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Abstract

Autograder is a tool developed at the University of Stavanger that

provides immediate feedback on programming assignments. The

assignments are correctly automatically based on test cases written

manually by the teacher. Writing tests manually is a tedious and

time-consuming task that typically accounts for around 50% in the

development of a modern application.

In this thesis we present a simple prototype of a tool named

AutoTest; a static test generation tool for Go. The long-term ob-

jective of the project is to be able to automatically generate tests for

typical assignments given on Autograder. The prototype combines

techniques from static symbolic execution with constraint solving

and a path exploration algorithm in order to find as many execution

paths as possible and generate test inputs.

AutoTest in it’s current state is far from complete. However the

results from testing the prototype looks very promising. Additional

functionality must be implemented before the tool can be tested

thoroughly and before it can be used along Autograder.
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1 | Introduction

Autograder is a tool developed at the University of Stavanger that

provides instantaneous feedback on programming assignments with

the goal of improving student learning. The assignments are cor-

rected automatically based on test cases and the students get score

on their submission according to how many test cases that passed.

1.1 Motivation

Although Autograder is a nice addition to educational tools for

computer science students, it currently requires the teacher to write

all the tests for an assignment manually. Writing tests manually

is a tedious task that can be very time-consuming. As a matter of

fact, it typically acounts for around 50% of the costs in a modern

software development company [1]. It can also be difficult, or even

impossible, to cover all of a program’s functionality by writing tests

manually. If this could be done automatically instead, it could save

the teacher from a lot of work. In addition, with modern techniques

it is possible to generate tests automatically that can provide a

greater code coverage than writing tests manually.

In this thesis we present AutoTest; a static test case generation

tool that use techniques from symbolic execution in order to find

as many execution paths as possible and generate a unique test for
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1.2 Objective

each path. The tool is currently a prototype and so far only works

for basic examples. More functionality needs to be added before

the tool can be used for real life applications.

1.2 Objective

The long-term objective of the AutoTest-project is to make an ex-

tension to the Autograder-platform that can generate test cases for

a general solution automatically. The test cases will be generated

based on an assignment’s solution which must be given as input.

Based on the long-term objective we have defined some subgoals.

Not all of them are subjects for this thesis.

Most of the topics related to automatic test generation are out-

side the scope of what has been thought at the University of Sta-

vanger. As a consequence, it required an extensive research period

into new advanced topics. In this thesis we will delve into the topic

of test generation and give a presentation of the modern techniques

used for generating test cases automatically. We will use those

techniques in order to generate tests for a simple application and

measure the code coverage achieved. At a later point, when more

functionality has been added, we hope to be able to generate tests

for basic functions from the Paxos algorithm. A fully-featured,

general test generator is outside the scope of this thesis and would

probably be more suitable as a PhD-thesis.

Considering that this thesis is more about exploring the capa-

bilities of automatic test generation than actually creating a fully-

featured tool, the tool created here will not be able to handle every

kind of code. More precisely, it will only support basic conditional

statements and assignments. In addition, loops in an application

has been excluded from consideration since it increases the com-

plexity considerably.
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1.3 Structure

1.3 Structure

The thesis is organized as follows:

Chapter 2 provides background information that is necessary

to understand before continuing through this thesis. The chap-

ter includes an introduction to software testing, symbolic exe-

cution, concolic testing, constraint solving, Autograder and a

small introduction of the Go programming language.

Chapter 3 presents previous work in the area of symbolic ex-

ecution and constraint solving.

Chapter 4 gives an overview of the design and architecture of

AutoTest.

Chapter 5 contains details of the implementation of the tool.

Chapter 6 presents the structure of the tests produced and

the results achieved.

Chapter 7 discuss the results achieved, the challenges encoun-

tered and the limitations of AutoTest.

Chapter 8 provides suggestions on further work that can be

done to improve the tool.

Chapter 9 contains the conclusion of the thesis.

3



2 | Background

2.1 Software Testing

Software testing is an important tool that is used to improve the

quality of a software application by checking that it works as ex-

pected and that it meets the requirements that was determined

during the design process. Testing software properly is a necessity

as releasing an unreliable software application may lead to cus-

tomers losing confidence in the software company that produced

it. As mentioned in the introduction, it consumes almost half of

development efforts in modern software products. Even after an

application is released there is a growing need for continued devel-

opment and maintenance which also requires testing to verify that

the systems work after changes are made.

There are generally two forms for testing [2][3]: static testing

and dynamic testing. Static testing is carried out without executing

the application being tested. Typical examples of static testing are

walkthroughs, code inspections, or the use of a static code analysis

tool. Static testing is done continuously by the programmers and

this is a cost-effective method of dealing with bugs, but it is often

more effective when an individual, or a group of individuals, who

didn’t write the code examines the code. The goal is to find defects

or to check for missing requirements at a low cost.
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2.1 Software Testing

On the other hand, dynamic testing requires one or more execu-

tions of the application under test with real inputs. In other words,

dynamic testing requires the application to be compiled and run.

One of the strengths with dynamic testing is that it is capable of

finding bugs that are too complicated for static analysis too reveal.

However, dynamic testing will only find bugs in the parts of the

code that are executed based on the test input.

There are generally four levels of dynamic testing which are used

at different levels in the development process [4].

Unit Testing tests the functionality of the smallest piece of

software, for example a function or a component. It is written

by the developers and is used to make sure that the smallest

”building blocks” in the application works as intended.

Integration Testing is used to make sure that the units can

interact with each other when they are combined into a larger

structure.

System Testing (aka end-to-end testing) tests the entire sys-

tem to make sure that it meets it’s requirements.

Acceptance Testing is carried out by the customers or users,

after the system testing is finished. The goal is to check that

the required functions and features are satisfied.

Another approach to classify testing is also discussed in [4].

When the tests are designed from the system requirements, without

any knowledge of the internal structure of the program, we call it

black-box testing. The tester does not need to have any program-

ming knowledge, he only needs to know what a certain function

should do, not how it works internally. This method of testing can

be applied to all the levels discussed above. In the other method,

called white-box testing, the tester needs both programming and

implementation knowledge. White-box testing test the internal

5



2.1 Software Testing

structures of an application and are mainly applicable to unit and

integration testing, but can also be applied to the system level.

2.1.1 Test Automation Frameworks

Test automation is the use of a software application that executes

tests and then compares the actual outcomes from the test with

the predicted outcome to check if they are the same. Test automa-

tion gives us the ability to test a piece of software quickly and

thoroughly, with an increased test coverage. It can save software

companies a lot of money and time, and even discover defects that

manual testing cannot expose. When changes to the system are in-

troduced, the tests can be run again to check that the new changes

did not break the code that worked before the modifications were

made. A test automation framework [5][6] is an execution environ-

ment for automated tests defined by a set of assumptions, concepts

and practices. It defines the format that is used to create the tests,

executes the tests and reports the result. The framework is ap-

plication dependent and it can also be modified to meet a specific

requirement for testing an application.

There are different kinds of testing frameworks and we will give

a short description for some of them below.

Test Script Modularity: Small independent scripts are needed

to represent modules or functions of the application being tested.

The small scripts will then be used in a hierarchical fashion in order

to construct larger test cases. This framework provides an abstrac-

tion layer that hides a component from the rest of the application

such that changes made to other parts of the application will not

affect the component.

Data-driven: Sometimes it is necessary to test the same func-

tion multiple times but with different input data. Data-driven test-

ing often stores input data and expected output data in a separate

6



2.2 Symbolic Execution

file and utilizes a test script that will run through all the tests with

the input data for the given function.

Keyword-driven: In addition to keeping the input data in a

separated file, it also keeps a certain part of code belonging to the

test script in another data file. The code that is stored is given a

keyword that explains the action that is performed on the appli-

cation. This framework is also known as Table-driven framework

since the keywords and input data for the tests are stored in a table.

Hybrid: A combination of the frameworks discussed above. It

leverages all of the benefits from all of the associated frameworks

but is more complex.

Model-based: Model-based testing[7] is a framework that can

generate executable tests with input values based on a model of

the expected behavior of the system. It can automate the com-

plete test design, given a suitable model. Model-based testing is

a form of black-box testing. You only need to know how the sys-

tem is expected to work and create a model based on the expected

behavior. Then, the model-based testing tools will automatically

generate tests from that model.

All of the frameworks discussed above can be used to save money

and to give an increase in the code coverage, but none of them

can automatically generate tests cases and inputs based on nothing

more than the source files. In the next section we will introduce an

advanced technique that can help us achieve this goal.

2.2 Symbolic Execution

Symbolic execution is a static program analysis technique that was

first introduced in the 70s [8]. Since the 70s there has been a major

increase in computational power and new constraint solving tech-

niques that has led to a renewed interest in symbolic execution.

7



2.2 Symbolic Execution

Today it is used in various popular testing tools, both open-source

and commercial tools.

Symbolic execution aims to find as many different program

paths as possible, and to generate a set of concrete test inputs

for each path [9]. During execution it will also try to find different

kinds of errors, like assertion violations, uncaught exceptions, secu-

rity vulnerabilities and memory corruption. In other words, it is a

technique that can generate tests with high code coverage while it

also provides concrete inputs that may trigger bugs.

Instead of using actual concrete values as input, symbolic execu-

tion uses symbolic expressions to represent the program variables.

The program variables are mapped to symbolic expressions, that

can represent any concrete value, and stores them in a symbolic

state, σ.

Let’s take a look at the code in Listing 2.1, which is borrowed

from an example in [10]. The code shows a simple function that

takes two variables, x and y, as input, and swaps the integer-values

for the variables only if x is larger than y. First, the input pa-

rameters x and y are initialized to the symbolic values X and Y ,

respectively. At every assignment operation, the symbolic values of

x and y are updated. After line 3, the state contains the mapping

σ = {x → X + Y, y → Y }. Variable y is then updated in line 4

to X − Y . Since the map contains the variable x, which is defined

in the state, we replace the variable with the symbolic expression.

The new mapping then becomes σ = {x→ X + Y, y → X}.
Symbolic execution also includes a path condition, PC, which

stores the conditional expressions over the symbolic variables that

is encountered during execution. As a program is symbolically ex-

ecuted, conditions are gathered and stored in the PC. When the

execution is finished, you are left with a collection of conditions,

that must be satisfied in order for the program to traverse the

specific path. The collected constraints are then solved using a

constraint solver (see Section 2.4) and the solution from the solver

8



2.2 Symbolic Execution

1 func swap(x, y int) (int , int , error) {

2 if x > y {

3 x = x + y

4 y = x - y

5 x = x - y

6 if x-y > 0 {

7 return 0, 0, errors.New("Error during swap!")

8 }

9 }

10 return x, y, nil

11 }

Listing 2.1: Code that swaps two integers

forms the test inputs. The program will follow the exact same path

as the symbolic execution, and terminate in the same way, if the

application is executed on the concrete inputs from the solution.

Figure 2.1 shows the corresponding symbolic execution tree of

Listing 2.1. PC is first initialized to true. When symbolic execu-

tion meets a conditional statement, like an if-else statement, the PC

is updated for the ”then” branch, and a fresh path constraint PC ′

is created for the ”else” branch. Symbolic execution will continue

to execute along each branch if the path constraint is satisfiable for

both branches; that is, if there exist concrete values that can satisfy

the path constraints. If PC or PC ′ is not satisfiable, symbolic ex-

ecution will terminate along the unsatisfiable branch and the path

constraint will become false. An example of this can be seen in

step 5 in Figure 2.1.

2.2.1 Limitations

For very large programs, the number of feasible paths grows ex-

ponentially with an increase in program size. For programs that

contains loops there can even be an infinite amount of execution

paths. This is known as the path explosion problem [9]. To deal

with this issue, we could put a limit on the number of paths ex-

9



2.2 Symbolic Execution

Figure 2.1: Symbolic execution tree for two integers that are

swapped

plored, loop iterations or exploration depth. This will of course

result in some execution paths not being explored, which is also a

problem since we want to explore as many paths as possible. One

way modern symbolic execution tools address this problem is by

using search heuristics that prioritize paths that cover more code

than others.

Another problem with symbolic execution is that if the symbolic

path constraint along an execution path contains expressions that

can’t be solved by a constraint solver, then it cannot generate an

input [11]. One such case could be if the path constraint contains a

condition with a function call to operating-system or library func-

tions. The code for these functions are unreachable for the solver,

thus it is impossible for the solver to generate specific values that

satisfies the constraint. Concolic testing, discussed in the next sec-

tion, is a technique that address this problem.

10



2.3 Concolic Testing

2.3 Concolic Testing

Concolic testing, also called dynamic symbolic execution, maintains

both concrete and symbolic state and performs symbolic execution

dynamically, along a concrete execution path [10]. This is a tech-

nique that combines static and dynamic analysis techniques. The

concept was first introduced in [12], but the term concolic testing

was first introduced in [13].

Concolic testing starts with some given or random input and

while it executes, it will collect the conditions encountered along the

executed path and save them to the PC. The information stored in

PC can then be used to find alternative paths. For example, when

the execution hits an if-else statement, the concrete execution

may lead to the then-statement to be executed. It is also possi-

ble that the program can execute through the else-statement. To

guide the program along this alternative path we can negate the

condition that caused the program to execute through the then-

statement. A constraint solver will then be used to find the values

(test inputs) that will guide the execution to this path and the

program is then executed on those inputs. Conditions will be gath-

ered along the new path, and the process will be repeated until all

execution paths are found or until a certain limit is reached.

One of the main advantages of concolic testing [14] is that when-

ever symbolic execution fails to generate inputs for a path, typically

because the PC contains an external function call, then dynamic

symbolic execution can use concrete values as input to the function

in order to see what values it returns. This way, the conditions

can be simplified whenever symbolic execution is unable to reason

about a condition. Accordingly, concolic testing can be seen as an

extension of symbolic execution that includes runtime information.

This makes it more powerful than static symbolic execution and

more applicable for realistic programs.
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2.4 Constraint Solving

2.4 Constraint Solving

The term constraint solving is also known as the constraint sat-

isfaction problem (CSP), a problem where the goal is to check if

there exist an assignment to a set of variables that satisfies a set of

constraints [15]. CSPs appears in a number of fields related to com-

puter science: software and hardware verification, type inference,

static program analysis, test-case generation, scheduling, planning,

graph problems, and more [16]. CSPs is a large topic that relies

on a lot of heavy mathematics. In this section we will give a short

introduction to constraint solvers and CSPs. We will only explain

the information that is necessary to understand this thesis and not

go into detail about the mathematics it relies upon.

So what does satisfiability mean? In [15] it is defined as follows:

Definition 2.1. A formula is satisfiable if there exists an assign-

ment of its variables under which the formula evaluates to true.

Boolean satisfiability problem, better known as propositional

satisfiability or SAT, is the most common form of CSP. The goal of

SAT is to determine if a formula consisting of boolean variables and

logical connectives (”∧”, ”¬”, ”∨”), has an assignment of true or

false values that evaluates the formula to true. Not all problems

can be defined by boolean variables and logical connectives. They

need a more expressive logic, such as first-order logic. First-order

logic[15] is a formula that consists of:

1. Variables

2. Logical connectives : e.g., ”∧”, ”¬”, ”∨”

3. Quantifiers : ”∃” and ”∀”

4. Nonlogical symbols : function, predicate, and constant sym-

bols

5. Syntax : rules for composing formulas

12



2.4 Constraint Solving

First-order logic is like a framework that provides a common

syntax. On top of this framework there are theories (see Section

2.4.1), defining restrictions on the nonlogical symbols and the inter-

pretation of the symbols. Solvers for these theories are called Satis-

fiability Modulo Theories (SMT). Nearly all SMT problems are very

complex and requires a lot of computing power, but the number of

problems that can be solved are always increasing, due to technical

innovations and the annual competitions SMT-COMP [17] and the

international SAT competitions [18]. Newer SAT solvers are able

to solve formulas with more than hundreds of thousands of vari-

ables. The more common theories for SMT solvers have developed

in a similar manner. For SMT solvers there are also a common

input/output language called SMT-LIB [19] that makes it easier to

run benchmarks across different solvers.

Most SMT solvers are built on top of effective SAT solvers. The

atomic formulas (a single condition) in an SMT formula are mapped

into boolean variables. The SAT solver can then check the new for-

mula for satisfiability. The SMT formula will be unsatisfiable if the

SAT solver finds the new formula to be unsatisfiable. However, if

the SAT solver finds the formula to be satisfiable, a theory specific

solver that is part of the SMT solver is used to check if the combina-

tion of predicates is satisfiable according to the theory restrictions.

An SMT solver is usually a collection of theory solvers. In the next

section we will take a look at some of the different theories and in

Section 3.2 we will present some SMT solvers.

2.4.1 Theories

Below is a brief description of some of the theories. A deep under-

standing of them is not necessary for this thesis. The interested

reader is referred to [15], [20] or [21] for more information.

Propositional logic: the variables are booleans and the oper-

ators allowed are OR (∨), AND (∧) and NOT (¬).

13



2.5 The Go Programming Language

Linear arithmetic: variables can be either integers or reals

and the predicate symbols allowed are {≤}. The functions al-

lowed are {+,−,×}, but multiplication is only allowed with a

numeric constant.

Difference arithmetic: is a fraction of linear arithmetic where

each predicate is rewritten to be of the form x − y ≤ c, where

c is a constant, and x and y are variables. The variables can

range over either integers or reals.

Bit-vectors: this theory is useful for modeling hardware or

low-level software as information in computer systems are en-

coded as bit-vectors. The function allowed are {+,−,×, /,�
,�,&, |,⊕, ◦}, where ”�” and ”�” are left and right shifts,

and ”◦” are concatenation of bit vectors.

Arrays: allows formulas that include arrays. The functions

allowed on the arrays are read(a, i) and write(a, i, v). The first

function reads the value at index i from the array a, and the

second function updates the value at index i to v in the array

a.

2.5 The Go Programming Language

AutoTest is implemented in the Go programming language. Go is

a relatively new language that features some concepts that are not

part in some of the more commonly used languages. For this reason

a short introduction about Go is given here.

Google developed the language in 2007 and it was later released

as an open-source project in 2009[22]. Go is often thought of as a

systems programming language and it was designed to be an effi-

cient, scalable and productive language. The development started

as Google faced some challenges working with large hardware and

software projects in existing programming languages, and the goal
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was to get rid of the slowness and clumsiness of developing large-

scale software at Google. According to [23], Google faced the fol-

lowing challenges, which became the key objectives in the design of

Go:

• slow builds

• uncontrolled dependencies

• many programmers used tweaked versions of the languages

• poor program understanding leading to code that is difficult

to read and poor documentation of the code

• updates were costly

• challenging to write automatic tools

• cross-language builds

The result is a compact and modern language, with a clean syn-

tax, that features a garbage-collector and that has built-in support

for concurrent programming with the use of goroutines and chan-

nels. A goroutine is, as stated in [24], ”a function that executes

concurrently with other goroutines in the same address space”. By

writing go before a function or method call you run the call in

a new goroutine. A channel is used such that two functions that

are executed concurrently can communicate by sending values of a

specified type on the channel. A channel can be either buffered or

unbuffered and it can be used to either send a value on the chan-

nel, or as a receiver that will block the execution until values are

received. This way of communicating amongst concurrent processes

is based on A Theory of Communicating Sequential Processes [25]

from 1984.
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2.5.1 Go and the Abstract Syntax Tree

In order to find all execution paths in an application and create tests

for each of them, we create an abstract syntax tree (AST) and an-

alyze the tree structure. An abstract syntax tree (AST) takes some

source code as input and creates a tree representation of the es-

sential structure of the code [26]. It is abstract in the sense that

it omits unnecessary syntactic details, such as grouping parenthe-

ses or semi-colons to terminate statements. It’s not necessary to

include them in the tree, because they are directly represented in

the structure of the tree. As an example, Figure 2.2 shows a simple

AST of the statement x := y+(z*3).

Figure 2.2: An example of a simple abstract syntax tree

Go provides a package called ast which declares the types used

to represent ASTs for Go source code and it also contains functions

to traverse the tree in a depth-first search fashion. Moreover, Go’s

parser -package contains functions that can take a directory, file,

or a string of source code as input and then converts the source

code into an AST. Listing 2.2 shows the output from parsing the

same statement as mentioned above to an AST in Go. The tree

contains a lot of information and is quite large for only a single-line

statement. In Section 5.4 we will look into how a tree like this can
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be traversed to retrieve interesting information.

1 *ast.AssignStmt {

2 . Lhs: []ast.Expr (len = 1) {

3 . . 0: *ast.Ident {

4 . . . NamePos: 8:2

5 . . . Name: "x"

6 . . . Obj: *ast.Object {

7 . . . . Kind: var

8 . . . . Name: "x"

9 . . . . Decl: *(obj @ 43)

10 . . . }

11 . . }

12 . }

13 . TokPos: 8:4

14 . Tok: :=

15 . Rhs: []ast.Expr (len = 1) {

16 . . 0: *ast.BinaryExpr {

17 . . . X: *ast.Ident {

18 . . . NamePos: 8:7

19 . . . Name: "y"

20 . . . }

21 . . . OpPos: 8:9

22 . . . Op: +

23 . . . Y: *ast.ParenExpr {

24 . . . . Lparen: 8:11

25 . . . . X: *ast.BinaryExpr {

26 . . . . . X: *ast.Ident {

27 . . . . . . NamePos: 8:12

28 . . . . . . Name: "z"

29 . . . . . }

30 . . . . . OpPos: 8:13

31 . . . . . Op: *

32 . . . . . Y: *ast.BasicLit {

33 . . . . . . ValuePos: 8:14

34 . . . . . . Kind: INT

35 . . . . . . Value: "3"

36 . . . . . }

37 . . . . }

38 . . . . Rparen: 8:15

39 . . . }

40 . . }

41 . }

42 }

Listing 2.2: Output from parsing a simple statement to an AST
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2.5.2 Go and C

In Section 3.2 we will present some of the constraint solvers cur-

rently used in the industry and for academic research. None of

the constraint solvers has a Go API, but many of them has a C

API. Go provides a package, cgo, which makes it possible to call

C code in Go applications [27][28]. The first step in order to use

C-code inside Go code is to import the pseudo-package ”C”. Func-

tion and variable declarations, include-statements and any other

kind of C-code can be put in the preamble, which is a comment

section located directly above the import statement. The preamble

is used as a header when the C-part of the package is compiled.

The names declared in the preamble may be used in Go code as if

they actually were defined in the package C. Listing 2.3 shows an

example where we define a C integer i in the preamble and in the

Go code we convert it into a Go integer, and then print it out.

Flags for the compiler and linker for the C code can also be set

in the preamble by using the #cgo directive. When the application

is built, Go will concatenate all the CFLAGS directives in a package

and use them to compile C files in that package. The same con-

catenation is done for the LDFLAGS directives which will be used at

link time.

It is also possible to write Go code which can be used in C code,

but this part of cgo is not used in this thesis so the details on how

this is done will not be discussed here.

2.6 Autograder

Computer science courses at universities and colleges often consists

of practical programming assignments. There might be times when

a student struggles to grasp the concepts of a subject, and this in

turn will make it difficult for the student to implement an assign-

ment correctly. As the teachers usually have a pretty busy sched-

ule, it is not always easy to receive the required feedback. This
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1 package main

2

3 /*

4 int i = 5;

5 */

6 import "C"

7

8 import "fmt"

9

10 func main() {

11 intc := int(C.i)

12 fmt.Println("C int:", intc)

13 }

14

15 // Outputs: "C int: 5"

Listing 2.3: Cgo-example

may lead to students being uncertain and hesitating to continue

programming before they have received feedback.

Autograder is the result of a master thesis given at the Uni-

versity of Stavanger where the goal was to improve student learn-

ing through rapid feedback and by encouraging self-learning [29].

Autograder does so by automatically correcting and grading pro-

gramming assignments submitted by students based on test cases

written by the teacher.

A simplified overview of Autograder and the components it in-

teracts with is presented in Figure 2.3. When a student wants to

get feedback on an assignment, he pushes the code to an online git

repository at GitHub [30] that has been assigned to the student by

the teacher. Autograder has a continuous integration service that

is notified when new code has been transferred to GitHub. When it

receives a notification that a repository has been updated, it imme-

diately clones the students repository and the test repository. The

two repositories are then merged and the test script is executed in

Docker [31], a virtual machine environment. The result from the

test script is then sent back to Autograder, which in turn passes
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the information on to a web service. Both students and teachers

can then check the results and a detailed build log from the web

service.

Figure 2.3: Overview of Autograder

Autograder was used in a master-level course at the time the

thesis was written, and it is still used today in some courses. Au-

tograder has proven to be a valuable tool, both for students and

the teachers. Students now has the ability to get rapid feedback on

their code, from anywhere in the world, at any time. The teachers

now has access to an overview of the students progress that helps

the teacher to recognize students that struggle. In addition, they

no longer have to grade assignments manually.
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This section will present some of the work that has been done re-

lated to symbolic execution and constraint solving. Parts of this

work has been used as an inspiration for designing and implement-

ing AutoTest. This thesis contributes by introducing a new sym-

bolic execution tool, AutoTest, which is probably one of the first

symbolic execution tool for Go.

3.1 Symbolic Execution Tools

This section introduces some of the symbolic execution tools that

exists as of today. We will take a look at the architecture of the

different tools and the techniques they use.

3.1.1 KLEE

KLEE [32] is an open-source, symbolic execution tool that can au-

tomatically generate test cases. In [33], the authors tested the tool

on more than 450 applications, in total more than 430K lines of

code. The tool was designed to work on a broad range of applica-

tions without alteration and with two goals in mind:

1. Hit every line of executable code in the program

2. At each dangerous operation, detect if any input value exists

that could cause an error.
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Pointer dereference and assertion operations are two examples of

what are considered as dangerous operations. In order to realize the

goals, KLEE uses symbolic execution to gather constraints along

an execution path. When the path reaches an exit call, or when

an error is found, KLEE solves the path’s constraints with the

constraint solver STP [34], and then produces a test case that will

execute along the same path.

KLEE is run directly on bytecode generated by compiling the

source code using the LLVM-compiler. This means that KLEE can

be used to generate test cases for languages that are supported by

the LLVM-compiler. These include C, C++, Objective-C amongst

others [35].

Constraint solving is the foremost time-consuming task in a

KLEE-run, but the authors have been able to decrease the time

spent on constraint solving by simplifying expressions and eliminat-

ing queries before the constraint solving process. Without any op-

timizations, constraint solving accounts for on average over 90% of

KLEE’s running time. With the optimizations enabled, constraint

solving accounts for around 40% of the execution time, which is

a significant improvement! The query optimizations performed in

KLEE are as follows:

Expression rewriting such that they are optimized for the

compiler.

Constraint set simplification every time a new equality con-

straint is added to the constraint set, KLEE simplifies the con-

straint set.

Implied Value Concretization when a constraint is added

to the set that suggests that a variable is concrete, KLEE will

write the concrete value to memory. For example, if a constraint

x+ 2 = 5 is added to the set, KLEE will determine that x = 3.
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Constraint independence by dividing constraint sets into dis-

joint independent subsets, KLEE can ignore irrelevant constraints

before the query is sent to the constraint solver.

Counter-example cache maps constraint sets to counter-examples

(i.e. variable assignments) and stores the mapping in a tree.

This mapping can be searched efficiently for entries for subsets

and supersets of a constraint set. This way of storing the cache

introduces three new ways of eliminating queries.

The test cases KLEE produces achieve an impressive code cov-

erage, on average over 90% on the applications evaluated in the

paper. It is able to achieve high coverage with few test cases and

it beats manual testing, often considerably. As an example, the

authors ran KLEE on the GNU COREUTILS library, and the tests

generated by KLEE surpassed the COREUTILS developers test

suite by over 15%. This is a test suite that has been built up over

a period of fifteen years, which tells something about how powerful

symbolic execution can be!

3.1.2 SAGE

SAGE [36][11], short for Scalable Automated Guided Execution, is

a tool that has been developed by Microsoft Research. The goal of

the project was to address some of the limitations of blackbox fuzz

testing, which is a form of blackbox random testing. Fuzz testing

has shown to be a fast and easy approach for finding bugs in an

application. The problem with blackbox fuzz testing is that it pro-

vides low code coverage. Say for instance that a simple application

contains the statement if x == 0. The probability for the then-

branch to be executed is one in 232 when x is a randomly chosen

32-bit integer. This means that serious bugs could be easily over-

looked by blackbox fuzz testing, and this is the problem that the

developers of SAGE wanted to address.
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SAGE uses a technique called whitebox fuzz testing. It starts

with some initial input and symbolically executes a program while

gathering constraints from conditional statements encountered along

the execution. The constraints are then negated methodically and

solved using a constraint solver (Z3). The solutions from the solver

form inputs that will take different paths if executed.

One of SAGE’s key components is its generational search, a

directed search algorithm that is designed to maximize the code

coverage by finding bugs as fast as possible. The basic idea of the

algorithm is that it negates all the constraints in a path, one by one,

and checks if the new path constraint is satisfiable with the con-

straint solver. The generational search algorithm makes it possible

to generate thousands of new tests in a single symbolic execution,

as opposed to the standard depth-first search where only the last

constraints in the path is negated, generating only one new test per

symbolic execution. Each new input generated by the generational

search is also given a score based on their code coverage. The input

with the highest score is the one that is symbolically executed next.

SAGE is not available to the public, but it has discovered many

bugs in many large Microsoft applications. It found roughly one-

third of all the bugs detected by file fuzzing throughout the devel-

opment of Windows 7, and since 2008 it has been running non-stop

on more than 100 machines, automatically fuzzing hundreds of ap-

plications. As with KLEE it applies a number of optimizations for

the constraints. According to [36], SAGE was also the first tool that

performs symbolic execution at the x86 binary level. This means

that SAGE can be used on any kind of application no matter the

programming language was used to make it.

3.1.3 Other Tools

In addition to KLEE and SAGE there are also a bunch of other

symbolic execution tools. We will give a short presentation of some

24



3.2 Constraint Solvers

of them in this section.

CUTE (Concolic Unit Testing Engine) and jCUTE[13][37] are

two other symbolic execution tools developed at the University of

Illinois for C and Java applications. The tools are built up of mainly

two modules: one that instruments the application and a library for

symbolic execution, solving constraints and race detection. Instru-

menting an application basically means that extra code is injected

into the program. The extra code makes sure to call the library that

performs symbolic execution during runtime. The solvers used in

CUTE and jCUTE can handle arithmetic and pointer constraints.

Symbolic PathFinder (SPF)[38] is a tool built on top of Java

Pathfinder[39]. Java PathFinder is an open-source tool developed

by NASA that is used for verifying Java bytecode. It started as

a model-checker for finding for example unhandled exceptions or

deadlocks, or for collecting runtime information. Today it has many

extensions, and Symbolic PathFinder is one of them. SPF extends

the model-checking capabilities of Java PathFinder by combining it

with symbolic execution in order to automatically create test cases.

jFuzz[40], a concolic white-box fuzzer developed at MIT, is also

built on top of Java PathFinder.

3.2 Constraint Solvers

Symbolic execution tools relies upon constraint solvers in order to

generate inputs for each execution path. This section introduces

some SMT solvers that was still under development in 2015, ac-

cording to [41].

3.2.1 Z3

Z3 [42][43] is a free SMT solver developed at Microsoft Research and

it was intended for dealing with problems related to software veri-

fication and software analysis through extended static testing and

test case generation. It combines several of the theories discussed
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in Section 2.4. In 2007, Z3 won four categories in SMT-COMP

[17], and got second place in seven other categories. It is used

in a number of program analysis, verification and test-generation

projects at Microsoft, including SAGE, which we discussed in Sec-

tion 3.1.2. A user can communicate with the solver either using a

textual format or through an API. The solver provides APIs for C,

C++, .NET, Java and Python [44]. Among the textual formats Z3

supports are the SMT-LIB2 standard and Simplify. An overview of

Z3’s components are shown in Figure 3.1.

Figure 3.1: Overview of Z3

The simplifier reduces the input by using algebraic reduction

rules. The compiler takes the simplified expression and converts it

into a data structure that the core theory can work with. The core

theory receives a satisfiable assignment for the variables from the

SAT solver. Equality formulas are processed by the E-matching en-

gine, which returns an equality graph (E-graph). Given an equality
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formula ϕ, the equality graph corresponding to ϕ is an undirected

graph (V,E=, E6=) where V represents the variables in ϕ, the edges

E= represents the equality predicates, and the edges E6= represents

the inequality predicates [15]. As an example, say we receive a

predicate x = y, the E-matching will search for an equality path be-

tween x and y, a path connected by E= edges. Nodes in the graph

can point to more than one theory solver.

Z3 combines the theory solvers in order to solve a formula that

cannot be expressed by a single theory.

3.2.2 Other Solvers

Simple Theorem Prover (STP) [45] [34] is an open-source theorem

prover used by many companies and for academic purposes. It is

based on a SAT solver called MiniSAT [46], which is also freely

available, and it translates every formula into a propositional for-

mula that is solved using MiniSAT.

STP was mainly designed for solving constraints of bit-vectors

and arrays and it has won the bit-vector category in SMT-COMP

two times, and received second place two times. It supports the

textual formats SMT-LIB1 and SMT-LIB2 and provides APIs for

C/C++ and Python.

Boolector is another SMT solver for the quantifier-free theories

of bit-vectors and arrays [47][48]. It supports the SMT-LIB format

and includes a rewriting engine that aims to reduce a given formula

as much as possible. Since 2008, Boolector has received first place

in SMT-COMP more than ten times, in the categories related to

bit-vectors and arrays. This solver also features C and Python

APIs.

Yices [49] is a theory solver that supports both versions of the

SMT-LIB format, supplies a C API and also provides its own tex-

tual input language. Yices can decide satisfiability of formulas that

contains atoms from the theory of uninterpreted function symbols
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with equality, linear arithmetic, bit-vectors, among others. Yices

has also won several times in the categories it entered [50].

3.2.3 Combining SMT Solvers

Sometimes it can be difficult to select the SMT solver that works

best for a specific application. There are formulas that specific

solvers may be unable to solve and some solvers are also much

faster than others to make a determination if a formula is satisfiable.

metaSMT [51][52] is an open-source tool that address this problem

by running multiple solvers in parallel. metaSMT can be thought

of as an abstraction layer that allows different SMT solvers to be

used in parallel, using one common API.

The architecture of metaSMT consists of three layers: a fron-

tend, a middleend, and a backend layer. The frontend provides

APIs for C++ and Python where the primitives of the SMT-LIB2

format can be defined. The middleend handles translations and op-

timizations on the formulas. The backend provides an interface that

maps from the metaSMT API to APIs for SAT and STM solvers.

In addition, there is also the option to send SMT-LIB2 commands

directly to the solvers that supports this feature.

metaSMT has support for SMT solvers like Z3, Boolector, STP

and SWORD [53] and SAT solvers like MiniSAT, PicoSAT [54] and

AIGER [55]. Every command that is sent to the backend is either

translated to SMT-LIB2 format and then sent to every available

solver, or an API-call is made for each solver that correspond to the

SMT-LIB2 command. Every solver runs the command in parallel

until the fastest solver returns a result.

Since satisfiability is a NP-complete problem, the time it takes

to check is based on each solvers heuristics and optimization tech-

niques. In many situations it is impossible to say in advance which

solver that will perform better. metaSMT provides an interface

that allows use of multiple constraint solvers. KLEE (see Section
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3.1.1) is an example of a dynamic symbolic execution tool that im-

plements multi-solver supports through the metaSMT framework

[56].

29
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This section describes the architecture and the design choices we

have made for AutoTest. As this tool is developed first and foremost

for use in Autograder, we will first give an overview of how it works

when a new assignment is given. We will then look further into the

modules of the tool.

4.1 Overview

In order to use AutoTest to automatically create test cases for a

programming assignment, the teacher first of all needs to create a

solution for the assignment. The solution is assumed to be correct.

The source code from the solution is used as input to AutoTest, as is

shown in Figure 4.1. AutoTest will then run locally to produce test

cases for the assignment. The teacher can then use the generated

tests on Autograder in evaluating the students’ submitted code.

AutoTest has a simple command-line interface that takes two

parameters: an option parameter and a path. The two options are

as follows: it can create tests for a single source file, or it can create

tests for all source files in a directory. If option -f is used, the

second argument should be the path to a file and AutoTest will

try to parse the file into an AST. If option -d is used, the second

argument is treated as the path to a directory.
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4.2 Parser

Figure 4.1: High-level overview of AutoTest

Figure 4.2 shows the different modules of AutoTest. The rest of

this chapter will give a short presentation of each module and their

purpose.

4.2 Parser

The Parser-module is the simplest of the modules. It is responsible

of parsing the source code given as input into an AST. The input

can either be a single file, or a directory. If the input is a directory,

the parser will search the directory for all Go source files and parse

each file. The PathFinder is then called for each file’s AST.

4.3 PathFinder

The PathFinder will use the AST created from the Parser to retrieve

information that we will need in order to create tests for a function.

The information we are interested in are:

• Function name

• Input parameters
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Figure 4.2: The modules of AutoTest

• Return types

• Conditions

• Variables

Function name, return types and input parameters are necessary

in order to create the actual tests. In addition, constraints and

variables are provided to the solver that returns input data for the

tests.

The PathFinder performs symbolic execution on the AST using

depth-first search in order to find as many paths as possible. Each

execution path is represented by a state (a map of the variables

encountered) and a path constraint (a collection of the conditions).

As we move down a certain path in the tree, constraints are col-

lected when conditional statements are encountered and variables
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and assignments are saved in the symbolic state. During traversal,

information about the function name, input parameters and return

types are also collected. When the function terminates, for exam-

ple when a return statement is reached, the Solver will be called for

each execution path found. The path constraint and state is then

given as input to the Solver.

4.4 Solver

The Solver-module is responsible for checking if there exists a sat-

isfiable solution for the given execution path. In this thesis, we use

the constraint solver Z3 (see Section 3.2.1) to check for satisfiability.

Since Z3 is an external library that does not support Go directly,

we will use the C API provided by Z3 in combination with the cgo-

package provided by Go. The Solver-module will loop through all

the variables in the state, check what type they are, and declare

them as symbolic variables through Z3’s API. We will then loop

through all the conditions in the path constraint and declare each

constraint.

After both conditions and variables have been declared, the

solver will try to find a feasible solution. If the path constraint

is satisfiable, it returns a model with variable assignments that

satisfies the constraint. The model forms the test inputs for each

path, and if the function is executed on this input, it is guaranteed

to take the exact same path as it did during symbolic execution.

The Test Generator-module is called for each model returned from

the Solver.

4.5 Test Generator

The Test Generator-module is responsible for creating test-files for

each Go source file that has been analyzed by AutoTest. It creates

a test-function for each function in a source file, where each test-

function is like a small test-execution script. Each test-function is
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accompanied by a table that contains input values and the expected

output values. Each row in the table corresponds to a test.

Every model received by the Solver forms the input of a test.

The expected output can then be retrieved by calling the appro-

priate function on the generated input. The test-function loops

through all the tests defined in the accompanied table. If the test

returns an unexpected output, it will return an error. This kind of

testing is known as table-driven testing (see Section 2.1.1.

4.6 Design Choices

We have now given a small introduction to each module of AutoTest

and explained their purpose. In this section we will point out some

of the design choices that has formed AutoTest.

4.6.1 Choice of Constraint Solver

As is mentioned in Section 3.2.2, it can be hard to decide what

kind of constraint solver to use, even if you know the applications

it is meant to be used for. In this thesis, the constraint solver Z3

is used. While researching and reading papers, Z3 was mentioned

a lot of times. Since it is a tool developed at Microsoft Research

and used daily by Microsoft themselves, it seemed like this solver

would be a good choice. It supports many theories and provides

a fully-featured, well-documented C API [44]. Go also provides a

package cgo, which made it easier to create an API for Go that

calls the C API instead of using a lot of time to learn the SMT-LIB

textual input format.

4.6.2 Using the Abstract Syntax Tree

As we have seen from Chapter 3, a number of tools mentioned are

actually dynamic test generation tools, mixing static and dynamic

program analysis techniques. Many of these tools are working di-

rectly on compiled bytecode. In this thesis, the main focus has been
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on symbolic execution, which is a static program analysis technique,

and not on dynamic testing.

Implementing a dynamic symbolic execution tool would require

a runtime interpreter in addition to implementing symbolic exe-

cution on top. Even though dynamic symbolic execution is more

powerful than static symbolic execution, it was decided that static

symbolic execution on ASTs would be a good place to start, and

probably more than enough in order to use the tool to test the

assignments given on Autograder.

Go provides an easy way to parse source code into an abstract

syntax tree, and the AST contains all the information needed to

create tests for a function. In addition, Go’s ast-package provides

a function that will traverse the tree in a depth-first search fashion,

which is one of the classic search heuristics for symbolic execution.

4.6.3 Unit Tests

Symbolic execution can be used for full-system testing, and many

companies use symbolic execution for testing large applications this

way. In this thesis, the focus has been mainly on creating unit tests

for each function in an application, with the possibility of expanding

to integration and system testing at a later point.
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In this chapter we will first present a simple program and take a

look at its AST. We will use the AST in Section 5.1 to explain

how AutoTest has been implemented and some of the challenges

encountered. The following sections will explain the most impor-

tant parts of each module. We limit the implementation to some

core features, first of all to gain experience in the field of symbolic

execution. In Section 5.7 we will look at some of the problems

with the first prototype and what we have done so far to improve

AutoTest.

5.1 A Simple Example

The simple program in Listing 5.4 was used as a starting point

for implementing the test generator. With the help of the parser -

package we can parse the source code into an AST. The correspond-

ing AST is shown in a simplified form in Figure 5.1.

All of the information we are interested in can be found in the

AST. The next step is to traverse the tree in order to save the

information we need in order to create test cases. Go’s ast-package

provides a function that traverses the tree in a depth-first fashion:

func Walk(v Visitor, node Node)

Visitor is an interface-type which containts one method:

36



5.1 A Simple Example

1 func ExampleOne(x int) int {

2 if x == 0 {

3 return 0

4 }

5 if x < 0 {

6 return -1

7 } else {

8 return 1

9 }

10 }

Listing 5.4: A simple example program

Figure 5.1: Abstract syntax tree of ExampleOne

Visit(node Node) (w Visitor)

The function takes a Node as input and returns a Visitor. Node

is also an interface that all nodes in the AST implements. Walk

starts by calling v.Visit(node) which will return a visitor w if

node is not nil. Walk will be called recursively with visitor w until

a node with value nil is hit. In order to use the Walk-function, a

custom visitor is created that implements the Visit method of the

Visitor interface . Before we move on to the traversal of the AST

we will take a look at the parser in the following section.
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5.2 Parser

The objective of the Parser-module is to parse source code into an

AST. The most important functions in the parser are ParseFile

and ParseDir, which are shown in Listing 5.5. Recall from Section

4.1, that if the first argument is -f, then the second argument

path should point to a file. In this scenario ParseFile will be

called. ParseFile calls a function with the same name from the

Go parser -package and it takes four arguments:

fset is of the type token.FileSet and represents a set of source

files.

path is a string of the filepath to the file.

src is an interface where source code can be entered directly. If

src != nil, src will be parsed to an AST. Otherwise an AST

will be produced from the path.

mode is a flag that can be set in order to control the amount

of source code that will be parsed.

If the first argument is -d, the second argument should point

to a directory, and ParseDir is called. If the path is indeed a

directory, a list of all its subdirectories will be created. The func-

tion allDirsToAST, shown in Listing 5.6, loops through the list

and returns a map that maps filepaths to ASTs. parser.ParseDir

calls parser.ParseFile for all files in the given directory ending

in ”.go”. The arguments in parser.ParseDir are the same as in

parser.ParseFile, except the third argument. The third argu-

ment is a filtration function that can be used to exclude files that

you do not want to deal with. In our case, we exclude files that con-

tains ” test.go”, since files ending in ” test.go” contains test cases

and are thus not source code for an assignment.
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5.2 Parser

1 // ParseFile returns the AST of the given file

2 func ParseFile(path string) *ast.File {

3 fset := token.NewFileSet ()

4 file , err := parser.ParseFile(fset , path , nil , 0)

5 if err != nil {

6 log.Fatal("error: argument is not a file!")

7 }

8 return file

9 }

10

11 // ParseDir calls ParseFile for all .go files in the directory

12 func ParseDir(path string) map[string ]*ast.File {

13 info , err := os.Stat(path)

14 if err != nil {

15 log.Fatal("error: not a valid path!")

16 }

17 if !info.IsDir() {

18 log.Fatal("error: argument is not a directory!")

19 }

20

21 dirlist := createListOfDirs(path)

22 filesMap := allDirsToAST(dirlist)

23 return filesMap

24 }

Listing 5.5: Functions in Parser-module
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1 func allDirsToAST(dirlist [] string) map[string ]*ast.File {

2 fset := token.NewFileSet ()

3 filesMap := make(map[string ]*ast.File)

4 filter := func(info os.FileInfo) bool {

5 name := info.Name()

6 return !info.IsDir() &&

7 !strings.HasSuffix(name , "_test.go")

8 }

9

10 for _, val := range dirlist {

11 pkgs , err := parser.ParseDir(fset , val , filter , 0)

12 if err != nil {

13 log.Fatalf("error: allDirsToAST: %v", err)

14 }

15

16 for _, v := range pkgs {

17 for filename , file := range v.Files {

18 filesMap[filename] = file

19 }

20 }

21 }

22 return filesMap

23 }

Listing 5.6: Parser-module: allDirsToAST
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5.3 PathConstraint and Symbolic State

As mentioned earlier, PathConstraint is basically a collection of

the conditions encountered during traversal of the AST. The solver

(see Section 5.5) needs the conditions in order to find an input that

corresponds to a satisfiable path. The code for PathConstraint is

shown in Listing 5.7.

1 type PathConstraint [] Constraint

2

3 type Constraint struct {

4 Lvl int

5 Cond Condition

6 }

7

8 type Condition struct {

9 Left string

10 Op string

11 Right string

12 }

13

14 func (s PathConstraint) Empty() bool {

15 return len(s) == 0

16 }

17

18 func (s PathConstraint) Peek() Constraint {

19 return s[len(s) -1]

20 }

21

22 func (s *PathConstraint) Push(c Constraint) {

23 (*s) = append ((*s), c)

24 }

25

26 func (s *PathConstraint) Pop() Constraint {

27 c := (*s)[len(*s) -1]

28 (*s) = (*s)[:len(*s) -1]

29 return c

30 }

Listing 5.7: PathConstraint-class and its methods

PathConstraint is implemented as a stack of constraints and

it contains all the methods that are expected of a stack. Empty is

a boolean that checks if there are any elements in the stack, Peek
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returns the element at the top of the stack, Push inserts the given

Constraint at the top of the stack, and Pop removes and returns

the top element from the stack.

A stack seemed like a natural choice to represent a PathConstraint,

since during AST-traversal we will first move down a certain path

and gather conditional statements from that path. When we reach

the bottom of the tree and start moving up again, we need to re-

move conditional statements from the stack, as we pass them on

the way up again. This is also why Lvl is part of the Constraint

type. It is just an integer that logs at which level a constraint is

added. When this level is passed on the way up the tree, it will

be popped off the stack. This is seen in Listing 5.10 in the type

switch, under case nil.

1 type State map[string]SymbolicVariable

2

3 type SymbolicVariable struct {

4 Name string

5 LvlCreated int

6 VarType string

7 AssignStmt string

8 }

Listing 5.8: State and SymbolicVariable

Listing 5.8 contains the declarations of SymbolicVariable and

State. The SymbolicVariable stores information about the name

of a variable, the level in the tree where it is first encountered, the

type of the variable and optionally an assignment. AssignStmt can

be nil when a variable is a parameter to a function. Then it will

not have any assignment, just the variable name and type. If we

later encounter an assignment for this variable, we can update it at

that time.

State is a map that stores all variables encountered during

traversal. We use a map where the name is key, since it is easy

to check if a key already exist. If a variable already exists in the
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map during traversal we only have to update the AssignStmt.

5.4 PathFinder and Symbolic Execution

This section presents the implementation of the visitor and the

implemented method from the interface that is necessary in order

to explore as many execution paths as possible.

1 type FuncVisitor struct {

2 Pkg string

3 FuncName string

4 FuncNumber int

5 FilePath string

6 Params *ast.FieldList //input parameters for the function

7 Results *ast.FieldList // return values

8 PC symbexec.PathConstraint

9 State symbexec.State

10 Lvl int

11 TestInputs [] string

12 }

Listing 5.9: FuncVisitor

Listing 5.9 shows the custom visitor named FuncVisitor. New

test cases will be stored in the same package as the source code

that the test cases belong to, and thus we have to save the name

of the package. The name of the function is stored since the tests

produced will be of the form TestFuncName(t *testing.T), where

FuncName is the name of the function that the test belongs to. Both

Params and Results from Figure 5.1 are of type *ast.FieldList.

Both values are needed so we can define what types are expected as

input and output when we create tests for a function. We will ex-

plain this further in Section 5.6 when we discuss the test generator.

The PathConstraint and State were explained in the previous

section. The Lvl is used to keep track of what level a constraint

was added to the PathConstraint and at which levels variables are

declared.
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To implement the Visitor interface we need to implement the

method in the interface:

1 func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {

2 switch x := node.(type) {

3 case nil:

4 v.Lvl --

5 if !v.PC.Empty() {

6 c := v.PC.Peek()

7 if c.Lvl == v.Lvl {

8 v.PC.Pop()

9 }

10 }

11 case *ast.IfStmt:

12 v.Lvl++

13 handleIfStmt(x, v)

14 v.Lvl++

15 return nil

16 case *ast.AssignStmt:

17 v.Lvl++

18 handleAssignStmt(x, v)

19 case *ast.ReturnStmt:

20 v.Lvl++

21 sat , res := solver.Solve(v.State , v.PC)

22 if sat {

23 v.TestInputs = append(v.TestInputs , res)

24 }

25 default:

26 v.Lvl++

27 }

28 return ast.Visitor(v)

29 }

Listing 5.10: FuncVisitor’s Visit-function

This function will be used by Walk to traverse the tree when

we pass FuncVisitor as a parameter. The Node parameter is an

interface, so we need to use a type switch which basically discovers

the dynamic type of an interface variable. As you can see from

Listing 5.10, we need to make a case for each node in the tree

where we want something to happen. We have only included a

few of the nodes in this listing to show how the method works.

When the node is of type nil, then there are no more nodes at the
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current level and Walk will move up one level to the parent node.

As we move up the tree, if we pass the same level as where the last

condition that was saved to the PC, it is removed from the PC. We

also need to include a default case in order for the level to always

increment no matter which node it passes, not only the ones that

are actually handled.

5.4.1 Handling If-statements

When an if statement is reached, we call a function handleIfStmt

(see Listing 5.11). The condition of an *ast.IfStmt is an interface,

so we need a type switch in order to retrieve the type of the condi-

tion. Once we have the type, we create a condition for the ”then”-

branch and one for the ”else”-branch. For the elseCond, we use a

map that finds the inverse of the operation from the ”then”-branch.

We can then traverse down one branch at a time by calling Walk on

the next node for each branch, but only after we check if the path

constraint along with the state are satisfiable. The traversal will

only continue down a certain path if it is satisfiable. After one or

both branches has been traversed handleIfStmt returns, the level

for the visitor is incremented and the Visit-function returns nil.

This stops the ”original” traversal to continue down the children of

the IfStmt, which we have already explored.

The reason why if statements are handled this way is because

Go’s ast-package don’t provide us with a way to check a nodes

parents or siblings. So if a conditional was handled directly, we

would not know whether the condition is the child of an if statement

or a loop.

When the traversal reaches a return statement, a call to the

solver is made, which will return a model if the path constraint is

satisfiable. The model is stored in the visitor in order to create test

inputs after the traversal is complete. In the next section, we will

take a look at how the solver works.
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1 func handleIfStmt(x *ast.IfStmt , v *FuncVisitor) {

2 switch c := x.Cond.(type) {

3 case *ast.BinaryExpr:

4 left := exprToString(c.X)

5 op := c.Op.String ()

6 right := exprToString(c.Y)

7 cond := symbexec.Constraint{

8 Lvl: v.Lvl ,

9 Left: left ,

10 Op: op,

11 Right: right}

12 elseCond := symbexec.Constraint{

13 Lvl: v.Lvl ,

14 Left: left ,

15 Op: invOpMap[cond.Op],

16 Right: right}

17

18 v.PC.Push(cond)

19 // check if sat before walk

20 res := solver.CheckSat(v.State , v.PC)

21 if res {

22 ast.Walk(v, x.Body)

23 } else {

24 v.PC.Pop()

25 }

26

27 if x.Else != nil {

28 fvElse := v

29 fvElse.PC.Push(elseCond)

30 //check if sat before Walk

31 res := solver.CheckSat(v.State , fvElse.PC)

32 if res {

33 ast.Walk(fvElse , x.Else)

34 } else {

35 fvElse.PC.Pop()

36 }

37 }

38 default:

39 log.Fatalf("Unhandled type %s in handleIfStmt", c)

40 }

41 }

Listing 5.11: handleIfStmt

46



5.5 Solver

5.5 Solver

This section describes the implementation of the constraint solver,

which is called when symbolic execution hits a ReturnStmt.

Listing 5.12 shows some of the code for the constraint solver.

At the top of the code is the preamble where we include the header

files for C’s standard library and Z3. LDFLAGS tells the linker in

which folder it can find the Z3 library and then the name of the

library. In the init()-function we set up the necessary variables

before the solver can be used. The function Solve is called when

the AST-traversal reaches a ReturnStmt. We will study some of the

functions here in more detail later, but first we will take a quick

look at what happens in the Solve-function.

First, we declare all the variables in the state through the Z3

API. In the next step we declare all constraints on the stack pc

through the API. We then call solverCheck, which sends a call

to the solver to check if the declarations has a satisfiable solution

or not. If the pc is unsatisfiable, then we will return an empty

string. If the check returns true, meaning that it is satisfiable, we

get the model and return it as a string. The model is used to create

inputs for the test cases. The function solverReset removes all

declarations from the solver and prepares the solver for the next

path constraint that needs to be solved.

Listing 5.13 shows the function that declares all the variables in

the state into the solver and the function that declare every con-

dition into the solver. For every variable stored in the state, we

need to check what type the variable is, and then declare the cor-

rect variable type in the solver. As you can see from the listing,

there is currently only support for integer values. When declar-

ing constraints we must also check if the types or variables in the

conditional statements are already declared in the solver context,

and if they are not, we need to declare them. After both sides of a

conditional has been checked, a constraint is created in the solver
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1 package solver

2

3 /*

4 #cgo LDFLAGS: -L/usr/local/Cellar/z3 /4.4.1/ lib -lz3

5 #include <stdlib.h>

6 #include <z3.h>

7 */

8 import "C"

9

10 import (

11 "fmt"

12 "log"

13 "strconv"

14 "unsafe"

15

16 "github.com/bjerga91/test -generator/symbexec"

17 )

18

19 var svr C.Z3_solver

20 var ctx C.Z3_context

21

22 func init() {

23 ctx = MkContext ()

24 svr = mkSolver(ctx)

25 }

26

27 func Solve(state symbexec.State , pc symbexec.PathConstraint) (bool

, string) {

28 var res string

29 vars := declVarsInState(state)

30 assertConstraints(pc, vars)

31

32 sat := solverCheck(ctx , svr)

33 if sat {

34 m := solverGetModel(ctx , svr)

35 res = modelToString(ctx , m)

36 } else {

37 res = ""

38 }

39 solverReset(ctx , svr)

40 return sat , res

41 }

Listing 5.12: Constraint Solver, Z3
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context and then asserted. It is not before all of the constraints

have been asserted that we can check for satisfiability and possibly

get a model.

5.6 Test Generator

The test generator module handles the generation of tests, and it is

also where the traversal of the AST is initiated. The module con-

tains two main functions: GenerateTestsForFile and GenerateT-

estsForDir, which are called after the parser functions ParseFile

and ParseDir respectively (see Section 5.2). As you can see from

Listing 5.14, GenerateTestsForDir loops through the files in the

map, and calls GenerateTestsForFile for each file.

In GenerateTestsForFile, we call ast.Inspect, which tra-

verses the tree in depth-first order. It starts by calling the input

function with file as input and continues traversal as long as the

function returns true. In this case, we only want to find every

*ast.FuncDecl node that is in the file’s AST. For every FuncDecl,

we create a FuncVisitor (see Section 5.4), that is used to store in-

formation about each function, and we call ast.Walk on the visitor

with the node FuncDecl as the starting point for the traversal.

After the tree has been traversed, and the necessary information

is stored in the visitor, we call createTests. createTests add test

code to the string text: if text is empty, the code will include the

package and import statements at the start of every Go file. If it

already contains some text, then it will only include text for the

given function. createTests and codeAppendToFile can be seen

in Listing 5.15. After text has been created for all the functions in a

file, a call to writeTestsToFile is made. This function extracts the

file name from the source, say for example ”code.go” and creates

a test file based on that name: ”code test.go”. The file will be

replaced if it already exist. Listing 6.25 shows an example of the

output from the test-generator.
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1 func declVarsInState(state symbexec.State) map[string]C.Z3_ast {

2 vars := make(map[string]C.Z3_ast)

3 for _, val := range state {

4 if val.VarType == "int" {

5 res := declIntVar(ctx , val.Name)

6 if val.AssignStmt != "" {

7 if i, err := strconv.Atoi(val.AssignStmt); err == nil

{

8 data := declInt(ctx , i)

9 res = mkEq(ctx , res , data)

10 }

11 }

12 vars[val.Name] = res

13 } else {

14 log.Fatal("declVarsInState: Vartype is not int!")

15 }

16 }

17 return vars

18 }

19

20 func assertConstraints(pc symbexec.PathConstraint , vars map[string

]C.Z3_ast) {

21 var left , right , constraint C.Z3_ast

22 for _, c := range pc {

23 left = checkTypeAndDeclVar(ctx , vars , c.Left)

24 right = checkTypeAndDeclVar(ctx , vars , c.Right)

25 if c.Op == "==" {

26 constraint = mkEq(ctx , left , right)

27 } else if c.Op == "!=" {

28 constraint = mkNotEq(ctx , left , right)

29 } else if c.Op == "<" {

30 constraint = mkLt(ctx , left , right)

31 } else if c.Op == " <=" {

32 constraint = mkLe(ctx , left , right)

33 } else if c.Op == ">" {

34 constraint = mkGt(ctx , left , right)

35 } else if c.Op == " >=" {

36 constraint = mkGe(ctx , left , right)

37 }

38 solverAssert(ctx , svr , constraint)

39 }

40 }

Listing 5.13: Z3: declVarsInState and assertConstraints
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1 // GenerateTestsForFile generates tests for the given file

2 func GenerateTestsForFile(file *ast.File , path string) {

3 pkg := file.Name.Name

4 funcNumber := 0

5 text := ""

6 ast.Inspect(file , func(n ast.Node) bool {

7 switch x := n.(type) {

8 case *ast.FuncDecl:

9 var stack symbexec.PathConstraint

10 visitor := pf.FuncVisitor{

11 Pkg: pkg ,

12 FuncNumber: funcNumber ,

13 FilePath: path ,

14 Lvl: 0,

15 PC: stack ,

16 State: make(symbexec.State),

17 }

18 ast.Walk(&visitor , x)

19 funcNumber ++

20 text = createTests(visitor , text)

21 return false

22 }

23 return true

24 })

25 writeTestsToFile(text , path)

26 }

27

28 // GenerateTestsForDir generates tests for the given directory

29 func GenerateTestsForDir(files map[string ]*ast.File) {

30 for path , file := range files {

31 GenerateTestsForFile(file , path)

32 }

33 }

Listing 5.14: Main functions in test generator module
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1 func createTests(f pf.FuncVisitor , text string) string {

2 if text == "" {

3 text += codeNewFile(f)

4 } else {

5 text += codeAppendToFile(f)

6 }

7 return text

8 }

9

10 func codeAppendToFile(f pf.FuncVisitor) string {

11 inputString := getInputTypes(f)

12 returnString := getReturnTypes(f)

13 testcases := getTestCases(f)

14

15 text := fmt.Sprintf(‘

16 type testpair%s struct {

17 input %s

18 expected %s

19 }

20

21 var tests = [] testpair%s{

22 %s

23 }

24

25 func Test%s(t *testing.T){

26 for _, pair := range tests {

27 out := %s(pair.input)

28 if out != pair.expected {

29 t.Error(

30 "For", pair.input ,

31 "expected", pair.expected ,

32 "got", out ,

33 )

34 }

35 }

36 }

37 ‘, f.FuncName ,

38 inputString ,

39 returnString ,

40 f.FuncName ,

41 testcases ,

42 f.FuncName ,

43 f.FuncName)

44

45 return text

46 }

Listing 5.15: createTests and codeAppendToFile
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5.7 AutoTest - Version 2.0

After testing the tool and checking the code coverage on the tests

generated by the tool (see Section 6), it is clear that the algorithm

implemented for finding paths is not good enough. We will take a

look back at the example presented in Section 5.1 and explain the

problems with the tool. We will then highlight some of the changes

made from version 1.0 to version 2.0.

5.7.1 The Flaws

Most of the related work on symbolic execution tools are working

directly on the bytecode and not with the AST. In addition, none of

them are working in Go. The algorithm for finding paths in ASTs

for Go had to be designed from scratch. The first algorithm was

designed with ExampleOne in mind. The code for ExampleOne is

repeated in Listing 5.16 for the reader’s convenience.

1 func ExampleOne(x int) int {

2 if x == 0 {

3 return 0

4 }

5 if x < 0 {

6 return -1

7 } else {

8 return 1

9 }

10 }

Listing 5.16: ExampleOne

After implementing and testing the tool, it became clear that

the PathFinder had to be improved. Conditions are popped off the

stack when the DFS traversal moves upwards and reaches a node

that has the same level as the condition at the top of the stack. As

an example, the condition for the first if-statement, x == 0, will

be pushed to the stack when going down the tree, until it hits the

return statement. When DFS moves up the tree, the condition will
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be popped of the stack when it moves past the if statement. When

the second if statement is reached, the stack will be empty.

The main problem with this approach is that the PC only saves

one path at a time and thus does not support branching at if state-

ments. Pushing and popping conditions for a path is not a good

idea either.

1 func ExampleTwo(x int) int {

2 var res int

3 if x == 0 {

4 res = 0

5 }

6 if x < 0 {

7 res = -1

8 } else {

9 res = 1

10 }

11 return res

12 }

Listing 5.17: ExampleTwo

Let’s take a look at a similar example, shown in Listing 5.17,

where the return statements are replaced by assignments and we

only have one return statement at the end. At the return statement,

the PC will be empty, when actually we should have found the

three satisfiable paths {x == 0, x >= 0}, {x! = 0, x < 0} and

{x! = 0, x >= 0}. We need a new structure for storing paths that

allows us to store multiple conditions at the same level.

5.7.2 PathFinder 2.0

Most of the new functionality in version 2.0 is related to the PathFinder

and the path exploration algorithm. We have introduced a new

structure and made some changes to the FuncVisitor. The changes

can be seen in Listing 5.18.

The FuncVisitor now has a list of Paths, and each Path has its

own PC and State. The visitor still has a PC, which is used during
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1 //Path is a struct that stores the PC and State for each path

found

2 type Path struct {

3 PC symbexec.PathConstraint

4 State symbexec.State

5 }

6

7 // FuncVisitor is used to store variables when traversing the AST

8 type FuncVisitor struct {

9 Pkg string

10 FuncName string

11 FuncNumber int

12 FilePath string

13 Params *ast.FieldList //input parameters for the function

14 Results *ast.FieldList // return values

15 PC symbexec.PathConstraint

16 VarHistory symbexec.VarHistory

17 Paths []Path

18 Lvl int

19 TestInputs [] string

20 }

Listing 5.18: Path and FuncVisitor v2.0
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traversal. Instead of having a State to keep track of variables

during traversal, we now use a VarHistory instead, which is a

stack of symbolic variables. The reason why we use a stack instead

of a map to store variables during traversal is because we need to

keep a history of the variables in order to backtrack when we move

up the tree.

As you can see from Listing 5.19, we have made some changes

to the Visit-function, compared to how it was in the first ver-

sion. First of all, recall that case nil corresponds to the DFS

moving up one level. v.popVariables will remove all variables

from v.VarHistory that has a higher Lvl than the current one.

v.popCondition is performing the same operations that was done

in the last version, popping a condition from the PC if the condi-

tion’s level is the same as the current. If we reach level 0, which is

basically the root of a funtion, we will solve all the paths that has

been added to v.Paths.

When we reach a ReturnStmt we call solvePaths(), shown in

Listing 5.20. The difference between solvePaths and solveAllPaths

is that solvePaths will only try to find a solution for the paths

that contains the condition at the top of the stack PC. This is done

based on the assumption that all paths that contain the last condi-

tion on the stack will also reach the ReturnStmt. The paths that

are solved will be removed from the list of paths. If the PC is empty

when we reach a ReturnStmt it is probably because the statement

is at the top-level, at the end of a function. In this case we will call

solveAllPaths since the return statement will be reachable for all

paths. ExampleTwo in Listing 5.17 is an example of such a case.

Listing 5.21 presents the changes made in the function handleIfStmt.

The code is mostly the same as in the first version (Listing 5.11)

with one important difference: the function call addConditionsToPaths.

If the list Paths is empty, we create two new paths; one for the

then-branch and one for the else-branch.

If we already have paths in our list we will loop through the
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1 func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {

2 switch x := node.(type) {

3 case nil:

4 v.Lvl --

5 fmt.Println("Going up. Lvl:", v.Lvl)

6

7 // Removes variables from the variable history that has Lvl

higher than current

8 v.popVariables ()

9

10 // Removing last condition from PC if current lvl is same as

the lvl the condition was saved to PC

11 v.popCondition ()

12

13 if v.Lvl == 0 {

14 v.solveAllPaths ()

15 }

16 case *ast.IfStmt:

17 v.Lvl++

18 handleIfStmt(x, v)

19 v.Lvl --

20 return nil

21 case *ast.AssignStmt:

22 v.Lvl++

23 handleAssignStmt(x, v)

24 case *ast.ReturnStmt:

25 v.Lvl++

26 v.solvePaths ()

27 default:

28 v.Lvl++

29 }

30 return ast.Visitor(v)

31 }

Listing 5.19: FuncVisitor’s Visit-function v2.0
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1 func (v *FuncVisitor) solvePaths () {

2 if v.PC.Empty() {

3 v.solveAllPaths ()

4 return

5 }

6 var newPaths []Path

7 for i := range v.Paths {

8 if v.Paths[i].PC.Contains(v.PC.Peek()) {

9 sat , res := solver.Solve(v.Paths[i].State , v.Paths[i].PC)

10 if sat {

11 fmt.Print("Path: ", v.Paths[i].PC.ToString (), "\t|\

tmodel:", res)

12 v.TestInputs = append(v.TestInputs , res)

13 }

14 } else {

15 newPaths = append(newPaths , v.Paths[i])

16 }

17 }

18 v.Paths = newPaths

19 }

Listing 5.20: solvePaths

paths, and for each path we will create a thenpath and an elsepath.

If PC is empty, we will replace the original path with the two new

paths, given that they are satisfiable. If there are conditions in the

stack, we will first check if the original path contains the condi-

tion at the top of the stack. If it does, the original path will be

removed from the list and the elsepath and thenpath are added,

given that they are satisfiable. If the original path does not contain

the last condition on the stack, we will leave the path in the list PC

unchanged. The code for the function addConditionsToPaths is

displayed in Listing 5.22.
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1 func handleIfStmt(x *ast.IfStmt , v *FuncVisitor) {

2 switch c := x.Cond.(type) {

3 case *ast.BinaryExpr:

4 left := exprToString(c.X)

5 op := c.Op.String ()

6 right := exprToString(c.Y)

7 cond := symbexec.Constraint{

8 Lvl: v.Lvl ,

9 Left: left ,

10 Op: op,

11 Right: right}

12 elseCond := symbexec.Constraint{

13 Lvl: v.Lvl ,

14 Left: left ,

15 Op: invOpMap[cond.Op],

16 Right: right}

17

18 //each path branches into PC(then) and PC ’(else)

19 v.addConditionsToPaths(cond , elseCond)

20

21 v.PC.Push(cond)

22 //check if sat before walk

23 res := solver.CheckSatVarHist(v.VarHistory , v.PC)

24 if res {

25 ast.Walk(v, x.Body)

26 } else {

27 v.PC.Pop()

28 }

29

30 if x.Else != nil {

31 v.PC.Push(elseCond)

32 //check if sat before walk

33 res := solver.CheckSatVarHist(v.VarHistory , v.PC)

34 if res {

35 ast.Walk(v, x.Else)

36 } else {

37 v.PC.Pop()

38 }

39 }

40 //TODO condition could be other than BinaryExpr.

41 default:

42 log.Fatalf("Unhandled type %s in handleIfStmt", c)

43 }

44 }

Listing 5.21: handleIfStmt
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1 func (v *FuncVisitor) addConditionsToPaths(cond symbexec.

Constraint ,

2 elseCond symbexec.Constraint) {

3 if len(v.Paths) > 0 {

4 var newPaths []Path

5 for _, path := range v.Paths {

6 elsepath := append(path.PC, elseCond)

7 elsesat := solver.CheckSat(path.State , elsepath)

8 thenpath := append(path.PC, cond)

9 thensat := solver.CheckSat(path.State , thenpath)

10 state := path.State

11

12 //If PC is not empty , we will only create new paths for

paths that

13 // contain the last Condition. If PC is empty , we will

create new paths for all

14 if !v.PC.Empty() {

15 if path.PC.Contains(v.PC.Peek()) {

16 if elsesat {

17 newPaths = append(newPaths , Path{

18 PC: elsepath ,

19 State: state})

20 }

21 if thensat {

22 newPaths = append(newPaths , Path{

23 PC: thenpath ,

24 State: state})

25 }

26 } else {

27 newPaths = append(newPaths , path)

28 }

29 } else {

30 if elsesat {

31 newPaths = append(newPaths , Path{

32 PC: elsepath ,

33 State: state})

34 }

35 if thensat {

36 newPaths = append(newPaths , Path{

37 PC: thenpath ,

38 State: state})

39 }

40 }

41 }

42 v.Paths = newPaths

43 //If there are no paths in list already , we create a new

path for each branch.

44 } else {

45 v.Paths = append(v.Paths , Path{PC: symbexec.PathConstraint{
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cond }})

46 v.Paths = append(v.Paths , Path{PC: symbexec.PathConstraint{

elseCond }})

47 }

48 }

Listing 5.22: addConditionsToPaths

5.7.3 Test Generator 2.0

Version 2.0 also includes a small but important change to the test

generator-module. It includes a function that retrieves the output

of a function when it is executed on the generated input. This

output is what forms the ”expected output” for the tests. The

code for this function is shown in listing 5.23.

The function creates a temporary directory with a temporary

go-file which calls the function with the generated input. We create

a command to execute this file with exec.Command(). When we call

Output(), the command runs and returns the standard output and

error. After we have retrieved the output, we delete the temporary

file and directory and then returns the output.

In addition, improvements has been made for the function codeAppendToFile,

(version 1.0 is shown in Listing 5.15). The last version of the test

generator only had support for one input and one output value, as

you can see from the definition of the testpair-structure. The new

version is made more general, to be able to support a number of

input- and output variables.
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1 func getExpectedOut(f pf.FuncVisitor , input string) string {

2 end := strings.LastIndex(f.FilePath , "/")

3 pkgString := f.FilePath [:end]

4 text := fmt.Sprintf(‘

5 package main

6

7 import (

8 "fmt"

9 "%s"

10 )

11

12 func main(){

13 fmt.Print(%s.%s(%s))

14 }

15 ‘, pkgString ,

16 f.Pkg ,

17 f.FuncName ,

18 input ,

19 )

20

21 createDir("../ temp")

22 path := fmt.Sprintf("../ temp/temp.go")

23 createFile(path , text)

24 out , err := exec.Command("go", "run", path).Output ()

25 if err != nil {

26 log.Fatal("getExpectedOut: Failed executing command!", err)

27 }

28 delDir("../ temp")

29 return string(out [:])

30 }

Listing 5.23: getExpectedOutput
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6 | Results

In this chapter we will discuss the results achieved by generating

tests with AutoTest. The tool is far from complete, and it has some

limitations regarding the type of source code that it can handle. We

will present the basic test scenarios used and show the results from

testing the code coverage on the tests produced from AutoTest.

6.1 Version 1.0

We first show the output from running AutoTest on the file contain-

ing ExampleOne (see Listing 5.4, on Page 37) in Listing 6.24. We

will then look at the output from running AutoTest on ExampleTwo

(see Listing 5.17 on Page 54) where we can clearly see why version

1.0 does not have a good path exploration algorithm.

1 andreasbjerga$ ./ AutoTestv1 -f ../ seExamples/seExamples.go

2 Parse file

3 Traversing tree of function: ExampleOne

4 Path: x==0 | model: x -> 0

5 Path: x<0 | model: x -> (- 1)

6 Path: x>=0 | model: x -> 0

7 Writing tests to file ...

Listing 6.24: Output from AutoTest 1.0
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6.1.1 ExampleOne

Listing 6.25 shows what a typical test file created from AutoTest

looks like. In this case, it shows the test generated from ExampleOne.

The source code is not this nicely formatted after it has been gener-

ated, but passing the generated code through Go’s formatter, gofmt,

fixes the formatting.

For every function that we test, we create a test pair structure

that contains the input type(s) of the function, and the type(s) that

the function returns. We will then create a table of the test pair

with input and expected output values. This table basically con-

tains all the tests for a function, and the function TestExampleOne

is kind of like a test script that runs through all the tests specified in

the table. The test script will match the expected output against

what the function actually returns (out) for the provided input. If

they are not the same, the current test case will fail. This type of

testing is called table-driven testing.

You might have noticed that the expected output is defined as

nil for each test case. Symbolic execution only generates inputs for

the paths found during AST traversal, it does not find the expected

output. Given that the tests are generated from a solution that the

teacher has made, and since we assume that the solution is correct,

we can easily find the expected output by simply calling the func-

tion with the generated inputs. Whatever value it returns would

then be ”expected output” when the tests are executed on students

source code on Autograder. Version 2.0 of AutoTest included a

workaround that finds this automatically (see Section 5.7.3). As of

this version, the expected output has to be entered manually.

Finding the expected output for each case in ExampleOne is an

easy task. After entering the values into the test pair slice, the tests

will look like this:

It is quite clear from Listing 6.26 that we have a duplicate test.

This is related to the issue discussed in Section 5.7.1. After hitting
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1 type testpairExampleOne struct {

2 input int

3 expected int

4 }

5

6 var tests = [] testpairExampleOne{

7 {0, nil},

8 {-1, nil},

9 {0, nil},

10 }

11

12 func TestExampleOne(t *testing.T) {

13 for _, pair := range tests {

14 out := ExampleOne(pair.input)

15 if out != pair.expected {

16 t.Error(

17 "For", pair.input ,

18 "expected", pair.expected ,

19 "got", out ,

20 )

21 }

22 }

23 }

Listing 6.25: TestExampleOne

1 var tests = [] testpairExampleOne{

2 {0, 0},

3 {-1, -1},

4 {0, 0},

5 }

Listing 6.26: Tests for ExampleOne
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the last if-statement in ExampleOne (see Listing 5.4), satisfiable

paths should be {x = 0}, {x 6= 0, x < 0} and {x 6= 0, x ≥ 0}.
As we can see from Listing 6.24, the paths found are {x = 0},
{x < 0} and {x ≥ 0}. The solver returns the model {x → 0} for

both the first and last path, since it is a satisfiable model for both

these paths. The model generated for the last path will never fire

the last path, since it satisfies the if-statement with the condition

{x = 0}. If the last path constraint also contained the condition

{x 6= 0}, the solver would have returned a model that could only

lead to the third path, {x → 1}. Version 2.0 of our AutoTest tool

has addressed this problem.

6.1.2 ExampleTwo

Listing 6.27 presents the tests produced when running AutoTest on

ExampleTwo (see Listing 5.17 on 54). Since the test structure and

the test-script function is pretty much the same in every case, we

have only included the actual test cases. As you can see, version 1.0

of AutoTest did not generate a single test for this source code. This

is not very surprising given the flaws we discussed in Section 5.7.1.

In short, when the return statement is encountered during traversal

the path constraint will be empty since the return statement is

outside any if-sentences and since we pop conditionals of the stack

when we move up the tree.

1 var testsExTwo = [] testpairExampleTwo {}

Listing 6.27: TestExampleTwo

6.1.3 Code Coverage

After the tests has been created and expected output entered for

each test, we can run the test and check the code coverage. The eas-

iest way to do this is to move into the directory for which you have
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created tests and then run the command go test -coverprofile

cover.out. This command will run all the tests it finds inside the

current directory and then compute the test coverage; the amount

of the package’s source code that has been executed by running the

tests. The output from running the command on ExampleOne is

shown in Listing 6.28.

1 andreasbjerga$ go test -coverprofile cover.out

2 PASS

3 coverage: 80.0% of statements

4 ok github.com/bjerga91/seExamples 0.037s

Listing 6.28: Code coverage on ExampleOne

Not surprisingly, the tests does not cover all of the code. The

command mentioned above also creates a coverage profile for us,

a file with detailed information about the code coverage. Go pro-

vides a nice HTML representation of the coverage information. If

we run the command go tool cover -html=cover.out, the rep-

resentation shown in Figure 6.1 opens up in the browser. This

view provides an easy way to check what parts of the code that are

actually covered and which are not.

Figure 6.1: AutoTest 1.0: HTML Coverage Profile

We also include the results from the code coverage on ExampleTwo

in Listing 6.29. Since AutoTest 1.0 was unable to create a single

test case for us, the results are as bad as expected.
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1 andreasbjerga$ go test -coverprofile cover.out

2 PASS

3 coverage: 0.0% of statements

4 ok github.com/bjerga91/seExamples 0.011s

Listing 6.29: Code coverage on ExampleTwo

6.2 Version 2.0

As mentioned in Section 5.7.2 and 5.7.3, version 2.0 includes an

improved path exploration algorithm in addition to automatically

finding the expected output. We will in this section take a look

at the results of running AutoTest version 2.0 on ExampleOne and

ExampleTwo, and then compare the code coverage achieved.

1 andreasbjerga$ ./ AutoTest -f ../ seExamples/seExamples.go

2 Parsing file ...

3

4 Traversing tree of function: ExampleOne

5 Path: x==0 | model: x -> 0

6 Path: x!=0, x<0 | model: x -> (- 1)

7 Path: x!=0, x>=0 | model: x -> 1

8

9 Traversing tree of function: ExampleTwo

10 Path: x!=0, x>=0 | model: x -> 1

11 Path: x!=0, x<0 | model: x -> (- 1)

12 Path: x==0, x>=0 | model: x -> 0

13 Writing tests to file ...

Listing 6.30: Output from AutoTest 2.0

The output from running the tests on the file seExamples.go,

which contains both of the functions ExampleOne and ExampleTwo,

is shown in Listing 6.30. If we compare the output from version 2.0

with the output from version 1.0 in Listing 6.24 it is easy to see that

the path exploration algorithm has been improved. In version 1.0,

each path in ExampleOne was only constrained by one condition.

