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Abstract

Software testing is an expensive, difficult, error prone and time consuming process 

which takes up to 50% of time and effort in a software development life cycle. 

Therefore automation of test case design and execution, which can reduce a 

considerable amount of development time and cost with enhanced quality, has 

always been an interesting area in software industry. 

This project provides a systematic approach together with an implementation 

towards 100% guaranteed branch coverage (non approachable branches were not 

considered) of a model with minimum possible test cases concentrating on test cases 

near the limits of valid ranges. A system of mutant detection has been devised with 

the help of test cases made by using boundary value analysis technique which can 

detect all sorts of non equivalent mutants.

Results produced by the software were gathered from empirical study done on two 

example models given by Legal & General and some more synthetic models to cover 

a wide range of control flow possibilities. Efficiency of this systematic versus random 

approach together with its ability to catch non equivalent mutants has been tested 

on sample models and shown with the help of respective graphs.



Table Of Contents

Acknowledgements

Abstract

Table Of Contents

List Of Tables

List Of Figures

Chapter 1: Introduction                                                                                      1

1.1 Definitions    1

1.2 Introduction To Model Based Testing    3

1.3 Aims And Objectives    5

1.4 Motives Behind This Research    5

1.5 Project Scope    5

1.6 Project Limitations    5

1.7 Research Questions    6

Chapter 2: Literature Review                                                                            7

2.1 Overview    7

2.2 White Box Testing    7

2.3 Black Box Testing    7

2.4 Boundary Value Analysis    8

2.5 Random Testing    8

2.6 Evolutionary Testing    9

2.7 Mutation Testing   11

Chapter 3: Strategy Towards The Goal                                                        12                                                       

3.1 Overview  12

3.2 Grammar Definition For Model Design  12



3.3 Sample Control Flow Models  12

3.4 “Systematic Branch Coverage”, A Methodology  16

3.4.1 Data Extraction From Models  17

3.4.2 Branch Coverage In A Systematic Manner  17

3.5 Mapping Of Model Test Suite To Program Test Suite  20

3.6 Mutant Detection  20

Chapter 4: Experimental Results                                                                     21

4.1 Full Branch Coverage With Minimum Possible Test Cases   21

4.1.1 Control Flow Graph & Test Suite For Model 1   21

4.1.2 Control Flow Graph & Test Suite For Model 2   22

4.1.3 Control Flow Graph & Test Suite For Model 3   23

4.1.4 Control Flow Graph & Test Suite For Model 4   24

4.2 Efficiency With Respect To Random Test Case Generation   25

4.2.1 Efficiency With Respect To Illustrated Models   25

4.2.2 Comparison Of Random and Systematically Generated 

Test Suite Size In Models Having All Independent 

Branches   26

4.2.3 Comparison Of Random & Systematically Generated Test 

Suite Size In Models Having Branches With Increasing 

Levels Of Hierarchy   27

4.3 Effectiveness In Mutant Detection   29

Chapter 5: Project Review                                                                             31

5.1 Future Work   31

5.2 Conclusion   31

References And Bibliography                                                                          32

Appendices

 Program Code



List Of Tables

Table Index:

Chapter 3: Strategy Towards The Goal

3.1 Branch Look-Up Table 18

3.2 Solved Branch Look-Up Table Carrying Solution Set 19

Chapter 4: Experimental Results

4.1 Efficiency Of Systematic Vs Random Using Models Having All Independent 

Branches 26

4.2 Efficiency Of Systematic Vs Random Using Models Having Branches With 

Increasing Levels Of Hierarchy 28

4.3 Equivalent Mutant Statements 29



List Of Figures

Figure Index:

Chapter 1: Introduction

1.1 The Process Of Model Based Testing     4

Chapter 2: Literature Review

2.1 The Process Of Evolutionary Test Case Generation     9

2.2 Approximation Level For Fitness Calculation   10

Chapter 4: Experimental Results

4.1 Control Flow Graph Of Model 1   21

4.2 Control Flow Graph Of Model 2   22

4.3 Control Flow Graph Of Model 3   23

4.4 Control Flow Graph Of Model 4   24

4.5 Efficiency Of Systematic Vs Random using Given Models   26

4.6 Efficiency Of Systematic Vs Random using Models Having All 

Independent Branches   27

4.7 Efficiency of Systematic Versus Random Using Models Having All 

Branches In Hierarchy   28

4.8 Effectiveness In Non Equivalent Mutant Killing   30



1

Chapter-1

Introduction:

1.1 Definitions

1.1.1 Model

A model is a representation of a system’s behaviour which helps us 

understand a system’s reaction upon an action or input. Models are 

generally made from requirements and are shareable, reusable, precise 

descriptions of systems under test [9]. There are numerous models 

existing in computing industry, for example: finite state machines, state 

charts, control flow (used for this project), data flow, unified modelling 

language (UML) and Stochastic [8].

1.1.2 Software Testing

It is a process of validating software with respect to its specifications. 

Testing can be static or dynamic. Reviews, walkthroughs and inspections 

are considered as static whereas executing program code with given set 

of test cases is known as dynamic testing [1]. Though there are a number 

of test adequacy criteria for different testing mechanisms but for 

structural testing (which we are using in this project) we use “code 

coverage” as our main test thoroughness standard. [1]

1.1.3 Code Coverage

It describes the amount to which the software code has been tested [1]. 

Main methods of measuring code coverage are

 Branch Coverage: determines whether each branch (true-false 

condition) in each direction has been executed at least once [1].

 Statement Coverage: determines whether each statement of 

program code has been executed at least once [1].

 Path Coverage: determines whether every possible path in a 

program has been executed at least once [1].

As we are using Control Flow Models for our testing we will consider only 

branch coverage as our test adequacy criterion.
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1.1.4 Path

A path through a program is a sequence of statement execution between 

any two given points in a chronological order. A complete path is one that 

runs through entry to exit of a given program. We only consider complete 

paths for our testing project.

1.1.5 Branch (Decision):

It is a program point which decides future path up to the next branch or 

exit on basis of some criteria.

