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Abstract

This thesis presents a technique for discovering and extracting unknown patterns
for structured data. There is no need for pre-knowledge to be able to discover
patterns. But by applying pre-knowledge these patterns can be classified. When
merging information from structured data, it is important that correct information
is merged together. To achieved this multiple techniques are needed to analyse the
information. This thesis provides a technique that can increase the accuracy. By
collecting unique values using a trie structure, unknown pattern is discovered and
extracted. These patterns are represented by using regular expressions and classified
by using a decision tree. The technique presented provides regular expressions that
are efficient and accurate. Along with the decision tree that classifies correct with a
score greater than 80%. This technique can be used to improve the accuracy when
merging structured data, increases the knowledge about a file, detect ID wvalues,
calculate other measurement including the consistency of a file, and if there are
typographical errors.
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1. Introduction

1.1 About This Thesis

Pattern matching is a common technique for extracting information from textual
documents. The inputs of pattern matching are a pattern and a text document.
Its output is the response of whether the pattern matched the text and, possibly,
the positions in the text where the pattern was matched. The problem that this
thesis is trying to solve is different in that the patterns are not known beforehand
and cannot be provided as input. Text documents can be provided as input and it
is known that they contain combinations of words that have a degree of similarity
and that could be collectively expressed in terms of a patterns, but the pattern
itself is not know. Examples of such words are product codes, job titles, numbers
formatted in particular ways, e.g. currencies. The purpose of the research is to
find techniques and algorithms that are able to discover similarity and repetitions in
the structured data and ultimately to extract their underlying patterns in a certain
syntax. These techniques and algorithms can be used to increase the accuracy when
merging information from structured data.

1.2 Thesis Outline

Chapter [2 - [Background:

This chapter describes the background theory used as an inspiration and to
solve the problems presented in this thesis.

Chapter [3] - [Overall Designk
This chapter describes the overall design used to solve the problem presented
in this thesis.

Chapter [ - [Design}:
This chapter explain in detail why the different techniques are applied to solve
the problem in this thesis.

Chapter [5] - Tmplementation}:
This chapter explains how the techniques are implemented.




1.2. THESIS OUTLINE

Chapter [6] - [Testing, Result and Analysis}
This chapter describes how and why the different tests are performed.

Chapter [7]- Discussiont

This chapter discuss the techniques used to solve the problem presented in
this thesis.

Chapter § -

This chapter presents a conclusion about the design presented in this thesis.




2. Background

This chapter presents algorithms and techniques that are used in the field of data
mining, machine learning, string matching algorithms, pattern search and different
data structures.

2.1 Copycat

The Copycat|21][22] algorithm compares different strings and find relation between
the different text patterns. The idea of the Copycat can be used to solved other
similar pattern matching problem. Copycat analyses when a string changes from
one state to another state, and will try to append the same equivalent changes on a
different string. What is interesting is how it detects the similarities. The core of this
algorithm is to find the relationship between the letters and the textual structure.
Then use that knowledge on the other string to figure out what the best change
would be. To illustrate how Copycat works look at the example:

e ABC = ABD

o IJK =7

The question is what should IJK be changed into? In this example there are some
different ways to think. What you see is that the C is changed into D. And at a
very basic level you can do the same to IJK and change the K with D. This is not
wrong since you have done the same change as in the first string. This is something
a computer could gives as an answer. The great property about the human brain is
the capability to see the relations between complex patterns. Relations that are not
obvious in the first place. This is something a computer struggles to do. The com-
putational power provided by a computer combined with a algorithm that operates
like human brain, is a powerful combination. Every human can see the relationship
between C and D. D is the successor of C. Another important information is that
the last character in the string that is changed. Since C changes with it is successor,
a natural thought is to change K with it successor L. This is simple example but it
highlights some interesting problems.
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An Analogy of Copycat is ants trying to find food. Ant will go in different directions
to try to find food. When someone finds food the path to that food source gets
stronger, meaning more and more ant will follow that path. But there are always
someone checking other places as well and if a new place is better, this will become
stronger as well. This analogy matches Copycat quit well since this algorithm starts
out with nothing and starts searching for patterns and similarities in all directions.
It has a list of patterns it can find and every pattern in that list has different
weights. Pattern can be group, different length information, actual letters and
predecessor /successor. A pattern with higher weight will be harder to discard for
the algorithm. As the search goes on, some pattern will be explore more deeply based
on their wighting at the time. The unique aspect of this algorithm is that at any
point it can find a new more interesting pattern. When this happens the algorithm
stops the previous main search and focus on the new pattern. This new pattern
can be totally different from the previous. When a strong solution is created and
reached a desire threshold it stops. Sometimes it can change to a weaker combination
of pattern, before its gets stronger.

2.2 Regular Expression

Regular expression is a way of describing a pattern of characters. A Regular expres-
sion consist of multiple regular expression structures. A regular expression structure
will match a desire character type. The sequence of regular expression structures
are important for the pattern, different sequence with the same structure types will
represent different patterns. This pattern is used by computers to search among text
to find a match and regarding the pattern search for the complexity can be high.
Therefore if the regular expression is written in a inefficient and overcomplicated
way the performance will be negatively effected. When creating regular expression
it is possible to add a option called quantifiers after each regular expression struc-
ture. A quantifier tells how the behavior of the search is gonna be. The correct
quantifier can improve performance. These quantifiers are called; greedy, reluctant,
possessive. A greedy quantifier "-+" will first try find the longest match for a given
sub-pattern as possible. This means that for each regular expression structure it will
try to max the number of characters that matches the structure the first time. This
approach is used for each regular expression structure until the regular expression
is a match or a non-match. A reluctant quantifier "+7" is the lacy type, where it
tries to match as few character in the text as possible to fulfil the requirements. A
possessive quantifier "++" will not give up any character, whereas other quantifier
can if necessary backtrack and give up characters to match the rest of the pattern.
To backtrack means even if 4 character matches a structure it can give away the
4th character to fulfill another regular expression structure requirement. Possessive
quantifier match string as blocks that cannot be backtracked into [12].

4



CHAPTER 2. BACKGROUND

2.3 Trie Structure

A trie structure is data structure for fast search and look-up. It can be used for
storing keywords or as a dictionary. It is also called a prefix tree structure since
it will only based on a prefix extract every word that starts with that prefix. This
property gives it a good search performance, since every other word that does not
have the same prefix will not be considered. It easy to see in the Figure that
words that share the same start, also called prefixes, has the same parent node. This
property results in that the trie only contains unique values. A trie structure can
be constructed with the property to collect more information, e.g. how often a node
is activated. This information along with the unique values can easily be extracted
from the trie. In short a trie structure removes any duplications from input text
and can return a list consisting of unique words.

Figure 2.1: A trie containing the words "all", "also", "trie", "tree", "trend".

2.4 Interface Set<E>

Another way to store unique values is to use the Set<FE> Interface. This structure is
a Collection that can not contains duplicated values and it is not possible to expand
this structure to store more information. The different Set<E> implementation are:

e HashSet

o TreeSet
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o LinkedHashSet

Both HashSet and TreeSet can not guarantee the order of the element stored.
LinkedHashSet is insertion order based, so with this you can stored the correspond-
ing value in a array and use the index to keep track. The functionality of hash
based data structure is that it creates a hash value for the given input value and
uses this hash value to do insertion, deletion and search. HashSet offer constant
performance on operations like insertion, deletion and search, assuming that the
elements are spread properly among the buckets|I3]. The big O notation for each of
the implementations are: The average performance for HashSet is O(1) and in the
worst case it is O(n). For LinkedHashSet it is O(1). And for TreeSet it is O(log n),
where n is size of structure.

2.5 String Matching Algorithms

These algorithms are used to figure out if a small pattern appear in a larger text|3][4].
When comparing different string matching algorithms speeds and efficiency are im-
portant features.

2.5.1 Brute-Force Algorithm / Naive String Matcher

The straight forward method is to check each character in the string until a sub
pattern matches. For each time a mismatch is detected the pattern slides one step
to the right. This technique is inefficient because it ignores the information about
where the mismatch happened. This is information that other techniques uses to
improve the performance, see Figurd2.2]

1)ABCABD
ABD
2)ABCABD

ABD

4)ABCABD
ABD

Figure 2.2: Example of Brute-force algorithm.
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2.5.2 Knuth - Morris - Pratt Algorithm

This algorithm uses the information about where the mismatch occurred to calculate
the next position to start the search from. The benefit from this is that the the
algorithm become more efficient, see Figure [2.3]

1)ABCABD
ABD

2)ABCABD
ABD

3)ABCABD
ABD

Figure 2.3: Example of Knuth-Morris-Pratt algorithm.

2.5.3 Finite Automata

Finite automaton describes a pattern that is used to search a string value with.
Finite automaton is created by using other string-matching algorithms it must be
constructed in a preprocessing step before it can be used. This pattern examine each
text character only once and therefor taking constant time for each text character.
The unfavorable part with Finite automaton is that the time it takes to build the
automaton can be large, see Figure [2.3]

Figure 2.4: The solid line represents a match transition and the dotted line represents
non-match transition. This finite automata represent the text pattern and case from

Figure 2.3}

2.5.4 Boyer - Moore Algorithm

Like the other string matching techniques mention above Boyer - Moore Algorithm
shift the pattern to the right after a mismatch is detected. How far to the right is
decide by bad character rule and good suffix rule. Bad character rule checks to see
if the mismatch character from the text exist in the pattern. If this character exist
it skips the alignment until the mismatch character match the pattern. Otherwise

7



2.5. STRING MATCHING ALGORITHMS

it moves past the mismatch character position. Good suffix rule is similar to the
other rule. Instead of using one character this rule states that when a mismatch
occur the substring matched is used to skip the alignments until the pattern match
this substring again. Otherwise move past the mismatch position and start a new
search. The unique property is that the character comparison is done right to left.
This algorithm is more complex and more efficient than the Brute-force algorithm.
Boyer - Moore algorithm is a popular algorithm to use in string matching problems,

see Figure [2.5]

1)ABCABD
ABD

2)ABCABD
ABD

4)ABCABD
ABD

Figure 2.5: Example of Boyer — Moore Algorithm.

2.5.5 Rabin - Karp Algorithm

Rabin-Karp uses hash function to search for a pattern in a subtext, instead of
character values. The hash value for the pattern and for a given sub-sequence is
calculated. Each hash value for a sub-sequence are compared against the hash value
for the pattern. This means for each iteration only one comparison is made. When a
match is detected Brute-force algorithm is applied to make sure it is a match. Since
Brute-force algorithm is used only once this speeds up the process. In the Figure
a small example of hash value comparison is displayed. The hash value represent the
pattern used in the previous sections. Where 50 represents BBB and 47 represents
BBA. When the hash values match each other a Brute-force comparison is used, see

Figure [2.6b]

1)50
A7

2)47 3)BBBA
47 BBA

(a) (b)
Figure 2.6: Small example of Rabin - Karp Algorithm.
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2.6 Back Propagation

Neural network is related to artificially intelligence, machine learning, statistics and
other fields. This is a technique used when the problem is hard to solve by using
traditionally computational methods. It is design to resemble the human brain in
a much simpler design. The design is based on the biological neurons. In neural
network neurons is divided into layers. Each neuron in one layer is attach to every
neuron in the next layer, see Figure 2.7 This means that the signals flow only in
one direction across the neural network.

Input layer Hidden layer Output layer

Input #1 Error back propagation

Input #1_

Input #1

Input #1

Input #1

Figure 2.7: Example of a Neural network.

The neurons in the first layers represents the input values. Each time a signal is
send to a neuron in another layer this signal is multiple with a weight value. To be
able to get the desire result the weight value needs to be adjust. Back Propagation
is a technique used to train the weight values in a neural network. By using a
training set with training values and the desire output value, each weight values will
be adjusted so that the desire result is achieved. Along with the output value there
is another value called error value. The goal is to reduce the error value so it drops
under some threshold values. Each time the error value is to high the old weight
values is recalculated and adjusted. This is done by reversing through the network.
This process is repeated until a satisfied error values is achieved[28], see Figure .

2.7 Data Mining

Data mining is a popular research field. Data mining discovers information and
pattern evolving among large amount of text. This information can be used to
predict the future trends, behavior, and cut cost for companies. These patterns is
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not about the structure of the words, but about a the combination and meaning
of words. Another term that is also used is text mining. Text mining refers to
analysing text that is unstructured. While data mining is used on structured data.

The power of finding good quality information for the user is enormous and in the
industry a high priority. Take for example Google search engine where the user give
some sort a pattern to be search for. This pattern is normally a word or a sentence.
The result is documents that are ranged based on the relevance to the pattern
searched for. For a company that has a web store and getting a high rank will have
a huge impact on their income. Another example is to discover new patterns and
information that the is unknown for the user. And also to increase already known
information. This is called text mining and knowledge discovery. Top 10 most used
algorithm for data are[30]:

Naive Bayes

e Support Vector Machine (SVM)
o k-Means

e k Nearast Neighbor (kNN)

e PageRank

o AdaBoost

e C4.5

e CART

e EM

e Apriori

When looking into the algorithms used in these fields somethings that are common,
is that most of them need some sort of input to produce an output. And some are
also based on a training set and a test set. Training set is often large then the actual
test set.The training set is labeled, this means that a golden answer is provided by
an expert. These labels are used to to training and build a model. The test set is
used to test the model.

One important sub field for data mining is pattern mining[23| Pattern mining uses
data mining algorithm to extract information and useful pattern. Pattern mining can
fins pattern like; associations, trends, periodic pattern, rules and sequential patterns
and is often used in database system. One of the most popular is Apriori[24]. This
one is used in transaction database to discover pattern in the transaction. This
can be used in other areas as well, but Apriori needs an input by the user to set a
threshold and a transaction database.

10
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2.8 Machine Learning

Machine learning uses similar techniques as data mining, but the objective is differ-
ent. The objective in machine learning is to use algorithm that learns from the data.
It makes it possible for computers programs to change and grow as they analyses
new data. It can be thought of as a type artificial intelligence. In machine learn-
ing there are two type of learning techniques, unsupervised learning and supervised
learning. With unsupervised learning the training data does not have a class label.
This technique is good when you want to cluster data, find similarities, or extract
general rules. With supervised learning the training set has class labels that are
used to train and correct a model. When this model achieves a desire threshold it
is ready to be used to classify data.

2.8.1 k-Nearest Neighbor

k-Nearest Neighbor is a clustering algorithm that uses a training set to predict
class type. The training instances consist of known values where the class value
are known. This algorithm is a instance based classifier. This means that each
unknown value is classified straight away. This classification is based on the k-
nearest neighbors around the unknown value. If there are several different class
type inside the k-nearest neighbor, the majority class used. What the value of k
should be is a optimization question. If this is to small, it can be more sensitive
against noise. If k value is to big, other classes can be to dominated, see Figuer [2.8|

P R

' ® 0.

! A}

'@

.

\ 1

\ /

. .

.

o ’

Figure 2.8: 3-Nearest Neighbors. The blue and red dots reprenset known class
instances from the training set. The black dot represent a unknown value, where
the dotted line is the neighborhood size.

11



2.8. MACHINE LEARNING

2.8.2 K-means

Like the algorithm mention above K-means is also a clustering algorithm. K-means
is one of the most common clustering technique to use. The algorithm needs to
declare the number of clusters, called centroids. The first step is to generate the
centroids. This can be done randomly or by user specified criteria. After this each
value is inserted based on the closes centroid. When every value are placed in the
closes cluster, then for each cluster a new centroid is calculation. The new position
for the centroid is the minimum distance of each value to its closes centroid. This
process is repeated until the new centroid values stays the same. Depending on what
the initial centroid values are, different cluster can be made, see Figure [2.9]

Random means drawn from the data Iteration 1 Iteration 2
e ® [} o [} o
2 S 2
p ® ® 3 o ® pa o ®
o o o
g ° ® & o L = ° ®
8 [ ® g o ® 8 o ®
- - -
L [e] ® .
® ® s ® ® 7 ®
2 4 ® Y 2 4 ® ) 2 4 ® )
- ] . | | cjoH .
g g g
® ® ®
T T T T T T T T T T T T T T T T T T T T
40 60 80 100 120 140 160 40 60 80 100 120 140 160 40 60 80 100 120 140 160
X X X
Iteration 3 Iteration 4 Iteration 5
© o o] o (] o
2 4 g 4 <
3 o o = e} o - o (¢]
< ° & 4 o g4 o
- @ - e} - (¢]
8 o e 8 o ® 8 [¢) e
- - -
2 ° = He g4 ®
® ® ®
21 m ° 21 m b 2 ] *
-]® [ - ]® ) - |® ®
s S S
@® @® @®

T T T T T T
40 60 80 100 120 140 160 40 60 80 100 120 140 160 40 60 80 100 120 140 160

X X X

Figure 2.9: In the first window the black dots is random values. And the green,
red and blue box represent a centroid. For each iteration the centroids positions
changes and also the random values changes into the color of the closest centroid.
This picture is taken from|[31].

2.8.3 Decision Tree

In machine learning one of many techniques is called decision tree. Decision tree is
a supervised learning algorithm. A decision tree can be thought of as a set of rules,
and to be able to traverse down the tree each rule needs to be fulfilled. When a
leaf node is reach the conclusion about what class the value can be made. The leaf

12
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nodes represents the class labels, see Figure [2.10

Figure 2.10: Example of a Decision tree.

Decision tree is used for classifying data by using a pre-build decision tree that is
created on a large training set. The training set consist of data that are common
for that scenario it is trained for. When training a decision tree the question is
which attributes to split on first and second and so on. There are exponentially
many different decision tree that can be created from a given set of attributes.
And creating the optimal decision tree is computationally infeasible[32]. When the
decision tree is build it is tested on a much smaller test set. The values in the test
set are not the same as in the training set. The decision tree can not be completely
trusted, since it can classify the input wrong occasionally.

2.8.4 Decision Tree Algorithms

The use of regression tree/decision tree has been used in several decades. The
first regression tree algorithm called Automatic Interaction Detection (AID) is from
1963 (Sonquist and Morgan). This was followed by new techniques, where one of
them was called Chi-squre Automatic Interaction Detector (CHAID) (Gordan V.
Kass 1980) which is a technique that discover the relationship between variables by
creating a tree or a predictive medel[20]. Antoher technique is Classification and
Regression Trees (CART) published in 1984. Both techniques splits the data into
smaller segment using an recursively approach. CHAID compared to CART[25]:

CHAID uses chi-square measure to decide what attribute to split on, whereas
CART uses GINI rule. GINI is a measure of impurity and “quotechi-square is
a statistical test used to compare expected data with what we collect”[27].

CHAID support multiple splits, whereas CART support only binary splits.

CART prunes the tree by testing it against a validation data set or by using
cross validation. CHAID does not prune the tree after it is created.
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2.8. MACHINE LEARNING

e CHAID has a limitation to categorical data, whereas CART work with either
categorical or continous values.

In the same decade another algorithm was presented called ID3. ID3 is tree-learning
algorithms and was design regarding machine learning and is also used in Natural
Language Processing (NLP). ID3 is similar to CHAID and CART, but it uses entropy
information gain measure to determine what attribute to split on. Entropy is like
Gini a measure of impurity. ID3 is supervised learning. The next generation based
on ID3 was called C4.5 (1993) both created by John Ross Quinlan.

C4.5 is popular to use by computer science|30)]. The reason for this is the improve-
ment made from ID3 to C4.5 is[19]:

C4.5 accept continuous and discrete feature.

C4.5 handles unknown /missing attribute values.

C4.5 prunes the tree after creation (Solve over-fitting).

— Pessimistic prediction error.

— subtree raisting.

(C4.5 can add different weight to the attributes that comprise the training data.

There is also a decision tree algorithm called C5.0[19] that is for commercial use.
The improvement from C4.5 to C5.0 is:

e Faster.

e Memory usage is more efficient

Smaller decision tree for the same results as C4.5.

Support boosting which improves the accuracy.

Winnowing (attributes that may be unhelpful can be removed).

Handle new data types like dates (not applicable values)[19]

14



3. Overall Design

This chapter explain the general design used to solve the problem presented in this
thesis. The techniques used her are describe in detail in the next chapter.

The algorithm presented in this thesis is based on structured data from excel spread-
sheets. Each column of interest are converted into text files. This is for the purpose
of testing the technique presented in this thesis and not spending time on using
"Apache POI"[I1] to read and write Excel files. The desire text file is loaded into
the program for analysis and the result is displayed in the GUI.

3.1 Architecture

The goal is to discover similarities and repetitions in textual documents. This is
done by extracting the patterns. The first thing that needs to be done is to get
rid of duplicated values. Since it is not necessary to keep duplicated values when
finding pattern. It is only necessary to have one instance of each unique value. By
using ordered tree data structure called trie, this is achieve. See for more
information about trie. One of the benefit of a trie is that the repetition for each
unique word is stored.

Now that we have just unique value it is time to analyse the data to summarize
the data in patterns. Pattern can be found and display in different ways. From
simple normalization of character like; L for letter, N for number, and S for special
characters. To more complex and more powerful expression like regular expression,
see [section 2.2l Regular expression is used in this solution. What is nice about
regular expression is that it can be read just as easily as the simple normalization
representation if you know a little about regular expression.

From having data where it was hard to tell something about the patterns and the
consistency. It is now quite clear what patterns there are and the consistency of the
input. After the general patterns are discovered, the next step is use the information
gained to detect typographical errors. Whenever a input value is corrected the
corresponding regular expression is updated. If a general regular expression no
longer represents a input value it is deleted. The next process is to make these
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regular expression more specific. Each structure is analysed, and the the minimum
and maximum range is added to the end for each structure. These patterns is used
to extract more information about the input values. Since the input is different
codes and IDs. It is possible to to classify if a column consist of IDs by looking
for incrementing digit values. An ID in this thesis is not just a unique value, but
unique values where the number values are in a sequence to each other. If it is an ID
column there should be a small number of pattern, in other word good consistency,
preferably only one pattern. If this is true, the next step is find the majority pattern
and analyse this one to see if it contains regular expression structure for numbers.
If there is multiple regular expression structures representing numbers, it needs to
evaluate which one that an be the ID field. This is done by finding every value that
matches that regular expression and extract information for each regular expression
structure representing numbers. The regular expression structure with the most
unique value will be analyse further. Those number are analyse to see if there is a
sequence between them. If the score is better than some threshold it can be declared
as an ID.

There is a lot of information stored in the regular expression and by break it down
into pieces it can be analyse using a decision tree. If you combine discovered pattern
with some pre-knowledge it is possible to tell even more about what the column could
be. The decision tree is trained on data that contains the different types of codes
and IDs that is expected to be seen in the excel sheets. See Figure [3.1]

Figure 3.1: Overview of the design.
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3.2 Graphical User Interface

A informative GUI is implemented to display all the different information collected
and found. The user interface consist of several buttons. One for choosing the
file, another to find the patterns, a third one to classify the input. There is also a
button to reset the program so that it is possible to analyse a new file. The first
window from left displays the original input file without any correction or changes
made. The second windows from left display the result from the trie. The first value
displayed is from top to bottom in the trie. If some of the node has multiple children
these are printed out by taking the node that got the lowest level first. To represent
a common branch this "-" symbol is used. Since a text area component [I5] prints
digit and letter exactly the size of the characters, the print displaying the result from
the trie can be a little bit off regarding the branch representation. The windows
displaying the regular expressions represents the pattern discovered from the input
file. The window at the top displays a more general regular expression with the
distribution value at the end. The window below displays the regular expressions
with the range for each regular expression structure. At the end of each regular
expression the distribution value are displayed. Another difference is that the first
set of regular expression is displayed before any analysis are done, to see if there
is a special character missing or if there is to many many special character. If a
correction is made on a value this means that a regular expression may not match
any value longer and needs to me deleted. This result is displayed in the other set of
regular expression with the range also added. The last windows to the right displays
the list of unique word before and after correction and also the distribution. The
window in the lower right corner displays the classification result with a score. The
score is calculated based on how many vote the majority class achieved compared
with the total number of votes. Right above this window a label displays if this
input can be considered to be an ID type.

Open file Set directory path Cenerate Trie Create new decision tree Classify column Save chart-data

Users /Morten/avito_codes/ENGIE_Norway_SAP_WBS_Code

Qutput from the file: Trie: General regular expressions before correction: 4 Unique words before correction: 14
O.lG]OA.D.IV.SZlUl} O1CJOA.D.PR.622006 : 1 A\pllsLatin}++\d++\p{lsLatin}+ +\p{Punct}++\pf{lsLatin}+ +\p{Punct}++\pflsLatin| |O1CJOA.D.PR.622006 : 1
0.1GJOA.D.PR.622992 H A\pilsLatin}++\p{Punct}++\d++\p{lsLatin}++\p{Punct}++\pflsLatin}++\p{Punct}- 0.1GJOA.D.PR.622006 : 5
0.1CGJOA.D.IV.521013 A\pllsLatin}++\p{Punctl++\d++\p{lsLatin}++\p{Punct}++\p{lsLatin}++\p{Punct}- |0.1CJOA.D.PR.622007 : 1
0.1CJOA.D.PR.625010 A\pllsLatin}++\p{Punct}++\pflsLatin}++\ p{Punct}+ +\p{lsLatin}++\p{Punct}++\p{ |0.1CJOA.D.PR.622270: 1
0.1GJOA.D.IV.521013 0.1GJOA.D.PR.622380 : 1
0.1GJOA.D.IV.521013 0.1GJOA.D.PR.622C01 : 4
0.1GJOA.D.IV.521013 0.1GJOA.D.PR.622970 : 1
0.1GJOA.D.IV.521013 0.1GJOA.D.PR.622992 : 1
0.1GJOA.D.IV.521013

0.1GJOA.D.IV.521013 Regular expressions after correction: 3 Unigue words after correction: 13

0.1GJOA.D.IV.521013
0.1GJOA.D.PR.622970
0.1GJOA.D.IV.521013
0.1GJOA.D.IV.521013

A\pilsLatinf1}+\p{Punct{1}+\d{1}+\p{IsLatin{4}+\p{Puncti1}+\piIsLatinf1}+\p{P |0.1GJOA.D.PR.622006: 6
A\pllsLatin{1}+\p{Puncti1}+\d{1}+\pllsLatinH4}+\p{Puncti1}+\pllsLatin{1}+\p{P| |0.1GJOA.D.PR.622007: 1
A\p{lsLatin}{1}+\pfPunct}{1}+ pllsLatin}{5}+\p{Punctl{1}+\ p{lsLatin}{1}+\p{Puncti] |0.1CJOA.D.PR.622270: 1

0.1GJOA.D.PR.622380: 1

0.1GJOA.D.IV.521013 0.1GJOA.D.PR.622C01: 4
0.1CJOA.D.IV.521013 0.1GJOA.D.PR.622970: 1
0.1GJOA.D.IV.521013 0.1GJOA.D.PR.622992: 1
0.1GJOA.D.IV.521013 0.1CGJOA.D.PR.624011: 2
0.1GJOA.D.IV.521013

0.1CJOA.D.PR.624011 Longest common prefix: The most commen pattern structure is: Classification results: ID: No
0.1GJOA.D.IV.521013 0:54 Number of letter blocks: 4 Label: 'ENGIE Norway SAP WB
0.1GJOA.D.PR.622G01 Number of digit blocks: 2 n

0.1GJOA.D.PR.622G0L Number of special character blocks: 4 5 Code’ 100,00%

0.1GJOA.D.PR.622G01
0.1GJOA.D.PR.622G01

Clear outputs 54

Figure 3.2: User interface
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3.3 Modular Approach

This section explains how some of the different challenge is resolved.

3.3.1 Regular Expression Structures

The question is how to make regular expression that is suitable for this solution.
One of the problem with having a computer making a regular expression is that
there is many regular expression structures that have a lot in common. Here is some
regular expression structure for letters:

e \p{Lower}, A lower-case alphabetic character: |a-z]

\p{Upper}, An upper-case alphabetic character:|A-Z|

\p{Alpha}, An alphabetic character

\p{IsLatin}, A Latin script character (script)

\p{InGreek}, A character in the Greek block (block)

\p{Lu}, An uppercase letter (category)

\p{IsAlphabetic}, An alphabetic character (binary property)

\P{InGreek}, Any character except one in the Greek block (negation) letter
(subtraction)

It is not possible for the computer to know what type of regular expression you
want without an input[I]. To handle this problem an algorithm that creates regular
expression structures from a toolbox implemented. This toolbox contains desired
regular expression structure. The desire behavior was that the pattern should dis-
tinguish between basic letters, digit and special characters. The algorithm checks
one input value character by character. Based on the result it will add a new regular
expression structure to a new regular expression value. When it is finish building
the regular expression it is then stored in a list. The first time the algorithm runs
it will always create a regular expression based on the first input. If the next input
is not a match, then a new regular expression is made.

When a list of regular expression is presented without any additionally information,
it can not tell what the distribution of each regular expression are, see Table [3.1a]
Therefor a counter is implemented to keep track of the distribution for each regular
expression. This gives a much richer picture of the input data, used to detect
typographical errors, and can be used in other analysis like consistency measures,
see Table 3.0
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General regular expression without distribution
MplsLatin++\d++\plsLatin{+\d++$
M\ plsLatin++\pPunct++\d++\plsLatin+-+\d++$
(a)

General regular expression with distribution
M plsLatin4+\d++\pIsLatin++\d++$ : 94
M plsLatin+-+\pPunct++\d++\pIsLatin+-+\d++$ : 1
(b)

Table 3.1: Example of regular expression with and without distribution

3.3.2 Alphabetic Issues

Norwegian alphabet is based on the latin, with «,0,é added to the alphabet|2].
This means that some of the classic regular expression structure does not match
the letters in the Norwegian alphabet. The most understandable way to write a
regular expression for letter is [a-zA-Z| and for digit is [0-9]. As you can see this
does not work for the Norwegian alphabet. A cleaner way to write regular expression
structure for digit is the "\d" and for characters \w. \w will detect letters a-z, but
this will also accept digit 0-9. In this algorithm it is important that letters and digit
are separated. Therefor the \w can not be used. To handle Norwegian letter the
structure can be written as \pIsLatin. This will only detect letters, including the
Norwegian letters. It is also important to create a regular expression structure that
will detect special character in the text given as input. A regular expression that
will detect exactly this is "\p{Punct}".
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4. Design

This chapter explains in detail why the different techniques are used to solve the
problem presented in this thesis.

4.1 Trie

The first technique that is applied is the trie structure. The benefits of using this
technique are that it guarantees non-duplicated values. This property increase the
performance of further analysis. The time it takes to run through the data can be
reduced drastically since it will not analyse the same word twice. The disadvantage
of removing duplicated values is that information about distribution will be gone.
This can be fixed by adding a property that counts how many times a trie node is a
leaf node in the algorithm. This results in a trie structure with unique words along
with their corresponding representations.

Trie structure is useful if you have data where the search performance is an important
feature, like fixed dictionary. The text search in a trie structure is independent of
the size of the documents being searched, since the trie has already been build [9].
The technique presented in this paper is a twist of what it is normally used for. This
trie is actual build on the document wanted to be analysed. This means that each
unique word in that document are stored in the trie strucuture. Instead of using this
trie to do search on other documents it return the values stored in the trie. These
values is later for finding patterns and extract information for that document.

The limitations of the data structure mention in are the lack off possi-
bilities, complexity and functionality. Whereas trie structure can return each value
along with the corresponding distribution. It can also find the longest common
prefix for the input. This is information that is not possible to extract from the
Set<E> interface. The input values in this thesis are different codes and IDs. This
means that the input is quite often duplicated values or has similar prefixes. Based
on this the use of trie is more optimal. The performance for the trie is good, the big
O for lookup O(1) time[10].

When dealing with big data set that contains a lot duplicated values the space needed
to stored the results from the trie are the size of unique value instead of original size
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of the data. This means that the more duplications there are the greater the benefit
of using trie is.

4.2 Regular Expression

One of the criteria was that the technique chosen would represent discovered patterns
in a informative and efficient way. The simplest version mention in will
give the user a good understand of what pattern there is. But it is not computational
efficient to find them. Since it is necessary to iterate over each character for each
word to extract each pattern. The benefits by using regular expression is that
regular expression represent a pattern. And this pattern can be applied directly
into a pattern search algorithm. This algorithm can match patterns with strings
without doing any preprocessing. The techniques present in this paper have two set
of regular expression levels. This first step is to have regular expression that is more
general and the reason for this is that a pattern can be the same even if the length
of some components are different. e.g. 12362 has the same pattern (digit, letter,
digit) as 12b3.

When building these regular expressions a possessive quantifier is added after each
regular expression structure. This is done to give the regular expression the behavior
that each regular expression structure needs to match at least one or more times.
Possessive quantifier will not allow backtrack into already match fragments. The
whole text needs to match every component for a given regular expression and
therefor looking at each match fragment as a block that can not be backtracked are
a desire behavior. The performance will be good since when there is not a match it
will be detected earlier than by using the other quantifiers.

The next step is to create a more specific regular expression where the minimum and
maximum length are added at the end of each regular expression structure. If specific
regular expression had been discovered instead of the general regular expression in
step one. There would have been a lot more regular expression created. Since the
property for a regular expression with the range added to it would increase the
number of mismatches although the pattern is the same. e.g. 12302 has the pattern
(digit3, letterl, digit) and 12b3 has the pattern (digit2, letterl, digit). This will
not be the result in this thesis, since it uses the previous created regular expressions
through the second step and creates new regular expression with the range added
to it. After each value are finished the range found is used to update the minimum
or maximum range value to the new corresponding regular expression.

When analysing a pattern that got this range information it is easier to differentiate
between two similar patterns. The range value will also tell how good the internal
consistency for a pattern is regarding the input values. This is because when input
values has the same length for each regular expression structure, the range value
will consist of only one number. The internal consistency can be poor if the range
is big.
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Without specifying that the whole regular expression should match the input value
it will not do that. By using """ in front of the regular expression and "$" at the
end it will force the whole text to match.""" symbol means from the beginning of
the line and "$" symbol means at the end of the line.