In version two, the two last paths have two conditions in the PC,

which is as expected if we look at the source code (Listing 5.4 on
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Page 37).

The tests produced for ExampleOne and ExampleTwo by Au-

toTest are displayed in Listing 6.31 and 6.32, respectively. We can

see that AutoTest now produce three tests with unique inputs for

each test. In contrast, version 1.0 produced two unique inputs for

ExampleOne and zero inputs for Exampletwo. The important ques-

tion now is: has the code coverage improved?

1 var testsExampleOne = [] testpairExampleOne{

2 {0, 0},

3 {-1, -1},

4 {1, 1},

5 }

Listing 6.31: Tests produced for ExampleOne

1 var testsExampleTwo = [] testpairExampleTwo{

2 {1, 1},

3 {-1, -1},

4 {0, 1},

5 }

Listing 6.32: Tests produced for ExampleTwo

6.2.1 Code Coverage

The tests for ExampleOne and ExampleTwo is now stored together in

one file. We can then check the combined code coverage by running

the same command as before: go test -coverprofile cover.out.

The result is shown in Listing 6.33. With the new path exploration

algorithm we are able to get 100% code coverage on ExampleOne

and ExampleTwo!
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1 andreasbjerga$ go test -coverprofile cover.out

2 PASS

3 coverage: 100.0% of statements

4 ok github.com/bjerga91/seExamples 0.012s

Listing 6.33: Code coverage version 2.0
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AutoTest in its current state is only a very simple prototype. There

is a lot of work that remains before the tool can be used along with

Autograder. A key objective in this thesis has been to develop

an algorithm that would find as many execution paths as possible

based on an AST of an application. This proved to be a difficult

task, and a lot of ideas that seemed good at first, turned out to

not work as perfectly as first anticipated after closer consideration.

However, considering the results from the last chapter, it is fair to

say that the path exploration algorithm in version 2.0 looks promis-

ing. Nevertheless, we need to test AutoTest on more source code

before we can be sure that it performs well.

In the rest of this chapter we will discuss some of the limitations

of AutoTest in its current version and also talk a bit about the

challenges encountered throughout the work on this thesis. In the

next chapter we will talk about the work that needs to be done to

further improve the tool.

7.1 Limitations

As mentioned in the introduction, one of the subgoals of the AutoTest-

project was to be able to automatically generate test cases for a

simple application. This subgoal has now been accomplished. As
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we have mainly focused on this subgoal in this thesis, we have tried

to limit the functionality to what was necessary in order to be able

to generate tests for the example. In this section we will highlight

some of the features that are currently supported and what are not.

7.1.1 Types and Conditionals

AutoTest in its current state only supports integers. Before other

types can be supported, the data structure for storing condition-

als has to be improved. When designing AutoTest, we made the

assumption that a conditional statement was of the form x op y,

where op is an operator like {=, 6=, <,≤, >,≥}. While this is true

for the examples used in this thesis, this is not always the case.

A conditional statement can also be for example a single boolean

variable x.

In addition, we have only looked at if statements thus far. There

are other conditional types that also must be handled in the func-

tion Visit, like for example switch-case statements and later for-

loops. The handling of if statements must also be improved. We

have only considered if statements with a single condition so far,

when in fact, a typical condition in an if statement can be of the

form x && y || z. There is also not support for else if in the if

statements for the time being, only if-else.

7.1.2 Variables and Assignments

AutoTest’s handling of variables and assignments in it’s current

state is also very weak. We have so far only considered assignments

with a single variable or constant on each side of the assignment

operator. In reality, an assignment can often be of the form x =

x + y. Currently, we have used a string to store assignments of a

variable. In order to handle algebraic operations in assignments we

must find a better data structure to store assignments of a variable.

In addition, variables should be updated if they already exist in
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the symbolic state and not overwritten. Let’s say that we hit an

assignment statement of the form x = x + y during traversal. We

must then check if x and y already exist in the state, and replace

each variable in the statement with their value from the state before

we update the symbolic state with the new assignment for x. This

functionality has not implemented yet.

7.1.3 Solver

The Z3 C API is quite large, with more than 200 functions. In

this thesis we have created a smaller API for Go that contains the

most relevant functions. It contains functions for declaring types,

functions for initializing the solver itself, and functions related to

the theories of algebraic numbers, propositional logic, equality and

arithmetic. A fully-featured tool would also require to implement

functions for the theories of bit-vectors and arrays.

7.2 Challenges

In this section we will explain some of the challenges encountered

while designing and implementing the tool.

7.2.1 Working with the AST

Go’s ast-package provides no way of checking the parent or siblings

of a node in an AST. It is only possible to access the child of a

node through the structure fields. This made it difficult to figure

out how to use symbolic execution on ASTs and especially difficult

to design the algorithm for finding paths. In addition, a lot of the

functions and methods that the ast-package provides are working

with interfaces. This requires a lot of type switching, in order

to discover the dynamic type of an interface variable. Since an

interface can represent any node, it can be difficult to predict what

dynamic types that a function may return if the return type is an
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interface. This in turn makes it hard to know if all interesting nodes

has been handled.

Take for instance an IfStmt, shown in Listing 7.34, as it is de-

clared in the ast-package. The field Cond is of the type Expr, which

is an interface. When we save a condition to the path constraint

we need a type-switch to convert the condition to its dynamic type.

In the case of an expression like x >= 0 the dynamic type will be

an *ast.BinaryExpr. If the condition is a boolean variable x the

type will be an *ast.Ident-node, and if the condition is ¬x the

type will be an *ast.UnaryExpr. We have currently only treated

*ast.BinaryExpr for conditionals in this thesis, but in order to

create a tool that will support any kind of code, each node most be

handled individually.

1 type IfStmt struct {

2 If token.Pos // position of "if" keyword

3 Init Stmt // initialization statement; or nil

4 Cond Expr // condition

5 Body *BlockStmt

6 Else Stmt // else branch; or nil

7 }

Listing 7.34: IfStmt struct
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Even though the results from AutoTest version 2.0 looks promising,

there is a lot of remaining work that needs to be done before it can

be used in combination with Autograder. This chapter presents

suggestions for further work that can be done to further improve

AutoTest and make it work with a broader range of applications.

8.1 Address Limitations

We discussed some limitations in the last chapter (see Section 7.1).

The tool can be improved a lot by addressing the limitations dis-

cussed here. We will repeat some of them here for the reader’s con-

venience. To further improve the tool there must be implemented

support for multiple conditions in if statements, other conditional

structures than if sentences (switch-case, for-loops) and for allowing

else-if in if statements.

Finding the negated condition in an if-else statement is quite

easy, but finding the negated condition in an if-elseif-else state-

ment is considerably harder. We need to get the condition that

triggers the else-statement in order to add it to a path constraint.

In the case of an if-elseif-else statement, the conditions from

all if-elseif statements must be collected, and then we would

need to find the condition for the else-statement that is the inverse
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of the collection; the condition that is not covered by any of the

other conditions.

8.2 New Data Structures

As also mentioned in the section about limitations (Section 7.1), we

need new data structures for storing variables and conditions. One

approach could be to change the type of variables and conditions to

interface, which we can use to store the nodes from the ast-package

we encounter during traversal. This way, we do not need to cre-

ate a type-switch to find for example the type of a condition, but

can instead save every condition encountered as an interface. This

approach however, requires type-switching before variables and con-

ditions can be declared in the solver.

Say we got a list of conditions, where one of the conditions is

of the form *ast.BinaryExpr, then we would have to check what

type the left operand, X, is and declare it in the solver if it is not

already declared. Then we would do the same for the right operand,

Y . Lastly, we would check what the operator Op is and handle it

accordingly.

Let’s look at another example with variables. Say you got the

two assignments x = x + y and y = x − y. First we store x in

the state with key x and value x+ y, which is a *ast.BinaryExpr.

In the second assignment, y = x − y, we can check if any of the

variables on the right side of the assignment are declared in the

state. Since x exist in the state we can replace x in the binary

expression with the value that is stored in the state for the key x,

and then store y in the state with the new expression (x + y)− y.

Storing variables this way makes it easier to update variables that

already exists in the state, and it can make it easier to declare the

variables in the solver.

76



8.3 Control Flow Graph

8.3 Control Flow Graph

Currently, a Path-structure is used to represent an execution path.

Each Path has a path constraint and a state (map of symbolic

variables). We then use a list of Path-objects to represent all the

execution paths of a function. The problem with this is that there

will be many duplicate conditions and variables across all the paths.

A Control Flow Graph (CFG) will probably be a better data

structure for representing all execution paths of a function. The

root of the graph is the entry point of the function and nodes in our

graph will be either assignments or conditional statements. Every

if statement would create a branch-point that would result in a

then-branch and a else-branch.

After a function has been traversed, we would have a complete

CFG. An execution path in the CFG is then represented by a leaf

node and the path leading to it.

8.4 Constraint Solver

Currently, when we have checked a path for satisfiability, we reset

the solver Z3, meaning that all variables and conditions declared

are removed from the solver. It is possible to create a backtracking

point with the function solverPush. Instead of resetting the entire

solver, one can instead backtrack a number of backtracking points

by using the function solverPop. So instead of redeclaring a lot

of the conditions and variables for the next path, it is possible to

backtrack and then continue with the conditions and variables that

has not been declared. This is not easy to do with the current

data structure that is used to represent paths, but it could be a

good optimization for the solver after for example a CFG (see last

section) has been implemented.

Another possible optimization related to the solver is to run mul-

tiple constraint solvers in parallel through metaSMT (see Section
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8.5 Beyond Unit Testing

3.2.3). With running multiple solvers in parallel, AutoTest could

be able to create tests for a large application faster, than by only

using Z3. However, AutoTest is probably not going to be executed

on large enough applications that it will matter considerably.

8.5 Beyond Unit Testing

One of static symbolic execution’s biggest drawbacks is that con-

straint solvers cannot reason about external function calls and li-

brary functions, where the code is not accessible. What happens

if we perfrom symbolic execution on one function and the function

contains a call to another function, where the other function is part

of the file parsed by AutoTest? In other words, the code is accessi-

ble, but it is outside of the AST that is currently being traversed.

At the time being there are no functionality implemented for such

a case, but it is possible to continue symbolic execution down the

AST of the function that was called and then return to the original

function and continue traversal. Since a constraint solver cannot

understand the function call, this feature will improve the code cov-

erage in such cases. This feature also makes it possible to extend

testing from not only considering unit testing, but also integration

and system testing.

8.6 Dynamic Symbolic Execution

Even though static symbolic execution is expected to achieve a

satisfying code coverage on the assignments that will be given on

Autograder, it is also possible to further improve the code cover-

age by combining the static test generation with dynamic symbolic

execution. This is no small task however, as it requires a runtime

interpreter that analyzes the bytecode while the application subject

to test generation is executed.
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9 | Conclusion

This thesis presents a simple prototype of AutoTest; a static test

generation tool for Go. The prototype make use of modern test

generation techniques and utilizes a constraint solver to generate

inputs for a function.

Two versions of AutoTest has been presented, where the main

difference is the algorithm for finding exeution paths. The results

show that version 2.0 definitely is an improvement over version

1.0 in terms of finding execution paths. The techniques presented

works, and the tool could prove to be very useful. AutoTest needs

to be tested more thoroughly on a larger collection of source code.

However, more functionality must be added first, to eliminate some

of the limitations of the tool in it’s current state.

The topic of constraint solving is an advanced and enormous

field. We’ve only touched the surface of the subject in this thesis.

A deeper understanding of constraint solving, and SMT theories in

particular, is probably necessary in order to design a fully-featured

tool.

79



References

[1] Lu Luo and Carnegie Mellon Universityˆ dInstitute for Soft-

ware Research International. “Software Testing Techniques-

Technology Maturation and Research Strategies”. In: Insti-

tute for Software Research International-Carnegie Mellon Uni-

versity, Pittsburgh, Technical Report (2010).

[2] Aditya P. Mathur. Foundations of Software Testing: Funda-

mental Algorithms and Techniques. Pearson India, 2007.

[3] Software Testing Help Team. Static Testing and Dynamic

Testing - Difference Between These Two Important Testing

Techniques. 2015. url: http://www.softwaretestinghelp.

com/static-testing-and-dynamic-testing-difference/.

[4] Roger S. Pressman. Software Engineering: A Practitioner’s

Approach. Seventh Edition. McGraw-Hill, 2007.

[5] Michael Kelly. Choosing a test automation framework. 2003.

url: http://www.ibm.com/developerworks/rational/

library/591.html.

[6] Gayatri Ghanakota. Testing Frameworks. url: https : / /

www.cs.colorado.edu/~kena/classes/5828/s12/presentation-

materials/ghanakotagayatri.pdf.

[7] Mark Utting and Bruno Legeard. Practical Model-Based Test-

ing: A Tools Approach. Morgan Kaufmann, 2010.

80

http://www.softwaretestinghelp.com/static-testing-and-dynamic-testing-difference/
http://www.softwaretestinghelp.com/static-testing-and-dynamic-testing-difference/
http://www.ibm.com/developerworks/rational/library/591.html
http://www.ibm.com/developerworks/rational/library/591.html
https://www.cs.colorado.edu/~kena/classes/5828/s12/presentation-materials/ghanakotagayatri.pdf
https://www.cs.colorado.edu/~kena/classes/5828/s12/presentation-materials/ghanakotagayatri.pdf
https://www.cs.colorado.edu/~kena/classes/5828/s12/presentation-materials/ghanakotagayatri.pdf


REFERENCES

[8] Cristian Cadar et al. “Symbolic Execution for Software Test-

ing in Practice: Preliminary Assessment”. In: Proceedings of

the 33rd International Conference on Software Engineering.

ACM. 2011, pp. 1066–1071.

[9] Cristian Cadar and Koushik Sen. “Symbolic Execution for

Software Testing: Three Decades Later”. In: Communications

of the ACM 56.2 (2013), pp. 82–90.
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commit 242�tree ca651c41d1201a3add41381739a92a2fe53bcf77
parent 74e69aedc882ec3499f1851108f4f202246f5398
author Andreas Bjerga <andreas.bjerga@gmail.com> 1462146281 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1462146281 +0200

Refactoring
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blob 1385�package symbexec

import (
	"fmt"
	"reflect"
)

//PathConstraint stores constraints from If-statements during AST-traversal
type PathConstraint []Constraint

/*Constraint stores a conditional statement met during AST-traversal and the
level where it is met
*/
type Constraint struct {
	Lvl   int
	Left  string
	Op    string
	Right string
}

//Empty checks if the stack is empty
func (s PathConstraint) Empty() bool {
	return len(s) == 0
}

//Peek returns the element at the top of the stack
func (s PathConstraint) Peek() Constraint {
	return s[len(s)-1]
}

//Push inserts stmt at the top of the stack
func (s *PathConstraint) Push(c Constraint) {
	(*s) = append((*s), c)
}

//Pop removes the element at the top of the stack and returns the element
func (s *PathConstraint) Pop() Constraint {
	c := (*s)[len(*s)-1]
	(*s) = (*s)[:len(*s)-1]
	return c
}

//ToString returns a string representation of the PC
func (s PathConstraint) ToString() string {
	res := ""
	for i := 0; i < len(s); i++ {
		if i == 0 {
			c := s[i]
			res = fmt.Sprintf("%s%s%s", c.Left, c.Op, c.Right)
			continue
		}
		c := s[i]
		res = fmt.Sprintf("%s, %s%s%s", res, c.Left, c.Op, c.Right)
	}
	return res
}

//Contains checks if the PC contains the given Constraint
func (s PathConstraint) Contains(c Constraint) bool {
	for _, v := range s {
		if reflect.DeepEqual(v, c) {
			return true
		}
	}
	return false
}
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commit 238�tree 549749b89f13347a94b5ff41550122618cc40c6f
parent c40d39aa500f0f2a7908ae0360c9257f7c6dae58
author Andreas Bjerga <andreas.bjerga@gmail.com> 1464220280 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1464220280 +0200

cleanup
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blob 6358�package pf

import (
	"fmt"
	"go/ast"

	"github.com/bjerga91/AutoTest/solver"
	"github.com/bjerga91/AutoTest/symbexec"
)

//TODO move to init()
var invOpMap = createInverseOpMap()

//Path is a struct that stores the PC and State for each path found
type Path struct {
	PC    symbexec.PathConstraint
	State symbexec.State
}

//FuncVisitor is used to store variables when traversing the AST
type FuncVisitor struct {
	Pkg        string
	FuncName   string
	FuncNumber int
	FilePath   string
	Params     *ast.FieldList //input parameters for the function
	Results    *ast.FieldList //return values
	PC         symbexec.PathConstraint
	VarHistory symbexec.VarHistory
	Paths      []Path
	Lvl        int
	TestInputs []string
}

//InputParameter stores name and type of input parameter to a function
type InputParameter struct {
	Name      string
	InputType string
}

//Visit is used by Walk to traverse the AST in a DFS fashion
func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {
	switch x := node.(type) {
	case nil:
		v.Lvl--

		//Removes variables from the variable history that has lvl higher than current
		v.popVariables()

		//Removing last condition from PC if current lvl is same as the lvl the condition was saved to PC
		v.popCondition()

		if v.Lvl == 0 {
			v.solveAllPaths()
		}
	case *ast.IfStmt:
		v.Lvl++
		handleIfStmt(x, v)
		v.Lvl--
		return nil
	case *ast.ReturnStmt:
		v.Lvl++
		v.solvePaths()
	case *ast.FuncDecl:
		v.Lvl++
		v.FuncName = x.Name.Name
		fmt.Printf("\nTraversing tree of function: %v\n", v.FuncName)
	case *ast.FuncType:
		v.Lvl++
		v.Params = x.Params
		v.Results = x.Results
		saveParameters(x.Params, v)
	case *ast.AssignStmt:
		v.Lvl++
		handleAssignStmt(x, v)
	case *ast.DeclStmt:
		v.Lvl++
		handleDeclStmt(x, v)
		v.Lvl--
		return nil
	case *ast.File:
		v.Lvl++
		v.Pkg = x.Name.Name
	default:
		v.Lvl++
	}
	return ast.Visitor(v)
}

//popVariables pops all variables that was created at a lower level in the tree
//than the current level
func (v *FuncVisitor) popVariables() {
	for !v.VarHistory.Empty() {
		symbVar := v.VarHistory.Peek()
		if symbVar.LvlCreated > v.Lvl && !v.PC.Empty() {
			//Need to check if pc is empty since else input parameters will be popped.
			v.VarHistory.Pop()
		} else {
			break
		}
	}
}

//popConditions removes last condition from PC if current lvl is same as the
//lvl the condition was saved to PC
func (v *FuncVisitor) popCondition() {
	if !v.PC.Empty() {
		c := v.PC.Peek()
		if c.Lvl == v.Lvl {
			v.PC.Pop()
		}
	}
}

//solve calls the solver for each Path stored in v and adds satisfiable
//solution to the test inputs
func (v *FuncVisitor) solveAllPaths() {
	for i := range v.Paths {
		sat, res := solver.Solve(v.Paths[i].State, v.Paths[i].PC)
		if sat {
			fmt.Print("Path: ", v.Paths[i].PC.ToString(), "    |    model: ", res)
			v.TestInputs = append(v.TestInputs, res)
		}
	}
	v.Paths = []Path{}
}

//solvePaths solves the paths that contains the last condition
//on the PC-stack. The paths that are solved are removed from the stack
func (v *FuncVisitor) solvePaths() {
	if v.PC.Empty() {
		v.solveAllPaths()
		return
	}
	var newPaths []Path
	for i := range v.Paths {
		if v.Paths[i].PC.Contains(v.PC.Peek()) {
			sat, res := solver.Solve(v.Paths[i].State, v.Paths[i].PC)
			if sat {
				fmt.Print("Path: ", v.Paths[i].PC.ToString(), "\t\t|\tmodel: ", res)
				v.TestInputs = append(v.TestInputs, res)
			}
		} else {
			newPaths = append(newPaths, v.Paths[i])
		}
	}
	v.Paths = newPaths
}

/*
	addConditionToPaths loops through each path.
	It creates one new path with cond if the then-path is sat.
	It creates another path with elseCond if the else-path is sat.
*/
func (v *FuncVisitor) addConditionsToPaths(cond symbexec.Constraint,
	elseCond symbexec.Constraint) {
	if len(v.Paths) > 0 {
		var newPaths []Path
		for _, path := range v.Paths {
			elsepath := append(path.PC, elseCond)
			elsesat := solver.CheckSat(path.State, elsepath)
			thenpath := append(path.PC, cond)
			thensat := solver.CheckSat(path.State, thenpath)
			state := path.State

			//If PC is not empty, we will only create new paths for paths that
			//contain the last Condition. If PC is empty, we will create new paths for all
			if !v.PC.Empty() {
				if path.PC.Contains(v.PC.Peek()) {
					if elsesat {
						newPaths = append(newPaths, Path{
							PC:    elsepath,
							State: state})
					}
					if thensat {
						newPaths = append(newPaths, Path{
							PC:    thenpath,
							State: state})
					}
				} else {
					newPaths = append(newPaths, path)
				}
			} else {
				if elsesat {
					newPaths = append(newPaths, Path{
						PC:    elsepath,
						State: state})
				}
				if thensat {
					newPaths = append(newPaths, Path{
						PC:    thenpath,
						State: state})
				}
			}
		}
		v.Paths = newPaths
		//If there are no paths in list already, we create a new path for each branch.
	} else {
		v.Paths = append(v.Paths, Path{PC: symbexec.PathConstraint{cond}})
		v.Paths = append(v.Paths, Path{PC: symbexec.PathConstraint{elseCond}})
	}
}

//GetInputParams collects the type and name of input parameters
func (v *FuncVisitor) GetInputParams() []InputParameter {
	var inputs []InputParameter
	for _, param := range v.Params.List {
		expression := param.Type
		namesList := param.Names
		var inputtype string
		//fmt.Println("abc:", reflect.TypeOf(inputtype))
		switch a := expression.(type) {
		case *ast.Ident:
			inputtype = a.Name
			for _, name := range namesList {
				inputs = append(inputs, InputParameter{name.Name, inputtype})
			}
		}
	}
	return inputs
}

//GetReturnTypes returns the return types of the given function
func (v *FuncVisitor) GetReturnTypes() []string {
	var retTypes []string
	for _, t := range v.Results.List {
		temp := t.Type
		switch n := temp.(type) {
		case *ast.Ident:
			returnType := n.Name
			retTypes = append(retTypes, returnType)
		}
	}
	return retTypes
}

//exprToString converts the given expr into a string
func exprToString(expr ast.Expr) string {
	var ret string
	switch e := expr.(type) {
	case *ast.Ident:
		ret = e.Name
	case *ast.BasicLit:
		ret = e.Value
	}
	return ret
}

//createInverseOpMap creates a map consisting of negated operations
func createInverseOpMap() map[string]string {
	m := make(map[string]string)
	m["=="] = "!="
	m["!="] = "=="
	m["<"] = ">="
	m[">="] = "<"
	m[">"] = "<="
	m["<="] = ">"
	return m
}
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blob 4447�package solver

/*
#cgo LDFLAGS: -L/usr/local/Cellar/z3/4.4.1/lib -lz3
#include <stdlib.h>
#include <z3.h>
*/
import "C"

import (
	"fmt"
	"log"
	"strconv"

	"github.com/bjerga91/test-generator/symbexec"
)

//TODO declare all different variable types in init-function??

//MkContext creates a context for Z3
func MkContext() C.Z3_context {
	cfg := C.Z3_mk_config()
	paramID := C.CString("MODEL")
	//defer C.free(unsafe.Pointer(paramID))
	paramValue := C.CString("true")
	//defer C.free(unsafe.Pointer(paramValue))
	C.Z3_set_param_value(cfg, paramID, paramValue)
	ctx := C.Z3_mk_context(cfg)
	C.Z3_del_config(cfg)
	return ctx
}

func mkSolver(ctx C.Z3_context) C.Z3_solver {
	svr := C.Z3_mk_solver(ctx)
	C.Z3_solver_inc_ref(ctx, svr)
	return svr
}

func declIntVar(ctx C.Z3_context, name string) C.Z3_ast {
	cs := C.CString(name)
	//defer C.free(unsafe.Pointer(cs))
	//test??

	intType := C.Z3_mk_int_sort(ctx)
	symb := C.Z3_mk_string_symbol(ctx, cs)
	return C.Z3_mk_const(ctx, symb, intType)
}

func declInt(ctx C.Z3_context, v int) C.Z3_ast {
	intType := C.Z3_mk_int_sort(ctx)
	//cast Go-int to c-int?
	return C.Z3_mk_int(ctx, C.int(v), intType)
}

func mkEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_eq(ctx, l, r)
}

func mkNotEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	eq := C.Z3_mk_eq(ctx, l, r)
	return C.Z3_mk_not(ctx, eq)
}

func mkLt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_lt(ctx, l, r)
}

func mkLe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_le(ctx, l, r)
}

func mkGt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_gt(ctx, l, r)
}

func mkGe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_ge(ctx, l, r)
}

func push(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_push(ctx, svr)
}

func pop(ctx C.Z3_context, svr C.Z3_solver) {
	//get number of scopes
	//pop
}

func reset(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_reset(ctx, svr)
}

func assert(ctx C.Z3_context, svr C.Z3_solver, cond C.Z3_ast) {
	C.Z3_solver_assert(ctx, svr, cond)
}

func check(ctx C.Z3_context, svr C.Z3_solver) string {
	s := ""
	res := C.Z3_solver_check(ctx, svr)
	switch res {
	case C.Z3_L_FALSE:
		s = "unsat"
	case C.Z3_L_UNDEF:
		s = "unknown"
	case C.Z3_L_TRUE:
		s = "sat"
	}
	return s
}

func getModel(ctx C.Z3_context, svr C.Z3_solver) C.Z3_model {
	return C.Z3_solver_get_model(ctx, svr)
}

func modelToString(ctx C.Z3_context, m C.Z3_model) string {
	//Convert c-string to go-string
	s := C.Z3_model_to_string(ctx, m)
	//defer C.free(unsafe.Pointer(s))
	return C.GoString(s)
}

//Solve declares variables, assert constraints into the solver
//and tries to find a solution to the PathConstraint
func Solve(state symbexec.State, pc symbexec.PathConstraint) {
	ctx := MkContext()
	svr := mkSolver(ctx)

	//nrOfVars := len(state)
	vars := make(map[string]C.Z3_ast)
	for _, val := range state {
		if val.VarType == "int" {
			if val.AssignStmt == "" {
				vars[val.Name] = declIntVar(ctx, val.Name)
			} //TODO if AssignStmt is not empty
		} //TODO other types than int
	}
	var left, right, constraint C.Z3_ast
	for _, c := range pc {
		cond := c.Cond
		left = checkTypeAndDeclVar(ctx, vars, cond.Left)
		right = checkTypeAndDeclVar(ctx, vars, cond.Right)
		if cond.Op == "==" {
			constraint = mkEq(ctx, left, right)
		} else if cond.Op == "!=" {
			constraint = mkNotEq(ctx, left, right)
		} else if cond.Op == "<" {
			constraint = mkLt(ctx, left, right)
		} else if cond.Op == "<=" {
			constraint = mkLe(ctx, left, right)
		} else if cond.Op == ">" {
			constraint = mkGt(ctx, left, right)
		} else if cond.Op == ">=" {
			constraint = mkGe(ctx, left, right)
		}
		assert(ctx, svr, constraint)
	}
	s := check(ctx, svr)
	if s == "unsat" {
		fmt.Println("solver:", s)
	} else if s == "unknown" {
		m := getModel(ctx, svr)
		fmt.Println("solver: unknown. potential model: ", modelToString(ctx, m))
	} else {
		m := getModel(ctx, svr)
		fmt.Println("solver: sat. model: ", modelToString(ctx, m))
	}
	reset(ctx, svr)
	C.Z3_solver_dec_ref(ctx, svr)
}

func checkTypeAndDeclVar(ctx C.Z3_context, varMap map[string]C.Z3_ast, operand string) C.Z3_ast {
	var res C.Z3_ast
	if i, err := strconv.Atoi(operand); err == nil {
		res = declInt(ctx, i)
	} else {
		//Assuming it is a variable already declared
		if _, ok := varMap[operand]; ok {
			res = varMap[operand]
		} else {
			log.Fatal("checkTypeAndDeclVar: variable is not defined in varMap")
		}
	}
	return res
}
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blob 12228�package solver

/*
#cgo LDFLAGS: -L/usr/local/Cellar/z3/4.4.1/lib -lz3
#include <stdlib.h>
#include <z3.h>
*/
import "C"

import (
	"log"
	"strconv"
	"unsafe"

	"github.com/bjerga91/AutoTest/symbexec"
)

//TODO reorganize according to Z3 API

//TODO declare all different variable types in init-function??
var svr C.Z3_solver
var ctx C.Z3_context

func init() {
	ctx = MkContext()
	svr = mkSolver(ctx)
}

//Solve declares variables, assert constraints into the solver
//and tries to find a solution to the PathConstraint
func Solve(state symbexec.State, pc symbexec.PathConstraint) (bool, string) {
	//nrOfVars := len(state)
	//C.Z3_solver_inc_ref(ctx, svr)
	var res string

	vars := declVarsInState(state)
	assertConstraints(pc, vars)

	s := solverCheck(ctx, svr)
	if s {
		m := solverGetModel(ctx, svr)
		res = modelToString(ctx, m)
	} else {
		res = ""
	}
	solverReset(ctx, svr)
	return s, res
	//C.Z3_solver_dec_ref(ctx, svr)
}

//CheckSat checks if the PC is satisfiable
func CheckSat(state symbexec.State, pc symbexec.PathConstraint) bool {
	vars := declVarsInState(state)

	assertConstraints(pc, vars)

	sat := solverCheck(ctx, svr)
	solverReset(ctx, svr)
	if sat {
		return true
	}
	return false
}

func declVarsInState(state symbexec.State) map[string]C.Z3_ast {
	vars := make(map[string]C.Z3_ast)
	for _, val := range state {
		if val.VarType == "int" {
			if val.AssignStmt == "" {
				vars[val.Name] = declIntVar(ctx, val.Name)
			} else {
				log.Fatal("declVarsInState: AssignStmt is not empty string!")
			}
		} else {
			log.Fatal("declVarsInState: Vartype is not int!")
		}
	}
	return vars
}

func assertConstraints(pc symbexec.PathConstraint, vars map[string]C.Z3_ast) {
	var left, right, constraint C.Z3_ast
	for _, c := range pc {
		left = checkTypeAndDeclVar(ctx, vars, c.Left)
		right = checkTypeAndDeclVar(ctx, vars, c.Right)
		if c.Op == "==" {
			constraint = mkEq(ctx, left, right)
		} else if c.Op == "!=" {
			constraint = mkNotEq(ctx, left, right)
		} else if c.Op == "<" {
			constraint = mkLt(ctx, left, right)
		} else if c.Op == "<=" {
			constraint = mkLe(ctx, left, right)
		} else if c.Op == ">" {
			constraint = mkGt(ctx, left, right)
		} else if c.Op == ">=" {
			constraint = mkGe(ctx, left, right)
		}
		solverAssert(ctx, svr, constraint)
	}
}

func checkTypeAndDeclVar(ctx C.Z3_context, varMap map[string]C.Z3_ast, operand string) C.Z3_ast {
	var res C.Z3_ast
	if i, err := strconv.Atoi(operand); err == nil {
		res = declInt(ctx, i)
	} else {
		//Assuming it is a variable already declared
		if _, ok := varMap[operand]; ok {
			res = varMap[operand]
		} else {
			log.Fatal("checkTypeAndDeclVar: variable is not defined in varMap")
		}
	}
	return res
}

func declIntVar(ctx C.Z3_context, name string) C.Z3_ast {
	cs := C.CString(name)
	defer C.free(unsafe.Pointer(cs))
	intType := mkIntSort(ctx)
	symb := mkStringSymbol(ctx, cs)
	return mkConst(ctx, symb, intType)
}

func declInt(ctx C.Z3_context, v int) C.Z3_ast {
	intType := mkIntSort(ctx)
	return mkInt(ctx, C.int(v), intType)
}

//API - Create Context

//MkContext creates a context for Z3
func MkContext() C.Z3_context {
	cfg := C.Z3_mk_config()
	paramID := C.CString("MODEL")
	defer C.free(unsafe.Pointer(paramID))
	paramValue := C.CString("true")
	defer C.free(unsafe.Pointer(paramValue))
	C.Z3_set_param_value(cfg, paramID, paramValue)
	ctx := C.Z3_mk_context(cfg)
	C.Z3_del_config(cfg)
	return ctx
}

//API - Symbols
func mkIntSymbol(ctx C.Z3_context, i C.int) C.Z3_symbol {
	return C.Z3_mk_int_symbol(ctx, i)
}

func mkStringSymbol(ctx C.Z3_context, s C.Z3_string) C.Z3_symbol {
	return C.Z3_mk_string_symbol(ctx, s)
}

//API - Sorts
func mkBoolSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_bool_sort(ctx)
}

func mkIntSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_int_sort(ctx)
}

func mkRealSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_real_sort(ctx)
}

//API - Constants and Applications
func mkConst(ctx C.Z3_context, s C.Z3_symbol, ty C.Z3_sort) C.Z3_ast {
	return C.Z3_mk_const(ctx, s, ty)
}

//API -  Solvers
func mkSolver(ctx C.Z3_context) C.Z3_solver {
	svr := C.Z3_mk_solver(ctx)
	solverIncRef(ctx, svr)
	return svr
}

func solverPush(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_push(ctx, svr)
}

func solverPop(ctx C.Z3_context, svr C.Z3_solver, n C.uint) {
	if n <= solverGetNumScopes(ctx, svr) {
		C.Z3_solver_pop(ctx, svr, n)
	} else {
		log.Fatal("error: solverPop: trying to pop more scopes than available in solver")
	}
}

func solverReset(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_reset(ctx, svr)
}

func solverGetNumScopes(ctx C.Z3_context, svr C.Z3_solver) C.uint {
	return C.Z3_solver_get_num_scopes(ctx, svr)
}

func solverIncRef(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_inc_ref(ctx, svr)
}

func solverDecRef(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_dec_ref(ctx, svr)
}

func solverAssert(ctx C.Z3_context, svr C.Z3_solver, cond C.Z3_ast) {
	C.Z3_solver_assert(ctx, svr, cond)
}

func solverCheck(ctx C.Z3_context, svr C.Z3_solver) bool {
	res := C.Z3_solver_check(ctx, svr)
	sat := false
	switch res {
	case C.Z3_L_FALSE:
		sat = false
	case C.Z3_L_UNDEF:
		sat = false
	case C.Z3_L_TRUE:
		sat = true
	}
	return sat
}

func solverGetModel(ctx C.Z3_context, svr C.Z3_solver) C.Z3_model {
	return C.Z3_solver_get_model(ctx, svr)
}

//API - String conversion
func modelToString(ctx C.Z3_context, m C.Z3_model) string {
	//Convert c-string to go-string
	s := C.Z3_model_to_string(ctx, m)
	//defer C.free(unsafe.Pointer(s)) //Uncommenting this makes the program crash
	return C.GoString(s)
}

//API - Algebraic Numbers (probably need to check that some of these work)
func algebraicIsValue(ctx C.Z3_context, a C.Z3_ast) bool {
	res := C.Z3_algebraic_is_value(ctx, a)
	if res == C.Z3_TRUE {
		return true
	}
	log.Fatal("error: algebraicIsPos: algebraicIsValue returns false!")
	return false
}

func algebraicIsPos(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_pos(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsPos: algebraicIsValue returns false!")
	return false
}

func algebraicIsNeg(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_neg(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsNeg: algebraicIsValue returns false!")
	return false
}

func algebraicIsZero(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_zero(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsZero: algebraicIsValue returns false!")
	return false
}

func algebraicSign(ctx C.Z3_context, a C.Z3_ast) int {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_sign(ctx, a)
		return int(res)
	}
	log.Fatal("error: algebraicSign: algebraicIsValue returns false!")
	return 0
}

func algebraicAdd(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_add(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicAdd: algebraicIsValue returns false!")
	return res
}

func algebraicSub(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_sub(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicSub: algebraicIsValue returns false!")
	return res
}

func algebraicMul(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_mul(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicMul: algebraicIsValue returns false!")
	return res
}

func algebraicDiv(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_div(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicDiv: algebraicIsValue returns false!")
	return res
}

func algebraicPower(ctx C.Z3_context, a C.Z3_ast, k C.unsigned) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) {
		res = C.Z3_algebraic_power(ctx, a, k)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicPower: algebraicIsValue returns false!")
	return res
}

func algebraicLt(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_lt(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicLt: algebraicIsValue returns false!")
	return false
}

func algebraicGt(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_gt(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicGt: algebraicIsValue returns false!")
	return false
}

func algebraicLe(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_le(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicLe: algebraicIsValue returns false!")
	return false
}

func algebraicGe(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_ge(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicGe: algebraicIsValue returns false!")
	return false
}

func algebraicEq(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_eq(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicEq: algebraicIsValue returns false!")
	return false
}

func algebraicNotEq(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_neq(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicNotEq: algebraicIsValue returns false!")
	return false
}

//API - Propositional Logic and Equality
func mkTrue(ctx C.Z3_context) C.Z3_ast {
	return C.Z3_mk_true(ctx)
}

func mkFalse(ctx C.Z3_context) C.Z3_ast {
	return C.Z3_mk_false(ctx)
}

func mkEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_eq(ctx, l, r)
}

func mkNotEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	eq := C.Z3_mk_eq(ctx, l, r)
	return C.Z3_mk_not(ctx, eq)
}

//TODO check api for last two functions. uncertain about the last parameter
// func mkAnd(ctx C.Z3_context, numargs C.unsigned, args C.Z3_ast[]){
//
// }
//
// func mkOr(ctx C.Z3_context, numargs C.unsigned, args C.Z3_ast[]){
//
// }

//API - Arithmetic: Integer and Reals
// func mkAdd(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// 	return C.Z3_mk_add(ctx, numargs, cons)
// }
//
// func mkMul(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// }
//
// func mkSub(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// }
//
// func mkUnaryMinus(ctx C.Z3_context, arg C.Z3_ast) C.Z3_ast {
// 	return C.Z3_mk_unary_minus(ctx, arg)
// }
//
// func mkDiv(ctx C.Z3_context, numargs C.unsigned, const C.Z3_ast []args) C.Z3_ast {
// }

func mkLt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_lt(ctx, l, r)
}

func mkLe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_le(ctx, l, r)
}

func mkGt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_gt(ctx, l, r)
}

func mkGe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_ge(ctx, l, r)
}

func mkMod(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_mod(ctx, l, r)
}

func mkRem(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_rem(ctx, l, r)
}

func mkPower(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_power(ctx, l, r)
}

//API - Numerals
func mkInt(ctx C.Z3_context, v C.int, ty C.Z3_sort) C.Z3_ast {
	return C.Z3_mk_int(ctx, v, ty)
}

func mkReal(ctx C.Z3_context, num, den C.int) C.Z3_ast {
	return C.Z3_mk_real(ctx, num, den)
}
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commit 197�tree f93e3a1a1525fb5b91020da86e44810c87a2d7bc
author Andreas Bjerga <andreas.bjerga@gmail.com> 1459714719 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1459714719 +0200

created readme
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blob 792�package symbexec

//PathConstraint stores constraints from If-statements during AST-traversal
type PathConstraint []Constraint

/*Constraint stores a conditional statement met during AST-traversal and the
level where it is met
*/
type Constraint struct {
	Lvl  int
	Cond string
}

//Empty checks if the stack is empty
func (s PathConstraint) Empty() bool {
	return len(s) == 0
}

//Peek returns the element at the top of the stack
func (s PathConstraint) Peek() Constraint {
	return s[len(s)-1]
}

//Push inserts stmt at the top of the stack
func (s *PathConstraint) Push(c Constraint) {
	(*s) = append((*s), c)
}

//Pop removes the element at the top of the stack and returns the element
func (s *PathConstraint) Pop() Constraint {
	c := (*s)[len(*s)-1]
	(*s) = (*s)[:len(*s)-1]
	return c
}
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commit 273�tree 38c56d6197a3119022d42ff55e984edbcb42fe29
parent c2fa822d12213c0509c00aad84a62b9b07e1b7fe
author Andreas Bjerga <andreas.bjerga@gmail.com> 1461269830 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1461269830 +0200

implemented logic for handling AssignStmts
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commit 259�tree e480ffe0f5fd527af1e78f9dc1e939b218f006df
parent bdef826d2ad314603b23ed94cbaa25a496929a7e
author Andreas Bjerga <andreas.bjerga@gmail.com> 1463270505 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1463270505 +0200

created test-generator class
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commit 337�tree a7b1763a32ab97aa280a5f12204e6d2192460fdc
parent 31d81e988a6770e0690cbcafaf1f9ea8fdf35a70
author Andreas Bjerga <andreas.bjerga@gmail.com> 1463355462 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1463355462 +0200

command line interface done.
when a file is input, loops through each function and creates tests for each.
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blob 13117�package solver

/*
#cgo LDFLAGS: -L/usr/local/Cellar/z3/4.4.1/lib -lz3
#include <stdlib.h>
#include <z3.h>
*/
import "C"

import (
	"log"
	"strconv"
	"unsafe"

	"github.com/bjerga91/AutoTest/symbexec"
)

//For information about each function, go to:
// http://z3prover.github.io/api/html/group__capi.html

//TODO reorganize according to Z3 API

//TODO declare all different variable types in init-function??
var svr C.Z3_solver
var ctx C.Z3_context

func init() {
	ctx = MkContext()
	svr = mkSolver(ctx)
}

//Solve declares variables, assert constraints into the solver
//and tries to find a solution to the PathConstraint
func Solve(state symbexec.State, pc symbexec.PathConstraint) (bool, string) {
	//nrOfVars := len(state)
	//C.Z3_solver_inc_ref(ctx, svr)
	var res string

	vars := declVarsInState(state)
	assertConstraints(pc, vars)

	s := solverCheck(ctx, svr)
	if s {
		m := solverGetModel(ctx, svr)
		res = modelToString(ctx, m)
	} else {
		res = ""
	}
	solverReset(ctx, svr)
	return s, res
	//C.Z3_solver_dec_ref(ctx, svr)
}

//CheckSat checks if the PC is satisfiable
func CheckSat(state symbexec.State, pc symbexec.PathConstraint) bool {
	vars := declVarsInState(state)

	assertConstraints(pc, vars)

	sat := solverCheck(ctx, svr)
	solverReset(ctx, svr)
	if sat {
		return true
	}
	return false
}

//CheckSatVarHist checks satisfiability for VarHistory and PC
func CheckSatVarHist(vh symbexec.VarHistory, pc symbexec.PathConstraint) bool {
	vars := declVarsInVarHistory(vh)

	assertConstraints(pc, vars)

	sat := solverCheck(ctx, svr)
	solverReset(ctx, svr)
	if sat {
		return true
	}
	return false
}

func declVarsInVarHistory(vh symbexec.VarHistory) map[string]C.Z3_ast {
	vars := make(map[string]C.Z3_ast)
	for _, v := range vh {
		if v.VarType == "int" {
			res := declIntVar(ctx, v.Name)
			if v.AssignStmt != "" {
				if i, err := strconv.Atoi(v.AssignStmt); err == nil {
					data := declInt(ctx, i)
					res = mkEq(ctx, res, data)
				}
			}
			vars[v.Name] = res
		} else {
			log.Fatal("")
		}
	}
	return vars
}

func declVarsInState(state symbexec.State) map[string]C.Z3_ast {
	vars := make(map[string]C.Z3_ast)
	for _, val := range state {
		if val.VarType == "int" {
			res := declIntVar(ctx, val.Name)
			if val.AssignStmt != "" {
				if i, err := strconv.Atoi(val.AssignStmt); err == nil {
					data := declInt(ctx, i)
					res = mkEq(ctx, res, data)
				}
			}
			vars[val.Name] = res
		} else {
			log.Fatal("declVarsInState: Vartype is not int!")
		}
	}
	return vars
}

func assertConstraints(pc symbexec.PathConstraint, vars map[string]C.Z3_ast) {
	var left, right, constraint C.Z3_ast
	for _, c := range pc {
		left = checkTypeAndDeclVar(ctx, vars, c.Left)
		right = checkTypeAndDeclVar(ctx, vars, c.Right)
		if c.Op == "==" {
			constraint = mkEq(ctx, left, right)
		} else if c.Op == "!=" {
			constraint = mkNotEq(ctx, left, right)
		} else if c.Op == "<" {
			constraint = mkLt(ctx, left, right)
		} else if c.Op == "<=" {
			constraint = mkLe(ctx, left, right)
		} else if c.Op == ">" {
			constraint = mkGt(ctx, left, right)
		} else if c.Op == ">=" {
			constraint = mkGe(ctx, left, right)
		}
		solverAssert(ctx, svr, constraint)
	}
}

func checkTypeAndDeclVar(ctx C.Z3_context, varMap map[string]C.Z3_ast, operand string) C.Z3_ast {
	var res C.Z3_ast
	if i, err := strconv.Atoi(operand); err == nil {
		res = declInt(ctx, i)
	} else {
		//Assuming it is a variable already declared
		if _, ok := varMap[operand]; ok {
			res = varMap[operand]
		} else {
			log.Fatal("checkTypeAndDeclVar: variable is not defined in varMap")
		}
	}
	return res
}

func declIntVar(ctx C.Z3_context, name string) C.Z3_ast {
	cs := C.CString(name)
	defer C.free(unsafe.Pointer(cs))
	intType := mkIntSort(ctx)
	symb := mkStringSymbol(ctx, cs)
	return mkConst(ctx, symb, intType)
}

func declInt(ctx C.Z3_context, v int) C.Z3_ast {
	intType := mkIntSort(ctx)
	return mkInt(ctx, C.int(v), intType)
}

//API - Create Context

//MkContext creates a context for Z3
func MkContext() C.Z3_context {
	cfg := C.Z3_mk_config()
	paramID := C.CString("MODEL")
	defer C.free(unsafe.Pointer(paramID))
	paramValue := C.CString("true")
	defer C.free(unsafe.Pointer(paramValue))
	C.Z3_set_param_value(cfg, paramID, paramValue)
	ctx := C.Z3_mk_context(cfg)
	C.Z3_del_config(cfg)
	return ctx
}

//API - Symbols
func mkIntSymbol(ctx C.Z3_context, i C.int) C.Z3_symbol {
	return C.Z3_mk_int_symbol(ctx, i)
}

func mkStringSymbol(ctx C.Z3_context, s C.Z3_string) C.Z3_symbol {
	return C.Z3_mk_string_symbol(ctx, s)
}

//API - Sorts
func mkBoolSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_bool_sort(ctx)
}

func mkIntSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_int_sort(ctx)
}

func mkRealSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_real_sort(ctx)
}

//API - Constants and Applications
func mkConst(ctx C.Z3_context, s C.Z3_symbol, ty C.Z3_sort) C.Z3_ast {
	return C.Z3_mk_const(ctx, s, ty)
}

//API -  Solvers
func mkSolver(ctx C.Z3_context) C.Z3_solver {
	svr := C.Z3_mk_solver(ctx)
	solverIncRef(ctx, svr)
	return svr
}

func solverPush(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_push(ctx, svr)
}

func solverPop(ctx C.Z3_context, svr C.Z3_solver, n C.uint) {
	if n <= solverGetNumScopes(ctx, svr) {
		C.Z3_solver_pop(ctx, svr, n)
	} else {
		log.Fatal("error: solverPop: trying to pop more scopes than available in solver")
	}
}

func solverReset(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_reset(ctx, svr)
}

func solverGetNumScopes(ctx C.Z3_context, svr C.Z3_solver) C.uint {
	return C.Z3_solver_get_num_scopes(ctx, svr)
}

func solverIncRef(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_inc_ref(ctx, svr)
}

func solverDecRef(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_dec_ref(ctx, svr)
}

func solverAssert(ctx C.Z3_context, svr C.Z3_solver, cond C.Z3_ast) {
	C.Z3_solver_assert(ctx, svr, cond)
}

func solverCheck(ctx C.Z3_context, svr C.Z3_solver) bool {
	res := C.Z3_solver_check(ctx, svr)
	sat := false
	switch res {
	case C.Z3_L_FALSE:
		sat = false
	case C.Z3_L_UNDEF:
		sat = false
	case C.Z3_L_TRUE:
		sat = true
	}
	return sat
}

func solverGetModel(ctx C.Z3_context, svr C.Z3_solver) C.Z3_model {
	return C.Z3_solver_get_model(ctx, svr)
}

//API - String conversion
func modelToString(ctx C.Z3_context, m C.Z3_model) string {
	//Convert c-string to go-string
	s := C.Z3_model_to_string(ctx, m)
	//defer C.free(unsafe.Pointer(s)) //Uncommenting this makes the program crash
	return C.GoString(s)
}

//API - Algebraic Numbers (probably need to check that some of these work)
func algebraicIsValue(ctx C.Z3_context, a C.Z3_ast) bool {
	res := C.Z3_algebraic_is_value(ctx, a)
	if res == C.Z3_TRUE {
		return true
	}
	log.Fatal("error: algebraicIsPos: algebraicIsValue returns false!")
	return false
}

func algebraicIsPos(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_pos(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsPos: algebraicIsValue returns false!")
	return false
}

func algebraicIsNeg(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_neg(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsNeg: algebraicIsValue returns false!")
	return false
}

func algebraicIsZero(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_zero(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsZero: algebraicIsValue returns false!")
	return false
}

func algebraicSign(ctx C.Z3_context, a C.Z3_ast) int {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_sign(ctx, a)
		return int(res)
	}
	log.Fatal("error: algebraicSign: algebraicIsValue returns false!")
	return 0
}

func algebraicAdd(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_add(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicAdd: algebraicIsValue returns false!")
	return res
}

func algebraicSub(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_sub(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicSub: algebraicIsValue returns false!")
	return res
}

func algebraicMul(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_mul(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicMul: algebraicIsValue returns false!")
	return res
}

func algebraicDiv(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_div(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicDiv: algebraicIsValue returns false!")
	return res
}

func algebraicPower(ctx C.Z3_context, a C.Z3_ast, k C.unsigned) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) {
		res = C.Z3_algebraic_power(ctx, a, k)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicPower: algebraicIsValue returns false!")
	return res
}

func algebraicLt(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_lt(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicLt: algebraicIsValue returns false!")
	return false
}

func algebraicGt(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_gt(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicGt: algebraicIsValue returns false!")
	return false
}

func algebraicLe(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_le(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicLe: algebraicIsValue returns false!")
	return false
}

func algebraicGe(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_ge(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicGe: algebraicIsValue returns false!")
	return false
}

func algebraicEq(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_eq(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicEq: algebraicIsValue returns false!")
	return false
}

func algebraicNotEq(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_neq(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicNotEq: algebraicIsValue returns false!")
	return false
}

//API - Propositional Logic and Equality
func mkTrue(ctx C.Z3_context) C.Z3_ast {
	return C.Z3_mk_true(ctx)
}

func mkFalse(ctx C.Z3_context) C.Z3_ast {
	return C.Z3_mk_false(ctx)
}

func mkEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_eq(ctx, l, r)
}

func mkNotEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	eq := C.Z3_mk_eq(ctx, l, r)
	return C.Z3_mk_not(ctx, eq)
}

//TODO check api for last two functions. uncertain about the last parameter
// func mkAnd(ctx C.Z3_context, numargs C.unsigned, args C.Z3_ast[]){
//
// }
//
// func mkOr(ctx C.Z3_context, numargs C.unsigned, args C.Z3_ast[]){
//
// }

//API - Arithmetic: Integer and Reals
// func mkAdd(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// 	return C.Z3_mk_add(ctx, numargs, cons)
// }
//
// func mkMul(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// }
//
// func mkSub(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// }
//
// func mkUnaryMinus(ctx C.Z3_context, arg C.Z3_ast) C.Z3_ast {
// 	return C.Z3_mk_unary_minus(ctx, arg)
// }
//
// func mkDiv(ctx C.Z3_context, numargs C.unsigned, const C.Z3_ast []args) C.Z3_ast {
// }

func mkLt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_lt(ctx, l, r)
}

func mkLe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_le(ctx, l, r)
}

func mkGt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_gt(ctx, l, r)
}

func mkGe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_ge(ctx, l, r)
}

func mkMod(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_mod(ctx, l, r)
}

func mkRem(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_rem(ctx, l, r)
}

func mkPower(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_power(ctx, l, r)
}

//API - Numerals
func mkInt(ctx C.Z3_context, v C.int, ty C.Z3_sort) C.Z3_ast {
	return C.Z3_mk_int(ctx, v, ty)
}

func mkReal(ctx C.Z3_context, num, den C.int) C.Z3_ast {
	return C.Z3_mk_real(ctx, num, den)
}











AutoTest/.git/objects/c3/20c91a9741ea862119c895d6e36a5912aa084d

AutoTest/.git/objects/c3/20c91a9741ea862119c895d6e36a5912aa084d


blob 1485�package symbexec

import "fmt"

//State maps variables to symbolic expressions
type State map[string]SymbolicVariable

//VarHistory maintains a history of the variables encountered during AST traversal
type VarHistory []SymbolicVariable

//SymbolicVariable represents a variable
type SymbolicVariable struct {
	Name       string
	LvlCreated int
	VarType    string
	AssignStmt string
}

//ToString returns a string representation of State
func (s State) ToString() string {
	res := ""
	for k, v := range s {
		res += fmt.Sprintf("%s: {%s, %s, %s}\n", k, v.Name, v.VarType, v.AssignStmt)
	}
	return res
}

//Empty checks if the stack is empty
func (h VarHistory) Empty() bool {
	return len(h) == 0
}

//Peek returns the element at the top of the stack
func (h VarHistory) Peek() SymbolicVariable {
	return h[len(h)-1]
}

//Push inserts variable at the top of the stack
func (h *VarHistory) Push(v SymbolicVariable) {
	(*h) = append((*h), v)
}

//Pop removes the element at the top of the stack and returns the element
func (h *VarHistory) Pop() SymbolicVariable {
	c := (*h)[len(*h)-1]
	(*h) = (*h)[:len(*h)-1]
	return c
}

//ToString returns a string representation of the VarHistory
func (h VarHistory) ToString() string {
	res := ""
	for i := 0; i < len(h); i++ {
		if i == 0 {
			c := h[i]
			res = fmt.Sprintf("{%s, %s, %s}", c.Name, c.VarType, c.AssignStmt)
			continue
		}
		c := h[i]
		res = fmt.Sprintf("%s, {%s, %s, %s}", res, c.Name, c.VarType, c.AssignStmt)
	}
	return res
}
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commit 325�tree c8994fa27f0ba7711dd7a86508fd98ba0adbc26e
parent 3d1beab626d3b786828c1d1865055b7748fcfff2
author Andreas Bjerga <andreas.bjerga@gmail.com> 1463616787 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1463616787 +0200

new functionality: loops through a directory and creates a test file for each source code file
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blob 10268�package pf

import (
	"fmt"
	"go/ast"
	"log"
	"reflect"

	"github.com/bjerga91/AutoTest/solver"
	"github.com/bjerga91/AutoTest/symbexec"
)

//TODO move to init()
var invOpMap = createInverseOpMap()

//FuncVisitor is used to store variables when traversing the AST
type FuncVisitor struct {
	Pkg        string
	FuncName   string
	FuncNumber int
	FilePath   string
	Params     *ast.FieldList //input parameters for the function
	Results    *ast.FieldList //return values
	PC         symbexec.PathConstraint
	State      symbexec.State
	Paths      []symbexec.PathConstraint
	Lvl        int
	TestInputs []string
}

//InputParameter stores name and type of input parameter to a function
type InputParameter struct {
	Name      string
	InputType string
}

//Visit is used by Walk to traverse the AST in a DFS fashion
func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {
	switch x := node.(type) {
	case nil:
		v.Lvl--
		fmt.Println("Going up. Lvl:", v.Lvl)
		if !v.PC.Empty() {
			c := v.PC.Peek()
			if c.Lvl == v.Lvl {
				con := v.PC.Pop()
				fmt.Printf("Popped constraint: %s%s%s\n", con.Left, con.Op, con.Right)
			}
		}
		if v.Lvl == 0 {
			fmt.Println("Solve!!!")
			for i := range v.Paths {
				sat, res := solver.Solve(v.State, v.Paths[i])
				fmt.Println("Sat:", sat, "Model:", res)
				if sat {
					v.TestInputs = append(v.TestInputs, res)
				}
			}
		}
		//TODO remove variables

	case *ast.IfStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		stopTraversal := handleIfStmt(x, v)
		if stopTraversal {
			v.Lvl--
			fmt.Println("Going up. Lvl:", v.Lvl)
			return nil
		}
	case *ast.ReturnStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)

		// check, res := solver.Solve(v.State, v.PC)
		// fmt.Println(check, ":", res)
		// if check == "sat" {
		// 	v.TestInputs = append(v.TestInputs, res)
		// }
	case *ast.FuncDecl:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.FuncName = x.Name.Name
	case *ast.FuncType:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Params = x.Params
		v.Results = x.Results
		saveParameters(x.Params, v)
	case *ast.AssignStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleAssignStmt(x, v)
	case *ast.DeclStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleDeclStmt(x, v)
		v.Lvl--
		return nil
	case *ast.File:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Pkg = x.Name.Name
	default:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
	}
	return ast.Visitor(v)
}

//GetInputParams collects the type and name of input parameters
func (v *FuncVisitor) GetInputParams() []InputParameter {
	var inputs []InputParameter
	for _, param := range v.Params.List {
		expression := param.Type
		namesList := param.Names
		var inputtype string
		//fmt.Println("abc:", reflect.TypeOf(inputtype))
		switch a := expression.(type) {
		case *ast.Ident:
			inputtype = a.Name
			for _, name := range namesList {
				inputs = append(inputs, InputParameter{name.Name, inputtype})
			}
		}
	}
	return inputs
}

//GetReturnTypes returns the return types of the given function
func (v *FuncVisitor) GetReturnTypes() []string {
	var retTypes []string
	for _, t := range v.Results.List {
		temp := t.Type
		switch n := temp.(type) {
		case *ast.Ident:
			returnType := n.Name
			retTypes = append(retTypes, returnType)
		}
	}
	return retTypes
}

func handleAssignStmt(stmt *ast.AssignStmt, v *FuncVisitor) {
	//TODO if variable not in map, save to map
	var name, tok, varType, value string

	for _, lhs := range stmt.Lhs {
		switch x := lhs.(type) {
		case *ast.Ident:
			name = x.Name
		default:
			log.Fatal("error: handleAssignStmt: Lhs is not of *ast.Ident type")
		}
	}

	tok = stmt.Tok.String()

	for _, rhs := range stmt.Rhs {
		switch x := rhs.(type) {
		case *ast.BasicLit:
			value = x.Value
			varType = x.Kind.String()
		case *ast.UnaryExpr:
			value, varType = handleUnaryExpr(x)
		//TODO case *ast.Ident: 	if the rhs is a variable
		//TODO case *ast.BinaryExpr: 	if the rhs is an expression of more than one variable
		default:
			log.Fatal("error: handleAssignStmt: Rhs is not any of the defined cases", reflect.TypeOf(x))
		}
	}
		}
	}

	if _, exist := v.State[name]; exist {
		//Only update assignment
		if tok == "=" {
			symbVar := v.State[name]
			symbVar.AssignStmt = value
			v.State[name] = symbVar
		}
	} else {
		//Create new entry in State
		if tok == ":=" {
			v.State[name] = symbexec.SymbolicVariable{
				Name:       name,
				LvlCreated: v.Lvl,
				VarType:    varType,
				AssignStmt: value,
			}
			//TODO define the cases for the other tokens
		} else {
			log.Fatal("handleAssignStmt: token is not \":=\"")
		}
	}

	//TODO if variable is already in map, update AssignStmt
	// where variables in the map needs to be replaced with their AssignStmt
func handleUnaryExpr(x *ast.UnaryExpr) (string, string) {
	var value, varType string
	value = x.Op.String()
	temp := x.X
	switch temp := temp.(type) {
	case *ast.BasicLit:
		value += temp.Value
		varType = temp.Kind.String()
	default:
		log.Fatal("handleUnaryExpr: X is not any of the defined cases:", temp)
	}
	return value, varType
}

func handleDeclStmt(stmt *ast.DeclStmt, v *FuncVisitor) {
	switch x := stmt.Decl.(type) {
	case *ast.GenDecl:
		switch x.Tok {
		case token.VAR:
			handleGenDeclWithTokenVar(x, v)
		case token.CONST:
			log.Fatal("error: handleDeclStmt: case for token.CONST is not defined")
		case token.TYPE:
			log.Fatal("error: handleDeclStmt: case for token.TYPE is not defined")
		default:
			log.Fatalf("error: handleDeclStmt: case for x.Tok is not defined")
		}
	default:
		log.Fatalf("error: handleDeclStmt: case is not defined: %v", x)
	}
}

func handleGenDeclWithTokenVar(x *ast.GenDecl, v *FuncVisitor) {
	for i := range x.Specs {
		spec := x.Specs[i]
		switch s := spec.(type) {
		case *ast.ValueSpec:
			varType := getVariableType(s.Type)
			for _, val := range s.Names {
				var data, name string
				name = val.Name
				if val.Obj != nil {
					data = getVariableData(val.Obj.Data)
				}
				fmt.Println("- saving variable to state:", name, varType, data)
				v.State[name] = symbexec.SymbolicVariable{
					Name:       name,
					LvlCreated: v.Lvl,
					VarType:    varType,
					AssignStmt: data,
				}
			}
		default:
			log.Fatalf("error: handleGenDeclWithTokenVar: case is not defined: %v", s)
		}
	}
}

func getVariableData(d interface{}) string {
	var data string
	switch d := d.(type) {
	case int:
		data = strconv.Itoa(d)
	case string:
		data = d
	default:
		log.Fatalf("error: getVariableData: case is not defined: %v", d)
	}
	return data
}

func getVariableType(expr interface{}) string {
	var varType string
	switch tempType := expr.(type) {
	case *ast.Ident:
		varType = tempType.Name
	default:
		log.Fatalf("error: getVariableType: case is not defined: %v", tempType)
	}
	return varType
}

func saveParameters(params *ast.FieldList, v *FuncVisitor) {
	for _, param := range params.List {
		var varType string
		t := param.Type
		switch x := t.(type) {
		case *ast.Ident:
			varType = x.Name
		default:
			log.Fatalf("saveParameter: type is not ast.Ident: %s", reflect.TypeOf(x))
		}
		for _, name := range param.Names {
			varName := name.Name
			symbVar := symbexec.SymbolicVariable{
				Name:       varName,
				LvlCreated: v.Lvl,
				VarType:    varType,
			}
			if _, exist := v.State[varName]; exist {
				log.Fatalf("saveParameters: variable name %s already exist in map!", varName)
			}
			v.State[varName] = symbVar
		}
	}
}

func exprToString(expr ast.Expr) string {
	var ret string
	switch e := expr.(type) {
	case *ast.Ident:
		ret = e.Name
	case *ast.BasicLit:
		ret = e.Value
	}
	return ret
}

func handleIfStmt(x *ast.IfStmt, v *FuncVisitor) bool {
	//TODO condition could be other than BinaryExpr.
	//Should make a recursive function to retrieve the condition??
	switch c := x.Cond.(type) {
	case *ast.BinaryExpr:
		left := exprToString(c.X)
		op := c.Op.String()
		right := exprToString(c.Y)
		cond := symbexec.Constraint{Lvl: v.Lvl, Left: left, Op: op, Right: right}
		elseCond := symbexec.Constraint{Lvl: v.Lvl, Left: left, Op: invOpMap[cond.Op], Right: right}

		//adding condition to paths
		//TODO split this out in its own function
		if len(v.Paths) > 0 {
			fmt.Println("State:", v.State.ToString())
			var newPaths []symbexec.PathConstraint
			for _, path := range v.Paths {
				elsepath := append(path, elseCond)
				elsesat := solver.CheckSat(v.State, elsepath)
				fmt.Println("Elsepath:", elsepath.ToString(), "sat:", elsesat)
				thenpath := append(path, cond)
				thensat := solver.CheckSat(v.State, thenpath)
				fmt.Println("Thenpath:", thenpath.ToString(), "sat:", thensat)
				if !v.PC.Empty() {
					if path.Contains(v.PC.Peek()) {
						if elsesat {
							newPaths = append(newPaths, elsepath)
						}
						if thensat {
							newPaths = append(newPaths, thenpath)
						}
					}
				} else {
					if elsesat {
						newPaths = append(newPaths, elsepath)
					}
					if thensat {
						newPaths = append(newPaths, thenpath)
					}
				}
			}
			v.Paths = newPaths
		} else {
			v.Paths = append(v.Paths, symbexec.PathConstraint{cond})
			v.Paths = append(v.Paths, symbexec.PathConstraint{elseCond})
		}

		fmt.Printf("Pushing constraint %s%s%s\n", cond.Left, cond.Op, cond.Right)
		v.PC.Push(cond)
		//TODO check if sat before walk
		res := solver.CheckSat(v.State, v.PC)
		if res {
			ast.Walk(v, x.Body)
		} else {
			v.PC.Pop()
		}
		//TODO should create PC for the else-statement no matter if it is null
		//for later use if return is outside if
		if x.Else != nil {
			fmt.Printf("Pushing constraint %s%s%s\n", elseCond.Left, elseCond.Op, elseCond.Right)
			fvElse := v
			fvElse.PC.Push(elseCond)
			//TODO check if sat before Walk
			res := solver.CheckSat(v.State, fvElse.PC)
			if res {
				ast.Walk(fvElse, x.Else)
			} else {
				fvElse.PC.Pop()
			}
		}
		return true
	default:
		log.Fatalf("Unhandled type %s in handleIfStmt", c)
		return false
	}
}

func createInverseOpMap() map[string]string {
	m := make(map[string]string)
	m["=="] = "!="
	m["!="] = "=="
	m["<"] = ">="
	m[">="] = "<"
	m[">"] = "<="
	m["<="] = ">"
	return m
}
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blob 1485�package main

import (
	"fmt"
	"os"

	"github.com/bjerga91/test-generator/myparser"
	"github.com/bjerga91/test-generator/testgen"
)

var usage = fmt.Sprintf("AutoTest is a tool for automatically generating " +
	"test cases for Go. \n\n" +

	"Usage: \n\n\tAutoTest [option] path\n\n" +

	"The options are as follows:\n\n\t" +

	"-d\tCreate tests for all the functions in the directory.\n\t" +
	"-f\tCreate tests for all the functions in the specified file.\n\t" +
	"-t\tThis option will search through the current directory, including all" +
	"subdirectories, and try to create tests for the specified function" +
	"if it exists in the directory.\n\t")

var usageShort = fmt.Sprintf("Usage: AutoTest [-d | -f | -t] path\n\t" +
	"For more information, use option -h or --help")

func main() {
	if len(os.Args) == 2 {
		if os.Args[1] == "-h" || os.Args[1] == "--help" {
			fmt.Println(usage)
			os.Exit(-1)
		} else {
			fmt.Println(usageShort)
			os.Exit(-1)
		}
	} else if len(os.Args) == 3 {
		if os.Args[1] == "-d" {
			fmt.Println("Parse directory")
			filesMap := myparser.ParseDir(os.Args[2])
			testgen.GenerateTestsForDir(filesMap)
		} else if os.Args[1] == "-f" {
			fmt.Println("Parse file")
			file := myparser.ParseFile(os.Args[2])
			testgen.GenerateTestsForFile(file, os.Args[2])
		} else if os.Args[1] == "-t" {
			fmt.Println("Parse function")
			os.Exit(-1)
		} else {
			fmt.Println(usageShort)
			os.Exit(-1)
		}
	} else {
		fmt.Println(usageShort)
		os.Exit(-1)
	}
}
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blob 2937�package main

import (
	"fmt"
	"go/ast"
	"go/parser"
	"go/token"
	"io/ioutil"
	"os"

	"github.com/bjerga91/test-generator/pf"
	"github.com/bjerga91/test-generator/symbexec"
	"github.com/bjerga91/test-generator/testgen"
)

func main() {
	//TODO read path to file. could be dir or file
	//or even a given function??
	//TODO move parser into its own file?