1.1.6 Junction

It is a program point where two or more paths merge.

1.1.7 Process

A sequence of statements which has to be executed one by one at all 

times without getting affected by any branch or junction. Processes have 

one entry and one exit points.

1.1.8 Test Case

Combination of Input and Output of a System [1], but I am using it as a

valid input to the system upon which a system decides its path, the rest of 

this text takes this meaning.

1.1.9 Test Set

A set of Test Cases covering a model from its beginning to an end in a one 

go.

1.1.10 Test Suite

A set of test sets covering each and every approachable branch of entire 

model. Best Test Suite is the one having minimum possible Test Sets 

among a number of Test Suites whereas Worst Test Suite has the 

maximum number of Test Sets among a number of Test Suites for the 

same model. Average Test Suite is an imaginary unit having an average 

size where average size is calculated by dividing sum of size of all 

available Test Suites with the total number of Test Suites.

1.1.11 Mutant

It can be defined as a variation from the original program. This variation 

can happen in four different categories [1]
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1. By changing operators e.g. a + b  a * b

2. By changing variable name e.g. a + b  A + b

3. By changing values in variables e.g. if(a=2)do{ }  if(a=1)do{ }

4. By inserting or deleting program statements.

Mutants can be classified into 2 categories [1]

1. Equivalent Mutants: Mutants which can never be killed by any Test 

Case. E.g. if you swap predicates in a branch condition.

2. Non Equivalent Mutants: Mutants which can be killed by a Test Case. 

E.g. a*5  a + 5 can be tracked down by a Test Case.

1.2 Introduction To Model Based Testing (MBT)

 Definition:

“It is a testing technique where run time behaviour of an implementation 

under test is checked against predictions made by formal specifications or 

Models” By Colin Campbell, MSR [9]. This strategy can be used in white 

box as well as black box testing.

 Importance:

Modelling is an economical means of capturing knowledge about a 

system and then reusing it upon system’s growth. It helps a tester to 

visualize all possible combinations of input sequences and their possible 

out comes in a systematic manner, which result in a better test suite 

design in the context of system under test covering the entire model. 

New features can be added during the development process without the 

fear of undetected side effects. 

 Typical Activities Involve:

o Model Type Selection (state machines, state charts, control flow, 

data flow, grammar, UML etc.). There hasn’t been any research so 

far claiming about the significance of one model over the other for 

a particular problem. 
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o Model building from specifications

o Generate test sequence with assumed outputs.

o Run tests

o Compare actual outputs with expected outputs

o Decide on further actions (whether to modify the model, generate 

more test cases or stop testing after achieving the required 

reliability of the software.)

Figure 1.1 The process of Model Based Testing [8]

Key advantages of using Model based testing over other testing methodologies 

are:

1. It starts from specification and therefore forces testability into the product 

design, gives early exposures to ambiguities in specifications and design, as a 

result shortens the development process [8].

2. Builds behavioural model and tests interface before program’s existence [8].

3. Automates test suite design and execution which increases testing 

thoroughness by providing guaranteed branch coverage [8].

4. Provides automatic result prediction which facilitates a tester to find out 

design bugs by comparing expected and actual outputs [8].
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5. Provides lower test execution costs as the whole process is automated [8].

1.3 Aims & Objectives

Automation of test case design to ensure with guaranteed branch coverage, 

detect logical branch bugs, improve efficiency by providing minimum possible 

test cases, lessen testing time in case of software architectural modification, 

reduce manual intervention and costs. 

1.4 Motives Behind This Research

This project has been done with the collaboration of an insurance company 

“Legal & General”. They wanted a system of automated test case generation 

which can give surety of 100% branch coverage with minimum possible test 

cases for their system.

1.5 Project Scope

The scope of this research was

1. To automate the process of test case design & execution in models.

2. To find out ways of getting 100% branch coverage (non approachable 

branches are excluded) in models having no loops affecting the control 

flow.

3. To find out ways of minimizing the number of test sets in order to get full 

branch coverage.

4. To find out ways of detecting mutants present in branch conditions.

1.6 Project Limitations

This project was started, bearing in mind, requirements of an Insurance 

company, Legal & General and therefore can be able to solve problems with 

the following considerations.

1. Takes control flow models written in C/C++ in a form of one function 

without having any loops affecting the control flow of the model.
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2. All models must be written in conformance with the grammar defined in 

section 3.1

3. Can handle up to two variables or two instances of same variable 

simultaneously in any given statement.

4. Can only run on Microsoft Operating Systems having Dot Net Framework 

1.3 or higher 

1.7 Research Questions

1. Is it worthwhile to find out ways of branch coverage, working

systematically to achieve 100% guaranteed branch coverage in the 

presence of many other methodologies?

2. Is it possible to achieve minimum possible test sets for guaranteed branch 

coverage in a constant time?

3. How much efficient, reliable and cost effective a systematic approach can 

be with respect to random?

4. Does the performance of random algorithm remains consistent in terms 

of branch coverage for all sorts of program structures? If not than is there 

any pattern for inconsistency?
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Chapter-2

Literature Review:

2. Overview

Testing is considered to be the most vital part of software development as it 

takes approximately 50% of time, efforts and cost of any critical software system

[1]. This project deals with structural (Control flow Model based testing), 

functional (Boundary value analysis) and mutation testing using a systematic 

approach in comparison with the random testing. Since, a broad range of testing 

domains is involved in this research; a brief review of software testing under 

these domains is included in this chapter.

2.1 White Box Testing

It is a testing technique in which test cases are designed in order to provide 

coverage of all reachable branches, paths and statements in a program code. It 

requires sound knowledge of internal code structure and logic. White box 

testing is typically used for unit testing [1].

Some key advantages of white box testing over black box testing are:

 As program logic and code is open to tester, appropriate set of test 

cases can be designed for effective comprehensive testing.

 Helps in optimizing the code by reducing redundant lines of code.

The only disadvantage of this approach is the high cost of tester as it needs 

highly skilled testers to perform this kind of testing.