4.3 Detection and Correction

The analysed files comes from different sources and therefore a typographical error
can occur. Other errors can be that the same code type is written differently. Where
some code values are written with special characters and some without. In this thesis
only special character is corrected and not letter and digit. The reason for not fixing
missing letters is because there is not always an easy answer to what letters to add
or remove. A code type can have several instances where there is different letter
on the same position, see Table [£.1] This type of fixes require a another intelligent
algorithm.

Code instances
0.1GJOA.D.PR.624011

0.1GJOA.D.IV.521013

Table 4.1: Code extracted from this thesis

The list of regular expressions distribution is analysed. The threshold value is 10
percent of the total number of elements. Each regular expression that is below this
threshold is flagged to potential represent values that has typographical errors. The
are no rule or information stored to tell what a pattern should be or not. The
regular expression that is above the threshold is the only guide for what a correct
pattern looks like. These regular expression is considered to be correct. Before
further analysis are done it is important to normalized the values before comparing
the to each other. Since each combination of digit can be different for the same code.
To handle this each sequence of number is normalized into a sequence of zeros. The
letters will not be changed. e.g. kn.123m01 and kn444m01 will become kn.000m00
andkn000m00. For the human eye it is easy to see after the normalization that the
difference between them are a dot.

Levenshtein distance is calculated based on number of deletion, insertions and sub-
stitution between two input values. Therefore it is critical to normalize digit before
to get a more correct distance.
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Levenshtein distance between two string a and b is given by lev,,; (|al, |b|) where:

maz(i, j) i fmini, j) = 0,
lew , (Z ]) _ levaub (Z - 17]) +1 (4 1)
A min | levg, (1,5 — 1) + 1 otherwise. '

levaab (7’ - 17.7 - 1) + 1(aﬁéb]~)

For interested reader visit this article for more information|35][36]. Each value from
a suspected regular expression are compared against each majority value from the
correct regular expression. The word that are the closest in distance is used to com-
pare the two values. The two words are compared character by character. Whenever
there is a mismatch between the words and if it is a special character it gets fixed.
And the counter value representing the number of correction done is incremented.
Then it start from the beginning again. If the counter value and the distance value
is the same it means that it has fixed all the element needed to be fixed. When this
is the case the new value is stored. Also the word counter value and the distribution
value for the wrong word are decrease or removed if there are no one left. If the
counter value and the distance value are not the same it means that it is not just
special character that is different, but also letters. This time the corrected value is
not stored.

4.3.1 Unique Identifier

By doing this analysis it is possible to extract more information about what type
of values the algorithm are facing. There are different types of 1D properties. ID in

this thesis represents unique code values where the digit values are in a sequence of
each other, see Table [1.2a) and [4.21]

Code instances Code instances
0.1GJOA.D.PR.622006 : 5 P025 : 1
0.1GJOA.D.PR.622270 : 1 P026 : 1
0.1GJOA.D.PR.622380 : 1 P0O27 : 1
0.1GJOA.D.PR.622992 : 1 P028 : 1
0.1GJOA.D.IV.521017 : 1 P029 : 1

(a) Not considered to be an ID value. (b) Considered to be an
ID value.
Table 4.2

The less pattern discovered the better probabilities are there for the input value to
be ID. It is important that the value analysed has the same pattern. This is solved
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by taking the majority pattern found and finding every value matching that pattern.
Even if there is only one pattern there is no guarantee that this is an ID type. The
majority pattern is analysed to see if it contain regular expression structure for digit.
It keeps track of how many digit structure it finds. This information is used to make
sure that when extracting digit information later, the correct digit information is
extracted. Since some digit structures has a range that crosses other digit structures
ranges values. This means that some digit structures can match earlier than it is
intent to match. The first problem is that quite often a code got multiple field of
digit and the question is what part should is the ID field. Each regular expression
strcuture representing a digit extract their values into a HashSet<String>. And the
HashSet<String> with the most value will most likely be the correct field to analyse
futher. Since the property of HashSet<String> is that it only stores unique values.

The next process is to analyse to see if there are any sequence between the number
stored the larges HashSet<String>. The definition of an ID in this thesis is that
the digits should be in a sequence regarding to each other. Digits that are spread to
wide apart are not classified as an ID. The reason for this is that it is not possible
to tell if these digits are random value or ID values.

4.3.2 Decision Tree

Decision tree is supervised learning algorithm that can deal with codes that has
multiple patterns. Decision tree is made up by rules, where each rule tells something
about the structure. Since each class label has the same probability, it is better to
use rules to decide what the input value should be classified to be than a probability
algorithm.

In this case there are good pre-knowledge about what code that is typically seen in
a excel data sheet. And therefore it is possible to use supervised learning to extract
even more information. This technique uses information about the patterns found
from the regular expression and the length of the words to construct a decision tree.
This information provide enough information to differentiate code type from each
other most of the time. There is some limitations since different code types can
have instances where they got the exact same pattern. This makes it impossible
to differentiate between them. This could be handle by using the value for the
characters and digits when building the decision tree. But since the focus in this
thesis is about discovering pattern and extracting as much information as possible
from the patterns, this is not implemented. Another argument is that if there is a
new code it is no guarantee that it will be classified correct. But since each code
has a set of patterns that are common, this new value will most likely have one of
these pattern and it will be more likely classified correct. Based on these arguments
the decisions is made to use decision tree to classify data.

Each information extracted from the regular expressions are used as an attribute in
the attribute table used by the decision tree. The information extraced are:
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e The length of the value.

e Number of regular expression.

e If it is only letters.

e If it is only digit.

o [f it is letters and digit.

e Number of special character blocks.
e Number of letters.

e Number of leading letters.

Input Input

, Classification
Attribute set |:{> odel |:{> Class label

x) (v)

Figure 4.1: Basic classification model[32, p.146].

To be able to classify a column of text from a excel data sheet it needs to classify
each row and then find the class label that is the majority. This majority class label
is the answer to what type of code a column contains. Since it goes through each
row it is important that the classification is as fast as possible. The benefit with a
tree structure is that it has good performance for search. This property is important
for the algorithm presented in this thesis.

In a perfect world the training set is balanced which makes it easier to build a good
model. The data analysed in this thesis provides a training set that is imbalanced.
This is since some code types have multiple different patterns, whereas other code
types only have one pattern. With a imbalanced training set there are some prob-
lems. One problem is that the decision tree tends to become big and complex. To
comprehends this it is possible to prune the decision tree. Based on different rules
it works from the bottom-up and trim the nodes that can lead to over-fitting and
bad results. A prune decision tree can classify differently than the original unpruned
decision tree. Another problem with imbalanced training set in this thesis is that
some code type had a 1:100 relationship with other code types. The result is that
these code types can and will most likely be overlook. This is because when training
the model and the data set become small it will not create a new branch. Instead
it will give that leaf the value of the majority class label and that is not in favor of
the code with a few representations. That being said, decision trees often perform
well on imbalanced data sets.

Techniques to handle imbalanced training set are sub-sampling, Panalized mod-
els, Naive Bayes, oversampling and Synthetic Minority Over-sampling Technique
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(SMOTE), SMOTEBoost, cross-validation. Naive Bayes can be used to collect
samples from the training set. Oversampling can be done by create copies of the
minority class and try to force the model to learn the desire class label. SMOTE
creates synthetics samples instead of creating direct copies. This is done by select-
ing two similar instances and using different distance measure to calculate the new
attribute value. The distance is in between the two samples [14]. Cross-validation
is a technique that randomly portioning the data into n folders. Where n-1 folder is
used for training and the last folder is used for testing. This is repeated n times and
the average error is computed. Each instance is in the test folder only once. Based
on the average score a model is build. The advantage of this technique is that it
does not matter how the data is divided.

The techniques used to solve this problem was a combination of over-sampling, since
the training set was quite small. And sub-sampling, since the it was very imbalanced.
The number of duplications of each instance is based on a threshold. The goal was
to increase the representation for the minority classes. When the original training
set had been increased by duplication the next step was to use sub-sampling. The
benefit with sub-sampling is that the class distribution spread was chosen to be
10. A 10:1 relationship is the biggest distribution spread allowed. This meant that
the old class distribution of 1:100, had become at most 1:10. And since we had
increase the number of instance for each class this relationship would be closer. A
technique that tell something about how good the decision tree model is, is called
cross-validation evaluation. This is used to figure out the accuracy of the generated
model. It divides the training set into a multiple sub-training set. How many can
be specified with a parameter. For each sub-training set it picks out a couple of
value to be used as a test set values, and then test the model.

4.3.3 Decision Tree Algorithms

The WEKA Library

It is important that the algorithm support multiple splits, handle categorical data
and has good prediction performance. Based on the property like; how powerful
it is, good execution time and it is one of the most preferred method in machine
learning. The algorithm used in this paper is C4.5.

There exist libraries that provides different type of machine learning algorithms. The
reason for choosing a library to build the decision tree is that creating a decision tree
algorithm that has good performance regarding execution time, accuracy and other
technique useful to improve the algorithm takes time. The decision tree is created by
using the WEKA library[16][17]. The WEKA library is created by The University
of Waikato. WEKA library provides multiple machine learning algorithms for data
mining task. This library is an open source software under the GNU General Public
License[18]. WEKA can be used as an desktop application or used in your own
java code. The documentation is really good. This makes it effortless to implement

27



4.4. DESIGN ALTERNATIVES

it into an existing code, and to tune it to get the desire behavior for the chosen
machine learning algorithm.

Decision Tree Attributes

The attribute types that is used to classify the input text is:

e The length of the word.

e Number of regular expression structure.

If it contains only letters (Boolean).

If it contains only digit (Boolean).

If it contains both letters and digit (Boolean).

Number of special character.

The information possible to extract from the pattern are mostly continuous value
and Boolean value. This is not a problem for C4.5 algorithm, but the problem
by having continuous values is that a binary split is performed. The values get
sorted and the gain is calculated. The best split point is used to split the attribute
values on. Since there is many categories it is important that the attributes values
get differentiated enough. A code that got five regular expression structures to
represent its pattern. Does not have a more similar meaning to a code that got
six regular expression structures compared to a code with two regular expression
structures. This problem is fix by convert a continuous value into nominal values.

The the benefit to create this decision tree is that is only based on the structure,
and not the combination of the words or different numeric values. This means that
if a code type gets a new value with new letter combinations and numeric range, it
will still be classified correct if the pattern is the same.

4.4 Design Alternatives

4.4.1 Simple String Pattern Matching

One approach would be to normalize the values and then just compare string [5] by
string to check if it is the same or not. One way is to write every letter as L, number
as N and special character as S. This result is fine if you stop after this step, but there
are several problem with this approach. The first issue is the loss of information,
since the original text has been rewritten regarding to the pattern found, the text
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has gone from specific information to general information. The second problem with
this result is that it is all String Objects[5]. Even if the patter found is stored in
a new list, it is not possible to extract more information by compare the original
input text to see if it matches one of the pattern discovered, without doing a lot of
preprocessing of the input text to match the pattern structure. String Objects do
not know the different from a word or a pattern when this approach is used. Since
it checks the actual character values against each other.

4.4.2 Hash Value Comparison

Another approach is to use hash value to compare the patterns against each other.
This idea is based on the Rabin-Karp algorithm in [subsection 2.5.5, The approach
would be to calculated the hash value for each input value and compare it against
each other. If you calculate the hash value to the actual word, it would result in that
only the exact same word would be a match. To avoid this you can normalize each
word and then compare. This will achieve that the actual pattern is compared and
not the characters and meaning of the word. The advantage of the use of hash value
is that the algorithm only need to check against a number once and not comparing
every character. At first glance it looks very promising, but to get the value it needs
to check every character to calculate the hash value. This need to be done for the
every input value provided. This means a lot of preprocessing needs to be done to
be able to the match hash values and this will give a bad performance. Although
the algorithm that calculate the hash value is more optimized than the Java string
comparing method used in the section mention above. One problem is that hash
value is a one way structure. This means it hard to convert the hash value back to
the original value. The use of hash value can be a problem if this algorithm was
used on distributed systems. Since the hash value could differ from each computer
regarding the same word. Therefor it can not be used. And there is no point in
storing the hash values to use later, since it can differ from each time the application
is run. Another problem is if there is many different pattern a hash collision[6] can
occur. The probability for a hash collision to happen in this case is very little,
since the value are so small. This means that different pattern have the same hash
value. Once again this could ruin the hole trust of the pattern recognition. If there
is a possibility that different pattern is considered to be the same pattern. The
consequence is that another analysis algorithm that depends on the patterns found,
will not work correctly and give wrong result.

4.4.3 Clustering Algorithms

A technique that could be used to classify the input value is K-nearest Neighbor. The
training set would consist of desire code types classes. Both the code type instances
and the input values needs to be converted into values that can differentiate each
code type. After every input values are classified, the conclusion about what class
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they belongs to are made. The majority class is chosen.

Another clustering technique that could be used, is inspired by K-means algorithm.
The properties wanted is partitional clusters that is well-separated. The centroids
are initial generated to represent the different code types. Instead of calculating
new centroid after each iteration, this technique stop after the first iteration. The
reason for this is when new centroids are calculated, values can change to another
cluster. The result can be that input values that are of different code types can be
classified to be the same code type class.

Both these technique has challenges. One challenge is how to represent the different
codes so that it is easy to differentiate between them. One problem is that a code
can have multiple patterns. One solution is to use multiple clusters representing
each pattern.

4.4.4 Neural Network

This technique is based on neural network, more precis back-propagation. The
idea is to use the information about the patterns to create a neural network. This
network is used to classify the input values. Each neuron that represents information
about the pattern structure are connected to neuron representing the different code
types. Neurons that contains characters, number of digit, or range can be applied
to increase the performance. Each connection are trained to give the a result that is
below a error threshold. This threshold is decided by the user. To build and train
the neural network the data set is divided into two set. One set is used for training
the network. This training set is labeled. After the neural network has reached a
desire score it is evaluated by using the test set. In Figure[4.2]the weight parameters
are represented by wj,;, where ¢ represents a input neuron and j represent hidden
layer neuron. These weight needs to be adjusted to give the desire result. The result
is calculated based on the neurons in the Hidden layer, that has the highest score.
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Input layer Hidden layer Output layer

Error back propagation

Input #1

Input #2

Input #3

Input #4

Input #5

Figure 4.2: Example of a neural network design for this thesis. Where the blue
neurons in Input layer denotes information about the patterns. And the red neurons
in Hidden layer denotes information about code types. The Result neuron represents
the result.
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5. Implementation

This chapter explains how the the algorithm design to solve the problem presented
in this thesis is implemented. The input is a file that contains hundreds of codes
values. Every unique value is extracted by using a trie structure. Based on these
values regular expressions is build. If some pattern has low representation these are
analysed to see if they are wrong. After this more specific regular expressions are
build and also a classification is performed. The code snippets are extracted from
the source code. Some places the code snippets converted into pseudo code.

5.1 Trie

When a new column or new input text is presented it takes the first input value
and analyse that value character by character. It creates a new trienode object if
the parent node for the previous character does not contain a child node with that
character values. Trienode object is implemented to have the property to count
how many times it has been used and also counts how many times it is the last
character, see Listing [5.2] This last counter is used to display the distribution of
each word. The reason for it is necessary to have two different types of counters is
that sometimes a small word is inserted, and the leaf node is incremented. The next
value has the previous value as prefix meaning that the previous leaf node become
a child node for this value.

The process of constructing the trie consist several steps. The first step of filling the
trie structure is to take the input and analyse each row one value at the time. When
a word is analyse to see if it is new word or not, we need to look at each character,

see Listing

Listing 5.1: Creating a trie extracted from Trie.java

public void add(String s){
word = s;
child = root.child;
boolean leaf;
for(int i = @; i<s.length(); i++){
if(i == s.length() -1){
leaf = true;
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5.1. TRIE

}else{
leaf = false;
3
check(s.charAt (i), leaf, i);

b
3

public void check(Character c, boolean last, int index){
TrieNode trienode;
if(child.containsKey(c)){
trienode = child.get(c);
child.get(c).prefix = word.substring(@, index);
trienode.incrementNumberOfHits ();

if(trienode.islLeaf && last){
trienode.wordCount++;

}
}else{
trienode = new TrieNode(c);
trienode.prefix = word.substring(@, index);
child.put(c, trienode);
}
trienode.level = index;
if(last){
trienode.islLeaf = true;
}
child = trienode.child;

To begin with a root node is created with no value attached. This node is a TrieNode
object. A TrieNode object has a HashMap that contains all of its children, called
child. This property is used to check if a character is new or if it is already a child
for that node. This HashMap is empty to begin with.

Listing 5.2: The Trienode Class from trieNode.java

public class TrieNode {
public HashMap<Character, TrieNode> <child = new
HashMap<>();
public boolean islLeaf;
public int numberOfHits = 1;
public int wordCount = 1;
public Character character;
public int level = 0;
public String prefix = "";
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public TrieNode () {3}

public TrieNode(char c¢c){
character = c;

}

public void incrementNumberOfHits (){
numberOfHits ++;

3

public int getNumberOfHits (){
return numberOfHits;
}
}

After this root node is created the first word can be inserted into the trie. Since this
is the first word, every node needs to create a new child node with the corresponding
character. When the second word gets inserted into the trie the root node search
through the HasMap to see if it already has a child with that character value. If a
child represent that character value the root node will not create a new child node.
But instead use this child node to check the next character value to see if this child
node has children that contains this new character values. And this is the process
as long as the word still has more character to be inserted. When the last character
of a word is analysed a boolean value called isLeaf is used to mark that node as a
leaf node. see line 57-59 in Listing If the character was a new character, then
the rest of the characters are new as well. This means that a new TrieNode object is
created with one child for each character until the last character for the that word.

5.1.1 Extracting the Result from the Trie Structure

The number of children and the construction of the trie will be different for each time
new file is analysed containing different words. The property of the trie algorithm
design in this thesis is that the best way to display the trie structure is to use
recursive method call. There is two ways of displaying the result, one is by displaying
the trie structure with the branches and the other one is to display the unique word
in a list. The benefit by displaying the trie structure is that for human it will
increase the knowledge about what type of patterns there are and how similar the
input value are to each other. This is much harder to see by just looking at the
unique words. The list of unique words is used in further analysis. The technique
for extracting each unique word from the trie is to start at the root node and for
each child check to see if it is leaf node or not. A leaf node has the prefix stored
so by adding it own character to the prefix the word is complete and this value is
stored in a list, see Listing
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Listing 5.3: Extracting the result from the trie extracted from Trie.java

public void startExtractinWords(){
child = root.child;
extractUniqueWord(child);

b

public void extractUniqueWord(HashMap<Character,
TrieNode> child)({
for (Character c: child.keySet()){
if(child.get(c).isLeaf && !(child.get(c).character
== '-' && child.get(c).level == 0)){
uniqueWordExtracted.add(child.get(c).prefix +
child.get(c).character);
uniqueWordCounter.add(child.get(c).wordCount);
}
extractUniqueWord(child.get(c).child);
}
3

5.2 Regular Expression

5.2.1 Step One, General Regular Expressions

The first step is to analyse the result from the trie structure to extract every unique
pattern in the unique words list. The first check that is done is to see if the list
containing regular expressions is empty. If the list of regular expression is empty,
it means that it is the first time the algorithm runs. If the list is not empty the
word is matched against each pattern stored in the list to see if it match a previous
discovered pattern. If the word do not match one of the patterns it needs to create
a new regular expression based on that word, see the pseudo code and the real code
in Listings [5.4}

Listing 5.4: Pseudo code for checking new input value against discovered patterns

check regular expression(row value , word counter)
if expression list is empty then
Create new regular expression and updates regular
expression lists and arrays
else then
for each pattern do
if row value matches one of the patterns then
do not create new regular expression and
updates
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regular expression lists and arrays

if row value did not match one of the patterns then
Create new regular expression and updates regular
expression lists and arrays
else then
update the regular expression counter for the
regular
expression that matched the row value

The Character class[29] provides the necessary method to check characters types.

e isLetter() returns true if the character match one of the following criteria:

— Uppercase letter.
— Lowercase letter.
— Titlecase letter.
— Modifier letter.
— Other letter.

e isDigit() returns true if the character match the following criteria:

— A character is a digit if its general category type, provided by get Type(codePoint),
is DECIMAL DIGIT NUMBER.

e isWhitespace() returns true if the character match one of the following cri-
teria:

Space separator.

— Line separator.

— Paragraph separator.
— Horizontal tabulation.
— Vertical tabulation.

— Line feed.

— Form feed.

— Carriage return.

— File-, group-, record-, unit-, separator.

The main focus is to check for letter, number and special characters. There is a
regular expression structure for letter, digit and special character. In this algorithm
everything that is not a letter, digit or white space is considered to be a special
character, see Listing [5.5]
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Listing 5.5: Regular expression structure extracted from Variables.java

public
public
public
public

String letter = "\\p{IsLatin}++";
String digit = "\\d++";

String special = "\\p{Punct}++";
String whitespace = "\\s++";

When creating a new regular expression the input needed is the word itself. The
first check is to see if it is not just one character. If the length is greater than one
it analyse each character and add the corresponding regular expression structure to
the new regular expression, see Listing [5.6] In addition to the regular expression
structure for letters, digit, and special characters, the """ symbol is added at the
begging of the regular expression, and at the end of the regular expression "$"
symbol is added. A line in this scenario refer to the input word.

Listing 5.6: Pseudo code for creating a new regular expression

Create regular expression(row value)
new regular expression value
if the number of character is > 1 then

for characters except the last character do
if letter and next is not then
add a letter structure
else if digit and next is not then
add a digit structure
else if white space and next is not then
add a white space structure
else if is neither letter,digit or white
space and the next one is then
add a special character structure

if second to last character then
if last is letter then
add a letter structure
else if last is digit then
add a digit structure
else if last is not white space then
add a special character structure

else the number of character equals 1 then

if letter then
add a letter structure
else if digit then
add a digit structure
else then
add a special character structure

return new regular expression value
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Each new regular expression gets stored in the list, this means that the list is no
longer empty. When the next input value is given it will be matched against the
regular expressions stored in the list, see Listing [5.4 If there is a match it means
that the input value is of the same pattern as one of the previous input values. The
regular expressions in this step are very general so that the length of each input
value can be different as long as the pattern itself are the same. The use of "-++"
after each expression/structure make this possible.

The resong for that every regular expressions created are stored as a string in this
list, is that we use the string value to split on to create a new more specific regular
expression in the second step of this algorithm. If the method that checks if a
new input value match a already created regular expression uses this raw string
to compare, the performance drops. Since the algorithm needs to compile this
expression every time it checks. This is done for every regular expression stored in
the list until it find a match or the list is empty. The performance can be optimized
by compiling the pattern once and then stored it in a new list ArrayList<Pattern>.
Then iterate through the this list and use the Pattern Object|[7] representing the
regular expression to match a input value. This way the performance increases
drastically.

To give a better analysis of the discovered patterns, a list that contains a counter
representing each pattern is implemented. This will give each pattern a weight that
tell how the distribution is. Since the property of interface List<E> [§] is that it
preserves the order of the elements, the same index for multiple list can refer to the
same word. In this algorithm the index of the list containing the counters refers to
the regular expression with the same index in the regular expression list. When the
for loop runs through the list of regular expressions and finds a match, the index
where the match happened is used to increment the counter value representing that
pattern.

5.2.2 Step Two, Specific Regular Expression

It is here it makes sense that we stored the regular expression as Pattern object in
the first step. Since we are using them once more in this step. This step is all about
creating a more specific regular expression based on the input values used in the
step one. Since the same input values is used, one of the regular expressions made
previously will match the input. When a match is found the index and the value
is given as a input to a method that will analysis this further. The reason for this
method takes the index as a input, is that it uses this index to extract the correct
regular expression from the list containing the string representation of the regular
expressions. Based on this value the range for each regular expression structure is
discovered and stored in a HashTable. Hashtable consist of key-value pair, where
the key is the index and the value is the range. This way the correct range result is
stored to the corresponding regular expressions in the list. Since a HashtTable by
definition only can have one value per key, this is fix by saving the minimum and
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maximum range value for each regular expression structure as one value.

The design for this algorithm is that it checks character by character and count the
length of how many character there is of the same type consecutively. The logic
of this algorithm is based on the same logic used in step one, except that in this
scenario the focus is on the range of each type. When there is a change in character
type the algorithm add the value of the counter that counts the number of time that
the character type was consecutively, combined with separator to a string value.
The separator is "-". Then the counter is reset after each time it detects a character
type change. This string value will store the range found for each structure in the
regular expression. This means that for every value added to the string value will
represent one of the regular expression structure.

Each time the analysis of the word is finish the minimum and maximum range value
for that particularly regular expression needs to be updated, see Listing5.8] Since
a HashTable will override the value when a new input value is given with the same
key. The HashTable will only be as big as the List with regular expression are.

If HashTable’s own get() method is called with a given key and there is no value
stored it will return "null", see listing This property is used to check if it is
the first time this key is used and if that is the case the string is added as the value
with this key. Otherwise it is necessary to check by using the technique in Listingb.§]
to see if the new range should be used to update the minimum value or maximum
value for that pattern.

Listing 5.7: The logic of updating the range extracted from FindPatternlnforma-
tion.java

if(regexpRange.get(index) == null){
regexpRange.put(index, newRegexpRange);

}else{

String newValue = "";

String[] tempRegexp =
regexpRange.get(index).split(separator);

String[] tempNewRegexpRange =
newRegexpRange.split(separator);

if (tempRegexp.length != tempNewRegexpRange.length){
System.out.println("error”);

}

for(int i = @; i< tempNewRegexpRange.length; i++){
String value = updateMinMaxValues.getNewValue(
tempRegexp[i].split(","),
tempNewRegexpRangel[il]);
newValue += value + separator;

3

regexpRange.put(index, newValue);

40




98

12

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

CHAPTER 5. IMPLEMENTATION

To be able to update the stored value in the HashTable with the new value, it
is necessary to split them. The split done with regards to the separator variable
with the "-" symbol, see listing5.7. Both the new value and the HashTable value
is created by using the same separator symbol "-". The split method returns a
array that is used to figure out if the new value is a minimum or maximum, or
just somewhere in between. The "," symbol is used to represent the range for each
regular expression structure in the HashTable. The method in Listing is used to
achieve this. e.g. 2,4-5,6. The first character type has the range from 2 to 4 and
the other has a range from 5 to 6. The newRegexpRange variable contains range
values for each regular expression structures that denotes to a new input value.
The HashTable representing the range for a pattern has two value for each regular
expression structures. This means that after we have called the split function on
the value from the HashTable we need to split once more on the "," to be able to
calculate if we need to update the old values stored in the HashTable. see Listing
5.8 and Listing5.7]

Listing 5.8: Finding the minimum or maximum extracted from UpdateMinMaxVal-
ues.java

public String getNewValue(String[] symbol, String
spesific){
long low;
long high;
long tempNew = Long.parseLong(spesific);
long tempLow -1;
long tempHigh = -1;
String res = "";
String rangelnRegexp = ",";
if(symbol.length == 1){
low= Long.parseLong(symbol[0@]);
if(low < tempNew){
tempHigh = tempNew;
tempLow = low;
res = tempLow + rangelnRegexp + tempHigh;
Yelse if(low > tempNew)({
tempHigh = low;

tempLow = tempNew;
res = tempLow + rangelInRegexp + tempHigh;
}else{
res = Long.toString(low);
}
Jelse{

low = Long.parselLong(symbol[0]);
high = Long.parseLong(symbol[1]);
if(low > tempNew){
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tempLow = tempNew;
}else{
tempLow = low;

3

if(high < tempNew)({
tempHigh = tempNew;

}else{
tempHigh = high;
}
res = tempLow + rangelnRegexp + tempHigh;

return res;

When every value in the data set are analysed it is time to create new regular expres-
sion based on the range found for each of the general pattern. The create NewRegexp
method needs the list of the general regular expression as an input, see Listing [5.9]
Since every structure in the regular expression is written with a "++" at the end,
this value is used to split the general regular expression into the structures. For
each structure the corresponding range is added to it with the "+++" symbol at the
end. Since syntax for range in regular expression in java is "," this was used when
we created the range, see Listing [5.8] This means that we don not need to do extra
work to get the correct syntax.

Listing 5.9: Updating the regular expression with the range added to it extracted
from FindPatternInformation.java

for(int j = 0; j<tempRange.length; j++){
regexp += tempGenerall[jl;
regexp += "{" + tempRangel[j]l + "3}+" ;
}
regexp += tempGeneral[tempGeneral.length - 1];
newRegexp.add(regexp);

regexp = ;

3

return newRegexp;

5.2.3 Extracting Text Information

This algorithm was design to extract information that could be used when classi-
fying input values. In this thesis this algorithm is not used, but is implemented
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regarding further work. This method can be used after the general expressions are
discovered. The input needed are a string value and index representing the pattern.
See [section 7.3] for more information about how this extracted information could be
used.

The logic in this algorithm is based on the algorithm used in the previous steps.
There have been some changes to be able to get the desire results. It is important
that we do some more checking on the input value. Instead of just checking if the
next character is of another type than the current, it also checks if the next one are
of the same type as the current one. As long as the current one and the next are of
the same type a counter (ref: valueStop) is incremented by one for each time this is
true. When this check is false it means that the current one and the next one is of
different types. Two variable called valueStop and valueStart are used to collect the
substring of the input value. Every time a new character type is found the valueStart
and valueStop gets updated with the a new start position. The value of the substring
is added to the variable called inputValue with the same separator used in step two,
"-" There will be same number of structure in the regular expression as there will
be "-" in the string representing the values collected. The reason for this is that the
check for if the next character is not of the same type as the current one, refers to
the change in structure in the regular expression.

The same technique used in step two is used to extract digit information once more
in this algorithm, see Listing [5.8] Except that there is a new method is called
checkTextValues(), see Listing [5.10] The reason for this is that letter values are
skipped, so that the same method can be used without any changes. Each letter
values is compared against the previous discovred letter value. Only unique letter
values is stored. Information about the special character is not stored, since this is
not considered important in this case.

Listing 5.10: checkTextValues logic extracted from ExtractInformation.java

private String checkTextValues(String[] text, String
value){
String res = "";
int count = 0;

if(Character.isDigit(text[@].charAt(0))){
res = updateMinMaxValues.getNewValue(text, value);
}else{
for(int i = 0@; 1 < text.length; i++){
if(ltext[i].equals(value)){
count ++;
}
res += text[i] + ",";

}
if (count == text.length){

n n

res += value + " ";

b
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}

return res;

5.3 Detection and Correction

This algorithm starts by normalizing every unique value. This is done by iterate
through the unique word list and append the normalize value to a new list. After
the unique values are normalized there can be some duplicated values stored in the
new list. A hashtable structure is used to update the distribution regarding the new
normalized values. This hashtable is used when two values has the same levenshtein
distance for a suspected value. The value with the highest distributions is used.

The processes of finding the closes match between a suspected values and a correct
values consist of several steps. These steps are done for each suspected value. The
first step is to start with the first value stored in the normalized values list. The
levenshtein distance is computed between this value and the suspected value. Only
if the distance is lower than the previous lowest distance and if it has a higher distri-
bution seen so far, the index for this value is stored. To make sure that the closest
value is not a value from another suspected regular expression. Every suspected
regular expression is compared against the closest value.

After the correct value with the highest degree of similarity is found. The next step
is to see if the distance is greater than the length of the suspected value divided by
two. This is done to make sure that the relation between the distance and the length
of the word are big enough. Based on the smallest length of the correct value and the
suspected value it compares each character. If the mismatch is a special character
this is corrected. Whenever a correction is done it start the loop over again. Each
time it updates if possible the suspected value. For every correction that is done a
variable called numberOfCorrection is incremented. If numberOfCorrection got the
same value as the distance it means that the algorithm correct every missmatch and
the new value is stored.

It is important that the wordCounter and unique Words get updated. The word-
Counter contains the distribution for the original list of unique words. If the sus-
pected regular expression only has one value and this one get corrected. This regular
expression is deleted and the regular expression that matches the corrected value
increments the distribution value. If the suspected regular expression has mulitple
values where some get corrected it will only decrement the distribution value.
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The first step is to find the majority regular expression. This is done by looping over
the list containing the regular expression counters. This list shows the distribution
for each regular expression. When a new regular expression has higher counter
values than the previous highest counter value seen, a variable called majority is
updated with the index for this new regular expression. When the for loop is done
the index for the regular expression with the highest representation is found.