	//handleArgs()

	path := "../seExamples/seExamples.go"
	data, err := ioutil.ReadFile(path)
	if err != nil {
		panic(err)
	}

	fset := token.NewFileSet()
	file, err := parser.ParseFile(fset, "", data, 0)
	if err != nil {
		panic(err)
	}

	visitor := pf.FuncVisitor{}
	visitor.FilePath = path
	visitor.Lvl = 0
	var stack symbexec.PathConstraint
	visitor.PC = stack
	state := make(symbexec.State)
	visitor.State = state
	ast.Walk(&visitor, file)
	//Inspect the AST and print all functions etc
	// ast.Inspect(file, func(n ast.Node) bool {
	// 	switch x := n.(type) {
	// 	case *ast.File:
	// 		visitor.pkg = x.Name.Name
	// 		fmt.Println("Package name:", visitor.pkg)
	// 	case *ast.FuncDecl:
	// 		visitor.funcName = x.Name.Name
	// 		fmt.Println("visitor name:", visitor.funcName)
	// 	case *ast.FuncType:
	// 		visitor.params = x.Params
	// 		visitor.results = x.Results
	// 	case *ast.IfStmt:
	// 		//visitor.constraints = append(visitor.constraints, x)
	// 		if x.Else == nil {
	// 			fmt.Println("No Else-statement for the IfStmt")
	// 		}
	// 	}
	// 	return true
	// })
	inputparams := visitor.GetInputParams()
	fmt.Println("Inputparams:", inputparams)
	returntype := visitor.GetReturnTypes()
	fmt.Println("returntype:", returntype)
	testgen.CreateTestFile(visitor)
}

//TODO finish the command line interface
func handleArgs() {
	usage := fmt.Sprintf("AutoTest is a tool for automatically generating " +
		"test cases for Go. \n\n" +

		"Usage: \n\n\tAutoTest [option] path\n\n" +

		"The options are as follows:\n\n\t" +

		"-d\tCreate tests for all the functions in the directory.\n\t" +
		"-f\tCreate tests for all the functions in the specified file.\n\t" +
		"-t\tThis option will search through the current directory, including all" +
		"subdirectories, and try to create tests for the specified function" +
		"if it exists in the directory.\n\t")

	usageShort := fmt.Sprintf("Usage: AutoTest [-d | -f | -t] path\n\t" +
		"For more information, use option -h or --help")
	if len(os.Args) == 2 {
		if os.Args[1] == "-h" || os.Args[1] == "--help" {
			fmt.Println(usage)
			os.Exit(-1)
		} else {
			fmt.Println(usageShort)
			os.Exit(-1)
		}
	} else if len(os.Args) == 3 {
		if os.Args[1] == "-d" {
			fmt.Println("Parse directory")
			os.Exit(-1)
		} else if os.Args[1] == "-f" {
			fmt.Println("Parse file")
			os.Exit(-1)
		} else if os.Args[1] == "-t" {
			fmt.Println("Parse function")
			os.Exit(-1)
		} else {
			fmt.Println(usageShort)
			os.Exit(-1)
		}
	} else {
		fmt.Println(usageShort)
		os.Exit(-1)
	}
}

//TODO generate a test for each path in the function
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blob 4687�package pf

import (
	"fmt"
	"go/ast"
	"reflect"

	"github.com/bjerga91/AutoTest/solver"
	"github.com/bjerga91/AutoTest/symbexec"
)

//TODO move to init()
var invOpMap = createInverseOpMap()

//Path is a struct that stores the PC and State for each path found
type Path struct {
	PC    symbexec.PathConstraint
	State symbexec.State
}

//FuncVisitor is used to store variables when traversing the AST
type FuncVisitor struct {
	Pkg        string
	FuncName   string
	FuncNumber int
	FilePath   string
	Params     *ast.FieldList //input parameters for the function
	Results    *ast.FieldList //return values
	PC         symbexec.PathConstraint
	VarHistory symbexec.VarHistory
	Paths      []Path
	Lvl        int
	TestInputs []string
}

//InputParameter stores name and type of input parameter to a function
type InputParameter struct {
	Name      string
	InputType string
}

//Visit is used by Walk to traverse the AST in a DFS fashion
func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {
	switch x := node.(type) {
	case nil:
		v.Lvl--
		fmt.Println("Going up. Lvl:", v.Lvl)

		//Removes variables from the variable history that has lvl higher than current
		v.popVariables()

		//Removing last condition from PC if current lvl is same as the lvl the condition was saved to PC
		v.popConditions()

		if v.Lvl == 0 {
			v.solve()
		}
	case *ast.IfStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		stopTraversal := handleIfStmt(x, v)
		if stopTraversal {
			v.Lvl--
			fmt.Println("Going up. Lvl:", v.Lvl)
			return nil
		}
	case *ast.ReturnStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)

		//TODO solve paths that contains last cond and remove paths from Paths
	case *ast.FuncDecl:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.FuncName = x.Name.Name
	case *ast.FuncType:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Params = x.Params
		v.Results = x.Results
		saveParameters(x.Params, v)
	case *ast.AssignStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleAssignStmt(x, v)
	case *ast.DeclStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleDeclStmt(x, v)
		v.Lvl--
		return nil
	case *ast.File:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Pkg = x.Name.Name
	default:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
	}
	return ast.Visitor(v)
}

//popVariables pops all variables that was created at a lower level in the tree
//than the current level
func (v *FuncVisitor) popVariables() {
	for !v.VarHistory.Empty() {
		symbVar := v.VarHistory.Peek()
		if symbVar.LvlCreated > v.Lvl && !v.PC.Empty() {
			//Need to check if pc is empty since else input parameters will be popped.
			v.VarHistory.Pop()
		} else {
			break
		}
	}
}

//popConditions removes last condition from PC if current lvl is same as the
//lvl the condition was saved to PC
func (v *FuncVisitor) popConditions() {
	if !v.PC.Empty() {
		c := v.PC.Peek()
		if c.Lvl == v.Lvl {
			v.PC.Pop()
		}
	}
}

//solve calls the solver for each Path stored in v and adds satisfiable
//solution to the test inputs
func (v *FuncVisitor) solve() {
	for i := range v.Paths {
		sat, res := solver.Solve(v.Paths[i].State, v.Paths[i].PC)
		if sat {
			fmt.Print("Path:", v.Paths[i].PC.ToString(), "\t|\tmodel:", res)
			v.TestInputs = append(v.TestInputs, res)
		}
	}
}

//GetInputParams collects the type and name of input parameters
func (v *FuncVisitor) GetInputParams() []InputParameter {
	var inputs []InputParameter
	for _, param := range v.Params.List {
		expression := param.Type
		namesList := param.Names
		var inputtype string
		//fmt.Println("abc:", reflect.TypeOf(inputtype))
		switch a := expression.(type) {
		case *ast.Ident:
			inputtype = a.Name
			for _, name := range namesList {
				inputs = append(inputs, InputParameter{name.Name, inputtype})
			}
		}
	}
	return inputs
}

//GetReturnTypes returns the return types of the given function
func (v *FuncVisitor) GetReturnTypes() []string {
	var retTypes []string
	for _, t := range v.Results.List {
		temp := t.Type
		switch n := temp.(type) {
		case *ast.Ident:
			returnType := n.Name
			retTypes = append(retTypes, returnType)
		}
	}
	return retTypes
}

func exprToString(expr ast.Expr) string {
	var ret string
	switch e := expr.(type) {
	case *ast.Ident:
		ret = e.Name
	case *ast.BasicLit:
		ret = e.Value
	}
	return ret
}

func createInverseOpMap() map[string]string {
	m := make(map[string]string)
	m["=="] = "!="
	m["!="] = "=="
	m["<"] = ">="
	m[">="] = "<"
	m[">"] = "<="
	m["<="] = ">"
	return m
}
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commit 308�tree 6aa37b7e338a053cfbd85bf72469ef18cf5ac91d
parent 2abe36a6b2132c8b3e8845fa688c7b4db379219f
author Andreas Bjerga <andreas.bjerga@gmail.com> 1464136434 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1464136434 +0200

Made ToString-functions for State and PC, and also a Contains-function for PC
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commit 238�tree d91732218a1fd6b5c7ad912e009baf61d38e37ce
parent 93f11f1978acfb8a71d6b61bbd66981bdd98f4c3
author Andreas Bjerga <andreas.bjerga@gmail.com> 1465835950 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1465835950 +0200

cleanup
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commit 184�tree f949b3fa45c6a35f5e40c27cc73c8e66c171fb73
author bjerga91 <andreas.bjerga@gmail.com> 1459714660 +0200
committer bjerga91 <andreas.bjerga@gmail.com> 1459714660 +0200

Initial commit
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commit 289�tree 4e42bb2ad37dd0fc7f48d77f7fce097953925558
parent 823f7e18d9a1e841bf8c184756f056dc9f9672bc
author Andreas Bjerga <andreas.bjerga@gmail.com> 1465433680 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1465433680 +0200

Added functionality that adds expected output to the tests











AutoTest/.git/objects/d9/321aa564d8f6d56f30fb36fe1545d1b521158d

AutoTest/.git/objects/d9/321aa564d8f6d56f30fb36fe1545d1b521158d









AutoTest/.git/objects/09/32746f0b0411cafdfcf9063f36e7ca56bbd599

AutoTest/.git/objects/09/32746f0b0411cafdfcf9063f36e7ca56bbd599









AutoTest/.git/objects/b8/3348b2ff3f3d33646177b6aa1204a68cfef834

AutoTest/.git/objects/b8/3348b2ff3f3d33646177b6aa1204a68cfef834









AutoTest/.git/objects/a0/3453a5e0bc54f994cd652cc3006aee524eb8d8

AutoTest/.git/objects/a0/3453a5e0bc54f994cd652cc3006aee524eb8d8









AutoTest/.git/objects/95/3559183bff4f4f7638762f2581e5155848f169

AutoTest/.git/objects/95/3559183bff4f4f7638762f2581e5155848f169









AutoTest/.git/objects/c7/35b86c884c4ee652e267461fa3c269c6755101

AutoTest/.git/objects/c7/35b86c884c4ee652e267461fa3c269c6755101


blob 4884�package testgen

import (
	"fmt"
	"go/ast"
	"os"
	"strings"

	"github.com/bjerga91/test-generator/pf"
	"github.com/bjerga91/test-generator/symbexec"
)

//GenerateTestsForFile generates tests for the given file
func GenerateTestsForFile(file *ast.File, path string) {
	pkg := file.Name.Name
	funcNumber := 0
	ast.Inspect(file, func(n ast.Node) bool {
		switch x := n.(type) {
		case *ast.FuncDecl:
			var stack symbexec.PathConstraint
			visitor := pf.FuncVisitor{
				Pkg:        pkg,
				FuncNumber: funcNumber,
				FilePath:   path,
				Lvl:        0,
				PC:         stack,
				State:      make(symbexec.State),
			}
			ast.Walk(&visitor, x)
			funcNumber++
			createTests(visitor)
			return false
		}
		return true
	})
}

//GenerateTestsForDir generates tests for the given directory
func GenerateTestsForDir(files map[string]*ast.File) {
	for path, val := range files {
		pkg := val.Name.Name
		funcNumber := 0
		ast.Inspect(val, func(n ast.Node) bool {
			switch x := n.(type) {
			case *ast.FuncDecl:
				var stack symbexec.PathConstraint
				visitor := pf.FuncVisitor{
					Pkg:        pkg,
					FuncNumber: funcNumber,
					FilePath:   path,
					Lvl:        0,
					PC:         stack,
					State:      make(symbexec.State),
				}
				ast.Walk(&visitor, x)
				funcNumber++
				createTests(visitor)
				return false
			}
			return true
		})
	}
}

//CreateTests creates tests based on information from FuncVisior f
func createTests(f pf.FuncVisitor) {
	fmt.Println("** FuncNumber:", f.FuncNumber)
	filepath := fmt.Sprintf("%s_test.go", f.FilePath[:len(f.FilePath)-3])
	_, err := os.Stat(filepath)
	if os.IsNotExist(err) {
		fmt.Println("** File does not exist. Creating file")
		text := codeNewFile(f)
		createTestFile(filepath, text)
	} else {
		if f.FuncNumber == 0 {
			fmt.Println("** File exist for first function. Overwriting file")
			text := codeNewFile(f)
			overwriteFile(filepath, text)
		} else {
			fmt.Println("** File exist. Appending to file")
			text := codeAppendToFile(f)
			appendToFile(filepath, text)
		}
	}
}

func overwriteFile(path string, text string) {
	err := os.Remove(path)
	if err != nil {
		panic(err)
	}
	createTestFile(path, text)
}

func createTestFile(path string, text string) {
	file, err := os.Create(path)
	if err != nil {
		panic(err)
	}
	defer file.Close()

	if _, err = file.WriteString(text); err != nil {
		panic(err)
	}
}

func appendToFile(path string, text string) {
	file, err := os.OpenFile(path, os.O_RDWR|os.O_APPEND, 0666)
	if err != nil {
		panic(err)
	}
	defer file.Close()

	if _, err = file.WriteString(text); err != nil {
		panic(err)
	}
}

func codeNewFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	package %s

	import "testing"

	type testpair%s struct {
		input %s
		expected %s
	}

	var tests = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.Pkg,
		f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName)

	return text
}

func codeAppendToFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	type testpair%s struct {
		input %s
		expected %s
	}

	var tests = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName)

	return text
}

func getInputTypes(f pf.FuncVisitor) string {
	var inputString string
	inputTypes := f.GetInputParams()
	for i, param := range inputTypes {
		if i == 0 {
			inputString += param.InputType
			continue
		}
		inputString += ", " + param.InputType

	}
	return inputString
}

func getReturnTypes(f pf.FuncVisitor) string {
	var returnString string
	returntypes := f.GetReturnTypes()
	for i, retType := range returntypes {
		if i == 0 {
			returnString += retType
			continue
		}
		returnString += ", " + retType
	}
	return returnString
}

func getTestCases(f pf.FuncVisitor) string {
	var testcases string
	for i, model := range f.TestInputs {
		r := strings.NewReplacer(" ", "", "(", "", ")", "", "\n", "")
		modelTrimmed := r.Replace(model)
		modelSlice := strings.Split(modelTrimmed, ",")
		for _, v := range modelSlice { //for each value in a model
			temp := strings.Split(v, "->")
			if i == 0 {
				testcases += fmt.Sprintf("{%s,nil},", temp[1])
				continue
			}
			testcases += fmt.Sprintf("\n{%s,nil},", temp[1])
		}
	}
	return testcases
}
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commit 276�tree 5cc228590fa17dbf09876165098d3dd2b79289a7
parent e82f72deaebd8a3b120113219d80e3ca2fe01fb1
author Andreas Bjerga <andreas.bjerga@gmail.com> 1465836045 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1465836045 +0200

solvePaths and bug-fix in addConditionToPaths
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blob 1087�package pf

import (
	"go/ast"
	"log"

	"github.com/bjerga91/AutoTest/solver"
	"github.com/bjerga91/AutoTest/symbexec"
)

func handleIfStmt(x *ast.IfStmt, v *FuncVisitor) {
	switch c := x.Cond.(type) {
	case *ast.BinaryExpr:
		left := exprToString(c.X)
		op := c.Op.String()
		right := exprToString(c.Y)
		cond := symbexec.Constraint{
			Lvl:   v.Lvl,
			Left:  left,
			Op:    op,
			Right: right}
		elseCond := symbexec.Constraint{
			Lvl:   v.Lvl,
			Left:  left,
			Op:    invOpMap[cond.Op],
			Right: right}

		//each path branches into PC(then) and PC'(else)
		v.addConditionsToPaths(cond, elseCond)

		v.PC.Push(cond)
		//check if sat before walk
		res := solver.CheckSatVarHist(v.VarHistory, v.PC)
		if res {
			ast.Walk(v, x.Body)
		} else {
			v.PC.Pop()
		}

		if x.Else != nil {
			v.PC.Push(elseCond)
			//check if sat before walk
			res := solver.CheckSatVarHist(v.VarHistory, v.PC)
			if res {
				ast.Walk(v, x.Else)
			} else {
				v.PC.Pop()
			}
		}
	//TODO condition could be other than BinaryExpr.
	default:
		log.Fatalf("Unhandled type %s in handleIfStmt", c)
	}
}
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blob 8231�package pf

import (
	"fmt"
	"go/ast"
	"log"
	"reflect"

	"github.com/bjerga91/AutoTest/solver"
	"github.com/bjerga91/AutoTest/symbexec"
)

//TODO move to init()
var invOpMap = createInverseOpMap()

//FuncVisitor is used to store variables when traversing the AST
type FuncVisitor struct {
	Pkg        string
	FuncName   string
	FuncNumber int
	FilePath   string
	Params     *ast.FieldList //input parameters for the function
	Results    *ast.FieldList //return values
	PC         symbexec.PathConstraint
	State      symbexec.State
	Paths      []symbexec.PathConstraint
	Lvl        int
	TestInputs []string
}

//InputParameter stores name and type of input parameter to a function
type InputParameter struct {
	Name      string
	InputType string
}

//Visit is used by Walk to traverse the AST in a DFS fashion
func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {
	switch x := node.(type) {
	case nil:
		v.Lvl--
		fmt.Println("Going up. Lvl:", v.Lvl)
		if !v.PC.Empty() {
			c := v.PC.Peek()
			if c.Lvl == v.Lvl {
				con := v.PC.Pop()
				fmt.Printf("Popped constraint: %s%s%s\n", con.Left, con.Op, con.Right)
			}
		}
		if v.Lvl == 0 {
			fmt.Println("Solve!!!")
			for i := range v.Paths {
				sat, res := solver.Solve(v.State, v.Paths[i])
				fmt.Println("Sat:", sat, "Model:", res)
				if sat {
					v.TestInputs = append(v.TestInputs, res)
				}
			}
		}
		//TODO remove variables

	case *ast.IfStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		stopTraversal := handleIfStmt(x, v)
		if stopTraversal {
			v.Lvl--
			fmt.Println("Going up. Lvl:", v.Lvl)
			return nil
		}
	case *ast.ReturnStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)

		// check, res := solver.Solve(v.State, v.PC)
		// fmt.Println(check, ":", res)
		// if check == "sat" {
		// 	v.TestInputs = append(v.TestInputs, res)
		// }
	case *ast.FuncDecl:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.FuncName = x.Name.Name
	case *ast.FuncType:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Params = x.Params
		v.Results = x.Results
		saveParameters(x.Params, v)
	case *ast.AssignStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleAssignStmt(x, v)
	case *ast.DeclStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleDeclStmt(x, v)
		v.Lvl--
		return nil
	case *ast.File:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Pkg = x.Name.Name
	default:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
	}
	return ast.Visitor(v)
}

//GetInputParams collects the type and name of input parameters
func (v *FuncVisitor) GetInputParams() []InputParameter {
	var inputs []InputParameter
	for _, param := range v.Params.List {
		expression := param.Type
		namesList := param.Names
		var inputtype string
		//fmt.Println("abc:", reflect.TypeOf(inputtype))
		switch a := expression.(type) {
		case *ast.Ident:
			inputtype = a.Name
			for _, name := range namesList {
				inputs = append(inputs, InputParameter{name.Name, inputtype})
			}
		}
	}
	return inputs
}

//GetReturnTypes returns the return types of the given function
func (v *FuncVisitor) GetReturnTypes() []string {
	var retTypes []string
	for _, t := range v.Results.List {
		temp := t.Type
		switch n := temp.(type) {
		case *ast.Ident:
			returnType := n.Name
			retTypes = append(retTypes, returnType)
		}
	}
	return retTypes
}

func handleAssignStmt(stmt *ast.AssignStmt, v *FuncVisitor) {
	//TODO if variable not in map, save to map
	var name, tok, varType, value string

	for _, lhs := range stmt.Lhs {
		switch x := lhs.(type) {
		case *ast.Ident:
			name = x.Name
		default:
			log.Fatal("error: handleAssignStmt: Lhs is not of *ast.Ident type")
		}
	}

	tok = stmt.Tok.String()

	for _, rhs := range stmt.Rhs {
		switch x := rhs.(type) {
		case *ast.BasicLit:
			value = x.Value
			varType = x.Kind.String()
		case *ast.UnaryExpr:
			value, varType = handleUnaryExpr(x)
		//TODO case *ast.Ident: 	if the rhs is a variable
		//TODO case *ast.BinaryExpr: 	if the rhs is an expression of more than one variable
		default:
			log.Fatal("error: handleAssignStmt: Rhs is not any of the defined cases", reflect.TypeOf(x))
		}
	}
		}
	}

	if _, exist := v.State[name]; exist {
		//Only update assignment
		if tok == "=" {
			symbVar := v.State[name]
			symbVar.AssignStmt = value
			v.State[name] = symbVar
		}
	} else {
		//Create new entry in State
		if tok == ":=" {
			v.State[name] = symbexec.SymbolicVariable{
				Name:       name,
				LvlCreated: v.Lvl,
				VarType:    varType,
				AssignStmt: value,
			}
			//TODO define the cases for the other tokens
		} else {
			log.Fatal("handleAssignStmt: token is not \":=\"")
		}
	}

	//TODO if variable is already in map, update AssignStmt
	// where variables in the map needs to be replaced with their AssignStmt
}

func saveParameters(params *ast.FieldList, v *FuncVisitor) {
	for _, param := range params.List {
		var varType string
		t := param.Type
		switch x := t.(type) {
		case *ast.Ident:
			varType = x.Name
		default:
			log.Fatalf("saveParameter: type is not ast.Ident: %s", reflect.TypeOf(x))
		}
		for _, name := range param.Names {
			varName := name.Name
			symbVar := symbexec.SymbolicVariable{
				Name:       varName,
				LvlCreated: v.Lvl,
				VarType:    varType,
			}
			if _, exist := v.State[varName]; exist {
				log.Fatalf("saveParameters: variable name %s already exist in map!", varName)
			}
			v.State[varName] = symbVar
		}
	}
}

func exprToString(expr ast.Expr) string {
	var ret string
	switch e := expr.(type) {
	case *ast.Ident:
		ret = e.Name
	case *ast.BasicLit:
		ret = e.Value
	}
	return ret
}

func handleIfStmt(x *ast.IfStmt, v *FuncVisitor) bool {
	//TODO condition could be other than BinaryExpr.
	//Should make a recursive function to retrieve the condition??
	switch c := x.Cond.(type) {
	case *ast.BinaryExpr:
		left := exprToString(c.X)
		op := c.Op.String()
		right := exprToString(c.Y)
		cond := symbexec.Constraint{Lvl: v.Lvl, Left: left, Op: op, Right: right}
		elseCond := symbexec.Constraint{Lvl: v.Lvl, Left: left, Op: invOpMap[cond.Op], Right: right}

		//adding condition to paths
		//TODO split this out in its own function
		if len(v.Paths) > 0 {
			fmt.Println("State:", v.State.ToString())
			var newPaths []symbexec.PathConstraint
			for _, path := range v.Paths {
				elsepath := append(path, elseCond)
				elsesat := solver.CheckSat(v.State, elsepath)
				fmt.Println("Elsepath:", elsepath.ToString(), "sat:", elsesat)
				thenpath := append(path, cond)
				thensat := solver.CheckSat(v.State, thenpath)
				fmt.Println("Thenpath:", thenpath.ToString(), "sat:", thensat)
				if !v.PC.Empty() {
					if path.Contains(v.PC.Peek()) {
						if elsesat {
							newPaths = append(newPaths, elsepath)
						}
						if thensat {
							newPaths = append(newPaths, thenpath)
						}
					}
				} else {
					if elsesat {
						newPaths = append(newPaths, elsepath)
					}
					if thensat {
						newPaths = append(newPaths, thenpath)
					}
				}
			}
			v.Paths = newPaths
		} else {
			v.Paths = append(v.Paths, symbexec.PathConstraint{cond})
			v.Paths = append(v.Paths, symbexec.PathConstraint{elseCond})
		}

		fmt.Printf("Pushing constraint %s%s%s\n", cond.Left, cond.Op, cond.Right)
		v.PC.Push(cond)
		//TODO check if sat before walk
		res := solver.CheckSat(v.State, v.PC)
		if res {
			ast.Walk(v, x.Body)
		} else {
			v.PC.Pop()
		}
		//TODO should create PC for the else-statement no matter if it is null
		//for later use if return is outside if
		if x.Else != nil {
			fmt.Printf("Pushing constraint %s%s%s\n", elseCond.Left, elseCond.Op, elseCond.Right)
			fvElse := v
			fvElse.PC.Push(elseCond)
			//TODO check if sat before Walk
			res := solver.CheckSat(v.State, fvElse.PC)
			if res {
				ast.Walk(fvElse, x.Else)
			} else {
				fvElse.PC.Pop()
			}
		}
		return true
	default:
		log.Fatalf("Unhandled type %s in handleIfStmt", c)
		return false
	}
}

func createInverseOpMap() map[string]string {
	m := make(map[string]string)
	m["=="] = "!="
	m["!="] = "=="
	m["<"] = ">="
	m[">="] = "<"
	m[">"] = "<="
	m["<="] = ">"
	return m
}
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commit 288�tree 147072c5b998d3e44016f3643592c3dce01e0549
parent db0a2bdaba8f03338fd40fa7c3f46ba32a97f166
author Andreas Bjerga <andreas.bjerga@gmail.com> 1464481582 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1464481582 +0200

Updated testgen. Only writes tests one time for each file
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blob 5086�package testgen

import (
	"fmt"
	"go/ast"
	"log"
	"os"
	"os/exec"
	"strings"

	"github.com/bjerga91/AutoTest/pf"
	"github.com/bjerga91/AutoTest/symbexec"
)

//GenerateTestsForFile generates tests for the given file
func GenerateTestsForFile(file *ast.File, path string) {
	pkg := file.Name.Name
	funcNumber := 0
	text := ""
	ast.Inspect(file, func(n ast.Node) bool {
		switch x := n.(type) {
		case *ast.FuncDecl:
			var stack symbexec.PathConstraint
			visitor := pf.FuncVisitor{
				Pkg:        pkg,
				FuncNumber: funcNumber,
				FilePath:   path,
				Lvl:        0,
				PC:         stack,
				//State:      make(symbexec.State),
			}
			ast.Walk(&visitor, x)
			funcNumber++
			text = createTests(visitor, text)
			return false
		}
		return true
	})
	writeTestsToFile(text, path)
}

//GenerateTestsForDir generates tests for the given directory
func GenerateTestsForDir(files map[string]*ast.File) {
	for path, file := range files {
		GenerateTestsForFile(file, path)
	}
}

//CreateTests creates tests based on information from FuncVisior f
func createTests(f pf.FuncVisitor, text string) string {
	if text == "" {
		text += codeNewFile(f)
	} else {
		text += codeAppendToFile(f)
	}
	return text
}

func codeAppendToFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	type testpair%s struct {
		input %s
		expected %s
	}

	var tests%s = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests%s {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName,
		f.FuncName)

	return text
}

func writeTestsToFile(text string, path string) {
	fmt.Println("Writing tests to file")
	filepath := fmt.Sprintf("%s_test.go", path[:len(path)-3])
	_, err := os.Stat(filepath)
	if os.IsNotExist(err) {
		createFile(filepath, text)
	} else {
		overwriteFile(filepath, text)
	}
}

func overwriteFile(path string, text string) {
	err := os.Remove(path)
	if err != nil {
		panic(err)
	}
	createFile(path, text)
}

func createFile(path string, text string) {
	file, err := os.Create(path)
	if err != nil {
		panic(err)
	}
	defer file.Close()

	if _, err = file.WriteString(text); err != nil {
		panic(err)
	}
}

func createDir(path string) {
	err := os.Mkdir(path, 0777)
	if err != nil {
		log.Fatal("createDir:", err)
	}
}

func delDir(path string) {
	err := os.RemoveAll(path)

	if err != nil {
		log.Fatal("delDir:", err)
	}
}

func codeNewFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	package %s

	import "testing"

	type testpair%s struct {
		input %s
		expected %s
	}

	var tests%s = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests%s {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.Pkg,
		f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName,
		f.FuncName)

	return text
}

func getInputTypes(f pf.FuncVisitor) string {
	var inputString string
	inputTypes := f.GetInputParams()
	for i, param := range inputTypes {
		if i == 0 {
			inputString += param.InputType
			continue
		}
		inputString += ", " + param.InputType

	}
	return inputString
}

func getReturnTypes(f pf.FuncVisitor) string {
	var returnString string
	returntypes := f.GetReturnTypes()
	for i, retType := range returntypes {
		if i == 0 {
			returnString += retType
			continue
		}
		returnString += ", " + retType
	}
	return returnString
}

func getTestCases(f pf.FuncVisitor) string {
	var testcases string
	for i, model := range f.TestInputs {
		r := strings.NewReplacer(" ", "", "(", "", ")", "", "\n", "")
		modelTrimmed := r.Replace(model)
		modelSlice := strings.Split(modelTrimmed, ",")
		for _, v := range modelSlice { //for each value in a model
			temp := strings.Split(v, "->")
			out := getExpectedOut(f, temp[1])
			if i == 0 {
				testcases += fmt.Sprintf("{%s,%s},", temp[1], out)
				continue
			}
			testcases += fmt.Sprintf("\n{%s,%s},", temp[1], out)
		}
	}
	return testcases
}

func getExpectedOut(f pf.FuncVisitor, input string) string {
	end := strings.LastIndex(f.FilePath, "/")
	pkgString := f.FilePath[:end]
	fmt.Println(pkgString)
	text := fmt.Sprintf(`
		package main

		import (
			"fmt"
			"%s"
		)

		func main(){
			fmt.Print(%s.%s(%s))
		}
	`, pkgString,
		f.Pkg,
		f.FuncName,
		input,
	)

	createDir("../temp")
	path := fmt.Sprintf("../temp/temp.go")
	createFile(path, text)
	out, err := exec.Command("go", "run", path).Output()
	if err != nil {
		log.Fatal("getExpectedOut: Failed executing command!", err)
	}
	fmt.Println("Output from function: in=", input, "\t|\tout=", string(out[:]))
	delDir("../temp")
	return string(out[:])
}
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blob 8136�package pf

import (
	"fmt"
	"go/ast"
	"log"
	"reflect"

	"github.com/bjerga91/AutoTest/solver"
	"github.com/bjerga91/AutoTest/symbexec"
)

//TODO move to init()
var invOpMap = createInverseOpMap()

//FuncVisitor is used to store variables when traversing the AST
type FuncVisitor struct {
	Pkg        string
	FuncName   string
	FuncNumber int
	FilePath   string
	Params     *ast.FieldList //input parameters for the function
	Results    *ast.FieldList //return values
	PC         symbexec.PathConstraint
	State      symbexec.State
	Paths      []symbexec.PathConstraint
	Lvl        int
	TestInputs []string
}

//InputParameter stores name and type of input parameter to a function
type InputParameter struct {
	Name      string
	InputType string
}

//Visit is used by Walk to traverse the AST in a DFS fashion
func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {
	switch x := node.(type) {
	case nil:
		v.Lvl--
		fmt.Println("Going up. Lvl:", v.Lvl)
		if !v.PC.Empty() {
			c := v.PC.Peek()
			if c.Lvl == v.Lvl {
				con := v.PC.Pop()
				fmt.Printf("Popped constraint: %s%s%s\n", con.Left, con.Op, con.Right)
			}
		}
		if v.Lvl == 0 {
			fmt.Println("Solve!!!")
			for i := range v.Paths {
				sat, res := solver.Solve(v.State, v.Paths[i])
				fmt.Println("Sat:", sat, "Model:", res)
				if sat {
					v.TestInputs = append(v.TestInputs, res)
				}
			}
		}
		//TODO remove variables

	case *ast.IfStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		stopTraversal := handleIfStmt(x, v)
		if stopTraversal {
			v.Lvl--
			fmt.Println("Going up. Lvl:", v.Lvl)
			return nil
		}
	case *ast.ReturnStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)

		// check, res := solver.Solve(v.State, v.PC)
		// fmt.Println(check, ":", res)
		// if check == "sat" {
		// 	v.TestInputs = append(v.TestInputs, res)
		// }
	case *ast.FuncDecl:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.FuncName = x.Name.Name
	case *ast.FuncType:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Params = x.Params
		v.Results = x.Results
		saveParameters(x.Params, v)
	case *ast.AssignStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleAssignStmt(x, v)
	case *ast.DeclStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleDeclStmt(x, v)
		v.Lvl--
		return nil
	case *ast.File:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Pkg = x.Name.Name
	default:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
	}
	return ast.Visitor(v)
}

//GetInputParams collects the type and name of input parameters
func (v *FuncVisitor) GetInputParams() []InputParameter {
	var inputs []InputParameter
	for _, param := range v.Params.List {
		expression := param.Type
		namesList := param.Names
		var inputtype string
		//fmt.Println("abc:", reflect.TypeOf(inputtype))
		switch a := expression.(type) {
		case *ast.Ident:
			inputtype = a.Name
			for _, name := range namesList {
				inputs = append(inputs, InputParameter{name.Name, inputtype})
			}
		}
	}
	return inputs
}

//GetReturnTypes returns the return types of the given function
func (v *FuncVisitor) GetReturnTypes() []string {
	var retTypes []string
	for _, t := range v.Results.List {
		temp := t.Type
		switch n := temp.(type) {
		case *ast.Ident:
			returnType := n.Name
			retTypes = append(retTypes, returnType)
		}
	}
	return retTypes
}

func handleAssignStmt(stmt *ast.AssignStmt, v *FuncVisitor) {
	//TODO if variable not in map, save to map
	var name, tok, varType, value string

	for _, lhs := range stmt.Lhs {
		switch x := lhs.(type) {
		case *ast.Ident:
			name = x.Name
		default:
			log.Fatal("error: handleAssignStmt: Lhs is not of *ast.Ident type")
		}
	}

	tok = stmt.Tok.String()

	for _, rhs := range stmt.Rhs {
		switch x := rhs.(type) {
		case *ast.BasicLit:
			value = x.Value
			varType = x.Kind.String()
		//TODO case *ast.Ident: 	if the rhs is a variable
		//TODO case *ast.BinaryExpr: 	if the rhs is an expression of more than one variable
		default:
			log.Fatal("handleAssignStmt: Rhs is not any of the defined cases")
		}
	}

	if _, exist := v.State[name]; exist {
		//Only update assignment
		if tok == "=" {
			symbVar := v.State[name]
			symbVar.AssignStmt = value
			v.State[name] = symbVar
		}
	} else {
		//Create new entry in State
		if tok == ":=" {
			v.State[name] = symbexec.SymbolicVariable{
				Name:       name,
				LvlCreated: v.Lvl,
				VarType:    varType,
				AssignStmt: value,
			}
			//TODO define the cases for the other tokens
		} else {
			log.Fatal("handleAssignStmt: token is not \":=\"")
		}
	}

	//TODO if variable is already in map, update AssignStmt
	// where variables in the map needs to be replaced with their AssignStmt
}

func saveParameters(params *ast.FieldList, v *FuncVisitor) {
	for _, param := range params.List {
		var varType string
		t := param.Type
		switch x := t.(type) {
		case *ast.Ident:
			varType = x.Name
		default:
			log.Fatalf("saveParameter: type is not ast.Ident: %s", reflect.TypeOf(x))
		}
		for _, name := range param.Names {
			varName := name.Name
			symbVar := symbexec.SymbolicVariable{
				Name:       varName,
				LvlCreated: v.Lvl,
				VarType:    varType,
			}
			if _, exist := v.State[varName]; exist {
				log.Fatalf("saveParameters: variable name %s already exist in map!", varName)
			}
			v.State[varName] = symbVar
		}
	}
}

func exprToString(expr ast.Expr) string {
	var ret string
	switch e := expr.(type) {
	case *ast.Ident:
		ret = e.Name
	case *ast.BasicLit:
		ret = e.Value
	}
	return ret
}

func handleIfStmt(x *ast.IfStmt, v *FuncVisitor) bool {
	//TODO condition could be other than BinaryExpr.
	//Should make a recursive function to retrieve the condition??
	switch c := x.Cond.(type) {
	case *ast.BinaryExpr:
		left := exprToString(c.X)
		op := c.Op.String()
		right := exprToString(c.Y)
		cond := symbexec.Constraint{Lvl: v.Lvl, Left: left, Op: op, Right: right}
		elseCond := symbexec.Constraint{Lvl: v.Lvl, Left: left, Op: invOpMap[cond.Op], Right: right}

		//adding condition to paths
		//TODO split this out in its own function
		if len(v.Paths) > 0 {
			fmt.Println("State:", v.State.ToString())
			var newPaths []symbexec.PathConstraint
			for _, path := range v.Paths {
				elsepath := append(path, elseCond)
				elsesat := solver.CheckSat(v.State, elsepath)
				fmt.Println("Elsepath:", elsepath.ToString(), "sat:", elsesat)
				thenpath := append(path, cond)
				thensat := solver.CheckSat(v.State, thenpath)
				fmt.Println("Thenpath:", thenpath.ToString(), "sat:", thensat)
				if !v.PC.Empty() {
					if path.Contains(v.PC.Peek()) {
						if elsesat {
							newPaths = append(newPaths, elsepath)
						}
						if thensat {
							newPaths = append(newPaths, thenpath)
						}
					}
				} else {
					if elsesat {
						newPaths = append(newPaths, elsepath)
					}
					if thensat {
						newPaths = append(newPaths, thenpath)
					}
				}
			}
			v.Paths = newPaths
		} else {
			v.Paths = append(v.Paths, symbexec.PathConstraint{cond})
			v.Paths = append(v.Paths, symbexec.PathConstraint{elseCond})
		}

		fmt.Printf("Pushing constraint %s%s%s\n", cond.Left, cond.Op, cond.Right)
		v.PC.Push(cond)
		//TODO check if sat before walk
		res := solver.CheckSat(v.State, v.PC)
		if res {
			ast.Walk(v, x.Body)
		} else {
			v.PC.Pop()
		}
		//TODO should create PC for the else-statement no matter if it is null
		//for later use if return is outside if
		if x.Else != nil {
			fmt.Printf("Pushing constraint %s%s%s\n", elseCond.Left, elseCond.Op, elseCond.Right)
			fvElse := v
			fvElse.PC.Push(elseCond)
			//TODO check if sat before Walk
			res := solver.CheckSat(v.State, fvElse.PC)
			if res {
				ast.Walk(fvElse, x.Else)
			} else {
				fvElse.PC.Pop()
			}
		}
		return true
	default:
		log.Fatalf("Unhandled type %s in handleIfStmt", c)
		return false
	}
}

func createInverseOpMap() map[string]string {
	m := make(map[string]string)
	m["=="] = "!="
	m["!="] = "=="
	m["<"] = ">="
	m[">="] = "<"
	m[">"] = "<="
	m["<="] = ">"
	return m
}
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commit 257�tree 884dcdf8d1ebce8dc2b8d4d1acb543370a943649
parent 9101699bd3bb0456d1dea55d79b6bfcf3ae1a918
author Andreas Bjerga <andreas.bjerga@gmail.com> 1462146309 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1462146309 +0200

Solve-function implemented
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blob 669�package solver

import (
	"fmt"
	"testing"

	"github.com/bjerga91/test-generator/symbexec"
)

// func TestMkContext(t *testing.T) {
// 	ctx := MkContext()
// 	if ctx == nil {
// 		t.Errorf("MkContext failed")
// 	}
// }

func TestMkNotEqual(t *testing.T) {
	state := make(symbexec.State)
	var pc symbexec.PathConstraint
	state["x"] = symbexec.SymbolicVariable{Name: "x",
		LvlCreated: 1,
		VarType:    "int",
		AssignStmt: ""}
	pc.Push(symbexec.Constraint{Lvl: 1, Left: "x", Op: "!=", Right: "0"})
	pc.Push(symbexec.Constraint{Lvl: 1, Left: "x", Op: "<", Right: "0"})
	sat := CheckSat(state, pc)
	fmt.Println(sat)
	if !sat {
		t.Errorf("Path Constraint not sat!")
	}
}
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commit 275�tree a4134e90bac0e0c64d62e8e153296558a0dbffe9
parent 1bfe3c84d3dde36d7cc10083892a53303ec488ab
author Andreas Bjerga <andreas.bjerga@gmail.com> 1465091253 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1465091253 +0200

added functionality for declaring a variable
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commit 267�tree a2d257806df8f87080ad76d9df460ed5c49992fa
parent 3eb2f01f67d65c269f87e4f124578b1ed1474467
author Andreas Bjerga <andreas.bjerga@gmail.com> 1465433752 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1465433752 +0200

Cleanup and VarHistory in PathFinder
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blob 1888�package solver

/*
#include <z3.h>
*/
import "C"
import "unsafe"

func mkContext() C.Z3_context {
	cfg := C.Z3_mk_config()
	C.Z3_set_param_value(cfg, "MODEL", "true")
	ctx := C.Z3_mk_context(cfg)
	C.Z3_del_config(cfg)
	svr := C.Z3_mk_solver(ctx)
	C.Z3_solver_inc_ref(ctx, svr)
	return ctx
}

func mkSolver(ctx C.Z3_context) C.Z3_solver {
	svr := C.Z3_mk_solver(ctx)
	C.Z3_solver_inc_ref(ctx, svr)
	return svr
}

func declIntVar(ctx C.Z3_context, name string) C.Z3_ast {
	cs := C.CString(name)
	defer C.free(unsafe.Pointer(cs))
	//test??

	intType := C.Z3_mk_int_sort(ctx)
	symb := C.Z3_mk_string_symbol(ctx, cs)
	return C.Z3_mk_const(ctx, symb, intType)
}

func declInt(ctx C.Z3_context, v int) Z3_ast {
	intType := C3.Z3_mk_int_sort(ctx)
	//cast Go-int to c-int?
	return C.Z3_mk_int(ctx, v, intType)
}

func mkEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_eq(ctx, l, r)
}

func mkLt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_lt(ctx, l, r)
}

func mkGt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_gt(ctx, l, r)
}

func push(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_push(ctx, svr)
}

func pop(ctx C.Z3_context, svr C.Z3_solver) {
	//get number of scopes
	//pop
}

func reset(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_reset(ctx, svr)
}

func assert(ctx C.Z3_context, svr C.Z3_solver, cond C.Z3_ast) {
	C.Z3_solver_assert(ctx, svr, cond)
}

func check(ctx C.Z3_context, svr C.Z3_solver) string {
	res := C.Z3_solver_check(ctx, svr)
	switch res {
	case C.Z3_L_FALSE:
		return "unsat"
	case C.Z3_L_UNDEF:
		return "unknown"
	case C.Z3_L_TRUE:
		return "sat"
	}
}

func getModel(ctx C.Z3_context, svr C.Z3_solver) C.Z3_model {
	return C.Z3_solver_get_model(ctx, svr)
}

func modelToString(ctx C.Z3_context, m C.Z3_model) C.Z3_string {
	//Convert c-string to go-string
	return C.Z3_model_to_string(ctx, m)
}

func solve() {

}
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blob 5197�package testgen

import (
	"fmt"
	"go/ast"
	"log"
	"os"
	"os/exec"
	"strings"

	"github.com/bjerga91/AutoTest/pf"
	"github.com/bjerga91/AutoTest/symbexec"
)

//GenerateTestsForFile generates tests for the given file
func GenerateTestsForFile(file *ast.File, path string) {
	pkg := file.Name.Name
	funcNumber := 0
	text := ""
	ast.Inspect(file, func(n ast.Node) bool {
		switch x := n.(type) {
		case *ast.FuncDecl:
			var stack symbexec.PathConstraint
			visitor := pf.FuncVisitor{
				Pkg:        pkg,
				FuncNumber: funcNumber,
				FilePath:   path,
				Lvl:        0,
				PC:         stack,
				//State:      make(symbexec.State),
			}
			ast.Walk(&visitor, x)
			funcNumber++
			text = createTests(visitor, text)
			return false
		}
		return true
	})
	writeTestsToFile(text, path)
}

//GenerateTestsForDir generates tests for the given directory
func GenerateTestsForDir(files map[string]*ast.File) {
	for path, file := range files {
		GenerateTestsForFile(file, path)
	}
}

//CreateTests creates tests based on information from FuncVisior f
func createTests(f pf.FuncVisitor, text string) string {
	if text == "" {
		text += codeNewFile(f)
	} else {
		text += codeAppendToFile(f)
	}
	return text
}

func codeAppendToFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	type testpair%s struct {
		input %s
		expected %s
	}

	var tests%s = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests%s {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName,
		f.FuncName)

	return text
}

func writeTestsToFile(text string, path string) {
	fmt.Printf("Writing tests to file...\n\n")
	filepath := fmt.Sprintf("%s_test.go", path[:len(path)-3])
	_, err := os.Stat(filepath)
	if os.IsNotExist(err) {
		createFile(filepath, text)
	} else {
		overwriteFile(filepath, text)
	}
}

func overwriteFile(path string, text string) {
	err := os.Remove(path)
	if err != nil {
		panic(err)
	}
	createFile(path, text)
}

func createFile(path string, text string) {
	file, err := os.Create(path)
	if err != nil {
		panic(err)
	}
	defer file.Close()

	if _, err = file.WriteString(text); err != nil {
		panic(err)
	}
}

func createDir(path string) {
	err := os.Mkdir(path, 0777)
	if err != nil {
		log.Fatal("createDir:", err)
	}
}

func delDir(path string) {
	err := os.RemoveAll(path)

	if err != nil {
		log.Fatal("delDir:", err)
	}
}

func codeNewFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	package %s

	import "testing"

	/*
		This file has been automatically generated by AutoTest;
		Do not edit - changes may be overwritten
	*/

	type testpair%s struct {
		input %s
		expected %s
	}

	var tests%s = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests%s {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.Pkg,
		f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName,
		f.FuncName)

	return text
}

func getInputTypes(f pf.FuncVisitor) string {
	var inputString string
	inputTypes := f.GetInputParams()
	for i, param := range inputTypes {
		if i == 0 {
			inputString += param.InputType
			continue
		}
		inputString += ", " + param.InputType

	}
	return inputString
}

func getReturnTypes(f pf.FuncVisitor) string {
	var returnString string
	returntypes := f.GetReturnTypes()
	for i, retType := range returntypes {
		if i == 0 {
			returnString += retType
			continue
		}
		returnString += ", " + retType
	}
	return returnString
}

func getTestCases(f pf.FuncVisitor) string {
	var testcases string
	for i, model := range f.TestInputs {
		r := strings.NewReplacer(" ", "", "(", "", ")", "", "\n", "")
		modelTrimmed := r.Replace(model)
		modelSlice := strings.Split(modelTrimmed, ",")
		for _, v := range modelSlice { //for each value in a model
			temp := strings.Split(v, "->")
			out := getExpectedOut(f, temp[1])
			if i == 0 {
				testcases += fmt.Sprintf("{%s,%s},", temp[1], out)
				continue
			}
			testcases += fmt.Sprintf("\n{%s,%s},", temp[1], out)
		}
	}
	return testcases
}

//getExpectedOut retrieves the output when the function that f represents is
//executed on input
func getExpectedOut(f pf.FuncVisitor, input string) string {
	end := strings.LastIndex(f.FilePath, "/")
	pkgString := f.FilePath[:end]
	text := fmt.Sprintf(`
		package main

		import (
			"fmt"
			"%s"
		)

		func main(){
			fmt.Print(%s.%s(%s))
		}
	`, pkgString,
		f.Pkg,
		f.FuncName,
		input,
	)

	createDir("../temp")
	path := fmt.Sprintf("../temp/temp.go")
	createFile(path, text)
	out, err := exec.Command("go", "run", path).Output()
	if err != nil {
		log.Fatal("getExpectedOut: Failed executing command!", err)
	}
	delDir("../temp")
	return string(out[:])
}











AutoTest/.git/objects/4e/42bb2ad37dd0fc7f48d77f7fce097953925558

AutoTest/.git/objects/4e/42bb2ad37dd0fc7f48d77f7fce097953925558









AutoTest/.git/objects/6b/43021ba7d86a4b8e6fd75924328bc539d2d7b6

AutoTest/.git/objects/6b/43021ba7d86a4b8e6fd75924328bc539d2d7b6


blob 4872�package testgen

import (
	"fmt"
	"go/ast"
	"os"
	"strings"

	"github.com/bjerga91/AutoTest/pf"
	"github.com/bjerga91/AutoTest/symbexec"
)

//GenerateTestsForFile generates tests for the given file
func GenerateTestsForFile(file *ast.File, path string) {
	pkg := file.Name.Name
	funcNumber := 0
	ast.Inspect(file, func(n ast.Node) bool {
		switch x := n.(type) {
		case *ast.FuncDecl:
			var stack symbexec.PathConstraint
			visitor := pf.FuncVisitor{
				Pkg:        pkg,
				FuncNumber: funcNumber,
				FilePath:   path,
				Lvl:        0,
				PC:         stack,
				State:      make(symbexec.State),
			}
			ast.Walk(&visitor, x)
			funcNumber++
			createTests(visitor)
			return false
		}
		return true
	})
}

//GenerateTestsForDir generates tests for the given directory
func GenerateTestsForDir(files map[string]*ast.File) {
	for path, val := range files {
		pkg := val.Name.Name
		funcNumber := 0
		ast.Inspect(val, func(n ast.Node) bool {
			switch x := n.(type) {
			case *ast.FuncDecl:
				var stack symbexec.PathConstraint
				visitor := pf.FuncVisitor{
					Pkg:        pkg,
					FuncNumber: funcNumber,
					FilePath:   path,
					Lvl:        0,
					PC:         stack,
					State:      make(symbexec.State),
				}
				ast.Walk(&visitor, x)
				funcNumber++
				createTests(visitor)
				return false
			}
			return true
		})
	}
}

//CreateTests creates tests based on information from FuncVisior f
func createTests(f pf.FuncVisitor) {
	fmt.Println("** FuncNumber:", f.FuncNumber)
	filepath := fmt.Sprintf("%s_test.go", f.FilePath[:len(f.FilePath)-3])
	_, err := os.Stat(filepath)
	if os.IsNotExist(err) {
		fmt.Println("** File does not exist. Creating file")
		text := codeNewFile(f)
		createTestFile(filepath, text)
	} else {
		if f.FuncNumber == 0 {
			fmt.Println("** File exist for first function. Overwriting file")
			text := codeNewFile(f)
			overwriteFile(filepath, text)
		} else {
			fmt.Println("** File exist. Appending to file")
			text := codeAppendToFile(f)
			appendToFile(filepath, text)
		}
	}
}

func overwriteFile(path string, text string) {
	err := os.Remove(path)
	if err != nil {
		panic(err)
	}
	createTestFile(path, text)
}

func createTestFile(path string, text string) {
	file, err := os.Create(path)
	if err != nil {
		panic(err)
	}
	defer file.Close()

	if _, err = file.WriteString(text); err != nil {
		panic(err)
	}
}

func appendToFile(path string, text string) {
	file, err := os.OpenFile(path, os.O_RDWR|os.O_APPEND, 0666)
	if err != nil {
		panic(err)
	}
	defer file.Close()

	if _, err = file.WriteString(text); err != nil {
		panic(err)
	}
}

func codeNewFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	package %s

	import "testing"

	type testpair%s struct {
		input %s
		expected %s
	}

	var tests = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.Pkg,
		f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName)

	return text
}

func codeAppendToFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	type testpair%s struct {
		input %s
		expected %s
	}

	var tests = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName)

	return text
}

func getInputTypes(f pf.FuncVisitor) string {
	var inputString string
	inputTypes := f.GetInputParams()
	for i, param := range inputTypes {
		if i == 0 {
			inputString += param.InputType
			continue
		}
		inputString += ", " + param.InputType

	}
	return inputString
}

func getReturnTypes(f pf.FuncVisitor) string {
	var returnString string
	returntypes := f.GetReturnTypes()
	for i, retType := range returntypes {
		if i == 0 {
			returnString += retType
			continue
		}
		returnString += ", " + retType
	}
	return returnString
}

func getTestCases(f pf.FuncVisitor) string {
	var testcases string
	for i, model := range f.TestInputs {
		r := strings.NewReplacer(" ", "", "(", "", ")", "", "\n", "")
		modelTrimmed := r.Replace(model)
		modelSlice := strings.Split(modelTrimmed, ",")
		for _, v := range modelSlice { //for each value in a model
			temp := strings.Split(v, "->")
			if i == 0 {
				testcases += fmt.Sprintf("{%s,nil},", temp[1])
				continue
			}
			testcases += fmt.Sprintf("\n{%s,nil},", temp[1])
		}
	}
	return testcases
}
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blob 4484�package solver

/*
#cgo LDFLAGS: -L/usr/local/Cellar/z3/4.4.1/lib -lz3
#include <stdlib.h>
#include <z3.h>
*/
import "C"

import (
	"fmt"
	"log"
	"strconv"
	"unsafe"

	"github.com/bjerga91/test-generator/symbexec"
)

//TODO declare all different variable types in init-function??

//MkContext creates a context for Z3
func MkContext() C.Z3_context {
	cfg := C.Z3_mk_config()
	paramID := C.CString("MODEL")
	defer C.free(unsafe.Pointer(paramID))
	paramValue := C.CString("true")
	defer C.free(unsafe.Pointer(paramValue))
	C.Z3_set_param_value(cfg, paramID, paramValue)
	ctx := C.Z3_mk_context(cfg)
	C.Z3_del_config(cfg)
	return ctx
}

func mkSolver(ctx C.Z3_context) C.Z3_solver {
	svr := C.Z3_mk_solver(ctx)
	C.Z3_solver_inc_ref(ctx, svr)
	return svr
}

func declIntVar(ctx C.Z3_context, name string) C.Z3_ast {
	cs := C.CString(name)
	defer C.free(unsafe.Pointer(cs))
	intType := C.Z3_mk_int_sort(ctx)
	symb := C.Z3_mk_string_symbol(ctx, cs)
	return C.Z3_mk_const(ctx, symb, intType)
}

func declInt(ctx C.Z3_context, v int) C.Z3_ast {
	intType := C.Z3_mk_int_sort(ctx)
	//cast Go-int to c-int?
	return C.Z3_mk_int(ctx, C.int(v), intType)
}

func mkEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_eq(ctx, l, r)
}

func mkNotEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	eq := C.Z3_mk_eq(ctx, l, r)
	return C.Z3_mk_not(ctx, eq)
}

func mkLt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_lt(ctx, l, r)
}

func mkLe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_le(ctx, l, r)
}

func mkGt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_gt(ctx, l, r)
}

func mkGe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_ge(ctx, l, r)
}

func push(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_push(ctx, svr)
}

func pop(ctx C.Z3_context, svr C.Z3_solver) {
	//get number of scopes
	//pop
}

func reset(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_reset(ctx, svr)
}

func assert(ctx C.Z3_context, svr C.Z3_solver, cond C.Z3_ast) {
	C.Z3_solver_assert(ctx, svr, cond)
}

func check(ctx C.Z3_context, svr C.Z3_solver) string {
	s := ""
	res := C.Z3_solver_check(ctx, svr)
	switch res {
	case C.Z3_L_FALSE:
		s = "unsat"
	case C.Z3_L_UNDEF:
		s = "unknown"
	case C.Z3_L_TRUE:
		s = "sat"
	}
	return s
}

func getModel(ctx C.Z3_context, svr C.Z3_solver) C.Z3_model {
	return C.Z3_solver_get_model(ctx, svr)
}

func modelToString(ctx C.Z3_context, m C.Z3_model) string {
	//Convert c-string to go-string
	s := C.Z3_model_to_string(ctx, m)
	//defer C.free(unsafe.Pointer(s)) //Uncommenting this makes the program crash
	return C.GoString(s)
}

//Solve declares variables, assert constraints into the solver
//and tries to find a solution to the PathConstraint
func Solve(state symbexec.State, pc symbexec.PathConstraint) {
	ctx := MkContext()
	svr := mkSolver(ctx)

	//nrOfVars := len(state)
	vars := make(map[string]C.Z3_ast)
	for _, val := range state {
		if val.VarType == "int" {
			if val.AssignStmt == "" {
				vars[val.Name] = declIntVar(ctx, val.Name)
			} //TODO if AssignStmt is not empty
		} //TODO other types than int
	}
	var left, right, constraint C.Z3_ast
	for _, c := range pc {
		cond := c.Cond
		left = checkTypeAndDeclVar(ctx, vars, cond.Left)
		right = checkTypeAndDeclVar(ctx, vars, cond.Right)
		if cond.Op == "==" {
			constraint = mkEq(ctx, left, right)
		} else if cond.Op == "!=" {
			constraint = mkNotEq(ctx, left, right)
		} else if cond.Op == "<" {
			constraint = mkLt(ctx, left, right)
		} else if cond.Op == "<=" {
			constraint = mkLe(ctx, left, right)
		} else if cond.Op == ">" {
			constraint = mkGt(ctx, left, right)
		} else if cond.Op == ">=" {
			constraint = mkGe(ctx, left, right)
		}
		assert(ctx, svr, constraint)
	}
	s := check(ctx, svr)
	if s == "unsat" {
		fmt.Println("solver:", s)
	} else if s == "unknown" {
		m := getModel(ctx, svr)
		fmt.Println("solver: unknown. potential model: ", modelToString(ctx, m))
	} else {
		m := getModel(ctx, svr)
		fmt.Println("solver: sat. model: ", modelToString(ctx, m))
	}
	reset(ctx, svr)
	C.Z3_solver_dec_ref(ctx, svr)
}

func checkTypeAndDeclVar(ctx C.Z3_context, varMap map[string]C.Z3_ast, operand string) C.Z3_ast {
	var res C.Z3_ast
	if i, err := strconv.Atoi(operand); err == nil {
		res = declInt(ctx, i)
	} else {
		//Assuming it is a variable already declared
		if _, ok := varMap[operand]; ok {
			res = varMap[operand]
		} else {
			log.Fatal("checkTypeAndDeclVar: variable is not defined in varMap")
		}
	}
	return res
}
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blob 4488�package pf

import (
	"fmt"
	"go/ast"
	"reflect"

	"github.com/bjerga91/AutoTest/solver"
	"github.com/bjerga91/AutoTest/symbexec"
)

//TODO move to init()
var invOpMap = createInverseOpMap()

//Path is a struct that stores the PC and State for each path found
type Path struct {
	PC    symbexec.PathConstraint
	State symbexec.State
}

//FuncVisitor is used to store variables when traversing the AST
type FuncVisitor struct {
	Pkg        string
	FuncName   string
	FuncNumber int
	FilePath   string
	Params     *ast.FieldList //input parameters for the function
	Results    *ast.FieldList //return values
	PC         symbexec.PathConstraint
	VarHistory symbexec.VarHistory
	Paths      []Path
	Lvl        int
	TestInputs []string
}

//InputParameter stores name and type of input parameter to a function
type InputParameter struct {
	Name      string
	InputType string
}

//Visit is used by Walk to traverse the AST in a DFS fashion
func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {
	switch x := node.(type) {
	case nil:
		v.Lvl--
		fmt.Println("Going up. Lvl:", v.Lvl)

		//Removing variables from the variable history
		for !v.VarHistory.Empty() {
			symbVar := v.VarHistory.Peek()
			if symbVar.LvlCreated > v.Lvl && !v.PC.Empty() {
				//Need to check if pc is empty since else input parameters will be popped.
				popped := v.VarHistory.Pop()
				fmt.Printf("Popped variable: {%s, %s, %s}\n", popped.Name, popped.VarType, popped.AssignStmt)
			} else {
				break
			}
		}

		//Removing last condition from PC if current lvl is same as the lvl the condition was saved to PC
		if !v.PC.Empty() {
			c := v.PC.Peek()
			if c.Lvl == v.Lvl {
				con := v.PC.Pop()
				fmt.Printf("Popped constraint: {%s, %s, %s}\n", con.Left, con.Op, con.Right)
			}
		}

		if v.Lvl == 0 {
			fmt.Println("Solve!!!")
			for i := range v.Paths {
				sat, res := solver.Solve(v.Paths[i].State, v.Paths[i].PC)
				fmt.Println("Sat:", sat, "Model:", res)
				if sat {
					fmt.Println("Path:", v.Paths[i].PC.ToString(), "\t|\tModel:", res)
					v.TestInputs = append(v.TestInputs, res)
				}
			}
		}
		//TODO remove variables

	case *ast.IfStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		stopTraversal := handleIfStmt(x, v)
		if stopTraversal {
			v.Lvl--
			fmt.Println("Going up. Lvl:", v.Lvl)
			return nil
		}
	case *ast.ReturnStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)

		//TODO solve paths that contains last cond and remove paths from Paths
	case *ast.FuncDecl:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.FuncName = x.Name.Name
	case *ast.FuncType:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Params = x.Params
		v.Results = x.Results
		saveParameters(x.Params, v)
	case *ast.AssignStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleAssignStmt(x, v)
	case *ast.DeclStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleDeclStmt(x, v)
		v.Lvl--
		return nil
	case *ast.File:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Pkg = x.Name.Name
	default:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
	}
	return ast.Visitor(v)
}

//GetInputParams collects the type and name of input parameters
func (v *FuncVisitor) GetInputParams() []InputParameter {
	var inputs []InputParameter
	for _, param := range v.Params.List {
		expression := param.Type
		namesList := param.Names
		var inputtype string
		//fmt.Println("abc:", reflect.TypeOf(inputtype))
		switch a := expression.(type) {
		case *ast.Ident:
			inputtype = a.Name
			for _, name := range namesList {
				inputs = append(inputs, InputParameter{name.Name, inputtype})
			}
		}
	}
	return inputs
}

//GetReturnTypes returns the return types of the given function
func (v *FuncVisitor) GetReturnTypes() []string {
	var retTypes []string
	for _, t := range v.Results.List {
		temp := t.Type
		switch n := temp.(type) {
		case *ast.Ident:
			returnType := n.Name
			retTypes = append(retTypes, returnType)
		}
	}
	return retTypes
}

func exprToString(expr ast.Expr) string {
	var ret string
	switch e := expr.(type) {
	case *ast.Ident:
		ret = e.Name
	case *ast.BasicLit:
		ret = e.Value
	}
	return ret
}

func createInverseOpMap() map[string]string {
	m := make(map[string]string)
	m["=="] = "!="
	m["!="] = "=="
	m["<"] = ">="
	m[">="] = "<"
	m[">"] = "<="
	m["<="] = ">"
	return m
}
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blob 1203�package main

import (
	"fmt"
	"os"

	"github.com/bjerga91/AutoTest/myparser"
	"github.com/bjerga91/AutoTest/testgen"
)

var usage = fmt.Sprintf("AutoTest is a tool for automatically generating " +
	"test cases for Go. \n\n" +

	"Usage: \n\tAutoTest [option] path\n\n" +

	"The options are as follows:\n\t" +

	"-d\tCreate tests for all the functions in the directory.\n\t" +
	"-f\tCreate tests for all the functions in the specified file.\n\t")

var usageShort = fmt.Sprintf("usage: AutoTest [-d | -f] path\n\t" +
	"For more information, use option -h or --help")

func main() {
	if len(os.Args) == 2 {
		if os.Args[1] == "-h" || os.Args[1] == "--help" {
			fmt.Println(usage)
			os.Exit(-1)
		} else {
			fmt.Println(usageShort)
			os.Exit(-1)
		}
	} else if len(os.Args) == 3 {
		if os.Args[1] == "-d" {
			fmt.Println("Parsing directory...")
			filesMap := myparser.ParseDir(os.Args[2])
			testgen.GenerateTestsForDir(filesMap)
		} else if os.Args[1] == "-f" {
			fmt.Println("Parsing file...")
			file := myparser.ParseFile(os.Args[2])
			testgen.GenerateTestsForFile(file, os.Args[2])
		} else {
			fmt.Println(usageShort)
			os.Exit(-1)
		}
	} else {
		fmt.Println(usageShort)
		os.Exit(-1)
	}
}
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blob 911�package symbexec

//PathConstraint stores constraints from If-statements during AST-traversal
type PathConstraint []Constraint

/*Constraint stores a conditional statement met during AST-traversal and the
level where it is met
*/
type Constraint struct {
	Lvl  int
	Cond Condition
}

//Condition stores conditon from if-sentences.
type Condition struct {
	Left  string
	Op    string
	Right string
}

//Empty checks if the stack is empty
func (s PathConstraint) Empty() bool {
	return len(s) == 0
}

//Peek returns the element at the top of the stack
func (s PathConstraint) Peek() Constraint {
	return s[len(s)-1]
}

//Push inserts stmt at the top of the stack
func (s *PathConstraint) Push(c Constraint) {
	(*s) = append((*s), c)
}

//Pop removes the element at the top of the stack and returns the element
func (s *PathConstraint) Pop() Constraint {
	c := (*s)[len(*s)-1]
	(*s) = (*s)[:len(*s)-1]
	return c
}
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blob 2196�package solver

/*
#cgo LDFLAGS: -L/usr/local/Cellar/z3/4.4.1/lib -lz3
#include <stdlib.h>
#include <z3.h>
*/
import "C"

import "unsafe"

//MkContext creates a context for Z3
func MkContext() C.Z3_context {
	cfg := C.Z3_mk_config()
	paramID := C.CString("MODEL")
	defer C.free(unsafe.Pointer(paramID))
	paramValue := C.CString("true")
	defer C.free(unsafe.Pointer(paramValue))
	C.Z3_set_param_value(cfg, paramID, paramValue)
	ctx := C.Z3_mk_context(cfg)
	C.Z3_del_config(cfg)
	return ctx
}

func mkSolver(ctx C.Z3_context) C.Z3_solver {
	svr := C.Z3_mk_solver(ctx)
	C.Z3_solver_inc_ref(ctx, svr)
	return svr
}

func declIntVar(ctx C.Z3_context, name string) C.Z3_ast {
	cs := C.CString(name)
	defer C.free(unsafe.Pointer(cs))
	//test??

	intType := C.Z3_mk_int_sort(ctx)
	symb := C.Z3_mk_string_symbol(ctx, cs)
	return C.Z3_mk_const(ctx, symb, intType)
}

func declInt(ctx C.Z3_context, v int) C.Z3_ast {
	intType := C.Z3_mk_int_sort(ctx)
	//cast Go-int to c-int?
	return C.Z3_mk_int(ctx, C.int(v), intType)
}

func mkEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_eq(ctx, l, r)
}

func mkLt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_lt(ctx, l, r)
}

func mkGt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_gt(ctx, l, r)
}

func push(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_push(ctx, svr)
}

func pop(ctx C.Z3_context, svr C.Z3_solver) {
	//get number of scopes
	//pop
}

func reset(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_reset(ctx, svr)
}

func assert(ctx C.Z3_context, svr C.Z3_solver, cond C.Z3_ast) {
	C.Z3_solver_assert(ctx, svr, cond)
}

func check(ctx C.Z3_context, svr C.Z3_solver) string {
	s := ""
	res := C.Z3_solver_check(ctx, svr)
	switch res {
	case C.Z3_L_FALSE:
		s = "unsat"
	case C.Z3_L_UNDEF:
		s = "unknown"
	case C.Z3_L_TRUE:
		s = "sat"
	}
	return s
}

func getModel(ctx C.Z3_context, svr C.Z3_solver) C.Z3_model {
	return C.Z3_solver_get_model(ctx, svr)
}

func modelToString(ctx C.Z3_context, m C.Z3_model) string {
	//Convert c-string to go-string
	s := C.Z3_model_to_string(ctx, m)
	defer C.free(unsafe.Pointer(s))
	return C.GoString(s)
}

func solve() {

	//in the end Z3_solver_dec_ref(ctx, svr)
}
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blob 5356�package pf

import (
	"fmt"
	"go/ast"
	"go/token"
	"log"
	"reflect"
	"strconv"

	"github.com/bjerga91/AutoTest/symbexec"
)

func handleAssignStmt(stmt *ast.AssignStmt, v *FuncVisitor) {
	var name, tok, varType, value string

	for _, lhs := range stmt.Lhs {
		switch x := lhs.(type) {
		case *ast.Ident:
			name = x.Name
		default:
			log.Fatal("error: handleAssignStmt: Lhs is not of *ast.Ident type")
		}
	}

	tok = stmt.Tok.String()
	fmt.Println("Token in AssignStmt: ", tok)

	for _, rhs := range stmt.Rhs {
		switch x := rhs.(type) {
		case *ast.BasicLit:
			value = x.Value
			varType = x.Kind.String()
		case *ast.UnaryExpr:
			value, varType = handleUnaryExpr(x)
		//TODO case *ast.Ident: 	if the rhs is a variable
		//TODO case *ast.BinaryExpr: 	if the rhs is an expression of more than one variable
		default:
			log.Fatal("error: handleAssignStmt: Rhs is not any of the defined cases", reflect.TypeOf(x))
		}
	}

	newVar := symbexec.SymbolicVariable{
		Name:       name,
		LvlCreated: v.Lvl,
		VarType:    varType,
		AssignStmt: value,
	}

	//Adding symbolic variable to every path that contains last PC
	v.Paths = addVarToPaths(newVar, v, tok)
	v.VarHistory.Push(newVar)

	//TODO if variable is already in map, update AssignStmt
	// where variables in the map needs to be replaced with their AssignStmt
}

//saveParameters saves the input variables to the state
func saveParameters(params *ast.FieldList, v *FuncVisitor) {
	for _, param := range params.List {
		var varType string
		t := param.Type
		switch x := t.(type) {
		case *ast.Ident:
			varType = x.Name
		default:
			log.Fatalf("saveParameter: type is not ast.Ident: %s", reflect.TypeOf(x))
		}
		for _, name := range param.Names {
			varName := name.Name
			symbVar := symbexec.SymbolicVariable{
				Name:       varName,
				LvlCreated: v.Lvl,
				VarType:    varType,
			}
			v.Paths = addVarToPaths(symbVar, v, "")
			v.VarHistory.Push(symbVar)
			fmt.Println("Save parameters to VarHist:", v.VarHistory.ToString())
		}
	}
}

func handleUnaryExpr(x *ast.UnaryExpr) (string, string) {
	var value, varType string
	value = x.Op.String()
	temp := x.X
	switch temp := temp.(type) {
	case *ast.BasicLit:
		value += temp.Value
		varType = temp.Kind.String()
	default:
		log.Fatal("handleUnaryExpr: X is not any of the defined cases:", temp)
	}
	return value, varType
}

func addVarToPaths(newVar symbexec.SymbolicVariable, v *FuncVisitor, tok string) []Path {
	if len(v.Paths) > 0 {
		for i, path := range v.Paths {
			if !v.PC.Empty() {
				if path.PC.Contains(v.PC.Peek()) {
					path = addVarToPathState(path, newVar, tok)
				}
			} else {
				path = addVarToPathState(path, newVar, tok)
			}
			v.Paths[i] = path
		}
	} else { //Creating first Path and adding variable to the path
		state := make(symbexec.State)
		state[newVar.Name] = newVar
		v.Paths = append(v.Paths, Path{PC: symbexec.PathConstraint{}, State: state})
	}
	return v.Paths
}

func addVarToPathState(path Path, newVar symbexec.SymbolicVariable, tok string) Path {
	if _, exist := path.State[newVar.Name]; exist {
		//Only update assignment
		if tok == "=" {
			symbVar := path.State[newVar.Name]
			symbVar.AssignStmt = newVar.AssignStmt
			path.State[newVar.Name] = symbVar
		} else {
			log.Fatal("error: addVarToPathState: key exist. token unhandled.")
		}
	} else {
		//Create new entry in State
		if tok == ":=" || tok == "" {
			path.State[newVar.Name] = newVar
			//TODO define the cases for the other tokens
		} else {
			log.Fatal("error: addVarToPathState: token is not \":=\"")
		}
	}
	return path
}

func handleDeclStmt(stmt *ast.DeclStmt, v *FuncVisitor) {
	switch x := stmt.Decl.(type) {
	case *ast.GenDecl:
		switch x.Tok {
		case token.VAR:
			handleGenDeclWithTokenVar(x, v)
		case token.CONST:
			log.Fatal("error: handleDeclStmt: case for token.CONST is not defined")
		case token.TYPE:
			log.Fatal("error: handleDeclStmt: case for token.TYPE is not defined")
		default:
			log.Fatalf("error: handleDeclStmt: case for x.Tok is not defined")
		}
	default:
		log.Fatalf("error: handleDeclStmt: case is not defined: %v", x)
	}
}

func handleGenDeclWithTokenVar(x *ast.GenDecl, v *FuncVisitor) {
	for i := range x.Specs {
		spec := x.Specs[i]
		switch s := spec.(type) {
		case *ast.ValueSpec:
			varType := getVariableType(s.Type)
			for _, val := range s.Names {
				var data, name string
				name = val.Name
				if val.Obj != nil {
					data = getVariableData(val.Obj.Data)
				}
				fmt.Println("- saving variable to state:", name, varType, data)
				newVar := symbexec.SymbolicVariable{
					Name:       name,
					LvlCreated: v.Lvl,
					VarType:    varType,
					AssignStmt: data,
				}
				v.Paths = addVarToPaths(newVar, v, "") //is the assignment necessary here?
				v.VarHistory.Push(newVar)
			}
		default:
			log.Fatalf("error: handleGenDeclWithTokenVar: case is not defined: %v", s)
		}
	}
}

func getVariableData(d interface{}) string {
	var data string
	switch d := d.(type) {
	case int:
		data = strconv.Itoa(d)
	case string:
		data = d
	default:
		log.Fatalf("error: getVariableData: case is not defined: %v", d)
	}
	return data
}

func getVariableType(expr interface{}) string {
	var varType string
	switch tempType := expr.(type) {
	case *ast.Ident:
		varType = tempType.Name
	default:
		log.Fatalf("error: getVariableType: case is not defined: %v", tempType)
	}
	return varType
}
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blob 7737�package main

import (
	"fmt"
	"go/ast"
	"go/parser"
	"go/token"
	"io/ioutil"
	"log"
	"reflect"

	"github.com/bjerga91/test-generator/symbexec"
)

var invCondMap = createInverseCondMap()

func main() {
	path := "../get_sign/get_sign.go"
	data, err := ioutil.ReadFile(path)
	if err != nil {
		panic(err)
	}

	fset := token.NewFileSet()
	file, err := parser.ParseFile(fset, "", data, 0)
	if err != nil {
		panic(err)
	}

	function := FuncVisitor{}
	function.lvl = 0
	var stack symbexec.PathConstraint
	function.pc = stack
	state := make(symbexec.State)
	function.state = state
	ast.Walk(&function, file)
	//Inspect the AST and print all functions etc
	// ast.Inspect(file, func(n ast.Node) bool {
	// 	switch x := n.(type) {
	// 	case *ast.File:
	// 		function.pkg = x.Name.Name
	// 		fmt.Println("Package name:", function.pkg)
	// 	case *ast.FuncDecl:
	// 		function.funcName = x.Name.Name
	// 		fmt.Println("Function name:", function.funcName)
	// 	case *ast.FuncType:
	// 		function.params = x.Params
	// 		function.results = x.Results
	// 	case *ast.IfStmt:
	// 		//function.constraints = append(function.constraints, x)
	// 		if x.Else == nil {
	// 			fmt.Println("No Else-statement for the IfStmt")
	// 		}
	// 	}
	// 	return true
	// })
	inputparams := getInputParams(function)
	fmt.Println("Inputparams:", inputparams)
	returntype := getReturnTypes(function)
	fmt.Println("returntype:", returntype)
}

/*func createTestFile(f FuncVisitor) {
	testfile := fmt.Sprintf(`
	package %s

	import "testing"

	type testpair struct {
		input %s
		output %s
	}

	var tests = []testpair{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests {
			out := %s(pair.input)
			if out != pair.output {
				t.Error(
					"For", pair.input,
					"expected", pair.output,
					"got", out,
				)
			}
		}
	}
	`, f.pkg, inputparams, returntype, testcases, f.funcName, f.funcName)

	filepath := fmt.Sprintf("../%s/%s_test.go", f.pkg, f.pkg)
	file, err := os.Create(filepath)
	if err != nil {
		panic(err)
	}

	defer file.Close()

}*/

//A function that collects the type and name of input parameters
func getInputParams(f FuncVisitor) []InputParameter {
	var inputs []InputParameter
	for _, param := range f.params.List {
		expression := param.Type
		namesList := param.Names
		var inputtype string
		//fmt.Println("abc:", reflect.TypeOf(inputtype))
		switch a := expression.(type) {
		case *ast.Ident:
			inputtype = a.Name
			for _, name := range namesList {
				inputs = append(inputs, InputParameter{name.Name, inputtype})
			}
		}
	}
	return inputs
}

//Returns the return types of the given function
func getReturnTypes(f FuncVisitor) []string {
	var retTypes []string
	for _, t := range f.results.List {
		temp := t.Type
		switch n := temp.(type) {
		case *ast.Ident:
			returnType := n.Name
			retTypes = append(retTypes, returnType)
		}
	}
	return retTypes
}

//InputParameter stores name and type of input parameter to a function
type InputParameter struct {
	name      string
	inputType string
}

//FuncVisitor is used to store variables when traversing the AST
type FuncVisitor struct {
	pkg      string
	funcName string
	params   *ast.FieldList //input parameters for the function
	results  *ast.FieldList //return values
	pc       symbexec.PathConstraint
	state    symbexec.State
	lvl      int
}

//Visit is used by Walk to traverse the AST in a DFS fashion
func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {
	switch x := node.(type) {
	case nil:
		v.lvl--
		fmt.Println("Going up. Lvl:", v.lvl)
		if !v.pc.Empty() {
			c := v.pc.Peek()
			if c.Lvl == v.lvl {
				v.pc.Pop()
			}
		}
	case *ast.IfStmt:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
		stopTraversal := visitIfStmt(x, v)
		if stopTraversal {
			return nil
		}
	case *ast.ReturnStmt:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
		pc := v.pc
		var res = fmt.Sprintf("Path constraint for path: \n")
		for x := pc.Peek(); !pc.Empty(); pc.Pop() {
			res += fmt.Sprintf("%s ,", x.Cond)
		}
		fmt.Println(res)
		fmt.Println("Symbolic variables for path:")
		for _, val := range v.state {
			fmt.Printf("%s:, varType: %s, assignStmt: %s\n", val.Name, val.VarType, val.AssignStmt)
		}
	case *ast.FuncDecl:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
		v.funcName = x.Name.Name
	case *ast.FuncType:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
		v.params = x.Params
		v.results = x.Results
		saveParameters(x.Params, v)
	case *ast.AssignStmt:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
		handleAssignStmt(x, v)
	default:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
	}
	return ast.Visitor(v)
}

func handleAssignStmt(stmt *ast.AssignStmt, v *FuncVisitor) {
	//TODO if variable not in map, save to map
	var name, tok, varType, value string

	for _, lhs := range stmt.Lhs {
		switch x := lhs.(type) {
		case *ast.Ident:
			name = x.Name
		default:
			log.Fatal("handleAssignStmt: Lhs is not of *ast.Ident type")
		}
	}

	tok = stmt.Tok.String()

	for _, rhs := range stmt.Rhs {
		switch x := rhs.(type) {
		case *ast.BasicLit:
			value = x.Value
			varType = x.Kind.String()
		//TODO case *ast.Ident: 	if the rhs is a variable
		//TODO case *ast.BinaryExpr: 	if the rhs is an expression of more than one variable
		default:
			log.Fatal("handleAssignStmt: Rhs is not any of the defined cases")
		}
	}

	if _, exist := v.state[name]; exist {
		//Only update assignment
		if tok == "=" {
			symbVar := v.state[name]
			symbVar.AssignStmt = value
			v.state[name] = symbVar
		}
	} else {
		//Create new entry in state
		if tok == ":=" {
			v.state[name] = symbexec.SymbolicVariable{
				Name:       name,
				LvlCreated: v.lvl,
				VarType:    varType,
				AssignStmt: value,
			}
			//TODO define the cases for the other tokens
		} else {
			log.Fatal("handleAssignStmt: token is not \":=\"")
		}
	}

	//TODO if variable is already in map, update AssignStmt
	// where variables in the map needs to be replaced with their AssignStmt
}

func saveParameters(params *ast.FieldList, v *FuncVisitor) {
	for _, param := range params.List {
		var varType string
		t := param.Type
		switch x := t.(type) {
		case *ast.Ident:
			varType = x.Name
		default:
			log.Fatalf("saveParameter: type is not ast.Ident: %s", reflect.TypeOf(x))
		}
		for _, name := range param.Names {
			varName := name.Name
			symbVar := symbexec.SymbolicVariable{
				Name:       varName,
				LvlCreated: v.lvl,
				VarType:    varType,
			}
			if _, exist := v.state[varName]; exist {
				log.Fatalf("saveParameters: variable name %s already exist in map!", varName)
			}
			v.state[varName] = symbVar
		}
	}
}

func exprToString(expr ast.Expr) string {
	var ret string
	switch e := expr.(type) {
	case *ast.Ident:
		ret = e.Name
	case *ast.BasicLit:
		ret = e.Value
	}
	return ret
}

func visitIfStmt(x *ast.IfStmt, v *FuncVisitor) bool {
	switch c := x.Cond.(type) {
	case *ast.BinaryExpr:
		left := exprToString(c.X)
		op := c.Op.String()
		right := exprToString(c.Y)
		cond := fmt.Sprintf("%s %s %s", left, op, right)
		if x.Else != nil {
			elseCond := fmt.Sprintf("%s %s %s", left, invCondMap[op], right)
			fcElse := v
			fcElse.pc.Push(symbexec.Constraint{Lvl: v.lvl, Cond: elseCond})
			ast.Walk(fcElse, x.Else)
		}
		v.pc.Push(symbexec.Constraint{Lvl: v.lvl, Cond: cond})
		ast.Walk(v, x.Body)
		return true
	default:
		fmt.Println("Another type of expr in if: ", c)
		return false
	}
}

func createInverseCondMap() map[string]string {
	m := make(map[string]string)
	m["=="] = "!="
	m["!="] = "=="
	m["<"] = ">="
	m[">="] = "<"
	m[">"] = "<="
	m["<="] = ">"
	return m
}

//TODO generate a test for each path in the function
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blob 8065�package main

import (
	"fmt"
	"go/ast"
	"go/parser"
	"go/token"
	"io/ioutil"
	"log"
	"reflect"

	"github.com/bjerga91/test-generator/solver"
	"github.com/bjerga91/test-generator/symbexec"
)

var invOpMap = createInverseOpMap()

func main() {
	path := "../seExamples/seExamples.go"
	data, err := ioutil.ReadFile(path)
	if err != nil {
		panic(err)
	}

	fset := token.NewFileSet()
	file, err := parser.ParseFile(fset, "", data, 0)
	if err != nil {
		panic(err)
	}

	function := FuncVisitor{}
	function.lvl = 0
	var stack symbexec.PathConstraint
	function.pc = stack
	state := make(symbexec.State)
	function.state = state
	ast.Walk(&function, file)
	//Inspect the AST and print all functions etc
	// ast.Inspect(file, func(n ast.Node) bool {
	// 	switch x := n.(type) {
	// 	case *ast.File:
	// 		function.pkg = x.Name.Name
	// 		fmt.Println("Package name:", function.pkg)
	// 	case *ast.FuncDecl:
	// 		function.funcName = x.Name.Name
	// 		fmt.Println("Function name:", function.funcName)
	// 	case *ast.FuncType:
	// 		function.params = x.Params
	// 		function.results = x.Results
	// 	case *ast.IfStmt:
	// 		//function.constraints = append(function.constraints, x)
	// 		if x.Else == nil {
	// 			fmt.Println("No Else-statement for the IfStmt")
	// 		}
	// 	}
	// 	return true
	// })
	inputparams := getInputParams(function)
	fmt.Println("Inputparams:", inputparams)
	returntype := getReturnTypes(function)
	fmt.Println("returntype:", returntype)
}

/*func createTestFile(f FuncVisitor) {
	testfile := fmt.Sprintf(`
	package %s

	import "testing"

	type testpair struct {
		input %s
		output %s
	}

	var tests = []testpair{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests {
			out := %s(pair.input)
			if out != pair.output {
				t.Error(
					"For", pair.input,
					"expected", pair.output,
					"got", out,
				)
			}
		}
	}
	`, f.pkg, inputparams, returntype, testcases, f.funcName, f.funcName)

	filepath := fmt.Sprintf("../%s/%s_test.go", f.pkg, f.pkg)
	file, err := os.Create(filepath)
	if err != nil {
		panic(err)
	}

	defer file.Close()

}*/

//A function that collects the type and name of input parameters
func getInputParams(f FuncVisitor) []InputParameter {
	var inputs []InputParameter
	for _, param := range f.params.List {
		expression := param.Type
		namesList := param.Names
		var inputtype string
		//fmt.Println("abc:", reflect.TypeOf(inputtype))
		switch a := expression.(type) {
		case *ast.Ident:
			inputtype = a.Name
			for _, name := range namesList {
				inputs = append(inputs, InputParameter{name.Name, inputtype})
			}
		}
	}
	return inputs
}

//Returns the return types of the given function
func getReturnTypes(f FuncVisitor) []string {
	var retTypes []string
	for _, t := range f.results.List {
		temp := t.Type
		switch n := temp.(type) {
		case *ast.Ident:
			returnType := n.Name
			retTypes = append(retTypes, returnType)
		}
	}
	return retTypes
}

//InputParameter stores name and type of input parameter to a function
type InputParameter struct {
	name      string
	inputType string
}

//FuncVisitor is used to store variables when traversing the AST
type FuncVisitor struct {
	pkg      string
	funcName string
	params   *ast.FieldList //input parameters for the function
	results  *ast.FieldList //return values
	pc       symbexec.PathConstraint
	state    symbexec.State
	lvl      int
}

//Visit is used by Walk to traverse the AST in a DFS fashion
func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {
	switch x := node.(type) {
	case nil:
		v.lvl--
		fmt.Println("Going up. Lvl:", v.lvl)
		if !v.pc.Empty() {
			c := v.pc.Peek()
			if c.Lvl == v.lvl {
				fmt.Println("Popped constraint")
				v.pc.Pop()
			}
		}
	case *ast.IfStmt:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
		stopTraversal := handleIfStmt(x, v)
		if stopTraversal {
			return nil
		}
	case *ast.ReturnStmt:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
		// pc := v.pc
		// var res = fmt.Sprintf("Path constraint for path: \n")
		// for x := pc.Peek(); !pc.Empty(); pc.Pop() {
		// 	res += fmt.Sprintf("%s ,", x.Cond)
		// }
		// fmt.Println(res)
		// fmt.Println("Symbolic variables for path:")
		// for _, val := range v.state {
		// 	fmt.Printf("%s:, varType: %s, assignStmt: %s\n", val.Name, val.VarType, val.AssignStmt)
		// }
		res := solver.Solve(v.state, v.pc)
		fmt.Println(res)
	case *ast.FuncDecl:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
		v.funcName = x.Name.Name
	case *ast.FuncType:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
		v.params = x.Params
		v.results = x.Results
		saveParameters(x.Params, v)
	case *ast.AssignStmt:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
		handleAssignStmt(x, v)
	default:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
	}
	return ast.Visitor(v)
}

func handleAssignStmt(stmt *ast.AssignStmt, v *FuncVisitor) {
	//TODO if variable not in map, save to map
	var name, tok, varType, value string

	for _, lhs := range stmt.Lhs {
		switch x := lhs.(type) {
		case *ast.Ident:
			name = x.Name
		default:
			log.Fatal("handleAssignStmt: Lhs is not of *ast.Ident type")
		}
	}

	tok = stmt.Tok.String()

	for _, rhs := range stmt.Rhs {
		switch x := rhs.(type) {
		case *ast.BasicLit:
			value = x.Value
			varType = x.Kind.String()
		//TODO case *ast.Ident: 	if the rhs is a variable
		//TODO case *ast.BinaryExpr: 	if the rhs is an expression of more than one variable
		default:
			log.Fatal("handleAssignStmt: Rhs is not any of the defined cases")
		}
	}

	if _, exist := v.state[name]; exist {
		//Only update assignment
		if tok == "=" {
			symbVar := v.state[name]
			symbVar.AssignStmt = value
			v.state[name] = symbVar
		}
	} else {
		//Create new entry in state
		if tok == ":=" {
			v.state[name] = symbexec.SymbolicVariable{
				Name:       name,
				LvlCreated: v.lvl,
				VarType:    varType,
				AssignStmt: value,
			}
			//TODO define the cases for the other tokens
		} else {
			log.Fatal("handleAssignStmt: token is not \":=\"")
		}
	}

	//TODO if variable is already in map, update AssignStmt
	// where variables in the map needs to be replaced with their AssignStmt
}

func saveParameters(params *ast.FieldList, v *FuncVisitor) {
	for _, param := range params.List {
		var varType string
		t := param.Type
		switch x := t.(type) {
		case *ast.Ident:
			varType = x.Name
		default:
			log.Fatalf("saveParameter: type is not ast.Ident: %s", reflect.TypeOf(x))
		}
		for _, name := range param.Names {
			varName := name.Name
			symbVar := symbexec.SymbolicVariable{
				Name:       varName,
				LvlCreated: v.lvl,
				VarType:    varType,
			}
			if _, exist := v.state[varName]; exist {
				log.Fatalf("saveParameters: variable name %s already exist in map!", varName)
			}
			v.state[varName] = symbVar
		}
	}
}

func exprToString(expr ast.Expr) string {
	var ret string
	switch e := expr.(type) {
	case *ast.Ident:
		ret = e.Name
	case *ast.BasicLit:
		ret = e.Value
	}
	return ret
}

func handleIfStmt(x *ast.IfStmt, v *FuncVisitor) bool {
	switch c := x.Cond.(type) {
	case *ast.BinaryExpr:
		left := exprToString(c.X)
		op := c.Op.String()
		right := exprToString(c.Y)
		cond := symbexec.Condition{Left: left, Op: op, Right: right}
		//TODO should create pc for the else-statement no matter if it is null
		//for later use if return is outside if
		if x.Else != nil {
			invOp := invOpMap[cond.Op]
			elseCond := symbexec.Condition{Left: left, Op: invOp, Right: right}
			fcElse := v
			fcElse.pc.Push(symbexec.Constraint{Lvl: v.lvl, Cond: elseCond})
			ast.Walk(fcElse, x.Else)
		}
		v.pc.Push(symbexec.Constraint{Lvl: v.lvl, Cond: cond})
		ast.Walk(v, x.Body)
		return true
	default:
		fmt.Println("Another type of expr in if: ", c)
		return false
	}
}

func createInverseOpMap() map[string]string {
	m := make(map[string]string)
	m["=="] = "!="
	m["!="] = "=="
	m["<"] = ">="
	m[">="] = "<"
	m[">"] = "<="
	m["<="] = ">"
	return m
}