2.2 Black Box Testing

Black Box Testing or Functional Testing is a testing technique in which internal 

workings of the system under test is not known by the tester. Though a tester 

knows about inputs and expected outputs but have no knowledge about how 

that system arrives at those outputs. In this kind of testing a tester only need 
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to know the specifications of that system and understanding of programming 

logic is unnecessary. It is typically used for system testing [10].

Advantages of Black box testing includes

 Unbiased testing as programmer and tester work independently

 Tester does not need to have any kind of programming skills at all.

 Test cases are designed from user’s perspective

Disadvantages of Black box testing includes

 Testing every input stream is impossible and many program paths go 

untested

 Test cases are difficult to design

 Duplication of test cases by programmer and tester can result in 

wastage of time as both of them work independently.

2.3 Boundary Value Analysis

It is a testing technique in which test cases are designed specifically focussing 

on boundaries, whereas, a boundary is a point, where a system’s expected 

behaviour changes. The main idea is to concentrate the testing effort on error-

prone areas by accurately pinpointing the boundaries of conditions (E.g. a 

programmer may specify >, when the requirement states >=) [7]. Suppose we 

have a condition (a >= 100 && a <= 200) then boundary value test cases will be 

{True (100,101,199,200), False (98, 99,201,202)}.

2.4 Random Testing

It is a testing technique in which test cases are generated by choosing an 

arbitrary input value from a set of all possible inputs. It can be used in black 

box as well as white box testing.

In the context of our research, it means that an unbiased approach to generate 

a value which can make a condition either true or false with equal probability.
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2.5 Evolutionary Testing

It is a software testing technique based on the theory of evolution. In this 

method population of test cases called individuals are being optimized 

iteratively on the basis of their fitness function. More population of individuals

are generated from existing ones via selection, recombination, mutation, 

fitness assignment and reinsertion till an optimum solution is obtained or a 

predetermined criterion is met. This means that population is keep on 

changing generation after generation leaning towards incremental amount of 

individuals with higher fitness function. This procedure stops when a 

predetermined fitness level or maximum number of generations have been 

reached [1]. The application process of genetic operator can be understood by 

the following figure:

Figure 2.1 Process Of Development Of Evolutionary Test Case Generation. [1]

For branch coverage, the fitness value is usually determined using the distance 

based approach, that is, how close test data came to cover the target branch.
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“Approximation level” is the distance from target in terms of level of branches 

and “local distance” represents the distance from target in terms of test data 

value. Both approximation level and local distance are used in combination to 

evaluate fitness of individuals. Lower the fitness value, higher is the fitness level 

for that test data. Test case which hits the target shows the fitness value of “0”.

[1]

Example: Fitness calculation for branch coverage.

Suppose, X = 10 and Y = 5.

Target Predicate: if (X = Y)

Local Distance = |X - Y| = 5

Approximation Level = 2 (from figure below)

Fitness = Local Distance + Approximation Level = 5 + 2 = 7

Figure 2.2 “Approximation Level” For “Fitness” Calculation. [1]
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2.6 Mutation Testing

It is a “white-box” fault based testing technique, based on the assumption that

a program is well tested, if and only if, all induced “non-equivalent” faults were 

killed successfully. [1]

Mutants are induced into a program by “mutation operators”, specialized 

programs which mimic behaviour of common mistakes done by programmers,

forming a mutant program. A mutant is killed only by an effective test case 

which causes the mutant program to produce a different out put as compared 

to the original, “non-mutant”, version of the program. [1]

Mutants which are functionally equivalent to the original program and always 

give same out put as the original program are known as equivalent mutants. 

Equivalent mutants can never be killed by any test case and can only be 

checked by hand. The goal of mutation is to find “effective set of test cases”

capable of covering a broad range of program coverage criteria rather than 

finding faults. A test set which does so is said to be “adequate” with respect to 

mutation. [1]
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Chapter-3

Strategy Towards The Goal:

3.1 Overview

Control flow models were made by the given examples from L&G. A program 

was written to scan those models and grab their structure with boundary 

values of decision variables. Test cases were built at two different levels of 

abstraction, for Models and for real life programs, to cover the entire model 

systematically such that we must achieve 100% model coverage with minimum 

possible test cases.

3.2 Grammar Definition For Model Design

The grammar of our control flow models can be defined in the form of 

“Backus-Naur form” which is as follows

Model ::= ControlStatement {ControlStatement};

ControlStatement ::= “if”, condition, “{“, [{ statement | ControlStatement }], 

“}”, [“else”, “{“, [{statement | ControlStatement}], “}” ];

Decision ::= “(“, condition, [{ logicalOp, predicate}], “)”;

LogicalOp ::= “||”, “&&”;

Condition ::= variable, decision operator, value;

Decision operator ::= “<”, “<=”, “>”, “>=”, “=”, “!=”;

Value ::= number | “y” | “n”;

Number ::= {Digit} ;

Digit ::= “0”, “1”, “2”, “3”, “4”, “5”, “6”, “7”, “8”, “9”;

Variable ::= {alphabet} [{number}];

Alphabet ::= “A”,”a”,”B”,”b”,”C”,”c”………………………..”Z”,”z”;

3.3 Sample Control Flow Models

A couple of examples were obtained from L&G which were converted into 

“Control Flow” models together with some other imagined models to cover a 
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wide range of control flow possibilities for our experiments. All those models 

which were used for our experiments were written in C OR C++ and are given 

below:

Model 1:
void main (void)
{
if(aerobatics == 'y')

{message1}
else

{
if(hrsFlying <=75)

{message2}
else

{
if(hrsFlying >=76 && hrsFlying <= 150)

{
if (experience >=300)

{message3}
else

{
if (experience < 300)

{message4}
}

}
else

{
if(hrsFlying > 150)

{message5}
}

}
}

}
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Model 2
void main (void)
{
if (sufferingFromDisease = 'y')

{
if(TimeOfDiagnosis <= 2)

{message1}
else

{
if(TimeOfDiagnosis >=3)

{
if (fullyRecovered == 'y')

