/bi.class

package com.a.a.c;
final synchronized class bi extends aW {
    private final ap a;
    private final ap b;
    private final int[] c;
    private final int[] d;
    void bi(ao, aw, aw);
    public final ap h();
    public final ap i();
    public final int f();
    final bk$a a(int);
}







com/a/a/c/bj$a.class

package com.a.a.c;
final synchronized class bj$a implements java.util.Iterator {
    private java.util.Iterator a;
    private java.util.Map$Entry b;
    private java.util.Iterator c;
    private void bj$a(bj);
    public final boolean hasNext();
    public final void remove();
}







com/a/a/c/bj$b$a$1$1.class

package com.a.a.c;
final synchronized class bj$b$a$1$1 extends S {
    void bj$b$a$1$1(bj$b$a$1, java.util.Map$Entry);
    protected final java.util.Map$Entry a();
    public final Object setValue(Object);
    public final boolean equals(Object);
}







com/a/a/c/bj$b$a$1.class

package com.a.a.c;
final synchronized class bj$b$a$1 implements java.util.Iterator {
    void bj$b$a$1(bj$b$a, java.util.Iterator);
    public final boolean hasNext();
    public final void remove();
}







com/a/a/c/bj$b$a.class

package com.a.a.c;
final synchronized class bj$b$a extends aJ$d {
    private void bj$b$a(bj$b);
    final java.util.Map a();
    public final int size();
    public final java.util.Iterator iterator();
}







com/a/a/c/bj$b.class

package com.a.a.c;
final synchronized class bj$b extends aJ$f {
    private Object a;
    private java.util.Map b;
    void bj$b(bj, Object);
    final java.util.Map d();
    final void e();
    public final boolean containsKey(Object);
    public final Object get(Object);
    public final Object put(Object, Object);
    public final Object remove(Object);
    public final void clear();
    protected final java.util.Set a();
}







com/a/a/c/bj$c$a$1.class

package com.a.a.c;
final synchronized class bj$c$a$1 implements com.a.a.a.f {
    void bj$c$a$1(bj$c$a);
}







com/a/a/c/bj$c$a.class

package com.a.a.c;
final synchronized class bj$c$a extends bj$d {
    void bj$c$a(bj$c);
    public final java.util.Iterator iterator();
    public final int size();
    public final boolean contains(Object);
    public final boolean remove(Object);
}







com/a/a/c/bj$c.class

package com.a.a.c;
final synchronized class bj$c extends aJ$f {
    void bj$c(bj);
    public final boolean containsKey(Object);
    protected final java.util.Set a();
}







com/a/a/c/bj$d.class

package com.a.a.c;
abstract synchronized class bj$d extends ba {
    private void bj$d(bj);
    public boolean isEmpty();
    public void clear();
}







com/a/a/c/bj.class

package com.a.a.c;
final synchronized class bj extends o implements java.io.Serializable {
    final java.util.Map a;
    final com.a.a.a.m b;
    private transient java.util.Map c;
    public final boolean a(Object);
    public final Object a(Object, Object);
    public final boolean a();
    public final int f();
    public final void b();
    public final java.util.Set c();
    final java.util.Iterator e();
    public final java.util.Map b(Object);
    public final java.util.Map g();
}







com/a/a/c/bk$a.class

package com.a.a.c;
public abstract interface bk$a {
    public abstract Object a();
    public abstract Object b();
    public abstract Object c();
}







com/a/a/c/bk.class

package com.a.a.c;
public abstract interface bk {
    public abstract int f();
    public abstract boolean equals(Object);
    public abstract int hashCode();
    public abstract java.util.Set c();
    public abstract java.util.Map g();
}







com/a/a/c/bl$1.class

package com.a.a.c;
final synchronized class bl$1 implements com.a.a.a.f {
    void bl$1();
}







com/a/a/c/bl$a.class

package com.a.a.c;
abstract synchronized class bl$a implements bk$a {
    void bl$a();
    public boolean equals(Object);
    public int hashCode();
    public String toString();
}







com/a/a/c/bl$b.class

package com.a.a.c;
final synchronized class bl$b extends bl$a implements java.io.Serializable {
    private final Object a;
    private final Object b;
    private final Object c;
    void bl$b(Object, Object, Object);
    public final Object a();
    public final Object b();
    public final Object c();
}







com/a/a/c/bl.class

package com.a.a.c;
public final synchronized class bl {
    public static bk$a a(Object, Object, Object);
    static boolean a(bk, Object);
    static void <clinit>();
}







com/a/a/c/bm.class

package com.a.a.c;
abstract synchronized class bm implements java.util.Iterator {
    final java.util.Iterator a;
    void bm(java.util.Iterator);
    abstract Object a(Object);
    public final boolean hasNext();
    public final Object next();
    public final void remove();
}







com/a/a/c/bn.class

package com.a.a.c;
abstract synchronized class bn extends bm implements java.util.ListIterator {
    public final boolean hasPrevious();
    public final Object previous();
    public final int nextIndex();
    public final int previousIndex();
    public void set(Object);
    public void add(Object);
}







com/a/a/c/bo.class

package com.a.a.c;
public abstract synchronized class bo {
    public void bo();
}







com/a/a/c/bp.class

package com.a.a.c;
public abstract synchronized class bp implements java.util.Iterator {
    protected void bp();
    public final void remove();
}







com/a/a/c/bq.class

package com.a.a.c;
public abstract synchronized class bq extends bp implements java.util.ListIterator {
    protected void bq();
    public final void add(Object);
    public final void set(Object);
}







com/a/a/d/a$a$1.class

package com.a.a.d;
final synchronized enum a$a$1 {
    void a$a$1(String, int, int);
    public final java.util.zip.Checksum b();
}







com/a/a/d/a$a$2.class

package com.a.a.d;
final synchronized enum a$a$2 {
    void a$a$2(String, int, int);
    public final java.util.zip.Checksum b();
}







com/a/a/d/a$a.class

package com.a.a.d;
abstract synchronized enum a$a {
    private static a$a a;
    private static a$a b;
    private void a$a(String, int, int);
    public abstract java.util.zip.Checksum b();
    static void <clinit>();
}







com/a/a/d/a.class

package com.a.a.d;
public final synchronized class a {
    static void <clinit>();
}







com/a/a/e/a$a.class

package com.a.a.e;
final synchronized class a$a extends b {
    private final java.nio.charset.Charset a;
    private void a$a(a, java.nio.charset.Charset);
    public final java.io.Reader a();
    public final String toString();
}







com/a/a/e/a.class

package com.a.a.e;
public abstract synchronized class a {
    protected void a();
    public abstract java.io.InputStream a();
}







com/a/a/e/b.class

package com.a.a.e;
public abstract synchronized class b {
    protected void b();
    public abstract java.io.Reader a();
    public final String b();
}







com/a/a/e/c.class

package com.a.a.e;
public final synchronized class c {
    static final java.util.logging.Logger a;
    private void c();
    static void <clinit>();
}







com/a/a/e/d$a.class

package com.a.a.e;
final synchronized class d$a implements d$c {
    static final d$a a;
    void d$a();
    public final void a(java.io.Closeable, Throwable, Throwable);
    static void <clinit>();
}







com/a/a/e/d$b.class

package com.a.a.e;
final synchronized class d$b implements d$c {
    static final d$b a;
    private static reflect.Method b;
    void d$b();
    static boolean a();
    private static reflect.Method b();
    public final void a(java.io.Closeable, Throwable, Throwable);
    static void <clinit>();
}







com/a/a/e/d$c.class

package com.a.a.e;
abstract interface d$c {
    public abstract void a(java.io.Closeable, Throwable, Throwable);
}







com/a/a/e/d.class

package com.a.a.e;
public final synchronized class d implements java.io.Closeable {
    private static final d$c c;
    private d$c d;
    final java.util.Deque a;
    Throwable b;
    public static d a();
    private void d(d$c);
    public final void close();
    static void <clinit>();
}







com/a/a/e/e$1.class

package com.a.a.e;
final synchronized class e$1 extends com.a.a.c.bo {
    void e$1();
    public final String toString();
}







com/a/a/e/e.class

package com.a.a.e;
public final synchronized class e {
    public static String a(String);
    static void <clinit>();
}







com/a/a/e/f$a.class

package com.a.a.e;
final synchronized class f$a extends a {
    private final java.net.URL a;
    private void f$a(java.net.URL);
    public final java.io.InputStream a();
    public final String toString();
}







com/a/a/e/f.class

package com.a.a.e;
public final synchronized class f {
    private void f();
    public static String a(java.net.URL, java.nio.charset.Charset);
    public static java.net.URL a(String);
}







com/a/a/f/a$a.class

package com.a.a.f;
final synchronized class a$a extends java.util.AbstractList implements java.io.Serializable, java.util.RandomAccess {
    final double[] a;
    final int b;
    private int c;
    void a$a(double[]);
    private void a$a(double[], int, int);
    public final int size();
    public final boolean isEmpty();
    public final boolean contains(Object);
    public final int indexOf(Object);
    public final int lastIndexOf(Object);
    public final java.util.List subList(int, int);
    public final boolean equals(Object);
    public final int hashCode();
    public final String toString();
}







com/a/a/f/a.class

package com.a.a.f;
public final synchronized class a {
    public static int a(double);
    public static transient double[] a(double[][]);
    public static double[] a(java.util.Collection);
    public static transient java.util.List a(double[]);
    static void <clinit>();
}







com/a/a/f/b.class

package com.a.a.f;
public final synchronized class b {
    private static final byte[] a;
    public static int a(long);
    public static int a(int, int);
    static void <clinit>();
}







com/a/a/g/a.class

package com.a.a.g;
public abstract synchronized class a implements reflect.InvocationHandler {
    private static final Object[] a;
    public final Object invoke(Object, reflect.Method, Object[]);
    protected abstract Object a();
    public boolean equals(Object);
    public int hashCode();
    public String toString();
    static void <clinit>();
}







com/a/a/g/b.class

package com.a.a.g;
synchronized class b extends reflect.AccessibleObject implements reflect.Member {
    private final reflect.AccessibleObject a;
    private final reflect.Member b;
    public d a();
    public final boolean isAnnotationPresent(Class);
    public final annotation.Annotation getAnnotation(Class);
    public final annotation.Annotation[] getAnnotations();
    public final annotation.Annotation[] getDeclaredAnnotations();
    public final void setAccessible(boolean);
    public final boolean isAccessible();
    public Class getDeclaringClass();
    public final String getName();
    public final int getModifiers();
    public final boolean isSynthetic();
    public boolean equals(Object);
    public int hashCode();
    public String toString();
}







com/a/a/g/c.class

package com.a.a.g;
abstract synchronized class c {
    void c();
    final reflect.Type a();
}







com/a/a/g/d$a.class

package com.a.a.g;
final synchronized class d$a extends d {
    void d$a(reflect.Type);
}







com/a/a/g/d.class

package com.a.a.g;
public abstract synchronized class d extends c implements java.io.Serializable {
    private final reflect.Type a;
    protected void d();
    private void d(reflect.Type);
    public static d a(Class);
    public boolean equals(Object);
    public int hashCode();
    public String toString();
}







com/a/a/g/e$1.class

package com.a.a.g;
final synchronized class e$1 implements com.a.a.a.f {
    void e$1();
}







com/a/a/g/e$a$1.class

package com.a.a.g;
final synchronized enum e$a$1 {
    void e$a$1(String, int);
}







com/a/a/g/e$a$2.class

package com.a.a.g;
final synchronized enum e$a$2 {
    void e$a$2(String, int);
}







com/a/a/g/e$a$3.class

package com.a.a.g;
final synchronized enum e$a$3 {
    void e$a$3(String, int);
    final String a(reflect.Type);
}







com/a/a/g/e$a$4.class

package com.a.a.g;
final synchronized class e$a$4 extends c {
    void e$a$4();
}







com/a/a/g/e$a.class

package com.a.a.g;
abstract synchronized enum e$a {
    private static e$a b;
    private static e$a c;
    private static e$a d;
    static final e$a a;
    private void e$a(String, int);
    String a(reflect.Type);
    static void <clinit>();
}







com/a/a/g/e.class

package com.a.a.g;
final synchronized class e {
    static String a(reflect.Type);
    static void <clinit>();
}







com/a/a/h/a/a$a.class

package com.a.a.h.a;
final synchronized class a$a extends java.util.concurrent.locks.AbstractQueuedSynchronizer {
    private Object a;
    private Throwable b;
    void a$a();
    protected final int tryAcquireShared(int);
    protected final boolean tryReleaseShared(int);
    Object a();
    final boolean b();
    final boolean c();
    final boolean d();
    boolean a(Object, Throwable, int);
}







com/a/a/h/a/a.class

package com.a.a.h.a;
public abstract synchronized class a implements l {
    final a$a a;
    private final d b;
    protected void a();
    public Object get(long, java.util.concurrent.TimeUnit);
    public Object get();
    public boolean isDone();
    public boolean isCancelled();
    public boolean cancel(boolean);
    public final void a(Runnable, java.util.concurrent.Executor);
    protected boolean a(Object);
    protected boolean a(Throwable);
    static final java.util.concurrent.CancellationException a(String, Throwable);
}







com/a/a/h/a/b.class

package com.a.a.h.a;
public abstract synchronized class b extends java.util.concurrent.AbstractExecutorService implements n {
    public final l a(Runnable);
    public final l a(Runnable, Object);
    public final l a(java.util.concurrent.Callable);
}







com/a/a/h/a/c.class

package com.a.a.h.a;
public abstract interface c {
    public abstract l a(Object);
}







com/a/a/h/a/d$a.class

package com.a.a.h.a;
final synchronized class d$a {
    final Runnable a;
    final java.util.concurrent.Executor b;
    d$a c;
    void d$a(Runnable, java.util.concurrent.Executor, d$a);
}







com/a/a/h/a/d.class

package com.a.a.h.a;
public final synchronized class d {
    private static java.util.logging.Logger a;
    private d$a b;
    private boolean c;
    public void d();
    public final void a(Runnable, java.util.concurrent.Executor);
    public final void a();
    private static void b(Runnable, java.util.concurrent.Executor);
    static void <clinit>();
}







com/a/a/h/a/e.class

package com.a.a.h.a;
public abstract synchronized class e extends com.a.a.c.Y implements java.util.concurrent.BlockingQueue {
    protected abstract java.util.concurrent.BlockingQueue a();
    public int drainTo(java.util.Collection, int);
    public int drainTo(java.util.Collection);
    public boolean offer(Object, long, java.util.concurrent.TimeUnit);
    public Object poll(long, java.util.concurrent.TimeUnit);
    public void put(Object);
    public int remainingCapacity();
    public Object take();
}







com/a/a/h/a/f$a.class

package com.a.a.h.a;
public abstract synchronized class f$a extends f {
    private final l a;
    protected final l a();
}







com/a/a/h/a/f.class

package com.a.a.h.a;
public abstract synchronized class f extends i implements l {
    protected abstract l a();
}







com/a/a/h/a/g.class

package com.a.a.h.a;
public abstract synchronized class g extends com.a.a.c.X implements java.util.concurrent.ExecutorService {
    protected abstract java.util.concurrent.ExecutorService a();
    public boolean awaitTermination(long, java.util.concurrent.TimeUnit);
    public java.util.List invokeAll(java.util.Collection);
    public java.util.List invokeAll(java.util.Collection, long, java.util.concurrent.TimeUnit);
    public Object invokeAny(java.util.Collection);
    public Object invokeAny(java.util.Collection, long, java.util.concurrent.TimeUnit);
    public boolean isShutdown();
    public boolean isTerminated();
    public void shutdown();
    public java.util.List shutdownNow();
    public void execute(Runnable);
    public java.util.concurrent.Future submit(java.util.concurrent.Callable);
    public java.util.concurrent.Future submit(Runnable);
    public java.util.concurrent.Future submit(Runnable, Object);
}







com/a/a/h/a/h$a.class

package com.a.a.h.a;
public abstract synchronized class h$a extends h {
    private final java.util.concurrent.Future a;
    protected final java.util.concurrent.Future d();
}







com/a/a/h/a/h.class

package com.a.a.h.a;
public abstract synchronized class h extends com.a.a.c.X implements java.util.concurrent.Future {
    protected abstract java.util.concurrent.Future d();
    public boolean cancel(boolean);
    public boolean isCancelled();
    public boolean isDone();
    public Object get();
    public Object get(long, java.util.concurrent.TimeUnit);
}







com/a/a/h/a/i$a.class

package com.a.a.h.a;
public abstract synchronized class i$a extends i {
    private final l a;
    protected final l c();
}







com/a/a/h/a/i.class

package com.a.a.h.a;
public abstract synchronized class i extends h implements l {
    protected abstract l c();
    public final void a(Runnable, java.util.concurrent.Executor);
}







com/a/a/h/a/j.class

package com.a.a.h.a;
public abstract synchronized class j extends g implements n {
    protected abstract n c();
    public final l a(java.util.concurrent.Callable);
    public final l a(Runnable);
    public final l a(Runnable, Object);
}







com/a/a/h/a/k$1.class

package com.a.a.h.a;
final synchronized class k$1 implements c {
    void k$1(com.a.a.a.f);
    public final l a(Object);
}







com/a/a/h/a/k$2.class

package com.a.a.h.a;
final synchronized class k$2 implements c {
    void k$2();
}







com/a/a/h/a/k$3.class

package com.a.a.h.a;
final synchronized class k$3 implements com.a.a.a.f {
    void k$3();
}







com/a/a/h/a/k$a$1.class

package com.a.a.h.a;
final synchronized class k$a$1 implements Runnable {
    void k$a$1(k$a, l);
    public final void run();
}







com/a/a/h/a/k$a.class

package com.a.a.h.a;
final synchronized class k$a extends a implements Runnable {
    private c b;
    private l c;
    private volatile l d;
    private void k$a(c, l);
    public final boolean cancel(boolean);
    private static void a(java.util.concurrent.Future, boolean);
    public final void run();
}







com/a/a/h/a/k$b.class

package com.a.a.h.a;
final synchronized class k$b extends k$c {
    private final Throwable a;
    void k$b(Throwable);
    public final Object get();
}







com/a/a/h/a/k$c.class

package com.a.a.h.a;
abstract synchronized class k$c implements l {
    private static final java.util.logging.Logger a;
    private void k$c();
    public final void a(Runnable, java.util.concurrent.Executor);
    public boolean cancel(boolean);
    public abstract Object get();
    public Object get(long, java.util.concurrent.TimeUnit);
    public boolean isCancelled();
    public boolean isDone();
    static void <clinit>();
}







com/a/a/h/a/k$d.class

package com.a.a.h.a;
final synchronized class k$d extends k$c {
    private final Object a;
    void k$d(Object);
    public final Object get();
}







com/a/a/h/a/k.class

package com.a.a.h.a;
public final synchronized class k {
    public static l a(Object);
    public static l a(Throwable);
    public static l a(l, com.a.a.a.f);
    static void <clinit>();
}







com/a/a/h/a/l.class

package com.a.a.h.a;
public abstract interface l extends java.util.concurrent.Future {
    public abstract void a(Runnable, java.util.concurrent.Executor);
}







com/a/a/h/a/m.class

package com.a.a.h.a;
public final synchronized class m extends java.util.concurrent.FutureTask implements l {
    private final d a;
    public static m a(java.util.concurrent.Callable);
    public static m a(Runnable, Object);
    private void m(java.util.concurrent.Callable);
    private void m(Runnable, Object);
    public final void a(Runnable, java.util.concurrent.Executor);
    protected final void done();
}







com/a/a/h/a/n.class

package com.a.a.h.a;
public abstract interface n extends java.util.concurrent.ExecutorService {
    public abstract l a(java.util.concurrent.Callable);
    public abstract l a(Runnable);
    public abstract l a(Runnable, Object);
}







com/a/a/h/a/o.class

package com.a.a.h.a;
public final synchronized enum o {
    public static final o a;
    private void o(String, int);
    public final void execute(Runnable);
    static void <clinit>();
}







com/a/a/h/a/p.class

package com.a.a.h.a;
public final synchronized class p extends a {
    public static p a();
    private void p();
    public final boolean a(Object);
    public final boolean a(Throwable);
}







com/a/a/h/a/q$1.class

package com.a.a.h.a;
final synchronized class q$1 implements Runnable {
    void q$1(q, java.util.concurrent.Callable);
    public final void run();
}







com/a/a/h/a/q.class

package com.a.a.h.a;
abstract synchronized class q implements java.util.concurrent.ExecutorService {
    private final java.util.concurrent.ExecutorService a;
    protected abstract java.util.concurrent.Callable a();
    protected final Runnable a(Runnable);
    private final com.a.a.c.ao a(java.util.Collection);
    public final void execute(Runnable);
    public final java.util.concurrent.Future submit(java.util.concurrent.Callable);
    public final java.util.concurrent.Future submit(Runnable);
    public final java.util.concurrent.Future submit(Runnable, Object);
    public final java.util.List invokeAll(java.util.Collection);
    public final java.util.List invokeAll(java.util.Collection, long, java.util.concurrent.TimeUnit);
    public final Object invokeAny(java.util.Collection);
    public final Object invokeAny(java.util.Collection, long, java.util.concurrent.TimeUnit);
    public final void shutdown();
    public final java.util.List shutdownNow();
    public final boolean isShutdown();
    public final boolean isTerminated();
    public final boolean awaitTermination(long, java.util.concurrent.TimeUnit);
}







com/a/a/h/a/r.class

package com.a.a.h.a;
abstract synchronized class r extends q implements java.util.concurrent.ScheduledExecutorService {
    private java.util.concurrent.ScheduledExecutorService a;
    public final java.util.concurrent.ScheduledFuture schedule(Runnable, long, java.util.concurrent.TimeUnit);
    public final java.util.concurrent.ScheduledFuture schedule(java.util.concurrent.Callable, long, java.util.concurrent.TimeUnit);
    public final java.util.concurrent.ScheduledFuture scheduleAtFixedRate(Runnable, long, long, java.util.concurrent.TimeUnit);
    public final java.util.concurrent.ScheduledFuture scheduleWithFixedDelay(Runnable, long, long, java.util.concurrent.TimeUnit);
}







META-INF/LICENSE.txt


                                 Apache License
                           Version 2.0, January 2004
                        http://www.apache.org/licenses/

   TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

   1. Definitions.

      "License" shall mean the terms and conditions for use, reproduction,
      and distribution as defined by Sections 1 through 9 of this document.

      "Licensor" shall mean the copyright owner or entity authorized by
      the copyright owner that is granting the License.

      "Legal Entity" shall mean the union of the acting entity and all
      other entities that control, are controlled by, or are under common
      control with that entity. For the purposes of this definition,
      "control" means (i) the power, direct or indirect, to cause the
      direction or management of such entity, whether by contract or
      otherwise, or (ii) ownership of fifty percent (50%) or more of the
      outstanding shares, or (iii) beneficial ownership of such entity.

      "You" (or "Your") shall mean an individual or Legal Entity
      exercising permissions granted by this License.

      "Source" form shall mean the preferred form for making modifications,
      including but not limited to software source code, documentation
      source, and configuration files.

      "Object" form shall mean any form resulting from mechanical
      transformation or translation of a Source form, including but
      not limited to compiled object code, generated documentation,
      and conversions to other media types.

      "Work" shall mean the work of authorship, whether in Source or
      Object form, made available under the License, as indicated by a
      copyright notice that is included in or attached to the work
      (an example is provided in the Appendix below).

      "Derivative Works" shall mean any work, whether in Source or Object
      form, that is based on (or derived from) the Work and for which the
      editorial revisions, annotations, elaborations, or other modifications
      represent, as a whole, an original work of authorship. For the purposes
      of this License, Derivative Works shall not include works that remain
      separable from, or merely link (or bind by name) to the interfaces of,
      the Work and Derivative Works thereof.

      "Contribution" shall mean any work of authorship, including
      the original version of the Work and any modifications or additions
      to that Work or Derivative Works thereof, that is intentionally
      submitted to Licensor for inclusion in the Work by the copyright owner
      or by an individual or Legal Entity authorized to submit on behalf of
      the copyright owner. For the purposes of this definition, "submitted"
      means any form of electronic, verbal, or written communication sent
      to the Licensor or its representatives, including but not limited to
      communication on electronic mailing lists, source code control systems,
      and issue tracking systems that are managed by, or on behalf of, the
      Licensor for the purpose of discussing and improving the Work, but
      excluding communication that is conspicuously marked or otherwise
      designated in writing by the copyright owner as "Not a Contribution."

      "Contributor" shall mean Licensor and any individual or Legal Entity
      on behalf of whom a Contribution has been received by Licensor and
      subsequently incorporated within the Work.

   2. Grant of Copyright License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      copyright license to reproduce, prepare Derivative Works of,
      publicly display, publicly perform, sublicense, and distribute the
      Work and such Derivative Works in Source or Object form.

   3. Grant of Patent License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      (except as stated in this section) patent license to make, have made,
      use, offer to sell, sell, import, and otherwise transfer the Work,
      where such license applies only to those patent claims licensable
      by such Contributor that are necessarily infringed by their
      Contribution(s) alone or by combination of their Contribution(s)
      with the Work to which such Contribution(s) was submitted. If You
      institute patent litigation against any entity (including a
      cross-claim or counterclaim in a lawsuit) alleging that the Work
      or a Contribution incorporated within the Work constitutes direct
      or contributory patent infringement, then any patent licenses
      granted to You under this License for that Work shall terminate
      as of the date such litigation is filed.

   4. Redistribution. You may reproduce and distribute copies of the
      Work or Derivative Works thereof in any medium, with or without
      modifications, and in Source or Object form, provided that You
      meet the following conditions:

      (a) You must give any other recipients of the Work or
          Derivative Works a copy of this License; and

      (b) You must cause any modified files to carry prominent notices
          stating that You changed the files; and

      (c) You must retain, in the Source form of any Derivative Works
          that You distribute, all copyright, patent, trademark, and
          attribution notices from the Source form of the Work,
          excluding those notices that do not pertain to any part of
          the Derivative Works; and

      (d) If the Work includes a "NOTICE" text file as part of its
          distribution, then any Derivative Works that You distribute must
          include a readable copy of the attribution notices contained
          within such NOTICE file, excluding those notices that do not
          pertain to any part of the Derivative Works, in at least one
          of the following places: within a NOTICE text file distributed
          as part of the Derivative Works; within the Source form or
          documentation, if provided along with the Derivative Works; or,
          within a display generated by the Derivative Works, if and
          wherever such third-party notices normally appear. The contents
          of the NOTICE file are for informational purposes only and
          do not modify the License. You may add Your own attribution
          notices within Derivative Works that You distribute, alongside
          or as an addendum to the NOTICE text from the Work, provided
          that such additional attribution notices cannot be construed
          as modifying the License.

      You may add Your own copyright statement to Your modifications and
      may provide additional or different license terms and conditions
      for use, reproduction, or distribution of Your modifications, or
      for any such Derivative Works as a whole, provided Your use,
      reproduction, and distribution of the Work otherwise complies with
      the conditions stated in this License.

   5. Submission of Contributions. Unless You explicitly state otherwise,
      any Contribution intentionally submitted for inclusion in the Work
      by You to the Licensor shall be under the terms and conditions of
      this License, without any additional terms or conditions.
      Notwithstanding the above, nothing herein shall supersede or modify
      the terms of any separate license agreement you may have executed
      with Licensor regarding such Contributions.

   6. Trademarks. This License does not grant permission to use the trade
      names, trademarks, service marks, or product names of the Licensor,
      except as required for reasonable and customary use in describing the
      origin of the Work and reproducing the content of the NOTICE file.

   7. Disclaimer of Warranty. Unless required by applicable law or
      agreed to in writing, Licensor provides the Work (and each
      Contributor provides its Contributions) on an "AS IS" BASIS,
      WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
      implied, including, without limitation, any warranties or conditions
      of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
      PARTICULAR PURPOSE. You are solely responsible for determining the
      appropriateness of using or redistributing the Work and assume any
      risks associated with Your exercise of permissions under this License.

   8. Limitation of Liability. In no event and under no legal theory,
      whether in tort (including negligence), contract, or otherwise,
      unless required by applicable law (such as deliberate and grossly
      negligent acts) or agreed to in writing, shall any Contributor be
      liable to You for damages, including any direct, indirect, special,
      incidental, or consequential damages of any character arising as a
      result of this License or out of the use or inability to use the
      Work (including but not limited to damages for loss of goodwill,
      work stoppage, computer failure or malfunction, or any and all
      other commercial damages or losses), even if such Contributor
      has been advised of the possibility of such damages.

   9. Accepting Warranty or Additional Liability. While redistributing
      the Work or Derivative Works thereof, You may choose to offer,
      and charge a fee for, acceptance of support, warranty, indemnity,
      or other liability obligations and/or rights consistent with this
      License. However, in accepting such obligations, You may act only
      on Your own behalf and on Your sole responsibility, not on behalf
      of any other Contributor, and only if You agree to indemnify,
      defend, and hold each Contributor harmless for any liability
      incurred by, or claims asserted against, such Contributor by reason
      of your accepting any such warranty or additional liability.

   END OF TERMS AND CONDITIONS

   APPENDIX: How to apply the Apache License to your work.

      To apply the Apache License to your work, attach the following
      boilerplate notice, with the fields enclosed by brackets "[]"
      replaced with your own identifying information. (Don't include
      the brackets!)  The text should be enclosed in the appropriate
      comment syntax for the file format. We also recommend that a
      file or class name and description of purpose be included on the
      same "printed page" as the copyright notice for easier
      identification within third-party archives.

   Copyright [yyyy] [name of copyright owner]

   Licensed under the Apache License, Version 2.0 (the "License");
   you may not use this file except in compliance with the License.
   You may obtain a copy of the License at

       http://www.apache.org/licenses/LICENSE-2.0

   Unless required by applicable law or agreed to in writing, software
   distributed under the License is distributed on an "AS IS" BASIS,
   WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
   See the License for the specific language governing permissions and
   limitations under the License.
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org/apache/commons/a/a$a.class

package org.apache.commons.a;
final synchronized class a$a implements java.util.Map$Entry {
    private final Object a;
    private final Object b;
    void a$a(Object, Object);
    public final boolean equals(Object);
    public final int hashCode();
    public final Object getKey();
    public final Object getValue();
    public final Object setValue(Object);
}







org/apache/commons/a/a.class

package org.apache.commons.a;
public abstract synchronized class a implements java.util.Map {
    private final n a;
    private final boolean b;
    private transient java.util.Set c;
    public void clear();
    public boolean containsKey(Object);
    public boolean containsValue(Object);
    public java.util.Set entrySet();
    public Object get(Object);
    public boolean isEmpty();
    public java.util.Set keySet();
    public Object put(Object, Object);
    public void putAll(java.util.Map);
    public Object remove(Object);
    public int size();
    public java.util.Collection values();
    protected abstract Object a();
    private p[] b();
    private static String a(Object);
}







org/apache/commons/a/b.class

package org.apache.commons.a;
public synchronized class b extends IllegalArgumentException {
    public void b();
    public void b(String);
}







org/apache/commons/a/c.class

package org.apache.commons.a;
final synchronized class c {
    private final java.beans.PropertyDescriptor[] a;
    private final java.util.Map b;
    public void c(java.beans.PropertyDescriptor[]);
    private void c(java.beans.PropertyDescriptor[], java.util.Map);
    public final java.beans.PropertyDescriptor a(String);
    public final reflect.Method a(Class, java.beans.PropertyDescriptor);
    private static java.util.Map a(java.beans.PropertyDescriptor[]);
}







org/apache/commons/a/d.class

package org.apache.commons.a;
public abstract interface d {
    public abstract void a(q);
}







org/apache/commons/a/e.class

package org.apache.commons.a;
public synchronized class e {
    public void e();
    public static void a(Object, java.util.Map);
    public static boolean a(Throwable, Throwable);
}







org/apache/commons/a/f$1.class

package org.apache.commons.a;
final synchronized class f$1 extends g {
    void f$1();
}







org/apache/commons/a/f.class

package org.apache.commons.a;
public final synchronized class f {
    private static final g b;
    final org.apache.commons.logging.Log a;
    private final j c;
    private final x d;
    private static final reflect.Method e;
    public static f a();
    public void f();
    private void f(j, x);
    public final void a(Object, String, Object);
    public static boolean a(Throwable, Throwable);
    private Object a(Object, Class);
    private static reflect.Method b();
    static void <clinit>();
}







org/apache/commons/a/g.class

package org.apache.commons.a;
public synchronized class g {
    private final java.util.Map a;
    private boolean b;
    private Object c;
    public void g();
    protected Object a();
    public final synchronized Object b();
}







org/apache/commons/a/h.class

package org.apache.commons.a;
public final synchronized class h extends RuntimeException {
    private Throwable a;
    public void h(String);
    public void h(String, Throwable);
    public void h(Throwable);
    public final Throwable getCause();
}







org/apache/commons/a/k.class

package org.apache.commons.a;
public abstract interface k {
    public abstract Object a(Class, Object);
}







org/apache/commons/a/a/a.class

package org.apache.commons.a.a;
public abstract synchronized class a implements org.apache.commons.a.k {
    private transient org.apache.commons.logging.Log b;
    boolean a;
    private Object c;
    public void a();
    public void a(Object);
    public final Object a(Class, Object);
    protected String a(Object);
    protected abstract Object b(Class, Object);
    protected Object b(Object);
    protected final Object a(Class);
    protected final void c(Object);
    protected abstract Class a();
    protected Object b(Class);
    public String toString();
    final org.apache.commons.logging.Log b();
    static String c(Class);
    protected static org.apache.commons.a.h c(Class, Object);
}







org/apache/commons/a/a/b.class

package org.apache.commons.a.a;
public final synchronized class b extends a {
    private final Class b;
    private final org.apache.commons.a.k c;
    private int d;
    private char e;
    private char[] f;
    private boolean g;
    public void b(Class, org.apache.commons.a.k);
    public void b(Class, org.apache.commons.a.k, int);
    protected final Class a();
    protected final String a(Object);
    protected final Object b(Class, Object);
    protected final Object b(Object);
    private java.util.Collection d(Class, Object);
    protected final Object b(Class);
    public final String toString();
    private java.util.List a(Class, String);
}







org/apache/commons/a/a/c.class

package org.apache.commons.a.a;
public final synchronized class c extends r {
    public void c();
    public void c(Object);
    protected final Class a();
}







org/apache/commons/a/a/d.class

package org.apache.commons.a.a;
public final synchronized class d extends r {
    public void d();
    public void d(Object);
    protected final Class a();
}







org/apache/commons/a/a/e.class

package org.apache.commons.a.a;
public final synchronized class e extends a {
    private static Object b;
    private String[] c;
    private String[] d;
    public void e();
    public void e(Object);
    protected final Class a();
    protected final Object b(Class, Object);
    static void <clinit>();
}







org/apache/commons/a/a/f.class

package org.apache.commons.a.a;
public final synchronized class f extends r {
    public void f();
    public void f(Object);
    protected final Class a();
}







org/apache/commons/a/a/g.class

package org.apache.commons.a.a;
public final synchronized class g extends l {
    public void g();
    protected final Class a();
}