Now the regular expression with the index value of majority is extracted from the
list containing the regular expression with the range. This regular expression is
strip down to only the regular expression structures. It is necessary to remove the
leading (") and trailing symbol ($). Since when a split is done regarding to this
regular expression structure "++" the first structure and the last structure from
the split will contained one of these symbols. Every structures still contains the
range. The reason for the regular expressions containing the range are used, is that
these contains the most updated information. The range is not needed and will
conflict when trying to match with the regular expression structure symbol for a
digit. Therefore another split is done to get the desire result, see Listing.1]]

Listing 5.11: How to split regular expression logic extracted from
Sequential[DRecognition.java

private void stripRegexpStructure(){

regExpWithRange.replaceltem(
regExpWithRange.getlItem(majority).substring( 1,
regExpWithRange.getItem(majority).length()-1),
majority);

regexpStructureWithRange =
regExpWithRange.getItem(majority).split("\\++");

regexpStructureWithoutRange = new
String[regexpStructureWithRange.length];

indexDigitRegexp = new ArraylList<>();

for(int k = 0; k < regexpStructureWithRange.length;
k++){
String[] value
regexpStructureWithRangel[k].split("[{\\d}1");
regexpStructureWithoutRangel[k] = valuel[0];

The desire result is a array with only the general regular expression structures stored.
This array is loop over and analysed to see if the digit structure is found. For each
digit structure discovered the position are stored. The next step is to figure out
which position is the most likely ID field. The list containing the position for each
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digit structure is iterated through. For each position the value are stored in a
HashSet. This means that only unique values are stored. Each HashSet is stored in
a array. This is makes it possible to add the correct value for the correct position.
When every word that match the majority regular expression are analyses. The
position that has the biggest HashSet is stored. All the unique values are stored in
sorted ArralList<Long>. This is done so it is possible to tell if the values extracted
are in a sequence with each other. To begin with the sequence distance is one. And
for each time this is true, it increments by one. This is because the first value is
used to compare with as long as the sequence is correct. When the sequence is of
of by one, the next value where the break happened is used. The same process
is performed once again with the new value. Whenever the sequence is correct a
counter is incremented. When the iteration of the ArrayList is done, the counter
is compared against the size of the ArrayList. This score is used to conclude if
the input value can be an ID type or not. Other measurement that is taken into
consideration are. The number of values that match the majority pattern, number
of unique values regarding the pattern, number of sequence compared with the size
of the ArrayList, and number of duplicated values regarding the pattern. If the
last measurement is low it does not consider it. This is because if there are few
duplicated value it is a good indication. Therefor by not using this low value the
result is more correct. And when this measurement is high is does not consider the
number of unique value compared regarding the pattern. This is since some of these
measurement is contradictory with each other. The threshold for classifying a input
value as an ID, needs to be tuned regarding the desire performance.

5.5 Decision Tree

5.5.1 Construction of Decision Tree

The Weka library uses entropy gain to calculate what attribute values to split on.
The attribute with the lowest degree of impurity is chosen. To measure the impurity
for a attribute information gain is computed:

Gain = Entropy(p) — Z N](\;]Z) Entropy(v;) (5.1)
i=1

Where m is the number of attributes, N is the number of elements for the parent
node. N(v;) is the number of element regarding the child node v;. The entropy for
two classes(C=0, C=1):

Entropy(t) = — P(C = 0|t)log, P(C = 0[t) — P(C = 1|t)log, P(C = 1|t) (5.2)

To compute the information gain for each split. The entropy before and after a
split is calculated. The process starts at the top of the tree and recursively works it
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way down to the leaf node. It can stop earlier depending on how the decision tree
algorithm is designed. In each step the attribute with the highest information gain
is chosen, e.g.

Figure 5.1: Decision tree structure relevant for this thesis. The leaf nodes represent
different code types.

5.5.2 Attribute Relation File Format

The training set value used in the decision tree algorithm is create from a text file
with all the different code types and values stored. In this file each code label begins
with "= =" followed by the name of the code, and each line below are a code value.
This symbol is used to differentiate between a class label and a input value. The
first time this code runs it will detect the "= =" symbol and attach this label to
each line of code until a new "= =" is detected. This algorithm read line by line
from file, see Listing [5.12]

Listing 5.12: Short example of the training set file used in this thesis.

=_=Cofely Fabricom Work Order Number
370003
370004

=_=ENGIE Norway SAP WBS Code
0.1GJOA.D.IV.521013
0.VEGAR.D.IV.521016

=_=ENGIE Norway COMOS PO Number
P0158760
P0161336

The WEKA library that provides the decision tree algorithm need to have the data
in a specific format. This format is called Attribute-Relation File Format (ARFF).
In this format the Header contains the attributes and their types. The data is placed

after @Qdata, each line below this represents a code value with its class label at the
end of the line, see Listing [5.13]
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A small program converts the training set file into ARFF file.The setup of the
training set file is displayed in Listing The pattern found for each code is
found by using the same regular expression technique used mention earlier in this
thesis. Since this file contains most likely duplicated values it need to keep track
on the pattern and the associated word length found so that it will only add new
pattern or a pattern that is the same with different word length.

Listing 5.13: Short ARFF example

@relation code

@attribute wordLength {zero,one, two,three, four,five,six}
@attribute regexpStruct {zero,one,two,three}

@attribute onlylLetters {TRUE,FALSE}

@attribute onlyDigit {TRUE,FALSE}

@attribute lettersAndDigit {TRUE,FALSE}

@attribute class {’Cofely Fabricom Work Order Number’}

@data
six,one,FALSE , TRUE, FALSE, ’Cofely Fabricom Work Order Number’
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6. Testing, Result and Analysis

In this chapter the performance of the trie structure, pattern discovery algorithm,
and decision tree algorithm are analysed. The specification of the computer and
software used are: MachBook Air, OS X El Capitan, 1,7 GHz Intel Core 15, 4 GB
1333 MHz DDRS3 and Eclipse IDE Mars 4.5.1.

6.1 Trie

6.1.1 Testing

The interest for this test was to compare the trie structure with LinkedHashSet.
This was because LinkedHashSet was an alternative technique for storing unique
values. Since the memory of the computer, and the user can effect the test results.
Each file was tested several times by using a loop. The average performance was

calculated and is displayed in the Table [6.1}

6.1.2 Results

N P Trie structure LinkedHashSet

2948 2912 13.326 ms 2.186 ms
118 17 1.095 ms 0.159 ms
12919 7920 31.122 ms 3.420 ms
198 118 1.078 ms 0.060 ms
3661 886 11.434 ms 0.609 ms

Table 6.1: Where N is number of elements and P is number of unique elements
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6.1.3 Analysis

The performance of the Trie is displayed in Table [6.1] The performance was good.
In theory the trie structure performs really good O(n), where n is the length of the
word. The part that can slow it down is how the trie was implemented. In this thesis
the trie was implemented by using hashMap. Where the key was the character value
and the value was a TrieNode. This mean that for each character that was inserted
each hashMap in the path needed to compare the hash values. Meanwhile with the
use of LinkedHastSet only one check was needed for each word.

It is clear from the result that Linked HastSet has the best performance. The relation
between the trie structure and LinkedHastSet is divided by a divisor of 10.

6.2 Regular Expression

6.2.1 Testing

The analysis the performance for each regular expression quantifiers were done by
using several different files. Each file contained values that had different types of
patterns. Some files had only a few patterns, while other had many patterns. The
time it took for each file to create all the regular expressions were tested several
times. The testing was done by using a loop and storing the time it took to analyse
the same list of unique words each time. This test was repeated 40 times. This was
done to remove the possibility for that a human could effect the result. When the
loop was done the average was calculated and the result is presented in Table

6.2.2 Result - Regular Expression Quantifiers

N P Greedy Reluctant Possessive

1010 50 47 ms 46 ms 30 ms
3661 26 15 ms 16 ms 10 ms
12919 62 74 ms 73 ms 59 ms

Table 6.2: Where N is number of lines and P is number of patterns

6.2.3 Analysis

The result displayed in Table shows that possessive quantifier was the best quan-
tifier to use in this thesis. The Greedy and the Reluctant quantifier had nearly the
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same performance. The reason for that possessive quantifier had the best perfor-
mance is that it does not allow backtracking.

6.3 Decision Tree

6.3.1 Testing

Several of the decision tree algorithms mention in this thesis were tested. The test
was done to see what technique that had the best performance and to figure what
technique that was the best to use in this thesis. Even if a model had the best cross-
validation evaluation, it did not mean that this model was the best performing model
to use to classify the input values. Every model was test to see how it performed on
some local test samples. There were 25 different code files used to test the model
against.

6.3.2 Result

Measurement Score
Correctly classified instances  81.717 %

Incorrectly classified instances 18.283%

Kappa statistic 0.804

Mean absolute error 0.014

Root mean squared error 0.084
Relative absolute error 17.369 %

Root relatice squared error  44.368 %

Table 6.3: Duplication, subsampling and cross-validation.

In Table the technique used was to duplicate every instance in the training set.
The second step was to use sub-sampling to minimize the relation between each
class label type. The final step was to use cross-validation to build the decision tree
model.
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Measurement

Score

Correctly classified instances

89.232 %

Incorrectly classified instances

10.768%

Kappa statistic

0.884

Mean absolute error

0.0086

Root mean squared error

0.066

Relative absolute error

11.120 %

Root relatice squared error

33.427 %

Table 6.4: Duplication, subsampling, duplication and cross-validation.

In Table [6.4] the technique used was to duplicate every instance in the training set.
The second step was to use sub-sampling to minimize the relation between each
class label type. The third step was to increase the training set by duplicate the
sub-sampling set. The final step was to use cross-validation to build the decision

tree model.

Measurement

Score

Correctly classified instances

81.919 %

Incorrectly classified instances

18.080%

Kappa statistic

0.806

Mean absolute error

0.014

Root mean squared error

0.092

Relative absolute error

18.234 %

Root relatice squared error

46.714 %

Table 6.5: Duplication and subsampling.

In Table the technique used was to duplicate the instances and then use sub-
sampling. The sub-sample set was used to build the decision tree model.
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Measurement Score
Correctly classified instances  93.655 %

Incorrectly classified instances — 6.345%

Kappa statistic 0.9103
Mean absolute error 0.005
Root mean squared error 0.051

Relative absolute error 8.245 %

Root relatice squared error  29.726 %

Table 6.6: Duplication and cross-validation.

In table [6.6] the technique used was to duplicate every instance to increase the
training set. After this a cross-validation was performed.

6.3.3 Analysis

The main parameters that were used during the decision of what technique to use
were Correctly classified instances and the score from a manual test. Other measure-
ments included kappa statistic provided valuable information. The Kappa statistic
compares the observed accuracy against expected accuracy. The measures for the
predictions of the agreement is from 0-1. Where 1 represented perfect agreement.
This statistic takes into account that sometimes observations can agree or disagree
by chance[33][34]. Every technique provided good kappa statistic. The technique
described in Table had the best kappa statistic result.

The problem regarding the technique used in Table [6.3] was that the training set
became to small. This meant that the model misclassified more than the other
models build, when it was tested on the data manually. The idea by using the
technique used in Table was to increase the training set first. Then make the
training set less imbalanced. The goal was to make a model that was more accurate
and better to classify. Different number of duplications were used tested. Up to
some point it increased the performance. The same duplication technique was used
in Table|6.5] The duplication increased the number of instance both for the majority
class instances and the minority class instances. This was not a problem since
when the sub-sampling technique was used the relation between the majority and
the minority were at maximum 10:1. The model build from this sub-sample had
good performance. This model was tested manually and had the best classification
performance with a success rate of 80%. The technique used in Table builds the
model that had the best cross-validation evaluation. This model had the second best
classification performance when it was tested manually, with a success rate of 72%.
The problem was that the model was trained on a training set that was imbalanced.
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The decision tree was not pruned after it was created. Since a unpruned model had
the best cross-validation evaluation.

The classification technique that gave the overall best performance was the technique
used in Table[6.5] This technique provided a satisfying Correctly classified instances
score, along with the best manual classification score. When a misclassification
appeared, the correct class label was given as one of the other possible result. But
since the representation was lower it was not used. By using the decision tree as
a step to limit the number of possible class label, the process of classifying a file
becomes easier. This is since the decision reduced the number of value drastically.
The time it took to classify each word was good since the decision tree was shallow.

6.4 Describe the Data that you use for Testing

The data used to test the algorithm in this thesis was structured data belonging to
real world companies. This was information that are confidential. The data used
to build the decision tree was collect from these files. These files contained different
information including names, deadlines, companies, job positions, codes, ID, charts
and so on. The algorithm presented in this thesis was only concerned to code and
ID column, therefore column that contained other information was not of interest.
Each column of interest was extracted out and saved in a text file.

6.5 Pattern Discovery

When a unknown file was presented the information about, what type of code it
was, the consistency, patterns and if it was an ID, is not known. Figure [6.1] shows
files that went from a large number of code values to a small set of patterns. Each
line in represent a file. The first iteration represent the number of input values.
The second iteration represents the number of unique values extracted from the
trie. The third iteration represent if some code value had been corrected. The
fourth iteration represent the general regular expression discovered from the input
file. The last iteration was the number of specific regular expression that were made.
This was the final conclusion about what pattern that were discovered. The purpose
of this chart was to show that each file used in this test can be describe with a low
number of patterns. The maximum number of pattern display in the chart was 5.
The pattern discovered described the patterns in a file in a compact and informative
way.
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Figure 6.1: Chart displaying the result of the analysed files. Regarding iteration 0-2;

Number of elements is number of rows in a structured data. Regarding iteration
3-4; Number of elements is number of patterns.
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7. Discussion

The opportunity to discover pattern in textual document that are not known for the
user, will increase the quality of information retrieved from the textual documents.
In this scenario it can tell how consistent the content is in a structured text document
and the distribution of patterns just to mention some benefits.

As the flowchart infsection 3.T]indicates the decision tree is build based on the general
regular expressions and not the specific regular expressions. There are several reason
for this. The first reason is that the detection and correction is performed before the
general regular expressions are used. This means that they are up to date. To build
the decision tree there is no need for the range. If the specific regular expressions
had been used, more preprocessing would be needed before the model could be build.

The result from the test done in [subsection 6.1.1] is interesting. If the objective is
extract just unique word LinkedhashSet is more suited for that. In this thesis the
possibility to expand the information stored in trie is a important property. Even
if this structure is slower than LinkedhashSet it is a more convenient data structure
to use to solve the problem presented in this thesis.

7.1 Originality

Trie structure is a familiar technique applied when a pattern search is performed.
The main difference is that these patterns a known. The technique proposed in this
thesis creates these patterns continuously. It is common to use regular expression
to represent a pattern. Since regular expression provides fast and powerful search
performance. The algorithm that concludes if a value is an ID type is not based
on a familiar technique but several analysis that look for a desire properties. The
algorithm that detects typographical errors and corrects them is inspired by lev-
enshtein distance. It uses the distribution of the regular expression and the result
from the trie to do the analysis. The two algorithm is design to provided the desire
behaviour.

When classifying input values it is common to use the character to build a decision
tree model. In this thesis the decision tree model is build based on the structure
of the patterns discovered. Instead of concluding with the result provided by the
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decision tree. Further analysis as mention in the [section 7.3 should be done to
increase the overall accuracy of merging structured data.

7.2 Limitations

The regular expression does not distinguish between lower case or upper case, since
the requirement is to show the pattern. And by the definition made in this thesis
upper-case and lower-case representation for the same letter is considered to be the
same "pattern". If there would be a typographical error with lower-case letter when
all the other instances is written with upper-case. This error means that a new
regular expression would be created.

It can be considered a limitation that all the different special character in this thesis
is displayed with the same general regular expression structure.

The decision tree performance good regarding the limitation it has. The limitations
concerned is that it is based on the regular expression structure and pattern infor-
mation and not word and range of the number. Multiple code got so similar pattern
that they can not be distinguished between. This can be analyse further by using
the information stored in the leaf node in the decision tree. The leaf node got infor-
mation about the distribution for each class label. This means that the result from
the decision tree can be used with analysis of the word and range of the number to
find out what type of code it really is. Or if this technique is used together with the
whole excel sheet it is possible to use the contextual information from the columns.

Sometimes a row value consist of the same code-pattern multiple times after each
other. This can be hard to detect. But by using the the other regular expression
found it could be possible to try get a match. The idea is that if there is a match
somewhere in the subtext this can be a sign that there are multiple code value in
one line. Even if there is a match this match can be wrong. Since if the pattern is
quite general it will more easily be a match lines where it only is one code written.
By using the length of the words associated with their pattern it can tell if a new
row value could match a previous value. The technique would be to see if it is
a multiplication of the length by a factor x. If this was detected correctly each
duplicate code value should become a new row value. Looking at the whole excel
sheet each column would then need to insert at the correct row index a new value
based on the correction done for one column.

7.3 Further Work

The more analysis and correction of typographical error that is done, the less noise
will be presented as a solution. Since if there missing a letter, this will most likely
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create not match the other patterns. Therefor by create a algorithm that could
detect missing letter and then analyse to see what letter it most likely should be
inserted. Another function that would be increase functionality of the algorithm is
when there is a missing value in the input file. Instead of skipping that line, be able
to fill that row with the most correct value possible. If it is an ID type the highest
ID value found plus one is the new value inserted into the missing row. If it is not
a ID the value most represented could be inserted, or based on the neighbors values
a new value can be added into the missing position.

The result from the decision tree could be used to make a better classification
statement. If the leaf node contains multiple possible class label it should be analysed
further to see what value that is the most correct. This can be done by looking on
the context of the structured data, or by looking at the range and characters. This
is a more specific analyses that can use the algorithm presented in [subsection 5.2.3|
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8. Conclusion

The approach presented in this thesis discovers and extracts patterns without any
pre-knowledge needed. By combining pre-knowledge more specific information can
be extracted. This information is gained by using a decision tree algorithm. The
use of trie structure to extract unique words provides the possibility to collect much
more information that other data structure. The regular expression design discover
patterns with high achievement. and the regular expression algorithm collects impor-
tant information about the repetition for each pattern. This information increases
the understanding about what the distribution is for each pattern. Typographical
errors are investigated and correct if the criteria is met. Further analysis is per-
formed to see if the input value can be an ID type. This analysis combined with
the patterns and the decision tree increases the information retrieved from a file.
Based on these techniques the pattern and information about what value the file
contains can be made. The algorithm presented in this thesis discovers, corrects
typographical errors, and extracts patterns in a effective and compact approach.
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A. Source Code

The source code (src.7z) is embedded.
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src/avito_trie/AnalyseGeneralPatterns.java/**
 * 
 */
package avito_trie;

import java.awt.List;
import java.util.ArrayList;
import java.util.regex.Matcher;
import java.util.regex.Pattern;

import utils.FindPatternInformation;

/**
 * @author {Morten Wærsland}
 *
 */
public class AnalyseGeneralPatterns {
    private List regexpWithRange;
    private List expressionList = new List();
    private ArrayList<Pattern> patterns = new ArrayList<>();
    private ArrayList<Pattern> patternWithRange;

    private ArrayList<String> list = new ArrayList<>();
    private FindPatternInformation findPatternInformation;

    
    public void insertList(ArrayList<String> list, List expressionList, ArrayList<Pattern> patterns){
        findPatternInformation = new FindPatternInformation();
        this.patterns = patterns;
        this.list = list;
        this.expressionList = expressionList;
        regexpWithRange = new List();
        patternWithRange = new ArrayList<>();

        analyseGeneralPattern();
    }
    
    public void analyseGeneralPattern(){
        for (int i = 0; i<list.size(); i++){
            findRange(list.get(i));
        }
        regexpWithRange = findPatternInformation.createNewRegexp(expressionList);
        for(int i = 0; i<regexpWithRange.getItemCount(); i++){
            Pattern p = Pattern.compile(regexpWithRange.getItem(i));
            patternWithRange.add(p);
        }
    }
    
    private void findRange(String row){
         for(int i = 0 ; i < patterns.size(); i++){
             Matcher matcher = patterns.get(i).matcher(row);
            if(matcher.matches()){
                findPatternInformation.Range(row, i);
            } 
         }       
    }
    public ArrayList<Pattern> getPatternObjectList(){
        return patternWithRange;
    }
    
    public List getRegexpWithRange(){
        return regexpWithRange;
    }
}
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src/avito_trie/AnalysePatterns.java/**
 * 
 */
package avito_trie;

import java.awt.List;
import java.util.ArrayList;
import java.util.Collections;
import java.util.Hashtable;
import java.util.regex.Matcher;
import java.util.regex.Pattern;
import org.apache.commons.lang3.*;
import org.apache.lucene.search.spell.*;
/**
 * @author {Morten Wærsland}
 *
 */
public class AnalysePatterns {
    
    private List regexp = new List();
    private ArrayList<String> uniqueWords = new ArrayList<>();

    private int totalNumberOfElement;
    private ArrayList<Integer> regexpDistritbution = new ArrayList<>();
    private ArrayList<Integer> suspectedRegExp;
    private List normalizedUniqueWords;
    private ArrayList<Pattern> pattern = new ArrayList<>();
    private int correctWordIndex;
    private Hashtable<String, Integer> distributionOfNormalizedWord;
    private int shortesList;
    private ArrayList<Integer> regexpToDelete;
    private ArrayList<Integer> wordCounter = new ArrayList<>();
    private Hashtable<Integer, Integer> regexpToKeep;
    private Hashtable<Integer, Integer> RegexpToRegulate;
    
    private String correctWordNormalized;
    private String wrongWordNormalized;
    private String wrongWord;
    private int numberOfCorrection;
    private boolean changeMade;
    
    
    
    public void Analyse(List regexp, ArrayList<String> word, ArrayList<Integer> distribution, ArrayList<Pattern> pattern, ArrayList<Integer> wordCounter){
        totalNumberOfElement = 0;
        suspectedRegExp = new ArrayList<>();
        normalizedUniqueWords = new List();
        distributionOfNormalizedWord = new Hashtable<>();
        regexpToDelete = new ArrayList<>();
        regexpToKeep = new Hashtable<>();
        RegexpToRegulate = new Hashtable<>();
        
        this.regexp = regexp;
        uniqueWords = word;
        regexpDistritbution = distribution;
        this.pattern = pattern;
        this.wordCounter = wordCounter;
        
        for(int i = 0; i < regexpDistritbution.size(); i++){
            totalNumberOfElement += regexpDistritbution.get(i);
        }
        normalizeDigit();
        findMajority();
        findSuspectedRegExp();
        analyseValueBasedOnSuspectedRegexp();
        
        removeOldValuesFromIntegerList(wordCounter);
        removeOldValuesFromStringList(uniqueWords);

        updateRegexpAndDistribution();
    }
    
    
    private void updateWordCounterAndUniqueWords(String newWord, int wrongWordIndex){
        for(int i = 0; i < uniqueWords.size(); i++){
            if(wrongWordIndex != i && uniqueWords.get(i).equals(newWord)){
                int deletedValue = wordCounter.get(wrongWordIndex);
                int newValue = wordCounter.get(i) + deletedValue;
                wordCounter.set(wrongWordIndex, 0);
                wordCounter.set(i, newValue);
                uniqueWords.set(wrongWordIndex, "");
            }
        }
    }
    
    
    private void findSuspectedRegExp(){
        for(int i = 0; i< regexpDistritbution.size(); i++){
            double value = (double)regexpDistritbution.get(i) / totalNumberOfElement;
            if(value< 0.1){
                suspectedRegExp.add(i);
            }
        }
    }
    
    
    private void analyseValueBasedOnSuspectedRegexp(){      
        for(int i = 0; i < suspectedRegExp.size(); i++){
            int index = suspectedRegExp.get(i);
            
            for( int j = 0; j < uniqueWords.size(); j++){
                Matcher matcher = pattern.get(index).matcher(uniqueWords.get(j));
                if(matcher.matches()){
                    int distance = findLevenshteinDistance(j);
                    if(distance > 0){
                        detectAndCorrectValue(j, distance, index, wordCounter.get(j));
                    }
                }
            }
        }
    }
    
    
    private void updateRegexpAndDistribution(){
        int numberOfDeletions = 0;
        //The same index can appear several time, therefore it is necessary to remove duplicate
        //since it is enough to have one representation of the index.
        for( int i = 0; i<regexpToDelete.size(); i++){
            int index = regexpToDelete.get(i) - numberOfDeletions;
            int key = regexpToDelete.get(i);
            
            if(regexpToKeep.containsKey(key)){
                regexpDistritbution.set(index, regexpToKeep.get(key));
                int regexpIndex = RegexpToRegulate.get(key);
                int wrongValue = regexpDistritbution.get(regexpIndex);
                int newValue = wrongValue - regexpToKeep.get(key);
                regexpDistritbution.set(regexpIndex, newValue);
                
            }else{
                pattern.remove(index);
                regexp.remove(index);
                regexpDistritbution.remove(index);
                numberOfDeletions ++;
            }
        }
    }
    
    
    private int findShortestList(String wrongWordNormalized, String correctWordNormalized){
        if(wrongWordNormalized.length() >  correctWordNormalized.length()) {
            return correctWordNormalized.length();
        }else{
            return wrongWordNormalized.length();
        }
    }
    
    
    private void detectAndCorrectValue(int wrongValueIndex, int distance, int counterIndex, int wordCount){
        correctWordNormalized = normalizedUniqueWords.getItem(correctWordIndex);
        wrongWordNormalized = normalizedUniqueWords.getItem(wrongValueIndex);
        wrongWord = uniqueWords.get(wrongValueIndex);
        numberOfCorrection = 0;
        shortesList = 0;
        //this check is to prevent small word that have distance of 3-4 to be analyzed. Since they are most likely correct.
        if (distance < wrongWordNormalized.length()/2){
            shortesList = findShortestList(wrongWordNormalized, correctWordNormalized);
            
            for(int i = 0; i <shortesList; i ++){
                if(correctWordNormalized.length() > wrongWordNormalized.length()){
                        analyzingSmallerValue(i, distance);                 
                        
                }else if (correctWordNormalized.length() < wrongWordNormalized.length()){
                    analyzingBiggerValue(i, distance);
                
                }else if(correctWordNormalized.length() == wrongWordNormalized.length()){ //&& numberOfCorrection == distance -1
                        analyzingEqualValue(i, distance);
                }   
                                
                if(numberOfCorrection == distance){
                    uniqueWords.set(wrongValueIndex, wrongWord);
                    updateWordCounterAndUniqueWords(wrongWord, wrongValueIndex);
                    
                    if(!regexpToDelete.contains(counterIndex)){
                        regexpToDelete.add(counterIndex);
                        int regexpIndex = matchPattern(correctWordNormalized);                          
                        if(regexpIndex >=0){
                            int oldValue = regexpDistritbution.get(regexpIndex);
                            int deleteValue = regexpDistritbution.get(counterIndex);
                            int newValue = oldValue + deleteValue;
                            regexpDistritbution.set(regexpIndex, newValue );
                            RegexpToRegulate.put(counterIndex, regexpIndex);
                        }
                    }
                    break;
                }
                if(changeMade){
                    i=0;
                    changeMade = false;
                }
            }
            
            if(numberOfCorrection < distance){
                System.out.println("no change stored");
                if(regexpToKeep.get(counterIndex) == null){
                    regexpToKeep.put(counterIndex, wordCount);
                }else{
                    int temp = regexpToKeep.get(counterIndex) + wordCount;
                    regexpToKeep.put(counterIndex, temp);
                }
            }
        }
    }
    
    
    private void analyzingSmallerValue(int i, int distance){
        Character correctCharacter =  correctWordNormalized.charAt(i);
        Character wrongCharacter = wrongWordNormalized.charAt(i);
        
        if(correctCharacter != wrongCharacter){
             if(!Character.isLetter(correctCharacter) && !Character.isDigit(correctCharacter)){
                 StringBuffer newValue = new StringBuffer(wrongWordNormalized).insert(i, correctCharacter);
                    wrongWordNormalized = newValue.toString();
                    //this is to change the real value to be the correct.
                    StringBuffer newRealValue = new StringBuffer(wrongWord).insert(i, correctCharacter);
                    wrongWord = newRealValue.toString();
                    changeMade = true;
                    numberOfCorrection ++;
                    shortesList = findShortestList(wrongWordNormalized, correctWordNormalized);
            }
        }
        /*
         * first check is to check the last character
         * second check is to see if it makes sense to fix the last one. If it more than one fix needed and the word has only one more character it means that
         * this word is not fix correctly and need to be the same value as in the beginning.
         * third check to to see if the distance between them is off by one. this mean that the wrong word can be missing a ')' or something like that. 
         */
        if (i == shortesList -1 && numberOfCorrection == distance - 1 && correctWordNormalized.length() == wrongWordNormalized.length() + 1){
            if(!Character.isLetter(correctWordNormalized.charAt(i+1)) && !Character.isDigit(correctWordNormalized.charAt(i+1))){

                StringBuffer newValue = new StringBuffer(wrongWordNormalized).append(correctWordNormalized.charAt(i+1));
                wrongWordNormalized = newValue.toString();
                StringBuffer newRealValue = new StringBuffer(wrongWord).append(correctWordNormalized.charAt(i+1));
                wrongWord = newRealValue.toString();
                numberOfCorrection ++;
            }                           
        }
    }
    
    
    private void analyzingBiggerValue(int i, int distance){
        Character correctCharacter =  correctWordNormalized.charAt(i);
        Character wrongCharacter = wrongWordNormalized.charAt(i);
    
        if(wrongCharacter != correctCharacter){
            /*
             * wrongWordNormalized.charAt(i+1) == CorrectCharacter is to prevent wrong detection to start to change word that is not  to be changed.
             * If it detect a special character at an index and the correct one don't have a special character it will remove this. But it should not do this if
             * the word itself is very similar but different.   This limit the correction to one character.  
             */
            if(!Character.isLetter(wrongCharacter) && !Character.isDigit(wrongCharacter) && wrongWordNormalized.charAt(i+1) == correctCharacter){
                StringBuffer newValue = new StringBuffer(wrongWordNormalized).deleteCharAt(i);
                wrongWordNormalized  = newValue.toString(); 
                //this is to change the real value to be the correct.
                StringBuffer newRealValue =new StringBuffer(wrongWord).deleteCharAt(i);
                wrongWord = newRealValue.toString();
                
                changeMade = true;
                numberOfCorrection ++;
                shortesList = findShortestList(wrongWordNormalized, correctWordNormalized);
            }
        }
    
        if (i == shortesList -1 && numberOfCorrection == distance - 1 && correctWordNormalized.length()+1 == wrongWordNormalized.length()){
            if(!Character.isLetter(wrongWordNormalized.charAt(i+1)) && !Character.isDigit(wrongWordNormalized.charAt(i+1))){
                StringBuffer newValue = new StringBuffer(wrongWordNormalized).deleteCharAt(i+1);
                wrongWordNormalized = newValue.toString();
                StringBuffer newRealValue = new StringBuffer(wrongWord).deleteCharAt(i+1);
                wrongWord = newRealValue.toString();
                numberOfCorrection ++;
            }                           
        }
    }
    
    
    private void analyzingEqualValue(int i, int distance){
        Character correctCharacter =  correctWordNormalized.charAt(i);
        Character wrongCharacter = wrongWordNormalized.charAt(i);
        
        if(correctCharacter != wrongCharacter){
            if(!Character.isLetter(correctCharacter) && !Character.isDigit(correctCharacter) &&
                    !Character.isLetter(wrongCharacter) && !Character.isDigit(wrongCharacter)){ 
                 StringBuffer newValue = new StringBuffer(wrongWordNormalized);
                 newValue.setCharAt(i, correctCharacter);
                 wrongWordNormalized = newValue.toString();
                 
                 //this is to change the real value to be the correct.
                 StringBuffer newRealValue = new StringBuffer(wrongWord);
                 newRealValue.setCharAt(i, correctCharacter);
                 wrongWord = newRealValue.toString();               
                 changeMade = true;
                 numberOfCorrection ++;
            }
        }
    }
    
    private void findMajority(){
        for (int i = 0; i < normalizedUniqueWords.getItemCount(); i++){
            String word = normalizedUniqueWords.getItem(i);
            int counter = wordCounter.get(i);
            if(distributionOfNormalizedWord.get(word) == null){
                distributionOfNormalizedWord.put(word, counter );
            }else{
                int value = distributionOfNormalizedWord.get(word);
                value += counter;
                distributionOfNormalizedWord.put(word, value);
            }
        }
    }
    
    
    /*
     * This method finds the matching regexp for the given string.
     */
    private int matchPattern(String s){
        for(int i = 0; i < pattern.size(); i++){
            if(pattern.get(i).matcher(s).matches()){
                return i;
            }
        }
        return -1;
    }
    
    
    private int findLevenshteinDistance(int wordIndex){
        correctWordIndex = -1;
        int threshold = 6;
        int tempResult = threshold;
        int previousMatch = 0;
        
        for(int i = 0; i< normalizedUniqueWords.getItemCount(); i++){
            int result = StringUtils.getLevenshteinDistance(normalizedUniqueWords.getItem(i), normalizedUniqueWords.getItem(wordIndex), 7);
            boolean suspected = false;
            if(result < threshold && result > 0){
                if(result <= tempResult){
                    if(result < tempResult){
                        previousMatch = 0;
                    }
                    
                    for(int k = 0; k < suspectedRegExp.size(); k++){
                        if(pattern.get(suspectedRegExp.get(k)).matcher(normalizedUniqueWords.getItem(i)).matches()){
                            suspected = true;
                            break;
                        }
                    }
                    if(!suspected){ 
                        if(distributionOfNormalizedWord.get(normalizedUniqueWords.getItem(i)) > previousMatch){
                            previousMatch = distributionOfNormalizedWord.get(normalizedUniqueWords.getItem(i));
                            tempResult = result;
                            correctWordIndex = i;
                            }
                        }
                    }
                }
            }
             
            if(correctWordIndex >= 0){
                return tempResult;
            }
        return -1;
    }
    
    
    private void normalizeDigit(){
        String temp ="";
        for( int i = 0; i < uniqueWords.size(); i++){
            for(int j = 0; j < uniqueWords.get(i).length(); j++){
                if(Character.isDigit(uniqueWords.get(i).charAt(j))){
                    temp += "0";
                }else{
                    temp += uniqueWords.get(i).charAt(j);
                }
            }
            normalizedUniqueWords.add(temp);
            temp ="";
        }
    }
    
    
    private void removeOldValuesFromStringList(ArrayList<String> list){
        ArrayList<String> newList = new ArrayList<>();
        for(int i = 0; i<list.size(); i++){
            if(!list.get(i).isEmpty()){
                newList.add(list.get(i));
            }
        }
        uniqueWords = newList;
    }
    
    
    private void removeOldValuesFromIntegerList(ArrayList<Integer> list){
        ArrayList<Integer> newList = new ArrayList<>();
        for(int i = 0; i<list.size(); i++){
            if(list.get(i) != 0){
                newList.add(list.get(i));
            }
        }
        wordCounter = newList;
    }
    
    
    public ArrayList<String> getCorrectedUniqueWords(){
        return uniqueWords;
    }
    
    
    public ArrayList<Pattern> getUpdatedRegexp(){
        return pattern;
    }
    
    
    public ArrayList<Integer> getUpdatedRegexpCounter(){
        return regexpDistritbution;
    }
    
    
    public List getExpressionList(){
        return regexp;
    }
    
    
    public ArrayList<Integer> getWordCounter(){
        return wordCounter;
    }
}
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src/utils/Charts.java/**
 * 
 */
package utils;

import java.awt.image.BufferedImage;
import java.io.BufferedReader;
import java.io.ByteArrayOutputStream;
import java.io.File;
import java.io.FileReader;
import java.util.ArrayList;

import javax.imageio.ImageIO;
import javax.swing.JFileChooser;

import com.itextpdf.text.pdf.PdfWriter;

import avito_trie.GuiTrie;
import javafx.application.*;
import javafx.embed.swing.SwingFXUtils;
import javafx.scene.Scene;
import javafx.scene.chart.*;
import javafx.scene.chart.XYChart.Data;
import javafx.scene.chart.XYChart.Series;
import javafx.scene.image.WritableImage;
import javafx.stage.Stage;