{
if(weakness == 'y')

{message2}
else

{message3}
}

else
{message4}

}
}

}
}
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Model 3
void main (void)
{

 if (reply == 'y')
{message1}

 if (reply == 'n')
{

 if (hrsFlying >=0 && hrsFlying <= 75)
{message2}

else
{message3}

if (hrsFlying >= 76 && hrsFlying <= 150)
{

if(Exp >= 1 && Exp < 300)
{message4}

else
{message5}

if (Exp >= 300)
{message6}

else
{message7}

}
else {message8}
if(hrsFlying > 150)

{message9}
else {message10}

}
else {message11}

}
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Model 4
void main (void)
{

if (reply == 'y')  {}

if (Population >1 && Population < 1000){}

if (BravePeople == 'n') {}

if (TallPeople == ‘y’) {}

if (NoOfDoctors >= 1 && NoOfDoctors <= 100) { }

if(NoOfDoctors > 100) {}

if (RichPeople == ‘y’) {}

if(SeaPorts >= 1) {}
}

3.4 “Systematic Branch Coverage”, A Methodology

To achieve 100% branch coverage with minimum possible test sets, we have 

devised a methodology which has been explained shortly after the following 

considerations:

 All model conditions are given unique increasing numeric names 

starting from top to bottom (1 to n) i.e. (1,2,3,4,5……n). Each condition

is further broken down into two branches “True” and “False”. True part 

is denoted by letter “T”, whereas, False part is denoted by letter “F”,

after the condition name. e.g. (1T, 2F, … etc).

 The whole model is a child, of the true part of an imaginary conditional 

statement “0”, which we call a “universal statement”. True part is 

denoted by “0T” whereas false part is denoted by “0F”. The execution 

of “0F” gives a “Null” Test Set.

 All conditions at a same level and having a common parent must 

execute their true and false parts together. E.g. statements 1, 2 and 3 

which are supposed to be at a same level having a parent “0T”, will 

execute like (1T, 2T, 3T) and (1F, 2F, 3F) in order to give full branch 

coverage in minimum possible test suite size.
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The process can be divided into two major phases which are,

1. Data extraction from models.

2. Data processing to get full branch coverage in minimum possible Test 

Sets.

3.4.1 Data Extraction From Models

Models are scanned by the program using grammar defined in section 3.2 

and vital information is stored in an array of objects made up of a “User 

Defined Data Type”. The information gathered from a model is,

1. Number of statements involved in an entire model.

2. Number of predicates involved in each statement.

3. Boolean operator involved between predicates of each statement.

4. Number of variables involved, their names, types, limiting values and 

instances of each variable in each statement.

5. Operators operating on each variable of each statement.

6. Possible True/False Boundary values for each variable of each statement.

7. Parent – Child structure of entire model together with number of 

statements at same level having same parent with their execution 

sequence.

3.4.2 Branch Coverage In A systematic Manner

The process of guaranteed branch coverage starts soon after data extraction

from a given model. It consists of three phases which are explained below.

I. Generate “Branch Look Up Table”.

The whole story goes around a “Branch Look-Up Table” which is a table 

containing a list of all branches and their respective children. All children 

are attached with their respective branches in form of two queues. One 

queue contains true branches, whereas, the other one contains false

branches of children. A solution queue is also present along with these two 

queues with each branch. Following is a sample “Branch Look-Up Table”

considering Model 3 as an example.
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Table 3.1 “Branch Look-Up Table”

Branch True Children 

Branches (Queue1)

False Children 

Branches (Queue2)

Solution Queue

(Result Set)

0T 1T,2T 1F,2F NULL

0F NULL NULL NULL

1T NULL NULL NULL

1F NULL NULL NULL

2T 3T,4T,7T 3F,4F,7F NULL

2F NULL NULL NULL

3T NULL NULL NULL

3F NULL NULL NULL

4T 5T,6T 5F,6F NULL

4F NULL NULL NULL

5T NULL NULL NULL

5F NULL NULL NULL

6T NULL NULL NULL

6F NULL NULL NULL

7T NULL NULL NULL

7F NULL NULL NULL

II. Solve The Table Bottom Up

Solving the table means scanning the table bottom up, keeping an eye on 

whether a branch under scan, has any child attached with it and doing the 

following steps iteratively, till we reach at the top most level i.e. “0T”.

1. If a branch having a child is encountered, put this branch name in a 

Signal Queue.

2. Scan all the elements of each queue of that branch one by one and 

check if anyone of them is present in the Signal Queue. If an element is 

found present in the signal queue, replace that element with the 

solution queue in front of that element’s name in the table and remove 

that element from the signal queue.
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3. Apply Set Union operator on each queue with their parent and put the 

result set in the solution queue. 

For the sake of clarity, the above process has been shown in the following 
table

Table 3.2 Branch Look-Up Table Carrying Solution Set

Branch True Children

Branches 

(Queue1)

False Children 

Branches 

(Queue2)

Solution Queue

(Result Set)

0T 1T,2T 1F,2F 0T,1T,2T,3T,4T,5T,6T,7T

0T,1T,2T,3T,4T,5F,6F,7T

0T,1T,2T,3F,4F,7F

0T,1F,2F

0F NULL NULL NULL

1T NULL NULL NULL

1F NULL NULL NULL

2T 3T,4T,7T 3F,4F,7F 2T,3T,4T,5T,6T,7T

2T,3T,4T,5F,6F,7T

2T,3F,4F,7F

2F NULL NULL NULL

3T NULL NULL NULL

3F NULL NULL NULL

4T 5T,6T 5F,7F 4T,5T,6T

4T,5F,6F

4F NULL NULL NULL

5T NULL NULL NULL

5F NULL NULL NULL

6T NULL NULL NULL

6F NULL NULL NULL

7T NULL NULL NULL

7F NULL NULL NULL
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III. Collect Result “Test Suite” At The Top Of The Look Up Table

The solution queue in front of the true branch of the universal condition i.e. 

“0T” holds the Test Suite, for guaranteed branch coverage, for any model 

under test.