org/apache/commons/a/a/h.class

package org.apache.commons.a.a;
public final synchronized class h extends a {
    public void h();
    public void h(Object);
    protected final Class a();
    protected final String a(Object);
    protected final Object b(Class, Object);
}







org/apache/commons/a/a/i.class

package org.apache.commons.a.a;
public final synchronized class i extends a {
    public void i();
    protected final Class a();
    protected final String a(Object);
    protected final Object b(Class, Object);
}







org/apache/commons/a/a/j.class

package org.apache.commons.a.a;
public final synchronized class j implements org.apache.commons.a.k {
    private final org.apache.commons.a.k a;
    public void j(org.apache.commons.a.k);
    public final Object a(Class, Object);
    public final String toString();
}







org/apache/commons/a/a/k.class

package org.apache.commons.a.a;
public final synchronized class k extends l {
    public void k();
    protected final Class a();
}







org/apache/commons/a/a/l.class

package org.apache.commons.a.a;
public abstract synchronized class l extends a {
    public void l();
    protected final String a(Object);
    protected final Object b(Class, Object);
    private Object a(Class, long);
    private Object a(Class, String);
    public String toString();
}







org/apache/commons/a/a/m.class

package org.apache.commons.a.a;
public final synchronized class m extends r {
    public void m();
    public void m(Object);
    protected final Class a();
}







org/apache/commons/a/a/n.class

package org.apache.commons.a.a;
public final synchronized class n extends a {
    public void n();
    protected final Class a();
    protected final Object b(Class, Object);
}







org/apache/commons/a/a/o.class

package org.apache.commons.a.a;
public final synchronized class o extends r {
    public void o();
    public void o(Object);
    protected final Class a();
}







org/apache/commons/a/a/p.class

package org.apache.commons.a.a;
public final synchronized class p extends r {
    public void p();
    public void p(Object);
    protected final Class a();
}







org/apache/commons/a/a/q.class

package org.apache.commons.a.a;
public final synchronized class q extends r {
    public void q();
    public void q(Object);
    protected final Class a();
}







org/apache/commons/a/a/r.class

package org.apache.commons.a.a;
public abstract synchronized class r extends a {
    private static final Integer b;
    private static final Integer c;
    private final boolean d;
    public void r(boolean);
    public void r(boolean, Object);
    protected final String a(Object);
    protected final Object b(Class, Object);
    private Object a(Class, Class, Number);
    public String toString();
    static void <clinit>();
}







org/apache/commons/a/a/s.class

package org.apache.commons.a.a;
public final synchronized class s extends r {
    public void s();
    public void s(Object);
    protected final Class a();
}







org/apache/commons/a/a/t.class

package org.apache.commons.a.a;
public final synchronized class t extends l {
    public void t();
    protected final Class a();
}







org/apache/commons/a/a/u.class

package org.apache.commons.a.a;
public final synchronized class u extends l {
    public void u();
    protected final Class a();
}







org/apache/commons/a/a/v.class

package org.apache.commons.a.a;
public final synchronized class v extends l {
    public void v();
    protected final Class a();
}







org/apache/commons/a/a/w.class

package org.apache.commons.a.a;
public final synchronized class w extends a {
    public void w();
    public void w(Object);
    protected final Class a();
    protected final Object b(Class, Object);
}







org/apache/commons/a/a/x.class

package org.apache.commons.a.a;
public final synchronized class x extends a {
    public void x();
    protected final Class a();
    protected final Object b(Class, Object);
}







org/apache/commons/a/i.class

package org.apache.commons.a;
public synchronized class i {
    public void i();
    public static Class a(Class);
}







org/apache/commons/a/j.class

package org.apache.commons.a;
public final synchronized class j {
    private static final Integer b;
    private static final Character c;
    private final y d;
    final org.apache.commons.logging.Log a;
    public void j();
    public final Object a(String, Class);
    public final Object a(String[], Class);
    private void a(Class, k, boolean, int);
    private void a(Class, k);
    public final k a(Class);
    static void <clinit>();
}







org/apache/commons/a/l.class

package org.apache.commons.a;
public final synchronized class l implements d {
    public static final d a;
    private static final Class[] b;
    private static final Class[] c;
    private final org.apache.commons.logging.Log d;
    private void l();
    public final void a(q);
    private void a(Class, java.beans.PropertyDescriptor[]);
    static void <clinit>();
}







org/apache/commons/a/m.class

package org.apache.commons.a;
final synchronized class m implements q {
    static final java.beans.PropertyDescriptor[] a;
    private final Class c;
    final java.util.Map b;
    public void m(Class);
    public final Class a();
    public final void a(java.beans.PropertyDescriptor[]);
    static void <clinit>();
}







org/apache/commons/a/n.class

package org.apache.commons.a;
public abstract interface n {
    public abstract Object a();
    public abstract Object b();
    public abstract Object c();
    public abstract o d();
}







org/apache/commons/a/o.class

package org.apache.commons.a;
public abstract interface o {
    public abstract p a(String);
    public abstract p[] a();
}







org/apache/commons/a/p.class

package org.apache.commons.a;
public final synchronized class p implements java.io.Serializable {
    public final boolean equals(Object);
    public final int hashCode();
    public final String toString();
}







org/apache/commons/a/b/a.class

package org.apache.commons.a.b;
public synchronized class a {
    public int a(String);
    public String b(String);
    public String c(String);
    public boolean d(String);
    public boolean e(String);
    public boolean f(String);
    public String g(String);
    public String h(String);
    public void a();
}







org/apache/commons/a/q.class

package org.apache.commons.a;
public abstract interface q {
    public abstract Class a();
    public abstract void a(java.beans.PropertyDescriptor[]);
}







org/apache/commons/a/r.class

package org.apache.commons.a;
public abstract synchronized class r implements java.io.Serializable, o, org.apache.commons.c.j.b {
    public double a;
    public final p a(String);
    public final p[] a();
    public abstract int b();
    public double c();
    public double nextGaussian();
}







org/apache/commons/a/s$a.class

package org.apache.commons.a;
final synchronized class s$a {
    private String a;
    private String b;
    private ref.Reference c;
    private ref.Reference d;
    private ref.Reference e;
    private ref.Reference f;
    private String[] g;
    void s$a(reflect.Method);
    reflect.Method a();
    private static Class a(String);
}







org/apache/commons/a/s.class

package org.apache.commons.a;
public synchronized class s extends java.beans.PropertyDescriptor {
    ref.Reference a;
    private s$a c;
    s$a b;
    private static final Class[] d;
    public void s(String, Class);
    public final reflect.Method a();
    public final reflect.Method b();
    private static reflect.Method a(Class, String, int);
    private static reflect.Method a(Class, String, Class[]);
    static void <clinit>();
}







org/apache/commons/a/t$a.class

package org.apache.commons.a;
final synchronized class t$a {
    private final Class a;
    private final String b;
    private final Class[] c;
    private final boolean d;
    private final int e;
    public void t$a(Class, String, Class[], boolean);
    public final boolean equals(Object);
    public final int hashCode();
}







org/apache/commons/a/t.class

package org.apache.commons.a;
public synchronized class t {
    private static boolean a;
    private static boolean b;
    private static final Class[] c;
    private static final java.util.Map d;
    public void t();
    public static reflect.Method a(Class, String, Class);
    private static reflect.Method b(Class, String, Class[]);
    public static reflect.Method a(Class, reflect.Method);
    private static reflect.Method c(Class, String, Class[]);
    private static reflect.Method d(Class, String, Class[]);
    public static reflect.Method a(Class, String, Class[]);
    private static void a(reflect.Method);
    private static float a(Class[], Class[]);
    private static boolean a(Class, Class);
    private static Class a(Class);
    private static reflect.Method a(t$a);
    private static void a(t$a, reflect.Method);
    static void <clinit>();
}







org/apache/commons/a/u.class

package org.apache.commons.a;
public abstract interface u extends o {
}







org/apache/commons/a/v.class

package org.apache.commons.a;
public final synchronized class v extends b {
    public void v();
    public void v(String);
}







org/apache/commons/a/w.class

package org.apache.commons.a;
public synchronized class w {
    public void w();
}







org/apache/commons/a/x.class

package org.apache.commons.a;
public final synchronized class x {
    b.a a;
    private y b;
    private y c;
    private static final Object[] d;
    private final org.apache.commons.logging.Log e;
    private final java.util.List f;
    public void x();
    private Object c(Object, String);
    private Object a(Object, String, int);
    private Object d(Object, String);
    private Object a(java.util.Map, String);
    public final Object a(Object, String);
    public final java.beans.PropertyDescriptor b(Object, String);
    private static reflect.Method a(Class, java.beans.PropertyDescriptor);
    private Object e(Object, String);
    public final void a(Object, String, Object);
    private Object a(reflect.Method, Object, Object[]);
    private c a(Class);
    private c b(Class);
    static void <clinit>();
}







org/apache/commons/a/y$a$a.class

package org.apache.commons.a;
final synchronized class y$a$a implements java.util.Iterator {
    private java.util.Map a;
    private java.util.Map$Entry b;
    private final java.util.Iterator c;
    public void y$a$a(y$a);
    public final boolean hasNext();
    public final Object next();
    public final void remove();
}







org/apache/commons/a/y$a.class

package org.apache.commons.a;
abstract synchronized class y$a implements java.util.Collection {
    public void y$a(y);
    protected abstract java.util.Collection a(java.util.Map);
    protected abstract Object a(java.util.Map$Entry);
    public void clear();
    public boolean remove(Object);
    public boolean removeAll(java.util.Collection);
    public boolean retainAll(java.util.Collection);
    public int size();
    public boolean isEmpty();
    public boolean contains(Object);
    public boolean containsAll(java.util.Collection);
    public Object[] toArray(Object[]);
    public Object[] toArray();
    public boolean equals(Object);
    public int hashCode();
    public boolean add(Object);
    public boolean addAll(java.util.Collection);
    public java.util.Iterator iterator();
}







org/apache/commons/a/y$b.class

package org.apache.commons.a;
final synchronized class y$b extends y$a implements java.util.Set {
    private void y$b(y);
    protected final java.util.Collection a(java.util.Map);
}







org/apache/commons/a/y$c.class

package org.apache.commons.a;
final synchronized class y$c extends y$a implements java.util.Set {
    private void y$c(y);
    protected final java.util.Collection a(java.util.Map);
    protected final Object a(java.util.Map$Entry);
}







org/apache/commons/a/y$d.class

package org.apache.commons.a;
final synchronized class y$d extends y$a {
    private void y$d(y);
    protected final java.util.Collection a(java.util.Map);
    protected final Object a(java.util.Map$Entry);
}







org/apache/commons/a/y.class

package org.apache.commons.a;
final synchronized class y extends java.util.HashMap {
    private java.util.Map b;
    boolean a;
    public void y();
    private void y(java.util.Map);
    public final Object get(Object);
    public final int size();
    public final boolean isEmpty();
    public final boolean containsKey(Object);
    public final boolean containsValue(Object);
    public final Object put(Object, Object);
    public final void putAll(java.util.Map);
    public final Object remove(Object);
    public final void clear();
    public final boolean equals(Object);
    public final int hashCode();
    public final Object clone();
    public final java.util.Set entrySet();
    public final java.util.Set keySet();
    public final java.util.Collection values();
    protected static java.util.Map a();
    private static java.util.Map b(java.util.Map);
    protected final java.util.Map a(java.util.Map);
}







META-INF/LICENSE


                                 Apache License
                           Version 2.0, January 2004
                        http://www.apache.org/licenses/

   TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

   1. Definitions.

      "License" shall mean the terms and conditions for use, reproduction,
      and distribution as defined by Sections 1 through 9 of this document.

      "Licensor" shall mean the copyright owner or entity authorized by
      the copyright owner that is granting the License.

      "Legal Entity" shall mean the union of the acting entity and all
      other entities that control, are controlled by, or are under common
      control with that entity. For the purposes of this definition,
      "control" means (i) the power, direct or indirect, to cause the
      direction or management of such entity, whether by contract or
      otherwise, or (ii) ownership of fifty percent (50%) or more of the
      outstanding shares, or (iii) beneficial ownership of such entity.

      "You" (or "Your") shall mean an individual or Legal Entity
      exercising permissions granted by this License.

      "Source" form shall mean the preferred form for making modifications,
      including but not limited to software source code, documentation
      source, and configuration files.

      "Object" form shall mean any form resulting from mechanical
      transformation or translation of a Source form, including but
      not limited to compiled object code, generated documentation,
      and conversions to other media types.

      "Work" shall mean the work of authorship, whether in Source or
      Object form, made available under the License, as indicated by a
      copyright notice that is included in or attached to the work
      (an example is provided in the Appendix below).

      "Derivative Works" shall mean any work, whether in Source or Object
      form, that is based on (or derived from) the Work and for which the
      editorial revisions, annotations, elaborations, or other modifications
      represent, as a whole, an original work of authorship. For the purposes
      of this License, Derivative Works shall not include works that remain
      separable from, or merely link (or bind by name) to the interfaces of,
      the Work and Derivative Works thereof.

      "Contribution" shall mean any work of authorship, including
      the original version of the Work and any modifications or additions
      to that Work or Derivative Works thereof, that is intentionally
      submitted to Licensor for inclusion in the Work by the copyright owner
      or by an individual or Legal Entity authorized to submit on behalf of
      the copyright owner. For the purposes of this definition, "submitted"
      means any form of electronic, verbal, or written communication sent
      to the Licensor or its representatives, including but not limited to
      communication on electronic mailing lists, source code control systems,
      and issue tracking systems that are managed by, or on behalf of, the
      Licensor for the purpose of discussing and improving the Work, but
      excluding communication that is conspicuously marked or otherwise
      designated in writing by the copyright owner as "Not a Contribution."

      "Contributor" shall mean Licensor and any individual or Legal Entity
      on behalf of whom a Contribution has been received by Licensor and
      subsequently incorporated within the Work.

   2. Grant of Copyright License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      copyright license to reproduce, prepare Derivative Works of,
      publicly display, publicly perform, sublicense, and distribute the
      Work and such Derivative Works in Source or Object form.

   3. Grant of Patent License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      (except as stated in this section) patent license to make, have made,
      use, offer to sell, sell, import, and otherwise transfer the Work,
      where such license applies only to those patent claims licensable
      by such Contributor that are necessarily infringed by their
      Contribution(s) alone or by combination of their Contribution(s)
      with the Work to which such Contribution(s) was submitted. If You
      institute patent litigation against any entity (including a
      cross-claim or counterclaim in a lawsuit) alleging that the Work
      or a Contribution incorporated within the Work constitutes direct
      or contributory patent infringement, then any patent licenses
      granted to You under this License for that Work shall terminate
      as of the date such litigation is filed.

   4. Redistribution. You may reproduce and distribute copies of the
      Work or Derivative Works thereof in any medium, with or without
      modifications, and in Source or Object form, provided that You
      meet the following conditions:

      (a) You must give any other recipients of the Work or
          Derivative Works a copy of this License; and

      (b) You must cause any modified files to carry prominent notices
          stating that You changed the files; and

      (c) You must retain, in the Source form of any Derivative Works
          that You distribute, all copyright, patent, trademark, and
          attribution notices from the Source form of the Work,
          excluding those notices that do not pertain to any part of
          the Derivative Works; and

      (d) If the Work includes a "NOTICE" text file as part of its
          distribution, then any Derivative Works that You distribute must
          include a readable copy of the attribution notices contained
          within such NOTICE file, excluding those notices that do not
          pertain to any part of the Derivative Works, in at least one
          of the following places: within a NOTICE text file distributed
          as part of the Derivative Works; within the Source form or
          documentation, if provided along with the Derivative Works; or,
          within a display generated by the Derivative Works, if and
          wherever such third-party notices normally appear. The contents
          of the NOTICE file are for informational purposes only and
          do not modify the License. You may add Your own attribution
          notices within Derivative Works that You distribute, alongside
          or as an addendum to the NOTICE text from the Work, provided
          that such additional attribution notices cannot be construed
          as modifying the License.

      You may add Your own copyright statement to Your modifications and
      may provide additional or different license terms and conditions
      for use, reproduction, or distribution of Your modifications, or
      for any such Derivative Works as a whole, provided Your use,
      reproduction, and distribution of the Work otherwise complies with
      the conditions stated in this License.

   5. Submission of Contributions. Unless You explicitly state otherwise,
      any Contribution intentionally submitted for inclusion in the Work
      by You to the Licensor shall be under the terms and conditions of
      this License, without any additional terms or conditions.
      Notwithstanding the above, nothing herein shall supersede or modify
      the terms of any separate license agreement you may have executed
      with Licensor regarding such Contributions.

   6. Trademarks. This License does not grant permission to use the trade
      names, trademarks, service marks, or product names of the Licensor,
      except as required for reasonable and customary use in describing the
      origin of the Work and reproducing the content of the NOTICE file.

   7. Disclaimer of Warranty. Unless required by applicable law or
      agreed to in writing, Licensor provides the Work (and each
      Contributor provides its Contributions) on an "AS IS" BASIS,
      WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
      implied, including, without limitation, any warranties or conditions
      of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
      PARTICULAR PURPOSE. You are solely responsible for determining the
      appropriateness of using or redistributing the Work and assume any
      risks associated with Your exercise of permissions under this License.

   8. Limitation of Liability. In no event and under no legal theory,
      whether in tort (including negligence), contract, or otherwise,
      unless required by applicable law (such as deliberate and grossly
      negligent acts) or agreed to in writing, shall any Contributor be
      liable to You for damages, including any direct, indirect, special,
      incidental, or consequential damages of any character arising as a
      result of this License or out of the use or inability to use the
      Work (including but not limited to damages for loss of goodwill,
      work stoppage, computer failure or malfunction, or any and all
      other commercial damages or losses), even if such Contributor
      has been advised of the possibility of such damages.

   9. Accepting Warranty or Additional Liability. While redistributing
      the Work or Derivative Works thereof, You may choose to offer,
      and charge a fee for, acceptance of support, warranty, indemnity,
      or other liability obligations and/or rights consistent with this
      License. However, in accepting such obligations, You may act only
      on Your own behalf and on Your sole responsibility, not on behalf
      of any other Contributor, and only if You agree to indemnify,
      defend, and hold each Contributor harmless for any liability
      incurred by, or claims asserted against, such Contributor by reason
      of your accepting any such warranty or additional liability.

   END OF TERMS AND CONDITIONS

   APPENDIX: How to apply the Apache License to your work.

      To apply the Apache License to your work, attach the following
      boilerplate notice, with the fields enclosed by brackets "[]"
      replaced with your own identifying information. (Don't include
      the brackets!)  The text should be enclosed in the appropriate
      comment syntax for the file format. We also recommend that a
      file or class name and description of purpose be included on the
      same "printed page" as the copyright notice for easier
      identification within third-party archives.

   Copyright [yyyy] [name of copyright owner]

   Licensed under the Apache License, Version 2.0 (the "License");
   you may not use this file except in compliance with the License.
   You may obtain a copy of the License at

       http://www.apache.org/licenses/LICENSE-2.0

   Unless required by applicable law or agreed to in writing, software
   distributed under the License is distributed on an "AS IS" BASIS,
   WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
   See the License for the specific language governing permissions and
   limitations under the License.







META-INF/NOTICE

// ------------------------------------------------------------------
// NOTICE file corresponding to the section 4d of The Apache License,
// Version 2.0, in this case for Commons Logging
// ------------------------------------------------------------------

Commons Logging
Copyright 2001-2007 The Apache Software Foundation

This product includes/uses software(s) developed by 'an unknown organization'
  - Unnamed - avalon-framework:avalon-framework:jar:4.1.3
  - Unnamed - log4j:log4j:jar:1.2.12
  - Unnamed - logkit:logkit:jar:1.0.1









org/apache/commons/logging/impl/AvalonLogger.class

package org.apache.commons.logging.impl;
public synchronized class AvalonLogger implements org.apache.commons.logging.Log {
    private static org.apache.avalon.framework.logger.Logger defaultLogger;
    private transient org.apache.avalon.framework.logger.Logger logger;
    public void AvalonLogger(org.apache.avalon.framework.logger.Logger);
    public void AvalonLogger(String);
    public org.apache.avalon.framework.logger.Logger getLogger();
    public static void setDefaultLogger(org.apache.avalon.framework.logger.Logger);
    public void debug(Object, Throwable);
    public void debug(Object);
    public void error(Object, Throwable);
    public void error(Object);
    public void fatal(Object, Throwable);
    public void fatal(Object);
    public void info(Object, Throwable);
    public void info(Object);
    public boolean isDebugEnabled();
    public boolean isErrorEnabled();
    public boolean isFatalEnabled();
    public boolean isInfoEnabled();
    public boolean isTraceEnabled();
    public boolean isWarnEnabled();
    public void trace(Object, Throwable);
    public void trace(Object);
    public void warn(Object, Throwable);
    public void warn(Object);
    static void <clinit>();
}







org/apache/commons/logging/impl/Jdk13LumberjackLogger.class

package org.apache.commons.logging.impl;
public synchronized class Jdk13LumberjackLogger implements java.io.Serializable, org.apache.commons.logging.Log {
    protected transient java.util.logging.Logger logger;
    protected String name;
    private String sourceClassName;
    private String sourceMethodName;
    private boolean classAndMethodFound;
    protected static final java.util.logging.Level dummyLevel;
    public void Jdk13LumberjackLogger(String);
    private void log(java.util.logging.Level, String, Throwable);
    private void getClassAndMethod();
    public void debug(Object);
    public void debug(Object, Throwable);
    public void error(Object);
    public void error(Object, Throwable);
    public void fatal(Object);
    public void fatal(Object, Throwable);
    public java.util.logging.Logger getLogger();
    public void info(Object);
    public void info(Object, Throwable);
    public boolean isDebugEnabled();
    public boolean isErrorEnabled();
    public boolean isFatalEnabled();
    public boolean isInfoEnabled();
    public boolean isTraceEnabled();
    public boolean isWarnEnabled();
    public void trace(Object);
    public void trace(Object, Throwable);
    public void warn(Object);
    public void warn(Object, Throwable);
    static void <clinit>();
}







org/apache/commons/logging/impl/Jdk14Logger.class

package org.apache.commons.logging.impl;
public synchronized class Jdk14Logger implements java.io.Serializable, org.apache.commons.logging.Log {
    protected static final java.util.logging.Level dummyLevel;
    protected transient java.util.logging.Logger logger;
    protected String name;
    public void Jdk14Logger(String);
    private void log(java.util.logging.Level, String, Throwable);
    public void debug(Object);
    public void debug(Object, Throwable);
    public void error(Object);
    public void error(Object, Throwable);
    public void fatal(Object);
    public void fatal(Object, Throwable);
    public java.util.logging.Logger getLogger();
    public void info(Object);
    public void info(Object, Throwable);
    public boolean isDebugEnabled();
    public boolean isErrorEnabled();
    public boolean isFatalEnabled();
    public boolean isInfoEnabled();
    public boolean isTraceEnabled();
    public boolean isWarnEnabled();
    public void trace(Object);
    public void trace(Object, Throwable);
    public void warn(Object);
    public void warn(Object, Throwable);
    static void <clinit>();
}







org/apache/commons/logging/impl/Log4JLogger.class

package org.apache.commons.logging.impl;
public synchronized class Log4JLogger implements java.io.Serializable, org.apache.commons.logging.Log {
    private static final String FQCN;
    private transient org.apache.log4j.Logger logger;
    private String name;
    private static org.apache.log4j.Priority traceLevel;
    static Class class$org$apache$commons$logging$impl$Log4JLogger;
    static Class class$org$apache$log4j$Level;
    static Class class$org$apache$log4j$Priority;
    public void Log4JLogger();
    public void Log4JLogger(String);
    public void Log4JLogger(org.apache.log4j.Logger);
    public void trace(Object);
    public void trace(Object, Throwable);
    public void debug(Object);
    public void debug(Object, Throwable);
    public void info(Object);
    public void info(Object, Throwable);
    public void warn(Object);
    public void warn(Object, Throwable);
    public void error(Object);
    public void error(Object, Throwable);
    public void fatal(Object);
    public void fatal(Object, Throwable);
    public org.apache.log4j.Logger getLogger();
    public boolean isDebugEnabled();
    public boolean isErrorEnabled();
    public boolean isFatalEnabled();
    public boolean isInfoEnabled();
    public boolean isTraceEnabled();
    public boolean isWarnEnabled();
    static Class class$(String);
    static void <clinit>();
}







org/apache/commons/logging/impl/a.class

package org.apache.commons.logging.impl;
final synchronized class a implements java.security.PrivilegedAction {
    void a();
    public final Object run();
}







org/apache/commons/logging/impl/b.class

package org.apache.commons.logging.impl;
final synchronized class b implements java.security.PrivilegedAction {
    private final String a;
    private final String b;
    void b(String, String);
    public final Object run();
}







org/apache/commons/logging/impl/c.class

package org.apache.commons.logging.impl;
final synchronized class c implements java.security.PrivilegedAction {
    private final ClassLoader a;
    void c(LogFactoryImpl, ClassLoader);
    public final Object run();
}







org/apache/commons/logging/impl/LogFactoryImpl.class

package org.apache.commons.logging.impl;
public synchronized class LogFactoryImpl extends org.apache.commons.logging.LogFactory {
    private static final String LOGGING_IMPL_LOG4J_LOGGER = org.apache.commons.logging.impl.Log4JLogger;
    private static final String LOGGING_IMPL_JDK14_LOGGER = org.apache.commons.logging.impl.Jdk14Logger;
    private static final String LOGGING_IMPL_LUMBERJACK_LOGGER = org.apache.commons.logging.impl.Jdk13LumberjackLogger;
    private static final String LOGGING_IMPL_SIMPLE_LOGGER = org.apache.commons.logging.impl.SimpleLog;
    private static final String PKG_IMPL = org.apache.commons.logging.impl.;
    private static final int PKG_LEN;
    public static final String LOG_PROPERTY = org.apache.commons.logging.Log;
    protected static final String LOG_PROPERTY_OLD = org.apache.commons.logging.log;
    public static final String ALLOW_FLAWED_CONTEXT_PROPERTY = org.apache.commons.logging.Log.allowFlawedContext;
    public static final String ALLOW_FLAWED_DISCOVERY_PROPERTY = org.apache.commons.logging.Log.allowFlawedDiscovery;
    public static final String ALLOW_FLAWED_HIERARCHY_PROPERTY = org.apache.commons.logging.Log.allowFlawedHierarchy;
    private static final String[] classesToDiscover;
    private boolean useTCCL;
    private String diagnosticPrefix;
    protected java.util.Hashtable attributes;
    protected java.util.Hashtable instances;
    private String logClassName;
    protected reflect.Constructor logConstructor;
    protected Class[] logConstructorSignature;
    protected reflect.Method logMethod;
    protected Class[] logMethodSignature;
    private boolean allowFlawedContext;
    private boolean allowFlawedDiscovery;
    private boolean allowFlawedHierarchy;
    static Class class$java$lang$String;
    static Class class$org$apache$commons$logging$LogFactory;
    static Class class$org$apache$commons$logging$impl$LogFactoryImpl;
    static Class class$org$apache$commons$logging$Log;
    public void LogFactoryImpl();
    public Object getAttribute(String);
    public String[] getAttributeNames();
    public org.apache.commons.logging.Log getInstance(Class);
    public org.apache.commons.logging.Log getInstance(String);
    public void release();
    public void removeAttribute(String);
    public void setAttribute(String, Object);
    protected static ClassLoader getContextClassLoader();
    protected static boolean isDiagnosticsEnabled();
    protected static ClassLoader getClassLoader(Class);
    private void initDiagnostics();
    protected void logDiagnostic(String);
    protected String getLogClassName();
    protected reflect.Constructor getLogConstructor();
    protected boolean isJdk13LumberjackAvailable();
    protected boolean isJdk14Available();
    protected boolean isLog4JAvailable();
    protected org.apache.commons.logging.Log newInstance(String);
    private static ClassLoader getContextClassLoaderInternal();
    private static String getSystemProperty(String, String);
    private ClassLoader getParentClassLoader(ClassLoader);
    private boolean isLogLibraryAvailable(String, String);
    private String getConfigurationValue(String);
    private boolean getBooleanConfiguration(String, boolean);
    private void initConfiguration();
    private org.apache.commons.logging.Log discoverLogImplementation(String);
    private void informUponSimilarName(StringBuffer, String, String);
    private String findUserSpecifiedLogClassName();
    private org.apache.commons.logging.Log createLogFromClass(String, String, boolean);
    private ClassLoader getBaseClassLoader();
    private ClassLoader getLowestClassLoader(ClassLoader, ClassLoader);
    private void handleFlawedDiscovery(String, ClassLoader, Throwable);
    private void handleFlawedHierarchy(ClassLoader, Class);
    static Class class$(String);
    static ClassLoader access$000();
    static void <clinit>();
}







org/apache/commons/logging/impl/LogKitLogger.class

package org.apache.commons.logging.impl;
public synchronized class LogKitLogger implements java.io.Serializable, org.apache.commons.logging.Log {
    protected transient org.apache.log.Logger logger;
    protected String name;
    public void LogKitLogger(String);
    public org.apache.log.Logger getLogger();
    public void trace(Object);
    public void trace(Object, Throwable);
    public void debug(Object);
    public void debug(Object, Throwable);
    public void info(Object);
    public void info(Object, Throwable);
    public void warn(Object);
    public void warn(Object, Throwable);
    public void error(Object);
    public void error(Object, Throwable);
    public void fatal(Object);
    public void fatal(Object, Throwable);
    public boolean isDebugEnabled();
    public boolean isErrorEnabled();
    public boolean isFatalEnabled();
    public boolean isInfoEnabled();
    public boolean isTraceEnabled();
    public boolean isWarnEnabled();
}







org/apache/commons/logging/impl/NoOpLog.class

package org.apache.commons.logging.impl;
public synchronized class NoOpLog implements java.io.Serializable, org.apache.commons.logging.Log {
    public void NoOpLog();
    public void NoOpLog(String);
    public void trace(Object);
    public void trace(Object, Throwable);
    public void debug(Object);
    public void debug(Object, Throwable);
    public void info(Object);
    public void info(Object, Throwable);
    public void warn(Object);
    public void warn(Object, Throwable);
    public void error(Object);
    public void error(Object, Throwable);
    public void fatal(Object);
    public void fatal(Object, Throwable);
    public final boolean isDebugEnabled();
    public final boolean isErrorEnabled();
    public final boolean isFatalEnabled();
    public final boolean isInfoEnabled();
    public final boolean isTraceEnabled();
    public final boolean isWarnEnabled();
}







org/apache/commons/logging/impl/ServletContextCleaner.class

package org.apache.commons.logging.impl;
public synchronized class ServletContextCleaner implements javax.servlet.ServletContextListener {
    private Class[] RELEASE_SIGNATURE;
    static Class class$java$lang$ClassLoader;
    public void ServletContextCleaner();
    public void contextDestroyed(javax.servlet.ServletContextEvent);
    public void contextInitialized(javax.servlet.ServletContextEvent);
    static Class class$(String);
}







org/apache/commons/logging/impl/d.class

package org.apache.commons.logging.impl;
final synchronized class d implements java.security.PrivilegedAction {
    private final String a;
    void d(String);
    public final Object run();
}







org/apache/commons/logging/impl/SimpleLog.class

package org.apache.commons.logging.impl;
public synchronized class SimpleLog implements java.io.Serializable, org.apache.commons.logging.Log {
    protected static final String systemPrefix = org.apache.commons.logging.simplelog.;
    protected static final java.util.Properties simpleLogProps;
    protected static final String DEFAULT_DATE_TIME_FORMAT = yyyy/MM/dd HH:mm:ss:SSS zzz;
    protected static boolean showLogName;
    protected static boolean showShortName;
    protected static boolean showDateTime;
    protected static String dateTimeFormat;
    protected static java.text.DateFormat dateFormatter;
    public static final int LOG_LEVEL_TRACE = 1;
    public static final int LOG_LEVEL_DEBUG = 2;
    public static final int LOG_LEVEL_INFO = 3;
    public static final int LOG_LEVEL_WARN = 4;
    public static final int LOG_LEVEL_ERROR = 5;
    public static final int LOG_LEVEL_FATAL = 6;
    public static final int LOG_LEVEL_ALL = 0;
    public static final int LOG_LEVEL_OFF = 7;
    protected String logName;
    protected int currentLogLevel;
    private String shortLogName;
    static Class class$java$lang$Thread;
    static Class class$org$apache$commons$logging$impl$SimpleLog;
    private static String getStringProperty(String);
    private static String getStringProperty(String, String);
    private static boolean getBooleanProperty(String, boolean);
    public void SimpleLog(String);
    public void setLevel(int);
    public int getLevel();
    protected void log(int, Object, Throwable);
    protected void write(StringBuffer);
    protected boolean isLevelEnabled(int);
    public final void debug(Object);
    public final void debug(Object, Throwable);
    public final void trace(Object);
    public final void trace(Object, Throwable);
    public final void info(Object);
    public final void info(Object, Throwable);
    public final void warn(Object);
    public final void warn(Object, Throwable);
    public final void error(Object);
    public final void error(Object, Throwable);
    public final void fatal(Object);
    public final void fatal(Object, Throwable);
    public final boolean isDebugEnabled();
    public final boolean isErrorEnabled();
    public final boolean isFatalEnabled();
    public final boolean isInfoEnabled();
    public final boolean isTraceEnabled();
    public final boolean isWarnEnabled();
    private static ClassLoader getContextClassLoader();
    private static java.io.InputStream getResourceAsStream(String);
    static Class class$(String);
    static ClassLoader access$000();
    static void <clinit>();
}







org/apache/commons/logging/impl/e.class

package org.apache.commons.logging.impl;
final synchronized class e implements java.util.Enumeration {
    private final java.util.Enumeration a;
    void e(WeakHashtable, java.util.Enumeration);
    public final boolean hasMoreElements();
    public final Object nextElement();
}







org/apache/commons/logging/impl/WeakHashtable$a.class

package org.apache.commons.logging.impl;
final synchronized class WeakHashtable$a implements java.util.Map$Entry {
    private final Object a;
    private final Object b;
    private void WeakHashtable$a(Object, Object);
    public final boolean equals(Object);
    public final int hashCode();
    public final Object setValue(Object);
    public final Object getValue();
    public final Object getKey();
    void WeakHashtable$a(Object, Object, byte);
}







org/apache/commons/logging/impl/WeakHashtable$b.class

package org.apache.commons.logging.impl;
final synchronized class WeakHashtable$b {
    final ref.WeakReference a;
    private final int b;
    private void WeakHashtable$b(Object);
    private void WeakHashtable$b(Object, ref.ReferenceQueue);
    public final int hashCode();
    public final boolean equals(Object);
    void WeakHashtable$b(Object, byte);
    void WeakHashtable$b(Object, ref.ReferenceQueue, byte);
}