/**
 * @author {Morten Wærsland}
 *
 */
public class Charts extends Application {
        
        private static ArrayList<Integer> data = new ArrayList<>();
        private static Variables variable = new Variables();
        
        private static void readFile() throws Exception{
            //Need to create the data sample from GuiTrie.java
            try {
                
                FileReader filereader = new FileReader(variable.dir + "/chartData.csv");
                BufferedReader bufferedreader = new BufferedReader(filereader);
                String s;
                
                while((s = bufferedreader.readLine()) != null){
                    s = s.trim();
                    if(!s.isEmpty()){
                        String[] line = s.split(",");
                        for(int j = 0; j < line.length; j++){
                            data.add(Integer.parseInt(line[j]));
                        }
                    }
                }
                bufferedreader.close();
            
            }
            catch (Exception e) {
                System.out.println("Need to create the data sample file called chartData.csv. This is done by using the GuiTrie GUI.");
            }
        }
        
        /*
         * 0-original elements size
         * 1-element in trie
         * 2-after detecting misspelling (word)
         * 3-regexp before detecting misspelling
         * 4-regexp after detecting misspelling
         */
        
        @Override
        public void start(Stage primaryStage) throws Exception {

            final NumberAxis xAxis = new NumberAxis();
            final NumberAxis yAxis = new NumberAxis();
            xAxis.setLabel("number of iteration");
            yAxis.setLabel("Number of element");
            
            final LineChart<Number, Number> chart = new LineChart<Number, Number>(xAxis, yAxis);
            chart.setAnimated(false);
            chart.setTitle("");
            //Series<Number, Number> series = new XYChart.Series<>();
            Series<Number, Number> s = new XYChart.Series<>();
            int file = 0;
            
            for(int i = 0; i <data.size(); i++){
                int n = i%5;
                System.out.println(data.get(i) + " " + n );

                if( n == 0){
                    file ++;
                    s = new XYChart.Series<>();
                    s.setName(Integer.toString(file));
                }
                s.getData().add(new Data<Number, Number>(n, data.get(i)));
                if(n==4){
                    chart.getData().add(s);
                    System.out.println("");

                }
            }
            double k = Math.random()*3;
            String random = String.format("%.5g%n", k);
            chart.applyCss();
            chart.layout();
            Scene scene =new Scene(chart, 800,600);
            primaryStage.setScene(scene);
            primaryStage.show();    
            
        
            WritableImage snapShot = scene.snapshot(null);
            ImageIO.write(SwingFXUtils.fromFXImage(snapShot, null), "png", new File(variable.dir + "/chart" + random + ".png"));
        }
        
         public static void main(String[] args) {
             JFileChooser chooser = new JFileChooser();
                chooser.setCurrentDirectory(new java.io.File("."));
                chooser.setDialogTitle("Select directory to where chartData.csv is stored.");
                chooser.setFileSelectionMode(JFileChooser.DIRECTORIES_ONLY);
                chooser.setAcceptAllFileFilterUsed(false);
                
                if(chooser.showOpenDialog(null) == JFileChooser.APPROVE_OPTION){
                    System.out.println(chooser.getCurrentDirectory());
                    System.out.println(chooser.getSelectedFile());
                    variable.dir = chooser.getSelectedFile().toString();
                }
             
                try {
                    readFile();
                } catch (Exception e) {
                    // TODO Auto-generated catch block
                    e.printStackTrace();
                }
                launch(args);
            }
}
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src/machine_learning/ConvertToAttributeValue.java/**
 * 
 */
package machine_learning;


/**
 * @author {Morten Wærsland}
 *
 */
public class ConvertToAttributeValue {
    
    /*
     * This class convert integer into nominal value. This give better result than Integers.
     */
    public String convert(String word, int regexp, int letters, int digit, int special,int sigmaLetters, int sigmaLeadingLetters, String label){        
        return createArffString(word, regexp, letters, digit, special,sigmaLetters, sigmaLeadingLetters,label);
    }
    
    private String createArffString (String word, int regexp, int letters, int digit, int special, int sigmaLetters, int sigmaLeadingLetters, String label){
        String arffValue = "";
        int length = word.length();
        
        arffValue += toString(length) + ",";
        arffValue += toString(regexp)+",";
        arffValue += containsOnly(letters, digit) + ",";
        arffValue += containsOnly(digit, letters) + ",";
        arffValue += containsBoth(letters, digit) + ",";
        //arffValue += numberToString(letters) + ",";
        arffValue += toString(special) + ",";
        arffValue += toString(sigmaLetters) + ",";
        arffValue += toString(sigmaLeadingLetters) + ",";
        arffValue += label;
        
        return arffValue;
    }
        
    public String containsBoth(int x, int y){
        if(x > 0 && y > 0){
            return "TRUE";
        }else{
            return "FALSE";
        }
    }
    
    public String containsOnly(int thisValue, int notThis){
        if(thisValue > 0 && notThis == 0){
            return "TRUE";
        }else{
            return "FALSE";
        }
    }
    
    public String contains(int value){
        if(value == 0){
            return "FALSE";
        }else{
            return "TRUE";
        }   
    }
    
    public String toString (int value){
        if(value == 0){
            return "zero";
        }else if(value == 1){
            return "one";
        }else if(value == 2){
            return "two";
        }else if(value == 3){
            return "three";
        }else if(value == 4){
            return "four";
        }else if(value == 5){
            return "five";
        }else if(value == 6){
            return "six";
        }else if(value == 7){
            return "seven";
        }else if(value == 8){
            return "eight";
        }else if(value == 9){
            return "nine";
        }else if(value == 10){
            return "ten";
        }else if(value == 11){
            return "eleven";
        }else if(value == 12){
            return "twelve";
        }else if(value == 13){
            return "thirteen";
        }else if(value == 14){
            return "fourteen";
        }else if(value == 15){
            return "fifteen";
        }else if(value == 16){
            return "sixteen";
        }else if(value == 17){
            return "seventeen";
        }else if(value == 18){
            return "eighteen";
        }else if(value == 19){
            return "nineteen";
        }else{
            return "twenty+";
        }
    }
    
    public String wordLengthToGroup(int value){
        if(value <= 5){
            return "s";
        }else if(value >5 && value <= 10){
            return "m";
        }else if(value >10 && value <=15){
            return "l";
        }else {
            return "xl";
        }
    }
    
    public String regexpToGroup(int value){
        if(value <= 1){
            return "s";
        }else if(value >1 && value <=3){
            return "m";
        }else if(value >3 && value <=5){
            return "l";
        }else if(value >5 && value <=7){
            return "xl";
        }else {
            return "xxl";
        }
    }
    
    public String numberToString(int value){
        if(value == 0){
            return "zero";
        }else if(value == 1){
            return "one";
        }else if(value == 2){
            return "two";
        }else if(value == 3){
            return "three";
        }else{
            return "four+";
        }
    }
}
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src/machine_learning/DecisionTree.java/**
 * 
 */
package machine_learning;

import java.awt.List;
import java.io.BufferedReader;
import java.io.FileInputStream;
import java.io.FileNotFoundException;
import java.io.FileOutputStream;
import java.io.FileReader;
import java.io.IOException;
import java.io.ObjectInputStream;
import java.io.ObjectOutputStream;
import java.util.ArrayList;
import java.util.Collections;
import java.util.Hashtable;
import java.util.Random;
import java.util.Set;
import java.util.regex.Pattern;

import utils.Variables;
import weka.attributeSelection.AttributeSelection;
import weka.attributeSelection.CfsSubsetEval;
import weka.attributeSelection.GreedyStepwise;
import weka.filters.supervised.attribute.*;
/**
 * @author {Morten Wærsland}
 *
 */
import weka.classifiers.Classifier;
import weka.classifiers.Evaluation;
import weka.classifiers.meta.AttributeSelectedClassifier;
import weka.classifiers.meta.FilteredClassifier;
import weka.classifiers.trees.J48;
import weka.core.Attribute;
import weka.core.FastVector;
import weka.core.Instance;
import weka.core.Instances;
import weka.core.Utils;
import weka.filters.Filter;
import weka.filters.unsupervised.attribute.Remove;

public class DecisionTree {
    private J48 cls;
    private FilteredClassifier fc;
    private AttributeSelectedClassifier classifier;
    private Variables variable = new Variables();
    private String trainingPath = variable.trainingPath;
    private String testPath = variable.testPath;
    private String dtObjectPath = variable.dtObjectPath;
    private String fastVectorPath = variable.fastVectorPath;
    //private String unlabeledPath = variable.unlabeledPath;
    private ArrayList<Integer> wordCounter = new ArrayList<>();
    private ArrayList<Integer> wordSigmaLetters = new ArrayList<>();
    private ConvertToAttributeValue attributeValue = new ConvertToAttributeValue();
    private DecisionTreeAttributes dtAttributes = new DecisionTreeAttributes();
    private FastVector fvWekaAttributes = new FastVector();
    private int sigmaLetters = 0;
    private int sigmaLeadingLetters = 0;
    
    private Instances unlabeled;
    private Instances labeled;
    private Instances trainingSet;
    
    private ArrayList<Integer> numberOfLetterElements;
    private ArrayList<Integer> numberOfDigitElements;
    private ArrayList<Integer> numberOfSpecialElements;
    private ArrayList<Integer> numberOfRegexpStructures;
    private Hashtable<String, Integer>  value;
    private String result = variable.NoClassificationResult;
    private double totalNumberOfClassificationInstances = 0.0;
    private RegexpToDecisionTreeAttributeValues regexpValue = new RegexpToDecisionTreeAttributeValues();
    private int totalNumberOfWord = 0;
    private Classifier clscopy;

    /*
     * This method loads a decision tree from stored file.
     * CreateAndGetDecisionTreeAttributes() is run every time since is not worth storing. This is because the performance
     * becomes worst than if we create them each time.
     */
    public void  useStoredDecisionTree(String dir){
        ObjectInputStream is;
        try {
            is = new ObjectInputStream(new FileInputStream(dir + dtObjectPath));
            cls = (J48)is.readObject();
            is.close();
            
            createAndGetDecisionTreeAttributes();

        } catch (Exception e) {
            // TODO Auto-generated catch block
            e.printStackTrace();
            System.out.println("No file found");
        }
        
    }
    
    /*
     * Since the path is set as default the first if check will never accour.
     * 
     */
    public void train() throws Exception{
        if(trainingPath == "" || testPath == ""){
            System.out.println("need to set traning path and test path");
        }else{
            
            creatNewDecisionTree();
            testDecisionTree();
            createAndGetDecisionTreeAttributes();
        }
    }
    
    /*
     * create FastVector.
     */
    private void createAndGetDecisionTreeAttributes(){
        dtAttributes.createAttributes();
        fvWekaAttributes = dtAttributes.getFastVector();
    }
    
    /*
     * Write the Decision Tree object to file.
     */
    public void storeDecisionTree(String dir) throws Exception{
        System.out.println(dir + dtObjectPath);
        ObjectOutputStream os = new ObjectOutputStream(new FileOutputStream(dir + dtObjectPath));
        os.writeObject(cls);
        os.flush();
        os.close();
    }
    
    /*
     * - To be able to create a decision tree it needs a arff(Attribute-Relation File Format).
     * - This file get automatically create by the textFileToArff program implemented.
     * - You need a test set and a training set. The training set size is 2/3 and the test set size is 1/3.
     * - SetClassIndex is necessary to inform where the label is found.
     * - j48 is short for decision tree (4.5 version) this is faster than ID3.
     * - cls.toString print the tree after it is created.
     */
    private void creatNewDecisionTree() throws Exception{
        BufferedReader training = new BufferedReader(new FileReader(trainingPath));
        trainingSet = new Instances(training);
        training.close();
        trainingSet.setClassIndex(trainingSet.numAttributes() - 1);
        
        cls = new J48();
        
        int size = trainingSet.numInstances();
        int duplication = 9; 
        for(int i = 0; i < size; i++){
            for(int j = 0; j<duplication; j++ ){
                trainingSet.add(trainingSet.instance(i));
            }
        }
                        
        /*
         * This means it uses not the entire data set only a sub sample. By duplicating the training set first we get the ones 
         * that has only a few instance to become bigger, and the biggest of course become bigger. But since we only uses a 10:1 ratio
         * between the classes, the smallest have become bigger and the biggest have become smaller. This balances the data set, so far giving os 
         * the best result. 
         */
        weka.filters.supervised.instance.SpreadSubsample sub = new weka.filters.supervised.instance.SpreadSubsample();
        sub.setInputFormat(trainingSet);
        sub.setDistributionSpread(10);
        trainingSet = Filter.useFilter(trainingSet, sub);

        cls.setUnpruned(true);
        fc = new FilteredClassifier();
        fc.setFilter(sub);
        fc.setClassifier(cls);      
        
        fc.buildClassifier(trainingSet);
        /*
        Evaluation evaluation = new Evaluation(trainingSet);
        evaluation.crossValidateModel(cls, trainingSet, 5, new Random(3));
        System.out.println(evaluation.toSummaryString());
        */
    }
    
    /*
     * - To be able to test the decision tree the test set need to have the same format as the trainin set(arff)
     * 
     */
    private void testDecisionTree() throws Exception{
        BufferedReader test = new BufferedReader(new FileReader(testPath));
        Instances testSet = new Instances(test);
        test.close();

        //set the class (label) attribute
        testSet.setClassIndex(testSet.numAttributes() - 1);
    
        //evaluate classifier and print
        //Evaluation eval = new Evaluation(trainingSet);
        //eval.evaluateModel(cls, testSet);
        //System.out.println(eval.toSummaryString("\nResults\n========\n", false));
    }
    
    /*
     * - The decision tree can be used by reading from file or do it "live". 
     * - uniqueWord, pattern, expressionList and wordCounter is from the result from the Trie structure.
     * - 
     */
    public void classifyingInput(ArrayList<String> uniqueWords, ArrayList<Pattern> pattern, List expressionList, ArrayList<Integer> wordCounter) throws Exception{
        value = new Hashtable<>();
        /*
         *This process convert every regexp found in the Trie into statistically value than is used as attributes in the 
         *decision tree. After every regexp is analysed each information is return. 
         */
        
        regexpValue.convert(uniqueWords, pattern, expressionList);
        numberOfLetterElements = regexpValue.getNumberOfLetterElements();
        numberOfDigitElements = regexpValue.getNumberOfDigitElements();
        numberOfSpecialElements = regexpValue.getNumberOfSpecialElements();
        numberOfRegexpStructures = regexpValue.getNumberOfRegexpStrcutures();
        this.wordCounter = wordCounter;
        /*
         * Need to have the total number of word to be able to analyze how good the result is. If one word is bad, without having the wordcount value
         * for that word. It will only count as one. But if this word is 2/3 of the set it is necessary to have this information. And by knowing the
         * total number of word it is easy to make a decision see how big of an impact this has on the input value.
         */
        findTotalNumberOfWords();
            
        //FastVector fvWekaAttributes = createAttributes();
        unlabeled = new Instances("code", fvWekaAttributes, uniqueWords.size());
       
        /*
         * For each word it find the corresponding regexp (previous created) and get the information regarding that regexp.
         * the length of the word itself is also used. Since many word of different code, can have quite the same pattern, but the
         * length itself may differentiate them enough.
         * When the information is retrieved the next step is to add the information into a instance that represents a row in the decision tree
         * model. For each attribute value is added with the correct value. This gets done for every word before it runs through the decision tree
         * to classify the input.        
         */
        
        for(int i = 0; i<uniqueWords.size(); i++){
            for(int j = 0; j<pattern.size(); j++){
                if(pattern.get(j).matcher(uniqueWords.get(i)).matches()){
                    
                    //sigmaLetters and sigmaLeadingLetters is found by this method.
                    analyseCharactersInWord(uniqueWords.get(i));                        
                    int wordlength = uniqueWords.get(i).length();
                    int numberLetter = numberOfLetterElements.get(j);
                    int numberDigit = numberOfDigitElements.get(j);
                    int numberOfRegexp = numberOfRegexpStructures.get(j);
                    int numberOfSpecial = numberOfSpecialElements.get(j);
                                
                    Instance inputValue = new Instance(8);
                    inputValue.setValue((Attribute)fvWekaAttributes.elementAt(0), attributeValue.toString(wordlength));      
                    inputValue.setValue((Attribute)fvWekaAttributes.elementAt(1), attributeValue.toString(numberOfRegexp));      
                    inputValue.setValue((Attribute)fvWekaAttributes.elementAt(2), attributeValue.containsOnly(numberLetter, numberDigit ));
                    inputValue.setValue((Attribute)fvWekaAttributes.elementAt(3), attributeValue.containsOnly(numberDigit, numberLetter));
                    inputValue.setValue((Attribute)fvWekaAttributes.elementAt(4), attributeValue.containsBoth(numberLetter, numberDigit)); 
                    inputValue.setValue((Attribute)fvWekaAttributes.elementAt(5), attributeValue.toString(numberOfSpecial));;
                    inputValue.setValue((Attribute)fvWekaAttributes.elementAt(6), attributeValue.toString(sigmaLetters)); 
                    inputValue.setValue((Attribute)fvWekaAttributes.elementAt(7), attributeValue.toString(sigmaLeadingLetters)); 
                    unlabeled.add(inputValue);
                }
            }
        }
        
        unlabeled.setClassIndex(unlabeled.numAttributes() - 1);
        labeled = new Instances(unlabeled);
        int errorIndicator = 0;
        
        for(int k = 0; k<unlabeled.numInstances(); k ++){
            try {
                classifyInstance(unlabeled.instance(k), k, true);
            } catch (Exception e) {
                // TODO Auto-generated catch block
                e.printStackTrace();
            }
        }
        errorIndicator = 0;
        result = findMajority(value);
    }
    
    
    /*
     * The decision tree return float value, each value represent a Class label. 
     * CollectValue() is used to find the distribution for each Class label returned. this is based on the index from the instance and
     * the unqiueWord/wordCounter. Each index value represent the same words. Each value is stored in hashtable with the wordCounter as the value
     * and the class label is the key.
     */
    private void classifyInstance(Instance instance, int i, boolean trie) throws Exception{
        double clsLabel = cls.classifyInstance(instance);

        if(trie){           
            int label =(int) clsLabel;
            String s = unlabeled.classAttribute().value(label);
            CollectValues(s, wordCounter.get(i));
        }
    }
    
    private void CollectValues(String result, int wordCount){
        if(value.get(result) == null){
            value.put(result, wordCount);
        }else{
            int temp = value.get(result);
            int upgraded = temp + wordCount;
            value.put(result, upgraded);
        }
    }
    /*
     * This method iterates through the hashtable and return the class label with the highest distribution(votes).
     */
    private String findMajority(Hashtable<String, Integer> value){
        int temp = 0;
        String val ="";
        totalNumberOfClassificationInstances = 0.0;
        Set<String> keys = value.keySet();
        for(String key: keys){
            int wordValue = value.get(key);
            totalNumberOfClassificationInstances += wordValue;
            if(wordValue > temp){
                val = key;
                temp = value.get(key);  
            }
        }
        return val;
    }
    
    public String getClassificationResult(){
        return result;
    }
    
    public double getClassificationScore(){
        if(!result.equals("none")){
            double score = ((double)(value.get(result)/totalNumberOfClassificationInstances)*100);
            System.out.println(score);
            return score;
        }
        return -1;
    }
    
    private void findTotalNumberOfWords(){
        for(int i = 0; i<wordCounter.size(); i++){
            totalNumberOfWord += wordCounter.get(i);
        }
    }
    
    private void analyseCharactersInWord(String s){
        sigmaLetters = 0;
        sigmaLeadingLetters = 0;
        boolean leading = true;
        for(int i = 0; i < s.length(); i++){
            if(Character.isLetter(s.charAt(i))){
                sigmaLetters ++;
                if(leading){
                    sigmaLeadingLetters++;
                }
            }else{
                leading = false;
            }
        }
    }
    
    public void setTrainingPath(String path){
        trainingPath = path;
    }
    
    public void setTestPath(String path){
        testPath = path;
    }
    /*
    public void setUnlabeledPath(String path){
        unlabeledPath = path;
    }*/
    public void setDecisionTreePath(String path){
        dtObjectPath = path;
    }
    public void setFastVectorPath(String path){
        fastVectorPath = path;
    }
    
    public  ArrayList<Integer> getRegexpNumberOfLetterElements(){
        return numberOfLetterElements;
    }
    public ArrayList<Integer> getRegexpNumberOfDigitElements(){
        return numberOfDigitElements;
    }
    public ArrayList<Integer> getRegexpNumberOfSpecialElements(){
        return numberOfSpecialElements;
    }
    public ArrayList<Integer> getRegexpNumberOfRegexpStructures(){
        return numberOfRegexpStructures;
    }
}
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src/machine_learning/DecisionTreeAttributes.java/**
 * 
 */
package machine_learning;

import java.io.FileInputStream;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.ObjectInputStream;
import java.io.ObjectOutputStream;

import utils.Variables;
import weka.classifiers.Classifier;
import weka.classifiers.Evaluation;
import weka.classifiers.trees.J48;
import weka.core.Attribute;
import weka.core.FastVector;
import weka.core.Instance;
import weka.core.Instances;

import weka.core.Attribute;
import weka.core.FastVector;

/**
 * @author {Morten Wærsland}
 *
 */
public class DecisionTreeAttributes {
    private FastVector fvWekaAttributes;
    private Variables variable = new Variables();
    
    
    /*
     * Creates FastVector object for each attribute value. 
     */
    public FastVector createAttributes(){
        /*
         * @attributes used in decision tree
         */
        
        //Nominal values 
        FastVector fvNominalVal1 = new FastVector(20);
        fvNominalVal1.addElement(variable.zero);
        fvNominalVal1.addElement(variable.one);
        fvNominalVal1.addElement(variable.two);
        fvNominalVal1.addElement(variable.three);
        fvNominalVal1.addElement(variable.four);
        fvNominalVal1.addElement(variable.five);
        fvNominalVal1.addElement(variable.six);
        fvNominalVal1.addElement(variable.seven);
        fvNominalVal1.addElement(variable.eight);
        fvNominalVal1.addElement(variable.nine);
        fvNominalVal1.addElement(variable.ten);
        fvNominalVal1.addElement(variable.eleven);
        fvNominalVal1.addElement(variable.twelve);
        fvNominalVal1.addElement(variable.thirteen);
        fvNominalVal1.addElement(variable.fourteen);
        fvNominalVal1.addElement(variable.fifteen);
        fvNominalVal1.addElement(variable.sixteen);
        fvNominalVal1.addElement(variable.seventeen);
        fvNominalVal1.addElement(variable.eighteen);
        fvNominalVal1.addElement(variable.nineteen);
        fvNominalVal1.addElement(variable.twentyPlus);
        Attribute Attribute1 = new Attribute(variable.wordLength, fvNominalVal1);
        
        FastVector fvNominalVal2 = new FastVector(20);
        fvNominalVal2.addElement(variable.zero);
        fvNominalVal2.addElement(variable.one);
        fvNominalVal2.addElement(variable.two);
        fvNominalVal2.addElement(variable.three);
        fvNominalVal2.addElement(variable.four);
        fvNominalVal2.addElement(variable.five);
        fvNominalVal2.addElement(variable.six);
        fvNominalVal2.addElement(variable.seven);
        fvNominalVal2.addElement(variable.eight);
        fvNominalVal2.addElement(variable.nine);
        fvNominalVal2.addElement(variable.ten);
        fvNominalVal2.addElement(variable.eleven);
        fvNominalVal2.addElement(variable.twelve);
        fvNominalVal2.addElement(variable.thirteen);
        fvNominalVal2.addElement(variable.fourteen);
        fvNominalVal2.addElement(variable.fifteen);
        fvNominalVal2.addElement(variable.sixteen);
        fvNominalVal2.addElement(variable.seventeen);
        fvNominalVal2.addElement(variable.eighteen);
        fvNominalVal2.addElement(variable.nineteen);
        fvNominalVal2.addElement(variable.twentyPlus);
        Attribute Attribute2 = new Attribute(variable.regexpStrcuture, fvNominalVal2);
        
        FastVector fvNominalVal3 = new FastVector(2);
        fvNominalVal3.addElement(variable.onlyeLettersTrue);
        fvNominalVal3.addElement(variable.onlyeLettersFalse);
        Attribute Attribute3 = new Attribute(variable.onlyLetters, fvNominalVal3);
        
        FastVector fvNominalVal4 = new FastVector(2);
        fvNominalVal4.addElement(variable.onlyeDigitTrue);
        fvNominalVal4.addElement(variable.onlyeDigitFalse);
        Attribute Attribute4 = new Attribute(variable.onlyDigit, fvNominalVal4);
        
        FastVector fvNominalVal5 = new FastVector(2);
        fvNominalVal5.addElement(variable.lettersAndDigitTrue);
        fvNominalVal5.addElement(variable.lettersAndDigitFalse);
        Attribute Attribute5 = new Attribute(variable.lettersAndDigit, fvNominalVal5);
        
        /*
        FastVector fvNominalVal6 = new FastVector(5);
        fvNominalVal6.addElement(variable.sigmaLetterBlocksZero);
        fvNominalVal6.addElement(variable.sigmaLetterBlocksOne);
        fvNominalVal6.addElement(variable.sigmaLetterBlocksTwo);
        fvNominalVal6.addElement(variable.sigmaLetterBlocksThree);
        fvNominalVal6.addElement(variable.sigmaLetterBlocksFourPlus);
        Attribute Attribute6 = new Attribute(variable.sigmaLetterBlocks, fvNominalVal6);
         */
        FastVector fvNominalVal6 = new FastVector(20);
        fvNominalVal6.addElement(variable.zero);
        fvNominalVal6.addElement(variable.one);
        fvNominalVal6.addElement(variable.two);
        fvNominalVal6.addElement(variable.three);
        fvNominalVal6.addElement(variable.four);
        fvNominalVal6.addElement(variable.five);
        fvNominalVal6.addElement(variable.six);
        fvNominalVal6.addElement(variable.seven);
        fvNominalVal6.addElement(variable.eight);
        fvNominalVal6.addElement(variable.nine);
        fvNominalVal6.addElement(variable.ten);
        fvNominalVal6.addElement(variable.eleven);
        fvNominalVal6.addElement(variable.twelve);
        fvNominalVal6.addElement(variable.thirteen);
        fvNominalVal6.addElement(variable.fourteen);
        fvNominalVal6.addElement(variable.fifteen);
        fvNominalVal6.addElement(variable.sixteen);
        fvNominalVal6.addElement(variable.seventeen);
        fvNominalVal6.addElement(variable.eighteen);
        fvNominalVal6.addElement(variable.nineteen);
        fvNominalVal6.addElement(variable.twentyPlus);
        Attribute Attribute6 = new Attribute(variable.sigmaSpecialCharacterBlocks, fvNominalVal6);
        
        FastVector fvNominalVal7 = new FastVector(20);
        fvNominalVal7.addElement(variable.zero);
        fvNominalVal7.addElement(variable.one);
        fvNominalVal7.addElement(variable.two);
        fvNominalVal7.addElement(variable.three);
        fvNominalVal7.addElement(variable.four);
        fvNominalVal7.addElement(variable.five);
        fvNominalVal7.addElement(variable.six);
        fvNominalVal7.addElement(variable.seven);
        fvNominalVal7.addElement(variable.eight);
        fvNominalVal7.addElement(variable.nine);
        fvNominalVal7.addElement(variable.ten);
        fvNominalVal7.addElement(variable.eleven);
        fvNominalVal7.addElement(variable.twelve);
        fvNominalVal7.addElement(variable.thirteen);
        fvNominalVal7.addElement(variable.fourteen);
        fvNominalVal7.addElement(variable.fifteen);
        fvNominalVal7.addElement(variable.sixteen);
        fvNominalVal7.addElement(variable.seventeen);
        fvNominalVal7.addElement(variable.eighteen);
        fvNominalVal7.addElement(variable.nineteen);
        fvNominalVal7.addElement(variable.twentyPlus);
        Attribute Attribute7 = new Attribute(variable.sigmaLetters, fvNominalVal7);
        
        FastVector fvNominalVal8 = new FastVector(20);
        fvNominalVal8.addElement(variable.zero);
        fvNominalVal8.addElement(variable.one);
        fvNominalVal8.addElement(variable.two);
        fvNominalVal8.addElement(variable.three);
        fvNominalVal8.addElement(variable.four);
        fvNominalVal8.addElement(variable.five);
        fvNominalVal8.addElement(variable.six);
        fvNominalVal8.addElement(variable.seven);
        fvNominalVal8.addElement(variable.eight);
        fvNominalVal8.addElement(variable.nine);
        fvNominalVal8.addElement(variable.ten);
        fvNominalVal8.addElement(variable.eleven);
        fvNominalVal8.addElement(variable.twelve);
        fvNominalVal8.addElement(variable.thirteen);
        fvNominalVal8.addElement(variable.fourteen);
        fvNominalVal8.addElement(variable.fifteen);
        fvNominalVal8.addElement(variable.sixteen);
        fvNominalVal8.addElement(variable.seventeen);
        fvNominalVal8.addElement(variable.eighteen);
        fvNominalVal8.addElement(variable.nineteen);
        fvNominalVal8.addElement(variable.twentyPlus);
        Attribute Attribute8 = new Attribute(variable.sigmaLeadingLetters, fvNominalVal8);
        
        // Declare the class attribute along with its values
        FastVector fvClassVal = new FastVector(24);
        fvClassVal.addElement(variable.CFWON);
        fvClassVal.addElement(variable.ENGIENSWBSC);
        fvClassVal.addElement(variable.ENGIENCOMOSPON);
        fvClassVal.addElement(variable.ENGIENCOMOSPRN);
        fvClassVal.addElement(variable.CFWOAC);
        fvClassVal.addElement(variable.NORSOKCC);
        fvClassVal.addElement(variable.ENGINENCOMOSWON);
        fvClassVal.addElement(variable.ENGIENSAPPON);
        fvClassVal.addElement(variable.NCSPLC);
        fvClassVal.addElement(variable.GKYDCST);
        fvClassVal.addElement(variable.ENGIENCOMOSMPC);
        fvClassVal.addElement(variable.GKKFMCMCST);
        fvClassVal.addElement(variable.ENGIENPPPID);
        fvClassVal.addElement(variable.NPDFLAID);
        fvClassVal.addElement(variable.NPDFCID);
        fvClassVal.addElement(variable.NPDFPLID);
        fvClassVal.addElement(variable.NPDFTID);
        fvClassVal.addElement(variable.GKYFCSID);
        fvClassVal.addElement(variable.GKPSUC);
        fvClassVal.addElement(variable.EC);
        fvClassVal.addElement(variable.MA);
        fvClassVal.addElement(variable.SAPPSUC);
        fvClassVal.addElement(variable.GKPIDC);
        fvClassVal.addElement(variable.GKKPIT);
        Attribute ClassAttribute = new Attribute("class", fvClassVal);
             
        // Declare the feature vector
        fvWekaAttributes = new FastVector(9);
        fvWekaAttributes.addElement(Attribute1);    
        fvWekaAttributes.addElement(Attribute2);    
        fvWekaAttributes.addElement(Attribute3); 
        fvWekaAttributes.addElement(Attribute4);    
        fvWekaAttributes.addElement(Attribute5);
        fvWekaAttributes.addElement(Attribute6);
        fvWekaAttributes.addElement(Attribute7);
        fvWekaAttributes.addElement(Attribute8);
        fvWekaAttributes.addElement(ClassAttribute);
        
        return fvWekaAttributes;
    }
    
    public FastVector getFastVector(){
        return fvWekaAttributes;
    }
    
    public void storeFastVectorTofile(String path){
        ObjectOutputStream os;
        try {
            os = new ObjectOutputStream(new FileOutputStream(path));
            os.writeObject(fvWekaAttributes);
            os.flush();
            os.close();
        } catch (Exception e) {
            // TODO Auto-generated catch block
            e.printStackTrace();
        }
    }
    
    public FastVector getFastVectorFromFile(String path){
        FastVector fs = new FastVector();
        try {
            ObjectInputStream is = new ObjectInputStream(new FileInputStream(path));
            fs = (FastVector)is.readObject();
            is.close();
        } catch (Exception e) {
            // TODO Auto-generated catch block
            e.printStackTrace();
        }
        return fs;
    }
}
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src/utils/ExtractInformation.javapackage utils;

import java.awt.List;
import java.util.Hashtable;
/**
 * @author {Morten Wærsland}
 *
 */
public class ExtractInformation {

    private Hashtable<Integer, String> text = new Hashtable<>();
    private String inputValue = "";
    private String seperator = "-";
    private UpdateMinMaxValues updateMinMaxValues = new UpdateMinMaxValues();
    
    public void textInformation(String row, int index){
        inputValue = "";
        int valueStart = 0;
        int valueStop = 1;

        if(row.length() > 1){
            for(int i = 0; i < row.length()-1; i++){
                char inputChar = row.charAt(i);
                char nextInputChar = row.charAt(i+1);
                
                if(Character.isLetter(inputChar) && !Character.isLetter(nextInputChar)){
                    inputValue += row.substring(valueStart, valueStop) + seperator;
                    valueStart = i+1;
                    valueStop += 1;
                    if(i == row.length()-2){
                        if(Character.isDigit(nextInputChar)){
                            inputValue += row.substring(row.length() - 1) + seperator;
                        }
                    }
                                    