3.5 Mapping Of Model Test Suite To Program Test Suite

The test suite obtained in the previous section is for models and at a different 

level of abstraction. We need to map obtained Model test suite to our program 

test suite so that we can start testing our model on machine. 

Model Test Cases are alpha numeric i.e. 1T,2F… etc and contains two things,

 Condition number and 

 Its true or false branch.

We just need to replace each model test case with its equivalent value. For this 

purpose, we have made test sets, during data gathering phase, evaluating to 

true and false, for each and every condition present in our model, using 

Boundary Value Analysis technique, so that we can test our models with 

respect to their boundaries.

3.6 Mutant Detection

Each model condition has been assigned at run time a number of test cases 

near its boundaries evaluating to true or false. When a mutant is induced in a 

branch condition the set of test cases of the mutant version becomes different 

as compared to the original version. After comparing original set of test cases 

with the set gathered by mutant version, we can determine a mutant’s

existence.
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Chapter-4

Experimental Results:

4.1 Full Branch Coverage With Minimum Possible Test Cases

The program has generated true non redundant test cases for our “Models” with 
full coverage. Digits (1, 2, 3…etc) represents statement name and T, F represents 
true, false respectively in test set suite.

4.1.1 Control Flow Graph And Test Set Suite For Model 1:

 If hrs <= 75
Figure 4.1

The program has generated following test suite for the above CFG.

I. 0T,1T

II. 0T,1F,2T

III. 0T,1F,2F,3T,4T

01

02

0506

0403

End
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IV. 0T,1F,2F,3T,4F,5T

V. 0T,1F,2F,3T,4F,5F

VI. 0T,1F,2F,3F,6T

VII. 1F,2F,3F,6F

4.1.2 Control Flow Graph And Test Set Suite For Model 2:

Figure 4.2

The program has generated following test suite for the above CFG

I. 0T,1F

II. 0T,1T, 2T

III. 0T,1T, 2F, 3F

IV. 0T,1T, 2F, 3T, 4T, 5F

V. 0T,1T, 2F, 3T, 4T, 5T

VI. 0T,1T, 2F, 3T, 4F

02

03 04 05

End

01
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4.1.3 Control Flow Graph And Test Set Suite For Model 3:

Figure 4.3

The program has generated following test suite for the above CFG

I. 0T,1T,2T,3T,4T,5T,6T,7T

II. 0T,1T,2T,3T,4T,5F,6F,7T

III. 0T,1T,2T,3F,4F,7F

IV. 0T,1F,2F

01

02 03

04

07

05

06

End
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4.1.4 Control Flow Graph And Test Set Suite For Model 4:

Fig 4.4

The program has generated following Test Suite for the above CFG

I. 0T,1T, 2T,3T, 4T, 5T, 6T, 7T, 8T

II. 0T,1F, 2F, 3F, 4F, 5F, 6F, 7F, 8F

01

02

08

07

06

05

04

03

End
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4.2 Efficiency With Respect To Random Test Case Generation

Efficiency of this approach has been extensively tested against widely used 

industrial approach i.e. Random Test Case Design and has been shown with the 

help of graphs. All these experiments have been made over a million random 

Test Suites to calculate an Average, Best and Worst Test Suite size using 

random Test Case design methodology for each of the following scenario.  

4.2.1 Efficiency With Respect To Illustrated Models

Our approach always makes a constant minimum possible set of test cases 

for any given model in order to cover all of its branches whereas in random 

approach we have variable test sets for the same problem. After bombarding 

a million Random Test Suites on each of our models, we have observed that 

in Random Test case design and execution,

1. Average Test Suite size is several times higher than the size of Test Suite 

obtained by using systematic approach.

2. Best Test Suite size is either a bit more or equal to the size of the Test Suite 

obtained by using systematic approach. 

3. Random approach always shows higher Best Test Suite size in models having 

higher levels of hierarchy than the Test Suite size obtained from systematic 

approach.

4. There is an exponential difference between the size of Best and Worst Test 

Suites.

5. The size of Test Suite is dependent upon the level of hierarchy present in a 

given model i.e. adding conditions at same level doesn’t increase the number 

of test sets. (This observation is valid for both random and systematic 

approaches).

6. Higher is the level of hierarchy of the model, higher is the average test suite 

size for full coverage. It has been observed that test suite size for full 

coverage, grows at an exponential rate by increasing branch hierarchy 

making it impossible to continue with random mechanism using low 

configuration machines as it reaches to the limit of machine’s exhaustion.
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Figure 4.5 Efficiency Of Systematic Versus Random using Given Models

4.2.2 Comparison Of Random and Systematically Generated Test Suite 

Size In Models Having All Independent Branches

Table 4.1 Efficiency Of Systematic Vs Random Using Models Having All 
Independent Branches

Number Of 

Conditions

Average Random 

Test Suite Size

Systematic Test 

Suite Size

Efficiency Of 

Systematic

1 2 2 0%

2 3 2 50%

3 4 2 100%

4 4 2 100%

5 4 2 100%

6 5 2 150%

7 5 2 150%

8 5 2 150%

9 5 2 150%

10 5 2 150%
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Figure 4.6 Efficiency Of Systematic Vs Random using Models Having 

All Independent Branches

4.2.3 Comparison Of Random & Systematically Generated Test Suite 

Size In Models Having Branches With Increasing Hierarchy

The number of test sets in a Test Suite depends upon the structure of the 

program and not the number of conditions with in it. The performance of 

random test case design procedure deteriorates exponentially at higher 

levels of hierarchy. It is evident by comparing results of same model with 

increasing conditions in a chain like structure.

A model in a tree form (each statement’s execution depends upon its 

parent’s execution) will have much higher average Test Suite size than a 

model in a straight line form i.e. all statements are at same level and 

independent from each other. 