org/apache/commons/logging/impl/WeakHashtable$c.class

package org.apache.commons.logging.impl;
final synchronized class WeakHashtable$c extends ref.WeakReference {
    private final WeakHashtable$b a;
    private void WeakHashtable$c(Object, ref.ReferenceQueue, WeakHashtable$b);
    static WeakHashtable$b a(WeakHashtable$c);
    void WeakHashtable$c(Object, ref.ReferenceQueue, WeakHashtable$b, byte);
}







org/apache/commons/logging/impl/WeakHashtable.class

package org.apache.commons.logging.impl;
public final synchronized class WeakHashtable extends java.util.Hashtable {
    private static final int MAX_CHANGES_BEFORE_PURGE = 100;
    private static final int PARTIAL_PURGE_COUNT = 10;
    private ref.ReferenceQueue queue;
    private int changeCount;
    public void WeakHashtable();
    public final boolean containsKey(Object);
    public final java.util.Enumeration elements();
    public final java.util.Set entrySet();
    public final Object get(Object);
    public final java.util.Enumeration keys();
    public final java.util.Set keySet();
    public final Object put(Object, Object);
    public final void putAll(java.util.Map);
    public final java.util.Collection values();
    public final Object remove(Object);
    public final boolean isEmpty();
    public final int size();
    public final String toString();
    protected final void rehash();
    private void purge();
    private void purgeOne();
}







org/apache/commons/logging/Log.class

package org.apache.commons.logging;
public abstract interface Log {
    public abstract boolean isDebugEnabled();
    public abstract boolean isErrorEnabled();
    public abstract boolean isFatalEnabled();
    public abstract boolean isInfoEnabled();
    public abstract boolean isTraceEnabled();
    public abstract boolean isWarnEnabled();
    public abstract void trace(Object);
    public abstract void trace(Object, Throwable);
    public abstract void debug(Object);
    public abstract void debug(Object, Throwable);
    public abstract void info(Object);
    public abstract void info(Object, Throwable);
    public abstract void warn(Object);
    public abstract void warn(Object, Throwable);
    public abstract void error(Object);
    public abstract void error(Object, Throwable);
    public abstract void fatal(Object);
    public abstract void fatal(Object, Throwable);
}







org/apache/commons/logging/LogConfigurationException.class

package org.apache.commons.logging;
public synchronized class LogConfigurationException extends RuntimeException {
    protected Throwable cause;
    public void LogConfigurationException();
    public void LogConfigurationException(String);
    public void LogConfigurationException(Throwable);
    public void LogConfigurationException(String, Throwable);
    public Throwable getCause();
}







org/apache/commons/logging/a.class

package org.apache.commons.logging;
final synchronized class a implements java.security.PrivilegedAction {
    void a();
    public final Object run();
}







org/apache/commons/logging/b.class

package org.apache.commons.logging;
final synchronized class b implements java.security.PrivilegedAction {
    private final String a;
    private final ClassLoader b;
    void b(String, ClassLoader);
    public final Object run();
}







org/apache/commons/logging/c.class

package org.apache.commons.logging;
final synchronized class c implements java.security.PrivilegedAction {
    private final ClassLoader a;
    private final String b;
    void c(ClassLoader, String);
    public final Object run();
}







org/apache/commons/logging/d.class

package org.apache.commons.logging;
final synchronized class d implements java.security.PrivilegedAction {
    private final ClassLoader a;
    private final String b;
    void d(ClassLoader, String);
    public final Object run();
}







org/apache/commons/logging/e.class

package org.apache.commons.logging;
final synchronized class e implements java.security.PrivilegedAction {
    private final java.net.URL a;
    void e(java.net.URL);
    public final Object run();
}







org/apache/commons/logging/f.class

package org.apache.commons.logging;
final synchronized class f implements java.security.PrivilegedAction {
    private final String a;
    private final String b;
    void f(String, String);
    public final Object run();
}







org/apache/commons/logging/LogFactory.class

package org.apache.commons.logging;
public abstract synchronized class LogFactory {
    public static final String PRIORITY_KEY = priority;
    public static final String TCCL_KEY = use_tccl;
    public static final String FACTORY_PROPERTY = org.apache.commons.logging.LogFactory;
    public static final String FACTORY_DEFAULT = org.apache.commons.logging.impl.LogFactoryImpl;
    public static final String FACTORY_PROPERTIES = commons-logging.properties;
    protected static final String SERVICE_ID = META-INF/services/org.apache.commons.logging.LogFactory;
    public static final String DIAGNOSTICS_DEST_PROPERTY = org.apache.commons.logging.diagnostics.dest;
    private static java.io.PrintStream diagnosticsStream;
    private static String diagnosticPrefix;
    public static final String HASHTABLE_IMPLEMENTATION_PROPERTY = org.apache.commons.logging.LogFactory.HashtableImpl;
    private static final String WEAK_HASHTABLE_CLASSNAME = org.apache.commons.logging.impl.WeakHashtable;
    private static ClassLoader thisClassLoader;
    protected static java.util.Hashtable factories;
    protected static LogFactory nullClassLoaderFactory;
    static Class class$java$lang$Thread;
    static Class class$org$apache$commons$logging$LogFactory;
    public void LogFactory();
    public abstract Object getAttribute(String);
    public abstract String[] getAttributeNames();
    public abstract Log getInstance(Class);
    public abstract Log getInstance(String);
    public abstract void release();
    public abstract void removeAttribute(String);
    public abstract void setAttribute(String, Object);
    private static final java.util.Hashtable createFactoryStore();
    private static String trim(String);
    public static LogFactory getFactory();
    public static Log getLog(Class);
    public static Log getLog(String);
    public static void release(ClassLoader);
    public static void releaseAll();
    public static ClassLoader getClassLoader(Class);
    public static ClassLoader getContextClassLoader();
    private static ClassLoader getContextClassLoaderInternal();
    public static ClassLoader directGetContextClassLoader();
    private static LogFactory getCachedFactory(ClassLoader);
    private static void cacheFactory(ClassLoader, LogFactory);
    protected static LogFactory newFactory(String, ClassLoader, ClassLoader);
    protected static LogFactory newFactory(String, ClassLoader);
    protected static Object createFactory(String, ClassLoader);
    private static boolean implementsLogFactory(Class);
    private static java.io.InputStream getResourceAsStream(ClassLoader, String);
    private static java.util.Enumeration getResources(ClassLoader, String);
    private static java.util.Properties getProperties(java.net.URL);
    private static final java.util.Properties getConfigurationFile(ClassLoader, String);
    private static String getSystemProperty(String, String);
    private static void initDiagnostics();
    public static boolean isDiagnosticsEnabled();
    private static final void logDiagnostic(String);
    public static final void logRawDiagnostic(String);
    private static void logClassLoaderEnvironment(Class);
    private static void logHierarchy(String, ClassLoader);
    public static String objectId(Object);
    static Class class$(String);
    static void access$000(String);
    static void <clinit>();
}







org/apache/commons/logging/LogSource.class

package org.apache.commons.logging;
public synchronized class LogSource {
    protected static java.util.Hashtable logs;
    protected static boolean log4jIsAvailable;
    protected static boolean jdk14IsAvailable;
    protected static reflect.Constructor logImplctor;
    private void LogSource();
    public static void setLogImplementation(String);
    public static void setLogImplementation(Class);
    public static Log getInstance(String);
    public static Log getInstance(Class);
    public static Log makeNewLogInstance(String);
    public static String[] getLogNames();
    static void <clinit>();
}







org/apache/commons/b/a/a.class

package org.apache.commons.b.a;
public abstract synchronized class a extends org.apache.commons.b.c.a implements org.apache.commons.b.a {
    public final int a(Object);
    public final boolean a(Object, int);
    public final java.util.Set a();
}







org/apache/commons/b/a/b$a.class

package org.apache.commons.b.a;
final synchronized class b$a implements java.util.Iterator {
    private b a;
    private java.util.Iterator b;
    private java.util.Map$Entry c;
    private int d;
    private final int e;
    private boolean f;
    public void b$a(b);
    public final boolean hasNext();
    public final Object next();
    public final void remove();
}







org/apache/commons/b/a/b$b.class

package org.apache.commons.b.a;
public final synchronized class b$b {
    protected int a;
    void b$b(int);
    public final boolean equals(Object);
    public final int hashCode();
}







org/apache/commons/b/a/b.class

package org.apache.commons.b.a;
public abstract synchronized class b implements org.apache.commons.b.a {
    private transient java.util.Map a;
    private int b;
    private transient int c;
    private transient java.util.Set d;
    protected void b(java.util.Map);
    public int size();
    public boolean isEmpty();
    public final int a(Object);
    public boolean contains(Object);
    public boolean containsAll(java.util.Collection);
    private boolean a(org.apache.commons.b.a);
    public java.util.Iterator iterator();
    public boolean add(Object);
    public final boolean a(Object, int);
    public boolean addAll(java.util.Collection);
    public void clear();
    public boolean remove(Object);
    public boolean removeAll(java.util.Collection);
    public boolean retainAll(java.util.Collection);
    private boolean b(org.apache.commons.b.a);
    public Object[] toArray();
    public Object[] toArray(Object[]);
    public final java.util.Set a();
    public boolean equals(Object);
    public int hashCode();
    public String toString();
    static java.util.Map a(b);
    static int b(b);
    static int c(b);
}







org/apache/commons/b/a/c.class

package org.apache.commons.b.a;
public final synchronized class c extends b implements java.io.Serializable, org.apache.commons.b.a {
    public void c();
    public void c(java.util.Collection);
}







org/apache/commons/b/a.class

package org.apache.commons.b;
public abstract interface a extends java.util.Collection {
    public abstract int a(Object);
    public abstract boolean a(Object, int);
    public abstract java.util.Set a();
    public abstract int size();
}







org/apache/commons/b/b/a.class

package org.apache.commons.b.b;
public abstract synchronized class a extends org.apache.commons.b.g.d implements org.apache.commons.b.q {
}







org/apache/commons/b/b/b$a.class

package org.apache.commons.b.b;
public final synchronized class b$a extends b$h implements java.util.Set {
    protected void b$a(b);
    public final java.util.Iterator iterator();
    public final boolean remove(Object);
}







org/apache/commons/b/b/b$b.class

package org.apache.commons.b.b;
public final synchronized class b$b extends org.apache.commons.b.d.b {
    private b b;
    private java.util.Map$Entry c;
    private boolean d;
    protected void b$b(java.util.Iterator, b);
    public final Object next();
    public final void remove();
}







org/apache/commons/b/b/b$c.class

package org.apache.commons.b.b;
public final synchronized class b$c extends b$h implements java.util.Set {
    protected void b$c(b);
    public final java.util.Iterator iterator();
    public final boolean contains(Object);
    public final boolean remove(Object);
}







org/apache/commons/b/b/b$d.class

package org.apache.commons.b.b;
public final synchronized class b$d extends org.apache.commons.b.d.b {
    private b b;
    private Object c;
    private boolean d;
    protected void b$d(java.util.Iterator, b);
    public final Object next();
    public final void remove();
}







org/apache/commons/b/b/b$e.class

package org.apache.commons.b.b;
public final synchronized class b$e extends org.apache.commons.b.e.c {
    private b b;
    protected void b$e(java.util.Map$Entry, b);
    public final Object setValue(Object);
}







org/apache/commons/b/b/b$f.class

package org.apache.commons.b.b;
public final synchronized class b$f extends b$h implements java.util.Set {
    protected void b$f(b);
    public final java.util.Iterator iterator();
    public final boolean contains(Object);
    public final boolean remove(Object);
}







org/apache/commons/b/b/b$g.class

package org.apache.commons.b.b;
public final synchronized class b$g extends org.apache.commons.b.d.b {
    private b b;
    private Object c;
    private boolean d;
    protected void b$g(java.util.Iterator, b);
    public final Object next();
    public final void remove();
}







org/apache/commons/b/b/b$h.class

package org.apache.commons.b.b;
public abstract synchronized class b$h extends org.apache.commons.b.c.a {
    protected final b a;
    protected void b$h(java.util.Collection, b);
    public boolean removeAll(java.util.Collection);
    public boolean retainAll(java.util.Collection);
    public void clear();
}







org/apache/commons/b/b/b.class

package org.apache.commons.b.b;
public abstract synchronized class b implements org.apache.commons.b.q {
    protected final transient java.util.Map[] a;
    private transient java.util.Set b;
    private transient java.util.Collection c;
    private transient java.util.Set d;
    public Object get(Object);
    public int size();
    public boolean isEmpty();
    public boolean containsKey(Object);
    public boolean equals(Object);
    public int hashCode();
    public String toString();
    public Object put(Object, Object);
    public void putAll(java.util.Map);
    public Object remove(Object);
    public void clear();
    public boolean containsValue(Object);
    public java.util.Set keySet();
    protected final java.util.Iterator a(java.util.Iterator);
    public java.util.Collection values();
    protected final java.util.Iterator b(java.util.Iterator);
    public java.util.Set entrySet();
    protected final java.util.Iterator c(java.util.Iterator);
}







org/apache/commons/b/b/c.class

package org.apache.commons.b.b;
public abstract synchronized class c extends a implements org.apache.commons.b.s {
    public java.util.Comparator comparator();
    public java.util.SortedMap subMap(Object, Object);
    public java.util.SortedMap headMap(Object);
    public java.util.SortedMap tailMap(Object);
}







org/apache/commons/b/c/a.class

package org.apache.commons.b.c;
public abstract synchronized class a implements java.util.Collection {
    public java.util.Collection b;
    public void a(java.util.Collection);
    public final java.util.Collection b();
    public boolean add(Object);
    public boolean addAll(java.util.Collection);
    public void clear();
    public boolean contains(Object);
    public boolean isEmpty();
    public java.util.Iterator iterator();
    public boolean remove(Object);
    public int size();
    public Object[] toArray();
    public Object[] toArray(Object[]);
    public boolean containsAll(java.util.Collection);
    public boolean removeAll(java.util.Collection);
    public boolean retainAll(java.util.Collection);
    public boolean equals(Object);
    public int hashCode();
    public String toString();
}







org/apache/commons/b/c/b.class

package org.apache.commons.b.c;
public abstract synchronized class b extends a implements java.io.Serializable {
    protected void b(java.util.Collection);
}







org/apache/commons/b/c/c.class

package org.apache.commons.b.c;
public final synchronized class c extends b implements org.apache.commons.b.t {
    public static java.util.Collection a(java.util.Collection);
    private void c(java.util.Collection);
    public final java.util.Iterator iterator();
    public final boolean add(Object);
    public final boolean addAll(java.util.Collection);
    public final void clear();
    public final boolean remove(Object);
    public final boolean removeAll(java.util.Collection);
    public final boolean retainAll(java.util.Collection);
}







org/apache/commons/b/b$a.class

package org.apache.commons.b;
final synchronized class b$a implements java.util.Iterator {
    private b a;
    private java.util.Iterator b;
    private Object c;
    private int d;
    public void b$a(b, java.util.Iterator);
    public final boolean hasNext();
    public final Object next();
    public final void remove();
}







org/apache/commons/b/b.class

package org.apache.commons.b;
public abstract synchronized class b implements a {
    private java.util.Map a;
    private int b;
    private int c;
    protected void b(java.util.Map);
    public boolean add(Object);
    public final boolean a(Object, int);
    public boolean addAll(java.util.Collection);
    public void clear();
    public boolean contains(Object);
    public boolean containsAll(java.util.Collection);
    public boolean equals(Object);
    public int hashCode();
    public boolean isEmpty();
    public java.util.Iterator iterator();
    public boolean remove(Object);
    public final boolean b(Object, int);
    public boolean removeAll(java.util.Collection);
    public boolean retainAll(java.util.Collection);
    public Object[] toArray();
    public Object[] toArray(Object[]);
    public final int a(Object);
    public final java.util.Set a();
    public int size();
    private java.util.List b();
    public String toString();
    static int a(b);
}







org/apache/commons/b/e.class

package org.apache.commons.b;
final synchronized class e extends c$a {
    void e(d, int);
    protected final Object a();
}







org/apache/commons/b/d.class

package org.apache.commons.b;
final synchronized class d extends java.util.AbstractSet {
    private final c a;
    void d(c);
    public final java.util.Iterator iterator();
    public final int size();
    public final boolean contains(Object);
    public final boolean remove(Object);
    public final void clear();
    static c a(d);
}







org/apache/commons/b/g.class

package org.apache.commons.b;
final synchronized class g extends c$a {
    void g(f, int);
    protected final Object a();
}







org/apache/commons/b/f.class

package org.apache.commons.b;
final synchronized class f extends java.util.AbstractCollection {
    private final c a;
    void f(c);
    public final java.util.Iterator iterator();
    public final int size();
    public final boolean contains(Object);
    public final boolean remove(Object);
    public final boolean removeAll(java.util.Collection);
    public final void clear();
    static c a(f);
}







org/apache/commons/b/i.class

package org.apache.commons.b;
final synchronized class i extends c$a {
    void i(h, int);
    protected final Object a();
}







org/apache/commons/b/h.class

package org.apache.commons.b;
final synchronized class h extends java.util.AbstractSet {
    private final c a;
    void h(c);
    public final java.util.Iterator iterator();
    public final boolean contains(Object);
    public final boolean remove(Object);
    public final int size();
    public final void clear();
    static c a(h);
}







org/apache/commons/b/c$a.class

package org.apache.commons.b;
abstract synchronized class c$a implements java.util.Iterator {
    private int b;
    protected c$b a;
    private c$b c;
    private int d;
    private final c e;
    void c$a(c, int);
    protected abstract Object a();
    public final boolean hasNext();
    public final Object next();
    public final void remove();
}







org/apache/commons/b/c$b.class

package org.apache.commons.b;
final synchronized class c$b implements java.util.Map$Entry {
    private Comparable[] a;
    private c$b[] b;
    private c$b[] c;
    private c$b[] d;
    private boolean[] e;
    private int f;
    private boolean g;
    void c$b(Comparable, Comparable);
    public final Object getKey();
    public final Object getValue();
    public final Object setValue(Object);
    public final boolean equals(Object);
    public final int hashCode();
    static Comparable a(c$b, int);
    static c$b b(c$b, int);
    static c$b c(c$b, int);
    static c$b d(c$b, int);
    static void e(c$b, int);
    static void a(c$b, c$b, int);
    static boolean f(c$b, int);
    static boolean g(c$b, int);
    static void h(c$b, int);
    static void b(c$b, c$b, int);
    static void c(c$b, c$b, int);
    static void d(c$b, c$b, int);
    static void e(c$b, c$b, int);
}







org/apache/commons/b/c.class

package org.apache.commons.b;
public final synchronized class c extends java.util.AbstractMap {
    private static final String[] a;
    private int b;
    private int c;
    public final Object a(Object);
    private Object a(Comparable, int);
    private static c$b b(c$b, int);
    private static c$b c(c$b, int);
    private static void a(c$b, c$b, int);
    private static boolean d(c$b, int);
    private static boolean e(c$b, int);
    private static void f(c$b, int);
    private static void g(c$b, int);
    private static c$b h(c$b, int);
    private static c$b i(c$b, int);
    private static c$b j(c$b, int);
    private static boolean k(c$b, int);
    private void l(c$b, int);
    private void m(c$b, int);
    private void a(c$b);
    private void n(c$b, int);
    private static void a(Object, int);
    private void a();
    public final int size();
    public final boolean containsKey(Object);
    public final boolean containsValue(Object);
    public final Object get(Object);
    public final Object put(Object, Object);
    public final Object remove(Object);
    public final void clear();
    public final java.util.Set keySet();
    public final java.util.Collection values();
    public final java.util.Set entrySet();
    static c$b a(c, Comparable, int);
    static void a(c, c$b);
    static int a(c);
    static int b(c);
    static c$b[] c(c);
    static c$b a(c$b, int);
    static c$b a(c, c$b, int);
    static void <clinit>();
}







org/apache/commons/b/j$a$a.class

package org.apache.commons.b;
final synchronized class j$a$a implements java.util.Iterator {
    private java.util.Map a;
    private java.util.Map$Entry b;
    private java.util.Iterator c;
    private final j$a d;
    public void j$a$a(j$a);
    public final boolean hasNext();
    public final Object next();
    public final void remove();
}







org/apache/commons/b/j$a.class

package org.apache.commons.b;
abstract synchronized class j$a implements java.util.Collection {
    private final j a;
    public void j$a(j);
    protected abstract java.util.Collection a(java.util.Map);
    protected abstract Object a(java.util.Map$Entry);
    public void clear();
    public boolean remove(Object);
    public boolean removeAll(java.util.Collection);
    public boolean retainAll(java.util.Collection);
    public int size();
    public boolean isEmpty();
    public boolean contains(Object);
    public boolean containsAll(java.util.Collection);
    public Object[] toArray(Object[]);
    public Object[] toArray();
    public boolean equals(Object);
    public int hashCode();
    public boolean add(Object);
    public boolean addAll(java.util.Collection);
    public java.util.Iterator iterator();
    static j a(j$a);
}







org/apache/commons/b/j$b.class

package org.apache.commons.b;
final synchronized class j$b extends j$a implements java.util.Set {
    private void j$b(j);
    protected final java.util.Collection a(java.util.Map);
    protected final Object a(java.util.Map$Entry);
    void j$b(j, byte);
}







org/apache/commons/b/j$c.class

package org.apache.commons.b;
final synchronized class j$c extends j$a implements java.util.Set {
    private void j$c(j);
    protected final java.util.Collection a(java.util.Map);
    protected final Object a(java.util.Map$Entry);
    void j$c(j, byte);
}







org/apache/commons/b/j$d.class

package org.apache.commons.b;
final synchronized class j$d extends j$a {
    private void j$d(j);
    protected final java.util.Collection a(java.util.Map);
    protected final Object a(java.util.Map$Entry);
    void j$d(j, byte);
}







org/apache/commons/b/j.class

package org.apache.commons.b;
public final synchronized class j extends java.util.HashMap {
    protected java.util.HashMap a;
    protected boolean b;
    public void j();
    private void j(java.util.Map);
    public final void a(boolean);
    public final Object get(Object);
    public final int size();
    public final boolean isEmpty();
    public final boolean containsKey(Object);
    public final boolean containsValue(Object);
    public final Object put(Object, Object);
    public final void putAll(java.util.Map);
    public final Object remove(Object);
    public final void clear();
    public final boolean equals(Object);
    public final int hashCode();
    public final Object clone();
    public final java.util.Set entrySet();
    public final java.util.Set keySet();
    public final java.util.Collection values();
}







org/apache/commons/b/k$a$a.class

package org.apache.commons.b;
final synchronized class k$a$a implements java.util.Iterator {
    private java.util.Map a;
    private java.util.Map$Entry b;
    private java.util.Iterator c;
    private final k$a d;
    public void k$a$a(k$a);
    public final boolean hasNext();
    public final Object next();
    public final void remove();
}







org/apache/commons/b/k$a.class

package org.apache.commons.b;
abstract synchronized class k$a implements java.util.Collection {
    private final k a;
    public void k$a(k);
    protected abstract java.util.Collection a(java.util.Map);
    protected abstract Object a(java.util.Map$Entry);
    public void clear();
    public boolean remove(Object);
    public boolean removeAll(java.util.Collection);
    public boolean retainAll(java.util.Collection);
    public int size();
    public boolean isEmpty();
    public boolean contains(Object);
    public boolean containsAll(java.util.Collection);
    public Object[] toArray(Object[]);
    public Object[] toArray();
    public boolean equals(Object);
    public int hashCode();
    public boolean add(Object);
    public boolean addAll(java.util.Collection);
    public java.util.Iterator iterator();
    static k a(k$a);
}







org/apache/commons/b/k$b.class

package org.apache.commons.b;
final synchronized class k$b extends k$a implements java.util.Set {
    private void k$b(k);
    protected final java.util.Collection a(java.util.Map);
    protected final Object a(java.util.Map$Entry);
    void k$b(k, byte);
}







org/apache/commons/b/k$c.class

package org.apache.commons.b;
final synchronized class k$c extends k$a implements java.util.Set {
    private void k$c(k);
    protected final java.util.Collection a(java.util.Map);
    protected final Object a(java.util.Map$Entry);
    void k$c(k, byte);
}







org/apache/commons/b/k$d.class

package org.apache.commons.b;
final synchronized class k$d extends k$a {
    private void k$d(k);
    protected final java.util.Collection a(java.util.Map);
    protected final Object a(java.util.Map$Entry);
    void k$d(k, byte);
}







org/apache/commons/b/k.class

package org.apache.commons.b;
public final synchronized class k extends java.util.TreeMap {
    protected java.util.TreeMap a;
    protected boolean b;
    public void k();
    private void k(java.util.SortedMap);
    public final Object get(Object);
    public final int size();
    public final boolean isEmpty();
    public final boolean containsKey(Object);
    public final boolean containsValue(Object);
    public final java.util.Comparator comparator();
    public final Object firstKey();
    public final Object lastKey();
    public final Object put(Object, Object);
    public final void putAll(java.util.Map);
    public final Object remove(Object);
    public final void clear();
    public final boolean equals(Object);
    public final int hashCode();
    public final Object clone();
    public final java.util.SortedMap headMap(Object);
    public final java.util.SortedMap subMap(Object, Object);
    public final java.util.SortedMap tailMap(Object);
    public final java.util.Set entrySet();
    public final java.util.Set keySet();
    public final java.util.Collection values();
}







org/apache/commons/b/l.class

package org.apache.commons.b;
public final synchronized class l extends b implements a {
    public void l();
    public void l(java.util.Collection);
}







org/apache/commons/b/m.class

package org.apache.commons.b;
public abstract interface m extends java.util.Map {
}







org/apache/commons/b/d/a.class

package org.apache.commons.b.d;
abstract synchronized class a {
    protected void a();
    public boolean hasNext();
    public Object next();
    public void remove();
    public final Object a();
}







org/apache/commons/b/d/b.class

package org.apache.commons.b.d;
public synchronized class b implements java.util.Iterator {
    public final java.util.Iterator a;
    public void b(java.util.Iterator);
    public boolean hasNext();
    public Object next();
    public void remove();
}







org/apache/commons/b/d/c.class

package org.apache.commons.b.d;
public final synchronized class c extends a implements org.apache.commons.b.r {
    private static org.apache.commons.b.r b;
    public static final java.util.Iterator a;
    protected void c();
    static void <clinit>();
}







org/apache/commons/b/d/d.class

package org.apache.commons.b.d;
public final synchronized class d extends a implements org.apache.commons.b.n, org.apache.commons.b.r {
    public static final org.apache.commons.b.n a;
    protected void d();
    static void <clinit>();
}







org/apache/commons/b/d/e.class

package org.apache.commons.b.d;
public final synchronized class e extends a implements org.apache.commons.b.p, org.apache.commons.b.r {
    public static final org.apache.commons.b.p a;
    protected void e();
    static void <clinit>();
}







org/apache/commons/b/d/f.class

package org.apache.commons.b.d;
public final synchronized class f extends a implements org.apache.commons.b.n, org.apache.commons.b.r {
    public static final org.apache.commons.b.n a;
    protected void f();
    static void <clinit>();
}







org/apache/commons/b/d/g.class

package org.apache.commons.b.d;
public final synchronized class g implements java.util.Iterator, org.apache.commons.b.t {
    private java.util.Iterator a;
    public static java.util.Iterator a(java.util.Iterator);
    private void g(java.util.Iterator);
    public final boolean hasNext();
    public final Object next();
    public final void remove();
}







org/apache/commons/b/e/a.class

package org.apache.commons.b.e;
public abstract synchronized class a {
    private Object b;
    protected Object a;
    protected void a(Object, Object);
    public Object getKey();
    public Object getValue();
    public String toString();
}







org/apache/commons/b/e/b.class

package org.apache.commons.b.e;
public abstract synchronized class b extends a implements java.util.Map$Entry {
    protected void b(Object, Object);
    public Object setValue(Object);
    public boolean equals(Object);
    public int hashCode();
}







org/apache/commons/b/e/c.class

package org.apache.commons.b.e;
public abstract synchronized class c implements java.util.Map$Entry {
    public final java.util.Map$Entry a;
    public void c(java.util.Map$Entry);
    public Object getKey();
    public Object getValue();
    public Object setValue(Object);
    public boolean equals(Object);
    public int hashCode();
    public String toString();
}







org/apache/commons/b/e/d.class

package org.apache.commons.b.e;
public final synchronized class d extends b {
    public void d(Object, Object);
}







org/apache/commons/b/f/a$a.class

package org.apache.commons.b.f;
public synchronized class a$a implements java.util.ListIterator, org.apache.commons.b.p {
    protected final a a;
    private a$d b;
    private int c;
    private a$d d;
    private int e;
    protected void a$a(a, int);
    private void a();
    private a$d b();
    public boolean hasNext();
    public Object next();
    public boolean hasPrevious();
    public Object previous();
    public int nextIndex();
    public int previousIndex();
    public void remove();
    public void set(Object);
    public void add(Object);
}







org/apache/commons/b/f/a$b.class

package org.apache.commons.b.f;
public final synchronized class a$b extends java.util.AbstractList {
    a a;
    int b;
    int c;
    int d;
    protected void a$b(a, int, int);
    public final int size();
    public final Object get(int);
    public final void add(int, Object);
    public final Object remove(int);
    public final boolean addAll(java.util.Collection);
    public final boolean addAll(int, java.util.Collection);
    public final Object set(int, Object);
    public final void clear();
    public final java.util.Iterator iterator();
    public final java.util.ListIterator listIterator(int);
    public final java.util.List subList(int, int);
    private void a(int, int);
    private void a();
}







org/apache/commons/b/f/a$c.class

package org.apache.commons.b.f;
public final synchronized class a$c extends a$a {
    private a$b b;
    protected void a$c(a$b, int);
    public final boolean hasNext();
    public final boolean hasPrevious();
    public final int nextIndex();
    public final void add(Object);
    public final void remove();
}







org/apache/commons/b/f/a$d.class

package org.apache.commons.b.f;
public final synchronized class a$d {
    protected a$d a;
    protected a$d b;
    private Object c;
    protected void a$d();
    protected void a$d(Object);
    protected final Object a();
    protected final void a(Object);
}







org/apache/commons/b/f/a.class

package org.apache.commons.b.f;
public abstract synchronized class a implements java.util.List {
    private transient int b;
    protected transient int a;
    public int size();
    public boolean isEmpty();
    public Object get(int);
    public java.util.Iterator iterator();
    public java.util.ListIterator listIterator();
    public java.util.ListIterator listIterator(int);
    public int indexOf(Object);
    public int lastIndexOf(Object);
    public boolean contains(Object);
    public boolean containsAll(java.util.Collection);
    public Object[] toArray();
    public Object[] toArray(Object[]);
    public java.util.List subList(int, int);
    public boolean add(Object);
    public void add(int, Object);
    public boolean addAll(java.util.Collection);
    public boolean addAll(int, java.util.Collection);
    public Object remove(int);
    public boolean remove(Object);
    public boolean removeAll(java.util.Collection);
    public boolean retainAll(java.util.Collection);
    public Object set(int, Object);
    public void clear();
    public boolean equals(Object);
    public int hashCode();
    public String toString();
    private static boolean a(Object, Object);
    protected final void a(a$d, Object);
    protected final void a(a$d);
    protected final a$d a(int, boolean);
    protected final java.util.Iterator a(a$b);
    protected static java.util.ListIterator a(a$b, int);
}







org/apache/commons/b/f/b.class

package org.apache.commons.b.f;
public abstract synchronized class b extends org.apache.commons.b.c.a implements java.util.List {
    public void add(int, Object);
    public boolean addAll(int, java.util.Collection);
    public Object get(int);
    public int indexOf(Object);
    public int lastIndexOf(Object);
    public java.util.ListIterator listIterator();
    public java.util.ListIterator listIterator(int);
    public Object remove(int);
    public Object set(int, Object);
    public java.util.List subList(int, int);
}







org/apache/commons/b/g/a$a.class

package org.apache.commons.b.g;
public synchronized class a$a extends java.util.AbstractSet {
    private a a;
    protected void a$a(a);
    public int size();
    public void clear();
    public boolean contains(Object);
    public boolean remove(Object);
    public java.util.Iterator iterator();
}







org/apache/commons/b/g/a$b.class

package org.apache.commons.b.g;
public synchronized class a$b extends a$d {
    protected void a$b(a);
    public Object next();
}







org/apache/commons/b/g/a$c.class

package org.apache.commons.b.g;
public synchronized class a$c implements java.util.Map$Entry {
    protected a$c a;
    protected int b;
    protected Object c;
    protected Object d;
    protected void a$c(a$c, int, Object, Object);
    public Object getKey();
    public Object getValue();
    public Object setValue(Object);
    public boolean equals(Object);
    public int hashCode();
    public String toString();
}







org/apache/commons/b/g/a$d.class

package org.apache.commons.b.g;
public abstract synchronized class a$d implements java.util.Iterator {
    private a a;
    private int b;
    private a$c c;
    private a$c d;
    private int e;
    protected void a$d(a);
    public boolean hasNext();
    protected final a$c b();
    protected final a$c c();
    public void remove();
    public String toString();
}







org/apache/commons/b/g/a$e.class

package org.apache.commons.b.g;
public final synchronized class a$e extends a$d implements org.apache.commons.b.n {
    protected void a$e(a);
    public final Object next();
    public final Object a();
}







org/apache/commons/b/g/a$f.class

package org.apache.commons.b.g;
public synchronized class a$f extends java.util.AbstractSet {
    protected final a a;
    protected void a$f(a);
    public int size();
    public void clear();
    public boolean contains(Object);
    public boolean remove(Object);
    public java.util.Iterator iterator();
}







org/apache/commons/b/g/a$g.class

package org.apache.commons.b.g;
public final synchronized class a$g extends a$b {
    protected void a$g(a);
    public final Object next();
}







org/apache/commons/b/g/a$h.class

package org.apache.commons.b.g;
public synchronized class a$h extends java.util.AbstractCollection {
    protected final a a;
    protected void a$h(a);
    public int size();
    public void clear();
    public boolean contains(Object);
    public java.util.Iterator iterator();
}







org/apache/commons/b/g/a$i.class

package org.apache.commons.b.g;
public final synchronized class a$i extends a$d {
    protected void a$i(a);
    public final Object next();
}







org/apache/commons/b/g/a.class

package org.apache.commons.b.g;
public synchronized class a extends java.util.AbstractMap implements org.apache.commons.b.m {
    protected static final Object a;
    protected transient int b;
    protected transient a$c[] c;
    private transient int h;
    protected transient int d;
    protected transient a$a e;
    protected transient a$f f;
    protected transient a$h g;
    protected void a();
    protected void a();
    public Object get(Object);
    public int size();
    public boolean isEmpty();
    public boolean containsKey(Object);
    public boolean containsValue(Object);
    public Object put(Object, Object);
    public void putAll(java.util.Map);
    public Object remove(Object);
    public void clear();
    private static Object b(Object);
    private static int c(Object);
    protected boolean a(Object, Object);
    protected static boolean b(Object, Object);
    protected a$c a(Object);
    protected a$c a(a$c, int, Object, Object);
    protected void a(a$c, int);
    protected void a(a$c, int, a$c);
    private void a(int);
    public org.apache.commons.b.n b();
    public java.util.Set entrySet();
    protected java.util.Iterator c();
    public java.util.Set keySet();
    protected java.util.Iterator d();
    public java.util.Collection values();
    protected java.util.Iterator e();
    protected Object clone();
    public boolean equals(Object);
    public int hashCode();
    public String toString();
    static void <clinit>();
}