                }else if (Character.isLetter(inputChar) && Character.isLetter(nextInputChar)){
                     valueStop += 1;
                     if(i == row.length()-2){
                            if(Character.isLetter(nextInputChar) || Character.isDigit(nextInputChar)){
                                inputValue += row.substring(valueStart, valueStop) + seperator;
                            }
                        }
                    
                }else if(Character.isDigit(inputChar) && !Character.isDigit(nextInputChar)){
                    inputValue += row.substring(valueStart, valueStop) + seperator;
                    valueStart = i+1;
                    valueStop += 1;
                    if(i == row.length()-2){
                        if(Character.isLetter(nextInputChar)){
                            inputValue += row.substring(row.length() - 1) + seperator;
                        }
                    }
            
                }else if(Character.isDigit(inputChar) && Character.isDigit(nextInputChar)){
                     valueStop += 1;
                     if(i == row.length()-2){
                            if(Character.isLetter(nextInputChar) || Character.isDigit(nextInputChar)){
                                inputValue += row.substring(valueStart, valueStop) + seperator;
                            }
                        }
                }else if(Character.isWhitespace(inputChar) && !Character.isWhitespace(nextInputChar)){
                    valueStart = i + 1;
                    valueStop = i + 2;
                    if(i == row.length()-2){
                        if(Character.isLetter(nextInputChar) || Character.isDigit(nextInputChar)){
                            inputValue += row.substring(row.length() - 1, row.length()) + seperator;
                        }
                    }
                }

                else if(!Character.isWhitespace(inputChar) && (Character.isLetter(nextInputChar) || Character.isDigit(nextInputChar) || Character.isWhitespace(nextInputChar))){
                    valueStart = i + 1;
                    valueStop  = i + 2;
                    if(i == row.length()-2){
                        if(Character.isLetter(nextInputChar) || Character.isDigit(nextInputChar)){
                            inputValue += row.substring(row.length() - 1, row.length()) + seperator;
                        }
                    }
                }
                }
            
            /*
             * if the length is 1, and if the input value is either a letter or a digit we store it.        
             */
            }else if(Character.isLetter(row.charAt(0)) || Character.isDigit(row.charAt(0))){
                 inputValue += row.charAt(0); 
            }
        updateHashTable(index);
    }
    
    private void updateHashTable(int index){
        
        /*
         * check to see if its the first time that key is used, otherwise a nullpointexception will be thrown
         * when a get() with that key is called.
         */
        if(text.get(index) == null){             
             if(inputValue.length() != 0){
                 text.put(index, inputValue);
             }
             
         }else{
             /*
              * symbol has index and range as a key value pair.
              * The split make a array where each range is represented like this
              * 2,3-4-5,7-
              * Needs to split once more inside the loop to be able to compare the
              * values and the put it all back in the same syntax.
              */
             String newValue = "";
             String[] textValues = text.get(index).split(seperator);
             String[] tempNewValue = inputValue.split(seperator);

             for(int i = 0; i< textValues.length; i++){
                 String value = checkTextValues(textValues[i].split(","), tempNewValue[i]);
                 newValue += value + seperator;
             }
             text.put(index, newValue);
         }
    }
    
    private String checkTextValues(String[] text, String value){
        String res = "";
        int count = 0;
                
        if(Character.isDigit(text[0].charAt(0))){
            res  = updateMinMaxValues.getNewValue(text, value);
        }else{
            for(int i = 0; i < text.length; i++){
                if(!text[i].equals(value)){
                    count ++;
                }
                res += text[i] + ",";
            }
            if(count == text.length){
                res += value + ",";
            }   
        }
        return res;
    }
    
    public Hashtable<Integer, String> getExtracetInformationHash(){
        return text;
    }
    public List getExtracetInformationList(){
        List list = new List();
        for (int i = 0; i < text.size(); i++){
            list.add(text.get(i));
        }
        return list;
    }
}
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src/avito_trie/FindGeneralPatterns.java/**
 * 
 */
package avito_trie;

import java.awt.List;
import java.util.ArrayList;
import java.util.regex.Matcher;
import java.util.regex.Pattern;

import utils.Variables;

/**
 * @author {Morten Wærsland}
 *
 */
public class FindGeneralPatterns {
    private List expressionList;
    private Variables  variable = new Variables();
    private ArrayList<Integer> expressionCounter;
    private ArrayList<Pattern> pattern;
    private boolean Match;
    private String letter = variable.letter;
    private String digit = variable.digit;
    private String special = variable.special; 
    private String whitespace = variable.whitespace;
    private ArrayList<String> list;
    private ArrayList<Integer> wordCounter;
    private String expression = "";


    public void insertList(ArrayList<String> list, ArrayList<Integer> wordCounter){
        expressionList = new List();
        expressionCounter = new ArrayList<Integer>();
        pattern = new ArrayList<>();
        this.wordCounter = new ArrayList<>();
        this.list = new ArrayList<>();
        
        this.list = list;
        this.wordCounter = wordCounter;
        
        findGeneralPattern();
    }
        
    public void findGeneralPattern(){
        for (int i = 0; i<list.size(); i++){
            checkRegexp(list.get(i), wordCounter.get(i));
        }
    }
    
    public void checkRegexp(String row, int wordCounter){
        Match = false;
        int index = -1;
        
        if(expressionList.getItemCount() == 0){ 
            updateRegexpListsAndArrays(row, wordCounter);
            
        }else{
            for(int i = 0; i<pattern.size(); i++){
                Matcher matcher = pattern.get(i).matcher(row);
                if(matcher.matches()){
                    Match = true;
                    index = i;
                    break;
                }
            }
        if(!Match){
            updateRegexpListsAndArrays(row, wordCounter);
            
            }else{
                Integer temp = expressionCounter.get(index);
                temp += wordCounter;
                expressionCounter.set(index, temp);
            }
        }
    }
    
    private void updateRegexpListsAndArrays(String row, int wordCounter){
        expression = createRegexp(row);
        expressionList.add(expression);
        expressionCounter.add(wordCounter);
        
        //compile pattern for better performance later
        Pattern p = Pattern.compile(expression);
        pattern.add(p);
    }
    
    public String createRegexp(String row){     
        
         String regexp ="^"; 
         if(row.length() > 1){
            for(int i = 0; i < row.length()-1; i++){
                char inputChar = row.charAt(i);
                char nextInputChar = row.charAt(i+1);
                
                if(isLetter(inputChar) && !isLetter(nextInputChar)){
                        regexp += letter;
                    
                }else if(isDigit(inputChar) && !isDigit(nextInputChar)){
                    regexp += digit;    
    
                }else if(isWhiteSpace(inputChar) && !isWhiteSpace(nextInputChar)){
                    regexp += whitespace;

                }
                /*
                 * Check for special character.
                 * Need to do this check since even if we check if the "inputChar" is of the type  letter, digit or white space in the previous 
                 * If "inputChar" is a letter and the next one is also a letter these previous checks can't pick that
                 * up (that's the plan). Therefore we need to check the "inputChar" if it's not a letter or digit or white space.
                 */
                else if(!isLetter(inputChar) && (isLetter(nextInputChar) || isDigit(nextInputChar) || Character.isWhitespace(nextInputChar)) &&
                        !isDigit(inputChar) && (isDigit(nextInputChar) ||isLetter(nextInputChar) || Character.isWhitespace(nextInputChar)) && 
                        !Character.isWhitespace(inputChar) && (isDigit(nextInputChar) ||isLetter(nextInputChar) || Character.isWhitespace(nextInputChar))){
                    regexp += special;

                }
                if(i == row.length()-2){
                    if(Character.isLetter(nextInputChar)){
                        regexp += letter;
    
                    }else if( Character.isDigit(nextInputChar)){
                        regexp += digit;
    
                    }else if(!Character.isWhitespace(nextInputChar)){
                        regexp += special;
                    }
                }
            }
         }else{
             if(isLetter(row.charAt(0))){
                 regexp += letter;

             }else if(isDigit(row.charAt(0))){
                 regexp += digit;
                 
             }else{
                 regexp += special;
             }
         }
        regexp += "$";
        return regexp;
    }
    
    private boolean isLetter(char c){
        return Character.isLetter(c);
    }
    
    private boolean isDigit(char c){
        return Character.isDigit(c);
    }
    
    private boolean isWhiteSpace(char c){
        return Character.isWhitespace(c);
    }
    
    public ArrayList<Pattern> getPatternObjectList(){
        return pattern;
    }
    
    public ArrayList<Integer> getRegexpCounter(){
        return expressionCounter;
    }
    
    public List getRegexpWithoutRange(){
        return expressionList;
    }
}
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src/utils/FindPatternInformation.javapackage utils;

import java.awt.List;
import java.util.Hashtable;

/**
 * @author {Morten Wærsland}
 *
 */
public class FindPatternInformation {
    private Hashtable<Integer, String> regexpRange = new Hashtable<>();
    private UpdateMinMaxValues updateMinMaxValues = new UpdateMinMaxValues();
    
    public void Range(String row, int index){
        
         String newRegexpRange = "";
         int countLetter = 1;
         int countNumber = 1;
         int countSpecial = 1;
         int countWhiteSpace = 1;
         String separator = "-";
         
         if(row.length() > 1){
            for(int i = 0; i < row.length()-1; i++){
                char inputChar = row.charAt(i);
                char nextInputChar = row.charAt(i+1);
                
                if(Character.isLetter(inputChar) && !Character.isLetter(nextInputChar)){
                    newRegexpRange += countLetter + separator;
                    countLetter = 1;
                    
                }else if (Character.isLetter(inputChar) && Character.isLetter(nextInputChar)){
                    countLetter += 1;
                    
                }else if(Character.isDigit(inputChar) && !Character.isDigit(nextInputChar)){
                    newRegexpRange += countNumber + separator;
                    countNumber = 1;
                    //check for spesial characters
                }else if(Character.isDigit(inputChar) && Character.isDigit(nextInputChar)){
                    countNumber += 1;
                    
                }else if(Character.isWhitespace(inputChar) && Character.isWhitespace(nextInputChar)){
                    countWhiteSpace += 1;
                    
                }else if(Character.isWhitespace(inputChar) && !Character.isWhitespace(nextInputChar)){
                    newRegexpRange += countWhiteSpace + separator;
                    countWhiteSpace = 1;
                    
                }
                /*
                 * Don't need to check for whitespace, letter or number for the value of inputchar since the previous checks 
                 * will pick that up.
                 * If it's not a whitespace, letter or a number it must be a special character and then we this is given for(inputchar), so we just
                 * check the nextInpuChar value to see if we should count or add the result of the special character.
                 */
                else if((Character.isLetter(nextInputChar) || Character.isDigit(nextInputChar) || Character.isWhitespace(nextInputChar))){
                    newRegexpRange += countSpecial + separator;
                    countSpecial = 1;
                
                }else if((!Character.isLetter(nextInputChar) && !Character.isDigit(nextInputChar) && !Character.isWhitespace(nextInputChar))){
                    countSpecial += 1;
                    //new
                }
                /*
                 * This will add the last value collected. So that every range will be there.
                 */
                if(i == row.length()-2){
                    if(Character.isLetter(nextInputChar)){
                        newRegexpRange += countLetter + separator;
    
                    }else if( Character.isDigit(nextInputChar)){
                        newRegexpRange+= countNumber + separator;
    
                    }else{
                        newRegexpRange += countSpecial + separator;
                    }
                }
            }
         }else{
             newRegexpRange += 1;
         }
         if(regexpRange.get(index) == null){
             regexpRange.put(index, newRegexpRange);
             
         }else{
             String newValue = "";
             String[] tempRegexp = regexpRange.get(index).split(separator);
             String[] tempNewRegexpRange = newRegexpRange.split(separator);
             if(tempRegexp.length != tempNewRegexpRange.length){
                 System.out.println("error");
             }
             
             for(int i = 0; i< tempNewRegexpRange.length; i++){
                 String value = updateMinMaxValues.getNewValue( tempRegexp[i].split(","), tempNewRegexpRange[i]);
                 newValue += value + separator;
             }
             regexpRange.put(index, newValue);
         }   
    }
    
    public Hashtable<Integer, String> result(){
        return regexpRange;
        
    }
    
    public List createNewRegexp(List list){
        List newRegexp = new List();
        String regexp = "";

        for (int i = 0; i< list.getItemCount(); i++){
            String[] tempGeneral = list.getItem(i).split("\\++");
            String[] tempRange = regexpRange.get(i).split("-");

            for(int j = 0; j<tempRange.length; j++){
                regexp += tempGeneral[j];
                regexp += "{" + tempRange[j] + "}+" ;
            }
            regexp += tempGeneral[tempGeneral.length - 1];
            newRegexp.add(regexp);
            regexp = "";
        }   
        return newRegexp;
    }
}
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src/avito_trie/GuiTrie.javapackage avito_trie;

import java.awt.EventQueue;
import java.awt.List;

import javax.swing.JFrame;
import javax.swing.JButton;
import javax.swing.JFileChooser;

import java.awt.event.ActionListener;
import java.io.BufferedReader;
import java.io.File;
import java.io.FileNotFoundException;
import java.io.FileOutputStream;
import java.io.FileReader;
import java.io.FileWriter;
import java.io.IOException;
import java.io.ObjectOutputStream;
import java.lang.reflect.Array;
import java.util.ArrayList;
import java.util.Collections;
import java.util.HashSet;
import java.util.Hashtable;
import java.util.LinkedHashSet;
import java.util.Set;
import java.util.concurrent.locks.Lock;
import java.util.concurrent.locks.ReentrantLock;
import java.util.regex.Matcher;
import java.util.regex.Pattern;
import java.awt.event.ActionEvent;
import javax.swing.JTextArea;
import javax.swing.JLabel;
import javax.swing.JScrollPane;
import javax.swing.JTextField;
import javax.swing.ScrollPaneConstants;

import org.apache.commons.collections4.iterators.UniqueFilterIterator;
import org.apache.lucene.analysis.WordlistLoader;

import javafx.stage.FileChooser;
import machine_learning.*;
import utils.Charts;
import utils.ExtractInformation;
import utils.Variables;

import javax.swing.JCheckBox;
import java.awt.Font;

/**
 * @author {Morten Wærsland}
 *
 */
public class GuiTrie {

    private JFrame frame;

    private JTextArea textOutput;
    private JTextArea textCommonPrefix;
    private JTextArea textTrie;
    private JTextArea textGeneralRegexp;
    private JTextArea textRegexp;
    private JTextArea textAreaSummarization;
    private JTextField textFile;
    private JLabel lblOutputFromFile;
    private JTextArea textWordBefore;
    private JTextArea textWordAfter;
    private List textRow = new List();
    private JLabel lblFileLength;
    private JButton btnFindPattern;
    private JButton btnOpen;
    private JButton btnReset;
    private JButton btnClassifyColumn;
    private JScrollPane scrollPane_1;
    private JLabel lblNewLabel;
    private JScrollPane scrollPane_2;
    private JScrollPane scrollPane_3;
    private JLabel lblNewLabel_1;
    private JLabel label;
    private List regExpWithoutRange = new List();
    private List regExpWithRange = new List();
    private ArrayList<Integer> regExpCounter = new ArrayList<>();
    private ArrayList<Pattern> patterns = new ArrayList<>();
    private FindGeneralPatterns findGeneralPatterns = new FindGeneralPatterns();
    private AnalyseGeneralPatterns analyseGeneralPatterns = new AnalyseGeneralPatterns();
    private ArrayList<Integer> regexpCounter;
    private ArrayList<Pattern> GeneralRegexp;
    private ArrayList<String>  uniqueWords;
    private List expressionList = new List();
    private ArrayList<Integer> newWordCounter;
    
    private Trie trie = new Trie();
    private ArrayList<String> wordResult;
    private ArrayList<Integer> wordCounter;
    private JLabel lblWordBefore;
    private JLabel lblWordAfter;
    private JLabel lblRegexp;
    private JLabel lblGenRegexp;
    private JLabel lblID;
    
    private JCheckBox chckbxNewDT;
        
    private DecisionTree dt = new DecisionTree();
    private JTextArea textAreaClassification;
    private JLabel lblClassificationResults;
    
    private Variables variable = new Variables();
    private String digit = variable.digit.substring(0, variable.digit.length() - 1);
    private static String[] arg;
    private ArrayList<Integer> data = new ArrayList<>();
    
    /**
     * Launch the application.
     */
    public static void main(String[] args) {
        arg = args;
        EventQueue.invokeLater(new Runnable() {
            public void run() {
                try {
                    GuiTrie window = new GuiTrie();
                    window.frame.setVisible(true);
                } catch (Exception e) {
                    e.printStackTrace();
                }
            }
        });
    }

    /**
     * Create the application.
     */
    public GuiTrie() {
        initialize();
    }

    /**
     * Initialize the contents of the frame.
     */
    private void initialize() {
        frame = new JFrame();
        frame.setResizable(false);
        frame.setBounds(100, 100, 1302, 600);
        frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
        frame.getContentPane().setLayout(null);
        
        btnOpen = new JButton("Open file");
        btnOpen.setEnabled(false);
        btnOpen.addActionListener(new ActionListener() {
            public void actionPerformed(ActionEvent e) {
                    openfile();
    
            }
        });
        btnOpen.setBounds(16, 16, 174, 29);
        frame.getContentPane().add(btnOpen);
        
        textOutput = new JTextArea();
        textOutput.setEditable(false);
        JScrollPane scrollPaneOutput = new JScrollPane(textOutput);
        scrollPaneOutput.setVerticalScrollBarPolicy(ScrollPaneConstants.VERTICAL_SCROLLBAR_AS_NEEDED);
        scrollPaneOutput.setHorizontalScrollBarPolicy(ScrollPaneConstants.HORIZONTAL_SCROLLBAR_AS_NEEDED);
        scrollPaneOutput.setBounds(26, 123, 174, 422);
        frame.getContentPane().add(scrollPaneOutput);
        
        textFile = new JTextField();
        textFile.setEditable(false);
        textFile.setBounds(16, 57, 505, 26);
        frame.getContentPane().add(textFile);
        textFile.setColumns(10);
        
        lblOutputFromFile = new JLabel("Output from the file:");
        lblOutputFromFile.setBounds(27, 107, 144, 16);
        frame.getContentPane().add(lblOutputFromFile);
        
        textWordBefore = new JTextArea();
        textWordBefore.setEditable(false);
        JScrollPane scrollPanePattern = new JScrollPane(textWordBefore);
        scrollPanePattern.setVerticalScrollBarPolicy(ScrollPaneConstants.VERTICAL_SCROLLBAR_AS_NEEDED);
        scrollPanePattern.setHorizontalScrollBarPolicy(ScrollPaneConstants.HORIZONTAL_SCROLLBAR_AS_NEEDED);
        scrollPanePattern.setBounds(991, 123, 237, 132);
        frame.getContentPane().add(scrollPanePattern);
        
        lblFileLength = new JLabel(".");
        lblFileLength.setBounds(156, 548, 61, 16);
        frame.getContentPane().add(lblFileLength);
        
        btnFindPattern = new JButton("Generate Trie");
        btnFindPattern.setEnabled(false);
        btnFindPattern.setBounds(347, 16, 174, 29);
        btnFindPattern.addActionListener(new ActionListener() {
            
            @Override
            public void actionPerformed(ActionEvent e) {
                // TODO Auto-generated method stub
                generateTrie();
                getTrieResult();
                findRegularExpression();
                detectMisspelling();
                analyseGeneralPatterns();
                checkForIDs();
                //extractInformation();
                
                btnOpen.setEnabled(false);
                btnFindPattern.setEnabled(false);
                btnClassifyColumn.setEnabled(true);
            }
        });
        frame.getContentPane().add(btnFindPattern);
        
        btnReset = new JButton("Clear outputs");
        btnReset.setEnabled(false);
        btnReset.setBounds(27, 543, 117, 29);
        btnReset.addActionListener(new ActionListener() {
            
            @Override
            public void actionPerformed(ActionEvent e) {
                clearOutput();
                btnOpen.setEnabled(true);
                btnReset.setEnabled(false);
                btnClassifyColumn.setEnabled(false);
            }
        });
        frame.getContentPane().add(btnReset);
        JScrollPane scrollPane = new JScrollPane();
        scrollPane.setVerticalScrollBarPolicy(ScrollPaneConstants.VERTICAL_SCROLLBAR_AS_NEEDED);
        scrollPane.setHorizontalScrollBarPolicy(ScrollPaneConstants.HORIZONTAL_SCROLLBAR_AS_NEEDED);
        scrollPane.setBounds(204, 447, 253, 98);
        frame.getContentPane().add(scrollPane);
        
        textCommonPrefix = new JTextArea();
        scrollPane.setViewportView(textCommonPrefix);
        textCommonPrefix.setEditable(false);
        
        JLabel lblUniqueWordAnd = new JLabel("Unique words before correction:");
        lblUniqueWordAnd.setBounds(991, 107, 202, 16);
        frame.getContentPane().add(lblUniqueWordAnd);
        
        JLabel lblLongestCommonPrefix = new JLabel("Longest common prefix:");
        lblLongestCommonPrefix.setBounds(204, 430, 161, 16);
        frame.getContentPane().add(lblLongestCommonPrefix);
        
        textTrie = new JTextArea();
        textTrie.setEditable(false);
        scrollPane_1 = new JScrollPane(textTrie);
        scrollPane_1.setVerticalScrollBarPolicy(ScrollPaneConstants.VERTICAL_SCROLLBAR_AS_NEEDED);
        scrollPane_1.setHorizontalScrollBarPolicy(ScrollPaneConstants.HORIZONTAL_SCROLLBAR_AS_NEEDED);
        scrollPane_1.setBounds(204, 123, 253, 295);
        frame.getContentPane().add(scrollPane_1);
        
        lblNewLabel = new JLabel("Trie:");
        lblNewLabel.setBounds(212, 107, 61, 16);
        frame.getContentPane().add(lblNewLabel);
        
        textGeneralRegexp = new JTextArea();
        textGeneralRegexp.setEditable(false);
        scrollPane_2 = new JScrollPane(textGeneralRegexp);
        scrollPane_2.setVerticalScrollBarPolicy(ScrollPaneConstants.VERTICAL_SCROLLBAR_AS_NEEDED);
        scrollPane_2.setHorizontalScrollBarPolicy(ScrollPaneConstants.HORIZONTAL_SCROLLBAR_AS_NEEDED);
        scrollPane_2.setBounds(459, 123, 520, 132);
        frame.getContentPane().add(scrollPane_2);
        
        textRegexp = new JTextArea();
        textRegexp.setEditable(false);
        scrollPane_3 = new JScrollPane(textRegexp);
        scrollPane_3.setVerticalScrollBarPolicy(ScrollPaneConstants.VERTICAL_SCROLLBAR_AS_NEEDED);
        scrollPane_3.setHorizontalScrollBarPolicy(ScrollPaneConstants.HORIZONTAL_SCROLLBAR_AS_NEEDED);
        scrollPane_3.setBounds(459, 286, 520, 132);
        frame.getContentPane().add(scrollPane_3);
        
        lblNewLabel_1 = new JLabel("General regular expressions before correction:");
        lblNewLabel_1.setBounds(459, 107, 299, 16);
        frame.getContentPane().add(lblNewLabel_1);
        
        label = new JLabel("Regular expressions after correction:");
        label.setBounds(459, 267, 253, 16);
        frame.getContentPane().add(label);
        
        textWordAfter = new JTextArea();
        textWordAfter.setEditable(false);
        JScrollPane scrollPane_4 = new JScrollPane(textWordAfter);
        scrollPane_4.setVerticalScrollBarPolicy(ScrollPaneConstants.VERTICAL_SCROLLBAR_AS_NEEDED);
        scrollPane_4.setHorizontalScrollBarPolicy(ScrollPaneConstants.HORIZONTAL_SCROLLBAR_AS_NEEDED);
        scrollPane_4.setBounds(991, 286, 237, 132);
        frame.getContentPane().add(scrollPane_4);
        
        JLabel label_1 = new JLabel("Unique words after correction:");
        label_1.setBounds(991, 267, 202, 16);
        frame.getContentPane().add(label_1);
        
        lblWordBefore = new JLabel("0");
        lblWordBefore.setBounds(1195, 107, 33, 16);
        frame.getContentPane().add(lblWordBefore);
        
        lblWordAfter = new JLabel("0");
        lblWordAfter.setBounds(1184, 267, 33, 16);
        frame.getContentPane().add(lblWordAfter);
        
        lblGenRegexp = new JLabel("0");
        lblGenRegexp.setBounds(755, 107, 61, 16);
        frame.getContentPane().add(lblGenRegexp);
        
        lblRegexp = new JLabel("0");
        lblRegexp.setBounds(697, 267, 61, 16);
        frame.getContentPane().add(lblRegexp);
        
        btnClassifyColumn = new JButton("Classify column");
        btnClassifyColumn.setEnabled(false);
        btnClassifyColumn.setBounds(888, 16, 161, 29);
        frame.getContentPane().add(btnClassifyColumn);
        
        chckbxNewDT = new JCheckBox("Create new decision tree");
        chckbxNewDT.setBounds(674, 17, 202, 23);
        frame.getContentPane().add(chckbxNewDT);
        
        JLabel lblNewLabel_2 = new JLabel("The most commen pattern structure is:");
        lblNewLabel_2.setBounds(469, 430, 275, 16);
        frame.getContentPane().add(lblNewLabel_2);
        
        textAreaSummarization = new JTextArea();
        textAreaSummarization.setEditable(false);
        textAreaSummarization.setBounds(469, 449, 510, 96);
        frame.getContentPane().add(textAreaSummarization);
        
        textAreaClassification = new JTextArea();
        textAreaClassification.setLineWrap(true);
        textAreaClassification.setFont(new Font("Lucida Grande", Font.BOLD | Font.ITALIC, 16));
        textAreaClassification.setEditable(false);
        textAreaClassification.setBounds(991, 449, 237, 98);
        frame.getContentPane().add(textAreaClassification);
        
        lblClassificationResults = new JLabel("Classification results:");
        lblClassificationResults.setBounds(991, 430, 161, 16);
        frame.getContentPane().add(lblClassificationResults);
        
        JLabel lblId = new JLabel("ID:");
        lblId.setBounds(1169, 430, 24, 16);
        frame.getContentPane().add(lblId);
        
        lblID = new JLabel(".");
        lblID.setBounds(1195, 430, 33, 16);
        frame.getContentPane().add(lblID);
        
        JButton btnShowChart = new JButton("Save chart-data");
        btnShowChart.setEnabled(false);
        btnShowChart.setBounds(1077, 16, 140, 29);
        frame.getContentPane().add(btnShowChart);
        
        JButton btnSetDirectoryPath = new JButton("Set directory path");
        btnSetDirectoryPath.addActionListener(new ActionListener() {
            public void actionPerformed(ActionEvent e) {
                JFileChooser chooser = new JFileChooser();
                chooser.setCurrentDirectory(new java.io.File("."));
                chooser.setDialogTitle("Select directory.");
                chooser.setFileSelectionMode(JFileChooser.DIRECTORIES_ONLY);
                chooser.setAcceptAllFileFilterUsed(false);
                
                if(chooser.showOpenDialog(null) == JFileChooser.APPROVE_OPTION){
                    System.out.println(chooser.getCurrentDirectory());
                    System.out.println(chooser.getSelectedFile());
                    variable.dir = chooser.getSelectedFile().toString();
                }
                btnOpen.setEnabled(true);
                btnShowChart.setEnabled(true);
            }
        });
        btnSetDirectoryPath.setBounds(187, 16, 161, 29);
        frame.getContentPane().add(btnSetDirectoryPath);
        btnShowChart.addActionListener(new ActionListener() {
            
            @Override
            public void actionPerformed(ActionEvent e) {
                saveChartData();
                data.clear();
            }
        });
        
        btnClassifyColumn.addActionListener(new ActionListener() {
            
            @Override
            public void actionPerformed(ActionEvent e) {
                classifyUniqueWords();
                btnClassifyColumn.setEnabled(false);
            }       
        });
    }
    public void openfile(){
        JFileChooser fileChooser = new JFileChooser();
        int chosenFile = fileChooser.showOpenDialog(null);
        fileChooser.setDialogTitle("Choose input file to analyse");
        
        if(chosenFile == JFileChooser.APPROVE_OPTION){
            File file = fileChooser.getSelectedFile();
            textFile.setText(file.toString());
            
            try {
                FileReader filereader = new FileReader(file);
                BufferedReader bufferedreader = new BufferedReader(filereader);
                String s;
                try {
                    while((s = bufferedreader.readLine()) != null){
                        s = s.trim();                   
                        if(!s.isEmpty()){
                            textRow.add(s);
                        }
                    }
                } catch (IOException e) {
                    // TODO Auto-generated catch block
                    e.printStackTrace();
                }
            } catch (FileNotFoundException e) {
                // TODO Auto-generated catch block
                e.printStackTrace();
            }
        }else{}
        lblFileLength.setText(String.valueOf(textRow.getItemCount()));
        
        for(int i = 0; i <textRow.getItemCount(); i ++){
            textOutput.append(textRow.getItem(i)+ "\n");
        }
        btnFindPattern.setEnabled(true);
        btnReset.setEnabled(true);
    }
    
    private void generateTrie(){
        trie = new Trie();
        
        for(int i = 0; i < textRow.getItemCount(); i++){
            trie.add(textRow.getItem(i));
        }
        data.add(textRow.getItemCount());
    }
    
    private void getTrieResult(){
        trie.startExtractinWords();
        wordResult = trie.getUniqueWords();
        wordCounter = trie.getUniqueWordCounter();      
        for(int i = 0; i < wordResult.size(); i ++){
            textWordBefore.append(wordResult.get(i) + " : " + wordCounter.get(i) + "\n");
        }
        lblWordBefore.setText(Integer.toString(wordResult.size())); 
        //for the chart
        data.add(wordResult.size());
        
        trie.findLongestCommenPrefix();
        List prefix = trie.getLongestCommenPrefix();
        
        for(int i = 0; i < prefix.getItemCount(); i ++){
            textCommonPrefix.append(prefix.getItem(i) + "\n");
        }
        
        trie.print();
        List trieResult = trie.getTrie();
        for(int i = 0; i < trieResult.getItemCount(); i ++){
            textTrie.append(trieResult.getItem(i) + "\n");
        }
    }
    
    private void findRegularExpression(){
        /*
         * insert both wordResult and wordCounter to be able to keep track of the distribution
         * of each regexp.
         */
        findGeneralPatterns.insertList(wordResult, wordCounter);
        regExpWithoutRange = findGeneralPatterns.getRegexpWithoutRange();
        regExpCounter = findGeneralPatterns.getRegexpCounter();
        
        for(int i = 0; i < regExpWithoutRange.getItemCount(); i++){
            textGeneralRegexp.append(regExpWithoutRange.getItem(i) + " : " + regExpCounter.get(i) + "\n");
        }
        
        lblGenRegexp.setText(Integer.toString(regExpWithoutRange.getItemCount()));
        patterns = findGeneralPatterns.getPatternObjectList();
    }
    
    private void detectMisspelling(){
        AnalysePatterns analysePattern = new AnalysePatterns();
        analysePattern.Analyse(regExpWithoutRange, wordResult, regExpCounter, patterns, wordCounter);
        
        uniqueWords = analysePattern.getCorrectedUniqueWords();
        regexpCounter = analysePattern.getUpdatedRegexpCounter();
        GeneralRegexp = analysePattern.getUpdatedRegexp();
        expressionList = analysePattern.getExpressionList();
        newWordCounter = analysePattern.getWordCounter();
                
        for(int i = 0; i < uniqueWords.size(); i++){
            textWordAfter.append(uniqueWords.get(i) + ": " + newWordCounter.get(i) + "\n");
        }
        lblWordAfter.setText(Integer.toString(uniqueWords.size()));
        data.add(uniqueWords.size());
        data.add(regExpWithoutRange.getItemCount());
        data.add(GeneralRegexp.size());
    }
    
    private void analyseGeneralPatterns(){
        analyseGeneralPatterns.insertList(uniqueWords, expressionList , GeneralRegexp);
        regExpWithRange = analyseGeneralPatterns.getRegexpWithRange();

        for(int i = 0; i < regExpWithRange.getItemCount(); i++){
            textRegexp.append(regExpWithRange.getItem(i) + " : " + regexpCounter.get(i) + "\n");
        }
        lblRegexp.setText(Integer.toString(regExpWithRange.getItemCount()));
    }
    
    private void extractInformation(){
        ExtractInformation extract = new ExtractInformation();

        for(int j = 0; j < uniqueWords.size(); j++){
            for(int i = 0 ; i < GeneralRegexp.size(); i++){
                String val = uniqueWords.get(j).toString();
                Matcher matcher = GeneralRegexp.get(i).matcher(val);
                    if(matcher.matches()){
                        extract.textInformation(val, i);
                        break;
                    }
            }
        }
        
         // This extract information about what letter combination, digit range for each regular expression has.
         