//TODO generate a test for each path in the function
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blob 1851�package myparser

import (
	"fmt"
	"go/ast"
	"go/parser"
	"go/token"
	"log"
	"os"
	"path/filepath"
	"strings"
)

//ParseFile returns the AST of the given file
func ParseFile(path string) *ast.File {
	fset := token.NewFileSet()
	file, err := parser.ParseFile(fset, path, nil, 0)
	if err != nil {
		log.Fatal("error: argument is not a file!")
	}
	return file
}

//ParseDir calls ParseFile for all .go files in the directory
func ParseDir(path string) map[string]*ast.File {
	info, err := os.Stat(path)
	if err != nil {
		log.Fatal("error: not a valid path!")
	}
	if !info.IsDir() {
		log.Fatal("error: argument is not a directory!")
	}

	dirlist := createListOfDirs(path)
	filesMap := allDirsToAST(dirlist)
	return filesMap
}

//createListOfDirs creates a list of all subdirectories in the given path
func createListOfDirs(path string) []string {
	dirlist := []string{}
	err := filepath.Walk(path, func(path string, info os.FileInfo, err error) error {
		if info.IsDir() {
			if info.Name()[0] != byte('.') {
				dirlist = append(dirlist, path)
				fmt.Println(path)
			} else {
				return filepath.SkipDir
			}
		}
		return nil
	})
	if err != nil {
		log.Fatalf("error: createListOfDirs: %v", err)
	}
	return dirlist
}

//allDirsToAST parses each directory in the list into an AST
func allDirsToAST(dirlist []string) map[string]*ast.File {
	fset := token.NewFileSet()
	filesMap := make(map[string]*ast.File)
	filter := func(info os.FileInfo) bool {
		name := info.Name()
		return !info.IsDir() &&
			!strings.HasSuffix(name, "_test.go")
	}

	for _, val := range dirlist {
		pkgs, err := parser.ParseDir(fset, val, filter, 0) //only considers ".go"-files
		if err != nil {
			log.Fatalf("error: allDirsToAST: %v", err)
		}

		for _, v := range pkgs {
			for filename, file := range v.Files {
				filesMap[filename] = file
			}
		}
	}
	return filesMap
}
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blob 4723�package solver

/*
#cgo LDFLAGS: -L/usr/local/Cellar/z3/4.4.1/lib -lz3
#include <stdlib.h>
#include <z3.h>
*/
import "C"

import (
	"log"
	"strconv"
	"unsafe"

	"github.com/bjerga91/test-generator/symbexec"
)

//TODO declare all different variable types in init-function??
var svr C.Z3_solver
var ctx C.Z3_context

func init() {
	ctx = MkContext()
	svr = mkSolver(ctx)
}

//MkContext creates a context for Z3
func MkContext() C.Z3_context {
	cfg := C.Z3_mk_config()
	paramID := C.CString("MODEL")
	defer C.free(unsafe.Pointer(paramID))
	paramValue := C.CString("true")
	defer C.free(unsafe.Pointer(paramValue))
	C.Z3_set_param_value(cfg, paramID, paramValue)
	ctx := C.Z3_mk_context(cfg)
	C.Z3_del_config(cfg)
	return ctx
}

func mkSolver(ctx C.Z3_context) C.Z3_solver {
	svr := C.Z3_mk_solver(ctx)
	C.Z3_solver_inc_ref(ctx, svr)
	return svr
}

func declIntVar(ctx C.Z3_context, name string) C.Z3_ast {
	cs := C.CString(name)
	defer C.free(unsafe.Pointer(cs))
	intType := C.Z3_mk_int_sort(ctx)
	symb := C.Z3_mk_string_symbol(ctx, cs)
	return C.Z3_mk_const(ctx, symb, intType)
}

func declInt(ctx C.Z3_context, v int) C.Z3_ast {
	intType := C.Z3_mk_int_sort(ctx)
	return C.Z3_mk_int(ctx, C.int(v), intType)
}

func mkEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_eq(ctx, l, r)
}

func mkNotEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	eq := C.Z3_mk_eq(ctx, l, r)
	return C.Z3_mk_not(ctx, eq)
}

func mkLt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_lt(ctx, l, r)
}

func mkLe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_le(ctx, l, r)
}

func mkGt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_gt(ctx, l, r)
}

func mkGe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_ge(ctx, l, r)
}

func push(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_push(ctx, svr)
}

func pop(ctx C.Z3_context, svr C.Z3_solver) {
	//get number of scopes
	//pop
}

func reset(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_reset(ctx, svr)
}

func assert(ctx C.Z3_context, svr C.Z3_solver, cond C.Z3_ast) {
	C.Z3_solver_assert(ctx, svr, cond)
}

func check(ctx C.Z3_context, svr C.Z3_solver) string {
	s := ""
	res := C.Z3_solver_check(ctx, svr)
	switch res {
	case C.Z3_L_FALSE:
		s = "unsat"
	case C.Z3_L_UNDEF:
		s = "unknown"
	case C.Z3_L_TRUE:
		s = "sat"
	}
	return s
}

func getModel(ctx C.Z3_context, svr C.Z3_solver) C.Z3_model {
	return C.Z3_solver_get_model(ctx, svr)
}

func modelToString(ctx C.Z3_context, m C.Z3_model) string {
	//Convert c-string to go-string
	s := C.Z3_model_to_string(ctx, m)
	//defer C.free(unsafe.Pointer(s)) //Uncommenting this makes the program crash
	return C.GoString(s)
}

//Solve declares variables, assert constraints into the solver
//and tries to find a solution to the PathConstraint
func Solve(state symbexec.State, pc symbexec.PathConstraint) (string, string) {
	//nrOfVars := len(state)
	//C.Z3_solver_inc_ref(ctx, svr)
	var res string
	vars := declVarsInState(state)

	assertConstraints(pc, vars)

	s := check(ctx, svr)
	if s == "unsat" {
		res = ""
	} else if s == "unknown" {
		m := getModel(ctx, svr)
		res = modelToString(ctx, m)
	} else {
		m := getModel(ctx, svr)
		res = modelToString(ctx, m)
	}
	reset(ctx, svr)
	return s, res
	//C.Z3_solver_dec_ref(ctx, svr)
}

func declVarsInState(state symbexec.State) map[string]C.Z3_ast {
	vars := make(map[string]C.Z3_ast)
	for _, val := range state {
		if val.VarType == "int" {
			if val.AssignStmt == "" {
				vars[val.Name] = declIntVar(ctx, val.Name)
			} //TODO if AssignStmt is not empty
		} //TODO other types than int
	}
	return vars
}

func assertConstraints(pc symbexec.PathConstraint, vars map[string]C.Z3_ast) {
	var left, right, constraint C.Z3_ast
	for _, c := range pc {
		cond := c.Cond
		left = checkTypeAndDeclVar(ctx, vars, cond.Left)
		right = checkTypeAndDeclVar(ctx, vars, cond.Right)
		if cond.Op == "==" {
			constraint = mkEq(ctx, left, right)
		} else if cond.Op == "!=" {
			constraint = mkNotEq(ctx, left, right)
		} else if cond.Op == "<" {
			constraint = mkLt(ctx, left, right)
		} else if cond.Op == "<=" {
			constraint = mkLe(ctx, left, right)
		} else if cond.Op == ">" {
			constraint = mkGt(ctx, left, right)
		} else if cond.Op == ">=" {
			constraint = mkGe(ctx, left, right)
		}
		assert(ctx, svr, constraint)
	}
}

func checkTypeAndDeclVar(ctx C.Z3_context, varMap map[string]C.Z3_ast, operand string) C.Z3_ast {
	var res C.Z3_ast
	if i, err := strconv.Atoi(operand); err == nil {
		res = declInt(ctx, i)
	} else {
		//Assuming it is a variable already declared
		if _, ok := varMap[operand]; ok {
			res = varMap[operand]
		} else {
			log.Fatal("checkTypeAndDeclVar: variable is not defined in varMap")
		}
	}
	return res
}
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blob 1193�package main

import (
	"fmt"
	"os"

	"github.com/bjerga91/AutoTest/myparser"
	"github.com/bjerga91/AutoTest/testgen"
)

var usage = fmt.Sprintf("AutoTest is a tool for automatically generating " +
	"test cases for Go. \n\n" +

	"Usage: \n\tAutoTest [option] path\n\n" +

	"The options are as follows:\n\t" +

	"-d\tCreate tests for all the functions in the directory.\n\t" +
	"-f\tCreate tests for all the functions in the specified file.\n\t")

var usageShort = fmt.Sprintf("usage: AutoTest [-d | -f] path\n\t" +
	"For more information, use option -h or --help")

func main() {
	if len(os.Args) == 2 {
		if os.Args[1] == "-h" || os.Args[1] == "--help" {
			fmt.Println(usage)
			os.Exit(-1)
		} else {
			fmt.Println(usageShort)
			os.Exit(-1)
		}
	} else if len(os.Args) == 3 {
		if os.Args[1] == "-d" {
			fmt.Println("Parse directory")
			filesMap := myparser.ParseDir(os.Args[2])
			testgen.GenerateTestsForDir(filesMap)
		} else if os.Args[1] == "-f" {
			fmt.Println("Parse file")
			file := myparser.ParseFile(os.Args[2])
			testgen.GenerateTestsForFile(file, os.Args[2])
		} else {
			fmt.Println(usageShort)
			os.Exit(-1)
		}
	} else {
		fmt.Println(usageShort)
		os.Exit(-1)
	}
}
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blob 13375�package solver

/*
#cgo LDFLAGS: -L/usr/local/Cellar/z3/4.4.1/lib -lz3
#include <stdlib.h>
#include <z3.h>
*/
import "C"

import (
	"log"
	"strconv"
	"unsafe"

	"github.com/bjerga91/AutoTest/symbexec"
)

//For information about each function, go to:
// http://z3prover.github.io/api/html/group__capi.html

var svr C.Z3_solver
var ctx C.Z3_context

func init() {
	ctx = MkContext()
	svr = mkSolver(ctx)
}

//Solve declares variables, assert constraints into the solver
//and tries to find a solution to the PathConstraint
func Solve(state symbexec.State, pc symbexec.PathConstraint) (bool, string) {
	//nrOfVars := len(state)
	//C.Z3_solver_inc_ref(ctx, svr)
	var res string

	vars := declVarsInState(state)
	assertConstraints(pc, vars)

	s := solverCheck(ctx, svr)
	if s {
		m := solverGetModel(ctx, svr)
		res = modelToString(ctx, m)
	} else {
		res = ""
	}
	solverReset(ctx, svr)
	return s, res
	//C.Z3_solver_dec_ref(ctx, svr)
}

//CheckSat checks if the PC is satisfiable
func CheckSat(state symbexec.State, pc symbexec.PathConstraint) bool {
	vars := declVarsInState(state)

	assertConstraints(pc, vars)

	sat := solverCheck(ctx, svr)
	solverReset(ctx, svr)
	if sat {
		return true
	}
	return false
}

//CheckSatVarHist checks satisfiability for VarHistory and PC
func CheckSatVarHist(vh symbexec.VarHistory, pc symbexec.PathConstraint) bool {
	vars := declVarsInVarHistory(vh)

	assertConstraints(pc, vars)

	sat := solverCheck(ctx, svr)
	solverReset(ctx, svr)
	if sat {
		return true
	}
	return false
}

//declVarsInVarHistory declares all variables in vh into the solver
func declVarsInVarHistory(vh symbexec.VarHistory) map[string]C.Z3_ast {
	vars := make(map[string]C.Z3_ast)
	for _, v := range vh {
		if v.VarType == "int" {
			res := declIntVar(ctx, v.Name)
			if v.AssignStmt != "" {
				if i, err := strconv.Atoi(v.AssignStmt); err == nil {
					data := declInt(ctx, i)
					res = mkEq(ctx, res, data)
				}
			}
			vars[v.Name] = res
		} else {
			log.Fatal("")
		}
	}
	return vars
}

//declVarsInState declare all variables in the state into the solve
func declVarsInState(state symbexec.State) map[string]C.Z3_ast {
	vars := make(map[string]C.Z3_ast)
	for _, val := range state {
		if val.VarType == "int" {
			res := declIntVar(ctx, val.Name)
			if val.AssignStmt != "" {
				if i, err := strconv.Atoi(val.AssignStmt); err == nil {
					data := declInt(ctx, i)
					res = mkEq(ctx, res, data)
				}
			}
			vars[val.Name] = res
		} else {
			log.Fatal("declVarsInState: Vartype is not int!")
		}
	}
	return vars
}

//assertConstraints declare all constraints in pc into the solver
func assertConstraints(pc symbexec.PathConstraint, vars map[string]C.Z3_ast) {
	var left, right, constraint C.Z3_ast
	for _, c := range pc {
		left = checkTypeAndDeclVar(ctx, vars, c.Left)
		right = checkTypeAndDeclVar(ctx, vars, c.Right)
		if c.Op == "==" {
			constraint = mkEq(ctx, left, right)
		} else if c.Op == "!=" {
			constraint = mkNotEq(ctx, left, right)
		} else if c.Op == "<" {
			constraint = mkLt(ctx, left, right)
		} else if c.Op == "<=" {
			constraint = mkLe(ctx, left, right)
		} else if c.Op == ">" {
			constraint = mkGt(ctx, left, right)
		} else if c.Op == ">=" {
			constraint = mkGe(ctx, left, right)
		}
		solverAssert(ctx, svr, constraint)
	}
}

//checkTypeAndDeclVar declares the operand in the solver or gets the declared
//operand from the solver
func checkTypeAndDeclVar(ctx C.Z3_context, varMap map[string]C.Z3_ast, operand string) C.Z3_ast {
	var res C.Z3_ast
	if i, err := strconv.Atoi(operand); err == nil {
		res = declInt(ctx, i)
	} else {
		//Assuming it is a variable already declared
		if _, ok := varMap[operand]; ok {
			res = varMap[operand]
		} else {
			log.Fatal("checkTypeAndDeclVar: variable is not defined in varMap")
		}
	}
	return res
}

//declIntVar declares an integer variable with the given name into the solver
func declIntVar(ctx C.Z3_context, name string) C.Z3_ast {
	cs := C.CString(name)
	defer C.free(unsafe.Pointer(cs))
	intType := mkIntSort(ctx)
	symb := mkStringSymbol(ctx, cs)
	return mkConst(ctx, symb, intType)
}

//declInt declares an integer-constant into the solver
func declInt(ctx C.Z3_context, v int) C.Z3_ast {
	intType := mkIntSort(ctx)
	return mkInt(ctx, C.int(v), intType)
}

//API - Create Context

//MkContext creates a context for Z3
func MkContext() C.Z3_context {
	cfg := C.Z3_mk_config()
	paramID := C.CString("MODEL")
	defer C.free(unsafe.Pointer(paramID))
	paramValue := C.CString("true")
	defer C.free(unsafe.Pointer(paramValue))
	C.Z3_set_param_value(cfg, paramID, paramValue)
	ctx := C.Z3_mk_context(cfg)
	C.Z3_del_config(cfg)
	return ctx
}

//API - Symbols
func mkIntSymbol(ctx C.Z3_context, i C.int) C.Z3_symbol {
	return C.Z3_mk_int_symbol(ctx, i)
}

func mkStringSymbol(ctx C.Z3_context, s C.Z3_string) C.Z3_symbol {
	return C.Z3_mk_string_symbol(ctx, s)
}

//API - Sorts
func mkBoolSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_bool_sort(ctx)
}

func mkIntSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_int_sort(ctx)
}

func mkRealSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_real_sort(ctx)
}

//API - Constants and Applications
func mkConst(ctx C.Z3_context, s C.Z3_symbol, ty C.Z3_sort) C.Z3_ast {
	return C.Z3_mk_const(ctx, s, ty)
}

//API -  Solvers
func mkSolver(ctx C.Z3_context) C.Z3_solver {
	svr := C.Z3_mk_solver(ctx)
	solverIncRef(ctx, svr)
	return svr
}

func solverPush(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_push(ctx, svr)
}

func solverPop(ctx C.Z3_context, svr C.Z3_solver, n C.uint) {
	if n <= solverGetNumScopes(ctx, svr) {
		C.Z3_solver_pop(ctx, svr, n)
	} else {
		log.Fatal("error: solverPop: trying to pop more scopes than available in solver")
	}
}

func solverReset(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_reset(ctx, svr)
}

func solverGetNumScopes(ctx C.Z3_context, svr C.Z3_solver) C.uint {
	return C.Z3_solver_get_num_scopes(ctx, svr)
}

func solverIncRef(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_inc_ref(ctx, svr)
}

func solverDecRef(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_dec_ref(ctx, svr)
}

func solverAssert(ctx C.Z3_context, svr C.Z3_solver, cond C.Z3_ast) {
	C.Z3_solver_assert(ctx, svr, cond)
}

func solverCheck(ctx C.Z3_context, svr C.Z3_solver) bool {
	res := C.Z3_solver_check(ctx, svr)
	sat := false
	switch res {
	case C.Z3_L_FALSE:
		sat = false
	case C.Z3_L_UNDEF:
		sat = false
	case C.Z3_L_TRUE:
		sat = true
	}
	return sat
}

func solverGetModel(ctx C.Z3_context, svr C.Z3_solver) C.Z3_model {
	return C.Z3_solver_get_model(ctx, svr)
}

//API - String conversion
func modelToString(ctx C.Z3_context, m C.Z3_model) string {
	//Convert c-string to go-string
	s := C.Z3_model_to_string(ctx, m)
	return C.GoString(s)
}

//API - Algebraic Numbers (probably need to check that some of these work)
func algebraicIsValue(ctx C.Z3_context, a C.Z3_ast) bool {
	res := C.Z3_algebraic_is_value(ctx, a)
	if res == C.Z3_TRUE {
		return true
	}
	log.Fatal("error: algebraicIsPos: algebraicIsValue returns false!")
	return false
}

func algebraicIsPos(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_pos(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsPos: algebraicIsValue returns false!")
	return false
}

func algebraicIsNeg(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_neg(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsNeg: algebraicIsValue returns false!")
	return false
}

func algebraicIsZero(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_zero(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsZero: algebraicIsValue returns false!")
	return false
}

func algebraicSign(ctx C.Z3_context, a C.Z3_ast) int {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_sign(ctx, a)
		return int(res)
	}
	log.Fatal("error: algebraicSign: algebraicIsValue returns false!")
	return 0
}

func algebraicAdd(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_add(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicAdd: algebraicIsValue returns false!")
	return res
}

func algebraicSub(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_sub(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicSub: algebraicIsValue returns false!")
	return res
}

func algebraicMul(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_mul(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicMul: algebraicIsValue returns false!")
	return res
}

func algebraicDiv(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_div(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicDiv: algebraicIsValue returns false!")
	return res
}

func algebraicPower(ctx C.Z3_context, a C.Z3_ast, k C.unsigned) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) {
		res = C.Z3_algebraic_power(ctx, a, k)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicPower: algebraicIsValue returns false!")
	return res
}

func algebraicLt(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_lt(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicLt: algebraicIsValue returns false!")
	return false
}

func algebraicGt(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_gt(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicGt: algebraicIsValue returns false!")
	return false
}

func algebraicLe(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_le(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicLe: algebraicIsValue returns false!")
	return false
}

func algebraicGe(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_ge(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicGe: algebraicIsValue returns false!")
	return false
}

func algebraicEq(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_eq(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicEq: algebraicIsValue returns false!")
	return false
}

func algebraicNotEq(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_neq(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicNotEq: algebraicIsValue returns false!")
	return false
}

//API - Propositional Logic and Equality
func mkTrue(ctx C.Z3_context) C.Z3_ast {
	return C.Z3_mk_true(ctx)
}

func mkFalse(ctx C.Z3_context) C.Z3_ast {
	return C.Z3_mk_false(ctx)
}

func mkEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_eq(ctx, l, r)
}

func mkNotEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	eq := C.Z3_mk_eq(ctx, l, r)
	return C.Z3_mk_not(ctx, eq)
}

//TODO check api for last two functions. uncertain about the last parameter
// func mkAnd(ctx C.Z3_context, numargs C.unsigned, args C.Z3_ast[]){
//
// }
//
// func mkOr(ctx C.Z3_context, numargs C.unsigned, args C.Z3_ast[]){
//
// }

//API - Arithmetic: Integer and Reals
// func mkAdd(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// 	return C.Z3_mk_add(ctx, numargs, cons)
// }
//
// func mkMul(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// }
//
// func mkSub(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// }
//
// func mkUnaryMinus(ctx C.Z3_context, arg C.Z3_ast) C.Z3_ast {
// 	return C.Z3_mk_unary_minus(ctx, arg)
// }
//
// func mkDiv(ctx C.Z3_context, numargs C.unsigned, const C.Z3_ast []args) C.Z3_ast {
// }

func mkLt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_lt(ctx, l, r)
}

func mkLe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_le(ctx, l, r)
}

func mkGt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_gt(ctx, l, r)
}

func mkGe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_ge(ctx, l, r)
}

func mkMod(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_mod(ctx, l, r)
}

func mkRem(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_rem(ctx, l, r)
}

func mkPower(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_power(ctx, l, r)
}

//API - Numerals
func mkInt(ctx C.Z3_context, v C.int, ty C.Z3_sort) C.Z3_ast {
	return C.Z3_mk_int(ctx, v, ty)
}

func mkReal(ctx C.Z3_context, num, den C.int) C.Z3_ast {
	return C.Z3_mk_real(ctx, num, den)
}
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blob 4158�package testgen

import (
	"fmt"
	"go/ast"
	"os"
	"strings"

	"github.com/bjerga91/AutoTest/pf"
	"github.com/bjerga91/AutoTest/symbexec"
)

//GenerateTestsForFile generates tests for the given file
func GenerateTestsForFile(file *ast.File, path string) {
	pkg := file.Name.Name
	funcNumber := 0
	text := ""
	ast.Inspect(file, func(n ast.Node) bool {
		switch x := n.(type) {
		case *ast.FuncDecl:
			var stack symbexec.PathConstraint
			visitor := pf.FuncVisitor{
				Pkg:        pkg,
				FuncNumber: funcNumber,
				FilePath:   path,
				Lvl:        0,
				PC:         stack,
				State:      make(symbexec.State),
			}
			ast.Walk(&visitor, x)
			for _, path := range visitor.Paths {
				fmt.Println(path.ToString())
			}
			funcNumber++
			text = createTests(visitor, text)
			return false
		}
		return true
	})
	writeTestsToFile(text, path)
}

//GenerateTestsForDir generates tests for the given directory
func GenerateTestsForDir(files map[string]*ast.File) {
	for path, file := range files {
		GenerateTestsForFile(file, path)
	}
}

//CreateTests creates tests based on information from FuncVisior f
func createTests(f pf.FuncVisitor, text string) string {
	if text == "" {
		text += codeNewFile(f)
	} else {
		text += codeAppendToFile(f)
	}
	return text
}

func writeTestsToFile(text string, path string) {
	fmt.Println("Writing tests to file")
	filepath := fmt.Sprintf("%s_test.go", path[:len(path)-3])
	_, err := os.Stat(filepath)
	if os.IsNotExist(err) {
		createTestFile(filepath, text)
	} else {
		overwriteFile(filepath, text)
	}
}

func overwriteFile(path string, text string) {
	err := os.Remove(path)
	if err != nil {
		panic(err)
	}
	createTestFile(path, text)
}

func createTestFile(path string, text string) {
	file, err := os.Create(path)
	if err != nil {
		panic(err)
	}
	defer file.Close()

	if _, err = file.WriteString(text); err != nil {
		panic(err)
	}
}

func codeNewFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	package %s

	import "testing"

	type testpair%s struct {
		input %s
		expected %s
	}

	var tests = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.Pkg,
		f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName)

	return text
}

func codeAppendToFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	type testpair%s struct {
		input %s
		expected %s
	}

	var tests = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName)

	return text
}

func getInputTypes(f pf.FuncVisitor) string {
	var inputString string
	inputTypes := f.GetInputParams()
	for i, param := range inputTypes {
		if i == 0 {
			inputString += param.InputType
			continue
		}
		inputString += ", " + param.InputType

	}
	return inputString
}

func getReturnTypes(f pf.FuncVisitor) string {
	var returnString string
	returntypes := f.GetReturnTypes()
	for i, retType := range returntypes {
		if i == 0 {
			returnString += retType
			continue
		}
		returnString += ", " + retType
	}
	return returnString
}

func getTestCases(f pf.FuncVisitor) string {
	var testcases string
	for i, model := range f.TestInputs {
		r := strings.NewReplacer(" ", "", "(", "", ")", "", "\n", "")
		modelTrimmed := r.Replace(model)
		modelSlice := strings.Split(modelTrimmed, ",")
		for _, v := range modelSlice { //for each value in a model
			temp := strings.Split(v, "->")
			if i == 0 {
				testcases += fmt.Sprintf("{%s,nil},", temp[1])
				continue
			}
			testcases += fmt.Sprintf("\n{%s,nil},", temp[1])
		}
	}
	return testcases
}
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blob 5031�package testgen

import (
	"fmt"
	"go/ast"
	"os"
	"strings"

	"github.com/bjerga91/AutoTest/pf"
	"github.com/bjerga91/AutoTest/symbexec"
)

//GenerateTestsForFile generates tests for the given file
func GenerateTestsForFile(file *ast.File, path string) {
	pkg := file.Name.Name
	funcNumber := 0
	ast.Inspect(file, func(n ast.Node) bool {
		switch x := n.(type) {
		case *ast.FuncDecl:
			var stack symbexec.PathConstraint
			visitor := pf.FuncVisitor{
				Pkg:        pkg,
				FuncNumber: funcNumber,
				FilePath:   path,
				Lvl:        0,
				PC:         stack,
				State:      make(symbexec.State),
			}
			ast.Walk(&visitor, x)
			for _, path := range visitor.Paths {
				fmt.Println(path.ToString())
			}
			funcNumber++
			createTests(visitor)
			return false
		}
		return true
	})
}

//GenerateTestsForDir generates tests for the given directory
func GenerateTestsForDir(files map[string]*ast.File) {
	for path, val := range files {
		pkg := val.Name.Name
		funcNumber := 0
		ast.Inspect(val, func(n ast.Node) bool {
			switch x := n.(type) {
			case *ast.FuncDecl:
				var stack symbexec.PathConstraint
				visitor := pf.FuncVisitor{
					Pkg:        pkg,
					FuncNumber: funcNumber,
					FilePath:   path,
					Lvl:        0,
					PC:         stack,
					State:      make(symbexec.State),
				}
				ast.Walk(&visitor, x)
				for _, path := range visitor.Paths {
					fmt.Println(path.ToString())
				}
				funcNumber++
				createTests(visitor)
				return false
			}
			return true
		})
	}
}

//CreateTests creates tests based on information from FuncVisior f
func createTests(f pf.FuncVisitor) {
	fmt.Println("** FuncNumber:", f.FuncNumber)
	filepath := fmt.Sprintf("%s_test.go", f.FilePath[:len(f.FilePath)-3])
	_, err := os.Stat(filepath)
	if os.IsNotExist(err) {
		fmt.Println("** File does not exist. Creating file")
		text := codeNewFile(f)
		createTestFile(filepath, text)
	} else {
		if f.FuncNumber == 0 {
			fmt.Println("** File exist for first function. Overwriting file")
			text := codeNewFile(f)
			overwriteFile(filepath, text)
		} else {
			fmt.Println("** File exist. Appending to file")
			text := codeAppendToFile(f)
			appendToFile(filepath, text)
		}
	}
}

func overwriteFile(path string, text string) {
	err := os.Remove(path)
	if err != nil {
		panic(err)
	}
	createTestFile(path, text)
}

func createTestFile(path string, text string) {
	file, err := os.Create(path)
	if err != nil {
		panic(err)
	}
	defer file.Close()

	if _, err = file.WriteString(text); err != nil {
		panic(err)
	}
}

func appendToFile(path string, text string) {
	file, err := os.OpenFile(path, os.O_RDWR|os.O_APPEND, 0666)
	if err != nil {
		panic(err)
	}
	defer file.Close()

	if _, err = file.WriteString(text); err != nil {
		panic(err)
	}
}

func codeNewFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	package %s

	import "testing"

	type testpair%s struct {
		input %s
		expected %s
	}

	var tests = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.Pkg,
		f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName)

	return text
}

func codeAppendToFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	type testpair%s struct {
		input %s
		expected %s
	}

	var tests = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName)

	return text
}

func getInputTypes(f pf.FuncVisitor) string {
	var inputString string
	inputTypes := f.GetInputParams()
	for i, param := range inputTypes {
		if i == 0 {
			inputString += param.InputType
			continue
		}
		inputString += ", " + param.InputType

	}
	return inputString
}

func getReturnTypes(f pf.FuncVisitor) string {
	var returnString string
	returntypes := f.GetReturnTypes()
	for i, retType := range returntypes {
		if i == 0 {
			returnString += retType
			continue
		}
		returnString += ", " + retType
	}
	return returnString
}

func getTestCases(f pf.FuncVisitor) string {
	var testcases string
	for i, model := range f.TestInputs {
		r := strings.NewReplacer(" ", "", "(", "", ")", "", "\n", "")
		modelTrimmed := r.Replace(model)
		modelSlice := strings.Split(modelTrimmed, ",")
		for _, v := range modelSlice { //for each value in a model
			temp := strings.Split(v, "->")
			if i == 0 {
				testcases += fmt.Sprintf("{%s,nil},", temp[1])
				continue
			}
			testcases += fmt.Sprintf("\n{%s,nil},", temp[1])
		}
	}
	return testcases
}
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blob 5081�package testgen

import (
	"fmt"
	"go/ast"
	"log"
	"os"
	"os/exec"
	"strings"

	"github.com/bjerga91/AutoTest/pf"
	"github.com/bjerga91/AutoTest/symbexec"
)

//GenerateTestsForFile generates tests for the given file
func GenerateTestsForFile(file *ast.File, path string) {
	pkg := file.Name.Name
	funcNumber := 0
	text := ""
	ast.Inspect(file, func(n ast.Node) bool {
		switch x := n.(type) {
		case *ast.FuncDecl:
			var stack symbexec.PathConstraint
			visitor := pf.FuncVisitor{
				Pkg:        pkg,
				FuncNumber: funcNumber,
				FilePath:   path,
				Lvl:        0,
				PC:         stack,
				//State:      make(symbexec.State),
			}
			ast.Walk(&visitor, x)
			funcNumber++
			text = createTests(visitor, text)
			return false
		}
		return true
	})
	writeTestsToFile(text, path)
}

//GenerateTestsForDir generates tests for the given directory
func GenerateTestsForDir(files map[string]*ast.File) {
	for path, file := range files {
		GenerateTestsForFile(file, path)
	}
}

//CreateTests creates tests based on information from FuncVisior f
func createTests(f pf.FuncVisitor, text string) string {
	if text == "" {
		text += codeNewFile(f)
	} else {
		text += codeAppendToFile(f)
	}
	return text
}

func codeAppendToFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	type testpair%s struct {
		input %s
		expected %s
	}

	var tests%s = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests%s {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName,
		f.FuncName)

	return text
}

func writeTestsToFile(text string, path string) {
	fmt.Println("Writing tests to file")
	filepath := fmt.Sprintf("%s_test.go", path[:len(path)-3])
	_, err := os.Stat(filepath)
	if os.IsNotExist(err) {
		createFile(filepath, text)
	} else {
		overwriteFile(filepath, text)
	}
}

func overwriteFile(path string, text string) {
	err := os.Remove(path)
	if err != nil {
		panic(err)
	}
	createFile(path, text)
}

func createFile(path string, text string) {
	file, err := os.Create(path)
	if err != nil {
		panic(err)
	}
	defer file.Close()

	if _, err = file.WriteString(text); err != nil {
		panic(err)
	}
}

func createDir(path string) {
	err := os.Mkdir(path, 0777)
	if err != nil {
		log.Fatal("createDir:", err)
	}
}

func delDir(path string) {
	err := os.RemoveAll(path)

	if err != nil {
		log.Fatal("delDir:", err)
	}
}

func codeNewFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	package %s

	import "testing"

	type testpair%s struct {
		input %s
		expected %s
	}

	var tests%s = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests%s {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.Pkg,
		f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName,
		f.FuncName)

	return text
}

func getInputTypes(f pf.FuncVisitor) string {
	var inputString string
	inputTypes := f.GetInputParams()
	for i, param := range inputTypes {
		if i == 0 {
			inputString += param.InputType
			continue
		}
		inputString += ", " + param.InputType

	}
	return inputString
}

func getReturnTypes(f pf.FuncVisitor) string {
	var returnString string
	returntypes := f.GetReturnTypes()
	for i, retType := range returntypes {
		if i == 0 {
			returnString += retType
			continue
		}
		returnString += ", " + retType
	}
	return returnString
}

func getTestCases(f pf.FuncVisitor) string {
	var testcases string
	for i, model := range f.TestInputs {
		r := strings.NewReplacer(" ", "", "(", "", ")", "", "\n", "")
		modelTrimmed := r.Replace(model)
		modelSlice := strings.Split(modelTrimmed, ",")
		for _, v := range modelSlice { //for each value in a model
			temp := strings.Split(v, "->")
			out := getExpectedOut(f, temp[1])
			if i == 0 {
				testcases += fmt.Sprintf("{%s,%s},", temp[1], out)
				continue
			}
			testcases += fmt.Sprintf("\n{%s,%s},", temp[1], out)
		}
	}
	return testcases
}

//getExpectedOut retrieves the output when the function that f represents is
//executed on input
func getExpectedOut(f pf.FuncVisitor, input string) string {
	end := strings.LastIndex(f.FilePath, "/")
	pkgString := f.FilePath[:end]
	text := fmt.Sprintf(`
		package main

		import (
			"fmt"
			"%s"
		)

		func main(){
			fmt.Print(%s.%s(%s))
		}
	`, pkgString,
		f.Pkg,
		f.FuncName,
		input,
	)

	createDir("../temp")
	path := fmt.Sprintf("../temp/temp.go")
	createFile(path, text)
	out, err := exec.Command("go", "run", path).Output()
	if err != nil {
		log.Fatal("getExpectedOut: Failed executing command!", err)
	}
	delDir("../temp")
	return string(out[:])
}
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blob 5592�package pf

import (
	"go/ast"
	"go/token"
	"log"
	"reflect"
	"strconv"

	"github.com/bjerga91/AutoTest/symbexec"
)

//handleAssignStmt saves the stmt to the paths and variable history
func handleAssignStmt(stmt *ast.AssignStmt, v *FuncVisitor) {
	var name, tok, varType, value string

	for _, lhs := range stmt.Lhs {
		switch x := lhs.(type) {
		case *ast.Ident:
			name = x.Name
		default:
			log.Fatal("error: handleAssignStmt: Lhs is not of *ast.Ident type")
		}
	}

	tok = stmt.Tok.String()

	for _, rhs := range stmt.Rhs {
		switch x := rhs.(type) {
		case *ast.BasicLit:
			value = x.Value
			varType = x.Kind.String()
		case *ast.UnaryExpr:
			value, varType = handleUnaryExpr(x)
		//TODO case *ast.Ident: 	if the rhs is a variable
		//TODO case *ast.BinaryExpr: 	if the rhs is an expression of more than one variable
		default:
			log.Fatal("error: handleAssignStmt: Rhs is not any of the defined cases", reflect.TypeOf(x))
		}
	}

	newVar := symbexec.SymbolicVariable{
		Name:       name,
		LvlCreated: v.Lvl,
		VarType:    varType,
		AssignStmt: value,
	}

	//Adding symbolic variable to every path that contains last PC
	v.Paths = addVarToPaths(newVar, v, tok)
	v.VarHistory.Push(newVar)

	//TODO if variable is already in map, update AssignStmt
	// where variables in the map needs to be replaced with their AssignStmt
}

//saveParameters saves the input variables to the state
func saveParameters(params *ast.FieldList, v *FuncVisitor) {
	for _, param := range params.List {
		var varType string
		t := param.Type
		switch x := t.(type) {
		case *ast.Ident:
			varType = x.Name
		default:
			log.Fatalf("saveParameter: type is not ast.Ident: %s", reflect.TypeOf(x))
		}
		for _, name := range param.Names {
			varName := name.Name
			symbVar := symbexec.SymbolicVariable{
				Name:       varName,
				LvlCreated: v.Lvl,
				VarType:    varType,
			}
			v.Paths = addVarToPaths(symbVar, v, "")
			v.VarHistory.Push(symbVar)
		}
	}
}

//handleUnaryExpr returns the value and variable type of x
func handleUnaryExpr(x *ast.UnaryExpr) (string, string) {
	var value, varType string
	value = x.Op.String()
	temp := x.X
	switch temp := temp.(type) {
	case *ast.BasicLit:
		value += temp.Value
		varType = temp.Kind.String()
	default:
		log.Fatal("handleUnaryExpr: X is not any of the defined cases:", temp)
	}
	return value, varType
}

//addVarToPaths adds newVar to the paths
func addVarToPaths(newVar symbexec.SymbolicVariable, v *FuncVisitor, tok string) []Path {
	if len(v.Paths) > 0 {
		for i, path := range v.Paths {
			if !v.PC.Empty() {
				if path.PC.Contains(v.PC.Peek()) {
					path = addVarToPathState(path, newVar, tok)
				}
			} else {
				path = addVarToPathState(path, newVar, tok)
			}
			v.Paths[i] = path
		}
	} else { //Creating first Path and adding variable to the path
		state := make(symbexec.State)
		state[newVar.Name] = newVar
		v.Paths = append(v.Paths, Path{PC: symbexec.PathConstraint{}, State: state})
	}
	return v.Paths
}

//addVarToPathState adds newVar to the given path
func addVarToPathState(path Path, newVar symbexec.SymbolicVariable, tok string) Path {
	if _, exist := path.State[newVar.Name]; exist {
		//Only update assignment
		if tok == "=" {
			symbVar := path.State[newVar.Name]
			symbVar.AssignStmt = newVar.AssignStmt
			path.State[newVar.Name] = symbVar
		} else {
			log.Fatal("error: addVarToPathState: key exist. token unhandled.")
		}
	} else {
		//Create new entry in State
		if tok == ":=" || tok == "" {
			path.State[newVar.Name] = newVar
			//TODO define the cases for the other tokens
		} else {
			log.Fatal("error: addVarToPathState: token is not \":=\"")
		}
	}
	return path
}

//handleDeclStmt saves a variable declaration to the paths
func handleDeclStmt(stmt *ast.DeclStmt, v *FuncVisitor) {
	switch x := stmt.Decl.(type) {
	case *ast.GenDecl:
		switch x.Tok {
		case token.VAR:
			handleGenDeclWithTokenVar(x, v)
		case token.CONST:
			log.Fatal("error: handleDeclStmt: case for token.CONST is not defined")
		case token.TYPE:
			log.Fatal("error: handleDeclStmt: case for token.TYPE is not defined")
		default:
			log.Fatalf("error: handleDeclStmt: case for x.Tok is not defined")
		}
	default:
		log.Fatalf("error: handleDeclStmt: case is not defined: %v", x)
	}
}

//handleGenDeclWithTokenVar saves x to the paths
func handleGenDeclWithTokenVar(x *ast.GenDecl, v *FuncVisitor) {
	for i := range x.Specs {
		spec := x.Specs[i]
		switch s := spec.(type) {
		case *ast.ValueSpec:
			varType := getVariableType(s.Type)
			for _, val := range s.Names {
				var data, name string
				name = val.Name
				if val.Obj != nil {
					data = getVariableData(val.Obj.Data)
				}
				newVar := symbexec.SymbolicVariable{
					Name:       name,
					LvlCreated: v.Lvl,
					VarType:    varType,
					AssignStmt: data,
				}
				v.Paths = addVarToPaths(newVar, v, "") //is the assignment necessary here?
				v.VarHistory.Push(newVar)
			}
		default:
			log.Fatalf("error: handleGenDeclWithTokenVar: case is not defined: %v", s)
		}
	}
}

//getVariableData returns the value of a variable
func getVariableData(d interface{}) string {
	var data string
	switch d := d.(type) {
	case int:
		data = strconv.Itoa(d)
	case string:
		data = d
	default:
		log.Fatalf("error: getVariableData: case is not defined: %v", d)
	}
	return data
}

//getVariableType returns the type of a variable
func getVariableType(expr interface{}) string {
	var varType string
	switch tempType := expr.(type) {
	case *ast.Ident:
		varType = tempType.Name
	default:
		log.Fatalf("error: getVariableType: case is not defined: %v", tempType)
	}
	return varType
}
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blob 12330�package solver

/*
#cgo LDFLAGS: -L/usr/local/Cellar/z3/4.4.1/lib -lz3
#include <stdlib.h>
#include <z3.h>
*/
import "C"

import (
	"log"
	"strconv"
	"unsafe"

	"github.com/bjerga91/AutoTest/symbexec"
)

//For information about each function, go to:
// http://z3prover.github.io/api/html/group__capi.html

//TODO reorganize according to Z3 API

//TODO declare all different variable types in init-function??
var svr C.Z3_solver
var ctx C.Z3_context

func init() {
	ctx = MkContext()
	svr = mkSolver(ctx)
}

//Solve declares variables, assert constraints into the solver
//and tries to find a solution to the PathConstraint
func Solve(state symbexec.State, pc symbexec.PathConstraint) (bool, string) {
	//nrOfVars := len(state)
	//C.Z3_solver_inc_ref(ctx, svr)
	var res string

	vars := declVarsInState(state)
	assertConstraints(pc, vars)

	s := solverCheck(ctx, svr)
	if s {
		m := solverGetModel(ctx, svr)
		res = modelToString(ctx, m)
	} else {
		res = ""
	}
	solverReset(ctx, svr)
	return s, res
	//C.Z3_solver_dec_ref(ctx, svr)
}

//CheckSat checks if the PC is satisfiable
func CheckSat(state symbexec.State, pc symbexec.PathConstraint) bool {
	vars := declVarsInState(state)

	assertConstraints(pc, vars)

	sat := solverCheck(ctx, svr)
	solverReset(ctx, svr)
	if sat {
		return true
	}
	return false
}

func declVarsInState(state symbexec.State) map[string]C.Z3_ast {
	vars := make(map[string]C.Z3_ast)
	for _, val := range state {
		if val.VarType == "int" {
			if val.AssignStmt == "" {
				vars[val.Name] = declIntVar(ctx, val.Name)
			} else {
				log.Fatal("declVarsInState: AssignStmt is not empty string!")
			}
		} else {
			log.Fatal("declVarsInState: Vartype is not int!")
		}
	}
	return vars
}

func assertConstraints(pc symbexec.PathConstraint, vars map[string]C.Z3_ast) {
	var left, right, constraint C.Z3_ast
	for _, c := range pc {
		left = checkTypeAndDeclVar(ctx, vars, c.Left)
		right = checkTypeAndDeclVar(ctx, vars, c.Right)
		if c.Op == "==" {
			constraint = mkEq(ctx, left, right)
		} else if c.Op == "!=" {
			constraint = mkNotEq(ctx, left, right)
		} else if c.Op == "<" {
			constraint = mkLt(ctx, left, right)
		} else if c.Op == "<=" {
			constraint = mkLe(ctx, left, right)
		} else if c.Op == ">" {
			constraint = mkGt(ctx, left, right)
		} else if c.Op == ">=" {
			constraint = mkGe(ctx, left, right)
		}
		solverAssert(ctx, svr, constraint)
	}
}

func checkTypeAndDeclVar(ctx C.Z3_context, varMap map[string]C.Z3_ast, operand string) C.Z3_ast {
	var res C.Z3_ast
	if i, err := strconv.Atoi(operand); err == nil {
		res = declInt(ctx, i)
	} else {
		//Assuming it is a variable already declared
		if _, ok := varMap[operand]; ok {
			res = varMap[operand]
		} else {
			log.Fatal("checkTypeAndDeclVar: variable is not defined in varMap")
		}
	}
	return res
}

func declIntVar(ctx C.Z3_context, name string) C.Z3_ast {
	cs := C.CString(name)
	defer C.free(unsafe.Pointer(cs))
	intType := mkIntSort(ctx)
	symb := mkStringSymbol(ctx, cs)
	return mkConst(ctx, symb, intType)
}

func declInt(ctx C.Z3_context, v int) C.Z3_ast {
	intType := mkIntSort(ctx)
	return mkInt(ctx, C.int(v), intType)
}

//API - Create Context

//MkContext creates a context for Z3
func MkContext() C.Z3_context {
	cfg := C.Z3_mk_config()
	paramID := C.CString("MODEL")
	defer C.free(unsafe.Pointer(paramID))
	paramValue := C.CString("true")
	defer C.free(unsafe.Pointer(paramValue))
	C.Z3_set_param_value(cfg, paramID, paramValue)
	ctx := C.Z3_mk_context(cfg)
	C.Z3_del_config(cfg)
	return ctx
}

//API - Symbols
func mkIntSymbol(ctx C.Z3_context, i C.int) C.Z3_symbol {
	return C.Z3_mk_int_symbol(ctx, i)
}

func mkStringSymbol(ctx C.Z3_context, s C.Z3_string) C.Z3_symbol {
	return C.Z3_mk_string_symbol(ctx, s)
}

//API - Sorts
func mkBoolSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_bool_sort(ctx)
}

func mkIntSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_int_sort(ctx)
}

func mkRealSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_real_sort(ctx)
}

//API - Constants and Applications
func mkConst(ctx C.Z3_context, s C.Z3_symbol, ty C.Z3_sort) C.Z3_ast {
	return C.Z3_mk_const(ctx, s, ty)
}

//API -  Solvers
func mkSolver(ctx C.Z3_context) C.Z3_solver {
	svr := C.Z3_mk_solver(ctx)
	solverIncRef(ctx, svr)
	return svr
}

func solverPush(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_push(ctx, svr)
}

func solverPop(ctx C.Z3_context, svr C.Z3_solver, n C.uint) {
	if n <= solverGetNumScopes(ctx, svr) {
		C.Z3_solver_pop(ctx, svr, n)
	} else {
		log.Fatal("error: solverPop: trying to pop more scopes than available in solver")
	}
}

func solverReset(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_reset(ctx, svr)
}

func solverGetNumScopes(ctx C.Z3_context, svr C.Z3_solver) C.uint {
	return C.Z3_solver_get_num_scopes(ctx, svr)
}

func solverIncRef(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_inc_ref(ctx, svr)
}

func solverDecRef(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_dec_ref(ctx, svr)
}

func solverAssert(ctx C.Z3_context, svr C.Z3_solver, cond C.Z3_ast) {
	C.Z3_solver_assert(ctx, svr, cond)
}

func solverCheck(ctx C.Z3_context, svr C.Z3_solver) bool {
	res := C.Z3_solver_check(ctx, svr)
	sat := false
	switch res {
	case C.Z3_L_FALSE:
		sat = false
	case C.Z3_L_UNDEF:
		sat = false
	case C.Z3_L_TRUE:
		sat = true
	}
	return sat
}

func solverGetModel(ctx C.Z3_context, svr C.Z3_solver) C.Z3_model {
	return C.Z3_solver_get_model(ctx, svr)
}

//API - String conversion
func modelToString(ctx C.Z3_context, m C.Z3_model) string {
	//Convert c-string to go-string
	s := C.Z3_model_to_string(ctx, m)
	//defer C.free(unsafe.Pointer(s)) //Uncommenting this makes the program crash
	return C.GoString(s)
}

//API - Algebraic Numbers (probably need to check that some of these work)
func algebraicIsValue(ctx C.Z3_context, a C.Z3_ast) bool {
	res := C.Z3_algebraic_is_value(ctx, a)
	if res == C.Z3_TRUE {
		return true
	}
	log.Fatal("error: algebraicIsPos: algebraicIsValue returns false!")
	return false
}

func algebraicIsPos(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_pos(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsPos: algebraicIsValue returns false!")
	return false
}

func algebraicIsNeg(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_neg(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsNeg: algebraicIsValue returns false!")
	return false
}

func algebraicIsZero(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_zero(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsZero: algebraicIsValue returns false!")
	return false
}

func algebraicSign(ctx C.Z3_context, a C.Z3_ast) int {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_sign(ctx, a)
		return int(res)
	}
	log.Fatal("error: algebraicSign: algebraicIsValue returns false!")
	return 0
}

func algebraicAdd(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_add(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicAdd: algebraicIsValue returns false!")
	return res
}

func algebraicSub(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_sub(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicSub: algebraicIsValue returns false!")
	return res
}

func algebraicMul(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_mul(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicMul: algebraicIsValue returns false!")
	return res
}

func algebraicDiv(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_div(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicDiv: algebraicIsValue returns false!")
	return res
}

func algebraicPower(ctx C.Z3_context, a C.Z3_ast, k C.unsigned) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) {
		res = C.Z3_algebraic_power(ctx, a, k)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicPower: algebraicIsValue returns false!")
	return res
}

func algebraicLt(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_lt(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicLt: algebraicIsValue returns false!")
	return false
}

func algebraicGt(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_gt(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicGt: algebraicIsValue returns false!")
	return false
}

func algebraicLe(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_le(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicLe: algebraicIsValue returns false!")
	return false
}

func algebraicGe(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_ge(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicGe: algebraicIsValue returns false!")
	return false
}

func algebraicEq(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_eq(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicEq: algebraicIsValue returns false!")
	return false
}

func algebraicNotEq(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_neq(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicNotEq: algebraicIsValue returns false!")
	return false
}

//API - Propositional Logic and Equality
func mkTrue(ctx C.Z3_context) C.Z3_ast {
	return C.Z3_mk_true(ctx)
}

func mkFalse(ctx C.Z3_context) C.Z3_ast {
	return C.Z3_mk_false(ctx)
}

func mkEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_eq(ctx, l, r)
}

func mkNotEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	eq := C.Z3_mk_eq(ctx, l, r)
	return C.Z3_mk_not(ctx, eq)
}

//TODO check api for last two functions. uncertain about the last parameter
// func mkAnd(ctx C.Z3_context, numargs C.unsigned, args C.Z3_ast[]){
//
// }
//
// func mkOr(ctx C.Z3_context, numargs C.unsigned, args C.Z3_ast[]){
//
// }

//API - Arithmetic: Integer and Reals
// func mkAdd(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// 	return C.Z3_mk_add(ctx, numargs, cons)
// }
//
// func mkMul(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// }
//
// func mkSub(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// }
//
// func mkUnaryMinus(ctx C.Z3_context, arg C.Z3_ast) C.Z3_ast {
// 	return C.Z3_mk_unary_minus(ctx, arg)
// }
//
// func mkDiv(ctx C.Z3_context, numargs C.unsigned, const C.Z3_ast []args) C.Z3_ast {
// }

func mkLt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_lt(ctx, l, r)
}

func mkLe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_le(ctx, l, r)
}

func mkGt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_gt(ctx, l, r)
}

func mkGe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_ge(ctx, l, r)
}

func mkMod(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_mod(ctx, l, r)
}

func mkRem(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_rem(ctx, l, r)
}

func mkPower(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_power(ctx, l, r)
}

//API - Numerals
func mkInt(ctx C.Z3_context, v C.int, ty C.Z3_sort) C.Z3_ast {
	return C.Z3_mk_int(ctx, v, ty)
}

func mkReal(ctx C.Z3_context, num, den C.int) C.Z3_ast {
	return C.Z3_mk_real(ctx, num, den)
}
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blob 8198�package pf

import (
	"fmt"
	"go/ast"
	"log"
	"reflect"

	"github.com/bjerga91/AutoTest/solver"
	"github.com/bjerga91/AutoTest/symbexec"
)

//TODO move to init()
var invOpMap = createInverseOpMap()

//FuncVisitor is used to store variables when traversing the AST
type FuncVisitor struct {
	Pkg        string
	FuncName   string
	FuncNumber int
	FilePath   string
	Params     *ast.FieldList //input parameters for the function
	Results    *ast.FieldList //return values
	PC         symbexec.PathConstraint
	State      symbexec.State
	Paths      []symbexec.PathConstraint
	Lvl        int
	TestInputs []string
}

//InputParameter stores name and type of input parameter to a function
type InputParameter struct {
	Name      string
	InputType string
}

//Visit is used by Walk to traverse the AST in a DFS fashion
func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {
	switch x := node.(type) {
	case nil:
		v.Lvl--
		fmt.Println("Going up. Lvl:", v.Lvl)
		if !v.PC.Empty() {
			c := v.PC.Peek()
			if c.Lvl == v.Lvl {
				con := v.PC.Pop()
				fmt.Printf("Popped constraint: %s%s%s\n", con.Left, con.Op, con.Right)
			}
		}
		if v.Lvl == 0 {
			fmt.Println("Solve!!!")
			for i := range v.Paths {
				sat, res := solver.Solve(v.State, v.Paths[i])
				fmt.Println("Sat:", sat, "Model:", res)
				if sat {
					v.TestInputs = append(v.TestInputs, res)
				}
			}
		}
		//TODO remove variables

	case *ast.IfStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		stopTraversal := handleIfStmt(x, v)
		if stopTraversal {
			v.Lvl--
			fmt.Println("Going up. Lvl:", v.Lvl)
			return nil
		}
	case *ast.ReturnStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)

		// check, res := solver.Solve(v.State, v.PC)
		// fmt.Println(check, ":", res)
		// if check == "sat" {
		// 	v.TestInputs = append(v.TestInputs, res)
		// }
	case *ast.FuncDecl:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.FuncName = x.Name.Name
	case *ast.FuncType:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Params = x.Params
		v.Results = x.Results
		saveParameters(x.Params, v)
	case *ast.AssignStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleAssignStmt(x, v)
	case *ast.DeclStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleDeclStmt(x, v)
		v.Lvl--
		return nil
	case *ast.File:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Pkg = x.Name.Name
	default:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
	}
	return ast.Visitor(v)
}

//GetInputParams collects the type and name of input parameters
func (v *FuncVisitor) GetInputParams() []InputParameter {
	var inputs []InputParameter
	for _, param := range v.Params.List {
		expression := param.Type
		namesList := param.Names
		var inputtype string
		//fmt.Println("abc:", reflect.TypeOf(inputtype))
		switch a := expression.(type) {
		case *ast.Ident:
			inputtype = a.Name
			for _, name := range namesList {
				inputs = append(inputs, InputParameter{name.Name, inputtype})
			}
		}
	}
	return inputs
}

//GetReturnTypes returns the return types of the given function
func (v *FuncVisitor) GetReturnTypes() []string {
	var retTypes []string
	for _, t := range v.Results.List {
		temp := t.Type
		switch n := temp.(type) {
		case *ast.Ident:
			returnType := n.Name
			retTypes = append(retTypes, returnType)
		}
	}
	return retTypes
}

func handleAssignStmt(stmt *ast.AssignStmt, v *FuncVisitor) {
	//TODO if variable not in map, save to map
	var name, tok, varType, value string

	for _, lhs := range stmt.Lhs {
		switch x := lhs.(type) {
		case *ast.Ident:
			name = x.Name
		default:
			log.Fatal("error: handleAssignStmt: Lhs is not of *ast.Ident type")
		}
	}

	tok = stmt.Tok.String()

	for _, rhs := range stmt.Rhs {
		switch x := rhs.(type) {
		case *ast.BasicLit:
			value = x.Value
			varType = x.Kind.String()
		case *ast.UnaryExpr:
			value, varType = handleUnaryExpr(x)
		//TODO case *ast.Ident: 	if the rhs is a variable
		//TODO case *ast.BinaryExpr: 	if the rhs is an expression of more than one variable
		default:
			log.Fatal("handleAssignStmt: Rhs is not any of the defined cases")
		}
	}

	if _, exist := v.State[name]; exist {
		//Only update assignment
		if tok == "=" {
			symbVar := v.State[name]
			symbVar.AssignStmt = value
			v.State[name] = symbVar
		}
	} else {
		//Create new entry in State
		if tok == ":=" {
			v.State[name] = symbexec.SymbolicVariable{
				Name:       name,
				LvlCreated: v.Lvl,
				VarType:    varType,
				AssignStmt: value,
			}
			//TODO define the cases for the other tokens
		} else {
			log.Fatal("handleAssignStmt: token is not \":=\"")
		}
	}

	//TODO if variable is already in map, update AssignStmt
	// where variables in the map needs to be replaced with their AssignStmt
}

func saveParameters(params *ast.FieldList, v *FuncVisitor) {
	for _, param := range params.List {
		var varType string
		t := param.Type
		switch x := t.(type) {
		case *ast.Ident:
			varType = x.Name
		default:
			log.Fatalf("saveParameter: type is not ast.Ident: %s", reflect.TypeOf(x))
		}
		for _, name := range param.Names {
			varName := name.Name
			symbVar := symbexec.SymbolicVariable{
				Name:       varName,
				LvlCreated: v.Lvl,
				VarType:    varType,
			}
			if _, exist := v.State[varName]; exist {
				log.Fatalf("saveParameters: variable name %s already exist in map!", varName)
			}
			v.State[varName] = symbVar
		}
	}
}

func exprToString(expr ast.Expr) string {
	var ret string
	switch e := expr.(type) {
	case *ast.Ident:
		ret = e.Name
	case *ast.BasicLit:
		ret = e.Value
	}
	return ret
}

func handleIfStmt(x *ast.IfStmt, v *FuncVisitor) bool {
	//TODO condition could be other than BinaryExpr.
	//Should make a recursive function to retrieve the condition??
	switch c := x.Cond.(type) {
	case *ast.BinaryExpr:
		left := exprToString(c.X)
		op := c.Op.String()
		right := exprToString(c.Y)
		cond := symbexec.Constraint{Lvl: v.Lvl, Left: left, Op: op, Right: right}
		elseCond := symbexec.Constraint{Lvl: v.Lvl, Left: left, Op: invOpMap[cond.Op], Right: right}

		//adding condition to paths
		//TODO split this out in its own function
		if len(v.Paths) > 0 {
			fmt.Println("State:", v.State.ToString())
			var newPaths []symbexec.PathConstraint
			for _, path := range v.Paths {
				elsepath := append(path, elseCond)
				elsesat := solver.CheckSat(v.State, elsepath)
				fmt.Println("Elsepath:", elsepath.ToString(), "sat:", elsesat)
				thenpath := append(path, cond)
				thensat := solver.CheckSat(v.State, thenpath)
				fmt.Println("Thenpath:", thenpath.ToString(), "sat:", thensat)
				if !v.PC.Empty() {
					if path.Contains(v.PC.Peek()) {
						if elsesat {
							newPaths = append(newPaths, elsepath)
						}
						if thensat {
							newPaths = append(newPaths, thenpath)
						}
					}
				} else {
					if elsesat {
						newPaths = append(newPaths, elsepath)
					}
					if thensat {
						newPaths = append(newPaths, thenpath)
					}
				}
			}
			v.Paths = newPaths
		} else {
			v.Paths = append(v.Paths, symbexec.PathConstraint{cond})
			v.Paths = append(v.Paths, symbexec.PathConstraint{elseCond})
		}

		fmt.Printf("Pushing constraint %s%s%s\n", cond.Left, cond.Op, cond.Right)
		v.PC.Push(cond)
		//TODO check if sat before walk
		res := solver.CheckSat(v.State, v.PC)
		if res {
			ast.Walk(v, x.Body)
		} else {
			v.PC.Pop()
		}
		//TODO should create PC for the else-statement no matter if it is null
		//for later use if return is outside if
		if x.Else != nil {
			fmt.Printf("Pushing constraint %s%s%s\n", elseCond.Left, elseCond.Op, elseCond.Right)
			fvElse := v
			fvElse.PC.Push(elseCond)
			//TODO check if sat before Walk
			res := solver.CheckSat(v.State, fvElse.PC)
			if res {
				ast.Walk(fvElse, x.Else)
			} else {
				fvElse.PC.Pop()
			}
		}
		return true
	default:
		log.Fatalf("Unhandled type %s in handleIfStmt", c)
		return false
	}
}

func createInverseOpMap() map[string]string {
	m := make(map[string]string)
	m["=="] = "!="
	m["!="] = "=="
	m["<"] = ">="
	m[">="] = "<"
	m[">"] = "<="
	m["<="] = ">"
	return m
}
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removed option for creating test for a single function
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blob 379�package symbexec

//State maps variables to symbolic expressions
type State map[string]SymbolicVariable

//SymbolicVariable represents a variable
type SymbolicVariable struct {
	Name       string
	LvlCreated int
	VarType    string
	AssignStmt string
}

//TODO there can be multiple variables with the same name in
//different scopes. Need to have a Stack in order to backtrack??
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blob 910�package symbexec

//PathConstraint stores constraints from If-statements during AST-traversal
type PathConstraint []Constraint

/*Constraint stores a conditional statement met during AST-traversal and the
level where it is met
*/
type Constraint struct {
	Lvl  int
	Cond Condition
}

//Conditon stores conditon from if-sentences.
type Condition struct {
	Left  string
	Op    string
	Right string
}

//Empty checks if the stack is empty
func (s PathConstraint) Empty() bool {
	return len(s) == 0
}

//Peek returns the element at the top of the stack
func (s PathConstraint) Peek() Constraint {
	return s[len(s)-1]
}

//Push inserts stmt at the top of the stack
func (s *PathConstraint) Push(c Constraint) {
	(*s) = append((*s), c)
}

//Pop removes the element at the top of the stack and returns the element
func (s *PathConstraint) Pop() Constraint {
	c := (*s)[len(*s)-1]
	(*s) = (*s)[:len(*s)-1]
	return c
}
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blob 4958�package testgen

import (
	"fmt"
	"go/ast"
	"log"
	"os"
	"os/exec"
	"strings"

	"github.com/bjerga91/AutoTest/pf"
	"github.com/bjerga91/AutoTest/symbexec"
)

//GenerateTestsForFile generates tests for the given file
func GenerateTestsForFile(file *ast.File, path string) {
	pkg := file.Name.Name
	funcNumber := 0
	text := ""
	ast.Inspect(file, func(n ast.Node) bool {
		switch x := n.(type) {
		case *ast.FuncDecl:
			var stack symbexec.PathConstraint
			visitor := pf.FuncVisitor{
				Pkg:        pkg,
				FuncNumber: funcNumber,
				FilePath:   path,
				Lvl:        0,
				PC:         stack,
				//State:      make(symbexec.State),
			}
			ast.Walk(&visitor, x)
			funcNumber++
			text = createTests(visitor, text)
			return false
		}
		return true
	})
	writeTestsToFile(text, path)
}

//GenerateTestsForDir generates tests for the given directory
func GenerateTestsForDir(files map[string]*ast.File) {
	for path, file := range files {
		GenerateTestsForFile(file, path)
	}
}

//CreateTests creates tests based on information from FuncVisior f
func createTests(f pf.FuncVisitor, text string) string {
	if text == "" {
		text += codeNewFile(f)
	} else {
		text += codeAppendToFile(f)
	}
	return text
}

func codeAppendToFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	type testpair%s struct {
		input %s
		expected %s
	}

	var tests%s = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests%s {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName,
		f.FuncName)

	return text
}

func writeTestsToFile(text string, path string) {
	fmt.Printf("Writing tests to file...\n\n")
	filepath := fmt.Sprintf("%s_test.go", path[:len(path)-3])
	_, err := os.Stat(filepath)
	if os.IsNotExist(err) {
		createFile(filepath, text)
	} else {
		overwriteFile(filepath, text)
	}
}

func overwriteFile(path string, text string) {
	err := os.Remove(path)
	if err != nil {
		panic(err)
	}
	createFile(path, text)
}

func createFile(path string, text string) {
	file, err := os.Create(path)
	if err != nil {
		panic(err)
	}
	defer file.Close()

	if _, err = file.WriteString(text); err != nil {
		panic(err)
	}
}

func createDir(path string) {
	err := os.Mkdir(path, 0777)
	if err != nil {
		log.Fatal("createDir:", err)
	}
}

func delDir(path string) {
	err := os.RemoveAll(path)

	if err != nil {
		log.Fatal("delDir:", err)
	}
}

func codeNewFile(f pf.FuncVisitor) string {
	text := fmt.Sprintf(`
	package %s

	import "testing"

	/*
		This file has been automatically generated by AutoTest;
		Do not edit - changes may be overwritten
	*/
	`, f.Pkg)

	text += codeAppendToFile(f)

	return text
}

//getInputTypes returns a string of the input types
func getInputTypes(f pf.FuncVisitor) string {
	var inputString string
	inputTypes := f.GetInputParams()
	for i, param := range inputTypes {
		if i == 0 {
			inputString += param.InputType
			continue
		}
		inputString += ", " + param.InputType

	}
	return inputString
}

//getReturnTypes returns a string of the return types
func getReturnTypes(f pf.FuncVisitor) string {
	var returnString string
	returntypes := f.GetReturnTypes()
	for i, retType := range returntypes {
		if i == 0 {
			returnString += retType
			continue
		}
		returnString += ", " + retType
	}
	return returnString
}

//getTestCases retrieves the test cases of a function
func getTestCases(f pf.FuncVisitor) string {
	var testcases string
	for i, model := range f.TestInputs {
		r := strings.NewReplacer(" ", "", "(", "", ")", "", "\n", "")
		modelTrimmed := r.Replace(model)
		modelSlice := strings.Split(modelTrimmed, ",")
		input := ""
		for _, v := range modelSlice { //for each value in a model
			temp := strings.Split(v, "->")
			if input == "" {
				input = temp[1]
			} else {
				input += fmt.Sprintf(", %v", temp[1])
			}
			out := getExpectedOut(f, input)
			if i == 0 {
				testcases += fmt.Sprintf("{%s,%s},", temp[1], out)
				continue
			}
			testcases += fmt.Sprintf("\n{%s,%s},", temp[1], out)
		}
	}
	return testcases
}

//getExpectedOut retrieves the output when the function that f represents is
//executed on input
func getExpectedOut(f pf.FuncVisitor, input string) string {
	end := strings.LastIndex(f.FilePath, "/")
	pkgString := f.FilePath[:end]
	text := fmt.Sprintf(`
		package main

		import (
			"fmt"
			"%s"
		)

		func main(){
			fmt.Print(%s.%s(%s))
		}
	`, pkgString,
		f.Pkg,
		f.FuncName,
		input,
	)

	createDir("../temp")
	path := fmt.Sprintf("../temp/temp.go")
	createFile(path, text)
	out, err := exec.Command("go", "run", path).Output()
	if err != nil {
		log.Fatal("getExpectedOut: Failed executing command!", err)
	}
	delDir("../temp")
	return string(out[:])
}
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blob 5437�package main

import (
	"fmt"
	"go/ast"
	"go/parser"
	"go/token"
	"io/ioutil"
	"reflect"

	"github.com/bjerga91/test-generator/symbexec"
)

var invCondMap = createInverseCondMap()

func main() {
	path := "../get_sign/get_sign.go"
	data, err := ioutil.ReadFile(path)
	if err != nil {
		panic(err)
	}

	fset := token.NewFileSet()
	file, err := parser.ParseFile(fset, "", data, 0)
	if err != nil {
		panic(err)
	}

	function := FuncVisitor{}
	function.lvl = 0
	var stack symbexec.PathConstraint
	function.pc = stack
	ast.Walk(&function, file)
	//Inspect the AST and print all functions etc
	// ast.Inspect(file, func(n ast.Node) bool {
	// 	switch x := n.(type) {
	// 	case *ast.File:
	// 		function.pkg = x.Name.Name
	// 		fmt.Println("Package name:", function.pkg)
	// 	case *ast.FuncDecl:
	// 		function.funcName = x.Name.Name
	// 		fmt.Println("Function name:", function.funcName)
	// 	case *ast.FuncType:
	// 		function.params = x.Params
	// 		function.results = x.Results
	// 	case *ast.IfStmt:
	// 		//function.constraints = append(function.constraints, x)
	// 		if x.Else == nil {
	// 			fmt.Println("No Else-statement for the IfStmt")
	// 		}
	// 	}
	// 	return true
	// })
	inputparams := getInputParams(function)
	fmt.Println("Inputparams:", inputparams)
	returntype := getReturnTypes(function)
	fmt.Println("returntype:", returntype)
}

/*func createTestFile(f FuncVisitor) {
	testfile := fmt.Sprintf(`
	package %s

	import "testing"

	type testpair struct {
		input %s
		output %s
	}

	var tests = []testpair{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests {
			out := %s(pair.input)
			if out != pair.output {
				t.Error(
					"For", pair.input,
					"expected", pair.output,
					"got", out,
				)
			}
		}
	}
	`, f.pkg, inputparams, returntype, testcases, f.funcName, f.funcName)

	filepath := fmt.Sprintf("../%s/%s_test.go", f.pkg, f.pkg)
	file, err := os.Create(filepath)
	if err != nil {
		panic(err)
	}

	defer file.Close()

}*/

//A function that collects the type and name of input parameters
func getInputParams(f FuncVisitor) []InputParameter {
	var inputs []InputParameter
	for _, param := range f.params.List {
		expression := param.Type
		namesList := param.Names
		var inputtype string
		//fmt.Println("abc:", reflect.TypeOf(inputtype))
		switch a := expression.(type) {
		case *ast.Ident:
			inputtype = a.Name
			for _, name := range namesList {
				inputs = append(inputs, InputParameter{name.Name, inputtype})
			}
		}
	}
	return inputs
}

//Returns the return types of the given function
func getReturnTypes(f FuncVisitor) []string {
	var retTypes []string
	for _, t := range f.results.List {
		temp := t.Type
		switch n := temp.(type) {
		case *ast.Ident:
			returnType := n.Name
			retTypes = append(retTypes, returnType)
		}
	}
	return retTypes
}

//InputParameter stores name and type of input parameter to a function
type InputParameter struct {
	name      string
	inputType string
}

//FuncVisitor is used to store variables when traversing the AST
type FuncVisitor struct {
	pkg      string
	funcName string
	params   *ast.FieldList //input parameters for the function
	results  *ast.FieldList //return values
	pc       symbexec.PathConstraint
	lvl      int
	tiss     string
}

//Visit is used by Walk to traverse the AST in a DFS fashion
func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {
	switch x := node.(type) {
	case nil:
		v.lvl--
		fmt.Println("Going up. Lvl:", v.lvl)
		if !v.pc.Empty() {
			c := v.pc.Peek()
			if c.Lvl == v.lvl {
				v.pc.Pop()
			}
		}
	case *ast.IfStmt:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
		stopTraversal := visitIfStmt(x, v)
		if stopTraversal {
			return nil
		}
	case *ast.ReturnStmt:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
		pc := v.pc
		var res = fmt.Sprintf("Path constraint for path: \n")
		for x := pc.Peek(); !pc.Empty(); pc.Pop() {
			res += fmt.Sprintf("%s ,", x.Cond)
		}
		fmt.Println(res)
	case *ast.FuncDecl:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
		v.funcName = x.Name.Name
	case *ast.FuncType:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
		v.params = x.Params
		for _, v := range x.Params.List {
			fmt.Println(reflect.TypeOf(v))
		}
		v.results = x.Results
	default:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
	}
	return ast.Visitor(v)
}

func exprToString(expr ast.Expr) string {
	var ret string
	switch e := expr.(type) {
	case *ast.Ident:
		ret = e.Name
	case *ast.BasicLit:
		ret = e.Value
	}
	return ret
}

func visitIfStmt(x *ast.IfStmt, v *FuncVisitor) bool {
	switch c := x.Cond.(type) {
	case *ast.BinaryExpr:
		left := exprToString(c.X)
		op := c.Op.String()
		right := exprToString(c.Y)
		cond := fmt.Sprintf("%s %s %s", left, op, right)
		if x.Else != nil {
			elseCond := fmt.Sprintf("%s %s %s", left, invCondMap[op], right)
			fcElse := v
			fcElse.pc.Push(symbexec.Constraint{Lvl: v.lvl, Cond: elseCond})
			ast.Walk(fcElse, x.Else)
		}
		v.pc.Push(symbexec.Constraint{Lvl: v.lvl, Cond: cond})
		ast.Walk(v, x.Body)
		return true
	default:
		fmt.Println("Another type of expr in if: ", c)
		return false
	}
}

func createInverseCondMap() map[string]string {
	m := make(map[string]string)
	m["=="] = "!="
	m["!="] = "=="
	m["<"] = ">="
	m[">="] = "<"
	m[">"] = "<="
	m["<="] = ">"
	return m
}

//TODO generate a test for each path in the function
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Made some skeleton code for command line interface
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blob 7989�package pf

import (
	"fmt"
	"go/ast"
	"log"
	"reflect"

	"github.com/bjerga91/AutoTest/solver"
	"github.com/bjerga91/AutoTest/symbexec"
)

//TODO move to init()
var invOpMap = createInverseOpMap()

//FuncVisitor is used to store variables when traversing the AST
type FuncVisitor struct {
	Pkg        string
	FuncName   string
	FuncNumber int
	FilePath   string
	Params     *ast.FieldList //input parameters for the function
	Results    *ast.FieldList //return values
	PC         symbexec.PathConstraint
	State      symbexec.State
	Paths      []symbexec.PathConstraint
	Lvl        int
	TestInputs []string
}

//InputParameter stores name and type of input parameter to a function
type InputParameter struct {
	Name      string
	InputType string
}

//Visit is used by Walk to traverse the AST in a DFS fashion
func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {
	switch x := node.(type) {
	case nil:
		v.Lvl--
		fmt.Println("Going up. Lvl:", v.Lvl)
		if !v.PC.Empty() {
			c := v.PC.Peek()
			if c.Lvl == v.Lvl {
				con := v.PC.Pop()
				fmt.Printf("Popped constraint: %s%s%s\n", con.Left, con.Op, con.Right)
			}
		}
		if v.Lvl == 0 {
			fmt.Println("Solve!!!")
			for i := range v.Paths {
				sat, res := solver.Solve(v.State, v.Paths[i])
				fmt.Println("Sat:", sat, "Model:", res)
				if sat {
					v.TestInputs = append(v.TestInputs, res)
				}
			}
		}
		//TODO remove variables

	case *ast.IfStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		stopTraversal := handleIfStmt(x, v)
		if stopTraversal {
			v.Lvl--
			fmt.Println("Going up. Lvl:", v.Lvl)
			return nil
		}
	case *ast.ReturnStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)

		// check, res := solver.Solve(v.State, v.PC)
		// fmt.Println(check, ":", res)
		// if check == "sat" {
		// 	v.TestInputs = append(v.TestInputs, res)
		// }
	case *ast.FuncDecl:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.FuncName = x.Name.Name
	case *ast.FuncType:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Params = x.Params
		v.Results = x.Results
		saveParameters(x.Params, v)
	case *ast.AssignStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleAssignStmt(x, v)
	case *ast.File:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Pkg = x.Name.Name
	default:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
	}
	return ast.Visitor(v)
}

//GetInputParams collects the type and name of input parameters
func (v *FuncVisitor) GetInputParams() []InputParameter {
	var inputs []InputParameter
	for _, param := range v.Params.List {
		expression := param.Type
		namesList := param.Names
		var inputtype string
		//fmt.Println("abc:", reflect.TypeOf(inputtype))
		switch a := expression.(type) {
		case *ast.Ident:
			inputtype = a.Name
			for _, name := range namesList {
				inputs = append(inputs, InputParameter{name.Name, inputtype})
			}
		}
	}
	return inputs
}

//GetReturnTypes returns the return types of the given function
func (v *FuncVisitor) GetReturnTypes() []string {
	var retTypes []string
	for _, t := range v.Results.List {
		temp := t.Type
		switch n := temp.(type) {
		case *ast.Ident:
			returnType := n.Name
			retTypes = append(retTypes, returnType)
		}
	}
	return retTypes
}

func handleAssignStmt(stmt *ast.AssignStmt, v *FuncVisitor) {
	//TODO if variable not in map, save to map
	var name, tok, varType, value string

	for _, lhs := range stmt.Lhs {
		switch x := lhs.(type) {
		case *ast.Ident:
			name = x.Name
		default:
			log.Fatal("handleAssignStmt: Lhs is not of *ast.Ident type")
		}
	}

	tok = stmt.Tok.String()

	for _, rhs := range stmt.Rhs {
		switch x := rhs.(type) {
		case *ast.BasicLit:
			value = x.Value
			varType = x.Kind.String()
		//TODO case *ast.Ident: 	if the rhs is a variable
		//TODO case *ast.BinaryExpr: 	if the rhs is an expression of more than one variable
		default:
			log.Fatal("handleAssignStmt: Rhs is not any of the defined cases")
		}
	}

	if _, exist := v.State[name]; exist {
		//Only update assignment
		if tok == "=" {
			symbVar := v.State[name]
			symbVar.AssignStmt = value
			v.State[name] = symbVar
		}
	} else {
		//Create new entry in State
		if tok == ":=" {
			v.State[name] = symbexec.SymbolicVariable{
				Name:       name,
				LvlCreated: v.Lvl,
				VarType:    varType,
				AssignStmt: value,
			}
			//TODO define the cases for the other tokens
		} else {
			log.Fatal("handleAssignStmt: token is not \":=\"")
		}
	}

	//TODO if variable is already in map, update AssignStmt
	// where variables in the map needs to be replaced with their AssignStmt
}

func saveParameters(params *ast.FieldList, v *FuncVisitor) {
	for _, param := range params.List {
		var varType string
		t := param.Type
		switch x := t.(type) {
		case *ast.Ident:
			varType = x.Name
		default:
			log.Fatalf("saveParameter: type is not ast.Ident: %s", reflect.TypeOf(x))
		}
		for _, name := range param.Names {
			varName := name.Name
			symbVar := symbexec.SymbolicVariable{
				Name:       varName,
				LvlCreated: v.Lvl,
				VarType:    varType,
			}
			if _, exist := v.State[varName]; exist {
				log.Fatalf("saveParameters: variable name %s already exist in map!", varName)
			}
			v.State[varName] = symbVar
		}
	}
}

func exprToString(expr ast.Expr) string {
	var ret string
	switch e := expr.(type) {
	case *ast.Ident:
		ret = e.Name
	case *ast.BasicLit:
		ret = e.Value
	}
	return ret
}

func handleIfStmt(x *ast.IfStmt, v *FuncVisitor) bool {
	//TODO condition could be other than BinaryExpr.
	//Should make a recursive function to retrieve the condition??
	switch c := x.Cond.(type) {
	case *ast.BinaryExpr:
		left := exprToString(c.X)
		op := c.Op.String()
		right := exprToString(c.Y)
		cond := symbexec.Constraint{Lvl: v.Lvl, Left: left, Op: op, Right: right}
		elseCond := symbexec.Constraint{Lvl: v.Lvl, Left: left, Op: invOpMap[cond.Op], Right: right}