org/apache/commons/b/g/b$a.class

package org.apache.commons.b.g;
final synchronized class b$a extends org.apache.commons.b.h.b {
    private final b a;
    protected void b$a(java.util.Set, b);
    public final java.util.Iterator iterator();
    public final Object[] toArray();
    public final Object[] toArray(Object[]);
}







org/apache/commons/b/g/b$b.class

package org.apache.commons.b.g;
final synchronized class b$b extends org.apache.commons.b.d.b {
    private final b b;
    protected void b$b(java.util.Iterator, b);
    public final Object next();
}







org/apache/commons/b/g/b$c.class

package org.apache.commons.b.g;
final synchronized class b$c extends org.apache.commons.b.e.c {
    private final b b;
    protected void b$c(java.util.Map$Entry, b);
    public final Object setValue(Object);
}







org/apache/commons/b/g/b.class

package org.apache.commons.b.g;
abstract synchronized class b extends d {
    protected abstract Object a();
    public java.util.Set entrySet();
}







org/apache/commons/b/g/c$a.class

package org.apache.commons.b.g;
public synchronized class c$a extends c$d {
    protected void c$a(c);
    public Object next();
}







org/apache/commons/b/g/c$b.class

package org.apache.commons.b.g;
public final synchronized class c$b extends c$a {
    protected void c$b(c);
    public final Object next();
}







org/apache/commons/b/g/c$c.class

package org.apache.commons.b.g;
public final synchronized class c$c extends a$c {
    protected c$c e;
    protected c$c f;
    protected void c$c(a$c, int, Object, Object);
}







org/apache/commons/b/g/c$d.class

package org.apache.commons.b.g;
public abstract synchronized class c$d implements org.apache.commons.b.p, org.apache.commons.b.r {
    private c a;
    private c$c b;
    private c$c c;
    private int d;
    protected void c$d(c);
    public boolean hasNext();
    protected final c$c b();
    protected final c$c c();
    public void remove();
    public String toString();
}







org/apache/commons/b/g/c$e.class

package org.apache.commons.b.g;
public final synchronized class c$e extends c$d implements org.apache.commons.b.n {
    protected void c$e(c);
    public final Object next();
    public final Object a();
}







org/apache/commons/b/g/c$f.class

package org.apache.commons.b.g;
public final synchronized class c$f extends c$d {
    protected void c$f(c);
    public final Object next();
}







org/apache/commons/b/g/c.class

package org.apache.commons.b.g;
public final synchronized class c extends a implements org.apache.commons.b.q {
    protected transient c$c h;
    protected final void a();
    public final boolean containsValue(Object);
    public final void clear();
    protected final void a(a$c, int);
    protected final a$c a(a$c, int, Object, Object);
    protected final void a(a$c, int, a$c);
    public final org.apache.commons.b.n b();
    protected final java.util.Iterator c();
    protected final java.util.Iterator d();
    protected final java.util.Iterator e();
}







org/apache/commons/b/g/d.class

package org.apache.commons.b.g;
public abstract synchronized class d implements java.util.Map {
    public transient java.util.Map a;
    public void d(java.util.Map);
    public void clear();
    public boolean containsKey(Object);
    public boolean containsValue(Object);
    public java.util.Set entrySet();
    public Object get(Object);
    public boolean isEmpty();
    public java.util.Set keySet();
    public Object put(Object, Object);
    public void putAll(java.util.Map);
    public Object remove(Object);
    public int size();
    public java.util.Collection values();
    public boolean equals(Object);
    public int hashCode();
    public String toString();
}







org/apache/commons/b/g/e$a.class

package org.apache.commons.b.g;
public final synchronized class e$a extends a$c {
    private e e;
    public void e$a(e, a$c, int, Object, Object);
    public final Object getKey();
    public final Object getValue();
    public final Object setValue(Object);
    public final boolean equals(Object);
    public final int hashCode();
    private Object a(int, Object, int);
    final boolean a(ref.Reference);
    protected final e$a a();
}







org/apache/commons/b/g/e$b.class

package org.apache.commons.b.g;
final synchronized class e$b extends a$a {
    protected void e$b(a);
    public final Object[] toArray();
    public final Object[] toArray(Object[]);
}







org/apache/commons/b/g/e$c.class

package org.apache.commons.b.g;
synchronized class e$c implements java.util.Iterator {
    private e a;
    private int b;
    private e$a c;
    private e$a d;
    private Object e;
    private Object f;
    private Object g;
    private int h;
    public void e$c(e);
    public boolean hasNext();
    private void a();
    private boolean d();
    protected final e$a b();
    protected final e$a c();
    public Object next();
    public void remove();
}







org/apache/commons/b/g/e$d.class

package org.apache.commons.b.g;
final synchronized class e$d extends a$f {
    protected void e$d(a);
    public final Object[] toArray();
    public final Object[] toArray(Object[]);
}







org/apache/commons/b/g/e$e.class

package org.apache.commons.b.g;
final synchronized class e$e extends e$c {
    void e$e(e);
    public final Object next();
}







org/apache/commons/b/g/e$f.class

package org.apache.commons.b.g;
final synchronized class e$f extends e$c implements org.apache.commons.b.n {
    protected void e$f(e);
    public final Object next();
    public final Object a();
}







org/apache/commons/b/g/e$g.class

package org.apache.commons.b.g;
final synchronized class e$g extends a$h {
    protected void e$g(a);
    public final Object[] toArray();
    public final Object[] toArray(Object[]);
}







org/apache/commons/b/g/e$h.class

package org.apache.commons.b.g;
final synchronized class e$h extends e$c {
    void e$h(e);
    public final Object next();
}







org/apache/commons/b/g/e$i.class

package org.apache.commons.b.g;
final synchronized class e$i extends ref.SoftReference {
    private int a;
    public void e$i(int, Object, ref.ReferenceQueue);
    public final int hashCode();
}







org/apache/commons/b/g/e$j.class

package org.apache.commons.b.g;
final synchronized class e$j extends ref.WeakReference {
    private int a;
    public void e$j(int, Object, ref.ReferenceQueue);
    public final int hashCode();
}







org/apache/commons/b/g/e.class

package org.apache.commons.b.g;
public abstract synchronized class e extends a {
    protected int h;
    protected int i;
    private transient ref.ReferenceQueue j;
    protected final void a();
    public int size();
    public boolean isEmpty();
    public boolean containsKey(Object);
    public boolean containsValue(Object);
    public Object get(Object);
    public Object put(Object, Object);
    public Object remove(Object);
    public void clear();
    public final org.apache.commons.b.n b();
    public java.util.Set entrySet();
    public java.util.Set keySet();
    public java.util.Collection values();
    private void f();
    private void g();
    protected final a$c a(Object);
    protected static int c(Object, Object);
    protected final boolean a(Object, Object);
    protected final a$c a(a$c, int, Object, Object);
    protected final java.util.Iterator c();
    protected final java.util.Iterator d();
    protected final java.util.Iterator e();
    static ref.ReferenceQueue a(e);
}







org/apache/commons/b/g/f.class

package org.apache.commons.b.g;
public abstract synchronized class f extends d implements java.util.SortedMap {
    public void f(java.util.SortedMap);
    protected final java.util.SortedMap a();
    public java.util.Comparator comparator();
    public Object firstKey();
    public java.util.SortedMap headMap(Object);
    public Object lastKey();
    public java.util.SortedMap subMap(Object, Object);
    public java.util.SortedMap tailMap(Object);
}







org/apache/commons/b/g/g$a.class

package org.apache.commons.b.g;
final synchronized class g$a extends org.apache.commons.b.e.c {
    protected void g$a(java.util.Map$Entry);
    public final Object setValue(Object);
}







org/apache/commons/b/g/g$b.class

package org.apache.commons.b.g;
final synchronized class g$b extends org.apache.commons.b.d.b {
    protected void g$b(java.util.Iterator);
    public final Object next();
    public final void remove();
}







org/apache/commons/b/g/g.class

package org.apache.commons.b.g;
public final synchronized class g extends org.apache.commons.b.h.b implements org.apache.commons.b.t {
    public static java.util.Set a(java.util.Set);
    private void g(java.util.Set);
    public final boolean add(Object);
    public final boolean addAll(java.util.Collection);
    public final void clear();
    public final boolean remove(Object);
    public final boolean removeAll(java.util.Collection);
    public final boolean retainAll(java.util.Collection);
    public final java.util.Iterator iterator();
    public final Object[] toArray();
    public final Object[] toArray(Object[]);
}







org/apache/commons/b/g/h.class

package org.apache.commons.b.g;
public final synchronized class h extends d implements java.io.Serializable, org.apache.commons.b.m, org.apache.commons.b.t {
    public static java.util.Map a(java.util.Map);
    private void h(java.util.Map);
    public final void clear();
    public final Object put(Object, Object);
    public final void putAll(java.util.Map);
    public final Object remove(Object);
    public final java.util.Set entrySet();
    public final java.util.Set keySet();
    public final java.util.Collection values();
}







org/apache/commons/b/g/i.class

package org.apache.commons.b.g;
public final synchronized class i extends f implements java.io.Serializable, org.apache.commons.b.t {
    public static java.util.SortedMap a(java.util.SortedMap);
    private void i(java.util.SortedMap);
    public final void clear();
    public final Object put(Object, Object);
    public final void putAll(java.util.Map);
    public final Object remove(Object);
    public final java.util.Set entrySet();
    public final java.util.Set keySet();
    public final java.util.Collection values();
    public final Object firstKey();
    public final Object lastKey();
    public final java.util.Comparator comparator();
    public final java.util.SortedMap subMap(Object, Object);
    public final java.util.SortedMap headMap(Object);
    public final java.util.SortedMap tailMap(Object);
}







org/apache/commons/b/n.class

package org.apache.commons.b;
public abstract interface n extends java.util.Iterator, p {
    public abstract boolean hasNext();
    public abstract Object next();
    public abstract Object a();
}







org/apache/commons/b/o.class

package org.apache.commons.b;
public final synchronized class o {
    private static Number b(java.util.Map, Object);
    public static Integer a(java.util.Map, Object);
    static void <clinit>();
}







org/apache/commons/b/p.class

package org.apache.commons.b;
public abstract interface p extends java.util.Iterator {
}







org/apache/commons/b/q.class

package org.apache.commons.b;
public abstract interface q extends m {
}







org/apache/commons/b/r.class

package org.apache.commons.b;
public abstract interface r extends java.util.Iterator {
}







org/apache/commons/b/h/a.class

package org.apache.commons.b.h;
public abstract synchronized class a extends b implements java.io.Serializable {
    protected void a(java.util.Set);
}







org/apache/commons/b/h/b.class

package org.apache.commons.b.h;
public abstract synchronized class b extends org.apache.commons.b.c.a implements java.util.Set {
    public void b(java.util.Set);
}







org/apache/commons/b/h/c.class

package org.apache.commons.b.h;
public abstract synchronized class c extends b implements java.util.SortedSet {
    public java.util.SortedSet subSet(Object, Object);
    public java.util.SortedSet headSet(Object);
    public java.util.SortedSet tailSet(Object);
    public Object first();
    public Object last();
    public java.util.Comparator comparator();
}







org/apache/commons/b/h/d.class

package org.apache.commons.b.h;
public final synchronized class d extends a implements org.apache.commons.b.t {
    public static java.util.Set a(java.util.Set);
    private void d(java.util.Set);
    public final java.util.Iterator iterator();
    public final boolean add(Object);
    public final boolean addAll(java.util.Collection);
    public final void clear();
    public final boolean remove(Object);
    public final boolean removeAll(java.util.Collection);
    public final boolean retainAll(java.util.Collection);
}







org/apache/commons/b/s.class

package org.apache.commons.b;
public abstract interface s extends java.util.SortedMap, q {
}







org/apache/commons/b/t.class

package org.apache.commons.b;
public abstract interface t {
}







assets/org/apache/commons/math3/exception/util/LocalizedFormats_fr.properties

# Licensed to the Apache Software Foundation (ASF) under one or more
# contributor license agreements.  See the NOTICE file distributed with
# this work for additional information regarding copyright ownership.
# The ASF licenses this file to You under the Apache License, Version 2.0
# (the "License"); you may not use this file except in compliance with
# the License.  You may obtain a copy of the License at
#
#       http://www.apache.org/licenses/LICENSE-2.0
#
#  Unless required by applicable law or agreed to in writing, software
#  distributed under the License is distributed on an "AS IS" BASIS,
#  WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
#  See the License for the specific language governing permissions and
#  limitations under the License.