            List result = extract.getExtracetInformationList();
            for(int k = 0; k < result.getItemCount(); k ++){
                System.out.println(result.getItem(k));
            }   
    }
    
    /*
     * Based on number of regular expression, unique words and number of sequence it makes
     * a conclusion if it can be an ID.
     */
    private void checkForIDs(){
        SequentialIDRecognition ID = new SequentialIDRecognition();
        ID.insert(regexpCounter, regExpWithRange, uniqueWords, newWordCounter);
        ID.findPossibleIDFields();
        double res = ID.getTotalScore();
        if(res >= 60){
            lblID.setText("Yes");
        }else{
            lblID.setText("No");
        }
    }   
    
    /*
     * Classifies the input data using the decision tree from the WEKA library
     */
    private void classifyUniqueWords(){     
        if(chckbxNewDT.isSelected()){
            System.out.println("set traning path" );
            JFileChooser fileChooser = new JFileChooser();
            fileChooser.setDialogTitle("Choose the training file (arff)");
            int chosenFile = fileChooser.showOpenDialog(null);
            if(chosenFile == JFileChooser.APPROVE_OPTION){
                File file = fileChooser.getSelectedFile();
                try {
                    dt.setTrainingPath(file.toString());
                } catch (Exception e) {
                    // TODO Auto-generated catch block
                    e.printStackTrace();
                }
            }else{
                System.out.println("Using defaul training path");
            }
            
            System.out.println("set test path");
            JFileChooser fileChooser2 = new JFileChooser();
            fileChooser2.setDialogTitle("Choose the test file (arff)");
            int chosenFile2 = fileChooser2.showOpenDialog(null);
            if(chosenFile2 == fileChooser2.APPROVE_OPTION){
                File file = fileChooser2.getSelectedFile();
                try {
                    dt.setTestPath(file.toString());
                } catch (Exception e) {
                    // TODO Auto-generated catch block
                    e.printStackTrace();
                }
            }else{
                System.out.println("Using default test path");
            }
            
            try {
                dt.train();
                dt.storeDecisionTree(variable.dir);
            } catch (Exception e) {
                // TODO Auto-generated catch block
                e.printStackTrace();
            }   
        }else{
            try {
                dt.useStoredDecisionTree(variable.dir);
            } catch (Exception e) {
                // TODO Auto-generated catch block
                e.printStackTrace();
            }
        }

        try {
            dt.classifyingInput(uniqueWords, GeneralRegexp, expressionList, newWordCounter);
        } catch (Exception e) {
            // TODO Auto-generated catch block
            e.printStackTrace();
        }
        
        String result = dt.getClassificationResult();
        if(!result.equals(variable.NoClassificationResult)){
            double score = dt.getClassificationScore();
            String StringScore = String.format("%.02f", score);
            textAreaClassification.append("Label: " + result + ": " + StringScore + "%");
        
        
            /*
             * Retrives information about each regexp discovered.
             */
            ArrayList<Integer> letter = dt.getRegexpNumberOfLetterElements();
            ArrayList<Integer> digit = dt.getRegexpNumberOfDigitElements();
            ArrayList<Integer> structure = dt.getRegexpNumberOfRegexpStructures();
            ArrayList<Integer> specialCharacters = dt.getRegexpNumberOfSpecialElements();
            
            int index = findHighestVote(regexpCounter); 
            
            textAreaSummarization.append("Number of letter blocks: " + letter.get(index) + "\n" +
                    "Number of digit blocks: " + digit.get(index) +"\n" + 
                    "Number of special character blocks: " + specialCharacters.get(index));
        }
    }
    
    private int findHighestVote(ArrayList<Integer> array){
        int temp = 0;
        int index = -1;
        for(int i = 0; i<array.size(); i++){
            if(array.get(i)>temp){
                temp = array.get(i);
                index = i;
            }
        }
        return index;
    }
    
    private void saveDataChartToFile() throws FileNotFoundException, IOException{
        System.out.println(variable.dir + "chartData.csv");
        FileWriter write = new FileWriter(new File(variable.dir + "/chartData.csv")); //"/Users/Morten/
        for(int i = 0; i < data.size(); i++){
            write.append(data.get(i).toString() + ","); 
        }
        write.close();
    }
    
    
    private void saveChartData(){
        try {
            saveDataChartToFile();
        } catch (Exception e) {
            // TODO Auto-generated catch block
            e.printStackTrace();
        }
        System.out.println("Chart data saved to file");
    }
    
    //Used by Charts.java
    public ArrayList<Integer> getChartDataSet(){
        return data;
    }
    
    private void clearOutput(){
        textFile.setText("");
        textOutput.setText("");
        textWordBefore.setText("");
        btnFindPattern.setEnabled(false);
        btnOpen.setEnabled(true);
        textRow.removeAll();
        lblFileLength.setText("0");
        lblID.setText("");
        lblRegexp.setText("");
        lblGenRegexp.setText("");
        lblWordAfter.setText("");
        lblWordBefore.setText("");
        textAreaClassification.setText("");
        textAreaSummarization.setText("");
        textCommonPrefix.setText("");
        textOutput.setText("");
        textGeneralRegexp.setText("");
        textRegexp.setText("");
        textWordAfter.setText("");
        textTrie.setText("");
        lblClassificationResults.setText("");
    }
}
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src/machine_learning/PatternRecognition.java/**
 * 
 */
package machine_learning;

import java.awt.List;
import java.util.ArrayList;
import java.util.Hashtable;
import java.util.regex.Matcher;
import java.util.regex.Pattern;


import utils.Variables;
/**
 * @author {Morten Wærsland}
 *
 */
public class PatternRecognition {
    private Variables variable = new Variables();
    private Hashtable<String, Integer> table = new Hashtable<>();
    private List expressionList = new List();
    private ArrayList<Integer> expressionCounter = new ArrayList<Integer>();
    private ArrayList<Pattern> pattern = new ArrayList<>();
    private String letter = variable.letter;
    private String number = variable.digit;
    private String special = variable.special; 
    private String whitespace = variable.whitespace;
    private int numberOfLetterElements;
    private int numberOfDigitElements;
    private int numberOfSpecialElements;
    private int regexpIndex;
    private int numberOfRegexpStructures;
    private boolean match;
    private String word = "";
    
    private ArrayList<Integer> regexpStructures = new ArrayList<Integer>();
    private ArrayList<Integer>  DigitElements= new ArrayList<Integer>();
    private ArrayList<Integer>  LetterElements= new ArrayList<Integer>();
    private ArrayList<Integer>  SpecialElements= new ArrayList<Integer>();


    
    /*
     * Needs to reset each counter value for each word.
     */
    public void insertWord(String s){
        numberOfLetterElements = 0;
        numberOfDigitElements = 0;
        numberOfSpecialElements = 0;
        regexpIndex = -1;
        numberOfRegexpStructures = 0;

        this.word = s;
        checkRegexp(word);
    }
    
    /*
     * These method are used by the GUI class to extract the information
     * discovered and to show the results.
     */

    public List getRegexpWithoutRange(){
        return expressionList;
    }
    public ArrayList<Integer> getRegexpCounter(){
        return expressionCounter;
    }
    
    /*
     * This method create a new regular expression.
     * Analysis char by char and sees if the the next value is of the same type or not
     * Whenever a change the correct regexp structure is added to the string that represents
     * the whole regular expression solution.
     */
    public String createRegexpStructure(String row){            
         String regexp ="^"; 
         if(row.length() > 1){
            for(int i = 0; i < row.length()-1; i++){
                char inputChar = row.charAt(i);
                char nextInputChar = row.charAt(i+1);
                
                if(isLetter(inputChar) && !isLetter(nextInputChar)){
                        regexp += letter;
                        numberOfLetterElements++;
                        numberOfRegexpStructures ++;
                    
                }else if(isDigit(inputChar) && !isDigit(nextInputChar)){
                    regexp += number;
                    numberOfDigitElements++;
                    numberOfRegexpStructures ++;
    
                }else if(isWhiteSpace(inputChar) && !isWhiteSpace(nextInputChar)){
                    regexp += whitespace;
                    numberOfRegexpStructures ++;
                }
                /*
                 * Check for special character.
                 * Need to do this check since even if we check if the "inputChar" is of the type  letter, digit or white space in the previous 
                 * If "inputChar" is a letter and the next one is also a letter these previous checks can't pick that
                 * up (that's the plan). Therefore we need to check the "inputChar" if it's not a letter or digit or white space.
                 */
                else if(!isLetter(inputChar) && (isLetter(nextInputChar) || isDigit(nextInputChar) || Character.isWhitespace(nextInputChar)) &&
                        !isDigit(inputChar) && (isDigit(nextInputChar) ||isLetter(nextInputChar) || Character.isWhitespace(nextInputChar)) && 
                        !Character.isWhitespace(inputChar) && (isDigit(nextInputChar) ||isLetter(nextInputChar) || Character.isWhitespace(nextInputChar))){
                    regexp += special;
                    numberOfSpecialElements++;
                    numberOfRegexpStructures ++;

                }
                if(i == row.length()-2){
                    if(Character.isLetter(nextInputChar)){
                        regexp += letter;
                        numberOfLetterElements++;
                        numberOfRegexpStructures ++;

    
                    }else if( Character.isDigit(nextInputChar)){
                        regexp += number;
                        numberOfDigitElements++;
                        numberOfRegexpStructures ++;

    
                    }else{
                        regexp += special;
                        numberOfSpecialElements++;
                        numberOfRegexpStructures ++;

                    }
                }
            }
         }else{
             if(isLetter(row.charAt(0))){
                 regexp += letter;
                 numberOfLetterElements++;

             }else if(isDigit(row.charAt(0))){
                 regexp += number;
                 numberOfDigitElements++;
                 
             }else{
                 regexp += special;
                 numberOfSpecialElements++;
             }
             numberOfRegexpStructures ++;
         }
        regexp += "$";
        return regexp;
    }
    /*
     * This method checks to see if the pattern has been discovered before
     * if it's a new one createRegexpStructure() is called and this method returns
     * a new regular expression based on the new pattern.
     */
    public void checkRegexp(String row){    
        match = false;
        if(pattern.size() == 0){
            updateRegexpListsAndArrays(row);
            
            regexpIndex = 0;
        }else{
            for(int i = 0; i<pattern.size(); i++){
                if(pattern.get(i).matcher(row).matches()){
                    regexpIndex = i;
                    match = true;   
                    break;
                }
            }
    
            if(!match){
                updateRegexpListsAndArrays(row);
                
                int size = expressionList.getItemCount();
                regexpIndex = size - 1;
            }
        }
    }
    
    
    private void updateRegexpListsAndArrays(String row){
        String expression = "";
        expression = createRegexpStructure(row);
        expressionList.add(expression);
        
        regexpStructures.add(numberOfRegexpStructures);
        LetterElements.add(numberOfLetterElements);
        DigitElements.add(numberOfDigitElements);
        SpecialElements.add(numberOfSpecialElements);
        
        //Compile in advanced gives better performance
        Pattern p = Pattern.compile(expression);
        pattern.add(p);
    }
    /*
     * These methods is just to decrease the length of the if checks used
     * createRegexpStructure()
     */
    
    private boolean isLetter(char c){
        return Character.isLetter(c);
    }
    
    private boolean isDigit(char c){
        return Character.isDigit(c);
    }
    
    private boolean isWhiteSpace(char c){
        return Character.isWhitespace(c);
    }
    
    public Pattern getRegexpObject(){
        return pattern.get(regexpIndex);    
    }
    
    public String getRegexpStringValue(){
        return expressionList.getItem(regexpIndex);
    }
    
    public int getnumberOfRegexpStructures(){
        return regexpStructures.get(regexpIndex);
    }
    
    public int getNumberOfLetterElements(){
        return LetterElements.get(regexpIndex);
    }
    
    public int getNumberOfDigitElements(){
        return DigitElements.get(regexpIndex);
    }
    
    public int getNumberOfSpecialElements(){
        return SpecialElements.get(regexpIndex);
    }
    
    public void resetListAndArrays(){
        regexpStructures.clear();
        LetterElements.clear();
        DigitElements.clear();
        SpecialElements.clear();
        pattern.clear();
        table.clear();
        expressionList.removeAll();
        expressionCounter.clear();
    }
    
    public int getSigmaLetters(){
        int sigmaLetters = 0;
        for(int i = 0; i < word.length(); i++){
            if(Character.isLetter(word.charAt(i))){
                sigmaLetters ++;
            }
        }
        return sigmaLetters;
    }
    
    public int getSigmaLeadingLetters(){
        int sigmaLeadingLetters = 0;
        for(int i = 0; i < word.length(); i++){
            if(Character.isLetter(word.charAt(i))){
                sigmaLeadingLetters ++;
            }else{
                return sigmaLeadingLetters;
            }
        }
        return sigmaLeadingLetters;
    }
    public boolean isMatch(){
        return match;
    }
    
    public int getRegexpIndx(){
        return regexpIndex;
    }
}
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src/machine_learning/RegexpToDecisionTreeAttributeValues.java/**
 * 
 */
package machine_learning;

import java.awt.List;
import java.util.ArrayList;
import java.util.regex.Pattern;

import utils.Variables;

/**
 * @author {Morten Wærsland}
 *
 */
public class RegexpToDecisionTreeAttributeValues {
    private ArrayList<Integer> numberOfRegexpStructures;
    private ArrayList<Integer> numberletters;
    private ArrayList<Integer> numberDigit;
    private ArrayList<Integer> numberSpecial;
    private int numberOfLetterElements;
    private int numberOfDigitElements;
    private int numberOfSpecialElements;
    private Variables variable = new Variables();
    private String letter = variable.letter.substring(0, variable.letter.length() - 2);
    private String digit = variable.digit.substring(0, variable.digit.length() - 2);
    private String special = variable.special.substring(0, variable.special.length() - 2); 
    
    public void convert(ArrayList<String> uniqueWords, ArrayList<Pattern> pattern , List expressionList){
        numberOfRegexpStructures = new ArrayList<>();
        numberletters = new ArrayList<>();
        numberDigit = new ArrayList<>();
        numberSpecial = new ArrayList<>();
        
        numberOfLetterElements = 0;
        numberOfDigitElements = 0;
        numberOfSpecialElements = 0;

        analyseRegexp(expressionList);
    }
    
    /*
     * this one actually analyse the structure used in a regexp. This can summarize a regexp quite well.
     * 
     */
    private void analyseRegexp(List expression){
        for(int i = 0; i< expression.getItemCount(); i ++){
            expression.replaceItem(expression.getItem(i).substring(1, expression.getItem(i).length()-1), i);
            String[] s = expression.getItem(i).split("\\++");
            numberOfRegexpStructures.add(s.length);
            
            for(int j = 0; j<s.length; j++){
                if(s[j].equals(letter)){
                    numberOfLetterElements++;
                }else if(s[j].equals(digit)){
                        numberOfDigitElements++;
                }else if(s[j].equals(special)){
                    numberOfSpecialElements++;
                }
            }
            numberletters.add(numberOfLetterElements);
            numberDigit.add(numberOfDigitElements);
            numberSpecial.add(numberOfSpecialElements);
            numberOfLetterElements = 0;
            numberOfDigitElements = 0;
            numberOfSpecialElements = 0;
        }
    }
    
    public ArrayList<Integer> getNumberOfLetterElements(){
        return numberletters;
    }
    
    public ArrayList<Integer> getNumberOfDigitElements(){
        return numberDigit;
    }
    
    public ArrayList<Integer> getNumberOfSpecialElements(){
        return numberSpecial;
    }
    public ArrayList<Integer> getNumberOfRegexpStrcutures(){
        return numberOfRegexpStructures;
    }
}
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src/avito_trie/SequentialIDRecognition.java/**
 * 
 */
package avito_trie;

import java.awt.List;
import java.util.ArrayList;
import java.util.Collections;
import java.util.HashSet;
import java.util.regex.Matcher;
import java.util.regex.Pattern;

import utils.Variables;

/**
 * @author {Morten Wærsland}
 *
 */
public class SequentialIDRecognition {
    
    private ArrayList<Integer> regexpCounter;
    private List regExpWithRange;
    private Variables variable = new Variables();
    private String digit = variable.digit.substring(0, variable.digit.length() - 2);
    private boolean iterate = true;
    private int numberOfSequence;
    private int iterationDone;
    private ArrayList<Integer> indexForWord;
    private ArrayList<Long> IDValue;
    private ArrayList<String> uniqueWords;
    private ArrayList<Integer> wordCounter;
    private boolean canBeID = false;
    private int majority;
    private int temp;
    private int numberOfElements;
    private ArrayList<Integer> indexDigitRegexp;
    private String[] regexpStructureWithRange;
    private String[] regexpStructureWithoutRange;
    private int numberOfduplicatedIDValues;
    private ArrayList<HashSet<String>> IDField;
    private int indexDigitRegexpID;
    private int voteIndexDigitRegexp;
    private double totalScore;
    
    public void insert(ArrayList<Integer> regexpCounter,List regExpWithRange, ArrayList<String> uniqueWords, ArrayList<Integer> wordCounter){
        this.regexpCounter = regexpCounter;
        this.regExpWithRange = regExpWithRange;
        this.uniqueWords = uniqueWords;
        this.wordCounter = wordCounter;
        
        canBeID = false;
        majority = -1;
        temp = 0;
        numberOfElements = 0;
        indexDigitRegexpID = 0;
        voteIndexDigitRegexp = 0;
        numberOfduplicatedIDValues = 0;
        IDValue = new ArrayList<>();
        indexForWord = new ArrayList<>();
        IDField = new ArrayList<HashSet<String>>();
        indexDigitRegexp = new ArrayList<>();
    }
    
    public void findPossibleIDFields(){ 
        //check to see if its consistent enough to be ID.
        if(regexpCounter.size() <= 15){
            
            //Find the regular expression that the majority and use this through this process.
            findMajority();
            
            //Want to delete ^and $ at the end of the regexp.
            stripRegexpStructure();
            
            canBeID = possibleID(regexpStructureWithoutRange);

            
            Pattern pattern = Pattern.compile(regExpWithRange.getItem(majority));
            //Know we know what value that can be IDs from the original unique word list.
            for(int h = 0; h <uniqueWords.size(); h++){
                if(pattern.matcher(uniqueWords.get(h)).matches()){
                    indexForWord.add(h);
                    if(wordCounter.get(h)>1){
                        numberOfduplicatedIDValues += wordCounter.get(h) -1;
                    }
                }
            }

            /*
             * Uses the highest value as the start point.
             * matcher2.end will give the correct start index even if the pattern got a range of 2,4. The end index will be 2 instead of 4.
             * This provides the correct performance.
             */
            if(canBeID){
                findPossibleIDFieldInInput();
                
                
                for(int j = 0; j < indexForWord.size(); j++){
                    iterationDone = 0;
                        
                    for(int k = 0; k <= indexDigitRegexpID; k++){
                        Pattern other = Pattern.compile(regexpStructureWithRange[indexDigitRegexp.get(k)]);
                        Matcher matcherOther = other.matcher(uniqueWords.get(indexForWord.get(j)));
                        
                        if(matcherOther.find(iterationDone) && (k != indexDigitRegexpID)){
                            iterationDone = matcherOther.end();
                        }else if(matcherOther.find(iterationDone) && (k == indexDigitRegexpID)){
                            iterationDone = matcherOther.end();
                            IDValue.add(Long.parseLong(matcherOther.group(0)));
                        }else{
                            System.out.println("Error, no match");
                        }
                    }
                }           
                analyseSequence();
                conclusion();
            }
        }
    }
    
    private void findPossibleIDFieldInInput(){
        for(int m = 0; m < indexForWord.size(); m++){   
            iterate = true;
            
            int nextCheck = 0; 
            //there can be regexp with the same pattern. e.q. \\d{6}.
            for(int u = 0; u < indexDigitRegexp.size(); u++){
                Pattern p2 = Pattern.compile(regexpStructureWithRange[indexDigitRegexp.get(u)]);
                Matcher matcher2 = p2.matcher(uniqueWords.get(indexForWord.get(m)));
                
                if(matcher2.find(nextCheck)){
                    nextCheck = matcher2.end();
                    if(m == 0){
                        HashSet<String> set = new HashSet<>();
                        set.add(matcher2.group(0));
                        IDField.add(set);
                    }else{          
                        IDField.get(u).add(matcher2.group(0));
                    }
                }
            }
        }
        for(int b = 0; b <IDField.size(); b++){
            if(IDField.get(b).size() > voteIndexDigitRegexp){
                voteIndexDigitRegexp = IDField.get(b).size();
                indexDigitRegexpID = b;
            }
        }           
    }
    private boolean possibleID(String[] clean){
        boolean foundDigit = false;
        for(int j = 0; j<clean.length; j++){
            if(clean[j].equals(digit)){
                indexDigitRegexp.add(j);
                foundDigit = true;
            }
        }
        return foundDigit;
        
    }
    
    private void stripRegexpStructure(){
        regExpWithRange.replaceItem(regExpWithRange.getItem(majority).substring(1, regExpWithRange.getItem(majority).length()-1), majority);
        regexpStructureWithRange = regExpWithRange.getItem(majority).split("\\++");
        //remove range
        regexpStructureWithoutRange = new String[regexpStructureWithRange.length];
        indexDigitRegexp = new ArrayList<>();
        //Need to remove range to be able to use equal on a "\d" to see if its  digit. If not we need to check for a isLatin plus the range.
        //This will be true for letter and other stuff as well. There it needs to be done in two steps.
        for(int k = 0; k < regexpStructureWithRange.length; k++){
            String[] value = regexpStructureWithRange[k].split("[{\\d}]");
            regexpStructureWithoutRange[k] = value[0];
        }
    }

    
    private void findMajority(){
        for(int i = 0; i < regexpCounter.size(); i++){
            numberOfElements += regexpCounter.get(i);
            if(regexpCounter.get(i)>temp){
                majority = i;
                temp = regexpCounter.get(i);
            }
        }
    }
        
    private void analyseSequence(){
        numberOfSequence = 0;
        for(int i = 0; i<IDValue.size()-1; i++){
            Collections.sort(IDValue);
            long valueOne = IDValue.get(i);
            long valueTwo = 0;
            boolean iterate = true;
            int gap = 1;
            
            while(iterate){
                if(i==IDValue.size()-1){
                    break;
                }else{
                    valueTwo = IDValue.get(i+1);
                
                    if(valueTwo - valueOne == gap){
                        i++;
                        gap++;
                        numberOfSequence++;
                        
                    }else{
                        iterate = false;
                    }
                }
            }
        }
    }
    
    private void conclusion(){
        //This should be high
        if(majority != -1){
            double totDistribution = (double)regexpCounter.get(majority)/numberOfElements*100;
            //System.out.println("Number of element compared to total number of element:" + totDistribution + "%");
            
            //The higher this is the better. Can still be ok, even if it's low.
            double regexpUniqueID = (double) IDValue.size()/regexpCounter.get(majority)*100;
            //System.out.println("Number of unique values in majority regexp:" + regexpUniqueID + "%");
            //System.out.println("number for duplicated values: " + numberOfduplicatedIDValues);
            
            //This is the most important part. should be high.
            double IDValueSequnce = (double) numberOfSequence / IDValue.size() * 100;
            //System.out.println("Number of sequences in unique values:" + IDValueSequnce + "%");
            
            //This we want to be as low as possible.
            double duplicatedValue = (double) numberOfduplicatedIDValues / regexpCounter.get(majority) * 100;
            //System.out.println("Number of duplications compared to number of element:" + duplicatedValue + "%");
            
            if(duplicatedValue<40){
                totalScore = (totDistribution + regexpUniqueID + IDValueSequnce)/ 3;
            }else{
                totalScore = (totDistribution + IDValueSequnce + duplicatedValue)/ 4;
            }
            
            //totalScore = (totDistribution + regexpUniqueID + IDValueSequnce + duplicatedValue)/ 4;
            //System.out.println("\n" + "Total score: " + totalScore + "%");
        }
    }
    
    public double getTotalScore(){
        return totalScore;
    }
}
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src/machine_learning/TextFileToArffFile.java/**
 * 
 */
package machine_learning;

import java.awt.EventQueue;
import java.awt.List;
import java.awt.event.ActionEvent;
import java.awt.event.ActionListener;
import java.io.BufferedReader;
import java.io.File;
import java.io.FileNotFoundException;
import java.io.FileReader;
import java.io.FileWriter;
import java.io.IOException;
import java.util.ArrayList;
import java.util.Hashtable;

import javax.swing.JFrame;
import javax.swing.ButtonGroup;
import javax.swing.JButton;
import javax.swing.JFileChooser;
import javax.swing.JTextField;

import utils.Variables;
import weka.core.pmml.FieldMetaInfo.Value;

import javax.swing.JRadioButton;

/**
 * @author {Morten Wærsland}
 *
 */
public class TextFileToArffFile {

    private JFrame frame;
    private JTextField textField;
    
    private File file;
    private String path = "";
    
    private Variables variable = new Variables();
    private String dir = "";
    private ConvertToAttributeValue attributeValue = new ConvertToAttributeValue();
    private PatternRecognition patternRecognition = new PatternRecognition();
    private ArrayList<String> inputValue = new ArrayList<>();
    private ArrayList<String> atffVvalue = new ArrayList<>();
    private Hashtable<Integer, ArrayList<Integer>> wordLength = new Hashtable();
    
    private JRadioButton rdbtnTest;
    private JRadioButton rdbtnTraining;
    /**
     * Launch the application.
     */
    public static void main(String[] args) {
        
        EventQueue.invokeLater(new Runnable() {
            public void run() {
                try {
                    TextFileToArffFile window = new TextFileToArffFile();
                    window.frame.setVisible(true);
                } catch (Exception e) {
                    e.printStackTrace();
                }
            }
        });
    }

    
    /**
     * Create the application.
     */
    public TextFileToArffFile() {
        initialize();
    }

    /**
     * Initialize the contents of the frame.
     */
    private void initialize() {
        JFileChooser chooser = new JFileChooser();
        chooser.setCurrentDirectory(new java.io.File("."));
        chooser.setDialogTitle("Select directory.");
        chooser.setFileSelectionMode(JFileChooser.DIRECTORIES_ONLY);
        chooser.setAcceptAllFileFilterUsed(false);
        
        if(chooser.showOpenDialog(null) == JFileChooser.APPROVE_OPTION){
            System.out.println(chooser.getCurrentDirectory());
            System.out.println(chooser.getSelectedFile());
            dir = chooser.getSelectedFile().toString();
        }
        
        frame = new JFrame();
        frame.setBounds(100, 100, 450, 300);
        frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
        frame.getContentPane().setLayout(null);
        
        JButton btnOpenCsvFile = new JButton("Open csv file");
        btnOpenCsvFile.setBounds(19, 24, 117, 29);
        frame.getContentPane().add(btnOpenCsvFile);
        btnOpenCsvFile.addActionListener(new ActionListener() {
            
            @Override
            public void actionPerformed(ActionEvent e) {
                openFile();
                btnOpenCsvFile.setEnabled(false);
            }
        });
        
        rdbtnTraining = new JRadioButton("Training");
        rdbtnTraining.setBounds(20, 87, 141, 23);
        frame.getContentPane().add(rdbtnTraining);
        
        rdbtnTest = new JRadioButton("Test");
        rdbtnTest.setBounds(19, 62, 141, 23);
        frame.getContentPane().add(rdbtnTest);
        
        ButtonGroup group = new ButtonGroup();
        group.add(rdbtnTest);
        group.add(rdbtnTraining);
        
        
        JButton btnConvertToArff = new JButton("Convert to arff file");
        btnConvertToArff.setBounds(20, 126, 195, 29);
        frame.getContentPane().add(btnConvertToArff);
        btnConvertToArff.addActionListener(new ActionListener() {
            
            @Override
            public void actionPerformed(ActionEvent e) {
                try {
                    createArff();
                    System.exit(1);
                } catch (IOException e1) {
                    // TODO Auto-generated catch block
                    e1.printStackTrace();
                }
            }
        });
        
        textField = new JTextField();
        textField.setBounds(148, 24, 250, 26);
        frame.getContentPane().add(textField);
        textField.setColumns(10);
        textField.setEnabled(false);
    }
    private void openFile(){
        JFileChooser fileChooser = new JFileChooser();
        int chosenFile = fileChooser.showOpenDialog(null);
        if(chosenFile == JFileChooser.APPROVE_OPTION){
            file = fileChooser.getSelectedFile();
            textField.setText(file.toString());
        }
    }
    /*
     * This class create the arff file. All the header are added with the describtion of what value is 
     * expected for each. This is a set of "rule" for what is legal values. These value needs to be correspond
     * with the value creating from the input words. 
     * @relation, @attribute and @class is the header that is necessary to have at the top of the file.
     */
    
    private void createArff() throws IOException{
        if(rdbtnTest.isSelected()){
            path =  dir + "/all_in_on_test_set.arff"; //variable.testPath;
        }else if(rdbtnTraining.isSelected()){
            path = dir + "/all_in_on_training_set.arff";
             //variable.trainingPath;
        }else{
            System.exit(1);
        }
        FileWriter write = new FileWriter(new File(path));
        write.append(variable.relation + "\n");
        write.append(variable.attribute  + variable.wordLength + 
                " {"+variable.zero + "," +  variable.one + 
                "," + variable.two +"," + variable.three +
                "," + variable.four + "," + variable.five +
                "," + variable.six + "," + variable.seven +
                "," + variable.eight + "," + variable.nine + 
                "," + variable.ten + "," + variable.eleven + 
                "," + variable.twelve + "," + variable.thirteen +
                "," + variable.fourteen + "," + variable.fifteen + 
                "," + variable.sixteen + "," + variable.seventeen +
                "," + variable.eighteen + "," + variable.nineteen + 
                "," + variable.twentyPlus +
                "}" + "\n");
        write.append(variable.attribute + variable.regexpStrcuture + 
                " {"+ variable.zero + "," + variable.one + 
                "," + variable.two +"," + variable.three +
                "," + variable.four + "," + variable.five +
                "," + variable.six + "," + variable.seven +
                "," + variable.eight + "," + variable.nine + 
                "," + variable.ten + "," + variable.eleven + 
                "," + variable.twelve + "," + variable.thirteen +
                "," + variable.fourteen + "," + variable.fifteen + 
                "," + variable.sixteen + "," + variable.seventeen +
                "," + variable.eighteen + "," + variable.nineteen + 
                "," + variable.twentyPlus +
                "}" + "\n");
        write.append(variable.attribute + variable.onlyLetters + " {" + 
                variable.onlyeLettersTrue + "," +   variable.onlyeLettersFalse + 
                "}" + "\n");
        write.append(variable.attribute + variable.onlyDigit + " {" + 
                variable.onlyeDigitTrue + "," + variable.onlyeDigitFalse + 
                "}" + "\n");
        write.append(variable.attribute + variable.lettersAndDigit + 
                " {"+ variable.lettersAndDigitTrue + "," + variable.lettersAndDigitFalse +
                "}" + "\n");
        write.append(variable.attribute + variable.sigmaSpecialCharacterBlocks + 
                " {"+ variable.zero + "," + variable.one + 
                "," + variable.two +"," + variable.three +
                "," + variable.four + "," + variable.five +
                "," + variable.six + "," + variable.seven +
                "," + variable.eight + "," + variable.nine + 
                "," + variable.ten + "," + variable.eleven + 
                "," + variable.twelve + "," + variable.thirteen +
                "," + variable.fourteen + "," + variable.fifteen + 
                "," + variable.sixteen + "," + variable.seventeen +
                "," + variable.eighteen + "," + variable.nineteen + 
                "," + variable.twentyPlus +
                "}" + "\n");
        write.append(variable.attribute + variable.sigmaLetters + 
                " {"+ variable.zero + "," + variable.one + 
                "," + variable.two +"," + variable.three +
                "," + variable.four + "," + variable.five +
                "," + variable.six + "," + variable.seven +
                "," + variable.eight + "," + variable.nine + 
                "," + variable.ten + "," + variable.eleven + 
                "," + variable.twelve + "," + variable.thirteen +
                "," + variable.fourteen + "," + variable.fifteen + 
                "," + variable.sixteen + "," + variable.seventeen +
                "," + variable.eighteen + "," + variable.nineteen + 
                "," + variable.twentyPlus +
                "}" + "\n");
        write.append(variable.attribute + variable.sigmaLeadingLetters + 
                " {"+ variable.zero + "," + variable.one + 
                "," + variable.two +"," + variable.three +
                "," + variable.four + "," + variable.five +
                "," + variable.six + "," + variable.seven +
                "," + variable.eight + "," + variable.nine + 
                "," + variable.ten + "," + variable.eleven + 
                "," + variable.twelve + "," + variable.thirteen +
                "," + variable.fourteen + "," + variable.fifteen + 
                "," + variable.sixteen + "," + variable.seventeen +
                "," + variable.eighteen + "," + variable.nineteen + 
                "," + variable.twentyPlus +
                "}" + "\n");
        write.append(variable.attribute + variable.label + "\n");
        write.append(variable.data + "\n");
    
        
        FileReader filereader = new FileReader(file);
        BufferedReader bufferedreader = new BufferedReader(filereader);
        String s;
        String label = "unlabeled";
        /*
         * Trims the imput to remove whitespaces. And if the input starts with '=_=' is means that this
         * a class label. Therefor a split is done to extract the class label. If it is not a class label then no split is done.
         * The same class label is used as long as there is not a new '=_=' detected.
         * analyseValue() convert the input "rules" into the same attribute value as the other input will have.
         */
            while((s = bufferedreader.readLine()) != null){
                s = s.trim();
                if(!s.isEmpty() && !s.startsWith("%")){
                    
                    if(s.startsWith("=_=")){
                        String[] value = s.split("=_=");
                        label = value[1].trim();
                        label = "'" + label + "'";
                        System.out.println("label " + label);
                        wordLength.clear();
                    }else if(!label.equals("unlabeled")){
                        String res = analyseValue(s, label);
                        if(!res.isEmpty()){
                            write.append(res + "\n");
                        }
                    }else{
                        System.out.println("The file is missing label tags.");
                    }
                }
            }
        write.close();
        bufferedreader.close();
    }
    