		//adding condition to paths
		//TODO split this out in its own function
		if len(v.Paths) > 0 {
			fmt.Println("State:", v.State.ToString())
			var newPaths []symbexec.PathConstraint
			for _, path := range v.Paths {
				elsepath := append(path, elseCond)
				elsesat := solver.CheckSat(v.State, elsepath)
				fmt.Println("Elsepath:", elsepath.ToString(), "sat:", elsesat)
				thenpath := append(path, cond)
				thensat := solver.CheckSat(v.State, thenpath)
				fmt.Println("Thenpath:", thenpath.ToString(), "sat:", thensat)
				if !v.PC.Empty() {
					if path.Contains(v.PC.Peek()) {
						if elsesat {
							newPaths = append(newPaths, elsepath)
						}
						if thensat {
							newPaths = append(newPaths, thenpath)
						}
					}
				} else {
					if elsesat {
						newPaths = append(newPaths, elsepath)
					}
					if thensat {
						newPaths = append(newPaths, thenpath)
					}
				}
			}
			v.Paths = newPaths
		} else {
			v.Paths = append(v.Paths, symbexec.PathConstraint{cond})
			v.Paths = append(v.Paths, symbexec.PathConstraint{elseCond})
		}

		fmt.Printf("Pushing constraint %s%s%s\n", cond.Left, cond.Op, cond.Right)
		v.PC.Push(cond)
		//TODO check if sat before walk
		res := solver.CheckSat(v.State, v.PC)
		if res {
			ast.Walk(v, x.Body)
		} else {
			v.PC.Pop()
		}
		//TODO should create PC for the else-statement no matter if it is null
		//for later use if return is outside if
		if x.Else != nil {
			fmt.Printf("Pushing constraint %s%s%s\n", elseCond.Left, elseCond.Op, elseCond.Right)
			fvElse := v
			fvElse.PC.Push(elseCond)
			//TODO check if sat before Walk
			res := solver.CheckSat(v.State, fvElse.PC)
			if res {
				ast.Walk(fvElse, x.Else)
			} else {
				fvElse.PC.Pop()
			}
		}
		return true
	default:
		log.Fatalf("Unhandled type %s in handleIfStmt", c)
		return false
	}
}

func createInverseOpMap() map[string]string {
	m := make(map[string]string)
	m["=="] = "!="
	m["!="] = "=="
	m["<"] = ">="
	m[">="] = "<"
	m[">"] = "<="
	m["<="] = ">"
	return m
}











AutoTest/.git/objects/4f/7a60402f22eea49b0dd362ac0a4f05c826ab2a

AutoTest/.git/objects/4f/7a60402f22eea49b0dd362ac0a4f05c826ab2a


commit 260�tree bbe662956f11a61b3c7a22c6b86d660b8ffd3045
parent 1532137a8c840c2efce87947064e55b9bfc0ee9c
author Andreas Bjerga <andreas.bjerga@gmail.com> 1465433698 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1465433698 +0200

Added checksat for VarHistory
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calling solve-function when reaching returnStmt











AutoTest/.git/objects/c8/7b9e83b9913a18b70ce6f24f4c7228b098c6ca

AutoTest/.git/objects/c8/7b9e83b9913a18b70ce6f24f4c7228b098c6ca


blob 611�package symbexec

import "fmt"

//State maps variables to symbolic expressions
type State map[string]SymbolicVariable

//SymbolicVariable represents a variable
type SymbolicVariable struct {
	Name       string
	LvlCreated int
	VarType    string
	AssignStmt string
}

//ToString returns a string representation of State
func (s State) ToString() string {
	res := ""
	for k, v := range s {
		res += fmt.Sprintf("%s: {%s, %s, %s}\n", k, v.Name, v.VarType, v.AssignStmt)
	}
	return res
}

//TODO there can be multiple variables with the same name in
//different scopes. Need to have a Stack in order to backtrack??
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Added a lot of functionality for the Z3 API
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blob 4767�package solver

/*
#cgo LDFLAGS: -L/usr/local/Cellar/z3/4.4.1/lib -lz3
#include <stdlib.h>
#include <z3.h>
*/
import "C"

import (
	"fmt"
	"log"
	"strconv"
	"unsafe"

	"github.com/bjerga91/test-generator/symbexec"
)

//TODO declare all different variable types in init-function??
var svr C.Z3_solver
var ctx C.Z3_context

func init() {
	ctx = MkContext()
	svr = mkSolver(ctx)
}

//MkContext creates a context for Z3
func MkContext() C.Z3_context {
	cfg := C.Z3_mk_config()
	paramID := C.CString("MODEL")
	defer C.free(unsafe.Pointer(paramID))
	paramValue := C.CString("true")
	defer C.free(unsafe.Pointer(paramValue))
	C.Z3_set_param_value(cfg, paramID, paramValue)
	ctx := C.Z3_mk_context(cfg)
	C.Z3_del_config(cfg)
	return ctx
}

func mkSolver(ctx C.Z3_context) C.Z3_solver {
	svr := C.Z3_mk_solver(ctx)
	C.Z3_solver_inc_ref(ctx, svr)
	return svr
}

func declIntVar(ctx C.Z3_context, name string) C.Z3_ast {
	cs := C.CString(name)
	defer C.free(unsafe.Pointer(cs))
	intType := C.Z3_mk_int_sort(ctx)
	symb := C.Z3_mk_string_symbol(ctx, cs)
	return C.Z3_mk_const(ctx, symb, intType)
}

func declInt(ctx C.Z3_context, v int) C.Z3_ast {
	intType := C.Z3_mk_int_sort(ctx)
	return C.Z3_mk_int(ctx, C.int(v), intType)
}

func mkEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_eq(ctx, l, r)
}

func mkNotEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	eq := C.Z3_mk_eq(ctx, l, r)
	return C.Z3_mk_not(ctx, eq)
}

func mkLt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_lt(ctx, l, r)
}

func mkLe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_le(ctx, l, r)
}

func mkGt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_gt(ctx, l, r)
}

func mkGe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_ge(ctx, l, r)
}

func push(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_push(ctx, svr)
}

func pop(ctx C.Z3_context, svr C.Z3_solver) {
	//get number of scopes
	//pop
}

func reset(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_reset(ctx, svr)
}

func assert(ctx C.Z3_context, svr C.Z3_solver, cond C.Z3_ast) {
	C.Z3_solver_assert(ctx, svr, cond)
}

func check(ctx C.Z3_context, svr C.Z3_solver) string {
	s := ""
	res := C.Z3_solver_check(ctx, svr)
	switch res {
	case C.Z3_L_FALSE:
		s = "unsat"
	case C.Z3_L_UNDEF:
		s = "unknown"
	case C.Z3_L_TRUE:
		s = "sat"
	}
	return s
}

func getModel(ctx C.Z3_context, svr C.Z3_solver) C.Z3_model {
	return C.Z3_solver_get_model(ctx, svr)
}

func modelToString(ctx C.Z3_context, m C.Z3_model) string {
	//Convert c-string to go-string
	s := C.Z3_model_to_string(ctx, m)
	//defer C.free(unsafe.Pointer(s)) //Uncommenting this makes the program crash
	return C.GoString(s)
}

//Solve declares variables, assert constraints into the solver
//and tries to find a solution to the PathConstraint
func Solve(state symbexec.State, pc symbexec.PathConstraint) string {
	//nrOfVars := len(state)
	//C.Z3_solver_inc_ref(ctx, svr)
	var res string
	vars := declVarsInState(state)

	assertConstraints(pc, vars)

	s := check(ctx, svr)
	if s == "unsat" {
		res = ""
	} else if s == "unknown" {
		m := getModel(ctx, svr)
		res = fmt.Sprintf("unknown:%s", modelToString(ctx, m))
	} else {
		m := getModel(ctx, svr)
		res = fmt.Sprintf("sat:%s", modelToString(ctx, m))
	}
	reset(ctx, svr)
	return res
	//C.Z3_solver_dec_ref(ctx, svr)
}

func declVarsInState(state symbexec.State) map[string]C.Z3_ast {
	vars := make(map[string]C.Z3_ast)
	for _, val := range state {
		if val.VarType == "int" {
			if val.AssignStmt == "" {
				vars[val.Name] = declIntVar(ctx, val.Name)
			} //TODO if AssignStmt is not empty
		} //TODO other types than int
	}
	return vars
}

func assertConstraints(pc symbexec.PathConstraint, vars map[string]C.Z3_ast) {
	var left, right, constraint C.Z3_ast
	for _, c := range pc {
		cond := c.Cond
		left = checkTypeAndDeclVar(ctx, vars, cond.Left)
		right = checkTypeAndDeclVar(ctx, vars, cond.Right)
		if cond.Op == "==" {
			constraint = mkEq(ctx, left, right)
		} else if cond.Op == "!=" {
			constraint = mkNotEq(ctx, left, right)
		} else if cond.Op == "<" {
			constraint = mkLt(ctx, left, right)
		} else if cond.Op == "<=" {
			constraint = mkLe(ctx, left, right)
		} else if cond.Op == ">" {
			constraint = mkGt(ctx, left, right)
		} else if cond.Op == ">=" {
			constraint = mkGe(ctx, left, right)
		}
		assert(ctx, svr, constraint)
	}
}

func checkTypeAndDeclVar(ctx C.Z3_context, varMap map[string]C.Z3_ast, operand string) C.Z3_ast {
	var res C.Z3_ast
	if i, err := strconv.Atoi(operand); err == nil {
		res = declInt(ctx, i)
	} else {
		//Assuming it is a variable already declared
		if _, ok := varMap[operand]; ok {
			res = varMap[operand]
		} else {
			log.Fatal("checkTypeAndDeclVar: variable is not defined in varMap")
		}
	}
	return res
}
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blob 1203�package pf

import (
	"go/ast"
	"log"

	"github.com/bjerga91/AutoTest/solver"
	"github.com/bjerga91/AutoTest/symbexec"
)

//handleIfStmt saves the condition in the IfStmt and continues traversal down
//the then-branch and the else-branch
func handleIfStmt(x *ast.IfStmt, v *FuncVisitor) {
	switch c := x.Cond.(type) {
	case *ast.BinaryExpr:
		left := exprToString(c.X)
		op := c.Op.String()
		right := exprToString(c.Y)
		cond := symbexec.Constraint{
			Lvl:   v.Lvl,
			Left:  left,
			Op:    op,
			Right: right}
		elseCond := symbexec.Constraint{
			Lvl:   v.Lvl,
			Left:  left,
			Op:    invOpMap[cond.Op],
			Right: right}

		//each path branches into PC(then) and PC'(else)
		v.addConditionsToPaths(cond, elseCond)

		v.PC.Push(cond)
		//check if sat before walk
		res := solver.CheckSatVarHist(v.VarHistory, v.PC)
		if res {
			ast.Walk(v, x.Body)
		} else {
			v.PC.Pop()
		}

		if x.Else != nil {
			v.PC.Push(elseCond)
			//check if sat before walk
			res := solver.CheckSatVarHist(v.VarHistory, v.PC)
			if res {
				ast.Walk(v, x.Else)
			} else {
				v.PC.Pop()
			}
		}
	//TODO condition could be other than BinaryExpr.
	default:
		log.Fatalf("Unhandled type %s in handleIfStmt", c)
	}
}
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commit 285�tree 298100831b077effa02051d12c9ab57963eb2731
parent cd619daef8606b53ef29e2ddfb749517536ec3bf
author Andreas Bjerga <andreas.bjerga@gmail.com> 1465784909 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1465784909 +0200

created functions for popping variables and conditions
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commit 238�tree fb0cab264746674316fcf93380987b53ca140cf7
parent 87bc8d4e51e0307c5bd79a06243f8058820639db
author Andreas Bjerga <andreas.bjerga@gmail.com> 1465927589 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1465927589 +0200

cleanup
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commit 257�tree 2277735e272f31670e9fe539ac401daa4d6fca77
parent 941b6c21fbd60554d4dc666f9316afa23542574f
author Andreas Bjerga <andreas.bjerga@gmail.com> 1461364750 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1461364750 +0200

created the Solve function
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blob 1657�package main

import (
	"fmt"
	"go/ast"
	"go/parser"
	"go/token"
	"io/ioutil"

	"github.com/bjerga91/test-generator/pf"
	"github.com/bjerga91/test-generator/symbexec"
	"github.com/bjerga91/test-generator/testgen"
)

func main() {
	//TODO read path to file. could be dir or file
	//or even a given function??
	//TODO move parser into its own file?
	path := "../seExamples/seExamples.go"
	data, err := ioutil.ReadFile(path)
	if err != nil {
		panic(err)
	}

	fset := token.NewFileSet()
	file, err := parser.ParseFile(fset, "", data, 0)
	if err != nil {
		panic(err)
	}

	visitor := pf.FuncVisitor{}
	visitor.FilePath = path
	visitor.Lvl = 0
	var stack symbexec.PathConstraint
	visitor.PC = stack
	state := make(symbexec.State)
	visitor.State = state
	ast.Walk(&visitor, file)
	//Inspect the AST and print all functions etc
	// ast.Inspect(file, func(n ast.Node) bool {
	// 	switch x := n.(type) {
	// 	case *ast.File:
	// 		visitor.pkg = x.Name.Name
	// 		fmt.Println("Package name:", visitor.pkg)
	// 	case *ast.FuncDecl:
	// 		visitor.funcName = x.Name.Name
	// 		fmt.Println("visitor name:", visitor.funcName)
	// 	case *ast.FuncType:
	// 		visitor.params = x.Params
	// 		visitor.results = x.Results
	// 	case *ast.IfStmt:
	// 		//visitor.constraints = append(visitor.constraints, x)
	// 		if x.Else == nil {
	// 			fmt.Println("No Else-statement for the IfStmt")
	// 		}
	// 	}
	// 	return true
	// })
	inputparams := visitor.GetInputParams()
	fmt.Println("Inputparams:", inputparams)
	returntype := visitor.GetReturnTypes()
	fmt.Println("returntype:", returntype)
	testgen.CreateTestFile(visitor)
}

//TODO generate a test for each path in the function
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blob 1312�package myparser

import (
	"fmt"
	"go/ast"
	"go/parser"
	"go/token"
	"log"
	"os"
	"path/filepath"
)

//ParseFile returns the AST of the given file
func ParseFile(path string) *ast.File {
	fset := token.NewFileSet()
	file, err := parser.ParseFile(fset, path, nil, 0)
	if err != nil {
		panic(err)
	}
	return file
}

//ParseDir calls ParseFile for all .go files in the directory
func ParseDir(path string) map[string]*ast.Package {
	dirlist := createListOfDirs(path)

	pkgMap := allDirsToAST(dirlist)

	return pkgMap
}

func createListOfDirs(path string) []string {
	dirlist := []string{}
	err := filepath.Walk(path, func(path string, info os.FileInfo, err error) error {
		if info.IsDir() {
			if info.Name()[0] != byte('.') {
				dirlist = append(dirlist, path)
				fmt.Println(path)
			} else {
				return filepath.SkipDir
			}
		}
		return nil
	})
	if err != nil {
		panic(err)
	}
	return dirlist
}

func allDirsToAST(dirlist []string) map[string]*ast.Package {
	fset := token.NewFileSet()
	pkgMap := make(map[string]*ast.Package)
	for _, val := range dirlist {
		pkgs, err := parser.ParseDir(fset, val, nil, 0)
		if err != nil {
			panic(err)
		}

		for k, v := range pkgs {
			if _, exist := pkgMap[k]; exist {
				log.Fatalf("Key %s already exist in map!", k)
			}
			pkgMap[k] = v
		}
	}
	return pkgMap
}
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blob 869�package symbexec

//State maps variables to symbolic expressions
type State map[string]string

//PathConstraint stores constraints from If-statements during AST-traversal
type PathConstraint []Constraint

/*Constraint stores a conditional statement met during AST-traversal and the
level where it is met
*/
type Constraint struct {
	Lvl  int
	Cond string
}

//Empty checks if the stack is empty
func (s PathConstraint) Empty() bool {
	return len(s) == 0
}

//Peek returns the element at the top of the stack
func (s PathConstraint) Peek() Constraint {
	return s[len(s)-1]
}

//Push inserts stmt at the top of the stack
func (s *PathConstraint) Push(c Constraint) {
	(*s) = append((*s), c)
}

//Pop removes the element at the top of the stack and returns the element
func (s *PathConstraint) Pop() Constraint {
	c := (*s)[len(*s)-1]
	(*s) = (*s)[:len(*s)-1]
	return c
}
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commit 251�tree 7c0b6288767e7e1cf99734508b48ef6ba7aaa464
parent fede12195aca058fbd1faefac9443312b4f55e44
author Andreas Bjerga <andreas.bjerga@gmail.com> 1460414545 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1460414545 +0200

changed package name
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blob 1459�package myparser

import (
	"fmt"
	"go/ast"
	"go/parser"
	"go/token"
	"log"
	"os"
	"path/filepath"
	"strings"
)

//ParseFile returns the AST of the given file
func ParseFile(path string) *ast.File {
	fset := token.NewFileSet()
	file, err := parser.ParseFile(fset, path, nil, 0)
	if err != nil {
		panic(err)
	}
	return file
}

//ParseDir calls ParseFile for all .go files in the directory
func ParseDir(path string) map[string]*ast.File {
	dirlist := createListOfDirs(path)

	filesMap := allDirsToAST(dirlist)

	return filesMap
}

func createListOfDirs(path string) []string {
	dirlist := []string{}
	err := filepath.Walk(path, func(path string, info os.FileInfo, err error) error {
		if info.IsDir() {
			if info.Name()[0] != byte('.') {
				dirlist = append(dirlist, path)
				fmt.Println(path)
			} else {
				return filepath.SkipDir
			}
		}
		return nil
	})
	if err != nil {
		panic(err)
	}
	return dirlist
}

func allDirsToAST(dirlist []string) map[string]*ast.File {
	fset := token.NewFileSet()
	filesMap := make(map[string]*ast.File)
	for _, val := range dirlist {
		pkgs, err := parser.ParseDir(fset, val, nil, 0)
		if err != nil {
			panic(err)
		}

		for _, v := range pkgs {
			for filename, file := range v.Files {
				if strings.Contains(filename, "test") {
					continue
				}
				if _, exist := filesMap[filename]; exist {
					log.Fatalf("Key %s already exist in map!", val)
				}
				filesMap[filename] = file
			}
		}
	}
	return filesMap
}
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blob 4511�package testgen

import (
	"fmt"
	"go/ast"
	"os"
	"strings"

	"github.com/bjerga91/AutoTest/pf"
	"github.com/bjerga91/AutoTest/symbexec"
)

//GenerateTestsForFile generates tests for the given file
func GenerateTestsForFile(file *ast.File, path string) {
	pkg := file.Name.Name
	funcNumber := 0
	ast.Inspect(file, func(n ast.Node) bool {
		switch x := n.(type) {
		case *ast.FuncDecl:
			var stack symbexec.PathConstraint
			visitor := pf.FuncVisitor{
				Pkg:        pkg,
				FuncNumber: funcNumber,
				FilePath:   path,
				Lvl:        0,
				PC:         stack,
				State:      make(symbexec.State),
			}
			ast.Walk(&visitor, x)
			for _, path := range visitor.Paths {
				fmt.Println(path.ToString())
			}
			funcNumber++
			createTests(visitor)
			return false
		}
		return true
	})
}

//GenerateTestsForDir generates tests for the given directory
func GenerateTestsForDir(files map[string]*ast.File) {
	for path, file := range files {
		GenerateTestsForFile(file, path)
	}
}

//CreateTests creates tests based on information from FuncVisior f
func createTests(f pf.FuncVisitor) {
	fmt.Println("** FuncNumber:", f.FuncNumber)
	filepath := fmt.Sprintf("%s_test.go", f.FilePath[:len(f.FilePath)-3])
	_, err := os.Stat(filepath)
	if os.IsNotExist(err) {
		fmt.Println("** File does not exist. Creating file")
		text := codeNewFile(f)
		createTestFile(filepath, text)
	} else {
		if f.FuncNumber == 0 {
			fmt.Println("** File exist for first function. Overwriting file")
			text := codeNewFile(f)
			overwriteFile(filepath, text)
		} else {
			fmt.Println("** File exist. Appending to file")
			text := codeAppendToFile(f)
			appendToFile(filepath, text)
		}
	}
}

func overwriteFile(path string, text string) {
	err := os.Remove(path)
	if err != nil {
		panic(err)
	}
	createTestFile(path, text)
}

func createTestFile(path string, text string) {
	file, err := os.Create(path)
	if err != nil {
		panic(err)
	}
	defer file.Close()

	if _, err = file.WriteString(text); err != nil {
		panic(err)
	}
}

func appendToFile(path string, text string) {
	file, err := os.OpenFile(path, os.O_RDWR|os.O_APPEND, 0666)
	if err != nil {
		panic(err)
	}
	defer file.Close()

	if _, err = file.WriteString(text); err != nil {
		panic(err)
	}
}

func codeNewFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	package %s

	import "testing"

	type testpair%s struct {
		input %s
		expected %s
	}

	var tests = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.Pkg,
		f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName)

	return text
}

func codeAppendToFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	type testpair%s struct {
		input %s
		expected %s
	}

	var tests = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName)

	return text
}

func getInputTypes(f pf.FuncVisitor) string {
	var inputString string
	inputTypes := f.GetInputParams()
	for i, param := range inputTypes {
		if i == 0 {
			inputString += param.InputType
			continue
		}
		inputString += ", " + param.InputType

	}
	return inputString
}

func getReturnTypes(f pf.FuncVisitor) string {
	var returnString string
	returntypes := f.GetReturnTypes()
	for i, retType := range returntypes {
		if i == 0 {
			returnString += retType
			continue
		}
		returnString += ", " + retType
	}
	return returnString
}

func getTestCases(f pf.FuncVisitor) string {
	var testcases string
	for i, model := range f.TestInputs {
		r := strings.NewReplacer(" ", "", "(", "", ")", "", "\n", "")
		modelTrimmed := r.Replace(model)
		modelSlice := strings.Split(modelTrimmed, ",")
		for _, v := range modelSlice { //for each value in a model
			temp := strings.Split(v, "->")
			if i == 0 {
				testcases += fmt.Sprintf("{%s,nil},", temp[1])
				continue
			}
			testcases += fmt.Sprintf("\n{%s,nil},", temp[1])
		}
	}
	return testcases
}
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blob 869�package symbExec

//State maps variables to symbolic expressions
type State map[string]string

//PathConstraint stores constraints from If-statements during AST-traversal
type PathConstraint []Constraint

/*Constraint stores a conditional statement met during AST-traversal and the
level where it is met
*/
type Constraint struct {
	Lvl  int
	Cond string
}

//Empty checks if the stack is empty
func (s PathConstraint) Empty() bool {
	return len(s) == 0
}

//Peek returns the element at the top of the stack
func (s PathConstraint) Peek() Constraint {
	return s[len(s)-1]
}

//Push inserts stmt at the top of the stack
func (s *PathConstraint) Push(c Constraint) {
	(*s) = append((*s), c)
}

//Pop removes the element at the top of the stack and returns the element
func (s *PathConstraint) Pop() Constraint {
	c := (*s)[len(*s)-1]
	(*s) = (*s)[:len(*s)-1]
	return c
}











AutoTest/.git/objects/86/8d2fdc7e57da0c10c022d0be476e5e06658957

AutoTest/.git/objects/86/8d2fdc7e57da0c10c022d0be476e5e06658957


commit 238�tree 865eef3b9bf726398fb767b4fa45d2199a166c0c
parent dc3bd59aeb42a6875f1d56f3fb28d702b81f1e9d
author Andreas Bjerga <andreas.bjerga@gmail.com> 1462790888 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1462790888 +0200

cleanup
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blob 5167�package pf

import (
	"go/ast"
	"go/token"
	"log"
	"reflect"
	"strconv"

	"github.com/bjerga91/AutoTest/symbexec"
)

func handleAssignStmt(stmt *ast.AssignStmt, v *FuncVisitor) {
	var name, tok, varType, value string

	for _, lhs := range stmt.Lhs {
		switch x := lhs.(type) {
		case *ast.Ident:
			name = x.Name
		default:
			log.Fatal("error: handleAssignStmt: Lhs is not of *ast.Ident type")
		}
	}

	tok = stmt.Tok.String()

	for _, rhs := range stmt.Rhs {
		switch x := rhs.(type) {
		case *ast.BasicLit:
			value = x.Value
			varType = x.Kind.String()
		case *ast.UnaryExpr:
			value, varType = handleUnaryExpr(x)
		//TODO case *ast.Ident: 	if the rhs is a variable
		//TODO case *ast.BinaryExpr: 	if the rhs is an expression of more than one variable
		default:
			log.Fatal("error: handleAssignStmt: Rhs is not any of the defined cases", reflect.TypeOf(x))
		}
	}

	newVar := symbexec.SymbolicVariable{
		Name:       name,
		LvlCreated: v.Lvl,
		VarType:    varType,
		AssignStmt: value,
	}

	//Adding symbolic variable to every path that contains last PC
	v.Paths = addVarToPaths(newVar, v, tok)
	v.VarHistory.Push(newVar)

	//TODO if variable is already in map, update AssignStmt
	// where variables in the map needs to be replaced with their AssignStmt
}

//saveParameters saves the input variables to the state
func saveParameters(params *ast.FieldList, v *FuncVisitor) {
	for _, param := range params.List {
		var varType string
		t := param.Type
		switch x := t.(type) {
		case *ast.Ident:
			varType = x.Name
		default:
			log.Fatalf("saveParameter: type is not ast.Ident: %s", reflect.TypeOf(x))
		}
		for _, name := range param.Names {
			varName := name.Name
			symbVar := symbexec.SymbolicVariable{
				Name:       varName,
				LvlCreated: v.Lvl,
				VarType:    varType,
			}
			v.Paths = addVarToPaths(symbVar, v, "")
			v.VarHistory.Push(symbVar)
		}
	}
}

func handleUnaryExpr(x *ast.UnaryExpr) (string, string) {
	var value, varType string
	value = x.Op.String()
	temp := x.X
	switch temp := temp.(type) {
	case *ast.BasicLit:
		value += temp.Value
		varType = temp.Kind.String()
	default:
		log.Fatal("handleUnaryExpr: X is not any of the defined cases:", temp)
	}
	return value, varType
}

func addVarToPaths(newVar symbexec.SymbolicVariable, v *FuncVisitor, tok string) []Path {
	if len(v.Paths) > 0 {
		for i, path := range v.Paths {
			if !v.PC.Empty() {
				if path.PC.Contains(v.PC.Peek()) {
					path = addVarToPathState(path, newVar, tok)
				}
			} else {
				path = addVarToPathState(path, newVar, tok)
			}
			v.Paths[i] = path
		}
	} else { //Creating first Path and adding variable to the path
		state := make(symbexec.State)
		state[newVar.Name] = newVar
		v.Paths = append(v.Paths, Path{PC: symbexec.PathConstraint{}, State: state})
	}
	return v.Paths
}

func addVarToPathState(path Path, newVar symbexec.SymbolicVariable, tok string) Path {
	if _, exist := path.State[newVar.Name]; exist {
		//Only update assignment
		if tok == "=" {
			symbVar := path.State[newVar.Name]
			symbVar.AssignStmt = newVar.AssignStmt
			path.State[newVar.Name] = symbVar
		} else {
			log.Fatal("error: addVarToPathState: key exist. token unhandled.")
		}
	} else {
		//Create new entry in State
		if tok == ":=" || tok == "" {
			path.State[newVar.Name] = newVar
			//TODO define the cases for the other tokens
		} else {
			log.Fatal("error: addVarToPathState: token is not \":=\"")
		}
	}
	return path
}

func handleDeclStmt(stmt *ast.DeclStmt, v *FuncVisitor) {
	switch x := stmt.Decl.(type) {
	case *ast.GenDecl:
		switch x.Tok {
		case token.VAR:
			handleGenDeclWithTokenVar(x, v)
		case token.CONST:
			log.Fatal("error: handleDeclStmt: case for token.CONST is not defined")
		case token.TYPE:
			log.Fatal("error: handleDeclStmt: case for token.TYPE is not defined")
		default:
			log.Fatalf("error: handleDeclStmt: case for x.Tok is not defined")
		}
	default:
		log.Fatalf("error: handleDeclStmt: case is not defined: %v", x)
	}
}

func handleGenDeclWithTokenVar(x *ast.GenDecl, v *FuncVisitor) {
	for i := range x.Specs {
		spec := x.Specs[i]
		switch s := spec.(type) {
		case *ast.ValueSpec:
			varType := getVariableType(s.Type)
			for _, val := range s.Names {
				var data, name string
				name = val.Name
				if val.Obj != nil {
					data = getVariableData(val.Obj.Data)
				}
				newVar := symbexec.SymbolicVariable{
					Name:       name,
					LvlCreated: v.Lvl,
					VarType:    varType,
					AssignStmt: data,
				}
				v.Paths = addVarToPaths(newVar, v, "") //is the assignment necessary here?
				v.VarHistory.Push(newVar)
			}
		default:
			log.Fatalf("error: handleGenDeclWithTokenVar: case is not defined: %v", s)
		}
	}
}

func getVariableData(d interface{}) string {
	var data string
	switch d := d.(type) {
	case int:
		data = strconv.Itoa(d)
	case string:
		data = d
	default:
		log.Fatalf("error: getVariableData: case is not defined: %v", d)
	}
	return data
}

func getVariableType(expr interface{}) string {
	var varType string
	switch tempType := expr.(type) {
	case *ast.Ident:
		varType = tempType.Name
	default:
		log.Fatalf("error: getVariableType: case is not defined: %v", tempType)
	}
	return varType
}
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commit 295�tree 23b5d59f509965137e9bbd26a013c9d35855d683
parent 4a5c55ed77eb335471c7168b810b306f7d17faab
author Andreas Bjerga <andreas.bjerga@gmail.com> 1465953586 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1465953586 +0200

Added support for multiple input and return variables in testgen
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blob 712�package symbExec

import "go/ast"

//PathConstraint stores constraints from If-statements during AST-traversal
type PathConstraint []Constraint

type Constraint struct {
	Lvl  int
	Stmt *ast.IfStmt
}

//Empty checks if the stack is empty
func (s PathConstraint) Empty() bool {
	return len(s) == 0
}

//Peek returns the element at the top of the stack
func (s PathConstraint) Peek() Constraint {
	return s[len(s)-1]
}

//Push inserts stmt at the top of the stack
func (s *PathConstraint) Push(c Constraint) {
	(*s) = append((*s), c)
}

//Pop removes the element at the top of the stack and returns the element
func (s *PathConstraint) Pop() Constraint {
	c := (*s)[len(*s)-1]
	(*s) = (*s)[:len(*s)-1]
	return c
}
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made som changes to the constraint struct
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blob 13179�package solver

/*
#cgo LDFLAGS: -L/usr/local/Cellar/z3/4.4.1/lib -lz3
#include <stdlib.h>
#include <z3.h>
*/
import "C"

import (
	"fmt"
	"log"
	"strconv"
	"unsafe"

	"github.com/bjerga91/AutoTest/symbexec"
)

//For information about each function, go to:
// http://z3prover.github.io/api/html/group__capi.html

//TODO reorganize according to Z3 API

//TODO declare all different variable types in init-function??
var svr C.Z3_solver
var ctx C.Z3_context

func init() {
	ctx = MkContext()
	svr = mkSolver(ctx)
}

//Solve declares variables, assert constraints into the solver
//and tries to find a solution to the PathConstraint
func Solve(state symbexec.State, pc symbexec.PathConstraint) (bool, string) {
	//nrOfVars := len(state)
	//C.Z3_solver_inc_ref(ctx, svr)
	var res string

	vars := declVarsInState(state)
	assertConstraints(pc, vars)

	s := solverCheck(ctx, svr)
	if s {
		m := solverGetModel(ctx, svr)
		res = modelToString(ctx, m)
	} else {
		res = ""
	}
	solverReset(ctx, svr)
	return s, res
	//C.Z3_solver_dec_ref(ctx, svr)
}

//CheckSat checks if the PC is satisfiable
func CheckSat(state symbexec.State, pc symbexec.PathConstraint) bool {
	vars := declVarsInState(state)

	assertConstraints(pc, vars)

	sat := solverCheck(ctx, svr)
	solverReset(ctx, svr)
	if sat {
		return true
	}
	return false
}

//CheckSatVarHist checks satisfiability for VarHistory and PC
func CheckSatVarHist(vh symbexec.VarHistory, pc symbexec.PathConstraint) bool {
	vars := declVarsInVarHistory(vh)

	assertConstraints(pc, vars)

	sat := solverCheck(ctx, svr)
	solverReset(ctx, svr)
	if sat {
		return true
	}
	return false
}

func declVarsInVarHistory(vh symbexec.VarHistory) map[string]C.Z3_ast {
	vars := make(map[string]C.Z3_ast)
	for _, v := range vh {
		fmt.Println("Declaring variable in solver:", v.Name)
		if v.VarType == "int" {
			res := declIntVar(ctx, v.Name)
			if v.AssignStmt != "" {
				if i, err := strconv.Atoi(v.AssignStmt); err == nil {
					data := declInt(ctx, i)
					res = mkEq(ctx, res, data)
				}
			}
			vars[v.Name] = res
		} else {
			log.Fatal("")
		}
	}
	return vars
}

func declVarsInState(state symbexec.State) map[string]C.Z3_ast {
	vars := make(map[string]C.Z3_ast)
	for _, val := range state {
		if val.VarType == "int" {
			res := declIntVar(ctx, val.Name)
			if val.AssignStmt != "" {
				if i, err := strconv.Atoi(val.AssignStmt); err == nil {
					data := declInt(ctx, i)
					res = mkEq(ctx, res, data)
				}
			}
			vars[val.Name] = res
		} else {
			log.Fatal("declVarsInState: Vartype is not int!")
		}
	}
	return vars
}

func assertConstraints(pc symbexec.PathConstraint, vars map[string]C.Z3_ast) {
	var left, right, constraint C.Z3_ast
	for _, c := range pc {
		left = checkTypeAndDeclVar(ctx, vars, c.Left)
		right = checkTypeAndDeclVar(ctx, vars, c.Right)
		if c.Op == "==" {
			constraint = mkEq(ctx, left, right)
		} else if c.Op == "!=" {
			constraint = mkNotEq(ctx, left, right)
		} else if c.Op == "<" {
			constraint = mkLt(ctx, left, right)
		} else if c.Op == "<=" {
			constraint = mkLe(ctx, left, right)
		} else if c.Op == ">" {
			constraint = mkGt(ctx, left, right)
		} else if c.Op == ">=" {
			constraint = mkGe(ctx, left, right)
		}
		solverAssert(ctx, svr, constraint)
	}
}

func checkTypeAndDeclVar(ctx C.Z3_context, varMap map[string]C.Z3_ast, operand string) C.Z3_ast {
	var res C.Z3_ast
	if i, err := strconv.Atoi(operand); err == nil {
		res = declInt(ctx, i)
	} else {
		//Assuming it is a variable already declared
		if _, ok := varMap[operand]; ok {
			res = varMap[operand]
		} else {
			log.Fatal("checkTypeAndDeclVar: variable is not defined in varMap")
		}
	}
	return res
}

func declIntVar(ctx C.Z3_context, name string) C.Z3_ast {
	cs := C.CString(name)
	defer C.free(unsafe.Pointer(cs))
	intType := mkIntSort(ctx)
	symb := mkStringSymbol(ctx, cs)
	return mkConst(ctx, symb, intType)
}

func declInt(ctx C.Z3_context, v int) C.Z3_ast {
	intType := mkIntSort(ctx)
	return mkInt(ctx, C.int(v), intType)
}

//API - Create Context

//MkContext creates a context for Z3
func MkContext() C.Z3_context {
	cfg := C.Z3_mk_config()
	paramID := C.CString("MODEL")
	defer C.free(unsafe.Pointer(paramID))
	paramValue := C.CString("true")
	defer C.free(unsafe.Pointer(paramValue))
	C.Z3_set_param_value(cfg, paramID, paramValue)
	ctx := C.Z3_mk_context(cfg)
	C.Z3_del_config(cfg)
	return ctx
}

//API - Symbols
func mkIntSymbol(ctx C.Z3_context, i C.int) C.Z3_symbol {
	return C.Z3_mk_int_symbol(ctx, i)
}

func mkStringSymbol(ctx C.Z3_context, s C.Z3_string) C.Z3_symbol {
	return C.Z3_mk_string_symbol(ctx, s)
}

//API - Sorts
func mkBoolSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_bool_sort(ctx)
}

func mkIntSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_int_sort(ctx)
}

func mkRealSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_real_sort(ctx)
}

//API - Constants and Applications
func mkConst(ctx C.Z3_context, s C.Z3_symbol, ty C.Z3_sort) C.Z3_ast {
	return C.Z3_mk_const(ctx, s, ty)
}

//API -  Solvers
func mkSolver(ctx C.Z3_context) C.Z3_solver {
	svr := C.Z3_mk_solver(ctx)
	solverIncRef(ctx, svr)
	return svr
}

func solverPush(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_push(ctx, svr)
}

func solverPop(ctx C.Z3_context, svr C.Z3_solver, n C.uint) {
	if n <= solverGetNumScopes(ctx, svr) {
		C.Z3_solver_pop(ctx, svr, n)
	} else {
		log.Fatal("error: solverPop: trying to pop more scopes than available in solver")
	}
}

func solverReset(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_reset(ctx, svr)
}

func solverGetNumScopes(ctx C.Z3_context, svr C.Z3_solver) C.uint {
	return C.Z3_solver_get_num_scopes(ctx, svr)
}

func solverIncRef(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_inc_ref(ctx, svr)
}

func solverDecRef(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_dec_ref(ctx, svr)
}

func solverAssert(ctx C.Z3_context, svr C.Z3_solver, cond C.Z3_ast) {
	C.Z3_solver_assert(ctx, svr, cond)
}

func solverCheck(ctx C.Z3_context, svr C.Z3_solver) bool {
	res := C.Z3_solver_check(ctx, svr)
	sat := false
	switch res {
	case C.Z3_L_FALSE:
		sat = false
	case C.Z3_L_UNDEF:
		sat = false
	case C.Z3_L_TRUE:
		sat = true
	}
	return sat
}

func solverGetModel(ctx C.Z3_context, svr C.Z3_solver) C.Z3_model {
	return C.Z3_solver_get_model(ctx, svr)
}

//API - String conversion
func modelToString(ctx C.Z3_context, m C.Z3_model) string {
	//Convert c-string to go-string
	s := C.Z3_model_to_string(ctx, m)
	//defer C.free(unsafe.Pointer(s)) //Uncommenting this makes the program crash
	return C.GoString(s)
}

//API - Algebraic Numbers (probably need to check that some of these work)
func algebraicIsValue(ctx C.Z3_context, a C.Z3_ast) bool {
	res := C.Z3_algebraic_is_value(ctx, a)
	if res == C.Z3_TRUE {
		return true
	}
	log.Fatal("error: algebraicIsPos: algebraicIsValue returns false!")
	return false
}

func algebraicIsPos(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_pos(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsPos: algebraicIsValue returns false!")
	return false
}

func algebraicIsNeg(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_neg(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsNeg: algebraicIsValue returns false!")
	return false
}

func algebraicIsZero(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_zero(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsZero: algebraicIsValue returns false!")
	return false
}

func algebraicSign(ctx C.Z3_context, a C.Z3_ast) int {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_sign(ctx, a)
		return int(res)
	}
	log.Fatal("error: algebraicSign: algebraicIsValue returns false!")
	return 0
}

func algebraicAdd(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_add(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicAdd: algebraicIsValue returns false!")
	return res
}

func algebraicSub(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_sub(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicSub: algebraicIsValue returns false!")
	return res
}

func algebraicMul(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_mul(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicMul: algebraicIsValue returns false!")
	return res
}

func algebraicDiv(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_div(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicDiv: algebraicIsValue returns false!")
	return res
}

func algebraicPower(ctx C.Z3_context, a C.Z3_ast, k C.unsigned) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) {
		res = C.Z3_algebraic_power(ctx, a, k)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicPower: algebraicIsValue returns false!")
	return res
}

func algebraicLt(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_lt(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicLt: algebraicIsValue returns false!")
	return false
}

func algebraicGt(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_gt(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicGt: algebraicIsValue returns false!")
	return false
}

func algebraicLe(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_le(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicLe: algebraicIsValue returns false!")
	return false
}

func algebraicGe(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_ge(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicGe: algebraicIsValue returns false!")
	return false
}

func algebraicEq(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_eq(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicEq: algebraicIsValue returns false!")
	return false
}

func algebraicNotEq(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_neq(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicNotEq: algebraicIsValue returns false!")
	return false
}

//API - Propositional Logic and Equality
func mkTrue(ctx C.Z3_context) C.Z3_ast {
	return C.Z3_mk_true(ctx)
}

func mkFalse(ctx C.Z3_context) C.Z3_ast {
	return C.Z3_mk_false(ctx)
}

func mkEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_eq(ctx, l, r)
}

func mkNotEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	eq := C.Z3_mk_eq(ctx, l, r)
	return C.Z3_mk_not(ctx, eq)
}

//TODO check api for last two functions. uncertain about the last parameter
// func mkAnd(ctx C.Z3_context, numargs C.unsigned, args C.Z3_ast[]){
//
// }
//
// func mkOr(ctx C.Z3_context, numargs C.unsigned, args C.Z3_ast[]){
//
// }

//API - Arithmetic: Integer and Reals
// func mkAdd(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// 	return C.Z3_mk_add(ctx, numargs, cons)
// }
//
// func mkMul(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// }
//
// func mkSub(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// }
//
// func mkUnaryMinus(ctx C.Z3_context, arg C.Z3_ast) C.Z3_ast {
// 	return C.Z3_mk_unary_minus(ctx, arg)
// }
//
// func mkDiv(ctx C.Z3_context, numargs C.unsigned, const C.Z3_ast []args) C.Z3_ast {
// }

func mkLt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_lt(ctx, l, r)
}

func mkLe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_le(ctx, l, r)
}

func mkGt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_gt(ctx, l, r)
}

func mkGe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_ge(ctx, l, r)
}

func mkMod(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_mod(ctx, l, r)
}

func mkRem(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_rem(ctx, l, r)
}

func mkPower(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_power(ctx, l, r)
}

//API - Numerals
func mkInt(ctx C.Z3_context, v C.int, ty C.Z3_sort) C.Z3_ast {
	return C.Z3_mk_int(ctx, v, ty)
}

func mkReal(ctx C.Z3_context, num, den C.int) C.Z3_ast {
	return C.Z3_mk_real(ctx, num, den)
}
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blob 5964�package pf

import (
	"fmt"
	"go/ast"
	"reflect"

	"github.com/bjerga91/AutoTest/solver"
	"github.com/bjerga91/AutoTest/symbexec"
)

//TODO move to init()
var invOpMap = createInverseOpMap()

//Path is a struct that stores the PC and State for each path found
type Path struct {
	PC    symbexec.PathConstraint
	State symbexec.State
}

//FuncVisitor is used to store variables when traversing the AST
type FuncVisitor struct {
	Pkg        string
	FuncName   string
	FuncNumber int
	FilePath   string
	Params     *ast.FieldList //input parameters for the function
	Results    *ast.FieldList //return values
	PC         symbexec.PathConstraint
	VarHistory symbexec.VarHistory
	Paths      []Path
	Lvl        int
	TestInputs []string
}

//InputParameter stores name and type of input parameter to a function
type InputParameter struct {
	Name      string
	InputType string
}

//Visit is used by Walk to traverse the AST in a DFS fashion
func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {
	switch x := node.(type) {
	case nil:
		v.Lvl--
		fmt.Println("Going up. Lvl:", v.Lvl)

		//Removes variables from the variable history that has lvl higher than current
		v.popVariables()

		//Removing last condition from PC if current lvl is same as the lvl the condition was saved to PC
		v.popCondition()

		if v.Lvl == 0 {
			v.solve()
		}
	case *ast.IfStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleIfStmt(x, v)
		v.Lvl--
		fmt.Println("Going up. Lvl:", v.Lvl)
		return nil
	case *ast.ReturnStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)

		//TODO solve paths that contains last cond and remove paths from Paths
	case *ast.FuncDecl:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.FuncName = x.Name.Name
	case *ast.FuncType:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Params = x.Params
		v.Results = x.Results
		saveParameters(x.Params, v)
	case *ast.AssignStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleAssignStmt(x, v)
	case *ast.DeclStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleDeclStmt(x, v)
		v.Lvl--
		return nil
	case *ast.File:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Pkg = x.Name.Name
	default:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
	}
	return ast.Visitor(v)
}

//popVariables pops all variables that was created at a lower level in the tree
//than the current level
func (v *FuncVisitor) popVariables() {
	for !v.VarHistory.Empty() {
		symbVar := v.VarHistory.Peek()
		if symbVar.LvlCreated > v.Lvl && !v.PC.Empty() {
			//Need to check if pc is empty since else input parameters will be popped.
			v.VarHistory.Pop()
		} else {
			break
		}
	}
}

//popConditions removes last condition from PC if current lvl is same as the
//lvl the condition was saved to PC
func (v *FuncVisitor) popCondition() {
	if !v.PC.Empty() {
		c := v.PC.Peek()
		if c.Lvl == v.Lvl {
			v.PC.Pop()
		}
	}
}

//solve calls the solver for each Path stored in v and adds satisfiable
//solution to the test inputs
func (v *FuncVisitor) solve() {
	for i := range v.Paths {
		sat, res := solver.Solve(v.Paths[i].State, v.Paths[i].PC)
		if sat {
			fmt.Print("Path:", v.Paths[i].PC.ToString(), "\t|\tmodel:", res)
			v.TestInputs = append(v.TestInputs, res)
		}
	}
}

/*
	addConditionToPaths loops through each path.
	It creates one new path with cond if the new path is sat.
	It creates another path with elseCond if the else-path is sat.
*/
func (v *FuncVisitor) addConditionToPaths(cond symbexec.Constraint,
	elseCond symbexec.Constraint) {
	if len(v.Paths) > 0 {
		var newPaths []Path
		for _, path := range v.Paths {
			elsepath := append(path.PC, elseCond)
			elsesat := solver.CheckSat(path.State, elsepath)
			fmt.Println("Elsepath:", elsepath.ToString(), "sat:", elsesat)
			thenpath := append(path.PC, cond)
			thensat := solver.CheckSat(path.State, thenpath)
			fmt.Println("Thenpath:", thenpath.ToString(), "sat:", thensat)
			state := path.State
			if !v.PC.Empty() {
				if path.PC.Contains(v.PC.Peek()) {
					if elsesat {
						newPaths = append(newPaths, Path{PC: elsepath, State: state})
					}
					if thensat {
						newPaths = append(newPaths, Path{PC: thenpath, State: state})
					}
				}
			} else {
				if elsesat {
					newPaths = append(newPaths, Path{PC: elsepath, State: state})
				}
				if thensat {
					newPaths = append(newPaths, Path{PC: thenpath, State: state})
				}
			}
		}
		v.Paths = newPaths
	} else {
		v.Paths = append(v.Paths, Path{PC: symbexec.PathConstraint{cond}})
		v.Paths = append(v.Paths, Path{PC: symbexec.PathConstraint{elseCond}})
	}
}

//GetInputParams collects the type and name of input parameters
func (v *FuncVisitor) GetInputParams() []InputParameter {
	var inputs []InputParameter
	for _, param := range v.Params.List {
		expression := param.Type
		namesList := param.Names
		var inputtype string
		//fmt.Println("abc:", reflect.TypeOf(inputtype))
		switch a := expression.(type) {
		case *ast.Ident:
			inputtype = a.Name
			for _, name := range namesList {
				inputs = append(inputs, InputParameter{name.Name, inputtype})
			}
		}
	}
	return inputs
}

//GetReturnTypes returns the return types of the given function
func (v *FuncVisitor) GetReturnTypes() []string {
	var retTypes []string
	for _, t := range v.Results.List {
		temp := t.Type
		switch n := temp.(type) {
		case *ast.Ident:
			returnType := n.Name
			retTypes = append(retTypes, returnType)
		}
	}
	return retTypes
}

func exprToString(expr ast.Expr) string {
	var ret string
	switch e := expr.(type) {
	case *ast.Ident:
		ret = e.Name
	case *ast.BasicLit:
		ret = e.Value
	}
	return ret
}

func createInverseOpMap() map[string]string {
	m := make(map[string]string)
	m["=="] = "!="
	m["!="] = "=="
	m["<"] = ">="
	m[">="] = "<"
	m[">"] = "<="
	m["<="] = ">"
	return m
}
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commit 257�tree b71a7b604a0d5e37b711b7096e0c8025819e197d
parent f2ba1f61683c9ec2bc0cc1e0331a8f6e68460777
author Andreas Bjerga <andreas.bjerga@gmail.com> 1464201342 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1464201342 +0200

Print the paths at the end
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blob 6848�package pf

import (
	"fmt"
	"go/ast"
	"reflect"

	"github.com/bjerga91/AutoTest/solver"
	"github.com/bjerga91/AutoTest/symbexec"
)

//TODO move to init()
var invOpMap = createInverseOpMap()

//Path is a struct that stores the PC and State for each path found
type Path struct {
	PC    symbexec.PathConstraint
	State symbexec.State
}

//FuncVisitor is used to store variables when traversing the AST
type FuncVisitor struct {
	Pkg        string
	FuncName   string
	FuncNumber int
	FilePath   string
	Params     *ast.FieldList //input parameters for the function
	Results    *ast.FieldList //return values
	PC         symbexec.PathConstraint
	VarHistory symbexec.VarHistory
	Paths      []Path
	Lvl        int
	TestInputs []string
}

//InputParameter stores name and type of input parameter to a function
type InputParameter struct {
	Name      string
	InputType string
}

//Visit is used by Walk to traverse the AST in a DFS fashion
func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {
	switch x := node.(type) {
	case nil:
		v.Lvl--
		fmt.Println("Going up. Lvl:", v.Lvl)

		//Removes variables from the variable history that has lvl higher than current
		v.popVariables()

		//Removing last condition from PC if current lvl is same as the lvl the condition was saved to PC
		v.popCondition()

		if v.Lvl == 0 {
			v.solveAllPaths()
		}
	case *ast.IfStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleIfStmt(x, v)
		v.Lvl--
		fmt.Println("Going up. Lvl:", v.Lvl)
		return nil
	case *ast.ReturnStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.solvePaths()
		for i := range v.Paths {
			fmt.Println("After returnStmt:", v.Paths[i].PC.ToString())
		}
	case *ast.FuncDecl:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.FuncName = x.Name.Name
	case *ast.FuncType:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Params = x.Params
		v.Results = x.Results
		saveParameters(x.Params, v)
	case *ast.AssignStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleAssignStmt(x, v)
	case *ast.DeclStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleDeclStmt(x, v)
		v.Lvl--
		return nil
	case *ast.File:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Pkg = x.Name.Name
	default:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
	}
	return ast.Visitor(v)
}

//popVariables pops all variables that was created at a lower level in the tree
//than the current level
func (v *FuncVisitor) popVariables() {
	for !v.VarHistory.Empty() {
		symbVar := v.VarHistory.Peek()
		if symbVar.LvlCreated > v.Lvl && !v.PC.Empty() {
			//Need to check if pc is empty since else input parameters will be popped.
			v.VarHistory.Pop()
		} else {
			break
		}
	}
}

//popConditions removes last condition from PC if current lvl is same as the
//lvl the condition was saved to PC
func (v *FuncVisitor) popCondition() {
	if !v.PC.Empty() {
		c := v.PC.Peek()
		if c.Lvl == v.Lvl {
			v.PC.Pop()
		}
	}
}

//solve calls the solver for each Path stored in v and adds satisfiable
//solution to the test inputs
func (v *FuncVisitor) solveAllPaths() {
	for i := range v.Paths {
		sat, res := solver.Solve(v.Paths[i].State, v.Paths[i].PC)
		if sat {
			fmt.Print("Path:", v.Paths[i].PC.ToString(), "\t|\tmodel:", res)
			v.TestInputs = append(v.TestInputs, res)
		}
	}
	v.Paths = []Path{}
}

//solvePaths solves the paths that contains the last condition
//on the PC-stack. The paths that are solved are removed from the stack
func (v *FuncVisitor) solvePaths() {
	if v.PC.Empty() {
		v.solveAllPaths()
		return
	}
	var newPaths []Path
	for i := range v.Paths {
		if v.Paths[i].PC.Contains(v.PC.Peek()) {
			sat, res := solver.Solve(v.Paths[i].State, v.Paths[i].PC)
			if sat {
				fmt.Print("Path: ", v.Paths[i].PC.ToString(), "\t|\tmodel:", res)
				v.TestInputs = append(v.TestInputs, res)
			}
		} else {
			newPaths = append(newPaths, v.Paths[i])
		}
	}
	v.Paths = newPaths
}

/*
	addConditionToPaths loops through each path.
	It creates one new path with cond if the new path is sat.
	It creates another path with elseCond if the else-path is sat.
*/
func (v *FuncVisitor) addConditionToPaths(cond symbexec.Constraint,
	elseCond symbexec.Constraint) {
	if len(v.Paths) > 0 {
		var newPaths []Path
		for _, path := range v.Paths {
			elsepath := append(path.PC, elseCond)
			elsesat := solver.CheckSat(path.State, elsepath)
			thenpath := append(path.PC, cond)
			thensat := solver.CheckSat(path.State, thenpath)
			state := path.State

			//If PC is not empty, we will only create new paths for paths that
			//contain the last Condition. If PC is empty, we will create new paths for all
			if !v.PC.Empty() {
				if path.PC.Contains(v.PC.Peek()) {
					if elsesat {
						newPaths = append(newPaths, Path{
							PC:    elsepath,
							State: state})
					}
					if thensat {
						newPaths = append(newPaths, Path{
							PC:    thenpath,
							State: state})
					}
				} else {
					newPaths = append(newPaths, path)
				}
			} else {
				if elsesat {
					newPaths = append(newPaths, Path{
						PC:    elsepath,
						State: state})
				}
				if thensat {
					newPaths = append(newPaths, Path{
						PC:    thenpath,
						State: state})
				}
			}
		}
		v.Paths = newPaths
		//If there are no paths in list already, we create a new path for each branch.
	} else {
		v.Paths = append(v.Paths, Path{PC: symbexec.PathConstraint{cond}})
		v.Paths = append(v.Paths, Path{PC: symbexec.PathConstraint{elseCond}})
	}
}

//GetInputParams collects the type and name of input parameters
func (v *FuncVisitor) GetInputParams() []InputParameter {
	var inputs []InputParameter
	for _, param := range v.Params.List {
		expression := param.Type
		namesList := param.Names
		var inputtype string
		//fmt.Println("abc:", reflect.TypeOf(inputtype))
		switch a := expression.(type) {
		case *ast.Ident:
			inputtype = a.Name
			for _, name := range namesList {
				inputs = append(inputs, InputParameter{name.Name, inputtype})
			}
		}
	}
	return inputs
}

//GetReturnTypes returns the return types of the given function
func (v *FuncVisitor) GetReturnTypes() []string {
	var retTypes []string
	for _, t := range v.Results.List {
		temp := t.Type
		switch n := temp.(type) {
		case *ast.Ident:
			returnType := n.Name
			retTypes = append(retTypes, returnType)
		}
	}
	return retTypes
}

func exprToString(expr ast.Expr) string {
	var ret string
	switch e := expr.(type) {
	case *ast.Ident:
		ret = e.Name
	case *ast.BasicLit:
		ret = e.Value
	}
	return ret
}

func createInverseOpMap() map[string]string {
	m := make(map[string]string)
	m["=="] = "!="
	m["!="] = "=="
	m["<"] = ">="
	m[">="] = "<"
	m[">"] = "<="
	m["<="] = ">"
	return m
}
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added url to the Z3 API
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restructured code in parser
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blob 4158�package testgen

import (
	"fmt"
	"go/ast"
	"os"
	"strings"

	"github.com/bjerga91/AutoTest/pf"
	"github.com/bjerga91/AutoTest/symbexec"
)

//GenerateTestsForFile generates tests for the given file
func GenerateTestsForFile(file *ast.File, path string) {
	pkg := file.Name.Name
	funcNumber := 0
	text := ""
	ast.Inspect(file, func(n ast.Node) bool {
		switch x := n.(type) {
		case *ast.FuncDecl:
			var stack symbexec.PathConstraint
			visitor := pf.FuncVisitor{
				Pkg:        pkg,
				FuncNumber: funcNumber,
				FilePath:   path,
				Lvl:        0,
				PC:         stack,
				State:      make(symbexec.State),
			}
			ast.Walk(&visitor, x)
			for _, path := range visitor.Paths {
				fmt.Println(path.ToString())
			}
			funcNumber++
			text = createTests(visitor, text)
			return false
		}
		return true
	})
	writeTestsToFile(text, path)
}

//GenerateTestsForDir generates tests for the given directory
func GenerateTestsForDir(files map[string]*ast.File) {
	for path, file := range files {
		GenerateTestsForFile(file, path)
	}
}

//CreateTests creates tests based on information from FuncVisior f
func createTests(f pf.FuncVisitor, text string) string {
	if text == "" {
		text += codeNewFile(f)
	} else {
		text += codeAppendToFile(f)
	}
	return text
}

func codeAppendToFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	type testpair%s struct {
		input %s
		expected %s
	}

	var tests = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName)

	return text
}

func writeTestsToFile(text string, path string) {
	fmt.Println("Writing tests to file")
	filepath := fmt.Sprintf("%s_test.go", path[:len(path)-3])
	_, err := os.Stat(filepath)
	if os.IsNotExist(err) {
		createTestFile(filepath, text)
	} else {
		overwriteFile(filepath, text)
	}
}

func overwriteFile(path string, text string) {
	err := os.Remove(path)
	if err != nil {
		panic(err)
	}
	createTestFile(path, text)
}

func createTestFile(path string, text string) {
	file, err := os.Create(path)
	if err != nil {
		panic(err)
	}
	defer file.Close()

	if _, err = file.WriteString(text); err != nil {
		panic(err)
	}
}

func codeNewFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	package %s

	import "testing"

	type testpair%s struct {
		input %s
		expected %s
	}

	var tests = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.Pkg,
		f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName)

	return text
}

func getInputTypes(f pf.FuncVisitor) string {
	var inputString string
	inputTypes := f.GetInputParams()
	for i, param := range inputTypes {
		if i == 0 {
			inputString += param.InputType
			continue
		}
		inputString += ", " + param.InputType

	}
	return inputString
}

func getReturnTypes(f pf.FuncVisitor) string {
	var returnString string
	returntypes := f.GetReturnTypes()
	for i, retType := range returntypes {
		if i == 0 {
			returnString += retType
			continue
		}
		returnString += ", " + retType
	}
	return returnString
}

func getTestCases(f pf.FuncVisitor) string {
	var testcases string
	for i, model := range f.TestInputs {
		r := strings.NewReplacer(" ", "", "(", "", ")", "", "\n", "")
		modelTrimmed := r.Replace(model)
		modelSlice := strings.Split(modelTrimmed, ",")
		for _, v := range modelSlice { //for each value in a model
			temp := strings.Split(v, "->")
			if i == 0 {
				testcases += fmt.Sprintf("{%s,nil},", temp[1])
				continue
			}
			testcases += fmt.Sprintf("\n{%s,nil},", temp[1])
		}
	}
	return testcases
}
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blob 1391�package symbexec

import (
	"fmt"
	"reflect"
)

//PathConstraint stores constraints from If-statements during AST-traversal
type PathConstraint []Constraint

/*Constraint stores a conditional statement met during AST-traversal and the
level where it is met
*/
type Constraint struct {
	Lvl   int
	Left  string
	Op    string
	Right string
}

//Empty checks if the stack is empty
func (s PathConstraint) Empty() bool {
	return len(s) == 0
}

//Peek returns the element at the top of the stack
func (s PathConstraint) Peek() Constraint {
	return s[len(s)-1]
}

//Push inserts stmt at the top of the stack
func (s *PathConstraint) Push(c Constraint) {
	(*s) = append((*s), c)
}

//Pop removes the element at the top of the stack and returns the element
func (s *PathConstraint) Pop() Constraint {
	c := (*s)[len(*s)-1]
	(*s) = (*s)[:len(*s)-1]
	return c
}

//ToString returns a string representation of the PC
func (s PathConstraint) ToString() string {
	res := ""
	for i := 0; i < len(s); i++ {
		if i == 0 {
			c := s[i]
			res = fmt.Sprintf("Path: %s%s%s", c.Left, c.Op, c.Right)
			continue
		}
		c := s[i]
		res = fmt.Sprintf("%s, %s%s%s", res, c.Left, c.Op, c.Right)
	}
	return res
}

//Contains checks if the PC contains the given Constraint
func (s PathConstraint) Contains(c Constraint) bool {
	for _, v := range s {
		if reflect.DeepEqual(v, c) {
			return true
		}
	}
	return false
}
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blob 5375�package testgen

import (
	"fmt"
	"go/ast"
	"log"
	"os"
	"os/exec"
	"strings"

	"github.com/bjerga91/AutoTest/pf"
	"github.com/bjerga91/AutoTest/symbexec"
)

//GenerateTestsForFile generates tests for the given file
func GenerateTestsForFile(file *ast.File, path string) {
	pkg := file.Name.Name
	funcNumber := 0
	text := ""
	ast.Inspect(file, func(n ast.Node) bool {
		switch x := n.(type) {
		case *ast.FuncDecl:
			var stack symbexec.PathConstraint
			visitor := pf.FuncVisitor{
				Pkg:        pkg,
				FuncNumber: funcNumber,
				FilePath:   path,
				Lvl:        0,
				PC:         stack,
			}
			ast.Walk(&visitor, x)
			funcNumber++
			text = createTests(visitor, text)
			return false
		}
		return true
	})
	writeTestsToFile(text, path)
}

//GenerateTestsForDir generates tests for the given directory
func GenerateTestsForDir(files map[string]*ast.File) {
	for path, file := range files {
		GenerateTestsForFile(file, path)
	}
}

//CreateTests creates tests based on information from FuncVisior f
func createTests(f pf.FuncVisitor, text string) string {
	if text == "" {
		text += codeNewFile(f)
	} else {
		text += codeAppendToFile(f)
	}
	return text
}

//codeNewFile creates text for a new test-file
func codeNewFile(f pf.FuncVisitor) string {
	text := fmt.Sprintf(`
	package %s

	import "testing"

	/*
		This file has been automatically generated by AutoTest;
		Do not edit - changes may be overwritten
	*/
	`, f.Pkg)

	text += codeAppendToFile(f)

	return text
}

//codeAppendToFile creates text for testing a new function
func codeAppendToFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	type testpair%s struct {
		input %s
		expected %s
	}

	var tests%s = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests%s {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName,
		f.FuncName)

	return text
}

//writeTestsToFile writes the text to the path.
//It overwrites the file at the path if it already exist
func writeTestsToFile(text string, path string) {
	fmt.Printf("Writing tests to file...\n\n")
	filepath := fmt.Sprintf("%s_test.go", path[:len(path)-3])
	_, err := os.Stat(filepath)
	if os.IsNotExist(err) {
		createFile(filepath, text)
	} else {
		overwriteFile(filepath, text)
	}
}

//overwriteFile overwrites the file at the path and saves the text to the new file
func overwriteFile(path string, text string) {
	err := os.Remove(path)
	if err != nil {
		panic(err)
	}
	createFile(path, text)
}

//createFile creates a new file at the path with content text
func createFile(path string, text string) {
	file, err := os.Create(path)
	if err != nil {
		panic(err)
	}
	defer file.Close()

	if _, err = file.WriteString(text); err != nil {
		panic(err)
	}
}

//createDir creates a directory with the given path
func createDir(path string) {
	err := os.Mkdir(path, 0777)
	if err != nil {
		log.Fatal("createDir:", err)
	}
}

//delDir deletes the directory at the given path
func delDir(path string) {
	err := os.RemoveAll(path)

	if err != nil {
		log.Fatal("delDir:", err)
	}
}

//getInputTypes returns a string of the input types
func getInputTypes(f pf.FuncVisitor) string {
	var inputString string
	inputTypes := f.GetInputParams()
	for i, param := range inputTypes {
		if i == 0 {
			inputString += param.InputType
			continue
		}
		inputString += ", " + param.InputType

	}
	return inputString
}

//getReturnTypes returns a string of the return types
func getReturnTypes(f pf.FuncVisitor) string {
	var returnString string
	returntypes := f.GetReturnTypes()
	for i, retType := range returntypes {
		if i == 0 {
			returnString += retType
			continue
		}
		returnString += ", " + retType
	}
	return returnString
}

//getTestCases retrieves the test cases of a function
func getTestCases(f pf.FuncVisitor) string {
	var testcases string
	for i, model := range f.TestInputs {
		r := strings.NewReplacer(" ", "", "(", "", ")", "", "\n", "")
		modelTrimmed := r.Replace(model)
		modelSlice := strings.Split(modelTrimmed, ",")
		input := ""
		for _, v := range modelSlice { //for each value in a model
			temp := strings.Split(v, "->")
			if input == "" {
				input = temp[1]
			} else {
				input += fmt.Sprintf(", %v", temp[1])
			}
			out := getExpectedOut(f, input)
			if i == 0 {
				testcases += fmt.Sprintf("{%s,%s},", temp[1], out)
				continue
			}
			testcases += fmt.Sprintf("\n{%s,%s},", temp[1], out)
		}
	}
	return testcases
}

//getExpectedOut retrieves the output when the function that f represents is
//executed on input
func getExpectedOut(f pf.FuncVisitor, input string) string {
	end := strings.LastIndex(f.FilePath, "/")
	pkgString := f.FilePath[:end]
	text := fmt.Sprintf(`
		package main

		import (
			"fmt"
			"%s"
		)

		func main(){
			fmt.Print(%s.%s(%s))
		}
	`, pkgString,
		f.Pkg,
		f.FuncName,
		input,
	)

	createDir("../temp")
	path := fmt.Sprintf("../temp/temp.go")
	createFile(path, text)
	out, err := exec.Command("go", "run", path).Output()
	if err != nil {
		log.Fatal("getExpectedOut: Failed executing command!", err)
	}
	delDir("../temp")
	return string(out[:])
}
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commit 346�tree 5a72fec3a1273f03ee6f755d77d4a028eec25b4a
parent 0a166d2696d14d69bc2477170dcdc4411ae3505e
parent 07309c883f45e685698c64b93a5c58d8dbf60a15
author Andreas Bjerga <andreas.bjerga@gmail.com> 1459714782 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1459714782 +0200

Merge branch 'master' of https://github.com/bjerga91/test-generator
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blob 3806�package main

import (
	"fmt"
	"go/ast"
	"os"

	"github.com/bjerga91/test-generator/myparser"
	"github.com/bjerga91/test-generator/pf"
	"github.com/bjerga91/test-generator/symbexec"
	"github.com/bjerga91/test-generator/testgen"
)

func main() {
	//TODO read path to file. could be dir or file
	//or even a given function??
	//TODO move parser into its own file?

	res, path := handleArgs()
	switch x := res.(type) {
	case nil:
		os.Exit(-1)
	case *ast.File:
		generateTestsForFile(x, path)
	case map[string]*ast.Package:
		generateTestsForDir()
	}

	// path := "../seExamples/seExamples.go"
	/*data, err := ioutil.ReadFile(path)
	if err != nil {
		panic(err)
	}*/

	// fset := token.NewFileSet()
	// file, err := parser.ParseFile(fset, path, nil, 0)
	// if err != nil {
	// 	panic(err)
	// }

	// visitor := pf.FuncVisitor{}
	// visitor.FilePath = path
	// visitor.Lvl = 0
	// var stack symbexec.PathConstraint
	// visitor.PC = stack
	// state := make(symbexec.State)
	// visitor.State = state
	// ast.Walk(&visitor, file)
	//
	// inputparams := visitor.GetInputParams()
	// fmt.Println("Inputparams:", inputparams)
	// returntype := visitor.GetReturnTypes()
	// fmt.Println("returntype:", returntype)
	// testgen.CreateTestFile(visitor)

	//Inspect the AST and print all functions etc
	// ast.Inspect(file, func(n ast.Node) bool {
	// 	switch x := n.(type) {
	// 	case *ast.File:
	// 		visitor.pkg = x.Name.Name
	// 		fmt.Println("Package name:", visitor.pkg)
	// 	case *ast.FuncDecl:
	// 		visitor.funcName = x.Name.Name
	// 		fmt.Println("visitor name:", visitor.funcName)
	// 	case *ast.FuncType:
	// 		visitor.params = x.Params
	// 		visitor.results = x.Results
	// 	case *ast.IfStmt:
	// 		//visitor.constraints = append(visitor.constraints, x)
	// 		if x.Else == nil {
	// 			fmt.Println("No Else-statement for the IfStmt")
	// 		}
	// 	}
	// 	return true
	// })
}

//TODO finish the command line interface
func handleArgs() (interface{}, string) {
	usage := fmt.Sprintf("AutoTest is a tool for automatically generating " +
		"test cases for Go. \n\n" +

		"Usage: \n\n\tAutoTest [option] path\n\n" +

		"The options are as follows:\n\n\t" +

		"-d\tCreate tests for all the functions in the directory.\n\t" +
		"-f\tCreate tests for all the functions in the specified file.\n\t" +
		"-t\tThis option will search through the current directory, including all" +
		"subdirectories, and try to create tests for the specified function" +
		"if it exists in the directory.\n\t")

	usageShort := fmt.Sprintf("Usage: AutoTest [-d | -f | -t] path\n\t" +
		"For more information, use option -h or --help")
	if len(os.Args) == 2 {
		if os.Args[1] == "-h" || os.Args[1] == "--help" {
			fmt.Println(usage)
			os.Exit(-1)
		} else {
			fmt.Println(usageShort)
			os.Exit(-1)
		}
	} else if len(os.Args) == 3 {
		if os.Args[1] == "-d" {
			fmt.Println("Parse directory")
			pkgMap := myparser.ParseDir(os.Args[2])
			return pkgMap, os.Args[2]
		} else if os.Args[1] == "-f" {
			fmt.Println("Parse file")
			file := myparser.ParseFile(os.Args[2])
			return file, os.Args[2]
		} else if os.Args[1] == "-t" {
			fmt.Println("Parse function")
			os.Exit(-1)
		} else {
			fmt.Println(usageShort)
			os.Exit(-1)
		}
	} else {
		fmt.Println(usageShort)
		os.Exit(-1)
	}
	return nil, ""
}

func generateTestsForFile(file *ast.File, path string) {
	var pkg string
	ast.Inspect(file, func(n ast.Node) bool {
		switch x := n.(type) {
		case *ast.File:
			pkg = x.Name.Name
		case *ast.FuncDecl:
			var stack symbexec.PathConstraint
			visitor := pf.FuncVisitor{
				Pkg:      pkg,
				FilePath: path,
				Lvl:      0,
				PC:       stack,
				State:    make(symbexec.State),
			}
			ast.Walk(&visitor, x)

			testgen.CreateTestFile(visitor)
			return false
		}
		return true
	})
}

//TODO
func generateTestsForDir() {

}
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commit 251�tree 062af769ec88703cd7485dc24f1f85a93d7502c3
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restructured testGen
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blob 1654�package myparser

import (
	"fmt"
	"go/ast"
	"go/parser"
	"go/token"
	"log"
	"os"
	"path/filepath"
	"strings"
)

//ParseFile returns the AST of the given file
func ParseFile(path string) *ast.File {
	fset := token.NewFileSet()
	file, err := parser.ParseFile(fset, path, nil, 0)
	if err != nil {
		log.Fatal("error: argument is not a file!")
	}
	return file
}

//ParseDir calls ParseFile for all .go files in the directory
func ParseDir(path string) map[string]*ast.File {
	info, err := os.Stat(path)
	if err != nil {
		log.Fatal("error: not a valid path!")
	}
	if !info.IsDir() {
		log.Fatal("error: argument is not a directory!")
	}
	dirlist := createListOfDirs(path)

	filesMap := allDirsToAST(dirlist)

	return filesMap
}

func createListOfDirs(path string) []string {
	dirlist := []string{}
	err := filepath.Walk(path, func(path string, info os.FileInfo, err error) error {
		if info.IsDir() {
			if info.Name()[0] != byte('.') {
				dirlist = append(dirlist, path)
				fmt.Println(path)
			} else {
				return filepath.SkipDir
			}
		}
		return nil
	})
	if err != nil {
		panic(err)
	}
	return dirlist
}

func allDirsToAST(dirlist []string) map[string]*ast.File {
	fset := token.NewFileSet()
	filesMap := make(map[string]*ast.File)
	for _, val := range dirlist {
		pkgs, err := parser.ParseDir(fset, val, nil, 0)
		if err != nil {
			panic(err)
		}

		for _, v := range pkgs {
			for filename, file := range v.Files {
				if strings.Contains(filename, "test") {
					continue
				}
				if _, exist := filesMap[filename]; exist {
					log.Fatalf("Key %s already exist in map!", val)
				}
				filesMap[filename] = file
			}
		}
	}
	return filesMap
}











AutoTest/.git/objects/87/b2618b4c1d83aacb27b063134e6a29875a2bd9

AutoTest/.git/objects/87/b2618b4c1d83aacb27b063134e6a29875a2bd9


blob 13015�package solver

/*
#cgo LDFLAGS: -L/usr/local/Cellar/z3/4.4.1/lib -lz3
#include <stdlib.h>
#include <z3.h>
*/
import "C"

import (
	"log"
	"strconv"
	"unsafe"

	"github.com/bjerga91/AutoTest/symbexec"
)

//For information about each function, go to:
// http://z3prover.github.io/api/html/group__capi.html

var svr C.Z3_solver
var ctx C.Z3_context

func init() {
	ctx = MkContext()
	svr = mkSolver(ctx)
}

//Solve declares variables, assert constraints into the solver
//and tries to find a solution to the PathConstraint
func Solve(state symbexec.State, pc symbexec.PathConstraint) (bool, string) {
	//nrOfVars := len(state)
	//C.Z3_solver_inc_ref(ctx, svr)
	var res string

	vars := declVarsInState(state)
	assertConstraints(pc, vars)

	s := solverCheck(ctx, svr)
	if s {
		m := solverGetModel(ctx, svr)
		res = modelToString(ctx, m)
	} else {
		res = ""
	}
	solverReset(ctx, svr)
	return s, res
	//C.Z3_solver_dec_ref(ctx, svr)
}

//CheckSat checks if the PC is satisfiable
func CheckSat(state symbexec.State, pc symbexec.PathConstraint) bool {
	vars := declVarsInState(state)

	assertConstraints(pc, vars)

	sat := solverCheck(ctx, svr)
	solverReset(ctx, svr)
	if sat {
		return true
	}
	return false
}

//CheckSatVarHist checks satisfiability for VarHistory and PC
func CheckSatVarHist(vh symbexec.VarHistory, pc symbexec.PathConstraint) bool {
	vars := declVarsInVarHistory(vh)

	assertConstraints(pc, vars)

	sat := solverCheck(ctx, svr)
	solverReset(ctx, svr)
	if sat {
		return true
	}
	return false
}

func declVarsInVarHistory(vh symbexec.VarHistory) map[string]C.Z3_ast {
	vars := make(map[string]C.Z3_ast)
	for _, v := range vh {
		if v.VarType == "int" {
			res := declIntVar(ctx, v.Name)
			if v.AssignStmt != "" {
				if i, err := strconv.Atoi(v.AssignStmt); err == nil {
					data := declInt(ctx, i)
					res = mkEq(ctx, res, data)
				}
			}
			vars[v.Name] = res
		} else {
			log.Fatal("")
		}
	}
	return vars
}

func declVarsInState(state symbexec.State) map[string]C.Z3_ast {
	vars := make(map[string]C.Z3_ast)
	for _, val := range state {
		if val.VarType == "int" {
			res := declIntVar(ctx, val.Name)
			if val.AssignStmt != "" {
				if i, err := strconv.Atoi(val.AssignStmt); err == nil {
					data := declInt(ctx, i)
					res = mkEq(ctx, res, data)
				}
			}
			vars[val.Name] = res
		} else {
			log.Fatal("declVarsInState: Vartype is not int!")
		}
	}
	return vars
}

func assertConstraints(pc symbexec.PathConstraint, vars map[string]C.Z3_ast) {
	var left, right, constraint C.Z3_ast
	for _, c := range pc {
		left = checkTypeAndDeclVar(ctx, vars, c.Left)
		right = checkTypeAndDeclVar(ctx, vars, c.Right)
		if c.Op == "==" {
			constraint = mkEq(ctx, left, right)
		} else if c.Op == "!=" {
			constraint = mkNotEq(ctx, left, right)
		} else if c.Op == "<" {
			constraint = mkLt(ctx, left, right)
		} else if c.Op == "<=" {
			constraint = mkLe(ctx, left, right)
		} else if c.Op == ">" {
			constraint = mkGt(ctx, left, right)
		} else if c.Op == ">=" {
			constraint = mkGe(ctx, left, right)
		}
		solverAssert(ctx, svr, constraint)
	}
}

func checkTypeAndDeclVar(ctx C.Z3_context, varMap map[string]C.Z3_ast, operand string) C.Z3_ast {
	var res C.Z3_ast
	if i, err := strconv.Atoi(operand); err == nil {
		res = declInt(ctx, i)
	} else {
		//Assuming it is a variable already declared
		if _, ok := varMap[operand]; ok {
			res = varMap[operand]
		} else {
			log.Fatal("checkTypeAndDeclVar: variable is not defined in varMap")
		}
	}
	return res
}

func declIntVar(ctx C.Z3_context, name string) C.Z3_ast {
	cs := C.CString(name)
	defer C.free(unsafe.Pointer(cs))
	intType := mkIntSort(ctx)
	symb := mkStringSymbol(ctx, cs)
	return mkConst(ctx, symb, intType)
}

func declInt(ctx C.Z3_context, v int) C.Z3_ast {
	intType := mkIntSort(ctx)
	return mkInt(ctx, C.int(v), intType)
}

//API - Create Context

//MkContext creates a context for Z3
func MkContext() C.Z3_context {
	cfg := C.Z3_mk_config()
	paramID := C.CString("MODEL")
	defer C.free(unsafe.Pointer(paramID))
	paramValue := C.CString("true")
	defer C.free(unsafe.Pointer(paramValue))
	C.Z3_set_param_value(cfg, paramID, paramValue)
	ctx := C.Z3_mk_context(cfg)
	C.Z3_del_config(cfg)
	return ctx
}