ARGUMENT_OUTSIDE_DOMAIN = argument {0} hors domaine [{1} ; {2}]
ARRAY_SIZE_EXCEEDS_MAX_VARIABLES = la taille de tableau ne devrait pas d\u00e9passer {0}
ARRAY_SIZES_SHOULD_HAVE_DIFFERENCE_1 = les tableaux devraient avoir une diff\u00e9rence de taille de 1 ({0} != {1} + 1)
ARRAY_SUMS_TO_ZERO = somme du tableau nulle
ASSYMETRIC_EIGEN_NOT_SUPPORTED = la d\u00e9composition en valeurs/vecteurs propres de matrices 
AT_LEAST_ONE_COLUMN = une matrice doit comporter au moins une colonne
AT_LEAST_ONE_ROW = une matrice doit comporter au moins une ligne
BANDWIDTH = bande passante ({0})
BESSEL_FUNCTION_BAD_ARGUMENT = la fonction de Bessel \u00e0 l''ordre {0} ne peut pas \u00eatre calcul\u00e9e pour x = {1}
BESSEL_FUNCTION_FAILED_CONVERGENCE = la fonction de Bessel \u00e0 l''ordre {0} n''a pas r\u00e9ussi \u00e0 converger pour x = {1}
BINOMIAL_INVALID_PARAMETERS_ORDER = n doit \u00eatre sup\u00e9rieur ou \u00e9gal \u00e0 k pour le coefficient du bin\u00f4me (n, k), or k = {0}, n = {1}
BINOMIAL_NEGATIVE_PARAMETER = n doit \u00eatre positif pour le coefficient du bin\u00f4me (n, k), or n = {0}
CANNOT_CLEAR_STATISTIC_CONSTRUCTED_FROM_EXTERNAL_MOMENTS = les statistiques bas\u00e9es sur des moments externes ne peuvent pas \u00eatre remises \u00e0 z\u00e9ro
CANNOT_COMPUTE_0TH_ROOT_OF_UNITY = impossible de calculer la racine z\u00e9roi\u00e8me de l''unit\u00e9, 
CANNOT_COMPUTE_BETA_DENSITY_AT_0_FOR_SOME_ALPHA = impossible de calculer la densit\u00e9 beta en 0 lorsque alpha = {0,number}
CANNOT_COMPUTE_BETA_DENSITY_AT_1_FOR_SOME_BETA = impossible de calculer la densit\u00e9 beta en 1 lorsque beta = %.3g
CANNOT_COMPUTE_NTH_ROOT_FOR_NEGATIVE_N = impossible de calculer la racine ni\u00e8me pour n n\u00e9gatif ou nul : {0}
CANNOT_DISCARD_NEGATIVE_NUMBER_OF_ELEMENTS = impossible d''enlever un nombre d''\u00e9l\u00e9ments{0} n\u00e9gatif
CANNOT_FORMAT_INSTANCE_AS_3D_VECTOR = impossible de formater une instance de {0} comme un vecteur de dimension 3
CANNOT_FORMAT_INSTANCE_AS_COMPLEX = impossible de formater une instance de {0} comme un nombre complexe
CANNOT_FORMAT_INSTANCE_AS_REAL_VECTOR = impossible de formater une instance de {0} comme un vecteur r\u00e9el
CANNOT_FORMAT_OBJECT_TO_FRACTION = impossible de formater l''objet sous forme d''un nombre rationnel
CANNOT_INCREMENT_STATISTIC_CONSTRUCTED_FROM_EXTERNAL_MOMENTS = les statistiques bas\u00e9es sur des moments externes ne peuvent pas \u00eatre incr\u00e9ment\u00e9es
CANNOT_NORMALIZE_A_ZERO_NORM_VECTOR = impossible de normer un vecteur de norme nulle
CANNOT_RETRIEVE_AT_NEGATIVE_INDEX = impossible d''extraire un \u00e9l\u00e9ment \u00e0 un index n\u00e9gatif ({0})
CANNOT_SET_AT_NEGATIVE_INDEX = impossible de mettre un \u00e9l\u00e9ment \u00e0 un index n\u00e9gatif ({0})
CANNOT_SUBSTITUTE_ELEMENT_FROM_EMPTY_ARRAY = impossible de substituer un \u00e9l\u00e9ment dans un tableau vide
CANNOT_TRANSFORM_TO_DOUBLE = Exception de conversion dans une transformation : {0}
CARDAN_ANGLES_SINGULARITY = singularit\u00e9 d''angles de Cardan
CLASS_DOESNT_IMPLEMENT_COMPARABLE = la classe ({0}) n''implante pas l''interface Comparable
CLOSEST_ORTHOGONAL_MATRIX_HAS_NEGATIVE_DETERMINANT = la matrice orthogonale la plus proche a un d\u00e9terminant n\u00e9gatif {0}
COLUMN_INDEX_OUT_OF_RANGE = l''index de colonne {0} est hors du domaine autoris\u00e9 [{1}, {2}]
COLUMN_INDEX = index de colonne ({0})
CONSTRAINT = contrainte
CONTINUED_FRACTION_INFINITY_DIVERGENCE = Divergence de fraction continue \u00e0 l''infini pour la valeur {0}
CONTINUED_FRACTION_NAN_DIVERGENCE = Divergence de fraction continue \u00e0 NaN pour la valeur {0}
CONTRACTION_CRITERIA_SMALLER_THAN_EXPANSION_FACTOR = crit\u00e8re de contraction ({0}) inf\u00e9rieur au facteur d''extension ({1}). Ceci induit une boucle infinie d''extensions/contractions car tout tableau de stockage fra\u00eechement \u00e9tendu respecte imm\u00e9diatement le crit\u00e8re de contraction.
CONTRACTION_CRITERIA_SMALLER_THAN_ONE = crit\u00e8re de contraction inf\u00e9rieur \u00e0 un ({0}). Ceci induit une boucle infinie d''extensions/contractions car tout tableau de stockage de longueur \u00e9gale au nombre d''\u00e9l\u00e9ments respecte le crit\u00e8re de contraction.
CONVERGENCE_FAILED = \u00c9chec de convergence
CROSSING_BOUNDARY_LOOPS = certains p\u00e9rim\u00e8tres de fronti\u00e8res se croisent
CROSSOVER_RATE = proportion de m\u00e9lange ({0})
CUMULATIVE_PROBABILITY_RETURNED_NAN = Fonction de probabilit\u00e9 cumulative retourn\u00e9 NaN \u00e0 l''argument de {0} p = {1}
DIFFERENT_ROWS_LENGTHS = certaines lignes ont une longueur de {0} alors que d''autres ont une longueur de {1}
DIFFERENT_ORIG_AND_PERMUTED_DATA = les donn\u00e9es originales et permut\u00e9es doivent contenir les m\u00eames \u00e9l\u00e9ments
DIGEST_NOT_INITIALIZED = mod\u00e8le empirique non initialis\u00e9
DIMENSIONS_MISMATCH_2x2 = {0}x{1} \u00e0 la place de {2}x{3}
DIMENSIONS_MISMATCH_SIMPLE = {0} != {1}
DIMENSIONS_MISMATCH = dimensions incoh\u00e9rentes
DISCRETE_CUMULATIVE_PROBABILITY_RETURNED_NAN = Discr\u00e8tes fonction de probabilit\u00e9 cumulative retourn\u00e9 NaN \u00e0 l''argument de {0}
DISTRIBUTION_NOT_LOADED = aucune distribution n''a \u00e9t\u00e9 charg\u00e9e
DUPLICATED_ABSCISSA_DIVISION_BY_ZERO = la duplication de l''abscisse {0} engendre une division par z\u00e9ro
ELITISM_RATE = proportion d''\u00e9litisme ({0})
EMPTY_CLUSTER_IN_K_MEANS = groupe vide dans l''algorithme des k-moyennes
EMPTY_INTERPOLATION_SAMPLE = \u00e9chantillon d''interpolation vide
EMPTY_POLYNOMIALS_COEFFICIENTS_ARRAY = tableau de coefficients polyn\u00f4miaux vide
EMPTY_SELECTED_COLUMN_INDEX_ARRAY = tableau des indices de colonnes s\u00e9lectionn\u00e9es vide
EMPTY_SELECTED_ROW_INDEX_ARRAY = tableau des indices de lignes s\u00e9lectionn\u00e9es vide
EMPTY_STRING_FOR_IMAGINARY_CHARACTER = cha\u00eene vide pour le caract\u00e8re imaginaire
ENDPOINTS_NOT_AN_INTERVAL = les bornes ne d\u00e9finissent pas un intervalle : [{0}, {1}]
EQUAL_VERTICES_IN_SIMPLEX = sommets {0} et {1} \u00e9gaux dans la configuration du simplexe
EULER_ANGLES_SINGULARITY = singularit\u00e9 d''angles d''Euler
EVALUATION = \u00e9valuation
EXPANSION_FACTOR_SMALLER_THAN_ONE = facteur d''extension inf\u00e9rieur \u00e0 un ({0})
FACTORIAL_NEGATIVE_PARAMETER = n doit \u00eatre positif pour le calcul de n!, or n = {0}
FAILED_BRACKETING = nombre d''it\u00e9rations = {4}, it\u00e9rations maximum = {5}, valeur initiale = {6}, borne inf\u00e9rieure = {7}, borne sup\u00e9rieure = {8}, valeur a finale = {0}, valeur b finale = {1}, f(a) = {2}, f(b) = {3}
FAILED_FRACTION_CONVERSION = Impossible de convertir {0} en fraction apr\u00e8s {1} it\u00e9rations
FIRST_COLUMNS_NOT_INITIALIZED_YET = les {0} premi\u00e8res colonnes ne sont pas encore initialis\u00e9es
FIRST_ELEMENT_NOT_ZERO = le premier \u00e9l\u00e9ment n''est pas nul : {0}
FIRST_ROWS_NOT_INITIALIZED_YET = les {0} premi\u00e8res lignes ne sont pas encore initialis\u00e9es
FRACTION_CONVERSION_OVERFLOW = D\u00e9passement de capacit\u00e9 lors de la conversion de {0} en fraction ({1}/{2})
FUNCTION_NOT_DIFFERENTIABLE = la fonction n''est pas diff\u00e9rentiable
FUNCTION_NOT_POLYNOMIAL = la fonction n''est pas polyn\u00f4miale
GCD_OVERFLOW_32_BITS = d\u00e9passement de capacit\u00e9 : le PGCD de {0} et {1} vaut 2\u00b3\u00b9
GCD_OVERFLOW_64_BITS = d\u00e9passement de capacit\u00e9 : le PGCD de {0} et {1} vaut 2\u2076\u00b3
HOLE_BETWEEN_MODELS_TIME_RANGES = trou de longueur {0} entre les domaines temporels des mod\u00e8les
ILL_CONDITIONED_OPERATOR = le conditionnement {1} est trop \u00e9lev\u00e9
INCONSISTENT_STATE_AT_2_PI_WRAPPING = \u00e9tat incoh\u00e9rent au niveau du recollement \u00e0 2\u03c0
INDEX_LARGER_THAN_MAX = l''index sp\u00e9cifi\u00e9 ({0}) d\u00e9passe l''index maximal courant ({1})
INDEX_NOT_POSITIVE = l''indice ({0}) n''est pas positif
INDEX_OUT_OF_RANGE = l''indice ({0}) est hors du domaine autoris\u00e9 [{1}, {2}]
INDEX = indice ({0})
NOT_FINITE_NUMBER = {0} n''est pas un nombre fini
INFINITE_BOUND = intervalle limites doit \u00eatre finie
ARRAY_ELEMENT = valeur {0} \u00e0 l''indice {1}
INFINITE_ARRAY_ELEMENT = le tableau contient l''\u00e9l\u00e9ment infini {0} \u00e0 l''index {1}
INFINITE_VALUE_CONVERSION = les valeurs infinies ne peuvent \u00eatre converties
INITIAL_CAPACITY_NOT_POSITIVE = la capacit\u00e9 initiale ({0}) n''est pas positive
INITIAL_COLUMN_AFTER_FINAL_COLUMN = colonne initiale {1} apr\u00e8s la colonne finale {0}
INITIAL_ROW_AFTER_FINAL_ROW = ligne initiale {1} apr\u00e8s la ligne finale {0}
INPUT_DATA_FROM_UNSUPPORTED_DATASOURCE = les donn\u00e9es d''entr\u00e9e proviennent d''une source non prise en compte : {0}, sources prises en comptes : {1}, {2}
INSTANCES_NOT_COMPARABLE_TO_EXISTING_VALUES = l''instance de la classe {0} n''est pas comparable aux valeurs existantes
INSUFFICIENT_DATA = donn\u00e9es insuffisantes
INSUFFICIENT_DATA_FOR_T_STATISTIC = deux valeurs ou plus sont n\u00e9cessaires pour la statistique t, il y en a {0}
INSUFFICIENT_DIMENSION = dimension {0} insuffisante, elle devrait \u00eatre au moins {1}
DIMENSION = dimension ({0})
INSUFFICIENT_OBSERVED_POINTS_IN_SAMPLE = l''\u00e9chantillon ne contient que {0} points alors qu''au moins {1} sont n\u00e9cessaires
INSUFFICIENT_ROWS_AND_COLUMNS = donn\u00e9es insuffisantes : seulement {0} lignes et {1} colonnes.
INTEGRATION_METHOD_NEEDS_AT_LEAST_TWO_PREVIOUS_POINTS = les m\u00e9thodes multi-pas n\u00e9cessitent au moins {0} pas pr\u00e9c\u00e9dents, il y en a {1}
INTERNAL_ERROR = erreur interne, veuillez signaler l''erreur \u00e0 {0}
INVALID_BINARY_DIGIT = chiffre binaire invalide : {0}
INVALID_BINARY_CHROMOSOME = la mutation binaire ne fonctionne qu''avec BinaryChromosome
INVALID_BRACKETING_PARAMETERS = param\u00e8tres d''encadrement invalides : borne inf\u00e9rieure = {0}, valeur initiale = {1}, borne sup\u00e9rieure = {2}
INVALID_FIXED_LENGTH_CHROMOSOME = le m\u00e9lange \u00e0 un point ne fonctionne qu''avec les chromosomes \u00e0 taille fixe
INVALID_IMPLEMENTATION = une fonctionnalit\u00e9 requise est manquante dans {0}
INVALID_INTERVAL_INITIAL_VALUE_PARAMETERS = param\u00e8tres de l''intervalle initial invalides : borne inf = {0}, valeur initiale = {1}, borne sup = {2}
INVALID_ITERATIONS_LIMITS = limites d''it\u00e9rations invalides : min = {0}, max = {1}
INVALID_MAX_ITERATIONS = valeur invalide pour le nombre maximal d''it\u00e9rations : {0}
NOT_ENOUGH_DATA_REGRESSION = le nombre d''observations est insuffisant pour r\u00e9aliser une r\u00e9gression
INVALID_REGRESSION_ARRAY= la longueur du tableau de donn\u00e9es = {0} ne correspond pas au nombre d''observations = {1} et le nombre de variables explicatives = {2}
INVALID_REGRESSION_OBSERVATION = la longueur du tableau de variables explicatives ({0}) ne correspond pas au nombre de variables dans le mod\u00e8le ({1})
INVALID_ROUNDING_METHOD = m\u00e9thode d''arrondi {0} invalide, m\u00e9thodes valides : {1} ({2}), {3} ({4}), {5} ({6}), {7} ({8}), {9} ({10}), {11} ({12}), {13} ({14}), {15} ({16})
ITERATOR_EXHAUSTED = it\u00e9ration achev\u00e9e
ITERATIONS = it\u00e9rations
LCM_OVERFLOW_32_BITS = d\u00e9passement de capacit\u00e9 : le MCM de {0} et {1} vaut 2\u00b3\u00b9
LCM_OVERFLOW_64_BITS = d\u00e9passement de capacit\u00e9 : le MCM de {0} et {1} vaut 2\u2076\u00b3
LIST_OF_CHROMOSOMES_BIGGER_THAN_POPULATION_SIZE = la liste des chromosomes d\u00e9passe maxPopulationSize
LOESS_EXPECTS_AT_LEAST_ONE_POINT = la r\u00e9gression Loess n\u00e9cessite au moins un point
LOWER_BOUND_NOT_BELOW_UPPER_BOUND = la borne inf\u00e9rieure ({0}) doit \u00eatre strictement plus petite que la borne sup\u00e9rieure ({1})
LOWER_ENDPOINT_ABOVE_UPPER_ENDPOINT = la borne inf\u00e9rieure ({0}) devrait \u00eatre inf\u00e9rieure  ou \u00e9gale \u00e0 la borne sup\u00e9rieure ({1})
MAP_MODIFIED_WHILE_ITERATING = la table d''adressage a \u00e9t\u00e9 modifi\u00e9e pendant l''it\u00e9ration
EVALUATIONS = \u00e9valuations
MAX_COUNT_EXCEEDED = limite ({0}) d\u00e9pass\u00e9
MAX_ITERATIONS_EXCEEDED = nombre maximal d''it\u00e9rations ({0}) d\u00e9pass\u00e9
MINIMAL_STEPSIZE_REACHED_DURING_INTEGRATION = pas minimal ({1,number,0.00E00}) atteint, l''int\u00e9gration n\u00e9cessite {0,number,0.00E00}
MISMATCHED_LOESS_ABSCISSA_ORDINATE_ARRAYS = Loess a besoin de tableaux d''abscisses et d''ordonn\u00e9es de m\u00eame taille, mais il y a {0} points en abscisse et {1} en ordonn\u00e9e
MUTATION_RATE = proportion de mutation ({0})
NAN_ELEMENT_AT_INDEX = l''\u00e9l\u00e9ment {0} est un NaN
NAN_VALUE_CONVERSION = les valeurs NaN ne peuvent \u00eatre converties
NEGATIVE_BRIGHTNESS_EXPONENT = l''exposant de brillance devrait \u00eatre positif ou null, or e = {0}
NEGATIVE_COMPLEX_MODULE = module n\u00e9gatif ({0}) pour un nombre complexe
NEGATIVE_ELEMENT_AT_2D_INDEX = l''\u00e9l\u00e9ment ({0}, {1}) est n\u00e9gatif : {2}
NEGATIVE_ELEMENT_AT_INDEX = l''\u00e9l\u00e9ment {0} est n\u00e9gatif : {1}
NEGATIVE_NUMBER_OF_SUCCESSES = le nombre de succ\u00e8s ne doit pas \u00eatre n\u00e9gatif ({0})
NUMBER_OF_SUCCESSES = nombre de succ\u00e8s ({0})
NEGATIVE_NUMBER_OF_TRIALS = le nombre d''essais ne doit pas \u00eatre n\u00e9gatif ({0})
NUMBER_OF_INTERPOLATION_POINTS = nombre de points d''interpolation ({0})
NUMBER_OF_TRIALS = nombre d''essais ({0})
ROBUSTNESS_ITERATIONS = nombre d''it\u00e9rations robuste ({0})
START_POSITION = position de d\u00e9part ({0})
NON_CONVERGENT_CONTINUED_FRACTION = \u00c9chec de convergence (en moins de {0} it\u00e9rations) de fraction continue pour la valeur {1}
NON_INVERTIBLE_TRANSFORM = la transformation affine non-inversible r\u00e9duit des lignes \u00e0 de simples points
NON_POSITIVE_MICROSPHERE_ELEMENTS = le nombre d''\u00e9l\u00e9ments de la microsph\u00e8re devrait \u00eatre positif, or n = {0}
NON_POSITIVE_POLYNOMIAL_DEGREE = le polyn\u00f4me doit \u00eatre de degr\u00e9 positif : degr\u00e9 = {0}
NON_REAL_FINITE_ABSCISSA = toutes les abscisses doivent \u00eatre des nombres r\u00e9els finis, mais l''abscisse {0} vaut {1}
NON_REAL_FINITE_ORDINATE = toutes les ordonn\u00e9es doivent \u00eatre des nombres r\u00e9els finis, mais l''ordonn\u00e9e {0} vaut {1}
NON_REAL_FINITE_WEIGHT = tous les poids doivent \u00eatre des nombres r\u00e9els finis, mais le poids {0} vaut {1}
NON_SQUARE_MATRIX = matrice non carr\u00e9e ({0}x{1})
NORM = norme ({0})
NORMALIZE_INFINITE = impossible de normaliser vers une valeur infinie
NORMALIZE_NAN = impossible de normaliser vers NaN
NOT_ADDITION_COMPATIBLE_MATRICES = les dimensions {0}x{1} et {2}x{3} sont incompatibles pour l''addition matricielle
NOT_CONVEX = les points ne constituent pas une enveloppe convexe
NOT_DECREASING_NUMBER_OF_POINTS = les points {0} et {1} ne sont pas d\u00e9croissants ({2} < {3})
NOT_DECREASING_SEQUENCE = les points {3} et {2} ne sont pas d\u00e9croissants ({1} < {0})
NOT_ENOUGH_DATA_FOR_NUMBER_OF_PREDICTORS = pas assez de donn\u00e9es ({0} lignes) pour {1} pr\u00e9dicteurs
NOT_ENOUGH_POINTS_IN_SPLINE_PARTITION = une partition spline n\u00e9cessite au moins {0} points, seuls {1} ont \u00e9t\u00e9 fournis
NOT_INCREASING_NUMBER_OF_POINTS = les points {0} et {1} ne sont pas croissants ({2} > {3})
NOT_INCREASING_SEQUENCE = les points {3} et {2} ne sont pas croissants ({1} > {0})
NOT_MULTIPLICATION_COMPATIBLE_MATRICES = les dimensions {0}x{1} et {2}x{3} sont incompatibles pour la multiplication matricielle
NOT_POSITIVE_DEFINITE_MATRIX = matrice non d\u00e9finie positive
NON_POSITIVE_DEFINITE_MATRIX = matrice non d\u00e9finie positive : l''\u00e9l\u00e9ment diagonal ({1},{1}) est inf\u00e9rieur \u00e0 {2} ({0})
NON_POSITIVE_DEFINITE_OPERATOR = op\u00e9rateur lin\u00e9aire non d\u00e9fini positif
NON_SELF_ADJOINT_OPERATOR = op\u00e9rateur lin\u00e9aire non auto-adjoint
NON_SQUARE_OPERATOR = op\u00e9rateur lin\u00e9aire non carr\u00e9 ({0}x{1})
NOT_POSITIVE_DEGREES_OF_FREEDOM = les degr\u00e9s de libert\u00e9 doivent \u00eatre positifs ({0})
DEGREES_OF_FREEDOM = degr\u00e9s de libert\u00e9 ({0})
NOT_POSITIVE_ELEMENT_AT_INDEX = l''\u00e9l\u00e9ment {0} n''est pas positif : {1}
NOT_POSITIVE_EXPONENT = exposant {0} invalide (doit \u00eatre positif)
NUMBER_OF_ELEMENTS_SHOULD_BE_POSITIVE = le nombre d''\u00e9l\u00e9ments devrait \u00eatre positif ({0})
BASE = base ({0})
EXPONENT = exposant ({0})
NOT_POSITIVE_LENGTH = la longueur doit \u00eatre positive ({0})
LENGTH = longueur ({0})
NOT_POSITIVE_MEAN = la moyenne doit \u00eatre positive ({0})
MEAN = moyenne ({0})
NOT_POSITIVE_NUMBER_OF_SAMPLES = le nombre d''\u00e9chantillons n''est pas positif : {0}
NUMBER_OF_SAMPLES = nombre d''\u00e9chantillons ({0})
NOT_POSITIVE_PERMUTATION = la permutation k ({0}) doit \u00eatre positive
PERMUTATION_SIZE = taille de la permutation ({0})
NOT_POSITIVE_POISSON_MEAN = la moyenne de Poisson doit \u00eatre positive ({0})
NOT_POSITIVE_POPULATION_SIZE = la taille de la population doit \u00eatre positive ({0})
POPULATION_SIZE = taille de la population ({0})
NOT_POSITIVE_ROW_DIMENSION = nombre de lignes invalide : {0} (doit \u00eatre positif)
NOT_POSITIVE_SAMPLE_SIZE = la taille de l''\u00e9chantillon doit \u00eatre positive ({0})
NOT_POSITIVE_SCALE = l''\u00e9chelle doit \u00eatre positive ({0})
SCALE = facteur d''\u00e9chelle ({0})
NOT_POSITIVE_SHAPE = le facteur de forme doit \u00eatre positif ({0})
SHAPE = facteur de forme ({0})
NOT_POSITIVE_STANDARD_DEVIATION = l''\u00e9cart type doit \u00eatre positif ({0})
STANDARD_DEVIATION = \u00e9cart type ({0})
NOT_POSITIVE_UPPER_BOUND = la borne sup\u00e9rieure doit \u00eatre positive ({0})
NOT_POSITIVE_WINDOW_SIZE = la taille de la fen\u00eatre doit \u00eatre positive ({0})
NOT_POWER_OF_TWO = {0} n''est pas une puissance de 2
NOT_POWER_OF_TWO_CONSIDER_PADDING = {0} n''est pas une puissance de 2, ajoutez des \u00e9l\u00e9ments pour corriger
NOT_POWER_OF_TWO_PLUS_ONE = {0} n''est pas une puissance de 2 plus un
NOT_STRICTLY_DECREASING_NUMBER_OF_POINTS = les points {0} et {1} ne sont pas strictement d\u00e9croissants ({2} <= {3})
NOT_STRICTLY_DECREASING_SEQUENCE = les points {3} et {2} ne sont pas strictement d\u00e9croissants ({1} <= {0})
NOT_STRICTLY_INCREASING_KNOT_VALUES = les n\u0153uds d''interpolation doivent \u00eatre strictement croissants
NOT_STRICTLY_INCREASING_NUMBER_OF_POINTS = les points {0} et {1} ne sont pas strictement croissants ({2} >= {3})
NOT_STRICTLY_INCREASING_SEQUENCE = les points {3} et {2} ne sont pas strictement croissants ({1} >= {0})
NOT_SUBTRACTION_COMPATIBLE_MATRICES = les dimensions {0}x{1} et {2}x{3} sont incompatibles pour la soustraction matricielle
NOT_SUPPORTED_IN_DIMENSION_N = m\u00e9thode non disponible en dimension {0}
NOT_SYMMETRIC_MATRIX = matrice non symm\u00e9trique
NON_SYMMETRIC_MATRIX = matrice non symm\u00e9trique: la diff\u00e9rence entre les \u00e9l\u00e9ments ({0},{1}) et ({1},{0}) est sup\u00e9rieure \u00e0 {2}
NO_BIN_SELECTED = aucun compartiment s\u00e9lectionn\u00e9
NO_CONVERGENCE_WITH_ANY_START_POINT = aucun des {0} points de d\u00e9part n''aboutit \u00e0 une convergence
NO_DATA = aucune donn\u00e9e
NO_DEGREES_OF_FREEDOM = aucun degr\u00e9 de libert\u00e9 ({0} mesures, {1} param\u00e8tres)
NO_DENSITY_FOR_THIS_DISTRIBUTION = La fonction de densit\u00e9 pour cette distribution n''a pas \u00e9t\u00e9 mis en \u0153uvre
NO_FEASIBLE_SOLUTION = aucune solution r\u00e9alisable
NO_OPTIMUM_COMPUTED_YET = aucun optimum n''a encore \u00e9t\u00e9 calcul\u00e9
NO_REGRESSORS = le mod\u00e8le de r\u00e9gression doit inclure au moins une variable explicative
NO_RESULT_AVAILABLE = aucun r\u00e9sultat n''est disponible
NO_SUCH_MATRIX_ENTRY = pas d''\u00e9l\u00e9ment ({0}, {1}) dans une matrice {2}x{3}
NAN_NOT_ALLOWED = "NaN" n''est pas permis
NULL_NOT_ALLOWED = "null" n''est pas permis
ARRAY_ZERO_LENGTH_OR_NULL_NOT_ALLOWED = un tableau nul ou de taille z\u00e9ro n''est pas autoris\u00e9
COVARIANCE_MATRIX = matrice de covariance
DENOMINATOR = d\u00e9nominateur
DENOMINATOR_FORMAT = format du d\u00e9nominateur
FRACTION = fraction
FUNCTION = fonction
IMAGINARY_FORMAT = format de la partie imaginaire
INPUT_ARRAY = tableau d''entr\u00e9e
NUMERATOR = num\u00e9rateur
NUMERATOR_FORMAT = format du num\u00e9rateur
OBJECT_TRANSFORMATION = exception de conversion dans une transformation
REAL_FORMAT = format de la partie r\u00e9elle
WHOLE_FORMAT = format complet
NUMBER_TOO_LARGE = {0} est plus grand que le maximum ({1})
NUMBER_TOO_SMALL = {0} est plus petit que le minimum ({1})
NUMBER_TOO_LARGE_BOUND_EXCLUDED = {0} n''est pas strictement plus petit que le maximum ({1})
NUMBER_TOO_SMALL_BOUND_EXCLUDED = {0} n''est pas strictement plus grand que le minimum ({1})
NUMBER_OF_SUCCESS_LARGER_THAN_POPULATION_SIZE = le nombre de succ\u00e8s ({0}) doit \u00eatre inf\u00e9rieur ou \u00e9gal \u00e0 la taille de la population ({1}) 
NUMERATOR_OVERFLOW_AFTER_MULTIPLY = d\u00e9passement de capacit\u00e9 pour le num\u00e9rateur apr\u00e8s multiplication : {0}
N_POINTS_GAUSS_LEGENDRE_INTEGRATOR_NOT_SUPPORTED = l''int\u00e9grateur de Legendre-Gauss en {0} points n''est pas disponible, le nombre de points doit \u00eatre entre {1} et {2}
OBSERVED_COUNTS_ALL_ZERO = aucune occurrence dans le tableau des observations {0}
OBSERVED_COUNTS_BOTTH_ZERO_FOR_ENTRY = les occurrences observ\u00e9es sont toutes deux nulles pour l''entr\u00e9e {0}
BOBYQA_BOUND_DIFFERENCE_CONDITION = la diff\u00e9rence entre la contrainte sup\u00e9rieure et inf\u00e9rieure doit \u00eatre plus grande que deux fois le rayon de la r\u00e9gion de confiance initiale ({0})
OUT_OF_BOUNDS_CONFIDENCE_LEVEL = niveau de confiance {0} hors domaine, doit \u00eatre entre {1} et {2}
OUT_OF_BOUNDS_QUANTILE_VALUE = valeur de quantile {0} hors bornes, doit \u00eatre dans l''intervalle ]0, 100]
OUT_OF_BOUND_SIGNIFICANCE_LEVEL = niveau de signification {0} hors domaine, doit \u00eatre entre {1} et {2}
SIGNIFICANCE_LEVEL = niveau de signification ({0})
OUT_OF_ORDER_ABSCISSA_ARRAY = les abscisses doivent \u00eatre en ordre strictement croissant, mais l''\u00e9l\u00e9ment {0} vaut {1} alors que l''\u00e9l\u00e9ment {2} vaut {3}
OUT_OF_RANGE_ROOT_OF_UNITY_INDEX = l''indice de racine de l''unit\u00e9 {0} est hors du domaine autoris\u00e9 [{1};{2}]
OUT_OF_RANGE_SIMPLE = {0} hors du domaine [{1}, {2}]
OUT_OF_RANGE_LEFT = {0} hors du domaine ({1}, {2}]
OUT_OF_RANGE_RIGHT = {0} hors du domaine [{1}, {2})
OUT_OF_RANGE = hors domaine
OUTLINE_BOUNDARY_LOOP_OPEN = un p\u00e9rim\u00e8tre fronti\u00e8re est ouvert
OVERFLOW = d\u00e9passement de capacit\u00e9
OVERFLOW_IN_FRACTION = d\u00e9passement de capacit\u00e9 pour la fraction {0}/{1}, son signe ne peut \u00eatre chang\u00e9
OVERFLOW_IN_ADDITION = d\u00e9passement de capacit\u00e9 pour l''addition : {0} + {1}
OVERFLOW_IN_SUBTRACTION = d\u00e9passement de capacit\u00e9 pour la soustraction : {0} - {1}
OVERFLOW_IN_MULTIPLICATION = d\u00e9passement de capacit\u00e9 pour la multiplication : {0} * {1}
PERCENTILE_IMPLEMENTATION_CANNOT_ACCESS_METHOD = acc\u00e8s impossible \u00e0 la m\u00e9thode {0} dans la mise en \u0153uvre du pourcentage {1}
PERCENTILE_IMPLEMENTATION_UNSUPPORTED_METHOD = l''implantation de pourcentage {0} ne dispose pas de la m\u00e9thode {1}
PERMUTATION_EXCEEDS_N = la taille de la permutation ({0}) d\u00e9passe le domaine de la permutation ({1})
POLYNOMIAL = polyn\u00f4me
POLYNOMIAL_INTERPOLANTS_MISMATCH_SEGMENTS = le nombre d''interpolants polyn\u00f4miaux doit correspondre au nombre de segments ({0} != {1} - 1)
POPULATION_LIMIT_NOT_POSITIVE = la limite de population doit \u00eatre positive
POWER_NEGATIVE_PARAMETERS = impossible d''\u00e9lever une valeur enti\u00e8re \u00e0 une puissance n\u00e9gative ({0}^{1})
PROPAGATION_DIRECTION_MISMATCH = directions de propagation incoh\u00e9rentes
RANDOMKEY_MUTATION_WRONG_CLASS = RandomKeyMutation ne fonctionne qu''avec la classe RandomKeys, pas avec {0}
ROOTS_OF_UNITY_NOT_COMPUTED_YET = les racines de l''unit\u00e9 n''ont pas encore \u00e9t\u00e9 calcul\u00e9es
ROTATION_MATRIX_DIMENSIONS = une matrice {0}x{1} ne peut pas \u00eatre une matrice de rotation
ROW_INDEX_OUT_OF_RANGE = l''index de ligne {0} est hors du domaine autoris\u00e9 [{1}, {2}]
ROW_INDEX = index de ligne ({0})
SAME_SIGN_AT_ENDPOINTS = les valeurs aux bornes de la fonction devraient avoir des signes difff\u00e9rents ; bornes : [{0}, {1}], valeurs : [{2}, {3}]
SAMPLE_SIZE_EXCEEDS_COLLECTION_SIZE = la taille de l''\u00e9chantillon ({0}) d\u00e9passe la taille de la collection ({1})
SAMPLE_SIZE_LARGER_THAN_POPULATION_SIZE = la taille de l''\u00e9chantillon ({0}) doit \u00eatre inf\u00e9rieure ou \u00e9gale \u00e0 la taille de la population ({1})
SIMPLEX_NEED_ONE_POINT = le simplexe doit contenir au moins un point
SIMPLE_MESSAGE = {0}
SINGULAR_MATRIX = matrice singuli\u00e8re
SINGULAR_OPERATOR = l''op\u00e9rateur est singulier
SUBARRAY_ENDS_AFTER_ARRAY_END = le sous-tableau se termine apr\u00e8s la fin du tableau
TOO_LARGE_CUTOFF_SINGULAR_VALUE = la valeur singuli\u00e8re de coupure vaut {0}, elle ne devrait pas d\u00e9passer {1}
TOO_LARGE_TOURNAMENT_ARITY = l''arit\u00e9 du tournois ({0}) ne doit pas d\u00e9passer la taille de la population ({1})
TOO_MANY_ELEMENTS_TO_DISCARD_FROM_ARRAY = impossible d''enlever {0} \u00e9l\u00e9ments d''un tableau en contenant {1}
TOO_MANY_REGRESSORS = trop de variables explicatives sp\u00e9cifi\u00e9es {0}, il n''y en a que {1} dans le mod\u00e8le
TOO_SMALL_COST_RELATIVE_TOLERANCE = trop petite tol\u00e9rance relative sur le co\u00fbt ({0}), aucune r\u00e9duction de la somme des carr\u00e9s n''est possible
TOO_SMALL_INTEGRATION_INTERVAL = intervalle d''int\u00e9gration trop petit : {0}
TOO_SMALL_ORTHOGONALITY_TOLERANCE = trop petite tol\u00e9rance sur l''orthogonalit\u00e9 ({0}), la solution est orthogonale \u00e0 la jacobienne
TOO_SMALL_PARAMETERS_RELATIVE_TOLERANCE = trop petite tol\u00e9rance relative sur les param\u00e8tres ({0}), aucune am\u00e9lioration de la solution approximative n''est possible
TRUST_REGION_STEP_FAILED = l''\u00e9tape de la r\u00e9gion de confiance n''a pas r\u00e9duit Q
TWO_OR_MORE_CATEGORIES_REQUIRED = deux cat\u00e9gories ou plus sont n\u00e9cessaires, il y en a {0}
TWO_OR_MORE_VALUES_IN_CATEGORY_REQUIRED = deux valeurs ou plus sont n\u00e9cessaires pour chaque cat\u00e9gorie, une cat\u00e9gorie en a {0}
UNABLE_TO_BRACKET_OPTIMUM_IN_LINE_SEARCH = impossible d''encadrer l''optimum lors de la recherche lin\u00e9aire
UNABLE_TO_COMPUTE_COVARIANCE_SINGULAR_PROBLEM = impossible de calculer les covariances : probl\u00e8me singulier
UNABLE_TO_FIRST_GUESS_HARMONIC_COEFFICIENTS = impossible de faire une premi\u00e8re estimation des coefficients harmoniques
UNABLE_TO_ORTHOGONOLIZE_MATRIX = impossible de rendre la matrice orthogonale en {0} it\u00e9rations
UNABLE_TO_PERFORM_QR_DECOMPOSITION_ON_JACOBIAN = impossible de calculer la factorisation Q.R de la matrice jacobienne {0}x{1}
UNABLE_TO_SOLVE_SINGULAR_PROBLEM = r\u00e9solution impossible : probl\u00e8me singulier
UNBOUNDED_SOLUTION = solution non born\u00e9e
UNKNOWN_MODE = mode {0} inconnu, modes connus : {1} ({2}), {3} ({4}), {5} ({6}), {7} ({8}), {9} ({10}) et {11} ({12})
UNKNOWN_PARAMETER = param\u00e8tre {0} inconnu
UNMATCHED_ODE_IN_EXPANDED_SET = l''\u00e9quation diff\u00e9rentielle ne correspond pas \u00e0 l''\u00e9quation principale du jeu \u00e9tendu
CANNOT_PARSE_AS_TYPE = cha\u00eene "{0}" non analysable (\u00e0 partir de la position {1}) en un objet de type {2}
CANNOT_PARSE = cha\u00eene "{0}" non analysable (\u00e0 partir de la position {1})
UNPARSEABLE_3D_VECTOR = vecteur 3D non analysable : "{0}"
UNPARSEABLE_COMPLEX_NUMBER = nombre complexe non analysable : "{0}"
UNPARSEABLE_REAL_VECTOR = vecteur r\u00e9el non analysable : "{0}"
UNSUPPORTED_EXPANSION_MODE = mode d''extension {0} non support\u00e9, les modes support\u00e9s sont {1} ({2}) et {3} ({4})
UNSUPPORTED_OPERATION = op\u00e9ration non disponible
ARITHMETIC_EXCEPTION = erreur arithm\u00e9tique
ILLEGAL_STATE = \u00e9tat incoh\u00e9rent
USER_EXCEPTION = erreur g\u00e9n\u00e9r\u00e9e par le code utilisateur
URL_CONTAINS_NO_DATA = l''adresse {0} ne contient aucune donn\u00e9e
VALUES_ADDED_BEFORE_CONFIGURING_STATISTIC = {0} valeurs ont \u00e9t\u00e9 ajout\u00e9es 
VECTOR_LENGTH_MISMATCH = taille de vecteur invalide : {0} au lieu de {1} attendue
VECTOR_MUST_HAVE_AT_LEAST_ONE_ELEMENT = un vecteur doit comporter au moins un \u00e9l\u00e9ment
WEIGHT_AT_LEAST_ONE_NON_ZERO = le tableau des poids doit contenir au moins une valeur non nulle
WRONG_BLOCK_LENGTH = forme de tableau erron\u00e9e (bloc de longueur {0} au lieu des {1} attendus)
WRONG_NUMBER_OF_POINTS = {0} sont n\u00e9cessaires, seuls {1} ont \u00e9t\u00e9 fournis
NUMBER_OF_POINTS = nombre de points ({0})
ZERO_DENOMINATOR = le d\u00e9nominateur doit \u00eatre diff\u00e9rent de 0
ZERO_DENOMINATOR_IN_FRACTION = d\u00e9nominateur nul dans le nombre rationnel {0}/{1}
ZERO_FRACTION_TO_DIVIDE_BY = division par un nombre rationnel nul : {0}/{1}
ZERO_NORM = norme nulle
ZERO_NORM_FOR_ROTATION_AXIS = norme nulle pour un axe de rotation
ZERO_NORM_FOR_ROTATION_DEFINING_VECTOR = norme nulle pour un axe de d\u00e9finition de rotation
ZERO_NOT_ALLOWED = la valeur z\u00e9ro n''est pas autoris\u00e9e ici
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d       s       a       m_i     
2       1       0       1 
3       2       1       1 3 
4       3       1       1 3 1 
5       3       2       1 1 1 
6       4       1       1 1 3 3 
7       4       4       1 3 5 13 
8       5       2       1 1 5 5 17 
9       5       4       1 1 5 5 5 
10      5       7       1 1 7 11 19 
11      5       11      1 1 5 1 1 
12      5       13      1 1 1 3 11 
13      5       14      1 3 5 5 31 
14      6       1       1 3 3 9 7 49 
15      6       13      1 1 1 15 21 21 
16      6       16      1 3 1 13 27 49 
17      6       19      1 1 1 15 7 5 
18      6       22      1 3 1 15 13 25 
19      6       25      1 1 5 5 19 61 
20      7       1       1 3 7 11 23 15 103 
21      7       4       1 3 7 13 13 15 69 
22      7       7       1 1 3 13 7 35 63 
23      7       8       1 3 5 9 1 25 53 
24      7       14      1 3 1 13 9 35 107 
25      7       19      1 3 1 5 27 61 31 
26      7       21      1 1 5 11 19 41 61 
27      7       28      1 3 5 3 3 13 69 
28      7       31      1 1 7 13 1 19 1 
29      7       32      1 3 7 5 13 19 59 
30      7       37      1 1 3 9 25 29 41 
31      7       41      1 3 5 13 23 1 55 
32      7       42      1 3 7 3 13 59 17 
33      7       50      1 3 1 3 5 53 69 
34      7       55      1 1 5 5 23 33 13 
35      7       56      1 1 7 7 1 61 123 
36      7       59      1 1 7 9 13 61 49 
37      7       62      1 3 3 5 3 55 33 
38      8       14      1 3 1 15 31 13 49 245 
39      8       21      1 3 5 15 31 59 63 97 
40      8       22      1 3 1 11 11 11 77 249 
41      8       38      1 3 1 11 27 43 71 9 
42      8       47      1 1 7 15 21 11 81 45 
43      8       49      1 3 7 3 25 31 65 79 
44      8       50      1 3 1 1 19 11 3 205 
45      8       52      1 1 5 9 19 21 29 157 
46      8       56      1 3 7 11 1 33 89 185 
47      8       67      1 3 3 3 15 9 79 71 
48      8       70      1 3 7 11 15 39 119 27 
49      8       84      1 1 3 1 11 31 97 225 
50      8       97      1 1 1 3 23 43 57 177 
51      8       103     1 3 7 7 17 17 37 71 
52      8       115     1 3 1 5 27 63 123 213 
53      8       122     1 1 3 5 11 43 53 133 
54      9       8       1 3 5 5 29 17 47 173 479 
55      9       13      1 3 3 11 3 1 109 9 69 
56      9       16      1 1 1 5 17 39 23 5 343 
57      9       22      1 3 1 5 25 15 31 103 499 
58      9       25      1 1 1 11 11 17 63 105 183 
59      9       44      1 1 5 11 9 29 97 231 363 
60      9       47      1 1 5 15 19 45 41 7 383 
61      9       52      1 3 7 7 31 19 83 137 221 
62      9       55      1 1 1 3 23 15 111 223 83 
63      9       59      1 1 5 13 31 15 55 25 161 
64      9       62      1 1 3 13 25 47 39 87 257 
65      9       67      1 1 1 11 21 53 125 249 293 
66      9       74      1 1 7 11 11 7 57 79 323 
67      9       81      1 1 5 5 17 13 81 3 131 
68      9       82      1 1 7 13 23 7 65 251 475 
69      9       87      1 3 5 1 9 43 3 149 11 
70      9       91      1 1 3 13 31 13 13 255 487 
71      9       94      1 3 3 1 5 63 89 91 127 
72      9       103     1 1 3 3 1 19 123 127 237 
73      9       104     1 1 5 7 23 31 37 243 289 
74      9       109     1 1 5 11 17 53 117 183 491 
75      9       122     1 1 1 5 1 13 13 209 345 
76      9       124     1 1 3 15 1 57 115 7 33 
77      9       137     1 3 1 11 7 43 81 207 175 
78      9       138     1 3 1 1 15 27 63 255 49 
79      9       143     1 3 5 3 27 61 105 171 305 
80      9       145     1 1 5 3 1 3 57 249 149 
81      9       152     1 1 3 5 5 57 15 13 159 
82      9       157     1 1 1 11 7 11 105 141 225 
83      9       167     1 3 3 5 27 59 121 101 271 
84      9       173     1 3 5 9 11 49 51 59 115 
85      9       176     1 1 7 1 23 45 125 71 419 
86      9       181     1 1 3 5 23 5 105 109 75 
87      9       182     1 1 7 15 7 11 67 121 453 
88      9       185     1 3 7 3 9 13 31 27 449 
89      9       191     1 3 1 15 19 39 39 89 15 
90      9       194     1 1 1 1 1 33 73 145 379 
91      9       199     1 3 1 15 15 43 29 13 483 
92      9       218     1 1 7 3 19 27 85 131 431 
93      9       220     1 3 3 3 5 35 23 195 349 
94      9       227     1 3 3 7 9 27 39 59 297 
95      9       229     1 1 3 9 11 17 13 241 157 
96      9       230     1 3 7 15 25 57 33 189 213 
97      9       234     1 1 7 1 9 55 73 83 217 
98      9       236     1 3 3 13 19 27 23 113 249 
99      9       241     1 3 5 3 23 43 3 253 479 
100     9       244     1 1 5 5 11 5 45 117 217 
101     9       253     1 3 3 7 29 37 33 123 147 
102     10      4       1 3 1 15 5 5 37 227 223 459 
103     10      13      1 1 7 5 5 39 63 255 135 487 
104     10      19      1 3 1 7 9 7 87 249 217 599 
105     10      22      1 1 3 13 9 47 7 225 363 247 
106     10      50      1 3 7 13 19 13 9 67 9 737 
107     10      55      1 3 5 5 19 59 7 41 319 677 
108     10      64      1 1 5 3 31 63 15 43 207 789 
109     10      69      1 1 7 9 13 39 3 47 497 169 
110     10      98      1 3 1 7 21 17 97 19 415 905 
111     10      107     1 3 7 1 3 31 71 111 165 127 
112     10      115     1 1 5 11 1 61 83 119 203 847 
113     10      121     1 3 3 13 9 61 19 97 47 35 
114     10      127     1 1 7 7 15 29 63 95 417 469 
115     10      134     1 3 1 9 25 9 71 57 213 385 
116     10      140     1 3 5 13 31 47 101 57 39 341 
117     10      145     1 1 3 3 31 57 125 173 365 551 
118     10      152     1 3 7 1 13 57 67 157 451 707 
119     10      158     1 1 1 7 21 13 105 89 429 965 
120     10      161     1 1 5 9 17 51 45 119 157 141 
121     10      171     1 3 7 7 13 45 91 9 129 741 
122     10      181     1 3 7 1 23 57 67 141 151 571 
123     10      194     1 1 3 11 17 47 93 107 375 157 
124     10      199     1 3 3 5 11 21 43 51 169 915 
125     10      203     1 1 5 3 15 55 101 67 455 625 
126     10      208     1 3 5 9 1 23 29 47 345 595 
127     10      227     1 3 7 7 5 49 29 155 323 589 
128     10      242     1 3 3 7 5 41 127 61 261 717 
129     10      251     1 3 7 7 17 23 117 67 129 1009 
130     10      253     1 1 3 13 11 39 21 207 123 305 
131     10      265     1 1 3 9 29 3 95 47 231 73 
132     10      266     1 3 1 9 1 29 117 21 441 259 
133     10      274     1 3 1 13 21 39 125 211 439 723 
134     10      283     1 1 7 3 17 63 115 89 49 773 
135     10      289     1 3 7 13 11 33 101 107 63 73 
136     10      295     1 1 5 5 13 57 63 135 437 177 
137     10      301     1 1 3 7 27 63 93 47 417 483 
138     10      316     1 1 3 1 23 29 1 191 49 23 
139     10      319     1 1 3 15 25 55 9 101 219 607 
140     10      324     1 3 1 7 7 19 51 251 393 307 
141     10      346     1 3 3 3 25 55 17 75 337 3 
142     10      352     1 1 1 13 25 17 65 45 479 413 
143     10      361     1 1 7 7 27 49 99 161 213 727 
144     10      367     1 3 5 1 23 5 43 41 251 857 
145     10      382     1 3 3 7 11 61 39 87 383 835 
146     10      395     1 1 3 15 13 7 29 7 505 923 
147     10      398     1 3 7 1 5 31 47 157 445 501 
148     10      400     1 1 3 7 1 43 9 147 115 605 
149     10      412     1 3 3 13 5 1 119 211 455 1001 
150     10      419     1 1 3 5 13 19 3 243 75 843 
151     10      422     1 3 7 7 1 19 91 249 357 589 
152     10      426     1 1 1 9 1 25 109 197 279 411 
153     10      428     1 3 1 15 23 57 59 135 191 75 
154     10      433     1 1 5 15 29 21 39 253 383 349 
155     10      446     1 3 3 5 19 45 61 151 199 981 
156     10      454     1 3 5 13 9 61 107 141 141 1 
157     10      457     1 3 1 11 27 25 85 105 309 979 
158     10      472     1 3 3 11 19 7 115 223 349 43 
159     10      493     1 1 7 9 21 39 123 21 275 927 
160     10      505     1 1 7 13 15 41 47 243 303 437 
161     10      508     1 1 1 7 7 3 15 99 409 719 
162     11      2       1 3 3 15 27 49 113 123 113 67 469 
163     11      11      1 3 7 11 3 23 87 169 119 483 199 
164     11      21      1 1 5 15 7 17 109 229 179 213 741 
165     11      22      1 1 5 13 11 17 25 135 403 557 1433 
166     11      35      1 3 1 1 1 61 67 215 189 945 1243 
167     11      49      1 1 7 13 17 33 9 221 429 217 1679 
168     11      50      1 1 3 11 27 3 15 93 93 865 1049 
169     11      56      1 3 7 7 25 41 121 35 373 379 1547 
170     11      61      1 3 3 9 11 35 45 205 241 9 59 
171     11      70      1 3 1 7 3 51 7 177 53 975 89 
172     11      74      1 1 3 5 27 1 113 231 299 759 861 
173     11      79      1 3 3 15 25 29 5 255 139 891 2031 
174     11      84      1 3 1 1 13 9 109 193 419 95 17 
175     11      88      1 1 7 9 3 7 29 41 135 839 867 
176     11      103     1 1 7 9 25 49 123 217 113 909 215 
177     11      104     1 1 7 3 23 15 43 133 217 327 901 
178     11      112     1 1 3 3 13 53 63 123 477 711 1387 
179     11      115     1 1 3 15 7 29 75 119 181 957 247 
180     11      117     1 1 1 11 27 25 109 151 267 99 1461 
181     11      122     1 3 7 15 5 5 53 145 11 725 1501 
182     11      134     1 3 7 1 9 43 71 229 157 607 1835 
183     11      137     1 3 3 13 25 1 5 27 471 349 127 
184     11      146     1 1 1 1 23 37 9 221 269 897 1685 
185     11      148     1 1 3 3 31 29 51 19 311 553 1969 
186     11      157     1 3 7 5 5 55 17 39 475 671 1529 
187     11      158     1 1 7 1 1 35 47 27 437 395 1635 
188     11      162     1 1 7 3 13 23 43 135 327 139 389 
189     11      164     1 3 7 3 9 25 91 25 429 219 513 
190     11      168     1 1 3 5 13 29 119 201 277 157 2043 
191     11      173     1 3 5 3 29 57 13 17 167 739 1031 
192     11      185     1 3 3 5 29 21 95 27 255 679 1531 
193     11      186     1 3 7 15 9 5 21 71 61 961 1201 
194     11      191     1 3 5 13 15 57 33 93 459 867 223 
195     11      193     1 1 1 15 17 43 127 191 67 177 1073 
196     11      199     1 1 1 15 23 7 21 199 75 293 1611 
197     11      213     1 3 7 13 15 39 21 149 65 741 319 
198     11      214     1 3 7 11 23 13 101 89 277 519 711 
199     11      220     1 3 7 15 19 27 85 203 441 97 1895 
200     11      227     1 3 1 3 29 25 21 155 11 191 197 
201     11      236     1 1 7 5 27 11 81 101 457 675 1687 
202     11      242     1 3 1 5 25 5 65 193 41 567 781 
203     11      251     1 3 1 5 11 15 113 77 411 695 1111 
204     11      256     1 1 3 9 11 53 119 171 55 297 509 
205     11      259     1 1 1 1 11 39 113 139 165 347 595 
206     11      265     1 3 7 11 9 17 101 13 81 325 1733 
207     11      266     1 3 1 1 21 43 115 9 113 907 645 
208     11      276     1 1 7 3 9 25 117 197 159 471 475 
209     11      292     1 3 1 9 11 21 57 207 485 613 1661 
210     11      304     1 1 7 7 27 55 49 223 89 85 1523 
211     11      310     1 1 5 3 19 41 45 51 447 299 1355 
212     11      316     1 3 1 13 1 33 117 143 313 187 1073 
213     11      319     1 1 7 7 5 11 65 97 377 377 1501 
214     11      322     1 3 1 1 21 35 95 65 99 23 1239 
215     11      328     1 1 5 9 3 37 95 167 115 425 867 
216     11      334     1 3 3 13 1 37 27 189 81 679 773 
217     11      339     1 1 3 11 1 61 99 233 429 969 49 
218     11      341     1 1 1 7 25 63 99 165 245 793 1143 
219     11      345     1 1 5 11 11 43 55 65 71 283 273 
220     11      346     1 1 5 5 9 3 101 251 355 379 1611 
221     11      362     1 1 1 15 21 63 85 99 49 749 1335 
222     11      367     1 1 5 13 27 9 121 43 255 715 289 
223     11      372     1 3 1 5 27 19 17 223 77 571 1415 
224     11      375     1 1 5 3 13 59 125 251 195 551 1737 
225     11      376     1 3 3 15 13 27 49 105 389 971 755 
226     11      381     1 3 5 15 23 43 35 107 447 763 253 
227     11      385     1 3 5 11 21 3 17 39 497 407 611 
228     11      388     1 1 7 13 15 31 113 17 23 507 1995 
229     11      392     1 1 7 15 3 15 31 153 423 79 503 
230     11      409     1 1 7 9 19 25 23 171 505 923 1989 
231     11      415     1 1 5 9 21 27 121 223 133 87 697 
232     11      416     1 1 5 5 9 19 107 99 319 765 1461 
233     11      421     1 1 3 3 19 25 3 101 171 729 187 
234     11      428     1 1 3 1 13 23 85 93 291 209 37 
235     11      431     1 1 1 15 25 25 77 253 333 947 1073 
236     11      434     1 1 3 9 17 29 55 47 255 305 2037 
237     11      439     1 3 3 9 29 63 9 103 489 939 1523 
238     11      446     1 3 7 15 7 31 89 175 369 339 595 
239     11      451     1 3 7 13 25 5 71 207 251 367 665 
240     11      453     1 3 3 3 21 25 75 35 31 321 1603 
241     11      457     1 1 1 9 11 1 65 5 11 329 535 
242     11      458     1 1 5 3 19 13 17 43 379 485 383 
243     11      471     1 3 5 13 13 9 85 147 489 787 1133 
244     11      475     1 3 1 1 5 51 37 129 195 297 1783 
245     11      478     1 1 3 15 19 57 59 181 455 697 2033 
246     11      484     1 3 7 1 27 9 65 145 325 189 201 
247     11      493     1 3 1 15 31 23 19 5 485 581 539 
248     11      494     1 1 7 13 11 15 65 83 185 847 831 
249     11      499     1 3 5 7 7 55 73 15 303 511 1905 
250     11      502     1 3 5 9 7 21 45 15 397 385 597 
251     11      517     1 3 7 3 23 13 73 221 511 883 1265 
252     11      518     1 1 3 11 1 51 73 185 33 975 1441 
253     11      524     1 3 3 9 19 59 21 39 339 37 143 
254     11      527     1 1 7 1 31 33 19 167 117 635 639 
255     11      555     1 1 1 3 5 13 59 83 355 349 1967 
256     11      560     1 1 1 5 19 3 53 133 97 863 983 
257     11      565     1 3 1 13 9 41 91 105 173 97 625 
258     11      569     1 1 5 3 7 49 115 133 71 231 1063 
259     11      578     1 1 7 5 17 43 47 45 497 547 757 
260     11      580     1 3 5 15 21 61 123 191 249 31 631 
261     11      587     1 3 7 9 17 7 11 185 127 169 1951 
262     11      589     1 1 5 13 11 11 9 49 29 125 791 
263     11      590     1 1 1 15 31 41 13 167 273 429 57 
264     11      601     1 3 5 3 27 7 35 209 65 265 1393 
265     11      607     1 3 1 13 31 19 53 143 135 9 1021 
266     11      611     1 1 7 13 31 5 115 153 143 957 623 
267     11      614     1 1 5 11 25 19 29 31 297 943 443 
268     11      617     1 3 3 5 21 11 127 81 479 25 699 
269     11      618     1 1 3 11 25 31 97 19 195 781 705 
270     11      625     1 1 5 5 31 11 75 207 197 885 2037 
271     11      628     1 1 1 11 9 23 29 231 307 17 1497 
272     11      635     1 1 5 11 11 43 111 233 307 523 1259 
273     11      641     1 1 7 5 1 21 107 229 343 933 217 
274     11      647     1 1 1 11 3 21 125 131 405 599 1469 
275     11      654     1 3 5 5 9 39 33 81 389 151 811 
276     11      659     1 1 7 7 7 1 59 223 265 529 2021 
277     11      662     1 3 1 3 9 23 85 181 47 265 49 
278     11      672     1 3 5 11 19 23 9 7 157 299 1983 
279     11      675     1 3 1 5 15 5 21 105 29 339 1041 
280     11      682     1 1 1 1 5 33 65 85 111 705 479 
281     11      684     1 1 1 7 9 35 77 87 151 321 101 
282     11      689     1 1 5 7 17 1 51 197 175 811 1229 
283     11      695     1 3 3 15 23 37 85 185 239 543 731 
284     11      696     1 3 1 7 7 55 111 109 289 439 243 
285     11      713     1 1 7 11 17 53 35 217 259 853 1667 
286     11      719     1 3 1 9 1 63 87 17 73 565 1091 
287     11      724     1 1 3 3 11 41 1 57 295 263 1029 
288     11      733     1 1 5 1 27 45 109 161 411 421 1395 
289     11      734     1 3 5 11 25 35 47 191 339 417 1727 
290     11      740     1 1 5 15 21 1 93 251 351 217 1767 
291     11      747     1 3 3 11 3 7 75 155 313 211 491 
292     11      749     1 3 3 5 11 9 101 161 453 913 1067 
293     11      752     1 1 3 1 15 45 127 141 163 727 1597 
294     11      755     1 3 3 7 1 33 63 73 73 341 1691 
295     11      762     1 3 5 13 15 39 53 235 77 99 949 
296     11      770     1 1 5 13 31 17 97 13 215 301 1927 
297     11      782     1 1 7 1 1 37 91 93 441 251 1131 
298     11      784     1 3 7 9 25 5 105 69 81 943 1459 
299     11      787     1 3 7 11 31 43 13 209 27 1017 501 
300     11      789     1 1 7 15 1 33 31 233 161 507 387 
301     11      793     1 3 3 5 5 53 33 177 503 627 1927 
302     11      796     1 1 7 11 7 61 119 31 457 229 1875 
303     11      803     1 1 5 15 19 5 53 201 157 885 1057 
304     11      805     1 3 7 9 1 35 51 113 249 425 1009 
305     11      810     1 3 5 7 21 53 37 155 119 345 631 
306     11      815     1 3 5 7 15 31 109 69 503 595 1879 
307     11      824     1 3 3 1 25 35 65 131 403 705 503 
308     11      829     1 3 7 7 19 33 11 153 45 633 499 
309     11      830     1 3 3 5 11 3 29 93 487 33 703 
310     11      832     1 1 3 15 21 53 107 179 387 927 1757 
311     11      841     1 1 3 7 21 45 51 147 175 317 361 