    /*
     * Since this algorithm is based on the regular expression structures, each word is analysed. And for each unique pattern
     * a new regexp is created.If there's a match and the word length itself is not the same a new attribute value is created (row).
     * This is because general regexp is used without range for each structures. If the word length is the same nothing is done. then the
     * next word is analysed. hashtable wit the index representing the regexp value is used a key, and the value is a arrayList<Integer> of word
     * length.
     */
    private String analyseValue(String word, String label){
        //If new word length but match a previous regexp.
        patternRecognition.insertWord(word);
        boolean oldLength = false;
        String arff ="";
        int index = patternRecognition.getRegexpIndx();
        
        if(wordLength.get(index) == null){
            System.out.println("is null");
            ArrayList<Integer> array = new ArrayList<>();
            if(word.length() >=20){
                array.add(20);
            }else{
                array.add(word.length());
            }
            
            wordLength.put(index, array);
            
            int numberOfRegexpStructures = patternRecognition.getnumberOfRegexpStructures();
            
            int numberOfLetterElements = patternRecognition.getNumberOfLetterElements();
            int numberOfDigitElements = patternRecognition.getNumberOfDigitElements();
            int numberOfSpecialElements = patternRecognition.getNumberOfSpecialElements();
            int sigmaLetters = patternRecognition.getSigmaLetters();
            int sigmaLeadingLetters = patternRecognition.getSigmaLeadingLetters();
            
            arff  = attributeValue.convert(word, numberOfRegexpStructures, numberOfLetterElements, numberOfDigitElements, numberOfSpecialElements,
                    sigmaLetters, sigmaLeadingLetters, label);
        }else{
            //System.out.println(patternRecognition.isMatch());
            if(patternRecognition.isMatch()){
                //System.out.println("Match a previous pattern");
                ArrayList<Integer> key = wordLength.get(index);
                int wordlength = 0;
                if(word.length() >=20){
                    wordlength = 20;
                }else{
                    wordlength = word.length();
                }
                
                for(int i =0; i < wordLength.get(index).size(); i++){
                    
                    if(key.get(i) == wordlength){
                        oldLength = true;
                    }
                }
                if(!oldLength){
                    System.out.println("new length");
                    ArrayList<Integer> array = wordLength.get(index);
                    array.add(wordlength);
                    wordLength.put(index, array);
                    
                    int numberOfRegexpStructures = patternRecognition.getnumberOfRegexpStructures();                    
                    int numberOfLetterElements = patternRecognition.getNumberOfLetterElements();
                    int numberOfDigitElements = patternRecognition.getNumberOfDigitElements();
                    int numberOfSpecialElements = patternRecognition.getNumberOfSpecialElements();
                    int sigmaLetters = patternRecognition.getSigmaLetters();
                    int sigmaLeadingLetters = patternRecognition.getSigmaLeadingLetters();
                    
                    arff  = attributeValue.convert(word, numberOfRegexpStructures, numberOfLetterElements, numberOfDigitElements, numberOfSpecialElements,
                            sigmaLetters,sigmaLeadingLetters, label);
                }
            }
        
        }
        return arff;
    }
}
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src/avito_trie/Trie.javapackage avito_trie;


import java.awt.List;
import java.util.ArrayList;
import java.util.HashMap;
/**
 * @author {Morten Wærsland}
 *
 */
public class Trie {
    /*
     * 
     */
    private TrieNode root = new TrieNode();
    private HashMap<Character, TrieNode> child;
    private int temp = 0;
    private String word = "";
    private ArrayList<String> uniqueWordExtracted = new ArrayList<>();
    private List LongestCommonPrefix = new List();
    private List trieStructureResult = new List();
    private ArrayList<Integer> uniqueWordCounter  = new ArrayList<>();
    private String result = "";
    
    public void add(String s){
        word = s;
        child = root.child;
        boolean leaf;
        for(int i = 0; i<s.length(); i++){
            if(i == s.length() -1){
                leaf = true;
            }else{
                leaf = false;
            }
            check(s.charAt(i), leaf, i);
        }
    }
    
    public void check(Character c, boolean last, int index){
        TrieNode trienode;
        if(child.containsKey(c)){
            trienode = child.get(c);
            child.get(c).prefix = word.substring(0, index);
            trienode.incrementNumberOfHits();

            if(trienode.isLeaf && last){
                trienode.wordCount++;
            }

        }else{
            trienode = new TrieNode(c);
            trienode.prefix = word.substring(0, index);
            child.put(c, trienode);
        }
        
        trienode.level = index;
        if(last){
            trienode.isLeaf = true;
        }
        child = trienode.child;
    }                           
    
    public void print(){
        child = root.child;
        printTrie(child);
    }
    
    
    public void printTrie(HashMap<Character, TrieNode> child){
        
        for (Character c: child.keySet()){
            /*
             * This check is to see if the next child.level is higher than what was the last time. 
             * If it is a higher we are still in the same prefix/path. When a lower value is detected 
             * we need to make a clear print for this to make a new branch.
             * 
             * We collect every character into a string value called "result". And when a leaf is reached
             * this string value is added to a list and the "result" value is reset. 
             * 
             * If it is a leaf but it contains more children it means that this leaf was the last character for one words,
             * but after this got stored a new word with that word as a prefix is inserted and therefore we have a leaf inside 
             * tha path. If this the case the word is stored, but we don't restore the "result" value.
             */
            if(temp< child.get(c).level){
                if(child.get(c).isLeaf && child.get(c).child.size() == 0){
                    result += child.get(c).character.toString() + " : " + child.get(c).wordCount;
                    trieStructureResult.add(result);
                    result = "";
                }else if(child.get(c).isLeaf && child.get(c).child.size() != 0){
                    result += child.get(c).character.toString() + " : " + child.get(c).wordCount + " ";                 
                }else{
                    result += child.get(c).character.toString();
                }
                
                temp = child.get(c).level;
                printTrie(child.get(c).child );
            }else{              
                temp = child.get(c).level;
                for(int i = 0; i <temp; i++){
                    result += "-";
                }
                /*
                 * If we jumps several level up again, it's important to check for the same scenario as before.
                 */
                if(child.get(c).isLeaf && child.get(c).child.size() == 0){
                    result += child.get(c).character.toString() + " : " + child.get(c).wordCount;
                    trieStructureResult.add(result);
                    result = "";                    
                }
                else if(child.get(c).isLeaf && child.get(c).child.size() != 0){
                    result += child.get(c).character.toString() + " : " + child.get(c).wordCount + " ";                     
                    
                }else{
                    result += child.get(c).character.toString();
                }

                printTrie(child.get(c).child);
            }
        }
    }
        
    public void startExtractinWords(){
        child = root.child;
        extractUniqueWord(child);
    }
    
    
    public void extractUniqueWord(HashMap<Character, TrieNode> child){
        for (Character c: child.keySet()){
            if(child.get(c).isLeaf && !(child.get(c).character == '-' && child.get(c).level == 0)){
                uniqueWordExtracted.add(child.get(c).prefix + child.get(c).character); 
                uniqueWordCounter.add(child.get(c).wordCount);
            }
            extractUniqueWord(child.get(c).child);
        }
    }
    
    public ArrayList<String> getUniqueWords(){
        return uniqueWordExtracted;
    }
    
    public ArrayList<Integer> getUniqueWordCounter(){
        return uniqueWordCounter;
    }
    
    public void findLongestCommenPrefix(){
        child = root.child;
        LongestCommenPrefix(child);
    }
    
    public void LongestCommenPrefix(HashMap<Character, TrieNode> child){
        for(Character c: child.keySet()){
            if(child.get(c).child.size() > 1 || child.get(c).isLeaf){
                LongestCommonPrefix.add(child.get(c).prefix + child.get(c).character + " : " + child.get(c).numberOfHits);
                continue;
            }
            LongestCommenPrefix(child.get(c).child);
        }
    }
    public List getLongestCommenPrefix(){
        return LongestCommonPrefix;
    }
    
    public List getTrie(){
        return trieStructureResult;
    }
}
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src/avito_trie/TrieNode.javapackage avito_trie;

import java.util.HashMap;
/**
 * @author {Morten Wærsland}
 *
 */
public class TrieNode {
    public HashMap<Character, TrieNode>  child = new HashMap<>();
    public boolean isLeaf;
    public int numberOfHits = 1;
    public int wordCount = 1;
    public Character character;
    public int level = 0;
    public String prefix = "";
    
    public TrieNode(){}
    
    public TrieNode(char c){
        character = c;
    }
    
    public void incrementNumberOfHits(){
        numberOfHits ++;
    }
    
    public int getNumberOfHits(){
        return numberOfHits;
    }
}
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src/utils/UpdateMinMaxValues.java/**
 * 
 */
package utils;

/**
 * @author {Morten Wærsland}
 *
 */
public class UpdateMinMaxValues {
    
    public String getNewValue(String[] symbol, String spesific){
        long low;
        long high;
        long tempNew = Long.parseLong(spesific);
        long tempLow = -1;
        long tempHigh = -1;
        String res = "";
        String rangeInRegexp = ",";
        if(symbol.length == 1){
            low= Long.parseLong(symbol[0]);
            if(low < tempNew){
                tempHigh = tempNew;
                tempLow = low;
                res = tempLow + rangeInRegexp + tempHigh;
            }else if(low > tempNew){
                tempHigh = low;
                tempLow = tempNew;
                res = tempLow + rangeInRegexp + tempHigh;
            }else{
                res = Long.toString(low);
            }
        }else{
            low = Long.parseLong(symbol[0]);
            high = Long.parseLong(symbol[1]);
            if(low > tempNew){
                tempLow = tempNew;
            }else{
                tempLow = low;
            }
            
            if(high < tempNew){
                tempHigh = tempNew;
            }else{
                tempHigh = high;
            }
            res = tempLow + rangeInRegexp + tempHigh;
        }
        
        return res;
    }
}
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src/utils/Variables.java/**
 * 
 */
package utils;

/**
 * @author {Morten Wærsland}
 *
 */
public class Variables {
    public String NoClassificationResult = "none";
    public String dir = "";
    public String letter = "\\p{IsLatin}++";
    public String digit = "\\d++";
    public String special = "\\p{Punct}++";
    public String whitespace = "\\s++";
    
    public String trainingPath = dir + "/all_in_on_training_set.arff";
    public String testPath = dir + "/all_in_on_test_set.arff";
    public String dtObjectPath = "/decisionTree.model";
    public String fastVectorPath = dir + "/fastVector.model";
    public String unlabeledPath = "";

    public String relation = "@relation code";
    public String attribute = "@attribute ";
    
    public String wordLength = "wordLength";
    public String regexpStrcuture = "regexpStruct";
    public String sigmaLetters = "sigmaLetters";
    public String sigmaSpecialCharacterBlocks = "sigmaSpecialCharacterBlocks";
    public String sigmaLeadingLetters = "sigmaLeadingLetters";

    public String zero = "zero";
    public String one= "one";
    public String two = "two";
    public String three = "three";
    public String fourPlus = "four+";
    public String four = "four";
    public String five = "five";
    public String six = "six";
    public String seven = "seven";
    public String eight = "eight";
    public String nine = "nine";
    public String ten = "ten";
    public String eleven = "eleven";
    public String twelve = "twelve";
    public String thirteen = "thirteen";
    public String fourteen = "fourteen";
    public String fifteen = "fifteen";
    public String sixteen = "sixteen";
    public String seventeen = "seventeen";
    public String eighteen = "eighteen";
    public String nineteen = "nineteen";
    public String twenty = "twenty";
    public String twentyPlus = "twenty+";
    public String onlyLetters = "onlyLetters";
    public String onlyeLettersTrue = "TRUE";
    public String onlyeLettersFalse = "FALSE";
    
    public String onlyDigit = "onlyDigit";
    public String onlyeDigitTrue = "TRUE";
    public String onlyeDigitFalse = "FALSE";
    
    public String lettersAndDigit = "lettersAndDigit";
    public String lettersAndDigitTrue = "TRUE";
    public String lettersAndDigitFalse = "FALSE";
    
    public String label = "class {'Cofely Fabricom Work Order Number',"
            + "'ENGIE Norway SAP WBS Code'," 
            + "'ENGIE Norway COMOS PO Number',"
            + "'ENGIE Norway COMOS PR Number',"
            + "'Cofely Fabricom WO Activity Code',"
            + "'NORSOK Cost Code',"
            + "'ENGINE Norway COMOS WO Number',"
            + "'ENGIE Norway SAP PO Number',"
            + "'NCS Production Licence Code',"
            + "'GK Yokogawa DCS Tag',"
            + "'ENGIE Norway COMOS Maintenance Plan Code',"
            + "'GK Kikeh FMC MCS Tag',"
            + "'ENGIE Norway Portfolio Planning Project ID',"
            + "'NPD Factpages Licence Activity ID',"
            + "'NPD Factpages Company ID',"
            + "'NPD Factpages Production Licence ID',"
            + "'NPD Factpages Task ID',"
            + "'GK Yokogawa FCS ID',"
            + "'GK Production System Unit Code',"
            + "'Equipment Code',"
            + "'Modbus Address',"
            + "'SAP Production System Unit Code',"
            + "'GK P&ID Code',"
            +"'GK Kikeh PI Tag'"
            + "}";
    
    public String CFWON = "'Cofely Fabricom Work Order Number'";
    public String ENGIENSWBSC = "'ENGIE Norway SAP WBS Code'";
    public String ENGIENCOMOSPON = "'ENGIE Norway COMOS PO Number'";
    public String ENGIENCOMOSPRN = "'ENGIE Norway COMOS PR Number'";
    public String CFWOAC = "'Cofely Fabricom WO Activity Code'";
    public String NORSOKCC = "'NORSOK Cost Code'"; 
    public String ENGINENCOMOSWON = "'ENGINE Norway COMOS WO Number'";
    public String ENGIENSAPPON = "'ENGIE Norway SAP PO Number'";
    public String NCSPLC = "'NCS Production Licence Code',";
    public String GKYDCST = "'GK Yokogawa DCS Tag',";
    public String ENGIENCOMOSMPC = "'ENGIE Norway COMOS Maintenance Plan Code',";
    public String GKKFMCMCST = "'GK Kikeh FMC MCS Tag',";
    public String ENGIENPPPID = "'ENGIE Norway Portfolio Planning Project ID',";
    public String NPDFLAID = "'NPD Factpages Licence Activity ID',";
    public String NPDFCID = "'NPD Factpages Company ID',";
    public String NPDFPLID = "'NPD Factpages Production Licence ID',";
    public String NPDFTID = "'NPD Factpages Task ID',";
    public String GKYFCSID = "'GK Yokogawa FCS ID',";
    public String GKPSUC = "'GK Production System Unit Code',";
    public String EC = "'Equipment Code',";
    public String MA = "'Modbus Address',";
    public String SAPPSUC = "'SAP Production System Unit Code',";
    public String GKPIDC = "'GK P&ID Code'";
    public String GKKPIT = "'GK Kikeh PI Tag'";
    public String data = "@data";
}






src/README.txt

READ ME
This program needs the following libraries installed:
- Commons-collections4-4.1
- common-lang3-3.4
- itextpdf-5.3.5
- lucence-3.5.0
- lucene-suggest-4.1.0
- weka.jar
- javafx-ui-common.

How to use the program.
The directory needs to be the same.

1. Need to create two arff. One test file and one training file.
TextFileToArffFile.java create arff file from a text file.
2. Choose the directory where the arff files are stored. 
	-Open desire input file to analyse
3.generate trie
4.First time the program is used, the decision tree needs to be created. This decision tree is stored in the directory and can be use later without creating a new one.
	-Classify the input value

The information about each file that is analysed, can be stored by pressing "save chart-data" button.
5.Run Chart.java and choose the directory where the chart-data is saved. When this is done a chart is generated based on that data.


Some test files are added in the «files» directory.






src/files/all_in_on_test_set.arff

@relation code
@attribute wordLength {zero,one,two,three,four,five,six,seven,eight,nine,ten,eleven,twelve,thirteen,fourteen,fifteen,sixteen,seventeen,eighteen,nineteen,twenty+}
@attribute regexpStruct {zero,one,two,three,four,five,six,seven,eight,nine,ten,eleven,twelve,thirteen,fourteen,fifteen,sixteen,seventeen,eighteen,nineteen,twenty+}
@attribute onlyLetters {TRUE,FALSE}
@attribute onlyDigit {TRUE,FALSE}
@attribute lettersAndDigit {TRUE,FALSE}
@attribute sigmaSpecialCharacterBlocks {zero,one,two,three,four,five,six,seven,eight,nine,ten,eleven,twelve,thirteen,fourteen,fifteen,sixteen,seventeen,eighteen,nineteen,twenty+}
@attribute sigmaLetters {zero,one,two,three,four,five,six,seven,eight,nine,ten,eleven,twelve,thirteen,fourteen,fifteen,sixteen,seventeen,eighteen,nineteen,twenty+}
@attribute sigmaLeadingLetters {zero,one,two,three,four,five,six,seven,eight,nine,ten,eleven,twelve,thirteen,fourteen,fifteen,sixteen,seventeen,eighteen,nineteen,twenty+}
@attribute class {'Cofely Fabricom Work Order Number','ENGIE Norway SAP WBS Code','ENGIE Norway COMOS PO Number','ENGIE Norway COMOS PR Number','Cofely Fabricom WO Activity Code','NORSOK Cost Code','ENGINE Norway COMOS WO Number','ENGIE Norway SAP PO Number','NCS Production Licence Code','GK Yokogawa DCS Tag','ENGIE Norway COMOS Maintenance Plan Code','GK Kikeh FMC MCS Tag','ENGIE Norway Portfolio Planning Project ID','NPD Factpages Licence Activity ID','NPD Factpages Company ID','NPD Factpages Production Licence ID','NPD Factpages Task ID','GK Yokogawa FCS ID','GK Production System Unit Code','Equipment Code','Modbus Address','SAP Production System Unit Code','GK P&ID Code','GK Kikeh PI Tag'}
@data
six,one,FALSE,TRUE,FALSE,zero,zero,zero,'Cofely Fabricom Work Order Number'
nine,two,FALSE,FALSE,TRUE,zero,three,three,'ENGIE Norway COMOS PR Number'
twenty+,thirteen,FALSE,FALSE,TRUE,six,eight,seven,'NORSOK Cost Code'
ten,nine,FALSE,TRUE,FALSE,four,zero,zero,'NORSOK Cost Code'
ten,five,FALSE,FALSE,TRUE,one,two,zero,'Cofely Fabricom WO Activity Code'
ten,one,FALSE,TRUE,FALSE,zero,zero,zero,'ENGIE Norway SAP PO Number'
twelve,two,FALSE,FALSE,TRUE,zero,two,two,'ENGIE Norway SAP PO Number'
nineteen,ten,FALSE,FALSE,TRUE,four,eight,one,'ENGIE Norway SAP WBS Code'
nineteen,nine,FALSE,FALSE,TRUE,four,nine,one,'ENGIE Norway SAP WBS Code'
nine,two,FALSE,FALSE,TRUE,zero,five,five,'ENGINE Norway COMOS WO Number'
twelve,two,FALSE,FALSE,TRUE,zero,two,two,'ENGINE Norway COMOS WO Number'
six,one,TRUE,FALSE,FALSE,zero,six,six,'ENGINE Norway COMOS WO Number'
seven,three,FALSE,FALSE,TRUE,zero,six,two,'ENGINE Norway COMOS WO Number'
eight,two,FALSE,FALSE,TRUE,zero,two,two,'ENGIE Norway COMOS PO Number'
eight,four,FALSE,FALSE,TRUE,one,four,two,'GK Yokogawa DCS Tag'
seven,three,FALSE,FALSE,TRUE,one,three,three,'GK Yokogawa DCS Tag'
fifteen,six,FALSE,FALSE,TRUE,one,nine,one,'GK Yokogawa DCS Tag'
nine,five,FALSE,FALSE,TRUE,two,two,zero,'GK Yokogawa DCS Tag'
five,two,FALSE,FALSE,TRUE,zero,two,two,'NCS Production Licence Code'
thirteen,eight,FALSE,FALSE,TRUE,two,four,zero,'ENGIE Norway COMOS Maintenance Plan Code'
twelve,four,FALSE,FALSE,TRUE,one,eight,three,'GK Kikeh FMC MCS Tag'
ten,four,FALSE,FALSE,TRUE,one,six,three,'GK Kikeh FMC MCS Tag'
twelve,six,FALSE,FALSE,TRUE,two,four,one,'GK Kikeh FMC MCS Tag'
fourteen,eight,FALSE,FALSE,TRUE,three,six,one,'GK Kikeh FMC MCS Tag'
thirteen,eight,FALSE,FALSE,TRUE,three,seven,one,'GK Kikeh FMC MCS Tag'
six,three,TRUE,FALSE,FALSE,one,five,three,'GK Kikeh FMC MCS Tag'
seven,three,TRUE,FALSE,FALSE,one,six,three,'GK Kikeh FMC MCS Tag'
eighteen,nine,FALSE,FALSE,TRUE,three,ten,one,'GK Kikeh FMC MCS Tag'
seven,two,FALSE,FALSE,TRUE,zero,three,three,'NPD Factpages Licence Activity ID'
four,two,FALSE,FALSE,TRUE,zero,one,one,'ENGIE Norway Portfolio Planning Project ID'
seven,one,FALSE,TRUE,FALSE,zero,zero,zero,'NPD Factpages Production Licence ID'
six,one,FALSE,TRUE,FALSE,zero,zero,zero,'NPD Factpages Production Licence ID'
eight,one,FALSE,TRUE,FALSE,zero,zero,zero,'NPD Factpages Production Licence ID'
five,one,FALSE,TRUE,FALSE,zero,zero,zero,'NPD Factpages Production Licence ID'
seven,one,FALSE,TRUE,FALSE,zero,zero,zero,'NPD Factpages Task ID'
eight,one,FALSE,TRUE,FALSE,zero,zero,zero,'NPD Factpages Task ID'
seven,two,FALSE,FALSE,TRUE,zero,three,three,'GK Yokogawa FCS ID'
three,two,FALSE,FALSE,TRUE,zero,one,one,'GK Production System Unit Code'
four,two,FALSE,FALSE,TRUE,zero,one,one,'GK Production System Unit Code'
three,one,TRUE,FALSE,FALSE,zero,three,three,'GK Production System Unit Code'
eight,one,FALSE,TRUE,FALSE,zero,zero,zero,'NPD Factpages Company ID'
seven,one,FALSE,TRUE,FALSE,zero,zero,zero,'NPD Factpages Company ID'
three,one,FALSE,TRUE,FALSE,zero,zero,zero,'NPD Factpages Company ID'
eight,five,FALSE,FALSE,TRUE,two,two,one,'Equipment Code'
seven,three,FALSE,FALSE,TRUE,one,one,one,'Equipment Code'
six,three,FALSE,FALSE,TRUE,one,one,one,'Equipment Code'
six,four,FALSE,FALSE,TRUE,one,one,one,'SAP Production System Unit Code'
five,one,FALSE,TRUE,FALSE,zero,zero,zero,'Modbus Address'
twenty+,eleven,FALSE,FALSE,TRUE,five,five,three,'GK P&ID Code'
twenty+,thirteen,TRUE,FALSE,FALSE,six,twenty+,three,'GK Kikeh PI Tag'
twenty+,sixteen,FALSE,FALSE,TRUE,seven,twenty+,three,'GK Kikeh PI Tag'