//API - Symbols
func mkIntSymbol(ctx C.Z3_context, i C.int) C.Z3_symbol {
	return C.Z3_mk_int_symbol(ctx, i)
}

func mkStringSymbol(ctx C.Z3_context, s C.Z3_string) C.Z3_symbol {
	return C.Z3_mk_string_symbol(ctx, s)
}

//API - Sorts
func mkBoolSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_bool_sort(ctx)
}

func mkIntSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_int_sort(ctx)
}

func mkRealSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_real_sort(ctx)
}

//API - Constants and Applications
func mkConst(ctx C.Z3_context, s C.Z3_symbol, ty C.Z3_sort) C.Z3_ast {
	return C.Z3_mk_const(ctx, s, ty)
}

//API -  Solvers
func mkSolver(ctx C.Z3_context) C.Z3_solver {
	svr := C.Z3_mk_solver(ctx)
	solverIncRef(ctx, svr)
	return svr
}

func solverPush(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_push(ctx, svr)
}

func solverPop(ctx C.Z3_context, svr C.Z3_solver, n C.uint) {
	if n <= solverGetNumScopes(ctx, svr) {
		C.Z3_solver_pop(ctx, svr, n)
	} else {
		log.Fatal("error: solverPop: trying to pop more scopes than available in solver")
	}
}

func solverReset(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_reset(ctx, svr)
}

func solverGetNumScopes(ctx C.Z3_context, svr C.Z3_solver) C.uint {
	return C.Z3_solver_get_num_scopes(ctx, svr)
}

func solverIncRef(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_inc_ref(ctx, svr)
}

func solverDecRef(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_dec_ref(ctx, svr)
}

func solverAssert(ctx C.Z3_context, svr C.Z3_solver, cond C.Z3_ast) {
	C.Z3_solver_assert(ctx, svr, cond)
}

func solverCheck(ctx C.Z3_context, svr C.Z3_solver) bool {
	res := C.Z3_solver_check(ctx, svr)
	sat := false
	switch res {
	case C.Z3_L_FALSE:
		sat = false
	case C.Z3_L_UNDEF:
		sat = false
	case C.Z3_L_TRUE:
		sat = true
	}
	return sat
}

func solverGetModel(ctx C.Z3_context, svr C.Z3_solver) C.Z3_model {
	return C.Z3_solver_get_model(ctx, svr)
}

//API - String conversion
func modelToString(ctx C.Z3_context, m C.Z3_model) string {
	//Convert c-string to go-string
	s := C.Z3_model_to_string(ctx, m)
	//defer C.free(unsafe.Pointer(s)) //Uncommenting this makes the program crash
	return C.GoString(s)
}

//API - Algebraic Numbers (probably need to check that some of these work)
func algebraicIsValue(ctx C.Z3_context, a C.Z3_ast) bool {
	res := C.Z3_algebraic_is_value(ctx, a)
	if res == C.Z3_TRUE {
		return true
	}
	log.Fatal("error: algebraicIsPos: algebraicIsValue returns false!")
	return false
}

func algebraicIsPos(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_pos(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsPos: algebraicIsValue returns false!")
	return false
}

func algebraicIsNeg(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_neg(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsNeg: algebraicIsValue returns false!")
	return false
}

func algebraicIsZero(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_zero(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsZero: algebraicIsValue returns false!")
	return false
}

func algebraicSign(ctx C.Z3_context, a C.Z3_ast) int {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_sign(ctx, a)
		return int(res)
	}
	log.Fatal("error: algebraicSign: algebraicIsValue returns false!")
	return 0
}

func algebraicAdd(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_add(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicAdd: algebraicIsValue returns false!")
	return res
}

func algebraicSub(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_sub(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicSub: algebraicIsValue returns false!")
	return res
}

func algebraicMul(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_mul(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicMul: algebraicIsValue returns false!")
	return res
}

func algebraicDiv(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_div(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicDiv: algebraicIsValue returns false!")
	return res
}

func algebraicPower(ctx C.Z3_context, a C.Z3_ast, k C.unsigned) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) {
		res = C.Z3_algebraic_power(ctx, a, k)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicPower: algebraicIsValue returns false!")
	return res
}

func algebraicLt(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_lt(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicLt: algebraicIsValue returns false!")
	return false
}

func algebraicGt(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_gt(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicGt: algebraicIsValue returns false!")
	return false
}

func algebraicLe(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_le(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicLe: algebraicIsValue returns false!")
	return false
}

func algebraicGe(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_ge(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicGe: algebraicIsValue returns false!")
	return false
}

func algebraicEq(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_eq(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicEq: algebraicIsValue returns false!")
	return false
}

func algebraicNotEq(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_neq(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicNotEq: algebraicIsValue returns false!")
	return false
}

//API - Propositional Logic and Equality
func mkTrue(ctx C.Z3_context) C.Z3_ast {
	return C.Z3_mk_true(ctx)
}

func mkFalse(ctx C.Z3_context) C.Z3_ast {
	return C.Z3_mk_false(ctx)
}

func mkEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_eq(ctx, l, r)
}

func mkNotEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	eq := C.Z3_mk_eq(ctx, l, r)
	return C.Z3_mk_not(ctx, eq)
}

//TODO check api for last two functions. uncertain about the last parameter
// func mkAnd(ctx C.Z3_context, numargs C.unsigned, args C.Z3_ast[]){
//
// }
//
// func mkOr(ctx C.Z3_context, numargs C.unsigned, args C.Z3_ast[]){
//
// }

//API - Arithmetic: Integer and Reals
// func mkAdd(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// 	return C.Z3_mk_add(ctx, numargs, cons)
// }
//
// func mkMul(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// }
//
// func mkSub(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// }
//
// func mkUnaryMinus(ctx C.Z3_context, arg C.Z3_ast) C.Z3_ast {
// 	return C.Z3_mk_unary_minus(ctx, arg)
// }
//
// func mkDiv(ctx C.Z3_context, numargs C.unsigned, const C.Z3_ast []args) C.Z3_ast {
// }

func mkLt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_lt(ctx, l, r)
}

func mkLe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_le(ctx, l, r)
}

func mkGt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_gt(ctx, l, r)
}

func mkGe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_ge(ctx, l, r)
}

func mkMod(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_mod(ctx, l, r)
}

func mkRem(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_rem(ctx, l, r)
}

func mkPower(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_power(ctx, l, r)
}

//API - Numerals
func mkInt(ctx C.Z3_context, v C.int, ty C.Z3_sort) C.Z3_ast {
	return C.Z3_mk_int(ctx, v, ty)
}

func mkReal(ctx C.Z3_context, num, den C.int) C.Z3_ast {
	return C.Z3_mk_real(ctx, num, den)
}
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blob 13138�package solver

/*
#cgo LDFLAGS: -L/usr/local/Cellar/z3/4.4.1/lib -lz3
#include <stdlib.h>
#include <z3.h>
*/
import "C"

import (
	"log"
	"strconv"
	"unsafe"

	"github.com/bjerga91/AutoTest/symbexec"
)

//For information about each function, go to:
// http://z3prover.github.io/api/html/group__capi.html

var svr C.Z3_solver
var ctx C.Z3_context

func init() {
	ctx = MkContext()
	svr = mkSolver(ctx)
}

//Solve declares variables, assert constraints into the solver
//and tries to find a solution to the PathConstraint
func Solve(state symbexec.State, pc symbexec.PathConstraint) (bool, string) {
	//nrOfVars := len(state)
	//C.Z3_solver_inc_ref(ctx, svr)
	var res string

	vars := declVarsInState(state)
	assertConstraints(pc, vars)

	s := solverCheck(ctx, svr)
	if s {
		m := solverGetModel(ctx, svr)
		res = modelToString(ctx, m)
	} else {
		res = ""
	}
	solverReset(ctx, svr)
	return s, res
	//C.Z3_solver_dec_ref(ctx, svr)
}

//CheckSat checks if the PC is satisfiable
func CheckSat(state symbexec.State, pc symbexec.PathConstraint) bool {
	vars := declVarsInState(state)

	assertConstraints(pc, vars)

	sat := solverCheck(ctx, svr)
	solverReset(ctx, svr)
	if sat {
		return true
	}
	return false
}

//CheckSatVarHist checks satisfiability for VarHistory and PC
func CheckSatVarHist(vh symbexec.VarHistory, pc symbexec.PathConstraint) bool {
	vars := declVarsInVarHistory(vh)

	assertConstraints(pc, vars)

	sat := solverCheck(ctx, svr)
	solverReset(ctx, svr)
	if sat {
		return true
	}
	return false
}

//declVarsInVarHistory declares all variables in vh into the solver
func declVarsInVarHistory(vh symbexec.VarHistory) map[string]C.Z3_ast {
	vars := make(map[string]C.Z3_ast)
	for _, v := range vh {
		if v.VarType == "int" {
			res := declIntVar(ctx, v.Name)
			if v.AssignStmt != "" {
				if i, err := strconv.Atoi(v.AssignStmt); err == nil {
					data := declInt(ctx, i)
					res = mkEq(ctx, res, data)
				}
			}
			vars[v.Name] = res
		} else {
			log.Fatal("")
		}
	}
	return vars
}

//declVarsInState declare all variables in the state into the solve
func declVarsInState(state symbexec.State) map[string]C.Z3_ast {
	vars := make(map[string]C.Z3_ast)
	for _, val := range state {
		if val.VarType == "int" {
			res := declIntVar(ctx, val.Name)
			if val.AssignStmt != "" {
				if i, err := strconv.Atoi(val.AssignStmt); err == nil {
					data := declInt(ctx, i)
					res = mkEq(ctx, res, data)
				}
			}
			vars[val.Name] = res
		} else {
			log.Fatal("declVarsInState: Vartype is not int!")
		}
	}
	return vars
}

//assertConstraints declare all constraints in pc into the solver
func assertConstraints(pc symbexec.PathConstraint, vars map[string]C.Z3_ast) {
	var left, right, constraint C.Z3_ast
	for _, c := range pc {
		left = checkTypeAndDeclVar(ctx, vars, c.Left)
		right = checkTypeAndDeclVar(ctx, vars, c.Right)
		if c.Op == "==" {
			constraint = mkEq(ctx, left, right)
		} else if c.Op == "!=" {
			constraint = mkNotEq(ctx, left, right)
		} else if c.Op == "<" {
			constraint = mkLt(ctx, left, right)
		} else if c.Op == "<=" {
			constraint = mkLe(ctx, left, right)
		} else if c.Op == ">" {
			constraint = mkGt(ctx, left, right)
		} else if c.Op == ">=" {
			constraint = mkGe(ctx, left, right)
		}
		solverAssert(ctx, svr, constraint)
	}
}

func checkTypeAndDeclVar(ctx C.Z3_context, varMap map[string]C.Z3_ast, operand string) C.Z3_ast {
	var res C.Z3_ast
	if i, err := strconv.Atoi(operand); err == nil {
		res = declInt(ctx, i)
	} else {
		//Assuming it is a variable already declared
		if _, ok := varMap[operand]; ok {
			res = varMap[operand]
		} else {
			log.Fatal("checkTypeAndDeclVar: variable is not defined in varMap")
		}
	}
	return res
}

func declIntVar(ctx C.Z3_context, name string) C.Z3_ast {
	cs := C.CString(name)
	defer C.free(unsafe.Pointer(cs))
	intType := mkIntSort(ctx)
	symb := mkStringSymbol(ctx, cs)
	return mkConst(ctx, symb, intType)
}

func declInt(ctx C.Z3_context, v int) C.Z3_ast {
	intType := mkIntSort(ctx)
	return mkInt(ctx, C.int(v), intType)
}

//API - Create Context

//MkContext creates a context for Z3
func MkContext() C.Z3_context {
	cfg := C.Z3_mk_config()
	paramID := C.CString("MODEL")
	defer C.free(unsafe.Pointer(paramID))
	paramValue := C.CString("true")
	defer C.free(unsafe.Pointer(paramValue))
	C.Z3_set_param_value(cfg, paramID, paramValue)
	ctx := C.Z3_mk_context(cfg)
	C.Z3_del_config(cfg)
	return ctx
}

//API - Symbols
func mkIntSymbol(ctx C.Z3_context, i C.int) C.Z3_symbol {
	return C.Z3_mk_int_symbol(ctx, i)
}

func mkStringSymbol(ctx C.Z3_context, s C.Z3_string) C.Z3_symbol {
	return C.Z3_mk_string_symbol(ctx, s)
}

//API - Sorts
func mkBoolSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_bool_sort(ctx)
}

func mkIntSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_int_sort(ctx)
}

func mkRealSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_real_sort(ctx)
}

//API - Constants and Applications
func mkConst(ctx C.Z3_context, s C.Z3_symbol, ty C.Z3_sort) C.Z3_ast {
	return C.Z3_mk_const(ctx, s, ty)
}

//API -  Solvers
func mkSolver(ctx C.Z3_context) C.Z3_solver {
	svr := C.Z3_mk_solver(ctx)
	solverIncRef(ctx, svr)
	return svr
}

func solverPush(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_push(ctx, svr)
}

func solverPop(ctx C.Z3_context, svr C.Z3_solver, n C.uint) {
	if n <= solverGetNumScopes(ctx, svr) {
		C.Z3_solver_pop(ctx, svr, n)
	} else {
		log.Fatal("error: solverPop: trying to pop more scopes than available in solver")
	}
}

func solverReset(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_reset(ctx, svr)
}

func solverGetNumScopes(ctx C.Z3_context, svr C.Z3_solver) C.uint {
	return C.Z3_solver_get_num_scopes(ctx, svr)
}

func solverIncRef(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_inc_ref(ctx, svr)
}

func solverDecRef(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_dec_ref(ctx, svr)
}

func solverAssert(ctx C.Z3_context, svr C.Z3_solver, cond C.Z3_ast) {
	C.Z3_solver_assert(ctx, svr, cond)
}

func solverCheck(ctx C.Z3_context, svr C.Z3_solver) bool {
	res := C.Z3_solver_check(ctx, svr)
	sat := false
	switch res {
	case C.Z3_L_FALSE:
		sat = false
	case C.Z3_L_UNDEF:
		sat = false
	case C.Z3_L_TRUE:
		sat = true
	}
	return sat
}

func solverGetModel(ctx C.Z3_context, svr C.Z3_solver) C.Z3_model {
	return C.Z3_solver_get_model(ctx, svr)
}

//API - String conversion
func modelToString(ctx C.Z3_context, m C.Z3_model) string {
	//Convert c-string to go-string
	s := C.Z3_model_to_string(ctx, m)
	return C.GoString(s)
}

//API - Algebraic Numbers (probably need to check that some of these work)
func algebraicIsValue(ctx C.Z3_context, a C.Z3_ast) bool {
	res := C.Z3_algebraic_is_value(ctx, a)
	if res == C.Z3_TRUE {
		return true
	}
	log.Fatal("error: algebraicIsPos: algebraicIsValue returns false!")
	return false
}

func algebraicIsPos(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_pos(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsPos: algebraicIsValue returns false!")
	return false
}

func algebraicIsNeg(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_neg(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsNeg: algebraicIsValue returns false!")
	return false
}

func algebraicIsZero(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_zero(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsZero: algebraicIsValue returns false!")
	return false
}

func algebraicSign(ctx C.Z3_context, a C.Z3_ast) int {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_sign(ctx, a)
		return int(res)
	}
	log.Fatal("error: algebraicSign: algebraicIsValue returns false!")
	return 0
}

func algebraicAdd(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_add(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicAdd: algebraicIsValue returns false!")
	return res
}

func algebraicSub(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_sub(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicSub: algebraicIsValue returns false!")
	return res
}

func algebraicMul(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_mul(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicMul: algebraicIsValue returns false!")
	return res
}

func algebraicDiv(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_div(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicDiv: algebraicIsValue returns false!")
	return res
}

func algebraicPower(ctx C.Z3_context, a C.Z3_ast, k C.unsigned) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) {
		res = C.Z3_algebraic_power(ctx, a, k)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicPower: algebraicIsValue returns false!")
	return res
}

func algebraicLt(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_lt(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicLt: algebraicIsValue returns false!")
	return false
}

func algebraicGt(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_gt(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicGt: algebraicIsValue returns false!")
	return false
}

func algebraicLe(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_le(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicLe: algebraicIsValue returns false!")
	return false
}

func algebraicGe(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_ge(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicGe: algebraicIsValue returns false!")
	return false
}

func algebraicEq(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_eq(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicEq: algebraicIsValue returns false!")
	return false
}

func algebraicNotEq(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_neq(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicNotEq: algebraicIsValue returns false!")
	return false
}

//API - Propositional Logic and Equality
func mkTrue(ctx C.Z3_context) C.Z3_ast {
	return C.Z3_mk_true(ctx)
}

func mkFalse(ctx C.Z3_context) C.Z3_ast {
	return C.Z3_mk_false(ctx)
}

func mkEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_eq(ctx, l, r)
}

func mkNotEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	eq := C.Z3_mk_eq(ctx, l, r)
	return C.Z3_mk_not(ctx, eq)
}

//TODO check api for last two functions. uncertain about the last parameter
// func mkAnd(ctx C.Z3_context, numargs C.unsigned, args C.Z3_ast[]){
//
// }
//
// func mkOr(ctx C.Z3_context, numargs C.unsigned, args C.Z3_ast[]){
//
// }

//API - Arithmetic: Integer and Reals
// func mkAdd(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// 	return C.Z3_mk_add(ctx, numargs, cons)
// }
//
// func mkMul(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// }
//
// func mkSub(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// }
//
// func mkUnaryMinus(ctx C.Z3_context, arg C.Z3_ast) C.Z3_ast {
// 	return C.Z3_mk_unary_minus(ctx, arg)
// }
//
// func mkDiv(ctx C.Z3_context, numargs C.unsigned, const C.Z3_ast []args) C.Z3_ast {
// }

func mkLt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_lt(ctx, l, r)
}

func mkLe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_le(ctx, l, r)
}

func mkGt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_gt(ctx, l, r)
}

func mkGe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_ge(ctx, l, r)
}

func mkMod(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_mod(ctx, l, r)
}

func mkRem(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_rem(ctx, l, r)
}

func mkPower(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_power(ctx, l, r)
}

//API - Numerals
func mkInt(ctx C.Z3_context, v C.int, ty C.Z3_sort) C.Z3_ast {
	return C.Z3_mk_int(ctx, v, ty)
}

func mkReal(ctx C.Z3_context, num, den C.int) C.Z3_ast {
	return C.Z3_mk_real(ctx, num, den)
}











AutoTest/.git/objects/3e/b2f01f67d65c269f87e4f124578b1ed1474467

AutoTest/.git/objects/3e/b2f01f67d65c269f87e4f124578b1ed1474467


commit 265�tree 499648fb86d4e9f6fdab50e90ec48cfbcccc73ac
parent 4f7a60402f22eea49b0dd362ac0a4f05c826ab2a
author Andreas Bjerga <andreas.bjerga@gmail.com> 1465433715 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1465433715 +0200

Added type VarHistory with methods
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commit 263�tree c16ab62059f266acc5cd89c77d27b072fff0d338
parent 6789cbfeff3bca30ce1c5a961c3590ca73e6f6f9
author Andreas Bjerga <andreas.bjerga@gmail.com> 1460762336 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1460762336 +0200

started on z3 solver integration
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blob 7881�package main

import (
	"fmt"
	"go/ast"
	"go/parser"
	"go/token"
	"io/ioutil"
	"log"
	"reflect"

	"github.com/bjerga91/test-generator/solver"
	"github.com/bjerga91/test-generator/symbexec"
)

var invOpMap = createInverseOpMap()

func main() {
	path := "../get_sign/get_sign.go"
	data, err := ioutil.ReadFile(path)
	if err != nil {
		panic(err)
	}

	fset := token.NewFileSet()
	file, err := parser.ParseFile(fset, "", data, 0)
	if err != nil {
		panic(err)
	}

	function := FuncVisitor{}
	function.lvl = 0
	var stack symbexec.PathConstraint
	function.pc = stack
	state := make(symbexec.State)
	function.state = state
	ast.Walk(&function, file)
	//Inspect the AST and print all functions etc
	// ast.Inspect(file, func(n ast.Node) bool {
	// 	switch x := n.(type) {
	// 	case *ast.File:
	// 		function.pkg = x.Name.Name
	// 		fmt.Println("Package name:", function.pkg)
	// 	case *ast.FuncDecl:
	// 		function.funcName = x.Name.Name
	// 		fmt.Println("Function name:", function.funcName)
	// 	case *ast.FuncType:
	// 		function.params = x.Params
	// 		function.results = x.Results
	// 	case *ast.IfStmt:
	// 		//function.constraints = append(function.constraints, x)
	// 		if x.Else == nil {
	// 			fmt.Println("No Else-statement for the IfStmt")
	// 		}
	// 	}
	// 	return true
	// })
	inputparams := getInputParams(function)
	fmt.Println("Inputparams:", inputparams)
	returntype := getReturnTypes(function)
	fmt.Println("returntype:", returntype)
}

/*func createTestFile(f FuncVisitor) {
	testfile := fmt.Sprintf(`
	package %s

	import "testing"

	type testpair struct {
		input %s
		output %s
	}

	var tests = []testpair{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests {
			out := %s(pair.input)
			if out != pair.output {
				t.Error(
					"For", pair.input,
					"expected", pair.output,
					"got", out,
				)
			}
		}
	}
	`, f.pkg, inputparams, returntype, testcases, f.funcName, f.funcName)

	filepath := fmt.Sprintf("../%s/%s_test.go", f.pkg, f.pkg)
	file, err := os.Create(filepath)
	if err != nil {
		panic(err)
	}

	defer file.Close()

}*/

//A function that collects the type and name of input parameters
func getInputParams(f FuncVisitor) []InputParameter {
	var inputs []InputParameter
	for _, param := range f.params.List {
		expression := param.Type
		namesList := param.Names
		var inputtype string
		//fmt.Println("abc:", reflect.TypeOf(inputtype))
		switch a := expression.(type) {
		case *ast.Ident:
			inputtype = a.Name
			for _, name := range namesList {
				inputs = append(inputs, InputParameter{name.Name, inputtype})
			}
		}
	}
	return inputs
}

//Returns the return types of the given function
func getReturnTypes(f FuncVisitor) []string {
	var retTypes []string
	for _, t := range f.results.List {
		temp := t.Type
		switch n := temp.(type) {
		case *ast.Ident:
			returnType := n.Name
			retTypes = append(retTypes, returnType)
		}
	}
	return retTypes
}

//InputParameter stores name and type of input parameter to a function
type InputParameter struct {
	name      string
	inputType string
}

//FuncVisitor is used to store variables when traversing the AST
type FuncVisitor struct {
	pkg      string
	funcName string
	params   *ast.FieldList //input parameters for the function
	results  *ast.FieldList //return values
	pc       symbexec.PathConstraint
	state    symbexec.State
	lvl      int
}

//Visit is used by Walk to traverse the AST in a DFS fashion
func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {
	switch x := node.(type) {
	case nil:
		v.lvl--
		fmt.Println("Going up. Lvl:", v.lvl)
		if !v.pc.Empty() {
			c := v.pc.Peek()
			if c.Lvl == v.lvl {
				v.pc.Pop()
			}
		}
	case *ast.IfStmt:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
		stopTraversal := visitIfStmt(x, v)
		if stopTraversal {
			return nil
		}
	case *ast.ReturnStmt:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
		// pc := v.pc
		// var res = fmt.Sprintf("Path constraint for path: \n")
		// for x := pc.Peek(); !pc.Empty(); pc.Pop() {
		// 	res += fmt.Sprintf("%s ,", x.Cond)
		// }
		// fmt.Println(res)
		// fmt.Println("Symbolic variables for path:")
		// for _, val := range v.state {
		// 	fmt.Printf("%s:, varType: %s, assignStmt: %s\n", val.Name, val.VarType, val.AssignStmt)
		// }
		solver.Solve(v.state, v.pc)
	case *ast.FuncDecl:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
		v.funcName = x.Name.Name
	case *ast.FuncType:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
		v.params = x.Params
		v.results = x.Results
		saveParameters(x.Params, v)
	case *ast.AssignStmt:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
		handleAssignStmt(x, v)
	default:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
	}
	return ast.Visitor(v)
}

func handleAssignStmt(stmt *ast.AssignStmt, v *FuncVisitor) {
	//TODO if variable not in map, save to map
	var name, tok, varType, value string

	for _, lhs := range stmt.Lhs {
		switch x := lhs.(type) {
		case *ast.Ident:
			name = x.Name
		default:
			log.Fatal("handleAssignStmt: Lhs is not of *ast.Ident type")
		}
	}

	tok = stmt.Tok.String()

	for _, rhs := range stmt.Rhs {
		switch x := rhs.(type) {
		case *ast.BasicLit:
			value = x.Value
			varType = x.Kind.String()
		//TODO case *ast.Ident: 	if the rhs is a variable
		//TODO case *ast.BinaryExpr: 	if the rhs is an expression of more than one variable
		default:
			log.Fatal("handleAssignStmt: Rhs is not any of the defined cases")
		}
	}

	if _, exist := v.state[name]; exist {
		//Only update assignment
		if tok == "=" {
			symbVar := v.state[name]
			symbVar.AssignStmt = value
			v.state[name] = symbVar
		}
	} else {
		//Create new entry in state
		if tok == ":=" {
			v.state[name] = symbexec.SymbolicVariable{
				Name:       name,
				LvlCreated: v.lvl,
				VarType:    varType,
				AssignStmt: value,
			}
			//TODO define the cases for the other tokens
		} else {
			log.Fatal("handleAssignStmt: token is not \":=\"")
		}
	}

	//TODO if variable is already in map, update AssignStmt
	// where variables in the map needs to be replaced with their AssignStmt
}

func saveParameters(params *ast.FieldList, v *FuncVisitor) {
	for _, param := range params.List {
		var varType string
		t := param.Type
		switch x := t.(type) {
		case *ast.Ident:
			varType = x.Name
		default:
			log.Fatalf("saveParameter: type is not ast.Ident: %s", reflect.TypeOf(x))
		}
		for _, name := range param.Names {
			varName := name.Name
			symbVar := symbexec.SymbolicVariable{
				Name:       varName,
				LvlCreated: v.lvl,
				VarType:    varType,
			}
			if _, exist := v.state[varName]; exist {
				log.Fatalf("saveParameters: variable name %s already exist in map!", varName)
			}
			v.state[varName] = symbVar
		}
	}
}

func exprToString(expr ast.Expr) string {
	var ret string
	switch e := expr.(type) {
	case *ast.Ident:
		ret = e.Name
	case *ast.BasicLit:
		ret = e.Value
	}
	return ret
}

func visitIfStmt(x *ast.IfStmt, v *FuncVisitor) bool {
	switch c := x.Cond.(type) {
	case *ast.BinaryExpr:
		left := exprToString(c.X)
		op := c.Op.String()
		right := exprToString(c.Y)
		cond := symbexec.Condition{Left: left, Op: op, Right: right}
		if x.Else != nil {
			invOp := invOpMap[cond.Op]
			elseCond := symbexec.Condition{Left: left, Op: invOp, Right: right}
			fcElse := v
			fcElse.pc.Push(symbexec.Constraint{Lvl: v.lvl, Cond: elseCond})
			ast.Walk(fcElse, x.Else)
		}
		v.pc.Push(symbexec.Constraint{Lvl: v.lvl, Cond: cond})
		ast.Walk(v, x.Body)
		return true
	default:
		fmt.Println("Another type of expr in if: ", c)
		return false
	}
}

func createInverseOpMap() map[string]string {
	m := make(map[string]string)
	m["=="] = "!="
	m["!="] = "=="
	m["<"] = ">="
	m[">="] = "<"
	m[">"] = "<="
	m["<="] = ">"
	return m
}

//TODO generate a test for each path in the function
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commit 276�tree dd4e36c9fa26533b596e83e911517823be6994d9
parent c02ea36b494439e7644658cb75efd3cf8a1874e6
author Andreas Bjerga <andreas.bjerga@gmail.com> 1464136543 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1464136543 +0200

Implemented a (hopefully) working path-finder
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Renamed form test-generator to AutoTest
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cleanup fmt.Println
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author Andreas Bjerga <andreas.bjerga@gmail.com> 1464136400 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1464136400 +0200

A new function CheckSat that returns true if the PC and State is sat
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blob 3167�package main

import (
	"fmt"
	"go/ast"
	"go/parser"
	"go/token"
	"io/ioutil"

	"github.com/bjerga91/test-generator/pf"
	"github.com/bjerga91/test-generator/symbexec"
)

func main() {
	//TODO read path to file. could be dir or file
	//or even a given function??
	//TODO move parser into its own file?
	path := "../seExamples/seExamples.go"
	data, err := ioutil.ReadFile(path)
	if err != nil {
		panic(err)
	}

	fset := token.NewFileSet()
	file, err := parser.ParseFile(fset, "", data, 0)
	if err != nil {
		panic(err)
	}

	function := pf.FuncVisitor{}
	function.Lvl = 0
	var stack symbexec.PathConstraint
	function.PC = stack
	state := make(symbexec.State)
	function.State = state
	ast.Walk(&function, file)
	//Inspect the AST and print all functions etc
	// ast.Inspect(file, func(n ast.Node) bool {
	// 	switch x := n.(type) {
	// 	case *ast.File:
	// 		function.pkg = x.Name.Name
	// 		fmt.Println("Package name:", function.pkg)
	// 	case *ast.FuncDecl:
	// 		function.funcName = x.Name.Name
	// 		fmt.Println("Function name:", function.funcName)
	// 	case *ast.FuncType:
	// 		function.params = x.Params
	// 		function.results = x.Results
	// 	case *ast.IfStmt:
	// 		//function.constraints = append(function.constraints, x)
	// 		if x.Else == nil {
	// 			fmt.Println("No Else-statement for the IfStmt")
	// 		}
	// 	}
	// 	return true
	// })
	inputparams := getInputParams(function)
	fmt.Println("Inputparams:", inputparams)
	returntype := getReturnTypes(function)
	fmt.Println("returntype:", returntype)
}

/*func createTestFile(f FuncVisitor) {
	testfile := fmt.Sprintf(`
	package %s

	import "testing"

	type testpair struct {
		input %s
		output %s
	}

	var tests = []testpair{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests {
			out := %s(pair.input)
			if out != pair.output {
				t.Error(
					"For", pair.input,
					"expected", pair.output,
					"got", out,
				)
			}
		}
	}
	`, f.pkg, inputparams, returntype, testcases, f.funcName, f.funcName)

	filepath := fmt.Sprintf("../%s/%s_test.go", f.pkg, f.pkg)
	file, err := os.Create(filepath)
	if err != nil {
		panic(err)
	}

	defer file.Close()

}*/

//A function that collects the type and name of input parameters
func getInputParams(f pf.FuncVisitor) []InputParameter {
	var inputs []InputParameter
	for _, param := range f.Params.List {
		expression := param.Type
		namesList := param.Names
		var inputtype string
		//fmt.Println("abc:", reflect.TypeOf(inputtype))
		switch a := expression.(type) {
		case *ast.Ident:
			inputtype = a.Name
			for _, name := range namesList {
				inputs = append(inputs, InputParameter{name.Name, inputtype})
			}
		}
	}
	return inputs
}

//Returns the return types of the given function
func getReturnTypes(f pf.FuncVisitor) []string {
	var retTypes []string
	for _, t := range f.Results.List {
		temp := t.Type
		switch n := temp.(type) {
		case *ast.Ident:
			returnType := n.Name
			retTypes = append(retTypes, returnType)
		}
	}
	return retTypes
}

//InputParameter stores name and type of input parameter to a function
type InputParameter struct {
	name      string
	inputType string
}

//TODO generate a test for each path in the function
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changes in struct
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blob 5437�package main

import (
	"fmt"
	"go/ast"
	"go/parser"
	"go/token"
	"io/ioutil"
	"reflect"

	"github.com/bjerga91/test-generator/symbExec"
)

var invCondMap = createInverseCondMap()

func main() {
	path := "../get_sign/get_sign.go"
	data, err := ioutil.ReadFile(path)
	if err != nil {
		panic(err)
	}

	fset := token.NewFileSet()
	file, err := parser.ParseFile(fset, "", data, 0)
	if err != nil {
		panic(err)
	}

	function := FuncVisitor{}
	function.lvl = 0
	var stack symbExec.PathConstraint
	function.pc = stack
	ast.Walk(&function, file)
	//Inspect the AST and print all functions etc
	// ast.Inspect(file, func(n ast.Node) bool {
	// 	switch x := n.(type) {
	// 	case *ast.File:
	// 		function.pkg = x.Name.Name
	// 		fmt.Println("Package name:", function.pkg)
	// 	case *ast.FuncDecl:
	// 		function.funcName = x.Name.Name
	// 		fmt.Println("Function name:", function.funcName)
	// 	case *ast.FuncType:
	// 		function.params = x.Params
	// 		function.results = x.Results
	// 	case *ast.IfStmt:
	// 		//function.constraints = append(function.constraints, x)
	// 		if x.Else == nil {
	// 			fmt.Println("No Else-statement for the IfStmt")
	// 		}
	// 	}
	// 	return true
	// })
	inputparams := getInputParams(function)
	fmt.Println("Inputparams:", inputparams)
	returntype := getReturnTypes(function)
	fmt.Println("returntype:", returntype)
}

/*func createTestFile(f FuncVisitor) {
	testfile := fmt.Sprintf(`
	package %s

	import "testing"

	type testpair struct {
		input %s
		output %s
	}

	var tests = []testpair{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests {
			out := %s(pair.input)
			if out != pair.output {
				t.Error(
					"For", pair.input,
					"expected", pair.output,
					"got", out,
				)
			}
		}
	}
	`, f.pkg, inputparams, returntype, testcases, f.funcName, f.funcName)

	filepath := fmt.Sprintf("../%s/%s_test.go", f.pkg, f.pkg)
	file, err := os.Create(filepath)
	if err != nil {
		panic(err)
	}

	defer file.Close()

}*/

//A function that collects the type and name of input parameters
func getInputParams(f FuncVisitor) []InputParameter {
	var inputs []InputParameter
	for _, param := range f.params.List {
		expression := param.Type
		namesList := param.Names
		var inputtype string
		//fmt.Println("abc:", reflect.TypeOf(inputtype))
		switch a := expression.(type) {
		case *ast.Ident:
			inputtype = a.Name
			for _, name := range namesList {
				inputs = append(inputs, InputParameter{name.Name, inputtype})
			}
		}
	}
	return inputs
}

//Returns the return types of the given function
func getReturnTypes(f FuncVisitor) []string {
	var retTypes []string
	for _, t := range f.results.List {
		temp := t.Type
		switch n := temp.(type) {
		case *ast.Ident:
			returnType := n.Name
			retTypes = append(retTypes, returnType)
		}
	}
	return retTypes
}

//InputParameter stores name and type of input parameter to a function
type InputParameter struct {
	name      string
	inputType string
}

//FuncVisitor is used to store variables when traversing the AST
type FuncVisitor struct {
	pkg      string
	funcName string
	params   *ast.FieldList //input parameters for the function
	results  *ast.FieldList //return values
	pc       symbExec.PathConstraint
	lvl      int
	tiss     string
}

//Visit is used by Walk to traverse the AST in a DFS fashion
func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {
	switch x := node.(type) {
	case nil:
		v.lvl--
		fmt.Println("Going up. Lvl:", v.lvl)
		if !v.pc.Empty() {
			c := v.pc.Peek()
			if c.Lvl == v.lvl {
				v.pc.Pop()
			}
		}
	case *ast.IfStmt:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
		stopTraversal := visitIfStmt(x, v)
		if stopTraversal {
			return nil
		}
	case *ast.ReturnStmt:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
		pc := v.pc
		var res = fmt.Sprintf("Path constraint for path: \n")
		for x := pc.Peek(); !pc.Empty(); pc.Pop() {
			res += fmt.Sprintf("%s ,", x.Cond)
		}
		fmt.Println(res)
	case *ast.FuncDecl:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
		v.funcName = x.Name.Name
	case *ast.FuncType:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
		v.params = x.Params
		for _, v := range x.Params.List {
			fmt.Println(reflect.TypeOf(v))
		}
		v.results = x.Results
	default:
		v.lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "lvl:", v.lvl)
	}
	return ast.Visitor(v)
}

func exprToString(expr ast.Expr) string {
	var ret string
	switch e := expr.(type) {
	case *ast.Ident:
		ret = e.Name
	case *ast.BasicLit:
		ret = e.Value
	}
	return ret
}

func visitIfStmt(x *ast.IfStmt, v *FuncVisitor) bool {
	switch c := x.Cond.(type) {
	case *ast.BinaryExpr:
		left := exprToString(c.X)
		op := c.Op.String()
		right := exprToString(c.Y)
		cond := fmt.Sprintf("%s %s %s", left, op, right)
		if x.Else != nil {
			elseCond := fmt.Sprintf("%s %s %s", left, invCondMap[op], right)
			fcElse := v
			fcElse.pc.Push(symbExec.Constraint{Lvl: v.lvl, Cond: elseCond})
			ast.Walk(fcElse, x.Else)
		}
		v.pc.Push(symbExec.Constraint{Lvl: v.lvl, Cond: cond})
		ast.Walk(v, x.Body)
		return true
	default:
		fmt.Println("Another type of expr in if: ", c)
		return false
	}
}

func createInverseCondMap() map[string]string {
	m := make(map[string]string)
	m["=="] = "!="
	m["!="] = "=="
	m["<"] = ">="
	m[">="] = "<"
	m[">"] = "<="
	m["<="] = ">"
	return m
}

//TODO generate a test for each path in the function
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blob 6763�package testgen

import (
	"fmt"
	"go/ast"
	"log"
	"os"
	"os/exec"
	"strings"

	"github.com/bjerga91/AutoTest/pf"
	"github.com/bjerga91/AutoTest/symbexec"
)

//GenerateTestsForFile generates tests for the given file
func GenerateTestsForFile(file *ast.File, path string) {
	pkg := file.Name.Name
	funcNumber := 0
	text := ""
	ast.Inspect(file, func(n ast.Node) bool {
		switch x := n.(type) {
		case *ast.FuncDecl:
			var stack symbexec.PathConstraint
			visitor := pf.FuncVisitor{
				Pkg:        pkg,
				FuncNumber: funcNumber,
				FilePath:   path,
				Lvl:        0,
				PC:         stack,
			}
			ast.Walk(&visitor, x)
			funcNumber++
			text = createTests(visitor, text)
			return false
		}
		return true
	})
	writeTestsToFile(text, path)
}

//GenerateTestsForDir generates tests for the given directory
func GenerateTestsForDir(files map[string]*ast.File) {
	for path, file := range files {
		GenerateTestsForFile(file, path)
	}
}

//CreateTests creates tests based on information from FuncVisior f
func createTests(f pf.FuncVisitor, text string) string {
	if text == "" {
		text += codeNewFile(f)
	} else {
		text += codeAppendToFile(f)
	}
	return text
}

//codeNewFile creates text for a new test-file
func codeNewFile(f pf.FuncVisitor) string {
	text := fmt.Sprintf(`
	package %s

	import "testing"

	/*
		This file has been automatically generated by AutoTest;
		Do not edit - changes may be overwritten
	*/
	`, f.Pkg)

	text += codeAppendToFile(f)

	return text
}

//codeAppendToFile creates text for testing a new function
func codeAppendToFile(f pf.FuncVisitor) string {
	inputStructString, functionIn := getInputTypes(f)
	returnStructString, nrRetTypes := getReturnTypes(f)
	testcases := getTestCases(f)
	outString := mkOutString(nrRetTypes)
	expString := mkExpString(nrRetTypes)
	condString := mkCondString(nrRetTypes)

	text := fmt.Sprintf(`
	type testpair%s struct {
		%s
		%s
	}

	var tests%s = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests%s {
			%s := %s(%s)
			if %s {
				t.Error(
					"For", %s,
					"expected", %s,
					"got", %s,
				)
			}
		}
	}
	`, f.FuncName,
		inputStructString,
		returnStructString,
		f.FuncName,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName,
		outString,
		f.FuncName,
		functionIn,
		condString,
		functionIn,
		expString,
		outString)

	return text
}

//writeTestsToFile writes the text to the path.
//It overwrites the file at the path if it already exist
func writeTestsToFile(text string, path string) {
	fmt.Printf("Writing tests to file...\n\n")
	filepath := fmt.Sprintf("%s_test.go", path[:len(path)-3])
	_, err := os.Stat(filepath)
	if os.IsNotExist(err) {
		createFile(filepath, text)
	} else {
		overwriteFile(filepath, text)
	}
}

//overwriteFile overwrites the file at the path and saves the text to the new file
func overwriteFile(path string, text string) {
	err := os.Remove(path)
	if err != nil {
		panic(err)
	}
	createFile(path, text)
}

//createFile creates a new file at the path with content text
func createFile(path string, text string) {
	file, err := os.Create(path)
	if err != nil {
		panic(err)
	}
	defer file.Close()

	if _, err = file.WriteString(text); err != nil {
		panic(err)
	}
}

//createDir creates a directory with the given path
func createDir(path string) {
	err := os.Mkdir(path, 0777)
	if err != nil {
		log.Fatal("createDir:", err)
	}
}

//delDir deletes the directory at the given path
func delDir(path string) {
	err := os.RemoveAll(path)

	if err != nil {
		log.Fatal("delDir:", err)
	}
}

//getInputTypes returns a string of the input types
func getInputTypes(f pf.FuncVisitor) (string, string) {
	var inputString, functionIn string
	inputTypes := f.GetInputParams()
	for i, param := range inputTypes {
		if i == 0 {
			inputString += fmt.Sprintf("in%v %v", i, param.InputType)
			functionIn += fmt.Sprintf("pair.in%v", i)
			continue
		}
		inputString += fmt.Sprintf("\n\tin%v %v", i, param.InputType)
		functionIn += fmt.Sprintf(", pair.in%v", i)
	}
	return inputString, functionIn
}

//getReturnTypes returns a string of the return types
func getReturnTypes(f pf.FuncVisitor) (string, int) {
	var returnString string
	var count int
	returntypes := f.GetReturnTypes()
	for i, retType := range returntypes {
		count++
		if i == 0 {
			returnString += fmt.Sprintf("exp%v %v", i, retType)
			continue
		}
		returnString += fmt.Sprintf("\n\texp%v %v", i, retType)
	}
	return returnString, count
}

//mkOutString returns a string representing the actual output variables
func mkOutString(count int) string {
	var out string
	for i := 0; i < count; i++ {
		if i == 0 {
			out += fmt.Sprintf("out%v", i)
			continue
		}
		out += fmt.Sprintf(", out%v", i)
	}
	return out
}

//mkExpString returns a string representing the expected output variables
func mkExpString(count int) string {
	var exp string
	for i := 0; i < count; i++ {
		if i == 0 {
			exp += fmt.Sprintf("pair.exp%v", i)
			continue
		}
		exp += fmt.Sprintf(", pair.exp%v", i)
	}
	return exp
}

//mkCondString returns a string representing the conditions that must be
//satisfied in order for the test to pass
func mkCondString(count int) string {
	var cond string
	for i := 0; i < count; i++ {
		if i == 0 {
			cond += fmt.Sprintf("out%v != pair.exp%v", i, i)
			continue
		}
		cond += fmt.Sprintf(" || out%v != pair.exp%v", i, i)
	}
	return cond
}

//getTestCases retrieves the test cases of a function
func getTestCases(f pf.FuncVisitor) string {
	var testcases string
	for i, model := range f.TestInputs {
		r := strings.NewReplacer(" ", "", "(", "", ")", "")
		modelTrimmed := r.Replace(model)
		modelSlice := strings.Split(modelTrimmed, "\n")
		input := ""
		for _, v := range modelSlice { //for each value in a model
			if strings.Contains(v, "->") {
				temp := strings.Split(v, "->")
				if input == "" {
					input = temp[1]
				} else {
					input += fmt.Sprintf(", %v", temp[1])
				}
			}
		}
		out := getExpectedOut(f, input)
		if i == 0 {
			testcases += fmt.Sprintf("{%s,%s},", input, out)
			continue
		}
		testcases += fmt.Sprintf("\n{%s,%s},", input, out)
	}
	return testcases
}

//getExpectedOut retrieves the output when the function that f represents is
//executed on input
func getExpectedOut(f pf.FuncVisitor, input string) string {
	end := strings.LastIndex(f.FilePath, "/")
	pkgString := f.FilePath[:end]
	text := fmt.Sprintf(`
		package main

		import (
			"fmt"
			"%s"
		)

		func main(){
			fmt.Print(%s.%s(%s))
		}
	`, pkgString,
		f.Pkg,
		f.FuncName,
		input,
	)

	createDir("../temp")
	path := fmt.Sprintf("../temp/temp.go")
	createFile(path, text)
	out, err := exec.Command("go", "run", path).Output()
	if err != nil {
		log.Fatal("getExpectedOut: Failed executing command!", err)
	}
	delDir("../temp")
	return string(out[:])
}
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blob 8001�package pf

import (
	"fmt"
	"go/ast"
	"log"
	"reflect"

	"github.com/bjerga91/test-generator/solver"
	"github.com/bjerga91/test-generator/symbexec"
)

//TODO move to init()
var invOpMap = createInverseOpMap()

//FuncVisitor is used to store variables when traversing the AST
type FuncVisitor struct {
	Pkg        string
	FuncName   string
	FuncNumber int
	FilePath   string
	Params     *ast.FieldList //input parameters for the function
	Results    *ast.FieldList //return values
	PC         symbexec.PathConstraint
	State      symbexec.State
	Paths      []symbexec.PathConstraint
	Lvl        int
	TestInputs []string
}

//InputParameter stores name and type of input parameter to a function
type InputParameter struct {
	Name      string
	InputType string
}

//Visit is used by Walk to traverse the AST in a DFS fashion
func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {
	switch x := node.(type) {
	case nil:
		v.Lvl--
		fmt.Println("Going up. Lvl:", v.Lvl)
		if !v.PC.Empty() {
			c := v.PC.Peek()
			if c.Lvl == v.Lvl {
				con := v.PC.Pop()
				fmt.Printf("Popped constraint: %s%s%s\n", con.Left, con.Op, con.Right)
			}
		}
		if v.Lvl == 0 {
			fmt.Println("Solve!!!")
			for i := range v.Paths {
				sat, res := solver.Solve(v.State, v.Paths[i])
				fmt.Println("Sat:", sat, "Model:", res)
				if sat {
					v.TestInputs = append(v.TestInputs, res)
				}
			}
		}
		//TODO remove variables

	case *ast.IfStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		stopTraversal := handleIfStmt(x, v)
		if stopTraversal {
			v.Lvl--
			fmt.Println("Going up. Lvl:", v.Lvl)
			return nil
		}
	case *ast.ReturnStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)

		// check, res := solver.Solve(v.State, v.PC)
		// fmt.Println(check, ":", res)
		// if check == "sat" {
		// 	v.TestInputs = append(v.TestInputs, res)
		// }
	case *ast.FuncDecl:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.FuncName = x.Name.Name
	case *ast.FuncType:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Params = x.Params
		v.Results = x.Results
		saveParameters(x.Params, v)
	case *ast.AssignStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleAssignStmt(x, v)
	case *ast.File:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Pkg = x.Name.Name
	default:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
	}
	return ast.Visitor(v)
}

//GetInputParams collects the type and name of input parameters
func (v *FuncVisitor) GetInputParams() []InputParameter {
	var inputs []InputParameter
	for _, param := range v.Params.List {
		expression := param.Type
		namesList := param.Names
		var inputtype string
		//fmt.Println("abc:", reflect.TypeOf(inputtype))
		switch a := expression.(type) {
		case *ast.Ident:
			inputtype = a.Name
			for _, name := range namesList {
				inputs = append(inputs, InputParameter{name.Name, inputtype})
			}
		}
	}
	return inputs
}

//GetReturnTypes returns the return types of the given function
func (v *FuncVisitor) GetReturnTypes() []string {
	var retTypes []string
	for _, t := range v.Results.List {
		temp := t.Type
		switch n := temp.(type) {
		case *ast.Ident:
			returnType := n.Name
			retTypes = append(retTypes, returnType)
		}
	}
	return retTypes
}

func handleAssignStmt(stmt *ast.AssignStmt, v *FuncVisitor) {
	//TODO if variable not in map, save to map
	var name, tok, varType, value string

	for _, lhs := range stmt.Lhs {
		switch x := lhs.(type) {
		case *ast.Ident:
			name = x.Name
		default:
			log.Fatal("handleAssignStmt: Lhs is not of *ast.Ident type")
		}
	}

	tok = stmt.Tok.String()

	for _, rhs := range stmt.Rhs {
		switch x := rhs.(type) {
		case *ast.BasicLit:
			value = x.Value
			varType = x.Kind.String()
		//TODO case *ast.Ident: 	if the rhs is a variable
		//TODO case *ast.BinaryExpr: 	if the rhs is an expression of more than one variable
		default:
			log.Fatal("handleAssignStmt: Rhs is not any of the defined cases")
		}
	}

	if _, exist := v.State[name]; exist {
		//Only update assignment
		if tok == "=" {
			symbVar := v.State[name]
			symbVar.AssignStmt = value
			v.State[name] = symbVar
		}
	} else {
		//Create new entry in State
		if tok == ":=" {
			v.State[name] = symbexec.SymbolicVariable{
				Name:       name,
				LvlCreated: v.Lvl,
				VarType:    varType,
				AssignStmt: value,
			}
			//TODO define the cases for the other tokens
		} else {
			log.Fatal("handleAssignStmt: token is not \":=\"")
		}
	}

	//TODO if variable is already in map, update AssignStmt
	// where variables in the map needs to be replaced with their AssignStmt
}

func saveParameters(params *ast.FieldList, v *FuncVisitor) {
	for _, param := range params.List {
		var varType string
		t := param.Type
		switch x := t.(type) {
		case *ast.Ident:
			varType = x.Name
		default:
			log.Fatalf("saveParameter: type is not ast.Ident: %s", reflect.TypeOf(x))
		}
		for _, name := range param.Names {
			varName := name.Name
			symbVar := symbexec.SymbolicVariable{
				Name:       varName,
				LvlCreated: v.Lvl,
				VarType:    varType,
			}
			if _, exist := v.State[varName]; exist {
				log.Fatalf("saveParameters: variable name %s already exist in map!", varName)
			}
			v.State[varName] = symbVar
		}
	}
}

func exprToString(expr ast.Expr) string {
	var ret string
	switch e := expr.(type) {
	case *ast.Ident:
		ret = e.Name
	case *ast.BasicLit:
		ret = e.Value
	}
	return ret
}

func handleIfStmt(x *ast.IfStmt, v *FuncVisitor) bool {
	//TODO condition could be other than BinaryExpr.
	//Should make a recursive function to retrieve the condition??
	switch c := x.Cond.(type) {
	case *ast.BinaryExpr:
		left := exprToString(c.X)
		op := c.Op.String()
		right := exprToString(c.Y)
		cond := symbexec.Constraint{Lvl: v.Lvl, Left: left, Op: op, Right: right}
		elseCond := symbexec.Constraint{Lvl: v.Lvl, Left: left, Op: invOpMap[cond.Op], Right: right}

		//adding condition to paths
		//TODO split this out in its own function
		if len(v.Paths) > 0 {
			fmt.Println("State:", v.State.ToString())
			var newPaths []symbexec.PathConstraint
			for _, path := range v.Paths {
				elsepath := append(path, elseCond)
				elsesat := solver.CheckSat(v.State, elsepath)
				fmt.Println("Elsepath:", elsepath.ToString(), "sat:", elsesat)
				thenpath := append(path, cond)
				thensat := solver.CheckSat(v.State, thenpath)
				fmt.Println("Thenpath:", thenpath.ToString(), "sat:", thensat)
				if !v.PC.Empty() {
					if path.Contains(v.PC.Peek()) {
						if elsesat {
							newPaths = append(newPaths, elsepath)
						}
						if thensat {
							newPaths = append(newPaths, thenpath)
						}
					}
				} else {
					if elsesat {
						newPaths = append(newPaths, elsepath)
					}
					if thensat {
						newPaths = append(newPaths, thenpath)
					}
				}
			}
			v.Paths = newPaths
		} else {
			v.Paths = append(v.Paths, symbexec.PathConstraint{cond})
			v.Paths = append(v.Paths, symbexec.PathConstraint{elseCond})
		}

		fmt.Printf("Pushing constraint %s%s%s\n", cond.Left, cond.Op, cond.Right)
		v.PC.Push(cond)
		//TODO check if sat before walk
		res := solver.CheckSat(v.State, v.PC)
		if res {
			ast.Walk(v, x.Body)
		} else {
			v.PC.Pop()
		}
		//TODO should create PC for the else-statement no matter if it is null
		//for later use if return is outside if
		if x.Else != nil {
			fmt.Printf("Pushing constraint %s%s%s\n", elseCond.Left, elseCond.Op, elseCond.Right)
			fvElse := v
			fvElse.PC.Push(elseCond)
			//TODO check if sat before Walk
			res := solver.CheckSat(v.State, fvElse.PC)
			if res {
				ast.Walk(fvElse, x.Else)
			} else {
				fvElse.PC.Pop()
			}
		}
		return true
	default:
		log.Fatalf("Unhandled type %s in handleIfStmt", c)
		return false
	}
}

func createInverseOpMap() map[string]string {
	m := make(map[string]string)
	m["=="] = "!="
	m["!="] = "=="
	m["<"] = ">="
	m[">="] = "<"
	m[">"] = "<="
	m["<="] = ">"
	return m
}
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[core]
	repositoryformatversion = 0
	filemode = true
	bare = false
	logallrefupdates = true
	ignorecase = true
	precomposeunicode = true
[remote "origin"]
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	pushurl = https://github.com/bjerga91/AutoTest
[remote "tg"]
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	fetch = +refs/heads/*:refs/remotes/tg/*
	pushurl = https://github.com/bjerga91/AutoTest.git
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	remote = origin
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blob 1997�package testgen

import (
	"fmt"
	"os"
	"strings"

	"github.com/bjerga91/test-generator/pf"
)

//CreateTestFile creates tests based on information from FuncVisior f
func CreateTestFile(f pf.FuncVisitor) {
	var inputString, returnString string
	inputTypes := f.GetInputParams()
	for i, param := range inputTypes {
		if i == 0 {
			inputString += param.InputType
			continue
		}
		inputString += ", " + param.InputType

	}
	returntypes := f.GetReturnTypes()
	for i, retType := range returntypes {
		if i == 0 {
			returnString += retType
			continue
		}
		returnString += ", " + retType
	}

	var testcases string
	for i, model := range f.TestInputs {
		r := strings.NewReplacer(" ", "", "(", "", ")", "", "\n", "")
		modelTrimmed := r.Replace(model)
		modelSlice := strings.Split(modelTrimmed, ",")
		for _, v := range modelSlice { //for each value in a model
			temp := strings.Split(v, "->")
			if i == 0 {
				testcases += fmt.Sprintf("{%s,nil}", temp[1])
				continue
			}
			testcases += fmt.Sprintf(",\n{%s,nil}", temp[1])
		}
	}

	testfile := fmt.Sprintf(`
	package %s

	import "testing"

	type testpair%s struct {
		input %s
		expected %s
	}

	var tests = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.Pkg,
		f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName)

	filepath := fmt.Sprintf("%s_test.go", f.FilePath[:len(f.FilePath)-3])
	_, err := os.Stat(filepath)
	//if os.IsNotExist(err) {
	if os.IsExist(err) {
		err := os.Remove(filepath)
		if err != nil {
			panic(err)
		}
	}
	file, err := os.Create(filepath)
	if err != nil {
		panic(err)
	}
	defer file.Close()

	n, err := file.WriteString(testfile)
	if err != nil {
		panic(err)
	}
	fmt.Printf("Wrote %d bytes\n", n)
	//} else {
	//TODO
	//fmt.Println("TODO: File already exist!!")
	//}
}
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blob 12392�package solver

/*
#cgo LDFLAGS: -L/usr/local/Cellar/z3/4.4.1/lib -lz3
#include <stdlib.h>
#include <z3.h>
*/
import "C"

import (
	"log"
	"strconv"
	"unsafe"

	"github.com/bjerga91/AutoTest/symbexec"
)

//For information about each function, go to:
// http://z3prover.github.io/api/html/group__capi.html

//TODO reorganize according to Z3 API

//TODO declare all different variable types in init-function??
var svr C.Z3_solver
var ctx C.Z3_context

func init() {
	ctx = MkContext()
	svr = mkSolver(ctx)
}

//Solve declares variables, assert constraints into the solver
//and tries to find a solution to the PathConstraint
func Solve(state symbexec.State, pc symbexec.PathConstraint) (bool, string) {
	//nrOfVars := len(state)
	//C.Z3_solver_inc_ref(ctx, svr)
	var res string

	vars := declVarsInState(state)
	assertConstraints(pc, vars)

	s := solverCheck(ctx, svr)
	if s {
		m := solverGetModel(ctx, svr)
		res = modelToString(ctx, m)
	} else {
		res = ""
	}
	solverReset(ctx, svr)
	return s, res
	//C.Z3_solver_dec_ref(ctx, svr)
}

//CheckSat checks if the PC is satisfiable
func CheckSat(state symbexec.State, pc symbexec.PathConstraint) bool {
	vars := declVarsInState(state)

	assertConstraints(pc, vars)

	sat := solverCheck(ctx, svr)
	solverReset(ctx, svr)
	if sat {
		return true
	}
	return false
}

func declVarsInState(state symbexec.State) map[string]C.Z3_ast {
	vars := make(map[string]C.Z3_ast)
	for _, val := range state {
		if val.VarType == "int" {
			res := declIntVar(ctx, val.Name)
			if val.AssignStmt != "" {
				if i, err := strconv.Atoi(val.AssignStmt); err == nil {
					data := declInt(ctx, i)
					res = mkEq(ctx, res, data)
				}
			}
			vars[val.Name] = res
		} else {
			log.Fatal("declVarsInState: Vartype is not int!")
		}
	}
	return vars
}

func assertConstraints(pc symbexec.PathConstraint, vars map[string]C.Z3_ast) {
	var left, right, constraint C.Z3_ast
	for _, c := range pc {
		left = checkTypeAndDeclVar(ctx, vars, c.Left)
		right = checkTypeAndDeclVar(ctx, vars, c.Right)
		if c.Op == "==" {
			constraint = mkEq(ctx, left, right)
		} else if c.Op == "!=" {
			constraint = mkNotEq(ctx, left, right)
		} else if c.Op == "<" {
			constraint = mkLt(ctx, left, right)
		} else if c.Op == "<=" {
			constraint = mkLe(ctx, left, right)
		} else if c.Op == ">" {
			constraint = mkGt(ctx, left, right)
		} else if c.Op == ">=" {
			constraint = mkGe(ctx, left, right)
		}
		solverAssert(ctx, svr, constraint)
	}
}

func checkTypeAndDeclVar(ctx C.Z3_context, varMap map[string]C.Z3_ast, operand string) C.Z3_ast {
	var res C.Z3_ast
	if i, err := strconv.Atoi(operand); err == nil {
		res = declInt(ctx, i)
	} else {
		//Assuming it is a variable already declared
		if _, ok := varMap[operand]; ok {
			res = varMap[operand]
		} else {
			log.Fatal("checkTypeAndDeclVar: variable is not defined in varMap")
		}
	}
	return res
}

func declIntVar(ctx C.Z3_context, name string) C.Z3_ast {
	cs := C.CString(name)
	defer C.free(unsafe.Pointer(cs))
	intType := mkIntSort(ctx)
	symb := mkStringSymbol(ctx, cs)
	return mkConst(ctx, symb, intType)
}

func declInt(ctx C.Z3_context, v int) C.Z3_ast {
	intType := mkIntSort(ctx)
	return mkInt(ctx, C.int(v), intType)
}

//API - Create Context

//MkContext creates a context for Z3
func MkContext() C.Z3_context {
	cfg := C.Z3_mk_config()
	paramID := C.CString("MODEL")
	defer C.free(unsafe.Pointer(paramID))
	paramValue := C.CString("true")
	defer C.free(unsafe.Pointer(paramValue))
	C.Z3_set_param_value(cfg, paramID, paramValue)
	ctx := C.Z3_mk_context(cfg)
	C.Z3_del_config(cfg)
	return ctx
}

//API - Symbols
func mkIntSymbol(ctx C.Z3_context, i C.int) C.Z3_symbol {
	return C.Z3_mk_int_symbol(ctx, i)
}

func mkStringSymbol(ctx C.Z3_context, s C.Z3_string) C.Z3_symbol {
	return C.Z3_mk_string_symbol(ctx, s)
}

//API - Sorts
func mkBoolSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_bool_sort(ctx)
}

func mkIntSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_int_sort(ctx)
}

func mkRealSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_real_sort(ctx)
}

//API - Constants and Applications
func mkConst(ctx C.Z3_context, s C.Z3_symbol, ty C.Z3_sort) C.Z3_ast {
	return C.Z3_mk_const(ctx, s, ty)
}

//API -  Solvers
func mkSolver(ctx C.Z3_context) C.Z3_solver {
	svr := C.Z3_mk_solver(ctx)
	solverIncRef(ctx, svr)
	return svr
}

func solverPush(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_push(ctx, svr)
}

func solverPop(ctx C.Z3_context, svr C.Z3_solver, n C.uint) {
	if n <= solverGetNumScopes(ctx, svr) {
		C.Z3_solver_pop(ctx, svr, n)
	} else {
		log.Fatal("error: solverPop: trying to pop more scopes than available in solver")
	}
}

func solverReset(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_reset(ctx, svr)
}

func solverGetNumScopes(ctx C.Z3_context, svr C.Z3_solver) C.uint {
	return C.Z3_solver_get_num_scopes(ctx, svr)
}

func solverIncRef(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_inc_ref(ctx, svr)
}

func solverDecRef(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_dec_ref(ctx, svr)
}

func solverAssert(ctx C.Z3_context, svr C.Z3_solver, cond C.Z3_ast) {
	C.Z3_solver_assert(ctx, svr, cond)
}

func solverCheck(ctx C.Z3_context, svr C.Z3_solver) bool {
	res := C.Z3_solver_check(ctx, svr)
	sat := false
	switch res {
	case C.Z3_L_FALSE:
		sat = false
	case C.Z3_L_UNDEF:
		sat = false
	case C.Z3_L_TRUE:
		sat = true
	}
	return sat
}

func solverGetModel(ctx C.Z3_context, svr C.Z3_solver) C.Z3_model {
	return C.Z3_solver_get_model(ctx, svr)
}

//API - String conversion
func modelToString(ctx C.Z3_context, m C.Z3_model) string {
	//Convert c-string to go-string
	s := C.Z3_model_to_string(ctx, m)
	//defer C.free(unsafe.Pointer(s)) //Uncommenting this makes the program crash
	return C.GoString(s)
}

//API - Algebraic Numbers (probably need to check that some of these work)
func algebraicIsValue(ctx C.Z3_context, a C.Z3_ast) bool {
	res := C.Z3_algebraic_is_value(ctx, a)
	if res == C.Z3_TRUE {
		return true
	}
	log.Fatal("error: algebraicIsPos: algebraicIsValue returns false!")
	return false
}

func algebraicIsPos(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_pos(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsPos: algebraicIsValue returns false!")
	return false
}

func algebraicIsNeg(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_neg(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsNeg: algebraicIsValue returns false!")
	return false
}

func algebraicIsZero(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_zero(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsZero: algebraicIsValue returns false!")
	return false
}

func algebraicSign(ctx C.Z3_context, a C.Z3_ast) int {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_sign(ctx, a)
		return int(res)
	}
	log.Fatal("error: algebraicSign: algebraicIsValue returns false!")
	return 0
}

func algebraicAdd(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_add(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicAdd: algebraicIsValue returns false!")
	return res
}

func algebraicSub(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_sub(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicSub: algebraicIsValue returns false!")
	return res
}

func algebraicMul(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_mul(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicMul: algebraicIsValue returns false!")
	return res
}

func algebraicDiv(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_div(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicDiv: algebraicIsValue returns false!")
	return res
}

func algebraicPower(ctx C.Z3_context, a C.Z3_ast, k C.unsigned) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) {
		res = C.Z3_algebraic_power(ctx, a, k)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicPower: algebraicIsValue returns false!")
	return res
}

func algebraicLt(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_lt(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicLt: algebraicIsValue returns false!")
	return false
}

func algebraicGt(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_gt(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicGt: algebraicIsValue returns false!")
	return false
}

func algebraicLe(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_le(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicLe: algebraicIsValue returns false!")
	return false
}

func algebraicGe(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_ge(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicGe: algebraicIsValue returns false!")
	return false
}

func algebraicEq(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_eq(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicEq: algebraicIsValue returns false!")
	return false
}

func algebraicNotEq(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_neq(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicNotEq: algebraicIsValue returns false!")
	return false
}

//API - Propositional Logic and Equality
func mkTrue(ctx C.Z3_context) C.Z3_ast {
	return C.Z3_mk_true(ctx)
}

func mkFalse(ctx C.Z3_context) C.Z3_ast {
	return C.Z3_mk_false(ctx)
}

func mkEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_eq(ctx, l, r)
}

func mkNotEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	eq := C.Z3_mk_eq(ctx, l, r)
	return C.Z3_mk_not(ctx, eq)
}

//TODO check api for last two functions. uncertain about the last parameter
// func mkAnd(ctx C.Z3_context, numargs C.unsigned, args C.Z3_ast[]){
//
// }
//
// func mkOr(ctx C.Z3_context, numargs C.unsigned, args C.Z3_ast[]){
//
// }

//API - Arithmetic: Integer and Reals
// func mkAdd(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// 	return C.Z3_mk_add(ctx, numargs, cons)
// }
//
// func mkMul(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// }
//
// func mkSub(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// }
//
// func mkUnaryMinus(ctx C.Z3_context, arg C.Z3_ast) C.Z3_ast {
// 	return C.Z3_mk_unary_minus(ctx, arg)
// }
//
// func mkDiv(ctx C.Z3_context, numargs C.unsigned, const C.Z3_ast []args) C.Z3_ast {
// }

func mkLt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_lt(ctx, l, r)
}

func mkLe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_le(ctx, l, r)
}

func mkGt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_gt(ctx, l, r)
}

func mkGe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_ge(ctx, l, r)
}

func mkMod(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_mod(ctx, l, r)
}

func mkRem(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_rem(ctx, l, r)
}

func mkPower(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_power(ctx, l, r)
}

//API - Numerals
func mkInt(ctx C.Z3_context, v C.int, ty C.Z3_sort) C.Z3_ast {
	return C.Z3_mk_int(ctx, v, ty)
}

func mkReal(ctx C.Z3_context, num, den C.int) C.Z3_ast {
	return C.Z3_mk_real(ctx, num, den)
}
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commit 255�tree 3b4d124ade3225f1300d8f30433f0921784badb4
parent d1e867c6bbfb088813a54bf89450434d47c4dbd5
author Andreas Bjerga <andreas.bjerga@gmail.com> 1460041093 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1460041093 +0200

First commit on ast file
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blob 47�A test-generator for source code written in Go
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commit 273�tree faaac90dbe2c692cdf6cfb5e3b70e7e24bd2734e
parent d64394d6ff65f828c3bb3f6dce8979fbef1409dc
author Andreas Bjerga <andreas.bjerga@gmail.com> 1463355250 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1463355250 +0200

added class that parses file or dir to ast
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blob 1209�package main

import (
	"fmt"
	"os"

	"github.com/bjerga91/test-generator/myparser"
	"github.com/bjerga91/test-generator/testgen"
)

var usage = fmt.Sprintf("AutoTest is a tool for automatically generating " +
	"test cases for Go. \n\n" +

	"Usage: \n\n\tAutoTest [option] path\n\n" +

	"The options are as follows:\n\n\t" +

	"-d\tCreate tests for all the functions in the directory.\n\t" +
	"-f\tCreate tests for all the functions in the specified file.\n\t")

var usageShort = fmt.Sprintf("Usage: AutoTest [-d | -f] path\n\t" +
	"For more information, use option -h or --help")

func main() {
	if len(os.Args) == 2 {
		if os.Args[1] == "-h" || os.Args[1] == "--help" {
			fmt.Println(usage)
			os.Exit(-1)
		} else {
			fmt.Println(usageShort)
			os.Exit(-1)
		}
	} else if len(os.Args) == 3 {
		if os.Args[1] == "-d" {
			fmt.Println("Parse directory")
			filesMap := myparser.ParseDir(os.Args[2])
			testgen.GenerateTestsForDir(filesMap)
		} else if os.Args[1] == "-f" {
			fmt.Println("Parse file")
			file := myparser.ParseFile(os.Args[2])
			testgen.GenerateTestsForFile(file, os.Args[2])
		} else {
			fmt.Println(usageShort)
			os.Exit(-1)
		}
	} else {
		fmt.Println(usageShort)
		os.Exit(-1)
	}
}
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blob 6388�package pf

import (
	"fmt"
	"go/ast"
	"log"
	"reflect"

	"github.com/bjerga91/test-generator/solver"
	"github.com/bjerga91/test-generator/symbexec"
)

//TODO move to init()
var invOpMap = createInverseOpMap()

//FuncVisitor is used to store variables when traversing the AST
type FuncVisitor struct {
	Pkg        string
	FuncName   string
	FilePath   string
	Params     *ast.FieldList //input parameters for the function
	Results    *ast.FieldList //return values
	PC         symbexec.PathConstraint
	State      symbexec.State
	Lvl        int
	TestInputs []string
}

//InputParameter stores name and type of input parameter to a function
type InputParameter struct {
	Name      string
	InputType string
}

//Visit is used by Walk to traverse the AST in a DFS fashion
func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {
	switch x := node.(type) {
	case nil:
		v.Lvl--
		fmt.Println("Going up. Lvl:", v.Lvl)
		//TODO remove variables
		if !v.PC.Empty() {
			c := v.PC.Peek()
			if c.Lvl == v.Lvl {
				fmt.Println("Popped constraint")
				v.PC.Pop()
			}
		}
	case *ast.IfStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		stopTraversal := handleIfStmt(x, v)
		if stopTraversal {
			return nil
		}
	case *ast.ReturnStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		// PC := v.PC
		// var res = fmt.Sprintf("Path constraint for path: \n")
		// for x := PC.Peek(); !PC.Empty(); PC.Pop() {
		// 	res += fmt.Sprintf("%s ,", x.Cond)
		// }
		// fmt.Println(res)
		// fmt.Println("Symbolic variables for path:")
		// for _, val := range v.State {
		// 	fmt.Printf("%s:, varType: %s, assignStmt: %s\n", val.Name, val.VarType, val.AssignStmt)
		// }
		check, res := solver.Solve(v.State, v.PC)
		fmt.Println(check, ":", res)
		if check == "sat" {
			v.TestInputs = append(v.TestInputs, res)
		}
	case *ast.FuncDecl:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.FuncName = x.Name.Name
	case *ast.FuncType:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Params = x.Params
		v.Results = x.Results
		saveParameters(x.Params, v)
	case *ast.AssignStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleAssignStmt(x, v)
	case *ast.File:
		v.Lvl++
		v.Pkg = x.Name.Name
	default:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
	}
	return ast.Visitor(v)
}

//GetInputParams collects the type and name of input parameters
func (v *FuncVisitor) GetInputParams() []InputParameter {
	var inputs []InputParameter
	for _, param := range v.Params.List {
		expression := param.Type
		namesList := param.Names
		var inputtype string
		//fmt.Println("abc:", reflect.TypeOf(inputtype))
		switch a := expression.(type) {
		case *ast.Ident:
			inputtype = a.Name
			for _, name := range namesList {
				inputs = append(inputs, InputParameter{name.Name, inputtype})
			}
		}
	}
	return inputs
}

//GetReturnTypes returns the return types of the given function
func (v *FuncVisitor) GetReturnTypes() []string {
	var retTypes []string
	for _, t := range v.Results.List {
		temp := t.Type
		switch n := temp.(type) {
		case *ast.Ident:
			returnType := n.Name
			retTypes = append(retTypes, returnType)
		}
	}
	return retTypes
}

func handleAssignStmt(stmt *ast.AssignStmt, v *FuncVisitor) {
	//TODO if variable not in map, save to map
	var name, tok, varType, value string

	for _, lhs := range stmt.Lhs {
		switch x := lhs.(type) {
		case *ast.Ident:
			name = x.Name
		default:
			log.Fatal("handleAssignStmt: Lhs is not of *ast.Ident type")
		}
	}

	tok = stmt.Tok.String()

	for _, rhs := range stmt.Rhs {
		switch x := rhs.(type) {
		case *ast.BasicLit:
			value = x.Value
			varType = x.Kind.String()
		//TODO case *ast.Ident: 	if the rhs is a variable
		//TODO case *ast.BinaryExpr: 	if the rhs is an expression of more than one variable
		default:
			log.Fatal("handleAssignStmt: Rhs is not any of the defined cases")
		}
	}

	if _, exist := v.State[name]; exist {
		//Only update assignment
		if tok == "=" {
			symbVar := v.State[name]
			symbVar.AssignStmt = value
			v.State[name] = symbVar
		}
	} else {
		//Create new entry in State
		if tok == ":=" {
			v.State[name] = symbexec.SymbolicVariable{
				Name:       name,
				LvlCreated: v.Lvl,
				VarType:    varType,
				AssignStmt: value,
			}
			//TODO define the cases for the other tokens
		} else {
			log.Fatal("handleAssignStmt: token is not \":=\"")
		}
	}

	//TODO if variable is already in map, update AssignStmt
	// where variables in the map needs to be replaced with their AssignStmt
}

func saveParameters(params *ast.FieldList, v *FuncVisitor) {
	for _, param := range params.List {
		var varType string
		t := param.Type
		switch x := t.(type) {
		case *ast.Ident:
			varType = x.Name
		default:
			log.Fatalf("saveParameter: type is not ast.Ident: %s", reflect.TypeOf(x))
		}
		for _, name := range param.Names {
			varName := name.Name
			symbVar := symbexec.SymbolicVariable{
				Name:       varName,
				LvlCreated: v.Lvl,
				VarType:    varType,
			}
			if _, exist := v.State[varName]; exist {
				log.Fatalf("saveParameters: variable name %s already exist in map!", varName)
			}
			v.State[varName] = symbVar
		}
	}
}

func exprToString(expr ast.Expr) string {
	var ret string
	switch e := expr.(type) {
	case *ast.Ident:
		ret = e.Name
	case *ast.BasicLit:
		ret = e.Value
	}
	return ret
}

func handleIfStmt(x *ast.IfStmt, v *FuncVisitor) bool {
	switch c := x.Cond.(type) {
	case *ast.BinaryExpr:
		left := exprToString(c.X)
		op := c.Op.String()
		right := exprToString(c.Y)
		cond := symbexec.Condition{Left: left, Op: op, Right: right}
		//TODO should create PC for the else-statement no matter if it is null
		//for later use if return is outside if
		if x.Else != nil {
			invOp := invOpMap[cond.Op]
			elseCond := symbexec.Condition{Left: left, Op: invOp, Right: right}
			fcElse := v
			fcElse.PC.Push(symbexec.Constraint{Lvl: v.Lvl, Cond: elseCond})
			ast.Walk(fcElse, x.Else)
		}
		v.PC.Push(symbexec.Constraint{Lvl: v.Lvl, Cond: cond})
		ast.Walk(v, x.Body)
		return true
	default:
		fmt.Println("Another type of expr in if: ", c)
		return false
	}
}

func createInverseOpMap() map[string]string {
	m := make(map[string]string)
	m["=="] = "!="
	m["!="] = "=="
	m["<"] = ">="
	m[">="] = "<"
	m[">"] = "<="
	m["<="] = ">"
	return m
}
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blob 6404�package pf

import (
	"fmt"
	"go/ast"
	"log"
	"reflect"

	"github.com/bjerga91/test-generator/solver"
	"github.com/bjerga91/test-generator/symbexec"
)

//TODO move to init()
var invOpMap = createInverseOpMap()

//FuncVisitor is used to store variables when traversing the AST
type FuncVisitor struct {
	Pkg        string
	FuncName   string
	FuncNumber int
	FilePath   string
	Params     *ast.FieldList //input parameters for the function
	Results    *ast.FieldList //return values
	PC         symbexec.PathConstraint
	State      symbexec.State
	Lvl        int
	TestInputs []string
}

//InputParameter stores name and type of input parameter to a function
type InputParameter struct {
	Name      string
	InputType string
}

//Visit is used by Walk to traverse the AST in a DFS fashion
func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {
	switch x := node.(type) {
	case nil:
		v.Lvl--
		fmt.Println("Going up. Lvl:", v.Lvl)
		//TODO remove variables
		if !v.PC.Empty() {
			c := v.PC.Peek()
			if c.Lvl == v.Lvl {
				fmt.Println("Popped constraint")
				v.PC.Pop()
			}
		}
	case *ast.IfStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		stopTraversal := handleIfStmt(x, v)
		if stopTraversal {
			return nil
		}
	case *ast.ReturnStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		// PC := v.PC
		// var res = fmt.Sprintf("Path constraint for path: \n")
		// for x := PC.Peek(); !PC.Empty(); PC.Pop() {
		// 	res += fmt.Sprintf("%s ,", x.Cond)
		// }
		// fmt.Println(res)
		// fmt.Println("Symbolic variables for path:")
		// for _, val := range v.State {
		// 	fmt.Printf("%s:, varType: %s, assignStmt: %s\n", val.Name, val.VarType, val.AssignStmt)
		// }
		check, res := solver.Solve(v.State, v.PC)
		fmt.Println(check, ":", res)
		if check == "sat" {
			v.TestInputs = append(v.TestInputs, res)
		}
	case *ast.FuncDecl:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.FuncName = x.Name.Name
	case *ast.FuncType:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Params = x.Params
		v.Results = x.Results
		saveParameters(x.Params, v)
	case *ast.AssignStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleAssignStmt(x, v)
	case *ast.File:
		v.Lvl++
		v.Pkg = x.Name.Name
	default:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
	}
	return ast.Visitor(v)
}

//GetInputParams collects the type and name of input parameters
func (v *FuncVisitor) GetInputParams() []InputParameter {
	var inputs []InputParameter
	for _, param := range v.Params.List {
		expression := param.Type
		namesList := param.Names
		var inputtype string
		//fmt.Println("abc:", reflect.TypeOf(inputtype))
		switch a := expression.(type) {
		case *ast.Ident:
			inputtype = a.Name
			for _, name := range namesList {
				inputs = append(inputs, InputParameter{name.Name, inputtype})
			}
		}
	}
	return inputs
}