Following is the comparison table obtained after executing 10,000 test suites 

on one model each time after increasing its level of hierarchy. The efficiency 

is compared with average random test suite size with constant systematic 

test suite size.
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Table 4.2 Efficiency Of Systematic Vs Random Using Models Having All 
Branches In Hierarchy

Random Test Suite SizeHierarchy 

Level Average Best

Systematic 

Test Suite Size

Efficiency

Percentage

00 2 2 2 0 %
01 6 3 3 100%
02 13 4 4 225%
03 25 5 5 400%
04 49 7 6 716%
05 121 13 7 1,628%
06 224 34 8 2,700%
07 544 63 9 5,944%
08 3645 204 10 36,350%
09 11091 609 11 100,727%

The above table clearly concludes that, random approach is absolutely an inefficient 

and infeasible approach with programs having higher levels of hierarchy. Following is 

a visual efficiency representation of Random versus Systematic.

Figure 4.7 Efficiency Of Systematic Vs Random Using Models Having 

All Branches in Hierarchy
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4.3 Effectiveness In Mutant Detection

Equivalent mutants were not considered for this research. All non equivalent 

mutants were killed successfully. Consider a branch, if (a < 10 && a != 20), 

mutant killing have been tested in the following areas.

1. By replacing Boolean “&&” with “||” and vice versa

2. By replacing a logical operator (‘<’, ‘<=’, ‘>’, ‘>=’, ‘==’ and ‘!=’ ) with 

another logical operator.

3. By replacing or swapping values associated with variables.

Apart from syntactically equivalent mutants, i.e. mutants obtained by 

swapping predicates in a branch condition, a sample list of equivalent but 

syntactically non equivalent mutants, which generate exactly same results, is 

given below. (All equivalent mutants including the ones in the following table

are excluded from our test results).

Table 4.3 “Equivalent Mutant Statements”

Statements Making Same Test Cases Test Cases

 if(a>20 && a>20)

 if(a!=20 && a>20)

 if(a>20 || a>20)

True(21,22)

False(19,20)

These statements are interchangeable.

 if(a!=10 && a<10)

 if(a<10 && a<10)

 if(a<10 || a<10)

True(8,9)

False(10,11)

These statements are interchangeable

 if(a>=20 || a>=20) 

 if(a>=20 || a=20) 

 if(a>=20 && a>=20)

True(20,21)

False(18,19)

These statements are interchangeable

 if(a<=10 && a<=10) 

 if(a<=10 || a<=10) 

 if(a=10 || a<=10)

True(9,10)

False(11,12)

These statements are interchangeable

 if(a=20 && a=20) 

 if(a=20 || a=20)

True(20)

False(19,21)

These statements are interchangeable
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 if(a!=10 && a!=10) 

 if(a!=10 || a!=10)

True(9,11)

False(10)

These statements are interchangeable

 if(a>10 || a<=10)

 if(a<=10 || a!=10) 

True(9,10,11,12)

False( )

These statements are interchangeable

 if(a!=20 || a>=20) 

 if(a<20 || a>=20)

True(18,19, 20,21)

False( )

These statements are interchangeable

 if(a >= 10 || a < 10 )

 if(a >= 10 || a != 10 )

True(8,9,10,11)

False( )

These statements are interchangeable

 if(a >= 20 || a >= 20 )

 if(a >= 20 || a = 20 )

True(20,21)

False(18,19)

These statements are interchangeable

A number of non equivalent mutants (214 for each model) were induced in each of 

our testing models and our observations are shown in the form of following graph.
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Figure 4.8 Effectiveness In Non Equivalent Mutant Killing
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Chapter-5

Project Review:

5.1 Future Work:

Future work can be done in two areas,

I. Extending the flexibility of the provided software to make it an industrial 

strength tool.

II. Extending the capability of the provided software by,

a.  Including test suite execution mechanism.

b. Including model fault detection mechanism.

III. Extending the power of systematic algorithm by combining evolutionary 

algorithms with it. This might lead to guaranteed branch coverage with 

minimum possible test cases in constant time.

5.2 Conclusion:

In the light of above experiments, systematic approach proved itself worth 

applying in scenarios where loops do not affect control flow because,

1. It is a promising approach towards guaranteed branch coverage with 

minimum possible test sets in an approximately constant time as 

compared to the random approach which doesn’t take guaranties in 

terms of reliability (surety for full coverage) and efficiency (number of 

test sets required for full coverage).

2. The performance of random algorithm is found to be deteriorating 

exponentially in models having high levels of hierarchy where the use of 

systematic approach becomes essential.

3. It is capable of killing all sorts of non equivalent mutants present in 

control flow of a model which can further facilitate to track down and fix 

up modelling bugs.
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Appendix:

Program Code

Class Definitions
Public Class RefineStInfo

    Public stName As String
    Public logicOp As String
    Public VarCount As Integer
    Public LevelCount As Integer
    Public TCount As Integer
    Public FCount As Integer
    Public TrueCase(8) As String
    Public FalseCase(8) As String
    Public TrueCaseQ As Queue
    Public FalseCaseQ As Queue
    Public ParentSt As String
    Public LevelSt() As String
    Public TBlkCount As Integer'NoOfChilds in TruePart of Condition
    Public FBlkCount As Integer'NoOfChilds in FalsePart of Condition 
    Public TBlkChild(5) As String
    Public FBlkChild(5) As String

    Sub New()
        TBlkCount = -1
        FBlkCount = -1
        LevelCount = -1
        FCount = -1
        TCount = -1

        TrueCaseQ = New Queue
        FalseCaseQ = New Queue

    End Sub

End Class
Public Class stInfo

    Public sameStVar As Boolean
    Public stName As String
    Public ParentSt As String
    Public stVar(2) As VarData
    Public iVarCount As Integer
    Public stLogicOp As String

    Sub New()
        Dim iCount As Integer
        For iCount = 0 To 2
            stVar(iCount) = New VarData
        Next
        sameStVar = False

    End Sub

    Sub CmpStVar()
        If iVarCount > 1 Then
            If stVar(1).varName = stVar(2).varName Then
                sameStVar = True
            End If
        End If
    End Sub

End Class



Public Class VarData

    Public varName As String
    Public varType As String
    Public varOp As String
    Public Boundary As String
    Public Values(1, 1) As String