src/files/all_in_on_training_set.arff

@relation code
@attribute wordLength {zero,one,two,three,four,five,six,seven,eight,nine,ten,eleven,twelve,thirteen,fourteen,fifteen,sixteen,seventeen,eighteen,nineteen,twenty+}
@attribute regexpStruct {zero,one,two,three,four,five,six,seven,eight,nine,ten,eleven,twelve,thirteen,fourteen,fifteen,sixteen,seventeen,eighteen,nineteen,twenty+}
@attribute onlyLetters {TRUE,FALSE}
@attribute onlyDigit {TRUE,FALSE}
@attribute lettersAndDigit {TRUE,FALSE}
@attribute sigmaSpecialCharacterBlocks {zero,one,two,three,four,five,six,seven,eight,nine,ten,eleven,twelve,thirteen,fourteen,fifteen,sixteen,seventeen,eighteen,nineteen,twenty+}
@attribute sigmaLetters {zero,one,two,three,four,five,six,seven,eight,nine,ten,eleven,twelve,thirteen,fourteen,fifteen,sixteen,seventeen,eighteen,nineteen,twenty+}
@attribute sigmaLeadingLetters {zero,one,two,three,four,five,six,seven,eight,nine,ten,eleven,twelve,thirteen,fourteen,fifteen,sixteen,seventeen,eighteen,nineteen,twenty+}
@attribute class {'Cofely Fabricom Work Order Number','ENGIE Norway SAP WBS Code','ENGIE Norway COMOS PO Number','ENGIE Norway COMOS PR Number','Cofely Fabricom WO Activity Code','NORSOK Cost Code','ENGINE Norway COMOS WO Number','ENGIE Norway SAP PO Number','NCS Production Licence Code','GK Yokogawa DCS Tag','ENGIE Norway COMOS Maintenance Plan Code','GK Kikeh FMC MCS Tag','ENGIE Norway Portfolio Planning Project ID','NPD Factpages Licence Activity ID','NPD Factpages Company ID','NPD Factpages Production Licence ID','NPD Factpages Task ID','GK Yokogawa FCS ID','GK Production System Unit Code','Equipment Code','Modbus Address','SAP Production System Unit Code','GK P&ID Code','GK Kikeh PI Tag'}
@data
six,one,FALSE,TRUE,FALSE,zero,zero,zero,'Cofely Fabricom Work Order Number'
nineteen,ten,FALSE,FALSE,TRUE,four,eight,one,'ENGIE Norway SAP WBS Code'
nineteen,nine,FALSE,FALSE,TRUE,four,nine,one,'ENGIE Norway SAP WBS Code'
nineteen,twelve,FALSE,FALSE,TRUE,four,nine,one,'ENGIE Norway SAP WBS Code'
eight,two,FALSE,FALSE,TRUE,zero,two,two,'ENGIE Norway COMOS PO Number'
nine,two,FALSE,FALSE,TRUE,zero,three,three,'ENGIE Norway COMOS PR Number'
ten,five,FALSE,FALSE,TRUE,one,two,zero,'Cofely Fabricom WO Activity Code'
twenty+,thirteen,FALSE,FALSE,TRUE,six,eight,seven,'NORSOK Cost Code'
nineteen,thirteen,FALSE,FALSE,TRUE,six,eight,seven,'NORSOK Cost Code'
ten,nine,FALSE,TRUE,FALSE,four,zero,zero,'NORSOK Cost Code'
eleven,nine,FALSE,TRUE,FALSE,four,zero,zero,'NORSOK Cost Code'
nine,nine,FALSE,TRUE,FALSE,four,zero,zero,'NORSOK Cost Code'
five,one,TRUE,FALSE,FALSE,zero,five,five,'ENGINE Norway COMOS WO Number'
twelve,two,FALSE,FALSE,TRUE,zero,two,two,'ENGINE Norway COMOS WO Number'
eight,one,TRUE,FALSE,FALSE,zero,eight,eight,'ENGINE Norway COMOS WO Number'
six,one,TRUE,FALSE,FALSE,zero,six,six,'ENGINE Norway COMOS WO Number'
nine,two,FALSE,FALSE,TRUE,zero,five,five,'ENGINE Norway COMOS WO Number'
seven,three,FALSE,FALSE,TRUE,zero,six,two,'ENGINE Norway COMOS WO Number'
seven,one,TRUE,FALSE,FALSE,zero,seven,seven,'ENGINE Norway COMOS WO Number'
six,five,TRUE,FALSE,FALSE,one,four,two,'ENGINE Norway COMOS WO Number'
thirteen,two,FALSE,FALSE,TRUE,zero,two,two,'ENGINE Norway COMOS WO Number'
eleven,two,FALSE,FALSE,TRUE,zero,two,two,'ENGINE Norway COMOS WO Number'
twenty+,five,FALSE,FALSE,TRUE,one,four,two,'ENGINE Norway COMOS WO Number'
twenty+,eight,FALSE,FALSE,TRUE,two,six,two,'ENGINE Norway COMOS WO Number'
two,one,TRUE,FALSE,FALSE,zero,two,two,'ENGINE Norway COMOS WO Number'
eighteen,seven,FALSE,FALSE,TRUE,one,twelve,eight,'ENGINE Norway COMOS WO Number'
ten,one,FALSE,TRUE,FALSE,zero,zero,zero,'ENGIE Norway SAP PO Number'
nine,one,FALSE,TRUE,FALSE,zero,zero,zero,'ENGIE Norway SAP PO Number'
twenty+,four,FALSE,TRUE,FALSE,one,zero,zero,'ENGIE Norway SAP PO Number'
twelve,two,FALSE,FALSE,TRUE,zero,two,two,'ENGIE Norway SAP PO Number'
five,two,FALSE,FALSE,TRUE,zero,two,two,'NCS Production Licence Code'
six,three,FALSE,FALSE,TRUE,zero,three,two,'NCS Production Licence Code'
seven,three,FALSE,FALSE,TRUE,zero,four,two,'NCS Production Licence Code'
nine,four,FALSE,FALSE,TRUE,one,two,two,'NCS Production Licence Code'
eleven,six,FALSE,FALSE,TRUE,one,four,two,'NCS Production Licence Code'
ten,five,FALSE,FALSE,TRUE,one,three,two,'NCS Production Licence Code'
eight,four,FALSE,FALSE,TRUE,one,four,two,'GK Yokogawa DCS Tag'
nine,five,FALSE,FALSE,TRUE,two,two,zero,'GK Yokogawa DCS Tag'
eight,three,FALSE,FALSE,TRUE,zero,four,one,'GK Yokogawa DCS Tag'
nine,five,FALSE,FALSE,TRUE,two,four,two,'GK Yokogawa DCS Tag'
twelve,seven,FALSE,FALSE,TRUE,three,six,two,'GK Yokogawa DCS Tag'
ten,five,FALSE,FALSE,TRUE,two,three,zero,'GK Yokogawa DCS Tag'
eleven,seven,FALSE,FALSE,TRUE,three,four,two,'GK Yokogawa DCS Tag'
ten,six,FALSE,FALSE,TRUE,one,six,one,'GK Yokogawa DCS Tag'
nine,five,FALSE,FALSE,TRUE,one,four,zero,'GK Yokogawa DCS Tag'
eight,five,FALSE,FALSE,TRUE,one,three,zero,'GK Yokogawa DCS Tag'
eleven,seven,FALSE,FALSE,TRUE,two,five,zero,'GK Yokogawa DCS Tag'
fourteen,six,FALSE,FALSE,TRUE,one,eight,one,'GK Yokogawa DCS Tag'
twelve,seven,FALSE,FALSE,TRUE,three,four,zero,'GK Yokogawa DCS Tag'
thirteen,six,FALSE,FALSE,TRUE,one,seven,one,'GK Yokogawa DCS Tag'
fifteen,six,FALSE,FALSE,TRUE,one,eight,one,'GK Yokogawa DCS Tag'
ten,six,FALSE,FALSE,TRUE,two,three,zero,'GK Yokogawa DCS Tag'
fifteen,seven,FALSE,FALSE,TRUE,one,nine,one,'GK Yokogawa DCS Tag'
sixteen,seven,TRUE,FALSE,FALSE,three,thirteen,two,'GK Yokogawa DCS Tag'
fourteen,five,FALSE,FALSE,TRUE,one,eleven,zero,'GK Yokogawa DCS Tag'
fourteen,five,TRUE,FALSE,FALSE,two,twelve,two,'GK Yokogawa DCS Tag'
fourteen,seven,TRUE,FALSE,FALSE,three,eleven,two,'GK Yokogawa DCS Tag'
twelve,four,FALSE,FALSE,TRUE,one,ten,zero,'GK Yokogawa DCS Tag'
thirteen,six,FALSE,FALSE,TRUE,two,five,zero,'GK Yokogawa DCS Tag'
thirteen,five,TRUE,FALSE,FALSE,two,eleven,two,'GK Yokogawa DCS Tag'
ten,four,FALSE,FALSE,TRUE,one,eight,four,'GK Yokogawa DCS Tag'
ten,three,TRUE,FALSE,FALSE,one,nine,four,'GK Yokogawa DCS Tag'
eleven,five,FALSE,FALSE,TRUE,two,four,zero,'GK Yokogawa DCS Tag'
eleven,six,FALSE,FALSE,TRUE,three,five,two,'GK Yokogawa DCS Tag'
fourteen,seven,FALSE,FALSE,TRUE,two,six,zero,'GK Yokogawa DCS Tag'
fifteen,seven,TRUE,FALSE,FALSE,three,twelve,two,'GK Yokogawa DCS Tag'
sixteen,four,FALSE,FALSE,TRUE,one,fourteen,zero,'GK Yokogawa DCS Tag'
fifteen,six,FALSE,FALSE,TRUE,two,eight,zero,'GK Yokogawa DCS Tag'
thirteen,six,FALSE,FALSE,TRUE,two,six,zero,'GK Yokogawa DCS Tag'
seven,three,FALSE,FALSE,TRUE,one,three,three,'GK Yokogawa DCS Tag'
nine,six,FALSE,FALSE,TRUE,one,four,zero,'GK Yokogawa DCS Tag'
sixteen,six,FALSE,FALSE,TRUE,one,ten,one,'GK Yokogawa DCS Tag'
ten,seven,FALSE,FALSE,TRUE,two,four,zero,'GK Yokogawa DCS Tag'
fourteen,four,FALSE,FALSE,TRUE,one,ten,six,'GK Yokogawa DCS Tag'
eleven,seven,FALSE,FALSE,TRUE,three,five,two,'GK Yokogawa DCS Tag'
ten,five,FALSE,FALSE,TRUE,two,five,two,'GK Yokogawa DCS Tag'
sixteen,three,TRUE,FALSE,FALSE,one,fifteen,two,'GK Yokogawa DCS Tag'
eleven,five,FALSE,FALSE,TRUE,two,six,two,'GK Yokogawa DCS Tag'
twelve,five,FALSE,FALSE,TRUE,two,four,zero,'GK Yokogawa DCS Tag'
ten,six,FALSE,FALSE,TRUE,one,five,zero,'GK Yokogawa DCS Tag'
thirteen,four,FALSE,FALSE,TRUE,one,eleven,zero,'GK Yokogawa DCS Tag'
fifteen,five,TRUE,FALSE,FALSE,two,thirteen,two,'GK Yokogawa DCS Tag'
sixteen,five,TRUE,FALSE,FALSE,two,fourteen,two,'GK Yokogawa DCS Tag'
fourteen,seven,FALSE,FALSE,TRUE,three,eight,two,'GK Yokogawa DCS Tag'
twelve,six,FALSE,FALSE,TRUE,two,nine,zero,'GK Yokogawa DCS Tag'
twelve,five,FALSE,FALSE,TRUE,two,seven,two,'GK Yokogawa DCS Tag'
ten,five,FALSE,FALSE,TRUE,one,four,zero,'GK Yokogawa DCS Tag'
seven,three,FALSE,FALSE,TRUE,zero,two,zero,'GK Yokogawa DCS Tag'
sixteen,seven,FALSE,FALSE,TRUE,one,nine,one,'GK Yokogawa DCS Tag'
fourteen,four,FALSE,FALSE,TRUE,one,twelve,zero,'GK Yokogawa DCS Tag'
eleven,five,FALSE,FALSE,TRUE,one,four,zero,'GK Yokogawa DCS Tag'
nine,four,FALSE,FALSE,TRUE,one,five,two,'GK Yokogawa DCS Tag'
eleven,four,FALSE,FALSE,TRUE,one,nine,zero,'GK Yokogawa DCS Tag'
eleven,three,FALSE,FALSE,TRUE,zero,seven,one,'GK Yokogawa DCS Tag'
eleven,five,TRUE,FALSE,FALSE,two,nine,two,'GK Yokogawa DCS Tag'
sixteen,nine,TRUE,FALSE,FALSE,four,twelve,two,'GK Yokogawa DCS Tag'
thirteen,three,TRUE,FALSE,FALSE,one,twelve,two,'GK Yokogawa DCS Tag'
fourteen,three,TRUE,FALSE,FALSE,one,thirteen,two,'GK Yokogawa DCS Tag'
twelve,five,TRUE,FALSE,FALSE,two,ten,two,'GK Yokogawa DCS Tag'
thirteen,four,FALSE,FALSE,TRUE,one,nine,six,'GK Yokogawa DCS Tag'
fifteen,five,FALSE,FALSE,TRUE,one,eleven,six,'GK Yokogawa DCS Tag'
eleven,six,FALSE,FALSE,TRUE,two,six,two,'GK Yokogawa DCS Tag'
nine,six,FALSE,FALSE,TRUE,two,three,zero,'GK Yokogawa DCS Tag'
ten,five,FALSE,FALSE,TRUE,one,six,two,'GK Yokogawa DCS Tag'
twelve,six,FALSE,FALSE,TRUE,two,seven,two,'GK Yokogawa DCS Tag'
ten,six,FALSE,FALSE,TRUE,two,seven,two,'GK Yokogawa DCS Tag'
nine,six,FALSE,FALSE,TRUE,two,six,two,'GK Yokogawa DCS Tag'
eleven,six,FALSE,FALSE,TRUE,two,eight,three,'GK Yokogawa DCS Tag'
ten,five,TRUE,FALSE,FALSE,two,eight,two,'GK Yokogawa DCS Tag'
ten,six,FALSE,FALSE,TRUE,two,six,three,'GK Yokogawa DCS Tag'
six,three,TRUE,FALSE,FALSE,one,five,two,'GK Yokogawa DCS Tag'
nine,five,FALSE,FALSE,TRUE,one,six,two,'GK Yokogawa DCS Tag'
fourteen,eight,FALSE,FALSE,TRUE,three,nine,four,'GK Yokogawa DCS Tag'
eight,six,FALSE,FALSE,TRUE,two,four,two,'GK Yokogawa DCS Tag'
twelve,six,FALSE,FALSE,TRUE,two,eight,three,'GK Yokogawa DCS Tag'
nine,six,FALSE,FALSE,TRUE,two,five,one,'GK Yokogawa DCS Tag'
eight,four,FALSE,FALSE,TRUE,one,five,four,'GK Yokogawa DCS Tag'
seven,three,TRUE,FALSE,FALSE,one,six,two,'GK Yokogawa DCS Tag'
thirteen,five,FALSE,FALSE,TRUE,one,seven,zero,'GK Yokogawa DCS Tag'
eight,six,FALSE,FALSE,TRUE,two,three,zero,'GK Yokogawa DCS Tag'
nine,six,FALSE,FALSE,TRUE,two,three,zero,'GK Yokogawa DCS Tag'
eleven,six,FALSE,FALSE,TRUE,two,four,zero,'GK Yokogawa DCS Tag'
ten,six,FALSE,FALSE,TRUE,two,three,zero,'GK Yokogawa DCS Tag'
thirteen,eight,FALSE,FALSE,TRUE,three,five,zero,'GK Yokogawa DCS Tag'
ten,seven,FALSE,FALSE,TRUE,two,four,zero,'GK Yokogawa DCS Tag'
eleven,six,FALSE,FALSE,TRUE,one,five,one,'GK Yokogawa DCS Tag'
fourteen,seven,FALSE,FALSE,TRUE,three,six,zero,'GK Yokogawa DCS Tag'
thirteen,seven,FALSE,FALSE,TRUE,three,seven,two,'GK Yokogawa DCS Tag'
eleven,six,FALSE,FALSE,TRUE,one,six,zero,'GK Yokogawa DCS Tag'
twelve,three,TRUE,FALSE,FALSE,one,eleven,two,'GK Yokogawa DCS Tag'
twelve,eight,FALSE,FALSE,TRUE,four,four,two,'GK Yokogawa DCS Tag'
sixteen,six,FALSE,FALSE,TRUE,two,thirteen,two,'GK Yokogawa DCS Tag'
eight,three,FALSE,FALSE,TRUE,one,four,four,'GK Yokogawa DCS Tag'
eleven,six,FALSE,FALSE,TRUE,one,seven,one,'GK Yokogawa DCS Tag'
eleven,six,FALSE,FALSE,TRUE,two,four,zero,'GK Yokogawa DCS Tag'
thirteen,six,FALSE,FALSE,TRUE,two,eight,two,'GK Yokogawa DCS Tag'
fourteen,five,FALSE,FALSE,TRUE,one,ten,three,'GK Yokogawa DCS Tag'
twelve,five,FALSE,FALSE,TRUE,one,seven,one,'GK Yokogawa DCS Tag'
eleven,five,FALSE,FALSE,TRUE,one,six,one,'GK Yokogawa DCS Tag'
twelve,five,FALSE,FALSE,TRUE,one,six,zero,'GK Yokogawa DCS Tag'
twelve,five,FALSE,FALSE,TRUE,one,two,zero,'GK Yokogawa DCS Tag'
sixteen,five,FALSE,FALSE,TRUE,one,thirteen,zero,'GK Yokogawa DCS Tag'
twelve,six,FALSE,FALSE,TRUE,one,five,zero,'GK Yokogawa DCS Tag'
sixteen,five,FALSE,FALSE,TRUE,two,twelve,zero,'GK Yokogawa DCS Tag'
sixteen,eight,FALSE,FALSE,TRUE,three,seven,zero,'GK Yokogawa DCS Tag'
ten,six,FALSE,FALSE,TRUE,three,four,two,'GK Yokogawa DCS Tag'
ten,five,FALSE,FALSE,TRUE,one,five,one,'GK Yokogawa DCS Tag'
four,four,TRUE,FALSE,FALSE,two,two,zero,'GK Yokogawa DCS Tag'
nine,three,FALSE,FALSE,TRUE,zero,five,one,'GK Yokogawa DCS Tag'
eight,four,FALSE,FALSE,TRUE,one,six,zero,'GK Yokogawa DCS Tag'
nine,four,FALSE,FALSE,TRUE,zero,three,one,'GK Yokogawa DCS Tag'
eleven,five,FALSE,FALSE,TRUE,two,six,zero,'GK Yokogawa DCS Tag'
twelve,six,FALSE,FALSE,TRUE,two,four,zero,'GK Yokogawa DCS Tag'
fourteen,eight,FALSE,FALSE,TRUE,three,four,zero,'GK Yokogawa DCS Tag'
thirteen,seven,FALSE,FALSE,TRUE,three,three,zero,'GK Yokogawa DCS Tag'
ten,seven,FALSE,FALSE,TRUE,three,two,zero,'GK Yokogawa DCS Tag'
eight,five,FALSE,FALSE,TRUE,two,one,zero,'GK Yokogawa DCS Tag'
nine,six,FALSE,FALSE,TRUE,two,two,zero,'GK Yokogawa DCS Tag'
fifteen,nine,FALSE,FALSE,TRUE,three,five,zero,'GK Yokogawa DCS Tag'
fifteen,nine,FALSE,FALSE,TRUE,four,three,zero,'GK Yokogawa DCS Tag'
ten,five,FALSE,FALSE,TRUE,two,five,zero,'GK Yokogawa DCS Tag'
twelve,six,FALSE,FALSE,TRUE,one,six,one,'GK Yokogawa DCS Tag'
thirteen,seven,FALSE,FALSE,TRUE,three,five,zero,'GK Yokogawa DCS Tag'
eleven,six,FALSE,FALSE,TRUE,one,four,zero,'GK Yokogawa DCS Tag'
seven,four,FALSE,FALSE,TRUE,one,two,one,'GK Yokogawa DCS Tag'
nine,four,FALSE,FALSE,TRUE,one,seven,zero,'GK Yokogawa DCS Tag'
eleven,six,FALSE,FALSE,TRUE,two,seven,two,'GK Yokogawa DCS Tag'
eleven,five,FALSE,FALSE,TRUE,one,eight,two,'GK Yokogawa DCS Tag'
eleven,three,TRUE,FALSE,FALSE,one,ten,two,'GK Yokogawa DCS Tag'
twelve,five,FALSE,FALSE,TRUE,one,eight,two,'GK Yokogawa DCS Tag'
nine,three,TRUE,FALSE,FALSE,one,eight,two,'GK Yokogawa DCS Tag'
eight,three,FALSE,FALSE,TRUE,zero,three,zero,'GK Yokogawa DCS Tag'
fourteen,eight,FALSE,FALSE,TRUE,three,five,zero,'GK Yokogawa DCS Tag'
sixteen,seven,FALSE,FALSE,TRUE,two,seven,zero,'GK Yokogawa DCS Tag'
sixteen,seven,FALSE,FALSE,TRUE,three,six,zero,'GK Yokogawa DCS Tag'
sixteen,six,FALSE,FALSE,TRUE,two,six,zero,'GK Yokogawa DCS Tag'
fifteen,eight,FALSE,FALSE,TRUE,three,five,zero,'GK Yokogawa DCS Tag'
fifteen,seven,FALSE,FALSE,TRUE,three,six,zero,'GK Yokogawa DCS Tag'
ten,four,FALSE,FALSE,TRUE,zero,five,one,'GK Yokogawa DCS Tag'
eight,four,FALSE,FALSE,TRUE,zero,three,one,'GK Yokogawa DCS Tag'
fourteen,six,FALSE,FALSE,TRUE,two,five,four,'GK Yokogawa DCS Tag'
five,three,TRUE,FALSE,FALSE,two,three,zero,'GK Yokogawa DCS Tag'
eleven,seven,FALSE,FALSE,TRUE,three,three,zero,'GK Yokogawa DCS Tag'
fourteen,eight,FALSE,FALSE,TRUE,three,six,zero,'GK Yokogawa DCS Tag'
twelve,five,FALSE,FALSE,TRUE,zero,seven,one,'GK Yokogawa DCS Tag'
ten,three,FALSE,FALSE,TRUE,zero,six,one,'GK Yokogawa DCS Tag'
seven,two,FALSE,FALSE,TRUE,zero,six,zero,'GK Yokogawa DCS Tag'
thirteen,five,FALSE,FALSE,TRUE,zero,seven,one,'GK Yokogawa DCS Tag'
nine,three,FALSE,FALSE,TRUE,zero,three,zero,'GK Yokogawa DCS Tag'
fourteen,five,FALSE,FALSE,TRUE,zero,eight,one,'GK Yokogawa DCS Tag'
eleven,four,FALSE,FALSE,TRUE,zero,five,zero,'GK Yokogawa DCS Tag'
nine,two,FALSE,FALSE,TRUE,zero,six,zero,'GK Yokogawa DCS Tag'
ten,four,FALSE,FALSE,TRUE,zero,four,zero,'GK Yokogawa DCS Tag'
ten,three,FALSE,FALSE,TRUE,zero,three,zero,'GK Yokogawa DCS Tag'
six,two,FALSE,FALSE,TRUE,zero,one,zero,'GK Yokogawa DCS Tag'
twelve,six,FALSE,FALSE,TRUE,zero,five,zero,'GK Yokogawa DCS Tag'
eleven,three,FALSE,FALSE,TRUE,zero,three,zero,'GK Yokogawa DCS Tag'
eight,two,FALSE,FALSE,TRUE,zero,five,zero,'GK Yokogawa DCS Tag'
eleven,five,FALSE,FALSE,TRUE,zero,six,one,'GK Yokogawa DCS Tag'
ten,five,FALSE,FALSE,TRUE,zero,four,zero,'GK Yokogawa DCS Tag'
six,three,FALSE,FALSE,TRUE,zero,two,one,'GK Yokogawa DCS Tag'
eleven,five,FALSE,FALSE,TRUE,zero,five,zero,'GK Yokogawa DCS Tag'
ten,two,FALSE,FALSE,TRUE,zero,nine,zero,'GK Yokogawa DCS Tag'
twelve,one,TRUE,FALSE,FALSE,zero,twelve,twelve,'GK Yokogawa DCS Tag'
eight,two,FALSE,FALSE,TRUE,zero,five,five,'GK Yokogawa DCS Tag'
seven,three,FALSE,FALSE,TRUE,zero,six,three,'GK Yokogawa DCS Tag'
eight,one,TRUE,FALSE,FALSE,zero,eight,eight,'GK Yokogawa DCS Tag'
ten,one,TRUE,FALSE,FALSE,zero,ten,ten,'GK Yokogawa DCS Tag'
nine,two,FALSE,FALSE,TRUE,zero,six,six,'GK Yokogawa DCS Tag'
seven,two,FALSE,FALSE,TRUE,zero,four,four,'GK Yokogawa DCS Tag'
eleven,one,TRUE,FALSE,FALSE,zero,eleven,eleven,'GK Yokogawa DCS Tag'
twelve,three,FALSE,FALSE,TRUE,zero,nine,five,'GK Yokogawa DCS Tag'
eight,four,FALSE,FALSE,TRUE,zero,three,zero,'GK Yokogawa DCS Tag'
nine,four,FALSE,FALSE,TRUE,zero,four,zero,'GK Yokogawa DCS Tag'
fifteen,five,FALSE,FALSE,TRUE,zero,ten,one,'GK Yokogawa DCS Tag'
ten,five,FALSE,FALSE,TRUE,zero,five,one,'GK Yokogawa DCS Tag'
thirteen,three,FALSE,FALSE,TRUE,zero,nine,one,'GK Yokogawa DCS Tag'
twelve,four,FALSE,FALSE,TRUE,zero,seven,zero,'GK Yokogawa DCS Tag'
fourteen,four,FALSE,FALSE,TRUE,zero,seven,zero,'GK Yokogawa DCS Tag'
thirteen,four,FALSE,FALSE,TRUE,zero,six,zero,'GK Yokogawa DCS Tag'
twelve,five,FALSE,FALSE,TRUE,zero,five,zero,'GK Yokogawa DCS Tag'
thirteen,eight,FALSE,FALSE,TRUE,two,four,zero,'ENGIE Norway COMOS Maintenance Plan Code'
twelve,four,FALSE,FALSE,TRUE,one,eight,three,'GK Kikeh FMC MCS Tag'
ten,four,FALSE,FALSE,TRUE,one,six,three,'GK Kikeh FMC MCS Tag'
twelve,six,FALSE,FALSE,TRUE,two,seven,three,'GK Kikeh FMC MCS Tag'
nine,four,FALSE,FALSE,TRUE,one,five,three,'GK Kikeh FMC MCS Tag'
seven,four,FALSE,FALSE,TRUE,one,five,two,'GK Kikeh FMC MCS Tag'
nine,three,TRUE,FALSE,FALSE,one,eight,five,'GK Kikeh FMC MCS Tag'
ten,four,FALSE,FALSE,TRUE,one,seven,five,'GK Kikeh FMC MCS Tag'
eleven,four,FALSE,FALSE,TRUE,one,seven,five,'GK Kikeh FMC MCS Tag'
twelve,five,FALSE,FALSE,TRUE,one,six,five,'GK Kikeh FMC MCS Tag'
ten,five,FALSE,FALSE,TRUE,one,five,three,'GK Kikeh FMC MCS Tag'
eleven,six,FALSE,FALSE,TRUE,two,three,one,'GK Kikeh FMC MCS Tag'
twelve,seven,FALSE,FALSE,TRUE,two,four,one,'GK Kikeh FMC MCS Tag'
ten,five,TRUE,FALSE,FALSE,two,eight,three,'GK Kikeh FMC MCS Tag'
eleven,five,TRUE,FALSE,FALSE,two,nine,three,'GK Kikeh FMC MCS Tag'
thirteen,five,TRUE,FALSE,FALSE,two,eleven,six,'GK Kikeh FMC MCS Tag'
fourteen,five,TRUE,FALSE,FALSE,two,twelve,six,'GK Kikeh FMC MCS Tag'
twelve,six,FALSE,FALSE,TRUE,two,four,one,'GK Kikeh FMC MCS Tag'
ten,five,FALSE,FALSE,TRUE,one,eight,four,'GK Kikeh FMC MCS Tag'
eight,four,FALSE,FALSE,TRUE,zero,three,one,'GK Kikeh FMC MCS Tag'
nine,four,FALSE,FALSE,TRUE,zero,four,one,'GK Kikeh FMC MCS Tag'
ten,six,FALSE,FALSE,TRUE,two,three,one,'GK Kikeh FMC MCS Tag'
thirteen,seven,FALSE,FALSE,TRUE,two,five,one,'GK Kikeh FMC MCS Tag'
sixteen,eight,FALSE,FALSE,TRUE,three,seven,one,'GK Kikeh FMC MCS Tag'
twelve,eight,FALSE,FALSE,TRUE,three,four,one,'GK Kikeh FMC MCS Tag'
eleven,three,TRUE,FALSE,FALSE,one,ten,six,'GK Kikeh FMC MCS Tag'
eight,three,TRUE,FALSE,FALSE,one,seven,three,'GK Kikeh FMC MCS Tag'
seventeen,five,TRUE,FALSE,FALSE,two,fifteen,six,'GK Kikeh FMC MCS Tag'
fifteen,five,TRUE,FALSE,FALSE,two,thirteen,six,'GK Kikeh FMC MCS Tag'
fourteen,eight,FALSE,FALSE,TRUE,three,six,one,'GK Kikeh FMC MCS Tag'
seven,three,TRUE,FALSE,FALSE,one,six,three,'GK Kikeh FMC MCS Tag'
ten,three,TRUE,FALSE,FALSE,one,nine,six,'GK Kikeh FMC MCS Tag'
six,three,TRUE,FALSE,FALSE,one,five,three,'GK Kikeh FMC MCS Tag'
eighteen,nine,FALSE,FALSE,TRUE,three,ten,one,'GK Kikeh FMC MCS Tag'
fourteen,seven,FALSE,FALSE,TRUE,two,seven,one,'GK Kikeh FMC MCS Tag'
thirteen,six,FALSE,FALSE,TRUE,two,five,one,'GK Kikeh FMC MCS Tag'
eleven,seven,FALSE,FALSE,TRUE,two,three,one,'GK Kikeh FMC MCS Tag'
ten,five,FALSE,FALSE,TRUE,one,four,one,'GK Kikeh FMC MCS Tag'
eleven,five,FALSE,FALSE,TRUE,one,six,four,'GK Kikeh FMC MCS Tag'
twenty+,ten,FALSE,FALSE,TRUE,one,eleven,four,'GK Kikeh FMC MCS Tag'
twelve,six,FALSE,FALSE,TRUE,one,seven,three,'GK Kikeh FMC MCS Tag'
thirteen,four,FALSE,FALSE,TRUE,one,nine,four,'GK Kikeh FMC MCS Tag'
eleven,six,FALSE,FALSE,TRUE,two,six,three,'GK Kikeh FMC MCS Tag'
ten,six,FALSE,FALSE,TRUE,two,five,three,'GK Kikeh FMC MCS Tag'
eight,four,FALSE,FALSE,TRUE,one,four,three,'GK Kikeh FMC MCS Tag'
nine,four,FALSE,FALSE,TRUE,one,seven,four,'GK Kikeh FMC MCS Tag'
eight,five,TRUE,FALSE,FALSE,two,six,two,'GK Kikeh FMC MCS Tag'
ten,five,FALSE,FALSE,TRUE,one,eight,three,'GK Kikeh FMC MCS Tag'
nine,five,FALSE,FALSE,TRUE,one,seven,three,'GK Kikeh FMC MCS Tag'
twelve,seven,FALSE,FALSE,TRUE,one,nine,three,'GK Kikeh FMC MCS Tag'
eleven,seven,FALSE,FALSE,TRUE,one,eight,three,'GK Kikeh FMC MCS Tag'
ten,seven,FALSE,FALSE,TRUE,one,seven,three,'GK Kikeh FMC MCS Tag'
thirteen,eight,FALSE,FALSE,TRUE,three,seven,one,'GK Kikeh FMC MCS Tag'
twenty+,nine,FALSE,FALSE,TRUE,two,fourteen,five,'GK Kikeh FMC MCS Tag'
eight,four,FALSE,FALSE,TRUE,one,six,two,'GK Kikeh FMC MCS Tag'
twelve,five,FALSE,FALSE,TRUE,one,ten,three,'GK Kikeh FMC MCS Tag'
eleven,five,FALSE,FALSE,TRUE,one,nine,three,'GK Kikeh FMC MCS Tag'
twelve,five,TRUE,FALSE,FALSE,two,ten,three,'GK Kikeh FMC MCS Tag'
sixteen,nine,FALSE,FALSE,TRUE,three,seven,one,'GK Kikeh FMC MCS Tag'
eleven,six,FALSE,FALSE,TRUE,one,five,three,'GK Kikeh FMC MCS Tag'
three,three,TRUE,FALSE,FALSE,one,two,one,'GK Kikeh FMC MCS Tag'
sixteen,eight,FALSE,FALSE,TRUE,three,ten,three,'GK Kikeh FMC MCS Tag'
seventeen,eight,FALSE,FALSE,TRUE,three,eleven,three,'GK Kikeh FMC MCS Tag'
eleven,six,FALSE,FALSE,TRUE,one,three,one,'GK Kikeh FMC MCS Tag'
eleven,six,FALSE,FALSE,TRUE,one,four,one,'GK Kikeh FMC MCS Tag'
eight,three,FALSE,FALSE,TRUE,one,four,four,'GK Kikeh FMC MCS Tag'
seven,three,FALSE,FALSE,TRUE,one,three,three,'GK Kikeh FMC MCS Tag'
four,three,TRUE,FALSE,FALSE,one,three,two,'GK Kikeh FMC MCS Tag'
thirteen,five,FALSE,FALSE,TRUE,two,five,five,'GK Kikeh FMC MCS Tag'
twelve,five,FALSE,FALSE,TRUE,two,four,four,'GK Kikeh FMC MCS Tag'
eleven,five,FALSE,FALSE,TRUE,two,three,three,'GK Kikeh FMC MCS Tag'
six,four,FALSE,FALSE,TRUE,one,four,three,'GK Kikeh FMC MCS Tag'
five,three,FALSE,FALSE,TRUE,one,three,three,'GK Kikeh FMC MCS Tag'
four,two,FALSE,FALSE,TRUE,zero,one,one,'ENGIE Norway Portfolio Planning Project ID'
seven,two,FALSE,FALSE,TRUE,zero,three,three,'NPD Factpages Licence Activity ID'
two,one,FALSE,TRUE,FALSE,zero,zero,zero,'NPD Factpages Licence Activity ID'
twenty+,eleven,FALSE,FALSE,TRUE,zero,twenty+,seven,'NPD Factpages Licence Activity ID'
twenty+,eight,FALSE,FALSE,TRUE,zero,twenty+,seven,'NPD Factpages Licence Activity ID'
twenty+,ten,FALSE,FALSE,TRUE,zero,twenty+,seven,'NPD Factpages Licence Activity ID'
twenty+,nine,FALSE,FALSE,TRUE,zero,twenty+,seven,'NPD Factpages Licence Activity ID'
eight,one,FALSE,TRUE,FALSE,zero,zero,zero,'NPD Factpages Company ID'
seven,one,FALSE,TRUE,FALSE,zero,zero,zero,'NPD Factpages Company ID'
three,one,FALSE,TRUE,FALSE,zero,zero,zero,'NPD Factpages Company ID'
seven,one,FALSE,TRUE,FALSE,zero,zero,zero,'NPD Factpages Production Licence ID'
eight,one,FALSE,TRUE,FALSE,zero,zero,zero,'NPD Factpages Production Licence ID'
five,one,FALSE,TRUE,FALSE,zero,zero,zero,'NPD Factpages Production Licence ID'
seven,one,FALSE,TRUE,FALSE,zero,zero,zero,'NPD Factpages Task ID'
eight,one,FALSE,TRUE,FALSE,zero,zero,zero,'NPD Factpages Task ID'
seven,two,FALSE,FALSE,TRUE,zero,three,three,'GK Yokogawa FCS ID'
three,two,FALSE,FALSE,TRUE,zero,one,one,'GK Production System Unit Code'
four,two,FALSE,FALSE,TRUE,zero,one,one,'GK Production System Unit Code'
three,three,FALSE,FALSE,TRUE,zero,two,one,'GK Production System Unit Code'
three,one,TRUE,FALSE,FALSE,zero,three,three,'GK Production System Unit Code'
eight,five,FALSE,FALSE,TRUE,two,two,one,'Equipment Code'
eight,four,FALSE,FALSE,TRUE,one,one,zero,'Equipment Code'
nine,five,FALSE,FALSE,TRUE,two,two,one,'Equipment Code'
six,three,FALSE,FALSE,TRUE,one,one,one,'Equipment Code'
seven,three,FALSE,FALSE,TRUE,one,one,one,'Equipment Code'
seven,four,FALSE,FALSE,TRUE,one,one,zero,'Equipment Code'
ten,seven,FALSE,FALSE,TRUE,three,three,one,'Equipment Code'
fourteen,eight,FALSE,FALSE,TRUE,three,two,one,'Equipment Code'
eighteen,ten,FALSE,FALSE,TRUE,three,two,zero,'Equipment Code'
seven,four,FALSE,FALSE,TRUE,one,two,one,'Equipment Code'
sixteen,ten,FALSE,FALSE,TRUE,three,four,one,'Equipment Code'
fifteen,nine,FALSE,FALSE,TRUE,three,two,zero,'Equipment Code'
six,four,FALSE,FALSE,TRUE,one,one,one,'Equipment Code'
five,one,FALSE,TRUE,FALSE,zero,zero,zero,'Modbus Address'
six,one,FALSE,TRUE,FALSE,zero,zero,zero,'Modbus Address'
six,four,FALSE,FALSE,TRUE,one,one,one,'SAP Production System Unit Code'
four,four,TRUE,FALSE,FALSE,two,two,zero,'SAP Production System Unit Code'
one,one,FALSE,TRUE,FALSE,zero,zero,zero,'SAP Production System Unit Code'
twenty+,eleven,FALSE,FALSE,TRUE,five,five,three,'GK P&ID Code'
twenty+,thirteen,TRUE,FALSE,FALSE,six,twenty+,three,'GK Kikeh PI Tag'
twenty+,fifteen,FALSE,FALSE,TRUE,six,twenty+,three,'GK Kikeh PI Tag'
twenty+,fifteen,TRUE,FALSE,FALSE,seven,twenty+,three,'GK Kikeh PI Tag'
twenty+,sixteen,FALSE,FALSE,TRUE,seven,twenty+,three,'GK Kikeh PI Tag'
twenty+,eighteen,FALSE,FALSE,TRUE,eight,twenty+,three,'GK Kikeh PI Tag'
twenty+,seventeen,FALSE,FALSE,TRUE,seven,twenty+,three,'GK Kikeh PI Tag'
twenty+,fifteen,FALSE,FALSE,TRUE,six,twenty+,three,'GK Kikeh PI Tag'
twenty+,nineteen,FALSE,FALSE,TRUE,eight,twenty+,three,'GK Kikeh PI Tag'
twenty+,seventeen,FALSE,FALSE,TRUE,seven,twenty+,three,'GK Kikeh PI Tag'
twenty+,sixteen,FALSE,FALSE,TRUE,six,twenty+,three,'GK Kikeh PI Tag'
twenty+,sixteen,FALSE,FALSE,TRUE,six,twenty+,three,'GK Kikeh PI Tag'
twenty+,nineteen,FALSE,FALSE,TRUE,eight,twenty+,three,'GK Kikeh PI Tag'
twenty+,seventeen,FALSE,FALSE,TRUE,six,twenty+,three,'GK Kikeh PI Tag'
twenty+,fifteen,FALSE,FALSE,TRUE,five,twenty+,three,'GK Kikeh PI Tag'
twenty+,sixteen,FALSE,FALSE,TRUE,six,twenty+,three,'GK Kikeh PI Tag'
twenty+,fourteen,FALSE,FALSE,TRUE,five,twenty+,three,'GK Kikeh PI Tag'
twenty+,fifteen,FALSE,FALSE,TRUE,six,twenty+,three,'GK Kikeh PI Tag'
twenty+,seventeen,FALSE,FALSE,TRUE,six,nineteen,three,'GK Kikeh PI Tag'
twenty+,thirteen,FALSE,FALSE,TRUE,five,nineteen,three,'GK Kikeh PI Tag'
twenty+,fifteen,FALSE,FALSE,TRUE,five,sixteen,three,'GK Kikeh PI Tag'
twenty+,sixteen,FALSE,FALSE,TRUE,five,seventeen,three,'GK Kikeh PI Tag'
twenty+,seventeen,FALSE,FALSE,TRUE,six,eighteen,three,'GK Kikeh PI Tag'
twenty+,eighteen,FALSE,FALSE,TRUE,six,sixteen,three,'GK Kikeh PI Tag'
twenty+,sixteen,FALSE,FALSE,TRUE,six,twenty+,three,'GK Kikeh PI Tag'
twenty+,fourteen,FALSE,FALSE,TRUE,five,eighteen,three,'GK Kikeh PI Tag'
twenty+,eighteen,FALSE,FALSE,TRUE,seven,nineteen,three,'GK Kikeh PI Tag'
twenty+,sixteen,FALSE,FALSE,TRUE,six,twenty+,three,'GK Kikeh PI Tag'
twenty+,eighteen,FALSE,FALSE,TRUE,six,twenty+,three,'GK Kikeh PI Tag'
twenty+,fourteen,FALSE,FALSE,TRUE,five,twenty+,three,'GK Kikeh PI Tag'
twenty+,sixteen,FALSE,FALSE,TRUE,five,seventeen,three,'GK Kikeh PI Tag'
twenty+,seventeen,FALSE,FALSE,TRUE,five,eighteen,three,'GK Kikeh PI Tag'
twenty+,eighteen,FALSE,FALSE,TRUE,six,nineteen,three,'GK Kikeh PI Tag'
twenty+,nineteen,FALSE,FALSE,TRUE,six,seventeen,three,'GK Kikeh PI Tag'
twenty+,seventeen,FALSE,FALSE,TRUE,six,twenty+,three,'GK Kikeh PI Tag'
twenty+,fifteen,FALSE,FALSE,TRUE,five,nineteen,three,'GK Kikeh PI Tag'
twenty+,nineteen,FALSE,FALSE,TRUE,seven,twenty+,three,'GK Kikeh PI Tag'
twenty+,thirteen,FALSE,FALSE,TRUE,five,twenty+,three,'GK Kikeh PI Tag'
twenty+,twelve,FALSE,FALSE,TRUE,five,twenty+,three,'GK Kikeh PI Tag'
twenty+,fourteen,FALSE,FALSE,TRUE,six,nineteen,three,'GK Kikeh PI Tag'
twenty+,eleven,TRUE,FALSE,FALSE,five,twenty+,three,'GK Kikeh PI Tag'
sixteen,eight,FALSE,FALSE,TRUE,three,twelve,three,'GK Kikeh PI Tag'
twenty+,seventeen,FALSE,FALSE,TRUE,six,sixteen,three,'GK Kikeh PI Tag'
twenty+,eighteen,FALSE,FALSE,TRUE,six,seventeen,three,'GK Kikeh PI Tag'
twenty+,twenty+,FALSE,FALSE,TRUE,seven,sixteen,three,'GK Kikeh PI Tag'
twenty+,sixteen,FALSE,FALSE,TRUE,six,twenty+,three,'GK Kikeh PI Tag'
twenty+,fifteen,FALSE,FALSE,TRUE,five,twenty+,three,'GK Kikeh PI Tag'
twenty+,nine,TRUE,FALSE,FALSE,four,seventeen,three,'GK Kikeh PI Tag'
twenty+,twelve,FALSE,FALSE,TRUE,five,twenty+,three,'GK Kikeh PI Tag'
twenty+,fifteen,FALSE,FALSE,TRUE,five,eighteen,three,'GK Kikeh PI Tag'
twenty+,sixteen,FALSE,FALSE,TRUE,five,nineteen,three,'GK Kikeh PI Tag'
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