//GetReturnTypes returns the return types of the given function
func (v *FuncVisitor) GetReturnTypes() []string {
	var retTypes []string
	for _, t := range v.Results.List {
		temp := t.Type
		switch n := temp.(type) {
		case *ast.Ident:
			returnType := n.Name
			retTypes = append(retTypes, returnType)
		}
	}
	return retTypes
}

func handleAssignStmt(stmt *ast.AssignStmt, v *FuncVisitor) {
	//TODO if variable not in map, save to map
	var name, tok, varType, value string

	for _, lhs := range stmt.Lhs {
		switch x := lhs.(type) {
		case *ast.Ident:
			name = x.Name
		default:
			log.Fatal("handleAssignStmt: Lhs is not of *ast.Ident type")
		}
	}

	tok = stmt.Tok.String()

	for _, rhs := range stmt.Rhs {
		switch x := rhs.(type) {
		case *ast.BasicLit:
			value = x.Value
			varType = x.Kind.String()
		//TODO case *ast.Ident: 	if the rhs is a variable
		//TODO case *ast.BinaryExpr: 	if the rhs is an expression of more than one variable
		default:
			log.Fatal("handleAssignStmt: Rhs is not any of the defined cases")
		}
	}

	if _, exist := v.State[name]; exist {
		//Only update assignment
		if tok == "=" {
			symbVar := v.State[name]
			symbVar.AssignStmt = value
			v.State[name] = symbVar
		}
	} else {
		//Create new entry in State
		if tok == ":=" {
			v.State[name] = symbexec.SymbolicVariable{
				Name:       name,
				LvlCreated: v.Lvl,
				VarType:    varType,
				AssignStmt: value,
			}
			//TODO define the cases for the other tokens
		} else {
			log.Fatal("handleAssignStmt: token is not \":=\"")
		}
	}

	//TODO if variable is already in map, update AssignStmt
	// where variables in the map needs to be replaced with their AssignStmt
}

func saveParameters(params *ast.FieldList, v *FuncVisitor) {
	for _, param := range params.List {
		var varType string
		t := param.Type
		switch x := t.(type) {
		case *ast.Ident:
			varType = x.Name
		default:
			log.Fatalf("saveParameter: type is not ast.Ident: %s", reflect.TypeOf(x))
		}
		for _, name := range param.Names {
			varName := name.Name
			symbVar := symbexec.SymbolicVariable{
				Name:       varName,
				LvlCreated: v.Lvl,
				VarType:    varType,
			}
			if _, exist := v.State[varName]; exist {
				log.Fatalf("saveParameters: variable name %s already exist in map!", varName)
			}
			v.State[varName] = symbVar
		}
	}
}

func exprToString(expr ast.Expr) string {
	var ret string
	switch e := expr.(type) {
	case *ast.Ident:
		ret = e.Name
	case *ast.BasicLit:
		ret = e.Value
	}
	return ret
}

func handleIfStmt(x *ast.IfStmt, v *FuncVisitor) bool {
	switch c := x.Cond.(type) {
	case *ast.BinaryExpr:
		left := exprToString(c.X)
		op := c.Op.String()
		right := exprToString(c.Y)
		cond := symbexec.Condition{Left: left, Op: op, Right: right}
		//TODO should create PC for the else-statement no matter if it is null
		//for later use if return is outside if
		if x.Else != nil {
			invOp := invOpMap[cond.Op]
			elseCond := symbexec.Condition{Left: left, Op: invOp, Right: right}
			fcElse := v
			fcElse.PC.Push(symbexec.Constraint{Lvl: v.Lvl, Cond: elseCond})
			ast.Walk(fcElse, x.Else)
		}
		v.PC.Push(symbexec.Constraint{Lvl: v.Lvl, Cond: cond})
		ast.Walk(v, x.Body)
		return true
	default:
		fmt.Println("Another type of expr in if: ", c)
		return false
	}
}

func createInverseOpMap() map[string]string {
	m := make(map[string]string)
	m["=="] = "!="
	m["!="] = "=="
	m["<"] = ">="
	m[">="] = "<"
	m[">"] = "<="
	m["<="] = ">"
	return m
}
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blob 1998�package testgen

import (
	"fmt"
	"os"
	"strings"

	"github.com/bjerga91/test-generator/pf"
)

//CreateTestFile creates tests based on information from FuncVisior f
func CreateTestFile(f pf.FuncVisitor) {
	var inputString, returnString string
	inputTypes := f.GetInputParams()
	for i, param := range inputTypes {
		if i == 0 {
			inputString += param.InputType
			continue
		}
		inputString += ", " + param.InputType

	}
	returntypes := f.GetReturnTypes()
	for i, retType := range returntypes {
		if i == 0 {
			returnString += retType
			continue
		}
		returnString += ", " + retType
	}

	var testcases string
	for i, model := range f.TestInputs {
		r := strings.NewReplacer(" ", "", "(", "", ")", "", "\n", "")
		modelTrimmed := r.Replace(model)
		modelSlice := strings.Split(modelTrimmed, ",")
		for _, v := range modelSlice { //for each value in a model
			temp := strings.Split(v, "->")
			if i == 0 {
				testcases += fmt.Sprintf("{%s,nil},", temp[1])
				continue
			}
			testcases += fmt.Sprintf("\n{%s,nil},", temp[1])
		}
	}

	testfile := fmt.Sprintf(`
	package %s

	import "testing"

	type testpair%s struct {
		input %s
		expected %s
	}

	var tests = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.Pkg,
		f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName)

	filepath := fmt.Sprintf("%s_test.go", f.FilePath[:len(f.FilePath)-3])
	_, err := os.Stat(filepath)
	//if os.IsNotExist(err) {
	if os.IsExist(err) {
		err := os.Remove(filepath)
		if err != nil {
			panic(err)
		}
	}
	file, err := os.Create(filepath)
	if err != nil {
		panic(err)
	}
	defer file.Close()

	n, err := file.WriteString(testfile)
	if err != nil {
		panic(err)
	}
	fmt.Printf("Wrote %d bytes\n", n)
	//} else {
	//TODO
	//fmt.Println("TODO: File already exist!!")
	//}
}
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commit 274�tree c0e1d720cf3e234ca2dec5c67f57ba2e91001a99
parent 2ab5c255dfe40c67467e35997829acf7dc4535e5
author Andreas Bjerga <andreas.bjerga@gmail.com> 1461269780 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1461269780 +0200

implemented z3 in go and made a simple test
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commit 264�tree 21bced805a4c73040706c6ac0c523b7a178144f0
parent 19d76cf652520a2320dfde5e6427548e9a431891
author Andreas Bjerga <andreas.bjerga@gmail.com> 1460041176 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1460041176 +0200

Added small description in README
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blob 5201�package pf

import (
	"fmt"
	"go/ast"
	"log"
	"reflect"

	"github.com/bjerga91/test-generator/solver"
	"github.com/bjerga91/test-generator/symbexec"
)

//TODO move to init()
var invOpMap = createInverseOpMap()

//FuncVisitor is used to store variables when traversing the AST
type FuncVisitor struct {
	Pkg      string
	FuncName string
	Params   *ast.FieldList //input parameters for the function
	Results  *ast.FieldList //return values
	PC       symbexec.PathConstraint
	State    symbexec.State
	Lvl      int
}

//Visit is used by Walk to traverse the AST in a DFS fashion
func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {
	switch x := node.(type) {
	case nil:
		v.Lvl--
		fmt.Println("Going up. Lvl:", v.Lvl)
		//TODO remove variables
		if !v.PC.Empty() {
			c := v.PC.Peek()
			if c.Lvl == v.Lvl {
				fmt.Println("Popped constraint")
				v.PC.Pop()
			}
		}
	case *ast.IfStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		stopTraversal := handleIfStmt(x, v)
		if stopTraversal {
			return nil
		}
	case *ast.ReturnStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		// PC := v.PC
		// var res = fmt.Sprintf("Path constraint for path: \n")
		// for x := PC.Peek(); !PC.Empty(); PC.Pop() {
		// 	res += fmt.Sprintf("%s ,", x.Cond)
		// }
		// fmt.Println(res)
		// fmt.Println("Symbolic variables for path:")
		// for _, val := range v.State {
		// 	fmt.Printf("%s:, varType: %s, assignStmt: %s\n", val.Name, val.VarType, val.AssignStmt)
		// }
		res := solver.Solve(v.State, v.PC)
		fmt.Println(res)
	case *ast.FuncDecl:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.FuncName = x.Name.Name
	case *ast.FuncType:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Params = x.Params
		v.Results = x.Results
		saveParameters(x.Params, v)
	case *ast.AssignStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleAssignStmt(x, v)
	default:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
	}
	return ast.Visitor(v)
}

func handleAssignStmt(stmt *ast.AssignStmt, v *FuncVisitor) {
	//TODO if variable not in map, save to map
	var name, tok, varType, value string

	for _, lhs := range stmt.Lhs {
		switch x := lhs.(type) {
		case *ast.Ident:
			name = x.Name
		default:
			log.Fatal("handleAssignStmt: Lhs is not of *ast.Ident type")
		}
	}

	tok = stmt.Tok.String()

	for _, rhs := range stmt.Rhs {
		switch x := rhs.(type) {
		case *ast.BasicLit:
			value = x.Value
			varType = x.Kind.String()
		//TODO case *ast.Ident: 	if the rhs is a variable
		//TODO case *ast.BinaryExpr: 	if the rhs is an expression of more than one variable
		default:
			log.Fatal("handleAssignStmt: Rhs is not any of the defined cases")
		}
	}

	if _, exist := v.State[name]; exist {
		//Only update assignment
		if tok == "=" {
			symbVar := v.State[name]
			symbVar.AssignStmt = value
			v.State[name] = symbVar
		}
	} else {
		//Create new entry in State
		if tok == ":=" {
			v.State[name] = symbexec.SymbolicVariable{
				Name:       name,
				LvlCreated: v.Lvl,
				VarType:    varType,
				AssignStmt: value,
			}
			//TODO define the cases for the other tokens
		} else {
			log.Fatal("handleAssignStmt: token is not \":=\"")
		}
	}

	//TODO if variable is already in map, update AssignStmt
	// where variables in the map needs to be replaced with their AssignStmt
}

func saveParameters(params *ast.FieldList, v *FuncVisitor) {
	for _, param := range params.List {
		var varType string
		t := param.Type
		switch x := t.(type) {
		case *ast.Ident:
			varType = x.Name
		default:
			log.Fatalf("saveParameter: type is not ast.Ident: %s", reflect.TypeOf(x))
		}
		for _, name := range param.Names {
			varName := name.Name
			symbVar := symbexec.SymbolicVariable{
				Name:       varName,
				LvlCreated: v.Lvl,
				VarType:    varType,
			}
			if _, exist := v.State[varName]; exist {
				log.Fatalf("saveParameters: variable name %s already exist in map!", varName)
			}
			v.State[varName] = symbVar
		}
	}
}

func exprToString(expr ast.Expr) string {
	var ret string
	switch e := expr.(type) {
	case *ast.Ident:
		ret = e.Name
	case *ast.BasicLit:
		ret = e.Value
	}
	return ret
}

func handleIfStmt(x *ast.IfStmt, v *FuncVisitor) bool {
	switch c := x.Cond.(type) {
	case *ast.BinaryExpr:
		left := exprToString(c.X)
		op := c.Op.String()
		right := exprToString(c.Y)
		cond := symbexec.Condition{Left: left, Op: op, Right: right}
		//TODO should create PC for the else-statement no matter if it is null
		//for later use if return is outside if
		if x.Else != nil {
			invOp := invOpMap[cond.Op]
			elseCond := symbexec.Condition{Left: left, Op: invOp, Right: right}
			fcElse := v
			fcElse.PC.Push(symbexec.Constraint{Lvl: v.Lvl, Cond: elseCond})
			ast.Walk(fcElse, x.Else)
		}
		v.PC.Push(symbexec.Constraint{Lvl: v.Lvl, Cond: cond})
		ast.Walk(v, x.Body)
		return true
	default:
		fmt.Println("Another type of expr in if: ", c)
		return false
	}
}

func createInverseOpMap() map[string]string {
	m := make(map[string]string)
	m["=="] = "!="
	m["!="] = "=="
	m["<"] = ">="
	m[">="] = "<"
	m[">"] = "<="
	m["<="] = ">"
	return m
}
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blob 2366�package main

import (
	"fmt"
	"go/ast"
	"os"

	"github.com/bjerga91/test-generator/myparser"
	"github.com/bjerga91/test-generator/pf"
	"github.com/bjerga91/test-generator/symbexec"
	"github.com/bjerga91/test-generator/testgen"
)

func main() {
	res, path := handleArgs()
	switch x := res.(type) {
	case nil:
		os.Exit(-1)
	case *ast.File:
		generateTestsForFile(x, path)
	case map[string]*ast.Package:
		generateTestsForDir()
	}
}

//TODO finish the command line interface
func handleArgs() (interface{}, string) {
	usage := fmt.Sprintf("AutoTest is a tool for automatically generating " +
		"test cases for Go. \n\n" +

		"Usage: \n\n\tAutoTest [option] path\n\n" +

		"The options are as follows:\n\n\t" +

		"-d\tCreate tests for all the functions in the directory.\n\t" +
		"-f\tCreate tests for all the functions in the specified file.\n\t" +
		"-t\tThis option will search through the current directory, including all" +
		"subdirectories, and try to create tests for the specified function" +
		"if it exists in the directory.\n\t")

	usageShort := fmt.Sprintf("Usage: AutoTest [-d | -f | -t] path\n\t" +
		"For more information, use option -h or --help")
	if len(os.Args) == 2 {
		if os.Args[1] == "-h" || os.Args[1] == "--help" {
			fmt.Println(usage)
			os.Exit(-1)
		} else {
			fmt.Println(usageShort)
			os.Exit(-1)
		}
	} else if len(os.Args) == 3 {
		if os.Args[1] == "-d" {
			fmt.Println("Parse directory")
			pkgMap := myparser.ParseDir(os.Args[2])
			return pkgMap, os.Args[2]
		} else if os.Args[1] == "-f" {
			fmt.Println("Parse file")
			file := myparser.ParseFile(os.Args[2])
			return file, os.Args[2]
		} else if os.Args[1] == "-t" {
			fmt.Println("Parse function")
			os.Exit(-1)
		} else {
			fmt.Println(usageShort)
			os.Exit(-1)
		}
	} else {
		fmt.Println(usageShort)
		os.Exit(-1)
	}
	return nil, ""
}

func generateTestsForFile(file *ast.File, path string) {
	var pkg string
	ast.Inspect(file, func(n ast.Node) bool {
		switch x := n.(type) {
		case *ast.File:
			pkg = x.Name.Name
		case *ast.FuncDecl:
			var stack symbexec.PathConstraint
			visitor := pf.FuncVisitor{
				Pkg:      pkg,
				FilePath: path,
				Lvl:      0,
				PC:       stack,
				State:    make(symbexec.State),
			}
			ast.Walk(&visitor, x)

			testgen.CreateTestFile(visitor)
			return false
		}
		return true
	})
}

//TODO
func generateTestsForDir() {

}
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blob 663�package solver

import (
	"fmt"
	"testing"

	"github.com/bjerga91/AutoTest/symbexec"
)

// func TestMkContext(t *testing.T) {
// 	ctx := MkContext()
// 	if ctx == nil {
// 		t.Errorf("MkContext failed")
// 	}
// }

func TestMkNotEqual(t *testing.T) {
	state := make(symbexec.State)
	var pc symbexec.PathConstraint
	state["x"] = symbexec.SymbolicVariable{Name: "x",
		LvlCreated: 1,
		VarType:    "int",
		AssignStmt: ""}
	pc.Push(symbexec.Constraint{Lvl: 1, Left: "x", Op: "!=", Right: "0"})
	pc.Push(symbexec.Constraint{Lvl: 1, Left: "x", Op: "<", Right: "0"})
	sat := CheckSat(state, pc)
	fmt.Println(sat)
	if !sat {
		t.Errorf("Path Constraint not sat!")
	}
}
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blob 1086�package pf

import (
	"go/ast"
	"log"

	"github.com/bjerga91/AutoTest/solver"
	"github.com/bjerga91/AutoTest/symbexec"
)

func handleIfStmt(x *ast.IfStmt, v *FuncVisitor) {
	switch c := x.Cond.(type) {
	case *ast.BinaryExpr:
		left := exprToString(c.X)
		op := c.Op.String()
		right := exprToString(c.Y)
		cond := symbexec.Constraint{
			Lvl:   v.Lvl,
			Left:  left,
			Op:    op,
			Right: right}
		elseCond := symbexec.Constraint{
			Lvl:   v.Lvl,
			Left:  left,
			Op:    invOpMap[cond.Op],
			Right: right}

		//each path branches into PC(then) and PC'(else)
		v.addConditionToPaths(cond, elseCond)

		v.PC.Push(cond)
		//check if sat before walk
		res := solver.CheckSatVarHist(v.VarHistory, v.PC)
		if res {
			ast.Walk(v, x.Body)
		} else {
			v.PC.Pop()
		}

		if x.Else != nil {
			v.PC.Push(elseCond)
			//check if sat before walk
			res := solver.CheckSatVarHist(v.VarHistory, v.PC)
			if res {
				ast.Walk(v, x.Else)
			} else {
				v.PC.Pop()
			}
		}
	//TODO condition could be other than BinaryExpr.
	default:
		log.Fatalf("Unhandled type %s in handleIfStmt", c)
	}
}
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blob 5159�package testgen

import (
	"fmt"
	"go/ast"
	"log"
	"os"
	"os/exec"
	"strings"

	"github.com/bjerga91/AutoTest/pf"
	"github.com/bjerga91/AutoTest/symbexec"
)

//GenerateTestsForFile generates tests for the given file
func GenerateTestsForFile(file *ast.File, path string) {
	pkg := file.Name.Name
	funcNumber := 0
	text := ""
	ast.Inspect(file, func(n ast.Node) bool {
		switch x := n.(type) {
		case *ast.FuncDecl:
			var stack symbexec.PathConstraint
			visitor := pf.FuncVisitor{
				Pkg:        pkg,
				FuncNumber: funcNumber,
				FilePath:   path,
				Lvl:        0,
				PC:         stack,
				//State:      make(symbexec.State),
			}
			ast.Walk(&visitor, x)
			funcNumber++
			text = createTests(visitor, text)
			return false
		}
		return true
	})
	writeTestsToFile(text, path)
}

//GenerateTestsForDir generates tests for the given directory
func GenerateTestsForDir(files map[string]*ast.File) {
	for path, file := range files {
		GenerateTestsForFile(file, path)
	}
}

//CreateTests creates tests based on information from FuncVisior f
func createTests(f pf.FuncVisitor, text string) string {
	if text == "" {
		text += codeNewFile(f)
	} else {
		text += codeAppendToFile(f)
	}
	return text
}

func codeAppendToFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	type testpair%s struct {
		input %s
		expected %s
	}

	var tests%s = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests%s {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName,
		f.FuncName)

	return text
}

func writeTestsToFile(text string, path string) {
	fmt.Println("Writing tests to file")
	filepath := fmt.Sprintf("%s_test.go", path[:len(path)-3])
	_, err := os.Stat(filepath)
	if os.IsNotExist(err) {
		createFile(filepath, text)
	} else {
		overwriteFile(filepath, text)
	}
}

func overwriteFile(path string, text string) {
	err := os.Remove(path)
	if err != nil {
		panic(err)
	}
	createFile(path, text)
}

func createFile(path string, text string) {
	file, err := os.Create(path)
	if err != nil {
		panic(err)
	}
	defer file.Close()

	if _, err = file.WriteString(text); err != nil {
		panic(err)
	}
}

func createDir(path string) {
	err := os.Mkdir(path, 0777)
	if err != nil {
		log.Fatal("createDir:", err)
	}
}

func delDir(path string) {
	err := os.RemoveAll(path)

	if err != nil {
		log.Fatal("delDir:", err)
	}
}

func codeNewFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	package %s

	import "testing"

	type testpair%s struct {
		input %s
		expected %s
	}

	var tests%s = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests%s {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.Pkg,
		f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName,
		f.FuncName)

	return text
}

func getInputTypes(f pf.FuncVisitor) string {
	var inputString string
	inputTypes := f.GetInputParams()
	for i, param := range inputTypes {
		if i == 0 {
			inputString += param.InputType
			continue
		}
		inputString += ", " + param.InputType

	}
	return inputString
}

func getReturnTypes(f pf.FuncVisitor) string {
	var returnString string
	returntypes := f.GetReturnTypes()
	for i, retType := range returntypes {
		if i == 0 {
			returnString += retType
			continue
		}
		returnString += ", " + retType
	}
	return returnString
}

func getTestCases(f pf.FuncVisitor) string {
	var testcases string
	for i, model := range f.TestInputs {
		r := strings.NewReplacer(" ", "", "(", "", ")", "", "\n", "")
		modelTrimmed := r.Replace(model)
		modelSlice := strings.Split(modelTrimmed, ",")
		for _, v := range modelSlice { //for each value in a model
			temp := strings.Split(v, "->")
			out := getExpectedOut(f, temp[1])
			if i == 0 {
				testcases += fmt.Sprintf("{%s,%s},", temp[1], out)
				continue
			}
			testcases += fmt.Sprintf("\n{%s,%s},", temp[1], out)
		}
	}
	return testcases
}

//getExpectedOut retrieves the output when the function that f represents is
//executed on input
func getExpectedOut(f pf.FuncVisitor, input string) string {
	end := strings.LastIndex(f.FilePath, "/")
	pkgString := f.FilePath[:end]
	text := fmt.Sprintf(`
		package main

		import (
			"fmt"
			"%s"
		)

		func main(){
			fmt.Print(%s.%s(%s))
		}
	`, pkgString,
		f.Pkg,
		f.FuncName,
		input,
	)

	createDir("../temp")
	path := fmt.Sprintf("../temp/temp.go")
	createFile(path, text)
	out, err := exec.Command("go", "run", path).Output()
	if err != nil {
		log.Fatal("getExpectedOut: Failed executing command!", err)
	}
	fmt.Println("Output from function: in=", input, "\t|\tout=", string(out[:]))
	delDir("../temp")
	return string(out[:])
}
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commit 279�tree 2f5ab65398a963c6ae75460de7d82a9068f8f9c2
parent 9b7ae07ec451edbdd81c4c1582c5e3fbcf25edeb
author Andreas Bjerga <andreas.bjerga@gmail.com> 1461602318 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1461602318 +0200

Removed a defer.Free which made the solver crash
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blob 1687�package myparser

import (
	"fmt"
	"go/ast"
	"go/parser"
	"go/token"
	"log"
	"os"
	"path/filepath"
	"strings"
)

//ParseFile returns the AST of the given file
func ParseFile(path string) *ast.File {
	fset := token.NewFileSet()
	file, err := parser.ParseFile(fset, path, nil, 0)
	if err != nil {
		log.Fatal("error: argument is not a file!")
	}
	return file
}

//ParseDir calls ParseFile for all .go files in the directory
func ParseDir(path string) map[string]*ast.File {
	info, err := os.Stat(path)
	if err != nil {
		log.Fatal("error: not a valid path!")
	}
	if !info.IsDir() {
		log.Fatal("error: argument is not a directory!")
	}

	dirlist := createListOfDirs(path)
	filesMap := allDirsToAST(dirlist)
	return filesMap
}

func createListOfDirs(path string) []string {
	dirlist := []string{}
	err := filepath.Walk(path, func(path string, info os.FileInfo, err error) error {
		if info.IsDir() {
			if info.Name()[0] != byte('.') {
				dirlist = append(dirlist, path)
				fmt.Println(path)
			} else {
				return filepath.SkipDir
			}
		}
		return nil
	})
	if err != nil {
		log.Fatalf("error: createListOfDirs: %v", err)
	}
	return dirlist
}

func allDirsToAST(dirlist []string) map[string]*ast.File {
	fset := token.NewFileSet()
	filesMap := make(map[string]*ast.File)
	filter := func(info os.FileInfo) bool {
		name := info.Name()
		return !info.IsDir() &&
			!strings.HasSuffix(name, "_test.go")
	}

	for _, val := range dirlist {
		pkgs, err := parser.ParseDir(fset, val, filter, 0)
		if err != nil {
			log.Fatalf("error: allDirsToAST: %v", err)
		}

		for _, v := range pkgs {
			for filename, file := range v.Files {
				filesMap[filename] = file
			}
		}
	}
	return filesMap
}
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commit 274�tree 953559183bff4f4f7638762f2581e5155848f169
parent e6ad90de34584b529a1354a482ae71d7c925fef3
author Andreas Bjerga <andreas.bjerga@gmail.com> 1459714902 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1459714902 +0200

PathConstraint-class for symbolic execution
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blob 4931�package solver

/*
#cgo LDFLAGS: -L/usr/local/Cellar/z3/4.4.1/lib -lz3
#include <stdlib.h>
#include <z3.h>
*/
import "C"

import (
	"log"
	"strconv"
	"unsafe"

	"github.com/bjerga91/test-generator/symbexec"
)

//TODO declare all different variable types in init-function??
var svr C.Z3_solver
var ctx C.Z3_context

func init() {
	ctx = MkContext()
	svr = mkSolver(ctx)
}

//MkContext creates a context for Z3
func MkContext() C.Z3_context {
	cfg := C.Z3_mk_config()
	paramID := C.CString("MODEL")
	defer C.free(unsafe.Pointer(paramID))
	paramValue := C.CString("true")
	defer C.free(unsafe.Pointer(paramValue))
	C.Z3_set_param_value(cfg, paramID, paramValue)
	ctx := C.Z3_mk_context(cfg)
	C.Z3_del_config(cfg)
	return ctx
}

func mkSolver(ctx C.Z3_context) C.Z3_solver {
	svr := C.Z3_mk_solver(ctx)
	C.Z3_solver_inc_ref(ctx, svr)
	return svr
}

func declIntVar(ctx C.Z3_context, name string) C.Z3_ast {
	cs := C.CString(name)
	defer C.free(unsafe.Pointer(cs))
	intType := C.Z3_mk_int_sort(ctx)
	symb := C.Z3_mk_string_symbol(ctx, cs)
	return C.Z3_mk_const(ctx, symb, intType)
}

func declInt(ctx C.Z3_context, v int) C.Z3_ast {
	intType := C.Z3_mk_int_sort(ctx)
	return C.Z3_mk_int(ctx, C.int(v), intType)
}

func mkEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_eq(ctx, l, r)
}

func mkNotEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	eq := C.Z3_mk_eq(ctx, l, r)
	return C.Z3_mk_not(ctx, eq)
}

func mkLt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_lt(ctx, l, r)
}

func mkLe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_le(ctx, l, r)
}

func mkGt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_gt(ctx, l, r)
}

func mkGe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_ge(ctx, l, r)
}

func push(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_push(ctx, svr)
}

func pop(ctx C.Z3_context, svr C.Z3_solver) {
	//get number of scopes
	//pop
}

func reset(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_reset(ctx, svr)
}

func assert(ctx C.Z3_context, svr C.Z3_solver, cond C.Z3_ast) {
	C.Z3_solver_assert(ctx, svr, cond)
}

func check(ctx C.Z3_context, svr C.Z3_solver) bool {
	res := C.Z3_solver_check(ctx, svr)
	sat := false
	switch res {
	case C.Z3_L_FALSE:
		sat = false
	case C.Z3_L_UNDEF:
		sat = false
	case C.Z3_L_TRUE:
		sat = true
	}
	return sat
}

func getModel(ctx C.Z3_context, svr C.Z3_solver) C.Z3_model {
	return C.Z3_solver_get_model(ctx, svr)
}

func modelToString(ctx C.Z3_context, m C.Z3_model) string {
	//Convert c-string to go-string
	s := C.Z3_model_to_string(ctx, m)
	//defer C.free(unsafe.Pointer(s)) //Uncommenting this makes the program crash
	return C.GoString(s)
}

//CheckSat checks if the PC is satisfiable
func CheckSat(state symbexec.State, pc symbexec.PathConstraint) bool {
	vars := declVarsInState(state)

	assertConstraints(pc, vars)

	sat := check(ctx, svr)
	reset(ctx, svr)
	if sat {
		return true
	}
	return false
}

//Solve declares variables, assert constraints into the solver
//and tries to find a solution to the PathConstraint
func Solve(state symbexec.State, pc symbexec.PathConstraint) (bool, string) {
	//nrOfVars := len(state)
	//C.Z3_solver_inc_ref(ctx, svr)
	var res string

	vars := declVarsInState(state)
	assertConstraints(pc, vars)

	s := check(ctx, svr)
	if s {
		m := getModel(ctx, svr)
		res = modelToString(ctx, m)
	} else {
		res = ""
	}
	reset(ctx, svr)
	return s, res
	//C.Z3_solver_dec_ref(ctx, svr)
}

func declVarsInState(state symbexec.State) map[string]C.Z3_ast {
	vars := make(map[string]C.Z3_ast)
	for _, val := range state {
		if val.VarType == "int" {
			if val.AssignStmt == "" {
				vars[val.Name] = declIntVar(ctx, val.Name)
			} else {
				log.Fatal("declVarsInState: AssignStmt is not empty string!")
			}
		} else {
			log.Fatal("declVarsInState: Vartype is not int!")
		}
	}
	return vars
}

func assertConstraints(pc symbexec.PathConstraint, vars map[string]C.Z3_ast) {
	var left, right, constraint C.Z3_ast
	for _, c := range pc {
		left = checkTypeAndDeclVar(ctx, vars, c.Left)
		right = checkTypeAndDeclVar(ctx, vars, c.Right)
		if c.Op == "==" {
			constraint = mkEq(ctx, left, right)
		} else if c.Op == "!=" {
			constraint = mkNotEq(ctx, left, right)
		} else if c.Op == "<" {
			constraint = mkLt(ctx, left, right)
		} else if c.Op == "<=" {
			constraint = mkLe(ctx, left, right)
		} else if c.Op == ">" {
			constraint = mkGt(ctx, left, right)
		} else if c.Op == ">=" {
			constraint = mkGe(ctx, left, right)
		}
		assert(ctx, svr, constraint)
	}
}

func checkTypeAndDeclVar(ctx C.Z3_context, varMap map[string]C.Z3_ast, operand string) C.Z3_ast {
	var res C.Z3_ast
	if i, err := strconv.Atoi(operand); err == nil {
		res = declInt(ctx, i)
	} else {
		//Assuming it is a variable already declared
		if _, ok := varMap[operand]; ok {
			res = varMap[operand]
		} else {
			log.Fatal("checkTypeAndDeclVar: variable is not defined in varMap")
		}
	}
	return res
}
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blob 2648�package pf

import (
	"fmt"
	"go/ast"
	"log"

	"github.com/bjerga91/AutoTest/solver"
	"github.com/bjerga91/AutoTest/symbexec"
)

func handleIfStmt(x *ast.IfStmt, v *FuncVisitor) bool {
	//TODO condition could be other than BinaryExpr.
	//Should make a recursive function to retrieve the condition??
	switch c := x.Cond.(type) {
	case *ast.BinaryExpr:
		left := exprToString(c.X)
		op := c.Op.String()
		right := exprToString(c.Y)
		cond := symbexec.Constraint{Lvl: v.Lvl, Left: left, Op: op, Right: right}
		elseCond := symbexec.Constraint{Lvl: v.Lvl, Left: left, Op: invOpMap[cond.Op], Right: right}

		//adding condition to paths
		//TODO split this out in its own function
		if len(v.Paths) > 0 {
			var newPaths []Path
			for _, path := range v.Paths {
				elsepath := append(path.PC, elseCond)
				elsesat := solver.CheckSat(path.State, elsepath)
				fmt.Println("Elsepath:", elsepath.ToString(), "sat:", elsesat)
				thenpath := append(path.PC, cond)
				thensat := solver.CheckSat(path.State, thenpath)
				fmt.Println("Thenpath:", thenpath.ToString(), "sat:", thensat)
				state := path.State
				if !v.PC.Empty() {
					if path.PC.Contains(v.PC.Peek()) {
						if elsesat {
							newPaths = append(newPaths, Path{PC: elsepath, State: state})
						}
						if thensat {
							newPaths = append(newPaths, Path{PC: thenpath, State: state})
						}
					}
				} else {
					if elsesat {
						newPaths = append(newPaths, Path{PC: elsepath, State: state})
					}
					if thensat {
						newPaths = append(newPaths, Path{PC: thenpath, State: state})
					}
				}
			}
			v.Paths = newPaths
		} else {
			v.Paths = append(v.Paths, Path{PC: symbexec.PathConstraint{cond}})
			v.Paths = append(v.Paths, Path{PC: symbexec.PathConstraint{elseCond}})
		}

		fmt.Printf("Pushing constraint %s%s%s\n", cond.Left, cond.Op, cond.Right)
		v.PC.Push(cond)
		//TODO check if sat before walk
		res := solver.CheckSatVarHist(v.VarHistory, v.PC)
		fmt.Println("CheckSatVarHist: then-branch:", res)
		if res {
			ast.Walk(v, x.Body)
		} else {
			v.PC.Pop()
		}
		//TODO should create PC for the else-statement no matter if it is null
		//for later use if return is outside if
		if x.Else != nil {
			fmt.Printf("Pushing constraint %s%s%s\n", elseCond.Left, elseCond.Op, elseCond.Right)
			fvElse := v
			fvElse.PC.Push(elseCond)
			//TODO check if sat before Walk
			fmt.Println("CheckSatVarHist: else-branch:", res)
			res := solver.CheckSatVarHist(fvElse.VarHistory, fvElse.PC)
			if res {
				ast.Walk(fvElse, x.Else)
			} else {
				fvElse.PC.Pop()
			}
		}
		return true
	default:
		log.Fatalf("Unhandled type %s in handleIfStmt", c)
		return false
	}
}
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blob 1778�package myparser

import (
	"fmt"
	"go/ast"
	"go/parser"
	"go/token"
	"log"
	"os"
	"path/filepath"
	"strings"
)

//ParseFile returns the AST of the given file
func ParseFile(path string) *ast.File {
	fset := token.NewFileSet()
	file, err := parser.ParseFile(fset, path, nil, 0)
	if err != nil {
		log.Fatal("error: argument is not a file!")
	}
	return file
}

//ParseDir calls ParseFile for all .go files in the directory
func ParseDir(path string) map[string]*ast.File {
	info, err := os.Stat(path)
	if err != nil {
		log.Fatal("error: not a valid path!")
	}
	if !info.IsDir() {
		log.Fatal("error: argument is not a directory!")
	}

	dirlist := createListOfDirs(path)
	filesMap := allDirsToAST(dirlist)
	return filesMap
}

func createListOfDirs(path string) []string {
	dirlist := []string{}
	err := filepath.Walk(path, func(path string, info os.FileInfo, err error) error {
		if info.IsDir() {
			if info.Name()[0] != byte('.') {
				dirlist = append(dirlist, path)
				fmt.Println(path)
			} else {
				return filepath.SkipDir
			}
		}
		return nil
	})
	if err != nil {
		log.Fatalf("error: createListOfDirs: %v", err)
	}
	return dirlist
}

func allDirsToAST(dirlist []string) map[string]*ast.File {
	fset := token.NewFileSet()
	filesMap := make(map[string]*ast.File)
	for _, val := range dirlist {
		pkgs, err := parser.ParseDir(fset, val, func(info os.FileInfo) bool {
			name := info.Name()
			return !info.IsDir() &&
				!strings.HasSuffix(name, "_test.go")
		}, 0)
		if err != nil {
			log.Fatalf("error: allDirsToAST: %v", err)
		}

		for _, v := range pkgs {
			for filename, file := range v.Files {
				if _, exist := filesMap[filename]; exist {
					log.Fatalf("Key %s already exist in map!", val)
				}
				filesMap[filename] = file
			}
		}
	}
	return filesMap
}
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blob 5400�package pf

import (
	"fmt"
	"go/ast"
	"go/token"
	"log"
	"reflect"
	"strconv"

	"github.com/bjerga91/AutoTest/symbexec"
)

func handleAssignStmt(stmt *ast.AssignStmt, v *FuncVisitor) {
	//TODO if variable not in map, save to map
	var name, tok, varType, value string

	for _, lhs := range stmt.Lhs {
		switch x := lhs.(type) {
		case *ast.Ident:
			name = x.Name
		default:
			log.Fatal("error: handleAssignStmt: Lhs is not of *ast.Ident type")
		}
	}

	tok = stmt.Tok.String()
	fmt.Println("Token in AssignStmt: ", tok)

	for _, rhs := range stmt.Rhs {
		switch x := rhs.(type) {
		case *ast.BasicLit:
			value = x.Value
			varType = x.Kind.String()
		case *ast.UnaryExpr:
			value, varType = handleUnaryExpr(x)
		//TODO case *ast.Ident: 	if the rhs is a variable
		//TODO case *ast.BinaryExpr: 	if the rhs is an expression of more than one variable
		default:
			log.Fatal("error: handleAssignStmt: Rhs is not any of the defined cases", reflect.TypeOf(x))
		}
	}

	newVar := symbexec.SymbolicVariable{
		Name:       name,
		LvlCreated: v.Lvl,
		VarType:    varType,
		AssignStmt: value,
	}

	//Adding symbolic variable to every path that contains last PC
	v.Paths = addVarToPaths(newVar, v, tok)
	v.VarHistory.Push(newVar)

	//TODO if variable is already in map, update AssignStmt
	// where variables in the map needs to be replaced with their AssignStmt
}

//saveParameters saves the input variables to the state
func saveParameters(params *ast.FieldList, v *FuncVisitor) {
	for _, param := range params.List {
		var varType string
		t := param.Type
		switch x := t.(type) {
		case *ast.Ident:
			varType = x.Name
		default:
			log.Fatalf("saveParameter: type is not ast.Ident: %s", reflect.TypeOf(x))
		}
		for _, name := range param.Names {
			varName := name.Name
			symbVar := symbexec.SymbolicVariable{
				Name:       varName,
				LvlCreated: v.Lvl,
				VarType:    varType,
			}
			v.Paths = addVarToPaths(symbVar, v, "")
			v.VarHistory.Push(symbVar)
			fmt.Println("Save parameters to VarHist:", v.VarHistory.ToString())
		}
	}
}

func handleUnaryExpr(x *ast.UnaryExpr) (string, string) {
	var value, varType string
	value = x.Op.String()
	temp := x.X
	switch temp := temp.(type) {
	case *ast.BasicLit:
		value += temp.Value
		varType = temp.Kind.String()
	default:
		log.Fatal("handleUnaryExpr: X is not any of the defined cases:", temp)
	}
	return value, varType
}

func addVarToPaths(newVar symbexec.SymbolicVariable, v *FuncVisitor, tok string) []Path {
	if len(v.Paths) > 0 {
		for i, path := range v.Paths {
			if !v.PC.Empty() {
				if path.PC.Contains(v.PC.Peek()) {
					path = addVarToPathState(path, newVar, tok)
				}
			} else {
				path = addVarToPathState(path, newVar, tok)
			}
			v.Paths[i] = path
		}
	} else { //Creating first Path and adding variable to the path
		state := make(symbexec.State)
		state[newVar.Name] = newVar
		v.Paths = append(v.Paths, Path{PC: symbexec.PathConstraint{}, State: state})
	}
	return v.Paths
}

func addVarToPathState(path Path, newVar symbexec.SymbolicVariable, tok string) Path {
	if _, exist := path.State[newVar.Name]; exist {
		//Only update assignment
		if tok == "=" {
			symbVar := path.State[newVar.Name]
			symbVar.AssignStmt = newVar.AssignStmt
			path.State[newVar.Name] = symbVar
		} else {
			log.Fatal("error: addVarToPathState: key exist. token unhandled.")
		}
	} else {
		//Create new entry in State
		if tok == ":=" || tok == "" {
			path.State[newVar.Name] = newVar
			//TODO define the cases for the other tokens
		} else {
			log.Fatal("error: addVarToPathState: token is not \":=\"")
		}
	}
	return path
}

func handleDeclStmt(stmt *ast.DeclStmt, v *FuncVisitor) {
	switch x := stmt.Decl.(type) {
	case *ast.GenDecl:
		switch x.Tok {
		case token.VAR:
			handleGenDeclWithTokenVar(x, v)
		case token.CONST:
			log.Fatal("error: handleDeclStmt: case for token.CONST is not defined")
		case token.TYPE:
			log.Fatal("error: handleDeclStmt: case for token.TYPE is not defined")
		default:
			log.Fatalf("error: handleDeclStmt: case for x.Tok is not defined")
		}
	default:
		log.Fatalf("error: handleDeclStmt: case is not defined: %v", x)
	}
}

func handleGenDeclWithTokenVar(x *ast.GenDecl, v *FuncVisitor) {
	for i := range x.Specs {
		spec := x.Specs[i]
		switch s := spec.(type) {
		case *ast.ValueSpec:
			varType := getVariableType(s.Type)
			for _, val := range s.Names {
				var data, name string
				name = val.Name
				if val.Obj != nil {
					data = getVariableData(val.Obj.Data)
				}
				fmt.Println("- saving variable to state:", name, varType, data)
				newVar := symbexec.SymbolicVariable{
					Name:       name,
					LvlCreated: v.Lvl,
					VarType:    varType,
					AssignStmt: data,
				}
				v.Paths = addVarToPaths(newVar, v, "") //is the assignment necessary here?
				v.VarHistory.Push(newVar)
			}
		default:
			log.Fatalf("error: handleGenDeclWithTokenVar: case is not defined: %v", s)
		}
	}
}

func getVariableData(d interface{}) string {
	var data string
	switch d := d.(type) {
	case int:
		data = strconv.Itoa(d)
	case string:
		data = d
	default:
		log.Fatalf("error: getVariableData: case is not defined: %v", d)
	}
	return data
}

func getVariableType(expr interface{}) string {
	var varType string
	switch tempType := expr.(type) {
	case *ast.Ident:
		varType = tempType.Name
	default:
		log.Fatalf("error: getVariableType: case is not defined: %v", tempType)
	}
	return varType
}
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# 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]
# *~
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blob 8129�package pf

import (
	"fmt"
	"go/ast"
	"log"
	"reflect"

	"github.com/bjerga91/AutoTest/solver"
	"github.com/bjerga91/AutoTest/symbexec"
)

//TODO move to init()
var invOpMap = createInverseOpMap()

//FuncVisitor is used to store variables when traversing the AST
type FuncVisitor struct {
	Pkg        string
	FuncName   string
	FuncNumber int
	FilePath   string
	Params     *ast.FieldList //input parameters for the function
	Results    *ast.FieldList //return values
	PC         symbexec.PathConstraint
	State      symbexec.State
	Paths      []symbexec.PathConstraint
	Lvl        int
	TestInputs []string
}

//InputParameter stores name and type of input parameter to a function
type InputParameter struct {
	Name      string
	InputType string
}

//Visit is used by Walk to traverse the AST in a DFS fashion
func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {
	switch x := node.(type) {
	case nil:
		v.Lvl--
		fmt.Println("Going up. Lvl:", v.Lvl)
		if !v.PC.Empty() {
			c := v.PC.Peek()
			if c.Lvl == v.Lvl {
				con := v.PC.Pop()
				fmt.Printf("Popped constraint: %s%s%s\n", con.Left, con.Op, con.Right)
			}
		}
		if v.Lvl == 0 {
			fmt.Println("Solve!!!")
			for i := range v.Paths {
				sat, res := solver.Solve(v.State, v.Paths[i])
				fmt.Println("Sat:", sat, "Model:", res)
				if sat {
					v.TestInputs = append(v.TestInputs, res)
				}
			}
		}
		//TODO remove variables

	case *ast.IfStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		stopTraversal := handleIfStmt(x, v)
		if stopTraversal {
			v.Lvl--
			fmt.Println("Going up. Lvl:", v.Lvl)
			return nil
		}
	case *ast.ReturnStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)

		// check, res := solver.Solve(v.State, v.PC)
		// fmt.Println(check, ":", res)
		// if check == "sat" {
		// 	v.TestInputs = append(v.TestInputs, res)
		// }
	case *ast.FuncDecl:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.FuncName = x.Name.Name
	case *ast.FuncType:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Params = x.Params
		v.Results = x.Results
		saveParameters(x.Params, v)
	case *ast.AssignStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleAssignStmt(x, v)
	case *ast.DeclStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleDeclStmt(x, v)
		v.Lvl--
		return nil
	case *ast.File:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Pkg = x.Name.Name
	default:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
	}
	return ast.Visitor(v)
}

//GetInputParams collects the type and name of input parameters
func (v *FuncVisitor) GetInputParams() []InputParameter {
	var inputs []InputParameter
	for _, param := range v.Params.List {
		expression := param.Type
		namesList := param.Names
		var inputtype string
		//fmt.Println("abc:", reflect.TypeOf(inputtype))
		switch a := expression.(type) {
		case *ast.Ident:
			inputtype = a.Name
			for _, name := range namesList {
				inputs = append(inputs, InputParameter{name.Name, inputtype})
			}
		}
	}
	return inputs
}

//GetReturnTypes returns the return types of the given function
func (v *FuncVisitor) GetReturnTypes() []string {
	var retTypes []string
	for _, t := range v.Results.List {
		temp := t.Type
		switch n := temp.(type) {
		case *ast.Ident:
			returnType := n.Name
			retTypes = append(retTypes, returnType)
		}
	}
	return retTypes
}

func handleAssignStmt(stmt *ast.AssignStmt, v *FuncVisitor) {
	//TODO if variable not in map, save to map
	var name, tok, varType, value string

	for _, lhs := range stmt.Lhs {
		switch x := lhs.(type) {
		case *ast.Ident:
			name = x.Name
		default:
			log.Fatal("handleAssignStmt: Lhs is not of *ast.Ident type")
		}
	}

	tok = stmt.Tok.String()

	for _, rhs := range stmt.Rhs {
		switch x := rhs.(type) {
		case *ast.BasicLit:
			value = x.Value
			varType = x.Kind.String()
		//TODO case *ast.Ident: 	if the rhs is a variable
		//TODO case *ast.BinaryExpr: 	if the rhs is an expression of more than one variable
		default:
			log.Fatal("handleAssignStmt: Rhs is not any of the defined cases")
		}
	}

	if _, exist := v.State[name]; exist {
		//Only update assignment
		if tok == "=" {
			symbVar := v.State[name]
			symbVar.AssignStmt = value
			v.State[name] = symbVar
		}
	} else {
		//Create new entry in State
		if tok == ":=" {
			v.State[name] = symbexec.SymbolicVariable{
				Name:       name,
				LvlCreated: v.Lvl,
				VarType:    varType,
				AssignStmt: value,
			}
			//TODO define the cases for the other tokens
		} else {
			log.Fatal("handleAssignStmt: token is not \":=\"")
		}
	}

	//TODO if variable is already in map, update AssignStmt
	// where variables in the map needs to be replaced with their AssignStmt
}

func saveParameters(params *ast.FieldList, v *FuncVisitor) {
	for _, param := range params.List {
		var varType string
		t := param.Type
		switch x := t.(type) {
		case *ast.Ident:
			varType = x.Name
		default:
			log.Fatalf("saveParameter: type is not ast.Ident: %s", reflect.TypeOf(x))
		}
		for _, name := range param.Names {
			varName := name.Name
			symbVar := symbexec.SymbolicVariable{
				Name:       varName,
				LvlCreated: v.Lvl,
				VarType:    varType,
			}
			if _, exist := v.State[varName]; exist {
				log.Fatalf("saveParameters: variable name %s already exist in map!", varName)
			}
			v.State[varName] = symbVar
		}
	}
}

func exprToString(expr ast.Expr) string {
	var ret string
	switch e := expr.(type) {
	case *ast.Ident:
		ret = e.Name
	case *ast.BasicLit:
		ret = e.Value
	}
	return ret
}

func handleIfStmt(x *ast.IfStmt, v *FuncVisitor) bool {
	//TODO condition could be other than BinaryExpr.
	//Should make a recursive function to retrieve the condition??
	switch c := x.Cond.(type) {
	case *ast.BinaryExpr:
		left := exprToString(c.X)
		op := c.Op.String()
		right := exprToString(c.Y)
		cond := symbexec.Constraint{Lvl: v.Lvl, Left: left, Op: op, Right: right}
		elseCond := symbexec.Constraint{Lvl: v.Lvl, Left: left, Op: invOpMap[cond.Op], Right: right}

		//adding condition to paths
		//TODO split this out in its own function
		if len(v.Paths) > 0 {
			fmt.Println("State:", v.State.ToString())
			var newPaths []symbexec.PathConstraint
			for _, path := range v.Paths {
				elsepath := append(path, elseCond)
				elsesat := solver.CheckSat(v.State, elsepath)
				fmt.Println("Elsepath:", elsepath.ToString(), "sat:", elsesat)
				thenpath := append(path, cond)
				thensat := solver.CheckSat(v.State, thenpath)
				fmt.Println("Thenpath:", thenpath.ToString(), "sat:", thensat)
				if !v.PC.Empty() {
					if path.Contains(v.PC.Peek()) {
						if elsesat {
							newPaths = append(newPaths, elsepath)
						}
						if thensat {
							newPaths = append(newPaths, thenpath)
						}
					}
				} else {
					if elsesat {
						newPaths = append(newPaths, elsepath)
					}
					if thensat {
						newPaths = append(newPaths, thenpath)
					}
				}
			}
			v.Paths = newPaths
		} else {
			v.Paths = append(v.Paths, symbexec.PathConstraint{cond})
			v.Paths = append(v.Paths, symbexec.PathConstraint{elseCond})
		}

		fmt.Printf("Pushing constraint %s%s%s\n", cond.Left, cond.Op, cond.Right)
		v.PC.Push(cond)
		//TODO check if sat before walk
		res := solver.CheckSat(v.State, v.PC)
		if res {
			ast.Walk(v, x.Body)
		} else {
			v.PC.Pop()
		}
		//TODO should create PC for the else-statement no matter if it is null
		//for later use if return is outside if
		if x.Else != nil {
			fmt.Printf("Pushing constraint %s%s%s\n", elseCond.Left, elseCond.Op, elseCond.Right)
			fvElse := v
			fvElse.PC.Push(elseCond)
			//TODO check if sat before Walk
			res := solver.CheckSat(v.State, fvElse.PC)
			if res {
				ast.Walk(fvElse, x.Else)
			} else {
				fvElse.PC.Pop()
			}
		}
		return true
	default:
		log.Fatalf("Unhandled type %s in handleIfStmt", c)
		return false
	}
}

func createInverseOpMap() map[string]string {
	m := make(map[string]string)
	m["=="] = "!="
	m["!="] = "=="
	m["<"] = ">="
	m[">="] = "<"
	m[">"] = "<="
	m["<="] = ">"
	return m
}
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blob 142�package solver

import "testing"

func TestMkContext(t *testing.T) {
	ctx := MkContext()
	if ctx == nil {
		t.Errorf("MkContext failed")
	}
}
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blob 4210�package testgen

import (
	"fmt"
	"go/ast"
	"os"
	"strings"

	"github.com/bjerga91/AutoTest/pf"
	"github.com/bjerga91/AutoTest/symbexec"
)

//GenerateTestsForFile generates tests for the given file
func GenerateTestsForFile(file *ast.File, path string) {
	pkg := file.Name.Name
	funcNumber := 0
	text := ""
	ast.Inspect(file, func(n ast.Node) bool {
		switch x := n.(type) {
		case *ast.FuncDecl:
			var stack symbexec.PathConstraint
			visitor := pf.FuncVisitor{
				Pkg:        pkg,
				FuncNumber: funcNumber,
				FilePath:   path,
				Lvl:        0,
				PC:         stack,
				State:      make(symbexec.State),
			}
			ast.Walk(&visitor, x)
			for i, path := range visitor.Paths {
				fmt.Printf("Path %v: %v | model: %v", i, path.ToString(), visitor.TestInputs[i])
			}
			funcNumber++
			text = createTests(visitor, text)
			return false
		}
		return true
	})
	writeTestsToFile(text, path)
}

//GenerateTestsForDir generates tests for the given directory
func GenerateTestsForDir(files map[string]*ast.File) {
	for path, file := range files {
		GenerateTestsForFile(file, path)
	}
}

//CreateTests creates tests based on information from FuncVisior f
func createTests(f pf.FuncVisitor, text string) string {
	if text == "" {
		text += codeNewFile(f)
	} else {
		text += codeAppendToFile(f)
	}
	return text
}

func codeAppendToFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	type testpair%s struct {
		input %s
		expected %s
	}

	var tests = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName)

	return text
}

func writeTestsToFile(text string, path string) {
	fmt.Println("Writing tests to file")
	filepath := fmt.Sprintf("%s_test.go", path[:len(path)-3])
	_, err := os.Stat(filepath)
	if os.IsNotExist(err) {
		createTestFile(filepath, text)
	} else {
		overwriteFile(filepath, text)
	}
}

func overwriteFile(path string, text string) {
	err := os.Remove(path)
	if err != nil {
		panic(err)
	}
	createTestFile(path, text)
}

func createTestFile(path string, text string) {
	file, err := os.Create(path)
	if err != nil {
		panic(err)
	}
	defer file.Close()

	if _, err = file.WriteString(text); err != nil {
		panic(err)
	}
}

func codeNewFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	package %s

	import "testing"

	type testpair%s struct {
		input %s
		expected %s
	}

	var tests = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.Pkg,
		f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName)

	return text
}

func getInputTypes(f pf.FuncVisitor) string {
	var inputString string
	inputTypes := f.GetInputParams()
	for i, param := range inputTypes {
		if i == 0 {
			inputString += param.InputType
			continue
		}
		inputString += ", " + param.InputType

	}
	return inputString
}

func getReturnTypes(f pf.FuncVisitor) string {
	var returnString string
	returntypes := f.GetReturnTypes()
	for i, retType := range returntypes {
		if i == 0 {
			returnString += retType
			continue
		}
		returnString += ", " + retType
	}
	return returnString
}

func getTestCases(f pf.FuncVisitor) string {
	var testcases string
	for i, model := range f.TestInputs {
		r := strings.NewReplacer(" ", "", "(", "", ")", "", "\n", "")
		modelTrimmed := r.Replace(model)
		modelSlice := strings.Split(modelTrimmed, ",")
		for _, v := range modelSlice { //for each value in a model
			temp := strings.Split(v, "->")
			if i == 0 {
				testcases += fmt.Sprintf("{%s,nil},", temp[1])
				continue
			}
			testcases += fmt.Sprintf("\n{%s,nil},", temp[1])
		}
	}
	return testcases
}
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blob 6850�package pf

import (
	"fmt"
	"go/ast"
	"reflect"

	"github.com/bjerga91/AutoTest/solver"
	"github.com/bjerga91/AutoTest/symbexec"
)

//TODO move to init()
var invOpMap = createInverseOpMap()

//Path is a struct that stores the PC and State for each path found
type Path struct {
	PC    symbexec.PathConstraint
	State symbexec.State
}

//FuncVisitor is used to store variables when traversing the AST
type FuncVisitor struct {
	Pkg        string
	FuncName   string
	FuncNumber int
	FilePath   string
	Params     *ast.FieldList //input parameters for the function
	Results    *ast.FieldList //return values
	PC         symbexec.PathConstraint
	VarHistory symbexec.VarHistory
	Paths      []Path
	Lvl        int
	TestInputs []string
}

//InputParameter stores name and type of input parameter to a function
type InputParameter struct {
	Name      string
	InputType string
}

//Visit is used by Walk to traverse the AST in a DFS fashion
func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {
	switch x := node.(type) {
	case nil:
		v.Lvl--
		fmt.Println("Going up. Lvl:", v.Lvl)

		//Removes variables from the variable history that has lvl higher than current
		v.popVariables()

		//Removing last condition from PC if current lvl is same as the lvl the condition was saved to PC
		v.popCondition()

		if v.Lvl == 0 {
			v.solveAllPaths()
		}
	case *ast.IfStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleIfStmt(x, v)
		v.Lvl--
		fmt.Println("Going up. Lvl:", v.Lvl)
		return nil
	case *ast.ReturnStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.solvePaths()
		for i := range v.Paths {
			fmt.Println("After returnStmt:", v.Paths[i].PC.ToString())
		}
	case *ast.FuncDecl:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.FuncName = x.Name.Name
	case *ast.FuncType:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Params = x.Params
		v.Results = x.Results
		saveParameters(x.Params, v)
	case *ast.AssignStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleAssignStmt(x, v)
	case *ast.DeclStmt:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		handleDeclStmt(x, v)
		v.Lvl--
		return nil
	case *ast.File:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
		v.Pkg = x.Name.Name
	default:
		v.Lvl++
		fmt.Println("Going down:", reflect.TypeOf(x), "Lvl:", v.Lvl)
	}
	return ast.Visitor(v)
}

//popVariables pops all variables that was created at a lower level in the tree
//than the current level
func (v *FuncVisitor) popVariables() {
	for !v.VarHistory.Empty() {
		symbVar := v.VarHistory.Peek()
		if symbVar.LvlCreated > v.Lvl && !v.PC.Empty() {
			//Need to check if pc is empty since else input parameters will be popped.
			v.VarHistory.Pop()
		} else {
			break
		}
	}
}

//popConditions removes last condition from PC if current lvl is same as the
//lvl the condition was saved to PC
func (v *FuncVisitor) popCondition() {
	if !v.PC.Empty() {
		c := v.PC.Peek()
		if c.Lvl == v.Lvl {
			v.PC.Pop()
		}
	}
}

//solve calls the solver for each Path stored in v and adds satisfiable
//solution to the test inputs
func (v *FuncVisitor) solveAllPaths() {
	for i := range v.Paths {
		sat, res := solver.Solve(v.Paths[i].State, v.Paths[i].PC)
		if sat {
			fmt.Print("Path:", v.Paths[i].PC.ToString(), "\t|\tmodel:", res)
			v.TestInputs = append(v.TestInputs, res)
		}
	}
	v.Paths = []Path{}
}

//solvePaths solves the paths that contains the last condition
//on the PC-stack. The paths that are solved are removed from the stack
func (v *FuncVisitor) solvePaths() {
	if v.PC.Empty() {
		v.solveAllPaths()
		return
	}
	var newPaths []Path
	for i := range v.Paths {
		if v.Paths[i].PC.Contains(v.PC.Peek()) {
			sat, res := solver.Solve(v.Paths[i].State, v.Paths[i].PC)
			if sat {
				fmt.Print("Path: ", v.Paths[i].PC.ToString(), "\t|\tmodel:", res)
				v.TestInputs = append(v.TestInputs, res)
			}
		} else {
			newPaths = append(newPaths, v.Paths[i])
		}
	}
	v.Paths = newPaths
}

/*
	addConditionToPaths loops through each path.
	It creates one new path with cond if the then-path is sat.
	It creates another path with elseCond if the else-path is sat.
*/
func (v *FuncVisitor) addConditionsToPaths(cond symbexec.Constraint,
	elseCond symbexec.Constraint) {
	if len(v.Paths) > 0 {
		var newPaths []Path
		for _, path := range v.Paths {
			elsepath := append(path.PC, elseCond)
			elsesat := solver.CheckSat(path.State, elsepath)
			thenpath := append(path.PC, cond)
			thensat := solver.CheckSat(path.State, thenpath)
			state := path.State

			//If PC is not empty, we will only create new paths for paths that
			//contain the last Condition. If PC is empty, we will create new paths for all
			if !v.PC.Empty() {
				if path.PC.Contains(v.PC.Peek()) {
					if elsesat {
						newPaths = append(newPaths, Path{
							PC:    elsepath,
							State: state})
					}
					if thensat {
						newPaths = append(newPaths, Path{
							PC:    thenpath,
							State: state})
					}
				} else {
					newPaths = append(newPaths, path)
				}
			} else {
				if elsesat {
					newPaths = append(newPaths, Path{
						PC:    elsepath,
						State: state})
				}
				if thensat {
					newPaths = append(newPaths, Path{
						PC:    thenpath,
						State: state})
				}
			}
		}
		v.Paths = newPaths
		//If there are no paths in list already, we create a new path for each branch.
	} else {
		v.Paths = append(v.Paths, Path{PC: symbexec.PathConstraint{cond}})
		v.Paths = append(v.Paths, Path{PC: symbexec.PathConstraint{elseCond}})
	}
}

//GetInputParams collects the type and name of input parameters
func (v *FuncVisitor) GetInputParams() []InputParameter {
	var inputs []InputParameter
	for _, param := range v.Params.List {
		expression := param.Type
		namesList := param.Names
		var inputtype string
		//fmt.Println("abc:", reflect.TypeOf(inputtype))
		switch a := expression.(type) {
		case *ast.Ident:
			inputtype = a.Name
			for _, name := range namesList {
				inputs = append(inputs, InputParameter{name.Name, inputtype})
			}
		}
	}
	return inputs
}

//GetReturnTypes returns the return types of the given function
func (v *FuncVisitor) GetReturnTypes() []string {
	var retTypes []string
	for _, t := range v.Results.List {
		temp := t.Type
		switch n := temp.(type) {
		case *ast.Ident:
			returnType := n.Name
			retTypes = append(retTypes, returnType)
		}
	}
	return retTypes
}

func exprToString(expr ast.Expr) string {
	var ret string
	switch e := expr.(type) {
	case *ast.Ident:
		ret = e.Name
	case *ast.BasicLit:
		ret = e.Value
	}
	return ret
}

func createInverseOpMap() map[string]string {
	m := make(map[string]string)
	m["=="] = "!="
	m["!="] = "=="
	m["<"] = ">="
	m[">="] = "<"
	m[">"] = "<="
	m["<="] = ">"
	return m
}
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blob 4925�package solver

/*
#cgo LDFLAGS: -L/usr/local/Cellar/z3/4.4.1/lib -lz3
#include <stdlib.h>
#include <z3.h>
*/
import "C"

import (
	"log"
	"strconv"
	"unsafe"

	"github.com/bjerga91/AutoTest/symbexec"
)

//TODO declare all different variable types in init-function??
var svr C.Z3_solver
var ctx C.Z3_context

func init() {
	ctx = MkContext()
	svr = mkSolver(ctx)
}

//MkContext creates a context for Z3
func MkContext() C.Z3_context {
	cfg := C.Z3_mk_config()
	paramID := C.CString("MODEL")
	defer C.free(unsafe.Pointer(paramID))
	paramValue := C.CString("true")
	defer C.free(unsafe.Pointer(paramValue))
	C.Z3_set_param_value(cfg, paramID, paramValue)
	ctx := C.Z3_mk_context(cfg)
	C.Z3_del_config(cfg)
	return ctx
}

func mkSolver(ctx C.Z3_context) C.Z3_solver {
	svr := C.Z3_mk_solver(ctx)
	C.Z3_solver_inc_ref(ctx, svr)
	return svr
}

func declIntVar(ctx C.Z3_context, name string) C.Z3_ast {
	cs := C.CString(name)
	defer C.free(unsafe.Pointer(cs))
	intType := C.Z3_mk_int_sort(ctx)
	symb := C.Z3_mk_string_symbol(ctx, cs)
	return C.Z3_mk_const(ctx, symb, intType)
}

func declInt(ctx C.Z3_context, v int) C.Z3_ast {
	intType := C.Z3_mk_int_sort(ctx)
	return C.Z3_mk_int(ctx, C.int(v), intType)
}

func mkEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_eq(ctx, l, r)
}

func mkNotEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	eq := C.Z3_mk_eq(ctx, l, r)
	return C.Z3_mk_not(ctx, eq)
}

func mkLt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_lt(ctx, l, r)
}

func mkLe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_le(ctx, l, r)
}

func mkGt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_gt(ctx, l, r)
}

func mkGe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_ge(ctx, l, r)
}

func push(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_push(ctx, svr)
}

func pop(ctx C.Z3_context, svr C.Z3_solver) {
	//get number of scopes
	//pop
}

func reset(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_reset(ctx, svr)
}

func assert(ctx C.Z3_context, svr C.Z3_solver, cond C.Z3_ast) {
	C.Z3_solver_assert(ctx, svr, cond)
}

func check(ctx C.Z3_context, svr C.Z3_solver) bool {
	res := C.Z3_solver_check(ctx, svr)
	sat := false
	switch res {
	case C.Z3_L_FALSE:
		sat = false
	case C.Z3_L_UNDEF:
		sat = false
	case C.Z3_L_TRUE:
		sat = true
	}
	return sat
}

func getModel(ctx C.Z3_context, svr C.Z3_solver) C.Z3_model {
	return C.Z3_solver_get_model(ctx, svr)
}

func modelToString(ctx C.Z3_context, m C.Z3_model) string {
	//Convert c-string to go-string
	s := C.Z3_model_to_string(ctx, m)
	//defer C.free(unsafe.Pointer(s)) //Uncommenting this makes the program crash
	return C.GoString(s)
}

//CheckSat checks if the PC is satisfiable
func CheckSat(state symbexec.State, pc symbexec.PathConstraint) bool {
	vars := declVarsInState(state)

	assertConstraints(pc, vars)

	sat := check(ctx, svr)
	reset(ctx, svr)
	if sat {
		return true
	}
	return false
}

//Solve declares variables, assert constraints into the solver
//and tries to find a solution to the PathConstraint
func Solve(state symbexec.State, pc symbexec.PathConstraint) (bool, string) {
	//nrOfVars := len(state)
	//C.Z3_solver_inc_ref(ctx, svr)
	var res string

	vars := declVarsInState(state)
	assertConstraints(pc, vars)

	s := check(ctx, svr)
	if s {
		m := getModel(ctx, svr)
		res = modelToString(ctx, m)
	} else {
		res = ""
	}
	reset(ctx, svr)
	return s, res
	//C.Z3_solver_dec_ref(ctx, svr)
}

func declVarsInState(state symbexec.State) map[string]C.Z3_ast {
	vars := make(map[string]C.Z3_ast)
	for _, val := range state {
		if val.VarType == "int" {
			if val.AssignStmt == "" {
				vars[val.Name] = declIntVar(ctx, val.Name)
			} else {
				log.Fatal("declVarsInState: AssignStmt is not empty string!")
			}
		} else {
			log.Fatal("declVarsInState: Vartype is not int!")
		}
	}
	return vars
}

func assertConstraints(pc symbexec.PathConstraint, vars map[string]C.Z3_ast) {
	var left, right, constraint C.Z3_ast
	for _, c := range pc {
		left = checkTypeAndDeclVar(ctx, vars, c.Left)
		right = checkTypeAndDeclVar(ctx, vars, c.Right)
		if c.Op == "==" {
			constraint = mkEq(ctx, left, right)
		} else if c.Op == "!=" {
			constraint = mkNotEq(ctx, left, right)
		} else if c.Op == "<" {
			constraint = mkLt(ctx, left, right)
		} else if c.Op == "<=" {
			constraint = mkLe(ctx, left, right)
		} else if c.Op == ">" {
			constraint = mkGt(ctx, left, right)
		} else if c.Op == ">=" {
			constraint = mkGe(ctx, left, right)
		}
		assert(ctx, svr, constraint)
	}
}

func checkTypeAndDeclVar(ctx C.Z3_context, varMap map[string]C.Z3_ast, operand string) C.Z3_ast {
	var res C.Z3_ast
	if i, err := strconv.Atoi(operand); err == nil {
		res = declInt(ctx, i)
	} else {
		//Assuming it is a variable already declared
		if _, ok := varMap[operand]; ok {
			res = varMap[operand]
		} else {
			log.Fatal("checkTypeAndDeclVar: variable is not defined in varMap")
		}
	}
	return res
}
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blob 384�package symbexec

//State maps variables to symbolic expressions
type State map[string]SymbolicVariable

//SymbolicVariable represents a variable
type SymbolicVariable struct {
	Name       string
	LvlCreated int
	VarType    interface{}
	AssignStmt string
}

//TODO there can be multiple variables with the same name in
//different scopes. Need to have a Stack in order to backtrack??











AutoTest/.git/objects/8b/f8f89a664ca8193fb42bb70585ec74e3395405

AutoTest/.git/objects/8b/f8f89a664ca8193fb42bb70585ec74e3395405


blob 5191�package testgen

import (
	"fmt"
	"go/ast"
	"log"
	"os"
	"os/exec"
	"strings"

	"github.com/bjerga91/AutoTest/pf"
	"github.com/bjerga91/AutoTest/symbexec"
)

//GenerateTestsForFile generates tests for the given file
func GenerateTestsForFile(file *ast.File, path string) {
	pkg := file.Name.Name
	funcNumber := 0
	text := ""
	ast.Inspect(file, func(n ast.Node) bool {
		switch x := n.(type) {
		case *ast.FuncDecl:
			var stack symbexec.PathConstraint
			visitor := pf.FuncVisitor{
				Pkg:        pkg,
				FuncNumber: funcNumber,
				FilePath:   path,
				Lvl:        0,
				PC:         stack,
				//State:      make(symbexec.State),
			}
			ast.Walk(&visitor, x)
			funcNumber++
			text = createTests(visitor, text)
			return false
		}
		return true
	})
	writeTestsToFile(text, path)
}

//GenerateTestsForDir generates tests for the given directory
func GenerateTestsForDir(files map[string]*ast.File) {
	for path, file := range files {
		GenerateTestsForFile(file, path)
	}
}

//CreateTests creates tests based on information from FuncVisior f
func createTests(f pf.FuncVisitor, text string) string {
	if text == "" {
		text += codeNewFile(f)
	} else {
		text += codeAppendToFile(f)
	}
	return text
}

func codeAppendToFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	type testpair%s struct {
		input %s
		expected %s
	}

	var tests%s = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests%s {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName,
		f.FuncName)

	return text
}

func writeTestsToFile(text string, path string) {
	fmt.Println("Writing tests to file")
	filepath := fmt.Sprintf("%s_test.go", path[:len(path)-3])
	_, err := os.Stat(filepath)
	if os.IsNotExist(err) {
		createFile(filepath, text)
	} else {
		overwriteFile(filepath, text)
	}
}

func overwriteFile(path string, text string) {
	err := os.Remove(path)
	if err != nil {
		panic(err)
	}
	createFile(path, text)
}

func createFile(path string, text string) {
	file, err := os.Create(path)
	if err != nil {
		panic(err)
	}
	defer file.Close()

	if _, err = file.WriteString(text); err != nil {
		panic(err)
	}
}

func createDir(path string) {
	err := os.Mkdir(path, 0777)
	if err != nil {
		log.Fatal("createDir:", err)
	}
}

func delDir(path string) {
	err := os.RemoveAll(path)

	if err != nil {
		log.Fatal("delDir:", err)
	}
}

func codeNewFile(f pf.FuncVisitor) string {
	inputString := getInputTypes(f)
	returnString := getReturnTypes(f)
	testcases := getTestCases(f)

	text := fmt.Sprintf(`
	package %s

	import "testing"

	/*
		This file has been automatically generated by AutoTest;
		Do not edit - changes may be overwritten
	*/

	type testpair%s struct {
		input %s
		expected %s
	}

	var tests%s = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests%s {
			out := %s(pair.input)
			if out != pair.expected {
				t.Error(
					"For", pair.input,
					"expected", pair.expected,
					"got", out,
				)
			}
		}
	}
	`, f.Pkg,
		f.FuncName,
		inputString,
		returnString,
		f.FuncName,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName,
		f.FuncName)

	return text
}

func getInputTypes(f pf.FuncVisitor) string {
	var inputString string
	inputTypes := f.GetInputParams()
	for i, param := range inputTypes {
		if i == 0 {
			inputString += param.InputType
			continue
		}
		inputString += ", " + param.InputType

	}
	return inputString
}

func getReturnTypes(f pf.FuncVisitor) string {
	var returnString string
	returntypes := f.GetReturnTypes()
	for i, retType := range returntypes {
		if i == 0 {
			returnString += retType
			continue
		}
		returnString += ", " + retType
	}
	return returnString
}

func getTestCases(f pf.FuncVisitor) string {
	var testcases string
	for i, model := range f.TestInputs {
		r := strings.NewReplacer(" ", "", "(", "", ")", "", "\n", "")
		modelTrimmed := r.Replace(model)
		modelSlice := strings.Split(modelTrimmed, ",")
		for _, v := range modelSlice { //for each value in a model
			temp := strings.Split(v, "->")
			out := getExpectedOut(f, temp[1])
			if i == 0 {
				testcases += fmt.Sprintf("{%s,%s},", temp[1], out)
				continue
			}
			testcases += fmt.Sprintf("\n{%s,%s},", temp[1], out)
		}
	}
	return testcases
}

//getExpectedOut retrieves the output when the function that f represents is
//executed on input
func getExpectedOut(f pf.FuncVisitor, input string) string {
	end := strings.LastIndex(f.FilePath, "/")
	pkgString := f.FilePath[:end]
	text := fmt.Sprintf(`
		package main

		import (
			"fmt"
			"%s"
		)

		func main(){
			fmt.Print(%s.%s(%s))
		}
	`, pkgString,
		f.Pkg,
		f.FuncName,
		input,
	)

	createDir("../temp")
	path := fmt.Sprintf("../temp/temp.go")
	createFile(path, text)
	out, err := exec.Command("go", "run", path).Output()
	if err != nil {
		log.Fatal("getExpectedOut: Failed executing command!", err)
	}
	delDir("../temp")
	return string(out[:])
}
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blob 266�# Compiled Object files, Static and Dynamic libs (Shared Objects)
*.o
*.a
*.so

# Folders
_obj
_test

# Architecture specific extensions/prefixes
*.[568vq]
[568vq].out

*.cgo1.go
*.cgo2.c
_cgo_defun.c
_cgo_gotypes.go
_cgo_export.*

_testmain.go

*.exe
*.test
*.prof
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commit 272�tree 807a0b10678db2275677b194545fc1a9af23726c
parent a2dc4929b4b56f29604a64d2ee95f20c4ad40a2b
author Andreas Bjerga <andreas.bjerga@gmail.com> 1461269802 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1461269802 +0200

removed state and put it in its own class
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blob 6237�package pf

import (
	"fmt"
	"go/ast"

	"github.com/bjerga91/AutoTest/solver"
	"github.com/bjerga91/AutoTest/symbexec"
)

//TODO move to init()
var invOpMap = createInverseOpMap()

//Path is a struct that stores the PC and State for each path found
type Path struct {
	PC    symbexec.PathConstraint
	State symbexec.State
}

//FuncVisitor is used to store variables when traversing the AST
type FuncVisitor struct {
	Pkg        string
	FuncName   string
	FuncNumber int
	FilePath   string
	Params     *ast.FieldList //input parameters for the function
	Results    *ast.FieldList //return values
	PC         symbexec.PathConstraint
	VarHistory symbexec.VarHistory
	Paths      []Path
	Lvl        int
	TestInputs []string
}

//InputParameter stores name and type of input parameter to a function
type InputParameter struct {
	Name      string
	InputType string
}

//Visit is used by Walk to traverse the AST in a DFS fashion
func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {
	switch x := node.(type) {
	case nil:
		v.Lvl--

		//Removes variables from the variable history that has lvl higher than current
		v.popVariables()

		//Removing last condition from PC if current lvl is same as the lvl the condition was saved to PC
		v.popCondition()

		if v.Lvl == 0 {
			v.solveAllPaths()
		}
	case *ast.IfStmt:
		v.Lvl++
		handleIfStmt(x, v)
		v.Lvl--
		return nil
	case *ast.ReturnStmt:
		v.Lvl++
		v.solvePaths()
	case *ast.FuncDecl:
		v.Lvl++
		v.FuncName = x.Name.Name
		fmt.Printf("\nTraversing tree of function: %v\n", v.FuncName)
	case *ast.FuncType:
		v.Lvl++
		v.Params = x.Params
		v.Results = x.Results
		saveParameters(x.Params, v)
	case *ast.AssignStmt:
		v.Lvl++
		handleAssignStmt(x, v)
	case *ast.DeclStmt:
		v.Lvl++
		handleDeclStmt(x, v)
		v.Lvl--
		return nil
	case *ast.File:
		v.Lvl++
		v.Pkg = x.Name.Name
	default:
		v.Lvl++
	}
	return ast.Visitor(v)
}

//popVariables pops all variables that was created at a lower level in the tree
//than the current level
func (v *FuncVisitor) popVariables() {
	for !v.VarHistory.Empty() {
		symbVar := v.VarHistory.Peek()
		if symbVar.LvlCreated > v.Lvl && !v.PC.Empty() {
			//Need to check if pc is empty since else input parameters will be popped.
			v.VarHistory.Pop()
		} else {
			break
		}
	}
}

//popConditions removes last condition from PC if current lvl is same as the
//lvl the condition was saved to PC
func (v *FuncVisitor) popCondition() {
	if !v.PC.Empty() {
		c := v.PC.Peek()
		if c.Lvl == v.Lvl {
			v.PC.Pop()
		}
	}
}

//solve calls the solver for each Path stored in v and adds satisfiable
//solution to the test inputs
func (v *FuncVisitor) solveAllPaths() {
	for i := range v.Paths {
		sat, res := solver.Solve(v.Paths[i].State, v.Paths[i].PC)
		if sat {
			fmt.Print("Path: ", v.Paths[i].PC.ToString(), "    |    model: ", res)
			v.TestInputs = append(v.TestInputs, res)
		}
	}
	v.Paths = []Path{}
}

//solvePaths solves the paths that contains the last condition
//on the PC-stack. The paths that are solved are removed from the stack
func (v *FuncVisitor) solvePaths() {
	if v.PC.Empty() {
		v.solveAllPaths()
		return
	}
	var newPaths []Path
	for i := range v.Paths {
		if v.Paths[i].PC.Contains(v.PC.Peek()) {
			sat, res := solver.Solve(v.Paths[i].State, v.Paths[i].PC)
			if sat {
				fmt.Print("Path: ", v.Paths[i].PC.ToString(), "\t\t|\tmodel: ", res)
				v.TestInputs = append(v.TestInputs, res)
			}
		} else {
			newPaths = append(newPaths, v.Paths[i])
		}
	}
	v.Paths = newPaths
}

/*
	addConditionToPaths loops through each path.
	It creates one new path with cond if the then-path is sat.
	It creates another path with elseCond if the else-path is sat.
*/
func (v *FuncVisitor) addConditionsToPaths(cond symbexec.Constraint,
	elseCond symbexec.Constraint) {
	if len(v.Paths) > 0 {
		var newPaths []Path
		for _, path := range v.Paths {
			elsepath := append(path.PC, elseCond)
			elsesat := solver.CheckSat(path.State, elsepath)
			thenpath := append(path.PC, cond)
			thensat := solver.CheckSat(path.State, thenpath)
			state := path.State

			//If PC is not empty, we will only create new paths for paths that
			//contain the last Condition. If PC is empty, we will create new paths for all
			if !v.PC.Empty() {
				if path.PC.Contains(v.PC.Peek()) {
					if elsesat {
						newPaths = append(newPaths, Path{
							PC:    elsepath,
							State: state})
					}
					if thensat {
						newPaths = append(newPaths, Path{
							PC:    thenpath,
							State: state})
					}
				} else {
					newPaths = append(newPaths, path)
				}
			} else {
				if elsesat {
					newPaths = append(newPaths, Path{
						PC:    elsepath,
						State: state})
				}
				if thensat {
					newPaths = append(newPaths, Path{
						PC:    thenpath,
						State: state})
				}
			}
		}
		v.Paths = newPaths
		//If there are no paths in list already, we create a new path for each branch.
	} else {
		v.Paths = append(v.Paths, Path{PC: symbexec.PathConstraint{cond}})
		v.Paths = append(v.Paths, Path{PC: symbexec.PathConstraint{elseCond}})
	}
}

//GetInputParams collects the type and name of input parameters
func (v *FuncVisitor) GetInputParams() []InputParameter {
	var inputs []InputParameter
	for _, param := range v.Params.List {
		expression := param.Type
		namesList := param.Names
		var inputtype string
		//fmt.Println("abc:", reflect.TypeOf(inputtype))
		switch a := expression.(type) {
		case *ast.Ident:
			inputtype = a.Name
			for _, name := range namesList {
				inputs = append(inputs, InputParameter{name.Name, inputtype})
			}
		}
	}
	return inputs
}

//GetReturnTypes returns the return types of the given function
func (v *FuncVisitor) GetReturnTypes() []string {
	var retTypes []string
	for _, t := range v.Results.List {
		temp := t.Type
		switch n := temp.(type) {
		case *ast.Ident:
			returnType := n.Name
			retTypes = append(retTypes, returnType)
		}
	}
	return retTypes
}

func exprToString(expr ast.Expr) string {
	var ret string
	switch e := expr.(type) {
	case *ast.Ident:
		ret = e.Name
	case *ast.BasicLit:
		ret = e.Value
	}
	return ret
}

func createInverseOpMap() map[string]string {
	m := make(map[string]string)
	m["=="] = "!="
	m["!="] = "=="
	m["<"] = ">="
	m[">="] = "<"
	m[">"] = "<="
	m["<="] = ">"
	return m
}
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blob 1115�package pf

import (
	"go/ast"
	"log"

	"github.com/bjerga91/AutoTest/solver"
	"github.com/bjerga91/AutoTest/symbexec"
)

func handleIfStmt(x *ast.IfStmt, v *FuncVisitor) {
	//TODO condition could be other than BinaryExpr.
	//Should make a recursive function to retrieve the condition??
	switch c := x.Cond.(type) {
	case *ast.BinaryExpr:
		left := exprToString(c.X)
		op := c.Op.String()
		right := exprToString(c.Y)
		cond := symbexec.Constraint{
			Lvl:   v.Lvl,
			Left:  left,
			Op:    op,
			Right: right}
		elseCond := symbexec.Constraint{
			Lvl:   v.Lvl,
			Left:  left,
			Op:    invOpMap[cond.Op],
			Right: right}

		//each path branches and adds cond to one path and elseCond to the other
		v.addConditionToPaths(cond, elseCond)

		v.PC.Push(cond)
		res := solver.CheckSatVarHist(v.VarHistory, v.PC)
		if res {
			ast.Walk(v, x.Body)
		} else {
			v.PC.Pop()
		}

		if x.Else != nil {
			v.PC.Push(elseCond)
			res := solver.CheckSatVarHist(v.VarHistory, v.PC)
			if res {
				ast.Walk(v, x.Else)
			} else {
				v.PC.Pop()
			}
		}
	default:
		log.Fatalf("Unhandled type %s in handleIfStmt", c)
	}
}
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			fede12195aca058fbd1faefac9443312b4f55e44 6789cbfeff3bca30ce1c5a961c3590ca73e6f6f9 Andreas Bjerga <andreas.bjerga@gmail.com> 1460414545 +0200			commit: changed package name


			6789cbfeff3bca30ce1c5a961c3590ca73e6f6f9 2ab5c255dfe40c67467e35997829acf7dc4535e5 Andreas Bjerga <andreas.bjerga@gmail.com> 1460762336 +0200			commit: started on z3 solver integration


			2ab5c255dfe40c67467e35997829acf7dc4535e5 a2dc4929b4b56f29604a64d2ee95f20c4ad40a2b Andreas Bjerga <andreas.bjerga@gmail.com> 1461269780 +0200			commit: implemented z3 in go and made a simple test


			a2dc4929b4b56f29604a64d2ee95f20c4ad40a2b c2fa822d12213c0509c00aad84a62b9b07e1b7fe Andreas Bjerga <andreas.bjerga@gmail.com> 1461269802 +0200			commit: removed state and put it in its own class


			c2fa822d12213c0509c00aad84a62b9b07e1b7fe 941b6c21fbd60554d4dc666f9316afa23542574f Andreas Bjerga <andreas.bjerga@gmail.com> 1461269830 +0200			commit: implemented logic for handling AssignStmts


			941b6c21fbd60554d4dc666f9316afa23542574f af827b1805b6e4576cd15cfd1fbefab63d91fa85 Andreas Bjerga <andreas.bjerga@gmail.com> 1461364750 +0200			commit: created the Solve function


			af827b1805b6e4576cd15cfd1fbefab63d91fa85 aa95b2c45f343006e20f0ac6ac9fafc6156f93a8 Andreas Bjerga <andreas.bjerga@gmail.com> 1461364769 +0200			commit: made som changes to the constraint struct


			aa95b2c45f343006e20f0ac6ac9fafc6156f93a8 26c7a143e5ba1f2990b2d130d482cb597cd3b4ba Andreas Bjerga <andreas.bjerga@gmail.com> 1461364784 +0200			commit: changes in struct


			26c7a143e5ba1f2990b2d130d482cb597cd3b4ba 9b7ae07ec451edbdd81c4c1582c5e3fbcf25edeb Andreas Bjerga <andreas.bjerga@gmail.com> 1461364847 +0200			commit: calling solve-function when reaching returnStmt


			9b7ae07ec451edbdd81c4c1582c5e3fbcf25edeb 74e69aedc882ec3499f1851108f4f202246f5398 Andreas Bjerga <andreas.bjerga@gmail.com> 1461602318 +0200			commit: Removed a defer.Free which made the solver crash


			74e69aedc882ec3499f1851108f4f202246f5398 9101699bd3bb0456d1dea55d79b6bfcf3ae1a918 Andreas Bjerga <andreas.bjerga@gmail.com> 1462146281 +0200			commit: Refactoring


			9101699bd3bb0456d1dea55d79b6bfcf3ae1a918 dc3bd59aeb42a6875f1d56f3fb28d702b81f1e9d Andreas Bjerga <andreas.bjerga@gmail.com> 1462146309 +0200			commit: Solve-function implemented


			dc3bd59aeb42a6875f1d56f3fb28d702b81f1e9d 868d2fdc7e57da0c10c022d0be476e5e06658957 Andreas Bjerga <andreas.bjerga@gmail.com> 1462790888 +0200			commit: cleanup


			868d2fdc7e57da0c10c022d0be476e5e06658957 bdef826d2ad314603b23ed94cbaa25a496929a7e Andreas Bjerga <andreas.bjerga@gmail.com> 1463270472 +0200			commit: cleanup


			bdef826d2ad314603b23ed94cbaa25a496929a7e 0f1bd52bc5a4e68611344eee8b2fab826c01b1a3 Andreas Bjerga <andreas.bjerga@gmail.com> 1463270505 +0200			commit: created test-generator class


			0f1bd52bc5a4e68611344eee8b2fab826c01b1a3 b171b31106667d30a4d9ac391da1d816dd8c8009 Andreas Bjerga <andreas.bjerga@gmail.com> 1463275200 +0200			commit: Made some skeleton code for command line interface


			b171b31106667d30a4d9ac391da1d816dd8c8009 d64394d6ff65f828c3bb3f6dce8979fbef1409dc Andreas Bjerga <andreas.bjerga@gmail.com> 1463355207 +0200			commit: fix


			d64394d6ff65f828c3bb3f6dce8979fbef1409dc 31d81e988a6770e0690cbcafaf1f9ea8fdf35a70 Andreas Bjerga <andreas.bjerga@gmail.com> 1463355250 +0200			commit: added class that parses file or dir to ast


			31d81e988a6770e0690cbcafaf1f9ea8fdf35a70 3d1beab626d3b786828c1d1865055b7748fcfff2 Andreas Bjerga <andreas.bjerga@gmail.com> 1463355462 +0200			commit: command line interface done.