End Class

Public Class CtrlStruct

    Public m_If As New Stack
    Public m_Else As New Stack
    Public m_LPar As New Stack
    Public m_RPar As New Stack
    Public m_LBra As New Stack
    Public m_RBra As New Stack

    Public m_Op As String = ""
    Public m_Semi As Boolean = False

End Class

Public Class ModelNProgTestCase

    Private ChildArry() As String
    Public Name As String
    Public Value As String
    Public ChildSt As Queue
    Public TestSet As Queue

    Sub New()
        Name = ""
        Value = ""
        ChildSt = New Queue
        TestSet = New Queue
    End Sub

    Sub PopulateArryFromQ()
        ReDim ChildArry(ChildSt.Count - 1)
        ChildSt.CopyTo(ChildArry, 0)
    End Sub

    Sub PopulateQFromArry()
        Dim Count As Integer

        ChildSt.Clear()
        For Count = 0 To UBound(ChildArry)
            ChildSt.Enqueue(ChildArry(Count))
        Next

    End Sub

End Class

Public Class ChkEfficiency

    Public TestSetCount As Stack
    Public BranchesCovered As Stack
    Public MeanForCoverage As Integer
    Public Min As Integer
    Public Max As Integer



    Sub New()
        TestSetCount = New Stack
        BranchesCovered = New Stack
        Min = 65000
        Max = 1

    End Sub

End Class

Public Class ModelTable

    Public Name As String
    Public TQ As Queue
    Public FQ As Queue
    Public TmpQ As Queue
    Public TAry() As String
    Public FAry() As String

    Sub New()
        TQ = New Queue
        FQ = New Queue
        TmpQ = New Queue
    End Sub

    Sub MakeQs()
        Dim Tmp As String

        While TmpQ.Count > 0
            Tmp = TmpQ.Dequeue
            TQ.Enqueue(Tmp + "T")
            FQ.Enqueue(Tmp + "F")
        End While

    End Sub

    Function ChkNull()
        Dim NullVal As Boolean
        If TQ.Count > 0 Or FQ.Count > 0 Then
            NullVal = False
        Else
            NullVal = True
        End If
        Return NullVal
    End Function

End Class

Global Variables

Module modGlobalVar

    Public strProgramArry() As String
    Public aryPop As Integer = 0
    Public RndProgTestCase(,)
    Public OriginalProgInfo() As RefineStInfo
    Public Signal As Boolean 'Decide whether a program is original or mutant
    Public myTestData() As stInfo

End Module



Procedures

Module Procedures
Sub ParseInArry(ByVal strInput As String)

On Error GoTo Err

Dim intCounter As Integer, intLen As Integer, iArryCount As Integer
Dim strPreResult As String, strResult As String
Dim bSignal As Boolean, bOp As Boolean

intLen = Len(strInput)

ReDim strProgramArry(intLen / 2)

strPreResult = ""
strResult = ""
bSignal = False
iArryCount = 0

For intCounter = 0 To intLen - 1
    strPreResult = Mid(strInput, intCounter + 1, 1)

    Select Case strPreResult

    Case "a" To "z", "A" To "Z", "0" To "9"
        If bSignal = False Then
           bSignal = True
           ArryCount += 1
        End If
        strProgramArry(iArryCount) += strPreResult
        bOp = False

     Case "<", ">", "=", "&", "|", "!"
        If bOp = False Then
           bOp = True
           iArryCount += 1
        End If
        strProgramArry(iArryCount) += strPreResult
        bSignal = False

        
    Case " ", Chr(13), Chr(10), Chr(9)
    bSignal = False
    bOp = False

    Case Else
    bignal = False
    bOp = False
    iArryCount += 1
    strProgramArry(iArryCount) += strPreResult
    End Select

Next
        aryPop = iArryCount
        Exit Sub

Err:
        MsgBox("Some Error Has Occured, Plz Try Again")
        frmMain.txtInput.Text = ""

End Sub



Public Sub PickBehaviour()

Dim stCount As Integer, iCount As Integer, iRBraCount As Integer

Dim RBraSig As Boolean, LBraSig As Boolean, elseSig As Boolean, ifSig As
Boolean

Dim ifPos As New Stack
Dim stVarCounter As Integer
Dim varValSig As Boolean, StBlk As Stack = New Stack
Dim ctrlSt As New CtrlStruct

For iCount = 1 To aryPop
   If strProgramArry(iCount) = "if" Then
      stCount += 1
   End If
Next

ReDim myTestData(stCount)

For iCount = 0 To stCount
   myTestData(iCount) = New stInfo

Next

stCount = 0

For iCount = 1 To aryPop
    Select Case strProgramArry(iCount)
    Case "if"

    If RBraSig = True And ifPos.Count > 0 Then
      ifPos.Pop()

       StBlk.Pop()
    End If

    ifSig = True
    elseSig = False
    RBraSig = False
    stCount += 1
    iRBraCount = 0
    stVarCounter = 0
    
If ifPos.Count > 0 Then
   myTestData(stCount).ParentSt = ifPos.Peek + StBlk.Peek.ToString
End If
myTestData(stCount).stName = stCount.ToString
ifPos.Push(myTestData(stCount).stName)
StBlk.Push("T")
ctrlSt.m_If.Push("if")

Case "else"
    ctrlSt.m_Else.Push("else")
    If RBraSig = True Then
       StBlk.Pop()
       StBlk.Push("F")
    End If
    RBraSig = False
   ifSig = False
    elseSig = True
    iRBraCount = 0



Case "{"
     ctrlSt.m_LBra.Push("{")
     iRBraCount = 0
     If ifSig = True Then
        RBraSig = False
        LBraSig = True
     End If

Case "}"
      ifSig = False
      RBraSig = True
      LBraSig = False
      elseSig = False
      ctrlSt.m_LBra.Pop()
      iRBraCount += 1

      If iRBraCount > 1 And ifPos.Count > 0 Then
         ifPos.Pop()
         StBlk.Pop()
         iRBraCount -= 1
      End If