312     11      847     1 1 1 7 7 13 15 243 269 795 1965 
313     11      849     1 1 3 5 19 33 57 115 443 537 627 
314     11      861     1 3 3 9 3 39 25 61 185 717 1049 
315     11      871     1 3 7 3 7 37 107 153 7 269 1581 
316     11      878     1 1 7 3 7 41 91 41 145 489 1245 
317     11      889     1 1 5 9 7 7 105 81 403 407 283 
318     11      892     1 1 7 9 27 55 29 77 193 963 949 
319     11      901     1 1 5 3 25 51 107 63 403 917 815 
320     11      908     1 1 7 3 7 61 19 51 457 599 535 
321     11      920     1 3 7 1 23 51 105 153 239 215 1847 
322     11      923     1 1 3 5 27 23 79 49 495 45 1935 
323     11      942     1 1 1 11 11 47 55 133 495 999 1461 
324     11      949     1 1 3 15 27 51 93 17 355 763 1675 
325     11      950     1 3 1 3 1 3 79 119 499 17 995 
326     11      954     1 1 1 1 15 43 45 17 167 973 799 
327     11      961     1 1 1 3 27 49 89 29 483 913 2023 
328     11      968     1 1 3 3 5 11 75 7 41 851 611 
329     11      971     1 3 1 3 7 57 39 123 257 283 507 
330     11      973     1 3 3 11 27 23 113 229 187 299 133 
331     11      979     1 1 3 13 9 63 101 77 451 169 337 
332     11      982     1 3 7 3 3 59 45 195 229 415 409 
333     11      986     1 3 5 3 11 19 71 93 43 857 369 
334     11      998     1 3 7 9 19 33 115 19 241 703 247 
335     11      1001    1 3 5 11 5 35 21 155 463 1005 1073 
336     11      1010    1 3 7 3 25 15 109 83 93 69 1189 
337     11      1012    1 3 5 7 5 21 93 133 135 167 903 
338     12      41      1 1 7 7 3 59 121 161 285 815 1769 3705 
339     12      52      1 3 1 1 3 47 103 171 381 609 185 373 
340     12      61      1 3 3 15 23 33 107 131 441 445 689 2059 
341     12      62      1 3 3 11 7 53 101 167 435 803 1255 3781 
342     12      76      1 1 5 11 15 59 41 19 135 835 1263 505 
343     12      104     1 1 7 11 21 49 23 219 127 961 1065 385 
344     12      117     1 3 5 15 7 47 117 217 45 731 1639 733 
345     12      131     1 1 7 11 27 57 91 87 81 35 1269 1007 
346     12      143     1 1 3 11 15 37 53 219 193 937 1899 3733 
347     12      145     1 3 5 3 13 11 27 19 199 393 965 2195 
348     12      157     1 3 1 3 5 1 37 173 413 1023 553 409 
349     12      167     1 3 1 7 15 29 123 95 255 373 1799 3841 
350     12      171     1 3 5 13 21 57 51 17 511 195 1157 1831 
351     12      176     1 1 1 15 29 19 7 73 295 519 587 3523 
352     12      181     1 1 5 13 13 35 115 191 123 535 717 1661 
353     12      194     1 3 3 5 23 21 47 251 379 921 1119 297 
354     12      217     1 3 3 9 29 53 121 201 135 193 523 2943 
355     12      236     1 1 1 7 29 45 125 9 99 867 425 601 
356     12      239     1 3 1 9 13 15 67 181 109 293 1305 3079 
357     12      262     1 3 3 9 5 35 15 209 305 87 767 2795 
358     12      283     1 3 3 11 27 57 113 123 179 643 149 523 
359     12      286     1 1 3 15 11 17 67 223 63 657 335 3309 
360     12      307     1 1 1 9 25 29 109 159 39 513 571 1761 
361     12      313     1 1 3 1 5 63 75 19 455 601 123 691 
362     12      319     1 1 1 3 21 5 45 169 377 513 1951 2565 
363     12      348     1 1 3 11 3 33 119 69 253 907 805 1449 
364     12      352     1 1 5 13 31 15 17 7 499 61 687 1867 
365     12      357     1 3 7 11 17 33 73 77 299 243 641 2345 
366     12      391     1 1 7 11 9 35 31 235 359 647 379 1161 
367     12      398     1 3 3 15 31 25 5 67 33 45 437 4067 
368     12      400     1 1 3 11 7 17 37 87 333 253 1517 2921 
369     12      412     1 1 7 15 7 15 107 189 153 769 1521 3427 
370     12      415     1 3 5 13 5 61 113 37 293 393 113 43 
371     12      422     1 1 1 15 29 43 107 31 167 147 301 1021 
372     12      440     1 1 1 13 3 1 35 93 195 181 2027 1491 
373     12      460     1 3 3 3 13 33 77 199 153 221 1699 3671 
374     12      465     1 3 5 13 7 49 123 155 495 681 819 809 
375     12      468     1 3 5 15 27 61 117 189 183 887 617 4053 
376     12      515     1 1 1 7 31 59 125 235 389 369 447 1039 
377     12      536     1 3 5 1 5 39 115 89 249 377 431 3747 
378     12      539     1 1 1 5 7 47 59 157 77 445 699 3439 
379     12      551     1 1 3 5 11 21 19 75 11 599 1575 735 
380     12      558     1 3 5 3 19 13 41 69 199 143 1761 3215 
381     12      563     1 3 5 7 19 43 25 41 41 11 1647 2783 
382     12      570     1 3 1 9 19 45 111 97 405 399 457 3219 
383     12      595     1 1 3 1 23 15 65 121 59 985 829 2259 
384     12      598     1 1 3 7 17 13 107 229 75 551 1299 2363 
385     12      617     1 1 5 5 21 57 23 199 509 139 2007 3875 
386     12      647     1 3 1 11 19 53 15 229 215 741 695 823 
387     12      654     1 3 7 1 29 3 17 163 417 559 549 319 
388     12      678     1 3 1 13 17 9 47 133 365 7 1937 1071 
389     12      713     1 3 5 7 19 37 55 163 301 249 689 2327 
390     12      738     1 3 5 13 11 23 61 205 257 377 615 1457 
391     12      747     1 3 5 1 23 37 13 75 331 495 579 3367 
392     12      750     1 1 1 9 1 23 49 129 475 543 883 2531 
393     12      757     1 3 1 5 23 59 51 35 343 695 219 369 
394     12      772     1 3 3 1 27 17 63 97 71 507 1929 613 
395     12      803     1 1 5 1 21 31 11 109 247 409 1817 2173 
396     12      810     1 1 3 15 23 9 7 209 301 23 147 1691 
397     12      812     1 1 7 5 5 19 37 229 249 277 1115 2309 
398     12      850     1 1 1 5 5 63 5 249 285 431 343 2467 
399     12      862     1 1 1 11 7 45 35 75 505 537 29 2919 
400     12      906     1 3 5 15 11 39 15 63 263 9 199 445 
401     12      908     1 3 3 3 27 63 53 171 227 63 1049 827 
402     12      929     1 1 3 13 7 11 115 183 179 937 1785 381 
403     12      930     1 3 1 11 13 15 107 81 53 295 1785 3757 
404     12      954     1 3 3 13 11 5 109 243 3 505 323 1373 
405     12      964     1 3 3 11 21 51 17 177 381 937 1263 3889 
406     12      982     1 3 5 9 27 25 85 193 143 573 1189 2995 
407     12      985     1 3 5 11 13 9 81 21 159 953 91 1751 
408     12      991     1 1 3 3 27 61 11 253 391 333 1105 635 
409     12      992     1 3 3 15 9 57 95 81 419 735 251 1141 
410     12      1067    1 1 5 9 31 39 59 13 319 807 1241 2433 
411     12      1070    1 3 3 5 27 13 107 141 423 937 2027 3233 
412     12      1096    1 3 3 9 9 25 125 23 443 835 1245 847 
413     12      1099    1 1 7 15 17 17 83 107 411 285 847 1571 
414     12      1116    1 1 3 13 29 61 37 81 349 727 1453 1957 
415     12      1143    1 3 7 11 31 13 59 77 273 591 1265 1533 
416     12      1165    1 1 7 7 13 17 25 25 187 329 347 1473 
417     12      1178    1 3 7 7 5 51 37 99 221 153 503 2583 
418     12      1184    1 3 1 13 19 27 11 69 181 479 1183 3229 
419     12      1202    1 3 3 13 23 21 103 147 323 909 947 315 
420     12      1213    1 3 1 3 23 1 31 59 93 513 45 2271 
421     12      1221    1 3 5 1 7 43 109 59 231 41 1515 2385 
422     12      1240    1 3 1 5 31 57 49 223 283 1013 11 701 
423     12      1246    1 1 5 1 19 53 55 31 31 299 495 693 
424     12      1252    1 3 3 9 5 33 77 253 427 791 731 1019 
425     12      1255    1 3 7 11 1 9 119 203 53 877 1707 3499 
426     12      1267    1 1 3 7 13 39 55 159 423 113 1653 3455 
427     12      1293    1 1 3 5 21 47 51 59 55 411 931 251 
428     12      1301    1 3 7 3 31 25 81 115 405 239 741 455 
429     12      1305    1 1 5 1 31 3 101 83 479 491 1779 2225 
430     12      1332    1 3 3 3 9 37 107 161 203 503 767 3435 
431     12      1349    1 3 7 9 1 27 61 119 233 39 1375 4089 
432     12      1384    1 1 5 9 1 31 45 51 369 587 383 2813 
433     12      1392    1 3 7 5 31 7 49 119 487 591 1627 53 
434     12      1402    1 1 7 1 9 47 1 223 369 711 1603 1917 
435     12      1413    1 3 5 3 21 37 111 17 483 739 1193 2775 
436     12      1417    1 3 3 7 17 11 51 117 455 191 1493 3821 
437     12      1423    1 1 5 9 23 39 99 181 343 485 99 1931 
438     12      1451    1 3 1 7 29 49 31 71 489 527 1763 2909 
439     12      1480    1 1 5 11 5 5 73 189 321 57 1191 3685 
440     12      1491    1 1 5 15 13 45 125 207 371 415 315 983 
441     12      1503    1 3 3 5 25 59 33 31 239 919 1859 2709 
442     12      1504    1 3 5 13 27 61 23 115 61 413 1275 3559 
443     12      1513    1 3 7 15 5 59 101 81 47 967 809 3189 
444     12      1538    1 1 5 11 31 15 39 25 173 505 809 2677 
445     12      1544    1 1 5 9 19 13 95 89 511 127 1395 2935 
446     12      1547    1 1 5 5 31 45 9 57 91 303 1295 3215 
447     12      1555    1 3 3 3 19 15 113 187 217 489 1285 1803 
448     12      1574    1 1 3 1 13 29 57 139 255 197 537 2183 
449     12      1603    1 3 1 15 11 7 53 255 467 9 757 3167 
450     12      1615    1 3 3 15 21 13 9 189 359 323 49 333 
451     12      1618    1 3 7 11 7 37 21 119 401 157 1659 1069 
452     12      1629    1 1 5 7 17 33 115 229 149 151 2027 279 
453     12      1634    1 1 5 15 5 49 77 155 383 385 1985 945 
454     12      1636    1 3 7 3 7 55 85 41 357 527 1715 1619 
455     12      1639    1 1 3 1 21 45 115 21 199 967 1581 3807 
456     12      1657    1 1 3 7 21 39 117 191 169 73 413 3417 
457     12      1667    1 1 1 13 1 31 57 195 231 321 367 1027 
458     12      1681    1 3 7 3 11 29 47 161 71 419 1721 437 
459     12      1697    1 1 7 3 11 9 43 65 157 1 1851 823 
460     12      1704    1 1 1 5 21 15 31 101 293 299 127 1321 
461     12      1709    1 1 7 1 27 1 11 229 241 705 43 1475 
462     12      1722    1 3 7 1 5 15 73 183 193 55 1345 49 
463     12      1730    1 3 3 3 19 3 55 21 169 663 1675 137 
464     12      1732    1 1 1 13 7 21 69 67 373 965 1273 2279 
465     12      1802    1 1 7 7 21 23 17 43 341 845 465 3355 
466     12      1804    1 3 5 5 25 5 81 101 233 139 359 2057 
467     12      1815    1 1 3 11 15 39 55 3 471 765 1143 3941 
468     12      1826    1 1 7 15 9 57 81 79 215 433 333 3855 
469     12      1832    1 1 5 5 19 45 83 31 209 363 701 1303 
470     12      1843    1 3 7 5 1 13 55 163 435 807 287 2031 
471     12      1849    1 3 3 7 3 3 17 197 39 169 489 1769 
472     12      1863    1 1 3 5 29 43 87 161 289 339 1233 2353 
473     12      1905    1 3 3 9 21 9 77 1 453 167 1643 2227 
474     12      1928    1 1 7 1 15 7 67 33 193 241 1031 2339 
475     12      1933    1 3 1 11 1 63 45 65 265 661 849 1979 
476     12      1939    1 3 1 13 19 49 3 11 159 213 659 2839 
477     12      1976    1 3 5 11 9 29 27 227 253 449 1403 3427 
478     12      1996    1 1 3 1 7 3 77 143 277 779 1499 475 
479     12      2013    1 1 1 5 11 23 87 131 393 849 193 3189 
480     12      2014    1 3 5 11 3 3 89 9 449 243 1501 1739 
481     12      2020    1 3 1 9 29 29 113 15 65 611 135 3687 
482     13      13      1 1 1 9 21 19 39 151 395 501 1339 959 2725 
483     13      19      1 3 7 1 7 35 45 33 119 225 1631 1695 1459 
484     13      26      1 1 1 3 25 55 37 79 167 907 1075 271 4059 
485     13      41      1 3 5 13 5 13 53 165 437 67 1705 3177 8095 
486     13      50      1 3 3 13 27 57 95 55 443 245 1945 1725 1929 
487     13      55      1 3 1 9 5 33 109 35 99 827 341 2401 2411 
488     13      69      1 1 5 9 7 33 43 39 87 799 635 3481 7159 
489     13      70      1 3 1 1 31 15 45 27 337 113 987 2065 2529 
490     13      79      1 1 5 9 5 15 105 123 479 289 1609 2177 4629 
491     13      82      1 3 5 11 31 47 97 87 385 195 1041 651 3271 
492     13      87      1 1 3 7 17 3 101 55 87 629 1687 1387 2745 
493     13      93      1 3 5 5 7 21 9 237 313 549 1107 117 6183 
494     13      94      1 1 3 9 9 5 55 201 487 851 1103 2993 4055 
495     13      97      1 1 5 9 31 19 59 7 363 381 1167 2057 5715 
496     13      100     1 3 3 15 23 63 19 227 387 827 487 1049 7471 
497     13      112     1 3 1 5 23 25 61 245 363 863 963 3583 6475 
498     13      121     1 1 5 1 5 27 81 85 275 49 235 3291 1195 
499     13      134     1 1 5 7 23 53 85 107 511 779 1265 1093 7859 
500     13      138     1 3 3 1 9 21 75 219 59 485 1739 3845 1109 
501     13      148     1 3 5 1 13 41 19 143 293 391 2023 1791 4399 
502     13      151     1 3 7 15 21 13 21 195 215 413 523 2099 2341 
503     13      157     1 1 1 3 29 51 47 57 135 575 943 1673 541 
504     13      161     1 3 5 1 9 13 113 175 447 115 657 4077 5973 
505     13      179     1 1 1 11 17 41 37 95 297 579 911 2207 2387 
506     13      181     1 3 5 3 23 11 23 231 93 667 711 1563 7961 
507     13      188     1 1 7 3 17 59 13 181 141 991 1817 457 1711 
508     13      196     1 3 3 5 31 59 81 205 245 537 1049 997 1815 
509     13      203     1 3 7 5 17 13 9 79 17 185 5 2211 6263 
510     13      206     1 3 7 13 7 53 61 145 13 285 1203 947 2933 
511     13      223     1 1 7 3 31 19 69 217 47 441 1893 673 4451 
512     13      224     1 1 1 1 25 9 23 225 385 629 603 3747 4241 
513     13      227     1 3 1 9 5 37 31 237 431 79 1521 459 2523 
514     13      230     1 3 7 3 9 43 105 179 5 225 799 1777 4893 
515     13      239     1 1 3 1 29 45 29 159 267 247 455 847 3909 
516     13      241     1 1 3 7 25 21 121 57 467 275 719 1521 7319 
517     13      248     1 3 1 3 11 35 119 123 81 979 1187 3623 4293 
518     13      253     1 1 1 7 15 25 121 235 25 487 873 1787 1977 
519     13      268     1 1 1 11 3 7 17 135 345 353 383 4011 2573 
520     13      274     1 3 7 15 27 13 97 123 65 675 951 1285 6559 
521     13      283     1 3 7 3 7 1 71 19 325 765 337 1197 2697 
522     13      286     1 3 5 1 31 37 11 71 169 283 83 3801 7083 
523     13      289     1 1 3 15 17 29 83 65 275 679 1749 4007 7749 
524     13      301     1 1 3 1 21 11 41 95 237 361 1819 2783 2383 
525     13      302     1 3 7 11 29 57 111 187 465 145 605 1987 8109 
526     13      316     1 1 3 3 19 15 55 83 357 1001 643 1517 6529 
527     13      319     1 3 1 5 29 35 73 23 77 619 1523 1725 8145 
528     13      324     1 1 5 5 19 23 7 197 449 337 717 2921 315 
529     13      331     1 3 5 9 7 63 117 97 97 813 1925 2817 1579 
530     13      333     1 1 1 11 31 7 25 235 231 133 1007 1371 1553 
531     13      345     1 1 7 5 19 7 47 171 267 243 1331 567 6033 
532     13      351     1 1 5 1 7 49 55 89 109 735 1455 3193 6239 
533     13      358     1 1 1 7 1 61 9 103 3 929 1481 2927 2957 
534     13      375     1 1 5 13 17 21 75 49 255 1019 1161 2133 1177 
535     13      379     1 3 1 3 13 15 41 247 211 409 1163 523 2635 
536     13      381     1 3 7 7 21 59 91 149 479 391 681 2311 6249 
537     13      386     1 1 5 11 27 53 21 211 197 815 719 1605 255 
538     13      403     1 1 3 3 9 33 59 3 323 1 101 1135 8105 
539     13      405     1 3 3 1 29 5 17 141 51 991 841 327 3859 
540     13      419     1 3 1 5 11 19 23 89 175 173 165 2881 1881 
541     13      426     1 1 1 15 13 51 87 39 495 611 1341 1531 7029 
542     13      428     1 1 3 11 13 55 75 185 57 61 1917 2051 5965 
543     13      439     1 1 5 5 7 53 11 217 213 933 921 3607 5175 
544     13      440     1 3 3 5 17 53 103 251 369 781 1319 3717 4439 
545     13      446     1 3 5 13 1 39 25 235 321 773 251 3111 6397 
546     13      451     1 1 7 3 31 5 25 29 325 385 1313 127 4705 
547     13      454     1 1 5 15 15 27 15 85 239 243 1633 3473 2621 
548     13      458     1 3 3 3 9 19 113 13 137 165 25 2957 7549 
549     13      465     1 3 1 3 11 21 3 97 417 183 1205 1437 247 
550     13      468     1 1 7 3 17 21 125 55 67 387 385 2323 887 
551     13      472     1 3 5 5 29 11 103 223 233 641 133 415 1297 
552     13      475     1 3 3 11 1 9 5 189 235 1007 1363 3985 889 
553     13      477     1 3 7 9 23 19 19 183 269 403 1643 3559 5189 
554     13      496     1 3 7 3 29 45 17 69 475 149 1291 2689 7625 
555     13      502     1 3 7 3 27 37 41 73 253 1001 431 1111 7887 
556     13      508     1 1 7 5 3 7 87 143 289 495 631 3011 6151 
557     13      517     1 1 1 13 5 45 17 167 23 975 801 1975 6833 
558     13      521     1 3 1 11 7 21 39 23 213 429 1301 2059 197 
559     13      527     1 3 3 15 3 57 121 133 29 711 1961 2497 189 
560     13      530     1 1 3 5 11 55 115 137 233 673 985 2849 5911 
561     13      532     1 1 7 15 29 45 1 241 329 323 925 2821 3331 
562     13      542     1 1 5 7 13 31 81 105 199 145 195 1365 5119 
563     13      552     1 3 7 11 3 55 11 31 117 343 1265 1837 2451 
564     13      555     1 1 3 7 29 57 61 179 429 591 177 1945 2159 
565     13      560     1 3 5 11 23 49 101 137 339 323 1035 1749 7737 
566     13      566     1 3 1 13 21 35 55 79 19 269 1055 2651 7083 
567     13      575     1 3 3 11 9 9 95 167 437 361 1185 4083 603 
568     13      577     1 1 1 7 31 61 77 65 489 657 691 2423 4147 
569     13      589     1 3 5 7 21 37 87 191 311 453 2013 829 2619 
570     13      590     1 1 5 9 17 47 35 101 5 813 1157 1279 7365 
571     13      602     1 1 5 3 11 35 113 199 369 721 901 1471 7801 
572     13      607     1 3 1 5 9 61 83 157 391 739 1957 2123 4341 
573     13      608     1 3 5 11 19 19 111 225 383 219 997 717 7505 
574     13      611     1 3 1 11 13 63 35 127 209 831 501 3017 3507 
575     13      613     1 3 7 9 29 7 11 163 81 563 1445 3215 6377 
576     13      625     1 3 7 11 25 3 39 195 491 45 839 4021 4899 
577     13      644     1 3 7 15 13 5 67 143 117 505 1281 3679 5695 
578     13      651     1 3 7 9 9 19 21 221 147 763 683 2211 589 
579     13      654     1 1 3 5 21 47 53 109 299 807 1153 1209 7961 
580     13      656     1 3 7 11 9 31 45 43 505 647 1127 2681 4917 
581     13      662     1 1 5 15 31 41 63 113 399 727 673 2587 5259 
582     13      668     1 1 1 13 17 53 35 99 57 243 1447 1919 2831 
583     13      681     1 3 7 11 23 51 13 9 49 449 997 3073 4407 
584     13      682     1 3 5 7 23 33 89 41 415 53 697 1113 1489 
585     13      689     1 1 3 7 1 13 29 13 255 749 77 3463 1761 
586     13      696     1 3 3 7 13 15 93 191 309 869 739 1041 3053 
587     13      699     1 3 5 13 5 19 109 211 347 839 893 2947 7735 
588     13      707     1 3 1 13 27 3 119 157 485 99 1703 3895 573 
589     13      709     1 3 7 11 1 23 123 105 31 359 275 1775 3685 
590     13      714     1 3 3 5 27 11 125 3 413 199 2043 2895 2945 
591     13      716     1 3 3 3 15 49 121 159 233 543 193 4007 321 
592     13      719     1 1 3 5 9 47 87 1 51 1011 1595 2239 6467 
593     13      727     1 3 7 9 1 33 87 137 469 749 1413 805 6817 
594     13      734     1 3 1 13 19 45 95 227 29 677 1275 3395 4451 
595     13      738     1 1 7 5 7 63 33 71 443 561 1311 3069 6943 
596     13      743     1 1 1 13 9 37 23 69 13 415 1479 1197 861 
597     13      747     1 3 3 13 27 21 13 233 105 777 345 2443 1105 
598     13      757     1 1 7 11 23 13 21 147 221 549 73 2729 6279 
599     13      769     1 1 7 7 25 27 15 45 227 39 75 1191 3563 
600     13      770     1 1 5 7 13 49 99 167 227 13 353 1047 8075 
601     13      776     1 1 3 13 31 9 27 7 461 737 1559 3243 53 
602     13      790     1 3 1 1 21 41 97 165 171 821 587 2137 2293 
603     13      799     1 3 1 11 17 41 29 187 87 599 1467 1395 5931 
604     13      805     1 1 1 9 9 49 89 205 409 453 61 1923 1257 
605     13      809     1 3 7 3 9 43 89 143 431 83 1243 1795 3599 
606     13      812     1 3 5 13 3 25 59 219 43 223 797 2651 6015 
607     13      820     1 1 5 15 7 55 65 207 213 311 1287 1269 6467 
608     13      827     1 3 7 11 21 57 31 183 351 857 911 1683 7155 
609     13      829     1 3 5 11 27 1 21 47 387 383 1593 115 3805 
610     13      835     1 3 1 1 13 23 87 173 181 619 1653 3931 6073 
611     13      841     1 1 7 5 17 43 37 61 307 621 1785 55 115 
612     13      844     1 3 7 15 25 61 123 15 237 671 1473 467 1907 
613     13      856     1 1 7 5 29 57 75 237 85 699 159 3577 4771 
614     13      859     1 1 1 11 25 19 51 1 147 31 895 2617 625 
615     13      862     1 3 7 5 29 15 115 175 395 391 1141 1827 1181 
616     13      865     1 3 5 7 17 7 11 193 89 243 561 3787 4551 
617     13      885     1 3 1 11 7 57 7 125 403 947 1261 409 8083 
618     13      890     1 1 5 13 21 63 115 233 231 921 1747 3635 2519 
619     13      905     1 1 5 11 3 27 15 91 505 591 1451 3881 2997 
620     13      916     1 1 3 11 21 9 109 153 317 533 593 3967 2797 
621     13      925     1 3 3 13 9 57 121 245 219 867 967 791 7095 
622     13      935     1 1 1 9 29 21 99 35 375 959 329 4087 7171 
623     13      939     1 1 1 9 11 17 17 97 89 135 631 3809 3253 
624     13      942     1 1 1 15 21 51 91 249 459 801 757 2353 2033 
625     13      949     1 3 5 9 23 29 77 53 399 767 1817 2171 1629 
626     13      953     1 1 3 5 29 5 43 121 17 859 1479 3785 6641 
627     13      956     1 1 3 7 7 61 45 109 371 833 91 153 4553 
628     13      961     1 1 3 11 7 55 81 123 389 139 1933 891 1789 
629     13      968     1 3 7 15 25 17 93 165 503 717 1553 1475 1627 
630     13      976     1 1 1 13 13 63 13 225 357 571 33 4073 3795 
631     13      988     1 1 3 11 1 31 107 145 407 961 501 2987 103 
632     13      995     1 1 7 1 23 63 49 193 173 281 25 2465 5927 
633     13      997     1 1 7 1 1 1 85 77 273 693 349 1239 4503 
634     13      1007    1 1 5 11 7 61 9 121 25 357 1443 405 7827 
635     13      1015    1 1 7 13 11 53 11 207 145 211 1703 1081 2117 
636     13      1016    1 1 3 11 27 23 19 9 297 279 1481 2273 6387 
637     13      1027    1 3 3 5 15 45 3 41 305 87 1815 3461 5349 
638     13      1036    1 3 3 13 9 37 79 125 259 561 1087 4091 793 
639     13      1039    1 3 5 7 31 55 7 145 347 929 589 2783 5905 
640     13      1041    1 1 7 15 3 25 1 181 13 243 653 2235 7445 
641     13      1048    1 3 5 5 17 53 65 7 33 583 1363 1313 2319 
642     13      1053    1 3 3 7 27 47 97 201 187 321 63 1515 7917 
643     13      1054    1 1 3 5 23 9 3 165 61 19 1789 3783 3037 
644     13      1058    1 3 1 13 15 43 125 191 67 273 1551 2227 5253 
645     13      1075    1 1 1 13 25 53 107 33 299 249 1475 2233 907 
646     13      1082    1 3 5 1 23 37 85 17 207 643 665 2933 5199 
647     13      1090    1 1 7 7 25 57 59 41 15 751 751 1749 7053 
648     13      1109    1 3 3 1 13 25 127 93 281 613 875 2223 6345 
649     13      1110    1 1 5 3 29 55 79 249 43 317 533 995 1991 
650     13      1119    1 3 3 15 17 49 79 31 193 233 1437 2615 819 
651     13      1126    1 1 5 15 25 3 123 145 377 9 455 1191 3953 
652     13      1130    1 3 5 3 15 19 41 231 81 393 3 19 2409 
653     13      1135    1 1 3 1 27 43 113 179 7 853 947 2731 297 
654     13      1137    1 1 1 11 29 39 53 191 443 689 529 3329 7431 
655     13      1140    1 3 7 5 3 29 19 67 441 113 949 2769 4169 
656     13      1149    1 3 5 11 11 55 85 169 215 815 803 2345 3967 
657     13      1156    1 1 7 9 5 45 111 5 419 375 303 1725 4489 
658     13      1159    1 3 5 15 29 43 79 19 23 417 381 541 4923 
659     13      1160    1 1 3 15 3 31 117 39 117 305 1227 1223 143 
660     13      1165    1 1 5 9 5 47 87 239 181 353 1561 3313 1921 
661     13      1173    1 3 3 1 3 15 53 221 441 987 1997 2529 8059 
662     13      1178    1 1 7 11 15 57 111 139 137 883 1881 2823 5661 
663     13      1183    1 3 5 5 21 11 5 13 27 973 587 1331 1373 
664     13      1184    1 1 7 11 29 51 93 29 217 221 55 2477 1979 
665     13      1189    1 3 3 13 3 11 49 75 379 371 1441 793 7633 
666     13      1194    1 1 1 13 19 45 89 249 91 649 1695 915 5619 
667     13      1211    1 3 1 7 7 29 1 77 313 895 519 771 295 
668     13      1214    1 3 1 15 5 3 1 57 331 109 485 2853 6831 
669     13      1216    1 1 1 15 17 3 35 99 245 971 839 2509 2803 
670     13      1225    1 3 3 3 9 37 57 251 325 317 529 1313 6379 
671     13      1231    1 1 1 15 25 59 1 119 95 15 795 2375 6463 
672     13      1239    1 3 1 5 1 49 117 21 47 179 863 85 1669 
673     13      1243    1 3 7 3 9 37 19 221 455 973 571 1427 817 
674     13      1246    1 1 1 15 17 9 67 213 127 887 1299 2913 7451 
675     13      1249    1 3 1 13 27 27 41 43 171 623 691 391 4885 
676     13      1259    1 3 1 13 17 17 123 239 143 227 1151 519 6543 
677     13      1273    1 3 7 5 7 63 97 39 101 555 1057 381 7891 
678     13      1274    1 3 5 1 3 27 85 129 161 875 1945 3541 695 
679     13      1281    1 3 3 5 21 59 25 183 35 25 987 1459 181 
680     13      1287    1 3 5 13 1 15 127 237 349 337 1491 2383 7811 
681     13      1294    1 3 5 5 31 5 109 51 409 733 1395 3207 6049 
682     13      1296    1 1 5 7 13 35 113 25 263 389 299 2521 1783 
683     13      1305    1 3 7 11 15 47 97 73 55 75 113 2695 1023 
684     13      1306    1 3 1 1 3 13 69 211 289 483 1335 787 677 
685     13      1318    1 1 3 3 17 7 37 77 505 137 1113 345 2975 
686     13      1332    1 1 1 13 3 11 95 199 453 109 479 3725 239 
687     13      1335    1 1 7 15 19 53 3 145 359 863 347 3833 3043 
688     13      1336    1 1 7 15 25 63 127 129 125 195 155 2211 8153 
689     13      1341    1 1 7 13 9 49 121 115 73 119 1851 727 47 
690     13      1342    1 3 3 13 13 11 71 7 45 591 133 2407 5563 
691     13      1362    1 1 1 13 23 29 87 89 501 71 1759 1119 687 
692     13      1364    1 1 7 7 13 7 13 183 53 951 1877 3991 6771 
693     13      1368    1 3 7 11 7 1 27 47 61 21 919 961 1091 
694     13      1378    1 3 5 5 1 27 1 5 63 157 1297 1049 5893 
695     13      1387    1 3 7 9 19 33 17 133 425 797 1721 153 119 
696     13      1389    1 3 3 7 13 37 1 215 509 1003 61 2353 7511 
697     13      1397    1 1 7 1 29 19 31 79 199 555 1209 1603 6089 
698     13      1401    1 3 1 1 5 31 111 127 333 429 1863 3925 5411 
699     13      1408    1 1 7 5 5 5 123 191 47 993 269 4051 2111 
700     13      1418    1 1 5 15 1 9 87 5 47 463 865 1813 7357 
701     13      1425    1 3 1 3 23 63 123 83 511 777 63 1285 4537 
702     13      1426    1 3 3 7 27 25 31 65 441 529 1815 1893 323 
703     13      1431    1 3 7 5 11 19 7 5 397 811 755 2883 4217 
704     13      1435    1 3 1 13 9 21 13 7 271 539 1769 3243 5325 
705     13      1441    1 1 7 1 31 13 47 131 181 457 1559 2663 6653 
706     13      1444    1 3 3 7 29 55 25 203 419 91 437 1159 5691 
707     13      1462    1 1 3 13 29 19 71 217 337 329 501 939 2205 
708     13      1471    1 1 3 1 1 27 17 201 97 285 1269 4043 2207 
709     13      1474    1 1 1 1 3 41 13 199 141 129 1515 3129 5969 
710     13      1483    1 3 3 9 3 17 119 41 271 933 877 701 2197 
711     13      1485    1 1 1 7 15 47 3 195 115 821 725 843 6071 
712     13      1494    1 3 5 15 17 33 85 65 297 571 1123 2743 5727 
713     13      1497    1 1 5 11 27 15 37 235 415 293 1439 2739 4171 
714     13      1516    1 3 7 7 1 55 71 35 307 11 401 1881 933 
715     13      1522    1 3 1 11 21 37 3 177 119 339 559 3991 3437 
716     13      1534    1 3 3 9 17 17 97 119 301 169 157 3267 2261 
717     13      1543    1 3 3 9 29 3 111 101 355 869 375 2609 7377 
718     13      1552    1 3 5 9 7 21 123 99 343 693 1927 1605 4923 
719     13      1557    1 1 3 5 13 31 99 17 75 385 1539 1553 7077 
720     13      1558    1 3 3 5 31 35 107 11 407 1019 1317 3593 7203 
721     13      1567    1 3 3 13 17 33 99 245 401 957 157 1949 1571 
722     13      1568    1 3 1 11 27 15 11 109 429 307 1911 2701 861 
723     13      1574    1 1 5 13 13 35 55 255 311 957 1803 2673 5195 
724     13      1592    1 1 1 11 19 3 89 37 211 783 1355 3567 7135 
725     13      1605    1 1 5 5 21 49 79 17 509 331 183 3831 855 
726     13      1606    1 3 7 5 29 19 85 109 105 523 845 3385 7477 
727     13      1610    1 1 1 7 25 17 125 131 53 757 253 2989 2939 
728     13      1617    1 3 3 9 19 23 105 39 351 677 211 401 8103 
729     13      1623    1 3 5 1 5 11 17 3 405 469 1569 2865 3133 
730     13      1630    1 1 3 13 15 5 117 179 139 145 477 1137 2537 
731     13      1634    1 1 7 9 5 21 9 93 211 963 1207 3343 4911 
732     13      1640    1 1 1 9 13 43 17 53 81 793 1571 2523 3683 
733     13      1643    1 3 3 13 25 21 5 59 489 987 1941 171 6009 
734     13      1648    1 3 3 7 1 39 89 171 403 467 1767 3423 2791 
735     13      1651    1 1 3 9 19 49 91 125 163 1013 89 2849 6785 
736     13      1653    1 1 5 9 9 11 15 241 43 297 1719 1541 1821 
737     13      1670    1 3 7 15 29 23 103 239 191 33 1043 3649 6579 
738     13      1676    1 3 3 9 21 51 123 55 223 645 1463 4021 5891 
739     13      1684    1 1 5 7 3 41 27 235 391 303 2021 3187 7607 
740     13      1687    1 1 1 9 5 49 49 29 377 251 1887 1017 1301 
741     13      1691    1 1 3 3 13 41 27 47 223 23 517 3227 6731 
742     13      1693    1 1 7 1 31 25 47 9 511 623 2047 1263 1511 
743     13      1698    1 1 3 15 15 23 53 1 261 595 85 241 7047 
744     13      1709    1 3 3 11 17 5 81 73 149 781 2035 3163 4247 
745     13      1715    1 3 7 7 29 59 49 79 397 901 1105 2191 6277 
746     13      1722    1 3 3 11 13 27 25 173 107 73 1265 585 5251 
747     13      1732    1 1 7 15 29 23 73 229 235 887 1469 4073 2591 
748     13      1735    1 1 3 9 17 15 83 173 207 879 1701 1509 11 
749     13      1747    1 1 3 5 5 37 65 161 39 421 1153 2007 5355 
750     13      1749    1 1 7 11 23 37 5 11 9 499 17 157 5747 
751     13      1754    1 3 7 13 25 9 49 7 39 945 1349 1759 1441 
752     13      1777    1 1 5 3 21 15 113 81 265 837 333 3625 6133 
753     13      1784    1 3 1 11 13 27 73 109 297 327 299 3253 6957 
754     13      1790    1 1 3 13 19 39 123 73 65 5 1061 2187 5055 
755     13      1795    1 1 3 1 11 31 21 115 453 857 711 495 549 
756     13      1801    1 3 7 7 15 29 79 103 47 713 1735 3121 6321 
757     13      1802    1 1 5 5 29 9 97 33 471 705 329 1501 1349 
758     13      1812    1 3 3 1 21 9 111 209 71 47 491 2143 1797 
759     13      1828    1 3 3 3 11 39 21 135 445 259 607 3811 5449 
760     13      1831    1 1 7 9 11 25 113 251 395 317 317 91 1979 
761     13      1837    1 3 1 9 3 21 103 133 389 943 1235 1749 7063 
762     13      1838    1 1 3 7 1 11 5 15 497 477 479 3079 6969 
763     13      1840    1 1 3 3 15 39 105 131 475 465 181 865 3813 
764     13      1845    1 1 7 9 19 63 123 131 415 525 457 2471 3135 
765     13      1863    1 3 7 15 25 35 123 45 341 805 485 4049 7065 
766     13      1864    1 1 1 5 29 9 47 227 51 867 1873 1593 2271 
767     13      1867    1 1 7 15 31 9 71 117 285 711 837 1435 6275 
768     13      1870    1 3 1 1 5 19 79 25 301 415 1871 645 3251 
769     13      1877    1 3 1 3 17 51 99 185 447 43 523 219 429 
770     13      1881    1 3 1 13 29 13 51 93 7 995 757 3017 6865 
771     13      1884    1 1 3 15 7 25 75 17 155 981 1231 1229 1995 
772     13      1903    1 3 5 3 27 45 71 73 225 763 377 1139 2863 
773     13      1917    1 1 3 1 1 39 69 113 29 371 1051 793 3749 
774     13      1918    1 1 3 13 23 61 27 183 307 431 1345 2757 4031 
775     13      1922    1 3 7 5 5 59 117 197 303 721 877 723 1601 
776     13      1924    1 3 5 1 27 33 99 237 485 711 665 3077 5105 
777     13      1928    1 1 3 1 13 9 103 201 23 951 2029 165 2093 
778     13      1931    1 3 5 13 5 29 55 85 221 677 611 3613 4567 
779     13      1951    1 1 1 1 7 61 9 233 261 561 953 4023 2443 
780     13      1952    1 3 3 13 1 17 103 71 223 213 833 1747 6999 
781     13      1957    1 3 5 15 25 53 57 187 25 695 1207 4089 2877 
782     13      1958    1 1 7 1 7 31 87 129 493 519 1555 1155 4637 
783     13      1964    1 1 1 15 21 17 23 29 19 255 927 1791 3093 
784     13      1967    1 1 3 9 17 33 95 129 175 461 287 2633 2325 
785     13      1970    1 3 5 7 23 19 63 209 249 583 1373 2039 2225 
786     13      1972    1 3 3 5 5 19 79 241 459 355 1455 3313 3639 
787     13      1994    1 1 7 9 21 41 97 119 129 769 1541 3495 7741 
788     13      2002    1 1 7 11 9 29 35 255 141 937 1763 41 1393 
789     13      2007    1 3 7 1 13 51 61 157 177 847 1829 3539 285 
790     13      2008    1 1 1 15 21 13 9 55 397 19 1495 1255 7235 
791     13      2023    1 1 7 7 25 37 53 237 319 197 269 1205 1485 
792     13      2030    1 1 5 15 23 17 35 247 323 807 233 3681 4407 
793     13      2035    1 1 3 7 9 59 85 105 493 763 1639 391 1451 
794     13      2038    1 3 3 9 15 33 5 253 129 625 1527 2793 6057 
795     13      2042    1 3 1 1 7 47 21 161 235 83 397 3563 5953 
796     13      2047    1 3 7 11 3 41 25 117 375 779 1297 3715 8117 
797     13      2051    1 1 3 7 31 19 103 173 475 189 2035 2921 1107 
798     13      2058    1 1 7 3 25 7 93 255 307 113 1893 2233 6919 
799     13      2060    1 3 5 15 9 57 79 143 165 5 1389 193 693 
800     13      2071    1 3 5 1 29 45 91 49 189 461 439 1283 7835 
801     13      2084    1 1 3 13 11 61 41 231 373 695 395 915 5393 
802     13      2087    1 3 7 11 5 51 67 53 483 95 1943 247 5653 
803     13      2099    1 3 7 5 5 57 45 235 137 793 1069 1661 1557 
804     13      2108    1 3 5 3 25 55 103 177 81 861 1151 143 7655 
805     13      2111    1 1 3 1 21 41 67 131 253 431 1269 3181 3429 
806     13      2120    1 3 1 1 21 7 77 221 257 663 71 2949 2481 
807     13      2128    1 3 5 3 3 23 45 107 299 739 1013 3 3165 
808     13      2138    1 1 5 1 3 37 109 37 243 983 1221 1691 3869 
809     13      2143    1 1 5 5 31 7 5 193 397 867 1495 3435 7441 
810     13      2144    1 1 1 1 17 59 97 233 389 597 1013 1631 483 
811     13      2153    1 1 1 11 7 41 107 53 111 125 1513 1921 7647 
812     13      2156    1 3 3 3 31 29 117 3 365 971 1139 2123 5913 
813     13      2162    1 1 1 13 23 3 1 167 475 639 1811 3841 3081 
814     13      2167    1 1 5 3 5 47 65 123 275 783 95 119 7591 
815     13      2178    1 3 1 15 13 33 93 237 467 431 705 4013 4035 
816     13      2183    1 3 5 1 19 7 101 231 155 737 1381 3343 2051 
817     13      2202    1 1 5 9 15 49 45 163 433 765 2031 201 2589 
818     13      2211    1 3 7 9 19 41 31 89 93 623 105 745 4409 
819     13      2214    1 1 5 1 11 45 127 85 389 439 829 477 7965 
820     13      2223    1 3 3 15 13 41 1 207 435 585 311 1725 2737 
821     13      2225    1 3 3 3 13 49 21 31 197 799 1411 2959 7133 
822     13      2232    1 3 1 3 7 43 9 141 133 579 1059 93 957 
823     13      2237    1 3 7 1 15 51 23 213 381 851 699 2261 3419 
824     13      2257    1 3 5 9 25 35 67 141 35 409 1423 365 1645 
825     13      2260    1 3 3 11 15 33 27 181 93 87 1761 3511 1353 
826     13      2267    1 3 5 3 25 63 111 137 321 819 705 1547 7271 
827     13      2274    1 3 1 1 5 57 99 59 411 757 1371 3953 3695 
828     13      2276    1 3 5 11 11 21 25 147 239 455 709 953 7175 
829     13      2285    1 3 3 15 5 53 91 205 341 63 723 1565 7135 
830     13      2288    1 1 7 15 11 21 99 79 63 593 2007 3629 5271 
831     13      2293    1 3 3 1 9 21 45 175 453 435 1855 2649 6959 
832     13      2294    1 1 3 15 15 33 121 121 251 431 1127 3305 4199 
833     13      2297    1 1 1 9 31 15 71 29 345 391 1159 2809 345 
834     13      2303    1 3 7 1 23 29 95 151 327 727 647 1623 2971 
835     13      2308    1 1 7 7 9 29 79 91 127 909 1293 1315 5315 
836     13      2311    1 1 5 11 13 37 89 73 149 477 1909 3343 525 
837     13      2318    1 3 5 7 5 59 55 255 223 459 2027 237 4205 
838     13      2323    1 1 1 7 27 11 95 65 325 835 907 3801 3787 
839     13      2332    1 1 1 11 27 33 99 175 51 913 331 1851 4133 
840     13      2341    1 3 5 5 13 37 31 99 273 409 1827 3845 5491 
841     13      2345    1 1 3 7 23 19 107 85 283 523 509 451 421 
842     13      2348    1 3 5 7 13 9 51 81 87 619 61 2803 5271 
843     13      2354    1 1 1 15 9 45 35 219 401 271 953 649 6847 
844     13      2368    1 1 7 11 9 45 17 219 169 837 1483 1605 2901 
845     13      2377    1 1 7 7 21 43 37 33 291 359 71 2899 7037 
846     13      2380    1 3 3 13 31 53 37 15 149 949 551 3445 5455 
847     13      2383    1 3 1 5 19 45 81 223 193 439 2047 3879 789 
848     13      2388    1 1 7 3 11 63 35 61 255 563 459 2991 3359 
849     13      2395    1 1 5 9 13 49 47 185 239 221 1533 3635 2045 
850     13      2397    1 3 7 3 25 37 127 223 51 357 483 3837 6873 
851     13      2401    1 1 7 9 31 37 113 31 387 833 1243 1543 5535 
852     13      2411    1 3 1 9 23 59 119 221 73 185 2007 2885 2563 
853     13      2413    1 1 1 13 7 33 53 179 67 185 1541 1807 4659 
854     13      2419    1 3 1 11 31 37 23 215 269 357 207 645 4219 
855     13      2435    1 3 3 13 19 27 107 55 91 71 1695 1815 89 
856     13      2442    1 1 3 15 3 19 35 247 49 529 1523 3317 6151 
857     13      2455    1 1 7 7 23 25 107 139 483 503 1277 243 7879 
858     13      2472    1 3 3 13 3 15 11 197 135 839 985 275 5527 
859     13      2478    1 3 5 3 25 47 95 21 113 307 1001 3065 295 
860     13      2490    1 1 3 9 19 19 99 213 363 449 735 2851 2521 
861     13      2507    1 1 3 9 5 49 63 61 157 857 497 2801 6987 
862     13      2509    1 1 1 9 1 41 109 119 499 939 867 3675 8023 
863     13      2517    1 3 1 1 13 33 109 123 289 3 1271 2773 4265 
864     13      2524    1 3 1 11 9 57 83 221 95 43 1189 457 7133 
865     13      2528    1 1 7 3 11 49 33 219 229 289 685 3359 4495 
866     13      2531    1 3 1 3 19 43 67 193 41 771 407 81 3891 
867     13      2538    1 1 7 11 5 29 51 175 297 539 1 2245 6439 
868     13      2545    1 3 7 15 21 33 117 183 511 489 1283 3281 5979 
869     13      2546    1 3 7 5 9 3 125 147 359 549 369 3049 2405 
870     13      2555    1 3 5 7 19 5 65 97 483 377 1523 1457 2995 
871     13      2557    1 1 5 1 11 21 41 113 277 131 1475 1043 2367 
872     13      2564    1 3 3 1 15 17 101 69 443 865 817 1421 5231 
873     13      2573    1 1 3 3 3 55 95 99 75 195 1929 3931 5855 
874     13      2579    1 3 1 3 19 23 93 213 241 551 1307 585 7729 
875     13      2592    1 3 1 11 23 15 53 249 467 519 95 741 409 
876     13      2598    1 1 1 15 29 37 43 203 233 877 77 1933 2729 
877     13      2607    1 3 7 11 27 39 43 161 255 15 1463 833 495 
878     13      2612    1 1 7 11 3 53 81 67 375 823 1903 3061 395 
879     13      2619    1 1 1 1 15 37 93 233 247 501 1321 3275 5409 
880     13      2621    1 3 3 7 7 11 5 105 139 983 1239 531 3881 
881     13      2627    1 1 5 3 19 49 107 227 361 101 355 2649 7383 
882     13      2633    1 1 7 5 25 41 101 121 209 293 1937 2259 5557 
883     13      2636    1 1 3 7 7 1 9 13 463 1019 995 3159 107 
884     13      2642    1 3 5 11 5 35 127 97 261 789 807 807 6257 
885     13      2654    1 1 7 5 11 13 45 91 417 101 1973 3645 2107 
886     13      2660    1 1 3 7 5 63 57 49 203 157 115 1393 8117 
887     13      2669    1 3 5 5 3 43 15 155 127 489 1165 3701 4867 
888     13      2675    1 1 7 7 29 29 69 215 415 367 371 1901 6075 
889     13      2684    1 1 1 3 11 33 89 149 433 705 1437 1597 505 
890     13      2694    1 3 5 1 13 37 19 119 5 581 2037 1633 2099 
891     13      2703    1 3 7 13 5 49 103 245 215 515 133 2007 1933 
892     13      2706    1 3 1 9 1 3 25 197 253 387 1683 2267 221 
893     13      2712    1 3 5 15 21 9 73 201 405 999 437 3877 6045 
894     13      2715    1 1 3 1 31 55 25 83 421 395 1807 2129 7797 
895     13      2722    1 1 3 1 23 21 121 183 125 347 143 3685 4317 
896     13      2727    1 3 3 3 17 45 17 223 267 795 1815 1309 155 
897     13      2734    1 1 1 15 17 59 5 133 15 715 1503 153 2887 
898     13      2742    1 1 1 1 27 13 119 77 243 995 1851 3719 4695 
899     13      2745    1 3 1 5 31 49 43 165 49 609 1265 1141 505 
900     13      2751    1 1 7 13 11 63 21 253 229 585 1543 3719 4141 
901     13      2766    1 3 7 11 23 27 17 131 295 895 1493 1411 3247 
902     13      2768    1 1 5 9 29 7 97 15 113 445 859 1483 1121 
903     13      2780    1 3 1 9 13 49 99 107 323 201 681 3071 5281 
904     13      2790    1 1 1 15 9 19 61 161 7 87 587 2199 2811 
905     13      2794    1 3 3 15 15 19 95 45 299 829 981 3479 487 
906     13      2796    1 1 1 9 3 37 7 19 227 13 397 513 1257 
907     13      2801    1 1 5 15 15 13 17 111 135 929 1145 811 1801 
908     13      2804    1 3 1 3 27 57 31 19 279 103 693 631 3409 
909     13      2807    1 1 1 1 15 13 67 83 23 799 1735 2063 3363 
910     13      2816    1 3 3 7 3 1 61 31 41 533 2025 4067 6963 
911     13      2821    1 1 5 7 17 27 81 79 107 205 29 97 4883 
912     13      2831    1 1 1 5 19 49 91 201 283 949 651 3819 5073 
913     13      2834    1 1 7 9 11 13 73 197 37 219 1931 3369 6017 
914     13      2839    1 1 7 15 11 7 75 205 7 819 399 661 6487 
915     13      2845    1 3 3 3 27 37 95 41 307 165 1077 3485 563 
916     13      2852    1 3 5 3 21 49 57 179 109 627 1789 431 2941 
917     13      2856    1 1 7 5 11 19 43 137 149 679 1543 245 1381 
918     13      2861    1 3 5 5 15 3 69 81 135 159 1363 3401 6355 
919     13      2873    1 3 5 1 9 61 49 53 319 25 1647 1297 615 
920     13      2874    1 3 5 11 31 43 9 101 71 919 335 3147 5823 
921     13      2888    1 3 1 1 15 5 29 109 511 945 867 3677 6915 
922     13      2893    1 3 3 15 17 49 91 111 215 29 1879 97 2505 
923     13      2894    1 3 1 13 19 61 11 111 163 777 533 1113 5339 
924     13      2902    1 1 7 9 17 55 117 91 455 289 557 913 4455 
925     13      2917    1 3 1 7 25 19 123 37 1 277 717 2965 4469 
926     13      2921    1 3 7 3 19 23 87 235 209 457 2041 2893 1805 
927     13      2922    1 3 3 5 5 43 23 61 351 791 59 2009 2909 
928     13      2929    1 1 3 7 5 1 27 231 385 257 1261 2701 1807 
929     13      2935    1 3 1 1 27 19 87 253 131 685 1743 3983 2651 
930     13      2946    1 3 7 11 21 17 11 81 191 641 1821 3005 7251 
931     13      2951    1 3 3 5 15 31 41 213 55 931 1953 49 6037 
932     13      2957    1 1 7 15 7 27 65 223 113 79 1875 911 5445 
933     13      2960    1 3 7 7 23 55 51 167 495 25 1585 3447 799 
934     13      2966    1 1 3 7 27 15 95 193 337 415 975 3085 967 
935     13      2972    1 1 7 15 19 7 93 41 433 551 401 3169 3971 
936     13      2976    1 1 7 11 13 15 53 69 433 59 1117 3359 6231 
937     13      2979    1 1 7 3 23 5 115 201 225 109 1903 3897 6265 
938     13      2985    1 1 1 11 17 1 39 143 361 659 1105 23 4923 
939     13      3000    1 1 1 9 27 57 85 227 261 119 1881 3965 6999 
940     13      3003    1 3 7 7 15 7 107 17 315 49 1591 905 7789 
941     13      3013    1 3 1 7 29 3 47 237 157 769 839 3199 3195 
942     13      3018    1 1 3 15 25 39 63 15 111 857 881 1505 7671 
943     13      3020    1 1 7 1 3 35 41 215 99 895 1025 1483 4707 
944     13      3025    1 3 5 1 1 31 25 247 113 841 397 1825 6969 
945     13      3042    1 1 3 5 19 41 49 243 225 973 241 175 1041 
946     13      3047    1 1 1 7 15 15 105 141 83 75 1675 3523 5219 
947     13      3048    1 1 7 5 13 27 47 199 445 841 959 1157 2209 
948     13      3051    1 3 5 15 23 31 31 81 85 33 785 2639 7799 
949     13      3054    1 1 5 13 21 3 47 99 235 943 1731 2467 7891 
950     13      3056    1 1 1 3 17 53 85 219 73 131 1339 875 1191 
951     13      3065    1 1 5 7 17 63 113 7 185 557 749 3563 4973 
952     13      3073    1 3 3 15 15 21 43 111 155 689 345 423 3597 
953     13      3074    1 1 5 1 15 29 93 5 361 713 695 3937 425 
954     13      3083    1 3 7 7 13 41 115 175 315 937 123 2841 4457 
955     13      3086    1 1 3 11 25 5 103 53 423 811 657 399 7257 
956     13      3091    1 1 1 1 1 13 101 211 383 325 97 1703 4429 
957     13      3097    1 3 7 9 31 45 83 157 509 701 841 1105 3643 
958     13      3109    1 1 1 7 1 9 69 17 129 281 1161 2945 7693 
959     13      3116    1 3 7 1 11 29 51 143 77 433 1723 2317 5641 
960     13      3124    1 1 1 1 21 43 13 67 177 505 1629 1267 4885 
961     13      3128    1 1 3 11 27 63 111 47 233 781 453 1679 3209 
962     13      3153    1 1 3 13 29 27 119 141 493 971 461 1159 633 
963     13      3160    1 1 3 15 23 5 79 215 163 149 1805 2399 61 
964     13      3165    1 3 5 13 19 5 1 39 409 561 709 829 1357 
965     13      3172    1 3 3 13 19 43 9 177 449 447 73 2107 5669 
966     13      3175    1 3 5 1 23 13 63 109 203 593 829 4017 6881 
967     13      3184    1 1 5 7 3 9 53 175 391 169 1283 3793 4451 
968     13      3193    1 1 5 7 29 43 9 5 209 77 927 2941 8145 
969     13      3196    1 3 5 15 17 49 5 143 131 771 1685 925 2175 
970     13      3200    1 1 3 11 27 27 27 159 161 1015 1587 4049 1983 
971     13      3203    1 3 1 3 23 57 119 67 481 577 389 3319 5325 
972     13      3205    1 3 5 1 19 39 87 61 329 657 1773 31 1707 
973     13      3209    1 1 3 1 5 25 15 241 131 815 1751 3029 8039 
974     13      3224    1 3 3 13 27 13 77 87 437 57 621 1031 7891 
975     13      3239    1 3 1 13 23 51 117 37 331 745 605 3179 4713 
976     13      3251    1 1 5 5 19 17 99 167 87 721 737 789 2165 
977     13      3254    1 3 5 13 1 51 119 211 165 299 1327 3053 3343 
978     13      3265    1 1 5 15 29 45 17 129 67 345 1553 2705 7369 
979     13      3266    1 1 1 9 23 7 13 209 7 407 317 3077 7287 
980     13      3275    1 1 1 5 9 59 89 3 487 451 505 2499 7563 
981     13      3280    1 3 1 7 21 1 21 203 101 417 1389 2751 1397 
982     13      3283    1 3 7 13 7 31 3 247 349 485 1259 549 6321 
983     13      3286    1 1 7 7 27 33 107 197 293 729 1753 2571 103 
984     13      3301    1 3 5 9 25 35 5 253 137 213 2041 3387 1809 
985     13      3302    1 1 7 13 15 35 67 83 295 175 839 2831 839 
986     13      3305    1 3 3 11 3 17 55 141 247 991 117 3799 1221 
987     13      3319    1 1 5 1 11 37 87 233 457 653 899 2933 3105 
988     13      3323    1 1 3 15 3 31 67 167 437 9 651 1109 1139 
989     13      3326    1 1 3 1 7 63 67 17 11 883 1855 1941 4751 
990     13      3331    1 3 7 9 19 33 113 117 495 39 1795 2561 5519 
991     13      3348    1 1 7 5 1 3 103 37 201 223 1101 877 6483 
992     13      3351    1 1 5 9 29 49 51 33 439 917 861 1321 2135 
993     13      3358    1 1 3 3 1 5 17 93 217 619 613 1357 6095 
994     13      3368    1 3 1 11 3 21 5 41 15 175 843 2937 6849 
995     13      3374    1 3 3 7 9 57 55 127 79 287 445 2205 7989 
996     13      3376    1 1 7 13 23 17 93 129 157 135 1747 1813 4183 
997     13      3379    1 1 1 5 31 59 99 33 425 329 887 367 1761 
998     13      3385    1 1 7 9 17 53 77 139 435 387 49 3649 1773 
999     13      3386    1 3 3 15 21 57 45 161 331 719 273 3479 4173 
1000    13      3396    1 1 3 9 3 3 105 201 373 877 919 1263 6649 