			3d1beab626d3b786828c1d1865055b7748fcfff2 7920f35fa693702ea4bc01c2cb8595348222dffa Andreas Bjerga <andreas.bjerga@gmail.com> 1463616787 +0200			commit: new functionality: loops through a directory and creates a test file for each source code file


			7920f35fa693702ea4bc01c2cb8595348222dffa 3c6afa91d60da288b833a64d722b80c25c902cd6 Andreas Bjerga <andreas.bjerga@gmail.com> 1463688991 +0200			commit: removed option for creating test for a single function


			3c6afa91d60da288b833a64d722b80c25c902cd6 2abe36a6b2132c8b3e8845fa688c7b4db379219f Andreas Bjerga <andreas.bjerga@gmail.com> 1464136400 +0200			commit: A new function CheckSat that returns true if the PC and State is sat


			2abe36a6b2132c8b3e8845fa688c7b4db379219f c02ea36b494439e7644658cb75efd3cf8a1874e6 Andreas Bjerga <andreas.bjerga@gmail.com> 1464136434 +0200			commit: Made ToString-functions for State and PC, and also a Contains-function for PC


			c02ea36b494439e7644658cb75efd3cf8a1874e6 fdb9a40bae24ee28dbafd5dcdef1bd7e47ab898c Andreas Bjerga <andreas.bjerga@gmail.com> 1464136543 +0200			commit: Implemented a (hopefully) working path-finder


			fdb9a40bae24ee28dbafd5dcdef1bd7e47ab898c f2ba1f61683c9ec2bc0cc1e0331a8f6e68460777 Andreas Bjerga <andreas.bjerga@gmail.com> 1464201181 +0200			commit: Renamed form test-generator to AutoTest


			f2ba1f61683c9ec2bc0cc1e0331a8f6e68460777 7098e565aef3d08a5348645d0cc582e7730f7a1e Andreas Bjerga <andreas.bjerga@gmail.com> 1464201342 +0200			commit: Print the paths at the end


			7098e565aef3d08a5348645d0cc582e7730f7a1e c40d39aa500f0f2a7908ae0360c9257f7c6dae58 Andreas Bjerga <andreas.bjerga@gmail.com> 1464220263 +0200			commit: changed folder name


			c40d39aa500f0f2a7908ae0360c9257f7c6dae58 db0a2bdaba8f03338fd40fa7c3f46ba32a97f166 Andreas Bjerga <andreas.bjerga@gmail.com> 1464220280 +0200			commit: cleanup


			db0a2bdaba8f03338fd40fa7c3f46ba32a97f166 c53a8fa90889ad5bcba5bef4c51139545e98d788 Andreas Bjerga <andreas.bjerga@gmail.com> 1464481582 +0200			commit: Updated testgen. Only writes tests one time for each file


			c53a8fa90889ad5bcba5bef4c51139545e98d788 477cc60ddfdde73d38b426e3f248d369374f77ca Andreas Bjerga <andreas.bjerga@gmail.com> 1464481612 +0200			commit: Added a lot of functionality for the Z3 API


			477cc60ddfdde73d38b426e3f248d369374f77ca 87a45cf1030b760e409891eb1e44f4b804e9510b Andreas Bjerga <andreas.bjerga@gmail.com> 1464708210 +0200			commit: restructured code in parser


			87a45cf1030b760e409891eb1e44f4b804e9510b fdae6d4a15a9da0dc507052de7883d2b6620f763 Andreas Bjerga <andreas.bjerga@gmail.com> 1464708234 +0200			commit: restructured testGen


			fdae6d4a15a9da0dc507052de7883d2b6620f763 33a3c7356864e0dfe248372a4bd4ed9da469cfa8 Andreas Bjerga <andreas.bjerga@gmail.com> 1464708248 +0200			commit: added url to the Z3 API


			33a3c7356864e0dfe248372a4bd4ed9da469cfa8 1bfe3c84d3dde36d7cc10083892a53303ec488ab Andreas Bjerga <andreas.bjerga@gmail.com> 1465071705 +0200			commit: made small changes for print


			1bfe3c84d3dde36d7cc10083892a53303ec488ab 823f7e18d9a1e841bf8c184756f056dc9f9672bc Andreas Bjerga <andreas.bjerga@gmail.com> 1465091253 +0200			commit: added functionality for declaring a variable


			823f7e18d9a1e841bf8c184756f056dc9f9672bc 1532137a8c840c2efce87947064e55b9bfc0ee9c Andreas Bjerga <andreas.bjerga@gmail.com> 1465433680 +0200			commit: Added functionality that adds expected output to the tests


			1532137a8c840c2efce87947064e55b9bfc0ee9c 4f7a60402f22eea49b0dd362ac0a4f05c826ab2a Andreas Bjerga <andreas.bjerga@gmail.com> 1465433698 +0200			commit: Added checksat for VarHistory


			4f7a60402f22eea49b0dd362ac0a4f05c826ab2a 3eb2f01f67d65c269f87e4f124578b1ed1474467 Andreas Bjerga <andreas.bjerga@gmail.com> 1465433715 +0200			commit: Added type VarHistory with methods


			3eb2f01f67d65c269f87e4f124578b1ed1474467 df40115d8211a931d477f0c44fc044d4288bd40d Andreas Bjerga <andreas.bjerga@gmail.com> 1465433752 +0200			commit: Cleanup and VarHistory in PathFinder


			df40115d8211a931d477f0c44fc044d4288bd40d cd619daef8606b53ef29e2ddfb749517536ec3bf Andreas Bjerga <andreas.bjerga@gmail.com> 1465781950 +0200			commit: cleanup


			cd619daef8606b53ef29e2ddfb749517536ec3bf 268173038189869b94c07eb066bb8930e494db53 Andreas Bjerga <andreas.bjerga@gmail.com> 1465784909 +0200			commit: created functions for popping variables and conditions


			268173038189869b94c07eb066bb8930e494db53 93f11f1978acfb8a71d6b61bbd66981bdd98f4c3 Andreas Bjerga <andreas.bjerga@gmail.com> 1465786655 +0200			commit: Cleanup


			93f11f1978acfb8a71d6b61bbd66981bdd98f4c3 e82f72deaebd8a3b120113219d80e3ca2fe01fb1 Andreas Bjerga <andreas.bjerga@gmail.com> 1465835950 +0200			commit: cleanup


			e82f72deaebd8a3b120113219d80e3ca2fe01fb1 cf35e02c05bc7d9a70f0b98c3236abdf20855ea7 Andreas Bjerga <andreas.bjerga@gmail.com> 1465836045 +0200			commit: solvePaths and bug-fix in addConditionToPaths


			cf35e02c05bc7d9a70f0b98c3236abdf20855ea7 ea6726948cab66bb5e8e6695c4fc7f4a36f29829 Andreas Bjerga <andreas.bjerga@gmail.com> 1465838703 +0200			commit: cleanup


			ea6726948cab66bb5e8e6695c4fc7f4a36f29829 87bc8d4e51e0307c5bd79a06243f8058820639db Andreas Bjerga <andreas.bjerga@gmail.com> 1465874330 +0200			commit: cleanup fmt.Println


			87bc8d4e51e0307c5bd79a06243f8058820639db 7d81f19b3abeea4c3c6936151b8d8532e8fb96ef Andreas Bjerga <andreas.bjerga@gmail.com> 1465927589 +0200			commit: cleanup


			7d81f19b3abeea4c3c6936151b8d8532e8fb96ef 2ca20b68c86202dee23a8a9299fb0ae87e7eab39 Andreas Bjerga <andreas.bjerga@gmail.com> 1465947103 +0200			commit: cleanup


			2ca20b68c86202dee23a8a9299fb0ae87e7eab39 4a5c55ed77eb335471c7168b810b306f7d17faab Andreas Bjerga <andreas.bjerga@gmail.com> 1465948351 +0200			commit: cleanup


			4a5c55ed77eb335471c7168b810b306f7d17faab 4e8ef9b887a975f74a7c88af2420c6dd8eb2c286 Andreas Bjerga <andreas.bjerga@gmail.com> 1465953586 +0200			commit: Added support for multiple input and return variables in testgen
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			268173038189869b94c07eb066bb8930e494db53 93f11f1978acfb8a71d6b61bbd66981bdd98f4c3 Andreas Bjerga <andreas.bjerga@gmail.com> 1465786658 +0200			update by push


			93f11f1978acfb8a71d6b61bbd66981bdd98f4c3 e82f72deaebd8a3b120113219d80e3ca2fe01fb1 Andreas Bjerga <andreas.bjerga@gmail.com> 1465835953 +0200			update by push


			e82f72deaebd8a3b120113219d80e3ca2fe01fb1 cf35e02c05bc7d9a70f0b98c3236abdf20855ea7 Andreas Bjerga <andreas.bjerga@gmail.com> 1465836049 +0200			update by push


			cf35e02c05bc7d9a70f0b98c3236abdf20855ea7 ea6726948cab66bb5e8e6695c4fc7f4a36f29829 Andreas Bjerga <andreas.bjerga@gmail.com> 1465838710 +0200			update by push


			ea6726948cab66bb5e8e6695c4fc7f4a36f29829 87bc8d4e51e0307c5bd79a06243f8058820639db Andreas Bjerga <andreas.bjerga@gmail.com> 1465874335 +0200			update by push


			87bc8d4e51e0307c5bd79a06243f8058820639db 7d81f19b3abeea4c3c6936151b8d8532e8fb96ef Andreas Bjerga <andreas.bjerga@gmail.com> 1465927592 +0200			update by push


			7d81f19b3abeea4c3c6936151b8d8532e8fb96ef 2ca20b68c86202dee23a8a9299fb0ae87e7eab39 Andreas Bjerga <andreas.bjerga@gmail.com> 1465947106 +0200			update by push


			2ca20b68c86202dee23a8a9299fb0ae87e7eab39 4a5c55ed77eb335471c7168b810b306f7d17faab Andreas Bjerga <andreas.bjerga@gmail.com> 1465948354 +0200			update by push


			4a5c55ed77eb335471c7168b810b306f7d17faab 4e8ef9b887a975f74a7c88af2420c6dd8eb2c286 Andreas Bjerga <andreas.bjerga@gmail.com> 1465953589 +0200			update by push









AutoTest/.git/refs/remotes/tg/master

4e8ef9b887a975f74a7c88af2420c6dd8eb2c286







AutoTest/.git/logs/refs/remotes/tg/master

			0000000000000000000000000000000000000000 07309c883f45e685698c64b93a5c58d8dbf60a15 Andreas Bjerga <andreasbjerga@andreass-mbp-4.(none)> 1459714782 +0200			pull tg master: storing head


			07309c883f45e685698c64b93a5c58d8dbf60a15 e6ad90de34584b529a1354a482ae71d7c925fef3 Andreas Bjerga <andreas.bjerga@gmail.com> 1459714823 +0200			update by push


			e6ad90de34584b529a1354a482ae71d7c925fef3 d1e867c6bbfb088813a54bf89450434d47c4dbd5 Andreas Bjerga <andreas.bjerga@gmail.com> 1459721619 +0200			fetch tg: fast-forward


			d1e867c6bbfb088813a54bf89450434d47c4dbd5 2ab5c255dfe40c67467e35997829acf7dc4535e5 Andreas Bjerga <andreas.bjerga@gmail.com> 1461269778 +0200			fetch tg: fast-forward


			2ab5c255dfe40c67467e35997829acf7dc4535e5 941b6c21fbd60554d4dc666f9316afa23542574f Andreas Bjerga <andreas.bjerga@gmail.com> 1461271996 +0200			fetch tg: fast-forward


			941b6c21fbd60554d4dc666f9316afa23542574f 9b7ae07ec451edbdd81c4c1582c5e3fbcf25edeb Andreas Bjerga <andreas.bjerga@gmail.com> 1461602304 +0200			fetch tg: fast-forward


			9b7ae07ec451edbdd81c4c1582c5e3fbcf25edeb 74e69aedc882ec3499f1851108f4f202246f5398 Andreas Bjerga <andreas.bjerga@gmail.com> 1462146273 +0200			fetch tg: fast-forward


			74e69aedc882ec3499f1851108f4f202246f5398 868d2fdc7e57da0c10c022d0be476e5e06658957 Andreas Bjerga <andreas.bjerga@gmail.com> 1462790895 +0200			fetch tg: fast-forward


			868d2fdc7e57da0c10c022d0be476e5e06658957 3d1beab626d3b786828c1d1865055b7748fcfff2 Andreas Bjerga <andreas.bjerga@gmail.com> 1463616622 +0200			fetch tg: fast-forward


			3d1beab626d3b786828c1d1865055b7748fcfff2 7920f35fa693702ea4bc01c2cb8595348222dffa Andreas Bjerga <andreas.bjerga@gmail.com> 1463662912 +0200			fetch tg: fast-forward


			7920f35fa693702ea4bc01c2cb8595348222dffa 3c6afa91d60da288b833a64d722b80c25c902cd6 Andreas Bjerga <andreas.bjerga@gmail.com> 1463689769 +0200			fetch tg: fast-forward


			3c6afa91d60da288b833a64d722b80c25c902cd6 fdb9a40bae24ee28dbafd5dcdef1bd7e47ab898c Andreas Bjerga <andreas.bjerga@gmail.com> 1464175954 +0200			fetch tg: fast-forward


			fdb9a40bae24ee28dbafd5dcdef1bd7e47ab898c 7098e565aef3d08a5348645d0cc582e7730f7a1e Andreas Bjerga <andreas.bjerga@gmail.com> 1464202088 +0200			fetch tg: fast-forward


			7098e565aef3d08a5348645d0cc582e7730f7a1e db0a2bdaba8f03338fd40fa7c3f46ba32a97f166 Andreas Bjerga <andreas.bjerga@gmail.com> 1464301633 +0200			fetch tg: fast-forward


			db0a2bdaba8f03338fd40fa7c3f46ba32a97f166 477cc60ddfdde73d38b426e3f248d369374f77ca Andreas Bjerga <andreas.bjerga@gmail.com> 1464708189 +0200			fetch tg: fast-forward


			477cc60ddfdde73d38b426e3f248d369374f77ca 87a45cf1030b760e409891eb1e44f4b804e9510b Andreas Bjerga <andreas.bjerga@gmail.com> 1464708223 +0200			fetch tg: fast-forward


			87a45cf1030b760e409891eb1e44f4b804e9510b 33a3c7356864e0dfe248372a4bd4ed9da469cfa8 Andreas Bjerga <andreas.bjerga@gmail.com> 1465071700 +0200			fetch tg: fast-forward


			33a3c7356864e0dfe248372a4bd4ed9da469cfa8 1bfe3c84d3dde36d7cc10083892a53303ec488ab Andreas Bjerga <andreas.bjerga@gmail.com> 1465085235 +0200			fetch tg: fast-forward


			1bfe3c84d3dde36d7cc10083892a53303ec488ab 823f7e18d9a1e841bf8c184756f056dc9f9672bc Andreas Bjerga <andreas.bjerga@gmail.com> 1465165163 +0200			fetch tg: fast-forward


			823f7e18d9a1e841bf8c184756f056dc9f9672bc cd619daef8606b53ef29e2ddfb749517536ec3bf Andreas Bjerga <andreas.bjerga@gmail.com> 1465784888 +0200			fetch tg: fast-forward


			cd619daef8606b53ef29e2ddfb749517536ec3bf 268173038189869b94c07eb066bb8930e494db53 Andreas Bjerga <andreas.bjerga@gmail.com> 1465784921 +0200			fetch tg: fast-forward


			268173038189869b94c07eb066bb8930e494db53 93f11f1978acfb8a71d6b61bbd66981bdd98f4c3 Andreas Bjerga <andreas.bjerga@gmail.com> 1465835896 +0200			fetch tg: fast-forward


			93f11f1978acfb8a71d6b61bbd66981bdd98f4c3 cf35e02c05bc7d9a70f0b98c3236abdf20855ea7 Andreas Bjerga <andreas.bjerga@gmail.com> 1465836852 +0200			fetch tg: fast-forward


			cf35e02c05bc7d9a70f0b98c3236abdf20855ea7 ea6726948cab66bb5e8e6695c4fc7f4a36f29829 Andreas Bjerga <andreas.bjerga@gmail.com> 1465850188 +0200			fetch tg: fast-forward


			ea6726948cab66bb5e8e6695c4fc7f4a36f29829 87bc8d4e51e0307c5bd79a06243f8058820639db Andreas Bjerga <andreas.bjerga@gmail.com> 1465927579 +0200			fetch tg: fast-forward


			87bc8d4e51e0307c5bd79a06243f8058820639db 7d81f19b3abeea4c3c6936151b8d8532e8fb96ef Andreas Bjerga <andreas.bjerga@gmail.com> 1465947080 +0200			fetch tg: fast-forward


			7d81f19b3abeea4c3c6936151b8d8532e8fb96ef 2ca20b68c86202dee23a8a9299fb0ae87e7eab39 Andreas Bjerga <andreas.bjerga@gmail.com> 1465947114 +0200			fetch tg: fast-forward


			2ca20b68c86202dee23a8a9299fb0ae87e7eab39 4a5c55ed77eb335471c7168b810b306f7d17faab Andreas Bjerga <andreas.bjerga@gmail.com> 1465950113 +0200			fetch tg: fast-forward


			4a5c55ed77eb335471c7168b810b306f7d17faab 4e8ef9b887a975f74a7c88af2420c6dd8eb2c286 Andreas Bjerga <andreas.bjerga@gmail.com> 1465953596 +0200			fetch tg: fast-forward









AutoTest/.git/ORIG_HEAD

0a166d2696d14d69bc2477170dcdc4411ae3505e







AutoTest/.git/sourcetreeconfig

autorefresh=1
savedIncoming=0
lastUsedView=0
savedOutgoing=0
lastCheckedRemotes=2016-06-15 01:19:56 +0000
disablerecursiveoperations=0
autorefreshremotes=1
remoteProjectLink0.baseUrl=https://www.github.com
remoteProjectLink1.remoteName=tg
remoteProjectLink0.identifier=bjerga91/AutoTest
remoteProjectLink0.type=2
remoteProjectLink1.identifier=bjerga91/AutoTest
remoteProjectLink0.username=bjerga91
remoteProjectLink1.type=2
remoteProjectLink1.username=bjerga91
remoteProjectLink1.baseUrl=https://www.github.com
remoteProjectLink0.remoteName=origin







AutoTest/README.md

A test-generator for source code written in Go







AutoTest/.gitignore

# Compiled Object files, Static and Dynamic libs (Shared Objects)
*.o
*.a
*.so

# Folders
_obj
_test

# Architecture specific extensions/prefixes
*.[568vq]
[568vq].out

*.cgo1.go
*.cgo2.c
_cgo_defun.c
_cgo_gotypes.go
_cgo_export.*

_testmain.go

*.exe
*.test
*.prof







AutoTest/AutoTest.go

package main

import (
	"fmt"
	"os"

	"github.com/bjerga91/AutoTest/myparser"
	"github.com/bjerga91/AutoTest/testgen"
)

var usage = fmt.Sprintf("AutoTest is a tool for automatically generating " +
	"test cases for Go. \n\n" +

	"Usage: \n\tAutoTest [option] path\n\n" +

	"The options are as follows:\n\t" +

	"-d\tCreate tests for all the functions in the directory.\n\t" +
	"-f\tCreate tests for all the functions in the specified file.\n\t")

var usageShort = fmt.Sprintf("usage: AutoTest [-d | -f] path\n\t" +
	"For more information, use option -h or --help")

func main() {
	if len(os.Args) == 2 {
		if os.Args[1] == "-h" || os.Args[1] == "--help" {
			fmt.Println(usage)
			os.Exit(-1)
		} else {
			fmt.Println(usageShort)
			os.Exit(-1)
		}
	} else if len(os.Args) == 3 {
		if os.Args[1] == "-d" {
			fmt.Println("Parsing directory...")
			filesMap := myparser.ParseDir(os.Args[2])
			testgen.GenerateTestsForDir(filesMap)
		} else if os.Args[1] == "-f" {
			fmt.Println("Parsing file...")
			file := myparser.ParseFile(os.Args[2])
			testgen.GenerateTestsForFile(file, os.Args[2])
		} else {
			fmt.Println(usageShort)
			os.Exit(-1)
		}
	} else {
		fmt.Println(usageShort)
		os.Exit(-1)
	}
}







AutoTest/pf/condHandler.go

package pf

import (
	"go/ast"
	"log"

	"github.com/bjerga91/AutoTest/solver"
	"github.com/bjerga91/AutoTest/symbexec"
)

//handleIfStmt saves the condition in the IfStmt and continues traversal down
//the then-branch and the else-branch
func handleIfStmt(x *ast.IfStmt, v *FuncVisitor) {
	switch c := x.Cond.(type) {
	case *ast.BinaryExpr:
		left := exprToString(c.X)
		op := c.Op.String()
		right := exprToString(c.Y)
		cond := symbexec.Constraint{
			Lvl:   v.Lvl,
			Left:  left,
			Op:    op,
			Right: right}
		elseCond := symbexec.Constraint{
			Lvl:   v.Lvl,
			Left:  left,
			Op:    invOpMap[cond.Op],
			Right: right}

		//each path branches into PC(then) and PC'(else)
		v.addConditionsToPaths(cond, elseCond)

		v.PC.Push(cond)
		//check if sat before walk
		res := solver.CheckSatVarHist(v.VarHistory, v.PC)
		if res {
			ast.Walk(v, x.Body)
		} else {
			v.PC.Pop()
		}

		if x.Else != nil {
			v.PC.Push(elseCond)
			//check if sat before walk
			res := solver.CheckSatVarHist(v.VarHistory, v.PC)
			if res {
				ast.Walk(v, x.Else)
			} else {
				v.PC.Pop()
			}
		}
	//TODO condition could be other than BinaryExpr.
	default:
		log.Fatalf("Unhandled type %s in handleIfStmt", c)
	}
}







AutoTest/myparser/myparser.go

package myparser

import (
	"fmt"
	"go/ast"
	"go/parser"
	"go/token"
	"log"
	"os"
	"path/filepath"
	"strings"
)

//ParseFile returns the AST of the given file
func ParseFile(path string) *ast.File {
	fset := token.NewFileSet()
	file, err := parser.ParseFile(fset, path, nil, 0)
	if err != nil {
		log.Fatal("error: argument is not a file!")
	}
	return file
}

//ParseDir calls ParseFile for all .go files in the directory
func ParseDir(path string) map[string]*ast.File {
	info, err := os.Stat(path)
	if err != nil {
		log.Fatal("error: not a valid path!")
	}
	if !info.IsDir() {
		log.Fatal("error: argument is not a directory!")
	}

	dirlist := createListOfDirs(path)
	filesMap := allDirsToAST(dirlist)
	return filesMap
}

//createListOfDirs creates a list of all subdirectories in the given path
func createListOfDirs(path string) []string {
	dirlist := []string{}
	err := filepath.Walk(path, func(path string, info os.FileInfo, err error) error {
		if info.IsDir() {
			if info.Name()[0] != byte('.') {
				dirlist = append(dirlist, path)
				fmt.Println(path)
			} else {
				return filepath.SkipDir
			}
		}
		return nil
	})
	if err != nil {
		log.Fatalf("error: createListOfDirs: %v", err)
	}
	return dirlist
}

//allDirsToAST parses each directory in the list into an AST
func allDirsToAST(dirlist []string) map[string]*ast.File {
	fset := token.NewFileSet()
	filesMap := make(map[string]*ast.File)
	filter := func(info os.FileInfo) bool {
		name := info.Name()
		return !info.IsDir() &&
			!strings.HasSuffix(name, "_test.go")
	}

	for _, val := range dirlist {
		pkgs, err := parser.ParseDir(fset, val, filter, 0) //only considers ".go"-files
		if err != nil {
			log.Fatalf("error: allDirsToAST: %v", err)
		}

		for _, v := range pkgs {
			for filename, file := range v.Files {
				filesMap[filename] = file
			}
		}
	}
	return filesMap
}







AutoTest/symbexec/PathConstraint.go

package symbexec

import (
	"fmt"
	"reflect"
)

//PathConstraint stores constraints from If-statements during AST-traversal
type PathConstraint []Constraint

/*Constraint stores a conditional statement met during AST-traversal and the
level where it is met
*/
type Constraint struct {
	Lvl   int
	Left  string
	Op    string
	Right string
}

//Empty checks if the stack is empty
func (s PathConstraint) Empty() bool {
	return len(s) == 0
}

//Peek returns the element at the top of the stack
func (s PathConstraint) Peek() Constraint {
	return s[len(s)-1]
}

//Push inserts stmt at the top of the stack
func (s *PathConstraint) Push(c Constraint) {
	(*s) = append((*s), c)
}

//Pop removes the element at the top of the stack and returns the element
func (s *PathConstraint) Pop() Constraint {
	c := (*s)[len(*s)-1]
	(*s) = (*s)[:len(*s)-1]
	return c
}

//ToString returns a string representation of the PC
func (s PathConstraint) ToString() string {
	res := ""
	for i := 0; i < len(s); i++ {
		if i == 0 {
			c := s[i]
			res = fmt.Sprintf("%s%s%s", c.Left, c.Op, c.Right)
			continue
		}
		c := s[i]
		res = fmt.Sprintf("%s, %s%s%s", res, c.Left, c.Op, c.Right)
	}
	return res
}

//Contains checks if the PC contains the given Constraint
func (s PathConstraint) Contains(c Constraint) bool {
	for _, v := range s {
		if reflect.DeepEqual(v, c) {
			return true
		}
	}
	return false
}







AutoTest/pf/PathFinder.go

package pf

import (
	"fmt"
	"go/ast"

	"github.com/bjerga91/AutoTest/solver"
	"github.com/bjerga91/AutoTest/symbexec"
)

//TODO move to init()
var invOpMap = createInverseOpMap()

//Path is a struct that stores the PC and State for each path found
type Path struct {
	PC    symbexec.PathConstraint
	State symbexec.State
}

//FuncVisitor is used to store variables when traversing the AST
type FuncVisitor struct {
	Pkg        string
	FuncName   string
	FuncNumber int
	FilePath   string
	Params     *ast.FieldList //input parameters for the function
	Results    *ast.FieldList //return values
	PC         symbexec.PathConstraint
	VarHistory symbexec.VarHistory
	Paths      []Path
	Lvl        int
	TestInputs []string
}

//InputParameter stores name and type of input parameter to a function
type InputParameter struct {
	Name      string
	InputType string
}

//Visit is used by Walk to traverse the AST in a DFS fashion
func (v *FuncVisitor) Visit(node ast.Node) ast.Visitor {
	switch x := node.(type) {
	case nil:
		v.Lvl--

		//Removes variables from the variable history that has lvl higher than current
		v.popVariables()

		//Removing last condition from PC if current lvl is same as the lvl the condition was saved to PC
		v.popCondition()

		if v.Lvl == 0 {
			v.solveAllPaths()
		}
	case *ast.IfStmt:
		v.Lvl++
		handleIfStmt(x, v)
		v.Lvl--
		return nil
	case *ast.ReturnStmt:
		v.Lvl++
		v.solvePaths()
	case *ast.FuncDecl:
		v.Lvl++
		v.FuncName = x.Name.Name
		fmt.Printf("\nTraversing tree of function: %v\n", v.FuncName)
	case *ast.FuncType:
		v.Lvl++
		v.Params = x.Params
		v.Results = x.Results
		saveParameters(x.Params, v)
	case *ast.AssignStmt:
		v.Lvl++
		handleAssignStmt(x, v)
	case *ast.DeclStmt:
		v.Lvl++
		handleDeclStmt(x, v)
		v.Lvl--
		return nil
	case *ast.File:
		v.Lvl++
		v.Pkg = x.Name.Name
	default:
		v.Lvl++
	}
	return ast.Visitor(v)
}

//popVariables pops all variables that was created at a lower level in the tree
//than the current level
func (v *FuncVisitor) popVariables() {
	for !v.VarHistory.Empty() {
		symbVar := v.VarHistory.Peek()
		if symbVar.LvlCreated > v.Lvl && !v.PC.Empty() {
			//Need to check if pc is empty since else input parameters will be popped.
			v.VarHistory.Pop()
		} else {
			break
		}
	}
}

//popConditions removes last condition from PC if current lvl is same as the
//lvl the condition was saved to PC
func (v *FuncVisitor) popCondition() {
	if !v.PC.Empty() {
		c := v.PC.Peek()
		if c.Lvl == v.Lvl {
			v.PC.Pop()
		}
	}
}

//solve calls the solver for each Path stored in v and adds satisfiable
//solution to the test inputs
func (v *FuncVisitor) solveAllPaths() {
	for i := range v.Paths {
		sat, res := solver.Solve(v.Paths[i].State, v.Paths[i].PC)
		if sat {
			fmt.Print("Path: ", v.Paths[i].PC.ToString(), "    |    model: ", res)
			v.TestInputs = append(v.TestInputs, res)
		}
	}
	v.Paths = []Path{}
}

//solvePaths solves the paths that contains the last condition
//on the PC-stack. The paths that are solved are removed from the stack
func (v *FuncVisitor) solvePaths() {
	if v.PC.Empty() {
		v.solveAllPaths()
		return
	}
	var newPaths []Path
	for i := range v.Paths {
		if v.Paths[i].PC.Contains(v.PC.Peek()) {
			sat, res := solver.Solve(v.Paths[i].State, v.Paths[i].PC)
			if sat {
				fmt.Print("Path: ", v.Paths[i].PC.ToString(), "\t\t|\tmodel: ", res)
				v.TestInputs = append(v.TestInputs, res)
			}
		} else {
			newPaths = append(newPaths, v.Paths[i])
		}
	}
	v.Paths = newPaths
}

/*
	addConditionToPaths loops through each path.
	It creates one new path with cond if the then-path is sat.
	It creates another path with elseCond if the else-path is sat.
*/
func (v *FuncVisitor) addConditionsToPaths(cond symbexec.Constraint,
	elseCond symbexec.Constraint) {
	if len(v.Paths) > 0 {
		var newPaths []Path
		for _, path := range v.Paths {
			elsepath := append(path.PC, elseCond)
			elsesat := solver.CheckSat(path.State, elsepath)
			thenpath := append(path.PC, cond)
			thensat := solver.CheckSat(path.State, thenpath)
			state := path.State

			//If PC is not empty, we will only create new paths for paths that
			//contain the last Condition. If PC is empty, we will create new paths for all
			if !v.PC.Empty() {
				if path.PC.Contains(v.PC.Peek()) {
					if elsesat {
						newPaths = append(newPaths, Path{
							PC:    elsepath,
							State: state})
					}
					if thensat {
						newPaths = append(newPaths, Path{
							PC:    thenpath,
							State: state})
					}
				} else {
					newPaths = append(newPaths, path)
				}
			} else {
				if elsesat {
					newPaths = append(newPaths, Path{
						PC:    elsepath,
						State: state})
				}
				if thensat {
					newPaths = append(newPaths, Path{
						PC:    thenpath,
						State: state})
				}
			}
		}
		v.Paths = newPaths
		//If there are no paths in list already, we create a new path for each branch.
	} else {
		v.Paths = append(v.Paths, Path{PC: symbexec.PathConstraint{cond}})
		v.Paths = append(v.Paths, Path{PC: symbexec.PathConstraint{elseCond}})
	}
}

//GetInputParams collects the type and name of input parameters
func (v *FuncVisitor) GetInputParams() []InputParameter {
	var inputs []InputParameter
	for _, param := range v.Params.List {
		expression := param.Type
		namesList := param.Names
		var inputtype string
		//fmt.Println("abc:", reflect.TypeOf(inputtype))
		switch a := expression.(type) {
		case *ast.Ident:
			inputtype = a.Name
			for _, name := range namesList {
				inputs = append(inputs, InputParameter{name.Name, inputtype})
			}
		}
	}
	return inputs
}

//GetReturnTypes returns the return types of the given function
func (v *FuncVisitor) GetReturnTypes() []string {
	var retTypes []string
	for _, t := range v.Results.List {
		temp := t.Type
		switch n := temp.(type) {
		case *ast.Ident:
			returnType := n.Name
			retTypes = append(retTypes, returnType)
		}
	}
	return retTypes
}

//exprToString converts the given expr into a string
func exprToString(expr ast.Expr) string {
	var ret string
	switch e := expr.(type) {
	case *ast.Ident:
		ret = e.Name
	case *ast.BasicLit:
		ret = e.Value
	}
	return ret
}

//createInverseOpMap creates a map consisting of negated operations
func createInverseOpMap() map[string]string {
	m := make(map[string]string)
	m["=="] = "!="
	m["!="] = "=="
	m["<"] = ">="
	m[">="] = "<"
	m[">"] = "<="
	m["<="] = ">"
	return m
}







AutoTest/symbexec/State.go

package symbexec

import "fmt"

//State maps variables to symbolic expressions
type State map[string]SymbolicVariable

//VarHistory maintains a history of the variables encountered during AST traversal
type VarHistory []SymbolicVariable

//SymbolicVariable represents a variable
type SymbolicVariable struct {
	Name       string
	LvlCreated int
	VarType    string
	AssignStmt string
}

//ToString returns a string representation of State
func (s State) ToString() string {
	res := ""
	for k, v := range s {
		res += fmt.Sprintf("%s: {%s, %s, %s}\n", k, v.Name, v.VarType, v.AssignStmt)
	}
	return res
}

//Empty checks if the stack is empty
func (h VarHistory) Empty() bool {
	return len(h) == 0
}

//Peek returns the element at the top of the stack
func (h VarHistory) Peek() SymbolicVariable {
	return h[len(h)-1]
}

//Push inserts variable at the top of the stack
func (h *VarHistory) Push(v SymbolicVariable) {
	(*h) = append((*h), v)
}

//Pop removes the element at the top of the stack and returns the element
func (h *VarHistory) Pop() SymbolicVariable {
	c := (*h)[len(*h)-1]
	(*h) = (*h)[:len(*h)-1]
	return c
}

//ToString returns a string representation of the VarHistory
func (h VarHistory) ToString() string {
	res := ""
	for i := 0; i < len(h); i++ {
		if i == 0 {
			c := h[i]
			res = fmt.Sprintf("{%s, %s, %s}", c.Name, c.VarType, c.AssignStmt)
			continue
		}
		c := h[i]
		res = fmt.Sprintf("%s, {%s, %s, %s}", res, c.Name, c.VarType, c.AssignStmt)
	}
	return res
}







AutoTest/testgen/testgen.go

package testgen

import (
	"fmt"
	"go/ast"
	"log"
	"os"
	"os/exec"
	"strings"

	"github.com/bjerga91/AutoTest/pf"
	"github.com/bjerga91/AutoTest/symbexec"
)

//GenerateTestsForFile generates tests for the given file
func GenerateTestsForFile(file *ast.File, path string) {
	pkg := file.Name.Name
	funcNumber := 0
	text := ""
	ast.Inspect(file, func(n ast.Node) bool {
		switch x := n.(type) {
		case *ast.FuncDecl:
			var stack symbexec.PathConstraint
			visitor := pf.FuncVisitor{
				Pkg:        pkg,
				FuncNumber: funcNumber,
				FilePath:   path,
				Lvl:        0,
				PC:         stack,
			}
			ast.Walk(&visitor, x)
			funcNumber++
			text = createTests(visitor, text)
			return false
		}
		return true
	})
	writeTestsToFile(text, path)
}

//GenerateTestsForDir generates tests for the given directory
func GenerateTestsForDir(files map[string]*ast.File) {
	for path, file := range files {
		GenerateTestsForFile(file, path)
	}
}

//CreateTests creates tests based on information from FuncVisior f
func createTests(f pf.FuncVisitor, text string) string {
	if text == "" {
		text += codeNewFile(f)
	} else {
		text += codeAppendToFile(f)
	}
	return text
}

//codeNewFile creates text for a new test-file
func codeNewFile(f pf.FuncVisitor) string {
	text := fmt.Sprintf(`
	package %s

	import "testing"

	/*
		This file has been automatically generated by AutoTest;
		Do not edit - changes may be overwritten
	*/
	`, f.Pkg)

	text += codeAppendToFile(f)

	return text
}

//codeAppendToFile creates text for testing a new function
func codeAppendToFile(f pf.FuncVisitor) string {
	inputStructString, functionIn := getInputTypes(f)
	returnStructString, nrRetTypes := getReturnTypes(f)
	testcases := getTestCases(f)
	outString := mkOutString(nrRetTypes)
	expString := mkExpString(nrRetTypes)
	condString := mkCondString(nrRetTypes)

	text := fmt.Sprintf(`
	type testpair%s struct {
		%s
		%s
	}

	var tests%s = []testpair%s{
		%s
	}

	func Test%s(t *testing.T){
		for _, pair := range tests%s {
			%s := %s(%s)
			if %s {
				t.Error(
					"For", %s,
					"expected", %s,
					"got", %s,
				)
			}
		}
	}
	`, f.FuncName,
		inputStructString,
		returnStructString,
		f.FuncName,
		f.FuncName,
		testcases,
		f.FuncName,
		f.FuncName,
		outString,
		f.FuncName,
		functionIn,
		condString,
		functionIn,
		expString,
		outString)

	return text
}

//writeTestsToFile writes the text to the path.
//It overwrites the file at the path if it already exist
func writeTestsToFile(text string, path string) {
	fmt.Printf("Writing tests to file...\n\n")
	filepath := fmt.Sprintf("%s_test.go", path[:len(path)-3])
	_, err := os.Stat(filepath)
	if os.IsNotExist(err) {
		createFile(filepath, text)
	} else {
		overwriteFile(filepath, text)
	}
}

//overwriteFile overwrites the file at the path and saves the text to the new file
func overwriteFile(path string, text string) {
	err := os.Remove(path)
	if err != nil {
		panic(err)
	}
	createFile(path, text)
}

//createFile creates a new file at the path with content text
func createFile(path string, text string) {
	file, err := os.Create(path)
	if err != nil {
		panic(err)
	}
	defer file.Close()

	if _, err = file.WriteString(text); err != nil {
		panic(err)
	}
}

//createDir creates a directory with the given path
func createDir(path string) {
	err := os.Mkdir(path, 0777)
	if err != nil {
		log.Fatal("createDir:", err)
	}
}

//delDir deletes the directory at the given path
func delDir(path string) {
	err := os.RemoveAll(path)

	if err != nil {
		log.Fatal("delDir:", err)
	}
}

//getInputTypes returns a string of the input types
func getInputTypes(f pf.FuncVisitor) (string, string) {
	var inputString, functionIn string
	inputTypes := f.GetInputParams()
	for i, param := range inputTypes {
		if i == 0 {
			inputString += fmt.Sprintf("in%v %v", i, param.InputType)
			functionIn += fmt.Sprintf("pair.in%v", i)
			continue
		}
		inputString += fmt.Sprintf("\n\tin%v %v", i, param.InputType)
		functionIn += fmt.Sprintf(", pair.in%v", i)
	}
	return inputString, functionIn
}

//getReturnTypes returns a string of the return types
func getReturnTypes(f pf.FuncVisitor) (string, int) {
	var returnString string
	var count int
	returntypes := f.GetReturnTypes()
	for i, retType := range returntypes {
		count++
		if i == 0 {
			returnString += fmt.Sprintf("exp%v %v", i, retType)
			continue
		}
		returnString += fmt.Sprintf("\n\texp%v %v", i, retType)
	}
	return returnString, count
}

//mkOutString returns a string representing the actual output variables
func mkOutString(count int) string {
	var out string
	for i := 0; i < count; i++ {
		if i == 0 {
			out += fmt.Sprintf("out%v", i)
			continue
		}
		out += fmt.Sprintf(", out%v", i)
	}
	return out
}

//mkExpString returns a string representing the expected output variables
func mkExpString(count int) string {
	var exp string
	for i := 0; i < count; i++ {
		if i == 0 {
			exp += fmt.Sprintf("pair.exp%v", i)
			continue
		}
		exp += fmt.Sprintf(", pair.exp%v", i)
	}
	return exp
}

//mkCondString returns a string representing the conditions that must be
//satisfied in order for the test to pass
func mkCondString(count int) string {
	var cond string
	for i := 0; i < count; i++ {
		if i == 0 {
			cond += fmt.Sprintf("out%v != pair.exp%v", i, i)
			continue
		}
		cond += fmt.Sprintf(" || out%v != pair.exp%v", i, i)
	}
	return cond
}

//getTestCases retrieves the test cases of a function
func getTestCases(f pf.FuncVisitor) string {
	var testcases string
	for i, model := range f.TestInputs {
		r := strings.NewReplacer(" ", "", "(", "", ")", "")
		modelTrimmed := r.Replace(model)
		modelSlice := strings.Split(modelTrimmed, "\n")
		input := ""
		for _, v := range modelSlice { //for each value in a model
			if strings.Contains(v, "->") {
				temp := strings.Split(v, "->")
				if input == "" {
					input = temp[1]
				} else {
					input += fmt.Sprintf(", %v", temp[1])
				}
			}
		}
		out := getExpectedOut(f, input)
		if i == 0 {
			testcases += fmt.Sprintf("{%s,%s},", input, out)
			continue
		}
		testcases += fmt.Sprintf("\n{%s,%s},", input, out)
	}
	return testcases
}

//getExpectedOut retrieves the output when the function that f represents is
//executed on input
func getExpectedOut(f pf.FuncVisitor, input string) string {
	end := strings.LastIndex(f.FilePath, "/")
	pkgString := f.FilePath[:end]
	text := fmt.Sprintf(`
		package main

		import (
			"fmt"
			"%s"
		)

		func main(){
			fmt.Print(%s.%s(%s))
		}
	`, pkgString,
		f.Pkg,
		f.FuncName,
		input,
	)

	createDir("../temp")
	path := fmt.Sprintf("../temp/temp.go")
	createFile(path, text)
	out, err := exec.Command("go", "run", path).Output()
	if err != nil {
		log.Fatal("getExpectedOut: Failed executing command!", err)
	}
	delDir("../temp")
	return string(out[:])
}







AutoTest/pf/varHandler.go

package pf

import (
	"go/ast"
	"go/token"
	"log"
	"reflect"
	"strconv"

	"github.com/bjerga91/AutoTest/symbexec"
)

//handleAssignStmt saves the stmt to the paths and variable history
func handleAssignStmt(stmt *ast.AssignStmt, v *FuncVisitor) {
	var name, tok, varType, value string

	for _, lhs := range stmt.Lhs {
		switch x := lhs.(type) {
		case *ast.Ident:
			name = x.Name
		default:
			log.Fatal("error: handleAssignStmt: Lhs is not of *ast.Ident type")
		}
	}

	tok = stmt.Tok.String()

	for _, rhs := range stmt.Rhs {
		switch x := rhs.(type) {
		case *ast.BasicLit:
			value = x.Value
			varType = x.Kind.String()
		case *ast.UnaryExpr:
			value, varType = handleUnaryExpr(x)
		//TODO case *ast.Ident: 	if the rhs is a variable
		//TODO case *ast.BinaryExpr: 	if the rhs is an expression of more than one variable
		default:
			log.Fatal("error: handleAssignStmt: Rhs is not any of the defined cases", reflect.TypeOf(x))
		}
	}

	newVar := symbexec.SymbolicVariable{
		Name:       name,
		LvlCreated: v.Lvl,
		VarType:    varType,
		AssignStmt: value,
	}

	//Adding symbolic variable to every path that contains last PC
	v.Paths = addVarToPaths(newVar, v, tok)
	v.VarHistory.Push(newVar)

	//TODO if variable is already in map, update AssignStmt
	// where variables in the map needs to be replaced with their AssignStmt
}

//saveParameters saves the input variables to the state
func saveParameters(params *ast.FieldList, v *FuncVisitor) {
	for _, param := range params.List {
		var varType string
		t := param.Type
		switch x := t.(type) {
		case *ast.Ident:
			varType = x.Name
		default:
			log.Fatalf("saveParameter: type is not ast.Ident: %s", reflect.TypeOf(x))
		}
		for _, name := range param.Names {
			varName := name.Name
			symbVar := symbexec.SymbolicVariable{
				Name:       varName,
				LvlCreated: v.Lvl,
				VarType:    varType,
			}
			v.Paths = addVarToPaths(symbVar, v, "")
			v.VarHistory.Push(symbVar)
		}
	}
}

//handleUnaryExpr returns the value and variable type of x
func handleUnaryExpr(x *ast.UnaryExpr) (string, string) {
	var value, varType string
	value = x.Op.String()
	temp := x.X
	switch temp := temp.(type) {
	case *ast.BasicLit:
		value += temp.Value
		varType = temp.Kind.String()
	default:
		log.Fatal("handleUnaryExpr: X is not any of the defined cases:", temp)
	}
	return value, varType
}

//addVarToPaths adds newVar to the paths
func addVarToPaths(newVar symbexec.SymbolicVariable, v *FuncVisitor, tok string) []Path {
	if len(v.Paths) > 0 {
		for i, path := range v.Paths {
			if !v.PC.Empty() {
				if path.PC.Contains(v.PC.Peek()) {
					path = addVarToPathState(path, newVar, tok)
				}
			} else {
				path = addVarToPathState(path, newVar, tok)
			}
			v.Paths[i] = path
		}
	} else { //Creating first Path and adding variable to the path
		state := make(symbexec.State)
		state[newVar.Name] = newVar
		v.Paths = append(v.Paths, Path{PC: symbexec.PathConstraint{}, State: state})
	}
	return v.Paths
}

//addVarToPathState adds newVar to the given path
func addVarToPathState(path Path, newVar symbexec.SymbolicVariable, tok string) Path {
	if _, exist := path.State[newVar.Name]; exist {
		//Only update assignment
		if tok == "=" {
			symbVar := path.State[newVar.Name]
			symbVar.AssignStmt = newVar.AssignStmt
			path.State[newVar.Name] = symbVar
		} else {
			log.Fatal("error: addVarToPathState: key exist. token unhandled.")
		}
	} else {
		//Create new entry in State
		if tok == ":=" || tok == "" {
			path.State[newVar.Name] = newVar
			//TODO define the cases for the other tokens
		} else {
			log.Fatal("error: addVarToPathState: token is not \":=\"")
		}
	}
	return path
}

//handleDeclStmt saves a variable declaration to the paths
func handleDeclStmt(stmt *ast.DeclStmt, v *FuncVisitor) {
	switch x := stmt.Decl.(type) {
	case *ast.GenDecl:
		switch x.Tok {
		case token.VAR:
			handleGenDeclWithTokenVar(x, v)
		case token.CONST:
			log.Fatal("error: handleDeclStmt: case for token.CONST is not defined")
		case token.TYPE:
			log.Fatal("error: handleDeclStmt: case for token.TYPE is not defined")
		default:
			log.Fatalf("error: handleDeclStmt: case for x.Tok is not defined")
		}
	default:
		log.Fatalf("error: handleDeclStmt: case is not defined: %v", x)
	}
}

//handleGenDeclWithTokenVar saves x to the paths
func handleGenDeclWithTokenVar(x *ast.GenDecl, v *FuncVisitor) {
	for i := range x.Specs {
		spec := x.Specs[i]
		switch s := spec.(type) {
		case *ast.ValueSpec:
			varType := getVariableType(s.Type)
			for _, val := range s.Names {
				var data, name string
				name = val.Name
				if val.Obj != nil {
					data = getVariableData(val.Obj.Data)
				}
				newVar := symbexec.SymbolicVariable{
					Name:       name,
					LvlCreated: v.Lvl,
					VarType:    varType,
					AssignStmt: data,
				}
				v.Paths = addVarToPaths(newVar, v, "") //is the assignment necessary here?
				v.VarHistory.Push(newVar)
			}
		default:
			log.Fatalf("error: handleGenDeclWithTokenVar: case is not defined: %v", s)
		}
	}
}

//getVariableData returns the value of a variable
func getVariableData(d interface{}) string {
	var data string
	switch d := d.(type) {
	case int:
		data = strconv.Itoa(d)
	case string:
		data = d
	default:
		log.Fatalf("error: getVariableData: case is not defined: %v", d)
	}
	return data
}

//getVariableType returns the type of a variable
func getVariableType(expr interface{}) string {
	var varType string
	switch tempType := expr.(type) {
	case *ast.Ident:
		varType = tempType.Name
	default:
		log.Fatalf("error: getVariableType: case is not defined: %v", tempType)
	}
	return varType
}







AutoTest/solver/z3.go

package solver

/*
#cgo LDFLAGS: -L/usr/local/Cellar/z3/4.4.1/lib -lz3
#include <stdlib.h>
#include <z3.h>
*/
import "C"

import (
	"log"
	"strconv"
	"unsafe"

	"github.com/bjerga91/AutoTest/symbexec"
)

//For information about each function, go to:
// http://z3prover.github.io/api/html/group__capi.html

var svr C.Z3_solver
var ctx C.Z3_context

func init() {
	ctx = MkContext()
	svr = mkSolver(ctx)
}

//Solve declares variables, assert constraints into the solver
//and tries to find a solution to the PathConstraint
func Solve(state symbexec.State, pc symbexec.PathConstraint) (bool, string) {
	//nrOfVars := len(state)
	//C.Z3_solver_inc_ref(ctx, svr)
	var res string

	vars := declVarsInState(state)
	assertConstraints(pc, vars)

	s := solverCheck(ctx, svr)
	if s {
		m := solverGetModel(ctx, svr)
		res = modelToString(ctx, m)
	} else {
		res = ""
	}
	solverReset(ctx, svr)
	return s, res
	//C.Z3_solver_dec_ref(ctx, svr)
}

//CheckSat checks if the PC is satisfiable
func CheckSat(state symbexec.State, pc symbexec.PathConstraint) bool {
	vars := declVarsInState(state)

	assertConstraints(pc, vars)

	sat := solverCheck(ctx, svr)
	solverReset(ctx, svr)
	if sat {
		return true
	}
	return false
}

//CheckSatVarHist checks satisfiability for VarHistory and PC
func CheckSatVarHist(vh symbexec.VarHistory, pc symbexec.PathConstraint) bool {
	vars := declVarsInVarHistory(vh)

	assertConstraints(pc, vars)

	sat := solverCheck(ctx, svr)
	solverReset(ctx, svr)
	if sat {
		return true
	}
	return false
}

//declVarsInVarHistory declares all variables in vh into the solver
func declVarsInVarHistory(vh symbexec.VarHistory) map[string]C.Z3_ast {
	vars := make(map[string]C.Z3_ast)
	for _, v := range vh {
		if v.VarType == "int" {
			res := declIntVar(ctx, v.Name)
			if v.AssignStmt != "" {
				if i, err := strconv.Atoi(v.AssignStmt); err == nil {
					data := declInt(ctx, i)
					res = mkEq(ctx, res, data)
				}
			}
			vars[v.Name] = res
		} else {
			log.Fatal("")
		}
	}
	return vars
}

//declVarsInState declare all variables in the state into the solve
func declVarsInState(state symbexec.State) map[string]C.Z3_ast {
	vars := make(map[string]C.Z3_ast)
	for _, val := range state {
		if val.VarType == "int" {
			res := declIntVar(ctx, val.Name)
			if val.AssignStmt != "" {
				if i, err := strconv.Atoi(val.AssignStmt); err == nil {
					data := declInt(ctx, i)
					res = mkEq(ctx, res, data)
				}
			}
			vars[val.Name] = res
		} else {
			log.Fatal("declVarsInState: Vartype is not int!")
		}
	}
	return vars
}

//assertConstraints declare all constraints in pc into the solver
func assertConstraints(pc symbexec.PathConstraint, vars map[string]C.Z3_ast) {
	var left, right, constraint C.Z3_ast
	for _, c := range pc {
		left = checkTypeAndDeclVar(ctx, vars, c.Left)
		right = checkTypeAndDeclVar(ctx, vars, c.Right)
		if c.Op == "==" {
			constraint = mkEq(ctx, left, right)
		} else if c.Op == "!=" {
			constraint = mkNotEq(ctx, left, right)
		} else if c.Op == "<" {
			constraint = mkLt(ctx, left, right)
		} else if c.Op == "<=" {
			constraint = mkLe(ctx, left, right)
		} else if c.Op == ">" {
			constraint = mkGt(ctx, left, right)
		} else if c.Op == ">=" {
			constraint = mkGe(ctx, left, right)
		}
		solverAssert(ctx, svr, constraint)
	}
}

//checkTypeAndDeclVar declares the operand in the solver or gets the declared
//operand from the solver
func checkTypeAndDeclVar(ctx C.Z3_context, varMap map[string]C.Z3_ast, operand string) C.Z3_ast {
	var res C.Z3_ast
	if i, err := strconv.Atoi(operand); err == nil {
		res = declInt(ctx, i)
	} else {
		//Assuming it is a variable already declared
		if _, ok := varMap[operand]; ok {
			res = varMap[operand]
		} else {
			log.Fatal("checkTypeAndDeclVar: variable is not defined in varMap")
		}
	}
	return res
}

//declIntVar declares an integer variable with the given name into the solver
func declIntVar(ctx C.Z3_context, name string) C.Z3_ast {
	cs := C.CString(name)
	defer C.free(unsafe.Pointer(cs))
	intType := mkIntSort(ctx)
	symb := mkStringSymbol(ctx, cs)
	return mkConst(ctx, symb, intType)
}

//declInt declares an integer-constant into the solver
func declInt(ctx C.Z3_context, v int) C.Z3_ast {
	intType := mkIntSort(ctx)
	return mkInt(ctx, C.int(v), intType)
}

//API - Create Context

//MkContext creates a context for Z3
func MkContext() C.Z3_context {
	cfg := C.Z3_mk_config()
	paramID := C.CString("MODEL")
	defer C.free(unsafe.Pointer(paramID))
	paramValue := C.CString("true")
	defer C.free(unsafe.Pointer(paramValue))
	C.Z3_set_param_value(cfg, paramID, paramValue)
	ctx := C.Z3_mk_context(cfg)
	C.Z3_del_config(cfg)
	return ctx
}

//API - Symbols
func mkIntSymbol(ctx C.Z3_context, i C.int) C.Z3_symbol {
	return C.Z3_mk_int_symbol(ctx, i)
}

func mkStringSymbol(ctx C.Z3_context, s C.Z3_string) C.Z3_symbol {
	return C.Z3_mk_string_symbol(ctx, s)
}

//API - Sorts
func mkBoolSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_bool_sort(ctx)
}

func mkIntSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_int_sort(ctx)
}

func mkRealSort(ctx C.Z3_context) C.Z3_sort {
	return C.Z3_mk_real_sort(ctx)
}

//API - Constants and Applications
func mkConst(ctx C.Z3_context, s C.Z3_symbol, ty C.Z3_sort) C.Z3_ast {
	return C.Z3_mk_const(ctx, s, ty)
}

//API -  Solvers
func mkSolver(ctx C.Z3_context) C.Z3_solver {
	svr := C.Z3_mk_solver(ctx)
	solverIncRef(ctx, svr)
	return svr
}

func solverPush(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_push(ctx, svr)
}

func solverPop(ctx C.Z3_context, svr C.Z3_solver, n C.uint) {
	if n <= solverGetNumScopes(ctx, svr) {
		C.Z3_solver_pop(ctx, svr, n)
	} else {
		log.Fatal("error: solverPop: trying to pop more scopes than available in solver")
	}
}

func solverReset(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_reset(ctx, svr)
}

func solverGetNumScopes(ctx C.Z3_context, svr C.Z3_solver) C.uint {
	return C.Z3_solver_get_num_scopes(ctx, svr)
}

func solverIncRef(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_inc_ref(ctx, svr)
}

func solverDecRef(ctx C.Z3_context, svr C.Z3_solver) {
	C.Z3_solver_dec_ref(ctx, svr)
}

func solverAssert(ctx C.Z3_context, svr C.Z3_solver, cond C.Z3_ast) {
	C.Z3_solver_assert(ctx, svr, cond)
}

func solverCheck(ctx C.Z3_context, svr C.Z3_solver) bool {
	res := C.Z3_solver_check(ctx, svr)
	sat := false
	switch res {
	case C.Z3_L_FALSE:
		sat = false
	case C.Z3_L_UNDEF:
		sat = false
	case C.Z3_L_TRUE:
		sat = true
	}
	return sat
}

func solverGetModel(ctx C.Z3_context, svr C.Z3_solver) C.Z3_model {
	return C.Z3_solver_get_model(ctx, svr)
}

//API - String conversion
func modelToString(ctx C.Z3_context, m C.Z3_model) string {
	//Convert c-string to go-string
	s := C.Z3_model_to_string(ctx, m)
	return C.GoString(s)
}

//API - Algebraic Numbers (probably need to check that some of these work)
func algebraicIsValue(ctx C.Z3_context, a C.Z3_ast) bool {
	res := C.Z3_algebraic_is_value(ctx, a)
	if res == C.Z3_TRUE {
		return true
	}
	log.Fatal("error: algebraicIsPos: algebraicIsValue returns false!")
	return false
}

func algebraicIsPos(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_pos(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsPos: algebraicIsValue returns false!")
	return false
}

func algebraicIsNeg(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_neg(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsNeg: algebraicIsValue returns false!")
	return false
}

func algebraicIsZero(ctx C.Z3_context, a C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_is_zero(ctx, a)
		if res == C.Z3_TRUE {
			return true
		}
	}
	log.Fatal("error: algebraicIsZero: algebraicIsValue returns false!")
	return false
}

func algebraicSign(ctx C.Z3_context, a C.Z3_ast) int {
	if algebraicIsValue(ctx, a) {
		res := C.Z3_algebraic_sign(ctx, a)
		return int(res)
	}
	log.Fatal("error: algebraicSign: algebraicIsValue returns false!")
	return 0
}

func algebraicAdd(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_add(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicAdd: algebraicIsValue returns false!")
	return res
}

func algebraicSub(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_sub(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicSub: algebraicIsValue returns false!")
	return res
}

func algebraicMul(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_mul(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicMul: algebraicIsValue returns false!")
	return res
}

func algebraicDiv(ctx C.Z3_context, a, b C.Z3_ast) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res = C.Z3_algebraic_div(ctx, a, b)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicDiv: algebraicIsValue returns false!")
	return res
}

func algebraicPower(ctx C.Z3_context, a C.Z3_ast, k C.unsigned) C.Z3_ast {
	var res C.Z3_ast
	if algebraicIsValue(ctx, a) {
		res = C.Z3_algebraic_power(ctx, a, k)
		if algebraicIsValue(ctx, res) {
			return res
		}
	}
	log.Fatal("error: algebraicPower: algebraicIsValue returns false!")
	return res
}

func algebraicLt(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_lt(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicLt: algebraicIsValue returns false!")
	return false
}

func algebraicGt(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_gt(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicGt: algebraicIsValue returns false!")
	return false
}

func algebraicLe(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_le(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicLe: algebraicIsValue returns false!")
	return false
}

func algebraicGe(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_ge(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicGe: algebraicIsValue returns false!")
	return false
}

func algebraicEq(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_eq(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicEq: algebraicIsValue returns false!")
	return false
}

func algebraicNotEq(ctx C.Z3_context, a, b C.Z3_ast) bool {
	if algebraicIsValue(ctx, a) && algebraicIsValue(ctx, b) {
		res := C.Z3_algebraic_neq(ctx, a, b)
		if res == C.Z3_TRUE {
			return true
		}
		return false
	}
	log.Fatal("error: algebraicNotEq: algebraicIsValue returns false!")
	return false
}

//API - Propositional Logic and Equality
func mkTrue(ctx C.Z3_context) C.Z3_ast {
	return C.Z3_mk_true(ctx)
}

func mkFalse(ctx C.Z3_context) C.Z3_ast {
	return C.Z3_mk_false(ctx)
}

func mkEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_eq(ctx, l, r)
}

func mkNotEq(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	eq := C.Z3_mk_eq(ctx, l, r)
	return C.Z3_mk_not(ctx, eq)
}

//TODO check api for last two functions. uncertain about the last parameter
// func mkAnd(ctx C.Z3_context, numargs C.unsigned, args C.Z3_ast[]){
//
// }
//
// func mkOr(ctx C.Z3_context, numargs C.unsigned, args C.Z3_ast[]){
//
// }

//API - Arithmetic: Integer and Reals
// func mkAdd(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// 	return C.Z3_mk_add(ctx, numargs, cons)
// }
//
// func mkMul(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// }
//
// func mkSub(ctx C.Z3_context, numargs C.unsigned, C.Z3_ast []args) C.Z3_ast {
// }
//
// func mkUnaryMinus(ctx C.Z3_context, arg C.Z3_ast) C.Z3_ast {
// 	return C.Z3_mk_unary_minus(ctx, arg)
// }
//
// func mkDiv(ctx C.Z3_context, numargs C.unsigned, const C.Z3_ast []args) C.Z3_ast {
// }

func mkLt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_lt(ctx, l, r)
}

func mkLe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_le(ctx, l, r)
}

func mkGt(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_gt(ctx, l, r)
}

func mkGe(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_ge(ctx, l, r)
}

func mkMod(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_mod(ctx, l, r)
}

func mkRem(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_rem(ctx, l, r)
}

func mkPower(ctx C.Z3_context, l, r C.Z3_ast) C.Z3_ast {
	return C.Z3_mk_power(ctx, l, r)
}

//API - Numerals
func mkInt(ctx C.Z3_context, v C.int, ty C.Z3_sort) C.Z3_ast {
	return C.Z3_mk_int(ctx, v, ty)
}

func mkReal(ctx C.Z3_context, num, den C.int) C.Z3_ast {
	return C.Z3_mk_real(ctx, num, den)
}







AutoTest/solver/z3_test.go

package solver

import (
	"fmt"
	"testing"

	"github.com/bjerga91/AutoTest/symbexec"
)

// func TestMkContext(t *testing.T) {
// 	ctx := MkContext()
// 	if ctx == nil {
// 		t.Errorf("MkContext failed")
// 	}
// }

func TestMkNotEqual(t *testing.T) {
	state := make(symbexec.State)
	var pc symbexec.PathConstraint
	state["x"] = symbexec.SymbolicVariable{Name: "x",
		LvlCreated: 1,
		VarType:    "int",
		AssignStmt: ""}
	pc.Push(symbexec.Constraint{Lvl: 1, Left: "x", Op: "!=", Right: "0"})
	pc.Push(symbexec.Constraint{Lvl: 1, Left: "x", Op: "<", Right: "0"})
	sat := CheckSat(state, pc)
	fmt.Println(sat)
	if !sat {
		t.Errorf("Path Constraint not sat!")
	}
}







AutoTest/.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" ${1+"$@"}
:







AutoTest/.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
}







AutoTest/.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







AutoTest/.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" ${1+"$@"}
:







AutoTest/.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 --







AutoTest/.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







AutoTest/.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".







AutoTest/.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"







AutoTest/.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
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seExamples/.git/objects/a2/1a94ab2aa6d1d8293cbe659ce3e05d557aa485

seExamples/.git/objects/a2/1a94ab2aa6d1d8293cbe659ce3e05d557aa485


commit 250�tree d779fab72627f4bb2fb51b21cd3cf597674933c6
parent ebdc83dc81bb439709bcb7f5e402b054d5587a6d
author Andreas Bjerga <andreas.bjerga@gmail.com> 1465433490 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1465433490 +0200

Added some examples











seExamples/.git/objects/d7/79fab72627f4bb2fb51b21cd3cf597674933c6

seExamples/.git/objects/d7/79fab72627f4bb2fb51b21cd3cf597674933c6









seExamples/.git/objects/99/a80fbc7653722a27efcb772ce1006395417873

seExamples/.git/objects/99/a80fbc7653722a27efcb772ce1006395417873


blob 346�package seExamples

func ExampleOne(x int) int {
	if x == 0 {
		return 0
	}
	if x < 0 {
		return -1
	} else {
		return 1
	}
}

func ExampleTwo(x int) int {
	var res int
	if x == 0 {
		res = 0
	}
	if x < 0 {
		res = -1
	} else {
		res = 1
	}
	return res
}

//
// func LeapYear(year int) bool {
//
// }

//func swap(x int, y int) (x int, y int) {}











seExamples/.git/objects/f0/af0753b5ce6d601fd3762fe912d9057a12171c

seExamples/.git/objects/f0/af0753b5ce6d601fd3762fe912d9057a12171c


blob 126�package seExamples

func ExampleOne(x int) int {
	if x == 0 {
		return 0
	}
	if x < 0 {
		return -1
	} else {
		return 1
	}
}











seExamples/.git/objects/b9/c0ca993aceca0782a3401a2391e0935d7efb16

seExamples/.git/objects/b9/c0ca993aceca0782a3401a2391e0935d7efb16









seExamples/.git/COMMIT_EDITMSG

Added some examples







seExamples/.git/config

[core]
	repositoryformatversion = 0
	filemode = true
	bare = false
	logallrefupdates = true
	ignorecase = true
	precomposeunicode = true
[remote "origin"]
	url = https://github.com/bjerga91/seExamples.git
	fetch = +refs/heads/*:refs/remotes/origin/*
	pushurl = https://github.com/bjerga91/seExamples.git
[branch "master"]
	remote = origin
	merge = refs/heads/master







seExamples/.git/objects/eb/dc83dc81bb439709bcb7f5e402b054d5587a6d

seExamples/.git/objects/eb/dc83dc81bb439709bcb7f5e402b054d5587a6d


commit 204�tree b9c0ca993aceca0782a3401a2391e0935d7efb16
author Andreas Bjerga <andreas.bjerga@gmail.com> 1464301967 +0200
committer Andreas Bjerga <andreas.bjerga@gmail.com> 1464301967 +0200

Examples for AutoTest











seExamples/.git/FETCH_HEAD

a21a94ab2aa6d1d8293cbe659ce3e05d557aa485		branch 'master' of https://github.com/bjerga91/seExamples







seExamples/.git/HEAD

ref: refs/heads/master







seExamples/.git/logs/HEAD

0000000000000000000000000000000000000000 ebdc83dc81bb439709bcb7f5e402b054d5587a6d Andreas Bjerga <andreas.bjerga@gmail.com> 1464301967 +0200	commit (initial): Examples for AutoTest
ebdc83dc81bb439709bcb7f5e402b054d5587a6d a21a94ab2aa6d1d8293cbe659ce3e05d557aa485 Andreas Bjerga <andreas.bjerga@gmail.com> 1465433490 +0200	commit: Added some examples







seExamples/.git/index





seExamples/.git/refs/heads/master

a21a94ab2aa6d1d8293cbe659ce3e05d557aa485







seExamples/.git/logs/refs/heads/master

0000000000000000000000000000000000000000 ebdc83dc81bb439709bcb7f5e402b054d5587a6d Andreas Bjerga <andreas.bjerga@gmail.com> 1464301967 +0200	commit (initial): Examples for AutoTest
ebdc83dc81bb439709bcb7f5e402b054d5587a6d a21a94ab2aa6d1d8293cbe659ce3e05d557aa485 Andreas Bjerga <andreas.bjerga@gmail.com> 1465433490 +0200	commit: Added some examples







seExamples/.git/refs/remotes/origin/master

a21a94ab2aa6d1d8293cbe659ce3e05d557aa485







seExamples/.git/logs/refs/remotes/origin/master

0000000000000000000000000000000000000000 a21a94ab2aa6d1d8293cbe659ce3e05d557aa485 Andreas Bjerga <andreas.bjerga@gmail.com> 1465433983 +0200	update by push







seExamples/.git/sourcetreeconfig

autorefresh=1
savedIncoming=0
lastUsedView=0
savedOutgoing=0
lastCheckedRemotes=2016-06-15 01:19:49 +0000
disablerecursiveoperations=0
autorefreshremotes=1
remoteProjectLink0.remoteName=origin
remoteProjectLink0.type=2
remoteProjectLink0.username=bjerga91
remoteProjectLink0.baseUrl=https://www.github.com
remoteProjectLink0.identifier=bjerga91/seExamples







seExamples/cover.out

			mode: set


			github.com/bjerga91/seExamples/seExamples.go:3.28			4.12 1 1


			github.com/bjerga91/seExamples/seExamples.go:7.2			7.11 1 1


			github.com/bjerga91/seExamples/seExamples.go:4.12			6.3 1 1


			github.com/bjerga91/seExamples/seExamples.go:7.11			9.3 1 1


			github.com/bjerga91/seExamples/seExamples.go:9.3			11.3 1 1


			github.com/bjerga91/seExamples/seExamples.go:14.28			16.12 2 1


			github.com/bjerga91/seExamples/seExamples.go:19.2			19.11 1 1


			github.com/bjerga91/seExamples/seExamples.go:24.2			24.12 1 1


			github.com/bjerga91/seExamples/seExamples.go:16.12			18.3 1 1


			github.com/bjerga91/seExamples/seExamples.go:19.11			21.3 1 1


			github.com/bjerga91/seExamples/seExamples.go:21.3			23.3 1 1


			github.com/bjerga91/seExamples/seExamples.go:27.37			29.13 2 1


			github.com/bjerga91/seExamples/seExamples.go:40.2			40.12 1 1


			github.com/bjerga91/seExamples/seExamples.go:29.13			30.13 1 1


			github.com/bjerga91/seExamples/seExamples.go:30.13			32.4 1 1


			github.com/bjerga91/seExamples/seExamples.go:33.3			34.13 1 1


			github.com/bjerga91/seExamples/seExamples.go:34.13			36.4 1 1


			github.com/bjerga91/seExamples/seExamples.go:36.4			38.4 1 1









seExamples/.DS_Store





seExamples/._.DS_Store





seExamples/seExamples.go

package seExamples

func ExampleOne(x int) int {
	if x == 0 {
		return 0
	}
	if x < 0 {
		return -1
	} else {
		return 1
	}
}

func ExampleTwo(x int) int {
	var res int
	if x == 0 {
		res = 0
	}
	if x < 0 {
		res = -1
	} else {
		res = 1
	}
	return res
}

func ExampleThree(x int, y int) int {
	var res int
	if x >= 18 {
		if y == 1 {
			res = 1
		}
	} else {
		if y == 0 {
			res = 0
		} else {
			res = 1
		}
	}
	return res
}







seExamples/seExamples_test.go


	package seExamples

	import "testing"

	/*
		This file has been automatically generated by AutoTest;
		Do not edit - changes may be overwritten
	*/
	
	type testpairExampleOne struct {
		in0 int
		exp0 int
	}

	var testsExampleOne = []testpairExampleOne{
		{0,0},
{-1,-1},
{1,1},
	}

	func TestExampleOne(t *testing.T){
		for _, pair := range testsExampleOne {
			out0 := ExampleOne(pair.in0)
			if out0 != pair.exp0 {
				t.Error(
					"For", pair.in0,
					"expected", pair.exp0, //expString
					"got", out0, //outString
				)
			}
		}
	}
	
	type testpairExampleTwo struct {
		in0 int
		exp0 int
	}

	var testsExampleTwo = []testpairExampleTwo{
		{1,1},
{-1,-1},
{0,1},
	}

	func TestExampleTwo(t *testing.T){
		for _, pair := range testsExampleTwo {
			out0 := ExampleTwo(pair.in0)
			if out0 != pair.exp0 {
				t.Error(
					"For", pair.in0,
					"expected", pair.exp0, //expString
					"got", out0, //outString
				)
			}
		}
	}
	
	type testpairExampleThree struct {
		in0 int
	in1 int
		exp0 int
	}

	var testsExampleThree = []testpairExampleThree{
		{1, 17,1},
{17, 0,0},
{2, 18,1},
{18, 1,1},
	}

	func TestExampleThree(t *testing.T){
		for _, pair := range testsExampleThree {
			out0 := ExampleThree(pair.in0, pair.in1)
			if out0 != pair.exp0 {
				t.Error(
					"For", pair.in0, pair.in1,
					"expected", pair.exp0, //expString
					"got", out0, //outString
				)
			}
		}
	}
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