org/apache/commons/c/a.class

package org.apache.commons.c;
public abstract interface a {
}







org/apache/commons/c/e/d.class

package org.apache.commons.c.e;
public abstract synchronized class d extends a {
    private final java.util.List a;
    public String toString();
}







org/apache/commons/c/e/a.class

package org.apache.commons.c.e;
public abstract synchronized class a extends b {
    private final java.util.List a;
    public String toString();
}







org/apache/commons/c/e/b.class

package org.apache.commons.c.e;
public abstract synchronized class b implements Comparable, c {
    private double a;
    public void b();
    public final double a();
}







org/apache/commons/c/e/c.class

package org.apache.commons.c.e;
public abstract interface c {
    public abstract double b();
}







org/apache/commons/c/a/a.class

package org.apache.commons.c.a;
public abstract interface a {
    public abstract double a(double, double);
}







org/apache/commons/c/a/d.class

package org.apache.commons.c.a;
public abstract interface d {
    public abstract double a(double);
}







org/apache/commons/c/a/c.class

package org.apache.commons.c.a;
public abstract interface c {
    public abstract double value(double[]);
}







org/apache/commons/c/a/b.class

package org.apache.commons.c.a;
public final synchronized class b implements d {
    public void b(a, double);
    public final double a(double);
}







org/apache/commons/c/a/a/b.class

package org.apache.commons.c.a.a;
public final synchronized class b implements org.apache.commons.c.a.a {
    public void b();
    public final double a(double, double);
}







org/apache/commons/c/a/a/a.class

package org.apache.commons.c.a.a;
public final synchronized class a implements org.apache.commons.c.a.a {
    public void a();
    public final double a(double, double);
}







org/apache/commons/c/h/b/a.class

package org.apache.commons.c.h.b;
public abstract synchronized class a implements b {
    private double c;
    public double[] a;
    public double b;
    private double[][] d;
    private double[][] e;
    private double f;
    private double g;
    private double h;
    private double i;
    private boolean j;
    private boolean k;
    private org.apache.commons.c.h.a l;
    private org.apache.commons.c.h.a[] m;
    public final void a(double);
    public final void a(java.io.ObjectOutput);
    public final double a(java.io.ObjectInput);
}







org/apache/commons/c/h/b/b.class

package org.apache.commons.c.h.b;
public abstract interface b extends java.io.Externalizable {
}







org/apache/commons/c/h/a/a.class

package org.apache.commons.c.h.a;
abstract synchronized class a extends org.apache.commons.c.h.b.a {
    private double[] c;
    private double[][] d;
    public void writeExternal(java.io.ObjectOutput);
    public void readExternal(java.io.ObjectInput);
}







org/apache/commons/c/h/a.class

package org.apache.commons.c.h;
public final synchronized class a implements java.io.Serializable {
    public final int a;
}







org/apache/commons/c/f/a.class

package org.apache.commons.c.f;
public abstract interface a extends java.io.Serializable {
}







org/apache/commons/c/f/b.class

package org.apache.commons.c.f;
public abstract synchronized class b {
    public final String a;
    public final String b;
    public final String c;
    public final java.text.NumberFormat d;
    public void b(String, String, String, java.text.NumberFormat);
    public abstract StringBuffer a(a, StringBuffer, java.text.FieldPosition);
}







org/apache/commons/c/f/a/a/b.class

package org.apache.commons.c.f.a.a;
public final synchronized class b extends org.apache.commons.c.f.b {
    public void b();
    public void b(java.text.NumberFormat);
    public final StringBuffer a(org.apache.commons.c.f.a, StringBuffer, java.text.FieldPosition);
}







org/apache/commons/c/f/a/a/a.class

package org.apache.commons.c.f.a.a;
public final synchronized class a implements org.apache.commons.c.f.a {
    public final double a;
    public final double b;
    public void a(double, double);
    private boolean a();
    public final boolean equals(Object);
    public final int hashCode();
    public final String toString();
    static void <clinit>();
}







org/apache/commons/c/c/n.class

package org.apache.commons.c.c;
public synchronized class n extends d {
    public void n(Number, Number, boolean);
    public void n(a.b, Number, Number, boolean);
}







org/apache/commons/c/c/o.class

package org.apache.commons.c.c;
public final synchronized class o extends d {
    public void o(Number, Number, Number);
    public void o(a.b, Number, Number, Number);
}







org/apache/commons/c/c/g.class

package org.apache.commons.c.c;
public synchronized class g extends e {
    public void g(Number);
    public transient void g(a.b, Number, Object[]);
}







org/apache/commons/c/c/a.class

package org.apache.commons.c.c;
public synchronized class a extends d {
    public void a(a.b, int, int);
    public void a(int, int);
}







org/apache/commons/c/c/p.class

package org.apache.commons.c.c;
public final synchronized class p extends g {
    public void p(Number);
}







org/apache/commons/c/c/i.class

package org.apache.commons.c.c;
public final synchronized class i extends c {
    public void i();
    public void i(a.b);
}







org/apache/commons/c/c/l.class

package org.apache.commons.c.c;
public final synchronized class l extends c {
    public void l();
    private transient void l(a.b, Object[]);
}







org/apache/commons/c/c/f.class

package org.apache.commons.c.c;
public final synchronized class f extends UnsupportedOperationException {
    private final a.a a;
    public void f();
    private transient void f(a.b, Object[]);
    public final String getMessage();
    public final String getLocalizedMessage();
}







org/apache/commons/c/c/m.class

package org.apache.commons.c.c;
public final synchronized class m extends d {
    public void m(Number, Number, boolean);
    private void m(a.b, Number, Number, boolean);
}







org/apache/commons/c/c/d.class

package org.apache.commons.c.c;
public synchronized class d extends c {
    protected static final Integer a;
    protected transient void d(a.b, Number, Object[]);
    static void <clinit>();
}







org/apache/commons/c/c/h.class

package org.apache.commons.c.c;
public synchronized class h extends c {
    public void h(a.b, Integer[], Integer[]);
}







org/apache/commons/c/c/q.class

package org.apache.commons.c.c;
public final synchronized class q extends g {
    public void q(Number);
}







org/apache/commons/c/c/j.class

package org.apache.commons.c.c;
public final synchronized class j extends n {
    public void j(Number);
}







org/apache/commons/c/c/c.class

package org.apache.commons.c.c;
public synchronized class c extends IllegalArgumentException {
    private final a.a a;
    public transient void c(a.b, Object[]);
    public String getMessage();
    public String getLocalizedMessage();
}







org/apache/commons/c/c/k.class

package org.apache.commons.c.c;
public final synchronized class k extends n {
    public void k(Number);
}







org/apache/commons/c/c/b.class

package org.apache.commons.c.c;
public final synchronized class b extends ArithmeticException {
    private final a.a a;
    public void b();
    public transient void b(a.b, Object[]);
    public final String getMessage();
    public final String getLocalizedMessage();
}







org/apache/commons/c/c/a/b.class

package org.apache.commons.c.c.a;
public abstract interface b extends java.io.Serializable {
    public abstract String a(java.util.Locale);
}







org/apache/commons/c/c/a/c.class

package org.apache.commons.c.c.a;
public final synchronized enum c {
    private static c H;
    private static c I;
    private static c J;
    private static c K;
    private static c L;
    public static final c a;
    public static final c b;
    private static c M;
    private static c N;
    private static c O;
    private static c P;
    private static c Q;
    private static c R;
    private static c S;
    private static c T;
    private static c U;
    private static c V;
    private static c W;
    private static c X;
    private static c Y;
    private static c Z;
    private static c aa;
    private static c ab;
    private static c ac;
    private static c ad;
    private static c ae;
    private static c af;
    private static c ag;
    private static c ah;
    private static c ai;
    private static c aj;
    private static c ak;
    public static final c c;
    private static c al;
    private static c am;
    private static c an;
    private static c ao;
    private static c ap;
    public static final c d;
    private static c aq;
    private static c ar;
    private static c as;
    private static c at;
    private static c au;
    private static c av;
    public static final c e;
    public static final c f;
    private static c aw;
    private static c ax;
    private static c ay;
    private static c az;
    private static c aA;
    private static c aB;
    private static c aC;
    private static c aD;
    private static c aE;
    private static c aF;
    private static c aG;
    private static c aH;
    private static c aI;
    private static c aJ;
    private static c aK;
    private static c aL;
    private static c aM;
    private static c aN;
    private static c aO;
    public static final c g;
    private static c aP;
    public static final c h;
    private static c aQ;
    private static c aR;
    private static c aS;
    private static c aT;
    private static c aU;
    private static c aV;
    private static c aW;
    private static c aX;
    private static c aY;
    private static c aZ;
    private static c ba;
    public static final c i;
    private static c bb;
    private static c bc;
    private static c bd;
    private static c be;
    private static c bf;
    private static c bg;
    public static final c j;
    public static final c k;
    private static c bh;
    private static c bi;
    private static c bj;
    private static c bk;
    private static c bl;
    private static c bm;
    private static c bn;
    private static c bo;
    private static c bp;
    private static c bq;
    private static c br;
    private static c bs;
    private static c bt;
    private static c bu;
    private static c bv;
    private static c bw;
    private static c bx;
    private static c by;
    private static c bz;
    private static c bA;
    private static c bB;
    private static c bC;
    private static c bD;
    public static final c l;
    private static c bE;
    private static c bF;
    private static c bG;
    private static c bH;
    private static c bI;
    private static c bJ;
    private static c bK;
    public static final c m;
    public static final c n;
    private static c bL;
    private static c bM;
    private static c bN;
    private static c bO;
    private static c bP;
    private static c bQ;
    private static c bR;
    private static c bS;
    private static c bT;
    private static c bU;
    private static c bV;
    private static c bW;
    private static c bX;
    public static final c o;
    private static c bY;
    private static c bZ;
    private static c ca;
    private static c cb;
    private static c cc;
    private static c cd;
    private static c ce;
    private static c cf;
    private static c cg;
    private static c ch;
    private static c ci;
    public static final c p;
    private static c cj;
    private static c ck;
    private static c cl;
    private static c cm;
    private static c cn;
    private static c co;
    private static c cp;
    private static c cq;
    private static c cr;
    private static c cs;
    private static c ct;
    private static c cu;
    private static c cv;
    private static c cw;
    private static c cx;
    private static c cy;
    private static c cz;
    private static c cA;
    private static c cB;
    private static c cC;
    public static final c q;
    private static c cD;
    private static c cE;
    private static c cF;
    private static c cG;
    private static c cH;
    private static c cI;
    private static c cJ;
    private static c cK;
    private static c cL;
    private static c cM;
    private static c cN;
    private static c cO;
    private static c cP;
    private static c cQ;
    private static c cR;
    private static c cS;
    private static c cT;
    private static c cU;
    private static c cV;
    private static c cW;
    private static c cX;
    private static c cY;
    private static c cZ;
    private static c da;
    public static final c r;
    private static c db;
    private static c dc;
    private static c dd;
    private static c de;
    private static c df;
    private static c dg;
    private static c dh;
    private static c di;
    private static c dj;
    public static final c s;
    private static c dk;
    private static c dl;
    public static final c t;
    private static c dm;
    private static c dn;
    private static c do;
    private static c dp;
    private static c dq;
    private static c dr;
    private static c ds;
    private static c dt;
    public static final c u;
    private static c du;
    private static c dv;
    private static c dw;
    private static c dx;
    private static c dy;
    private static c dz;
    private static c dA;
    private static c dB;
    private static c dC;
    private static c dD;
    private static c dE;
    private static c dF;
    private static c dG;
    public static final c v;
    public static final c w;
    public static final c x;
    public static final c y;
    private static c dH;
    private static c dI;
    private static c dJ;
    private static c dK;
    private static c dL;
    private static c dM;
    private static c dN;
    private static c dO;
    private static c dP;
    private static c dQ;
    private static c dR;
    private static c dS;
    private static c dT;
    public static final c z;
    private static c dU;
    private static c dV;
    private static c dW;
    private static c dX;
    private static c dY;
    private static c dZ;
    private static c ea;
    private static c eb;
    private static c ec;
    private static c ed;
    private static c ee;
    private static c ef;
    private static c eg;
    private static c eh;
    private static c ei;
    private static c ej;
    private static c ek;
    private static c el;
    private static c em;
    private static c en;
    public static final c A;
    private static c eo;
    private static c ep;
    private static c eq;
    private static c er;
    public static final c B;
    private static c es;
    private static c et;
    private static c eu;
    private static c ev;
    private static c ew;
    private static c ex;
    private static c ey;
    private static c ez;
    private static c eA;
    private static c eB;
    private static c eC;
    public static final c C;
    private static c eD;
    private static c eE;
    private static c eF;
    private static c eG;
    private static c eH;
    private static c eI;
    private static c eJ;
    private static c eK;
    private static c eL;
    private static c eM;
    private static c eN;
    private static c eO;
    private static c eP;
    private static c eQ;
    private static c eR;
    private static c eS;
    private static c eT;
    private static c eU;
    public static final c D;
    public static final c E;
    public static final c F;
    private static c eV;
    private static c eW;
    private static c eX;
    private static c eY;
    private static c eZ;
    private static c fa;
    private static c fb;
    private static c fc;
    private static c fd;
    private static c fe;
    private static c ff;
    private static c fg;
    public static final c G;
    private static c fh;
    private static c fi;
    private static c fj;
    private final String fk;
    private void c(String, int, String);
    public final String a(java.util.Locale);
    static void <clinit>();
}







org/apache/commons/c/c/a/a.class

package org.apache.commons.c.c.a;
public synchronized class a implements java.io.Serializable {
    private java.util.List a;
    private java.util.List b;
    public void a(Throwable);
    public final transient void a(b, Object[]);
    public final String a(java.util.Locale);
}







org/apache/commons/c/c/e.class

package org.apache.commons.c.c;
public synchronized class e extends IllegalStateException {
    final a.a a;
    public transient void e(a.b, Object[]);
    public void e();
    public String getMessage();
    public String getLocalizedMessage();
}







org/apache/commons/c/d/a.class

package org.apache.commons.c.d;
public abstract synchronized class a extends java.text.NumberFormat implements java.io.Serializable {
    public StringBuffer format(double, StringBuffer, java.text.FieldPosition);
    public StringBuffer format(long, StringBuffer, java.text.FieldPosition);
}







org/apache/commons/c/j/a.class

package org.apache.commons.c.j;
public final synchronized class a extends java.util.Random implements b {
    public void a();
}







org/apache/commons/c/j/b.class

package org.apache.commons.c.j;
public abstract interface b {
    public abstract double nextGaussian();
}







org/apache/commons/c/i/f.class

package org.apache.commons.c.i;
public final synchronized class f implements org.apache.commons.c.a {
    final int a;
    public void f(int);
}







org/apache/commons/c/i/h.class

package org.apache.commons.c.i;
public final synchronized class h extends org.apache.commons.c.l.d implements java.io.Serializable {
    public void h(double[], double);
    private void h(double[], double, boolean);
    public final double[] a();
}







org/apache/commons/c/i/c.class

package org.apache.commons.c.i;
public abstract synchronized class c {
    private org.apache.commons.c.l.c b;
    private org.apache.commons.c.l.c c;
    public final d a;
    protected void c(d);
    private void c(d, int, int);
    public int a();
    public transient Object a(org.apache.commons.c.a[]);
    public abstract Object c();
    public final void g();
    public final void h();
    public transient void b(org.apache.commons.c.a[]);
}







org/apache/commons/c/i/b/b/e.class

package org.apache.commons.c.i.b.b;
public final synchronized class e implements org.apache.commons.c.a {
    private final org.apache.commons.c.g.p a;
    public final org.apache.commons.c.g.p a();
}







org/apache/commons/c/i/b/b/c.class

package org.apache.commons.c.i.b.b;
public abstract synchronized class c extends org.apache.commons.c.i.b {
    private double[] b;
    private org.apache.commons.c.g.p c;
    public transient org.apache.commons.c.i.i c(org.apache.commons.c.a[]);
    public transient void b(org.apache.commons.c.a[]);
}







org/apache/commons/c/i/b/b/d.class

package org.apache.commons.c.i.b.b;
public final synchronized class d implements org.apache.commons.c.a {
    private final double[] a;
    public final double[] a();
}







org/apache/commons/c/i/b/b/a.class

package org.apache.commons.c.i.b.b;
public abstract synchronized class a extends c {
    public transient org.apache.commons.c.i.i c(org.apache.commons.c.a[]);
    public transient void b(org.apache.commons.c.a[]);
}







org/apache/commons/c/i/b/b/b.class

package org.apache.commons.c.i.b.b;
public final synchronized class b implements org.apache.commons.c.a {
}







org/apache/commons/c/i/b/a/c.class

package org.apache.commons.c.i.b.a;
public final synchronized class c implements org.apache.commons.c.a {
    final org.apache.commons.c.a.c a;
    public void c(org.apache.commons.c.a.c);
}







org/apache/commons/c/i/b/a/a/a.class

package org.apache.commons.c.i.b.a.a;
public final synchronized class a extends org.apache.commons.c.i.b.a.b {
    private final int c;
    private double d;
    private final double e;
    private boolean f;
    private org.apache.commons.c.g.e g;
    private double[] h;
    private int i;
    private org.apache.commons.c.g.d j;
    private org.apache.commons.c.g.d k;
    private org.apache.commons.c.g.d l;
    private org.apache.commons.c.g.e m;
    private org.apache.commons.c.g.e n;
    private org.apache.commons.c.g.e o;
    private org.apache.commons.c.g.e p;
    private org.apache.commons.c.g.e q;
    private org.apache.commons.c.g.e r;
    private org.apache.commons.c.g.e s;
    private org.apache.commons.c.g.e t;
    private org.apache.commons.c.g.e u;
    private org.apache.commons.c.g.e v;
    private org.apache.commons.c.g.e w;
    private org.apache.commons.c.g.e x;
    public void a(int, double, double);
    private double[] a(int, double);
    private void a(double[], double[]);
    private double[] a(double, org.apache.commons.c.g.e, org.apache.commons.c.g.e, org.apache.commons.c.g.e, org.apache.commons.c.g.e, org.apache.commons.c.g.e);
    private void a(double, double, int);
}







org/apache/commons/c/i/b/a/a/b$c.class

package org.apache.commons.c.i.b.a.a;
public final synchronized class b$c implements org.apache.commons.c.a {
    final int a;
    public void b$c(int);
}







org/apache/commons/c/i/b/a/a/b$b.class

package org.apache.commons.c.i.b.a.a;
final synchronized class b$b {
    private final boolean b;
    public void b$b(b);
    public final b$e a(double[]);
    double[] b(double[]);
}







org/apache/commons/c/i/b/a/a/b$d.class

package org.apache.commons.c.i.b.a.a;
public final synchronized class b$d implements org.apache.commons.c.a {
    private final double[] a;
    public void b$d(double[]);
    public final double[] a();
}







org/apache/commons/c/i/b/a/a/b$a.class

package org.apache.commons.c.i.b.a.a;
final synchronized class b$a implements Comparable {
    private final double a;
    private final int b;
    void b$a(double, int);
    public final boolean equals(Object);
    public final int hashCode();
}







org/apache/commons/c/i/b/a/a/b$e.class

package org.apache.commons.c.i.b.a.a;
final synchronized class b$e {
    double a;
    double b;
    public void b$e(double, double);
}







org/apache/commons/c/i/b/a/a/b.class

package org.apache.commons.c.i.b.a.a;
public final synchronized class b extends org.apache.commons.c.i.b.a.b {
    private int d;
    private final boolean e;
    private final int f;
    private double[] g;
    private int h;
    private int i;
    boolean c;
    private final boolean j;
    private final int k;
    private final double l;
    private double m;
    private double n;
    private double o;
    private double p;
    private int q;
    private double r;
    private org.apache.commons.c.g.p s;
    private double t;
    private double u;
    private double v;
    private double w;
    private double x;
    private double y;
    private double z;
    private double A;
    private double B;
    private double C;
    private org.apache.commons.c.g.p D;
    private org.apache.commons.c.g.p E;
    private org.apache.commons.c.g.p F;
    private double G;
    private org.apache.commons.c.g.p H;
    private org.apache.commons.c.g.p I;
    private org.apache.commons.c.g.p J;
    private org.apache.commons.c.g.p K;
    private org.apache.commons.c.g.p L;
    private org.apache.commons.c.g.p M;
    private int N;
    private double[] O;
    private int P;
    private final org.apache.commons.c.j.b Q;
    private final java.util.List R;
    private final java.util.List S;
    private final java.util.List T;
    private final java.util.List U;
    public void b(int, double, boolean, int, int, org.apache.commons.c.j.b, boolean, org.apache.commons.c.i.d);
    public final transient org.apache.commons.c.i.h c(org.apache.commons.c.a[]);
    private org.apache.commons.c.i.h b();
    protected final transient void b(org.apache.commons.c.a[]);
    private static void a(double[], double);
    private static int[] b(double[]);
    private static org.apache.commons.c.g.p a(org.apache.commons.c.g.p);
    private static org.apache.commons.c.g.p b(org.apache.commons.c.g.p);
    private static org.apache.commons.c.g.p a(org.apache.commons.c.g.p, org.apache.commons.c.g.p);
    private static org.apache.commons.c.g.p a(org.apache.commons.c.g.p, int[]);
    private static org.apache.commons.c.g.p a(org.apache.commons.c.g.p, int);
    private static org.apache.commons.c.g.p c(org.apache.commons.c.g.p);
    private static org.apache.commons.c.g.p a(int, int);
    private static org.apache.commons.c.g.p b(int, int);
    private static org.apache.commons.c.g.p c(int, int);
    private static org.apache.commons.c.g.p a(org.apache.commons.c.g.p, int, int);
    private static double d(org.apache.commons.c.g.p);
    private static double e(org.apache.commons.c.g.p);
    private static int[] a(int[]);
}







org/apache/commons/c/i/b/a/a.class

package org.apache.commons.c.i.b.a;
public final synchronized enum a {
    private static a b;
    public static final a a;
    private void a(String, int);
    static void <clinit>();
}







org/apache/commons/c/i/b/a/b.class

package org.apache.commons.c.i.b.a;
public abstract synchronized class b extends org.apache.commons.c.i.b {
    private org.apache.commons.c.a.c c;
    public a b;
    public void b(org.apache.commons.c.i.d);
    public transient org.apache.commons.c.i.h c(org.apache.commons.c.a[]);
    public transient void b(org.apache.commons.c.a[]);
    public final double a(double[]);
}







org/apache/commons/c/i/e.class

package org.apache.commons.c.i;
public final synchronized class e implements org.apache.commons.c.a {
    private final double[] a;
    public void e(double[]);
    public final double[] a();
}







org/apache/commons/c/i/b.class

package org.apache.commons.c.i;
public abstract synchronized class b extends c {
    private double[] b;
    private double[] c;
    private double[] d;
    public void b(d);
    public transient Object a(org.apache.commons.c.a[]);
    public transient void b(org.apache.commons.c.a[]);
    public final double[] d();
    public final double[] e();
    public final double[] f();
}







org/apache/commons/c/i/g.class

package org.apache.commons.c.i;
public final synchronized class g implements org.apache.commons.c.a {
    final int a;
    public void g(int);
}







org/apache/commons/c/i/c$a.class

package org.apache.commons.c.i;
final synchronized class c$a implements org.apache.commons.c.l.c$a {
    private void c$a();
    public final void a(int);
}







org/apache/commons/c/i/d.class

package org.apache.commons.c.i;
public abstract synchronized class d {
    final double a;
    final double b;
    public abstract boolean a(int, Object, Object);
    public void d(double, double);
    public double a();
    public double b();
}







org/apache/commons/c/i/j.class

package org.apache.commons.c.i;
public final synchronized class j implements org.apache.commons.c.a {
    private final double[] a;
    private final double[] b;
    public void j(double[], double[]);
    public final double[] a();
    public final double[] b();
}







org/apache/commons/c/i/k.class

package org.apache.commons.c.i;
public final synchronized class k extends d {
    private final int c;
    public void k(double, double);
}







org/apache/commons/c/i/c$b.class

package org.apache.commons.c.i;
final synchronized class c$b implements org.apache.commons.c.l.c$a {
    private void c$b();
    public final void a(int);
}







org/apache/commons/c/i/i.class

package org.apache.commons.c.i;
public final synchronized class i extends org.apache.commons.c.l.d implements java.io.Serializable {
}







org/apache/commons/c/i/a.class

package org.apache.commons.c.i;
public abstract synchronized class a extends b {
    private int b;
    private org.apache.commons.c.a[] c;
    private int d;
    private int e;
    public final int a();
    public abstract Object[] b();
    public final transient Object a(org.apache.commons.c.a[]);
    protected final Object c();
}







org/apache/commons/c/i/a/b.class

package org.apache.commons.c.i.a;
public final synchronized class b implements java.io.Serializable, org.apache.commons.c.a, org.apache.commons.c.a.c {
    private final transient org.apache.commons.c.g.s a;
    private final double b;
    public final double value(double[]);
    public final boolean equals(Object);
    public final int hashCode();
}







org/apache/commons/c/i/a/a.class

package org.apache.commons.c.i.a;
public final synchronized class a implements org.apache.commons.c.a {
    final java.util.Set a;
}







org/apache/commons/c/l/a$b.class

package org.apache.commons.c.l;
final synchronized class a$b {
    private static final double[] a;
    private static final double[] b;
    static void <clinit>();
}







org/apache/commons/c/l/c$1.class

package org.apache.commons.c.l;
final synchronized class c$1 implements c$a {
    void c$1();
    public final void a(int);
}







org/apache/commons/c/l/a$c.class

package org.apache.commons.c.l;
final synchronized class a$c {
    private static final double[] a;
    private static final double[] b;
    static void <clinit>();
}







org/apache/commons/c/l/c.class

package org.apache.commons.c.l;
public final synchronized class c {
    public int a;
    public int b;
    private final c$a c;
    public void c();
    private void c(int);
    public void c(int, c$a);
    public final void a();
}







org/apache/commons/c/l/b.class

package org.apache.commons.c.l;
final synchronized class b {
    private static final double[] a;
    private static final double[] b;
    private static final double[] c;
    private static final double[] d;
    private static final double[][] e;
    static double[] a();
    static double[] b();
    static double[] c();
    static double[] d();
    static double[][] e();
    static void <clinit>();
}







org/apache/commons/c/l/c$a.class

package org.apache.commons.c.l;
public abstract interface c$a {
    public abstract void a(int);
}







org/apache/commons/c/l/e.class

package org.apache.commons.c.l;
public final synchronized class e {
    public static final double a;
    private static final long b;
    private static final long c;
    public static int a(double, double, double);
    public static boolean a(double, double);
    public static boolean b(double, double, double);
    public static boolean a(double, double, int);
    static void <clinit>();
}







org/apache/commons/c/l/a$d.class

package org.apache.commons.c.l;
final synchronized class a$d {
    private static final double[][] a;
    static void <clinit>();
}







org/apache/commons/c/l/a.class

package org.apache.commons.c.l;
public final synchronized class a {
    private static final double[][] a;
    private static final double[][] b;
    private static final double[] c;
    private static final double[] d;
    private static final double[] e;
    private static final double[] f;
    private static final long[] g;
    private static final long[] h;
    private static final double[] i;
    public static double a(double);
    public static double b(double);
    private static double a(double, double, double[]);
    public static double c(double);
    private static double a(double, double[]);
    public static double a(double, double);
    public static double a(double, int);
    private static double d(double, double);
    private static double e(double, double);
    private static void b(double, double[]);
    public static double d(double);
    public static double e(double);
    public static long a(long);
    public static double f(double);
    public static double g(double);
    public static int a(int, int);
    public static double b(double, double);
    public static int b(int, int);
    public static double c(double, double);
    static void <clinit>();
}







org/apache/commons/c/l/a$a.class

package org.apache.commons.c.l;
final synchronized class a$a {
    final int a;
    final double b;
    final double c;
    void a$a(double);
}







org/apache/commons/c/l/d.class

package org.apache.commons.c.l;
public synchronized class d {
    public final Object a;
    public final Object b;
    public void d(Object, Object);
    public Object l_();
    public boolean equals(Object);
    public int hashCode();
    public String toString();
}







org/apache/commons/c/b/a.class

package org.apache.commons.c.b;
public final synchronized class a implements java.io.Serializable, org.apache.commons.c.a {
    private static a c;
    private static a d;
    public final double a;
    public final double b;
    private final transient boolean e;
    private final transient boolean f;
    public void a(double, double);
    public final a a(a);
    public final boolean equals(Object);
    public final int hashCode();
    private static a a(double, double);
    public final String toString();
    static void <clinit>();
}







org/apache/commons/c/g/f.class

package org.apache.commons.c.g;
public final synchronized class f extends b implements java.io.Serializable {
    private final double[][] a;
    private final int b;
    private final int c;
    private final int d;
    private final int e;
    public void f(int, int);
    public void f(double[][]);
    private void f(int, int, double[][], boolean);
    private static double[][] a(double[][]);
    private f d(p);
    private f e(p);
    public final p b(double);
    private f f(p);
    public final double[][] a();
    public final double e();
    public final void a(double[][], int, int);
    public final void a(int, s);
    public final void b(int, s);
    public final double[] b(int);
    public final double[] c(int);
    public final void a(int, double[]);
    public final double b(int, int);
    public final void a(int, int, double);
    public final int c();
    public final int d();
    public final double[] a(double[]);
    public final double a(r);
    public final double b(r);
    private int d(int);
    private int e(int);
}







org/apache/commons/c/g/a.class

package org.apache.commons.c.g;
public abstract synchronized class a implements j {
    public abstract org.apache.commons.c.a a();
    public final boolean b();
    public abstract int c();
    public abstract int d();
    public String toString();
    public boolean equals(Object);
    public int hashCode();
}







org/apache/commons/c/g/b$2.class

package org.apache.commons.c.g;
final synchronized class b$2 extends g {
    void b$2(b, p);
    public final void a(int, int, double);
}







org/apache/commons/c/g/s$a.class

package org.apache.commons.c.g;
public final synchronized class s$a {
    int a;
    public void s$a(s);
    public final double a();
}







org/apache/commons/c/g/r.class

package org.apache.commons.c.g;
public abstract interface r {
    public abstract void a();
    public abstract void a(int, int, double);
    public abstract double b();
}







org/apache/commons/c/g/t.class

package org.apache.commons.c.g;
public final synchronized class t {
    private final String a;
    private final String b;
    private final String c;
    private final java.text.NumberFormat d;
    public void t();
    public void t(java.text.NumberFormat);
    private void t(String, String, String, java.text.NumberFormat);
    public final StringBuffer a(s, StringBuffer, java.text.FieldPosition);
}







org/apache/commons/c/g/q.class

package org.apache.commons.c.g;
public final synchronized class q {
    private final String b;
    private final String c;
    private final String d;
    private final String e;
    private final String f;
    private final String g;
    final java.text.NumberFormat a;
    public void q();
    private void q(java.text.NumberFormat);
    public void q(String, String, String, String, String, String);
    private void q(String, String, String, String, String, String, java.text.NumberFormat);
    public static q a(java.util.Locale);
    public final StringBuffer a(p, StringBuffer, java.text.FieldPosition);
}







org/apache/commons/c/g/u.class

package org.apache.commons.c.g;
final synchronized class u {
    final double[][] a;
    private final double[][] c;
    p b;
    private p d;
    private final double e;
    public void u(p);
    public final p a();
    private void b();
}







org/apache/commons/c/g/s$1.class

package org.apache.commons.c.g;
final synchronized class s$1 implements java.util.Iterator {
    private int a;
    private s$a b;
    void s$1(s, int);
    public final boolean hasNext();
    public final void remove();
}







org/apache/commons/c/g/m.class

package org.apache.commons.c.g;
public final synchronized class m {
    public static p a(int, int);
    public static p a(double[][]);
    public static p a(double[]);
    public static p b(double[]);
    public static boolean a(p, double);
    public static void a(c, int, int);
    public static void a(c, int);
    public static void b(c, int);
    public static void a(c, int, int, int, int);
    public static void a(c, c);
    public static void b(c, c);
    public static void c(c, c);
    static void <clinit>();
}







org/apache/commons/c/g/h.class

package org.apache.commons.c.g;
public final synchronized class h extends b implements java.io.Serializable {
    private final double[] a;
    public void h(int);
    private void h(double[]);
    private void h(double[], boolean);
    public final p a(int, int);
    public final p g();
    private h a(h);
    public final p c(p);
    public final double[][] a();
    public final double b(int, int);
    public final void a(int, int, double);
    public final int c();
    public final int d();
    public final double[] a(double[]);
}







org/apache/commons/c/g/o.class

package org.apache.commons.c.g;
public abstract synchronized class o {
    public void o();
}







org/apache/commons/c/g/g.class

package org.apache.commons.c.g;
public synchronized class g implements r {
    public void g();
    public final void a();
    public void a(int, int, double);
    public final double b();
}







org/apache/commons/c/g/u$a.class

package org.apache.commons.c.g;
final synchronized class u$a {
    double a;
    double b;
    double c;
    double d;
    private void u$a();
}







org/apache/commons/c/g/b.class

package org.apache.commons.c.g;
public abstract synchronized class b extends o implements p {
    private static final q a;
    protected void b();
    protected void b(int, int);
    public p a(p);
    public p b(p);
    public p a(double);
    public p b(double);
    public p c(p);
    public double[][] a();
    public double e();
    public void a(double[][], int, int);
    public p a(int);
    public void a(int, s);
    public void b(int, s);
    public double[] b(int);
    public double[] c(int);
    public void a(int, double[]);
    public p f();
    public final boolean b();
    public abstract int c();
    public abstract int d();
    public double[] a(double[]);
    public final s a(s);
    public double a(r);
    public double b(r);
    public String toString();
    public boolean equals(Object);
    public int hashCode();
    public abstract p a(int, int);
    public abstract double b(int, int);
    public abstract void a(int, int, double);
    static void <clinit>();
}







org/apache/commons/c/g/s.class

package org.apache.commons.c.g;
public abstract synchronized class s {
    public void s();
    public abstract int b();
    public abstract double a(int);
    public abstract void a(int, double);
    public abstract s a(int, int);
    public abstract boolean d();
    protected void c(s);
    protected void b(int);
    protected final void c(int);
    public s f(s);
    public s e(s);
    public abstract s e();
    public double a(s);
    public abstract s d(s);
    public double b(s);
    public double a();
    public final double f();
    public final s c(double);
    public s a(double);
    public s b(double);
    public double[] c();
    public final s g();
    public final java.util.Iterator h();
    public s a(org.apache.commons.c.a.d);
    public boolean equals(Object);
    public int hashCode();
}







org/apache/commons/c/g/v.class

package org.apache.commons.c.g;
final synchronized class v {
    private final double[][] d;
    final double[] a;
    final double[] b;
    p c;
    private p e;
    public void v(p);
    public final p a();
    private void b();
}







org/apache/commons/c/g/l.class

package org.apache.commons.c.g;
public final synchronized class l extends org.apache.commons.c.c.h {
    public void l(int, int, int, int);
}







org/apache/commons/c/g/c.class

package org.apache.commons.c.g;
public abstract interface c {
    public abstract boolean b();
    public abstract int c();
    public abstract int d();
}







org/apache/commons/c/g/j.class

package org.apache.commons.c.g;
public abstract interface j extends c {
    public abstract org.apache.commons.c.a a();
}







org/apache/commons/c/g/i.class

package org.apache.commons.c.g;
public final synchronized class i {
    private byte g;
    private double[] h;
    private double[] i;
    private v j;
    public double[] a;
    public double[] b;
    public e[] c;
    private p k;
    public p d;
    public p e;
    public final boolean f;
    public void i(p);
    public final p a();
    private void a(double[][]);
    private u a(p);
    private static org.apache.commons.c.b.a a(double, double, double, double);
    private void a(u);
}







org/apache/commons/c/g/d.class

package org.apache.commons.c.g;
public final synchronized class d extends b implements java.io.Serializable {
    private double[][] a;
    public void d();
    public void d(int, int);
    public void d(double[][]);
    public void d(double[][], boolean);
    public final p a(int, int);
    public final p g();
    public final double[][] a();
    public final void a(double[][], int, int);
    public final double b(int, int);
    public final void a(int, int, double);
    public final int c();
    public final int d();
    public final double[] a(double[]);
    public final double a(r);
    private double[][] h();
}







org/apache/commons/c/g/p.class

package org.apache.commons.c.g;
public abstract interface p extends c {
    public abstract p g();
    public abstract p a(p);
    public abstract p b(p);
    public abstract p a(double);
    public abstract p b(double);
    public abstract p c(p);
    public abstract double[][] a();
    public abstract double e();
    public abstract p a(int);
    public abstract void a(int, s);
    public abstract void b(int, s);
    public abstract double[] b(int);
    public abstract double[] c(int);
    public abstract void a(int, double[]);
    public abstract double b(int, int);
    public abstract void a(int, int, double);
    public abstract p f();
}







org/apache/commons/c/g/n.class

package org.apache.commons.c.g;
public final synchronized class n extends org.apache.commons.c.c.a {
    public void n(int, int);
}







org/apache/commons/c/g/b$1.class

package org.apache.commons.c.g;
final synchronized class b$1 implements r {
    private double a;
    void b$1(b);
    public final void a();
    public final void a(int, int, double);
    public final double b();
}







org/apache/commons/c/g/k.class

package org.apache.commons.c.g;
final synchronized class k {
    private final double[][] a;
    private final double[] b;
    private p c;
    private p d;
    public void k(p);
    public final p a();
    public final p b();
    private void c();
}







org/apache/commons/c/g/e.class

package org.apache.commons.c.g;
public final synchronized class e extends s implements java.io.Serializable {
    private static final t b;
    public double[] a;
    public void e();
    public void e(int);
    public void e(double[]);
    public void e(double[], boolean);
    public void e(double[], int, int);
    private void e(e, boolean);
    public final s a(double);
    public final s b(double);
    public final double a(s);
    public final double a();
    public final double b(s);
    public final double a(int);
    public final int b();
    public final s a(int, int);
    public final void a(int, double);
    public final double[] c();
    public final String toString();
    protected final void c(s);
    protected final void b(int);
    public final boolean d();
    public final boolean equals(Object);
    public final int hashCode();
    static void <clinit>();
}







org/apache/commons/c/k/a.class

package org.apache.commons.c.k;
public final synchronized class a extends Enum {
    public static final int a;
    public static final int b;
    public static int[] a();
    static void <clinit>();
}







org/apache/commons/c/k/b.class

package org.apache.commons.c.k;
public synchronized class b implements java.io.Serializable {
    private static final double[] a;
    private static final double[] b;
    private static void b(double[][], int, int);
    public static void a(double[][], int, int);
    static void <clinit>();
}







org/apache/commons/c/k/b$1.class

package org.apache.commons.c.k;
final synchronized class b$1 {
    static void <clinit>();
}







org/apache/commons/c/k/c.class

package org.apache.commons.c.k;
public final synchronized class c extends Enum {
    public static final int a;
    public static final int b;
    static void <clinit>();
}







Table A.1: Assorted Commands

Name Command

Magnitude -m Model.xml -x -35:35:1920 -y 0:40:1000 -z 0.001:0.3 -t
0:0.02:1000 -v m -l -gy 40:32 -gz -5:1 -ax x:6:32 -ay y:6:48
magnitude3/output-%04d.png

Maximum MF -m Model.xml -x -35:35:1920 -y 0:40:1000 -z 0.001:0.3 -t
0:0.02:1000 -l -f False -ag max aggregate/output-%04d.png

Value of Component X -m Model.xml -x -35:35:400 -y 0:40:400 -z -0.6:0.6 -t 0:0.02:100 -v
x -gy 40:32 -gz -0.6:0.6 -ax x:6:32 -ay y:6:48 -of csv component-
x2/output-%04d.csv

Value of Component Y -m Model.xml -x -35:35:400 -y 0:40:400 -z -0.6:0.6 -t 0:0.02:100 -v
y -abslog -gy 40:32 -gz -0.6:0.6 -ax x:6:32 -ay y:6:48 component-
y2/output-%04d.png

Angle (HSV) -m Model.xml -x -35:35:1920 -y 0:40:1000 -z -3.14:3.14 -t
0:0.02:1000 -s hsv -v a -ax x:6:32 -ay y:6:48 hsv/output-%04d.png

Sinusoid Field (X) -m Model.xml -s hsv -modelsource d1 -x -20:20:400 -y 0:40:400 -t
-0:1:1 -v x -ax x:6:32 -ay y:6:48 drone2/output-%04d.png

Drone PDF -m Model.xml -m2 ModelHighFreqMaxCurrentDeviation.xml -
modelsource d2 -x -35:35:1920 -y 0:40:1000 -t 0:0:1 -v m -drone pdf
1000 -dc 5 -dr 6 -duc -solver cmaes -solver.iterations 4000 -
solver.populationSize 1000 -solver.threshold 0.000000000000001
drone2/output-%04d.png

Drone LocTest -m Model.xml -m2 ModelHighFreqMinCurrentDeviation.xml -
modelsource d3 -x -35:35:1920 -y 0:40:1000 -t 0:0:1 -v m -
dr 6 -duc -drone 26.3260053811 28.4330865133 -solver cmaes -
solver.iterations 4000 -solver.populationSize 2000 -solver.threshold
0.000000000000001 drone2/output-%04d.png

Drone Simulation -m Model.xml -m2 ModelHighFreqMaxCurrentDeviation.xml -
modelsource d3 -duc -x -35:35:1920 -y 0:40:1000 -t 0:0:1 -
v m -f FALSE -drone simulation -dr 6 -solver cmaes -
solver.iterations 4000 -solver.populationSize 1000 -solver.threshold
0.000000000000001 drone2/output-%04d.png

FFT Drone Field -m Model.xml -x -35:35:1920 -y 0:40:1000 -t 0:0.02:8 -f false -ag
drone -v m drone2/output-%04d.png

Phase Difference -m Model.xml -x -20:20:400 -y 0:40:400 -z -3.14:3.14 -t 0:0.02:8
-f false -ag xyf -v anglediff -ax x:6:32 -ay y:6:48 -s hsv
xyphase5/output-%04d.png

Amplitude Angle -m Model.xml -x -20:20:400 -y 0:40:400 -z -3.14:3.14 -t 0:0.02:8 -ax
x:6:32 -ay y:6:48 -f false -ag ampf -v a -s hsv xyamplitude4/output-
%04d.png
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Glossary

BOBYQA Bound Optimization BY Quadratic Approximation. 46, 60, 61

CAS Computer Algebra System. 27, 38

CLI Command Line Interface. 6, 41, 47

CMA-ES Covariance Matrix Adaptation Evolution Strategy. 1, 5, 28, 40, 42, 56,
60–63, 66, 67, 69, 71, 73

CSV Comma-Separated Values. 41

FFT Fast-Fourier Transform. 1, 22, 24, 40, 49, 55, 60

IDE Integrated Development Environment. 40

IMU Inertial Measurement Unit. 30, 31

INS Inertial Navigation System. 1, 39, 64, 67

OOP Object Oriented Programming. 45

TSV Tab-Separated values. 41, 43
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