Case "("
     ctrlSt.m_LPar.Push("(")

Case ")"

     ctrlSt.m_LPar.Pop()
     If ctrlSt.m_LPar.Count = 0 And ctrlSt.m_If.Count > 0 Then
        ctrlSt.m_If.Pop()
        stVarCounter = 0
     End If

Case "&&"
     myTestData(stCount).stLogicOp = "&&"

Case "||"
      myTestData(stCount).stLogicOp = "||"

Case "<", ">", "<=", ">=", "==", "!=", "="
     If ctrlSt.m_LPar.Count > 0 And ctrlSt.m_If.Count > 0 Then

myTestData(stCount).stVar(stVarCounter).varOp = strProgramArry(iCount)      
      varValSig = True
     End If

Case "'"
     If ctrlSt.m_LPar.Count > 0 And ctrlSt.m_If.Count > 0 Then

If varValSig = True Then                              
myTestData(stCount).stVar(stVarCounter).varType = "char"
End If

     End If

Case "0" To "9"

     If ctrlSt.m_LPar.Count > 0 And ctrlSt.m_If.Count > 0 Then

        If varValSig = True Then
                            
myTestData(stCount).stVar(stVarCounter).varType = "int"
                            
myTestData(stCount).stVar(stVarCounter).Boundary = 
strProgramArry(iCount)

            Select Case myTestData(stCount).stVar(stVarCounter).varOp



            Case "="
                      
myTestData(stCount).stVar(stVarCounter).Values(0, 0) = 
strProgramArry(iCount)
                                    
myTestData(stCount).stVar(stVarCounter).Values(0, 1) = 
strProgramArry(iCount)
                                    
myTestData(stCount).stVar(stVarCounter).Values(1, 0) = 
strProgramArry(iCount) - 1
                                    
myTestData(stCount).stVar(stVarCounter).Values(1, 1) = 
strProgramArry(iCount) + 1

            Case "!="
                                    
myTestData(stCount).stVar(stVarCounter).Values(0, 0) = 
strProgramArry(iCount)
                                    
myTestData(stCount).stVar(stVarCounter).Values(0, 1) = 
strProgramArry(iCount)
                                    
myTestData(stCount).stVar(stVarCounter).Values(1, 0) = 
strProgramArry(iCount) - 1
                                    
myTestData(stCount).stVar(stVarCounter).Values(1, 1) = 
strProgramArry(iCount) + 1

            Case "<="
                                    
myTestData(stCount).stVar(stVarCounter).Values(0, 0) = 
strProgramArry(iCount)
                                    
myTestData(stCount).stVar(stVarCounter).Values(0, 1) = 
strProgramArry(iCount) - 1
                                    
myTestData(stCount).stVar(stVarCounter).Values(1, 0) = 
strProgramArry(iCount) + 1
                                    
myTestData(stCount).stVar(stVarCounter).Values(1, 1) = 
strProgramArry(iCount) + 2

            Case ">="
                        
myTestData(stCount).stVar(stVarCounter).Values(0, 0) = 
strProgramArry(iCount)
                                    
myTestData(stCount).stVar(stVarCounter).Values(0, 1) = 
strProgramArry(iCount) + 1
                                    
myTestData(stCount).stVar(stVarCounter).Values(1, 0) = 
strProgramArry(iCount) - 1
                                    
myTestData(stCount).stVar(stVarCounter).Values(1, 1) = 
strProgramArry(iCount) - 2

            Case "<"

myTestData(stCount).stVar(stVarCounter).Values(0, 0) = 
strProgramArry(iCount) - 1
                                    
myTestData(stCount).stVar(stVarCounter).Values(0, 1) = 
strProgramArry(iCount) - 2
                                    
myTestData(stCount).stVar(stVarCounter).Values(1, 0) = 
strProgramArry(iCount)



                                    
myTestData(stCount).stVar(stVarCounter).Values(1, 1) = 
strProgramArry(iCount) + 1

          Case ">"

myTestData(stCount).stVar(stVarCounter).Values(0, 0) = 
strProgramArry(iCount) + 1
                                    
myTestData(stCount).stVar(stVarCounter).Values(0, 1) = 
strProgramArry(iCount) + 2
                                    
myTestData(stCount).stVar(stVarCounter).Values(1, 0) = 
strProgramArry(iCount)
                                    
myTestData(stCount).stVar(stVarCounter).Values(1, 1) = 
strProgramArry(iCount) - 1

            End Select

      End If

End If
varValSig = False

Case "y", "n"
If varValSig = True Then
   myTestData(stCount).stVar(stVarCounter).Boundary = strProgramArry(iCount)

If strProgramArry(iCount) = "y" And
myTestData(stCount).stVar(stVarCounter).varOp = "==" Then

myTestData(stCount).stVar(stVarCounter).Values(0, 0) = "y"                            
myTestData(stCount).stVar(stVarCounter).Values(0, 1) = "y"
myTestData(stCount).stVar(stVarCounter).Values(1, 0) = "n"
myTestData(stCount).stVar(stVarCounter).Values(1, 1) = "n"

ElseIf strProgramArry(iCount) = "n" And
myTestData(stCount).stVar(stVarCounter).varOp = "==" Then

myTestData(stCount).stVar(stVarCounter).Values(0, 0) = "n"
myTestData(stCount).stVar(stVarCounter).Values(0, 1) = "n"                            
myTestData(stCount).stVar(stVarCounter).Values(1, 0) = "y"
myTestData(stCount).stVar(stVarCounter).Values(1, 1) = "y"

ElseIf strProgramArry(iCount) = "y" And
myTestData(stCount).stVar(stVarCounter).varOp = "!=" Then

myTestData(stCount).stVar(stVarCounter).Values(0, 0) = "n"                            
myTestData(stCount).stVar(stVarCounter).Values(0, 1) = "n"
myTestData(stCount).stVar(stVarCounter).Values(1, 0) = "y"
myTestData(stCount).stVar(stVarCounter).Values(1, 1) = "y"

ElseIf strProgramArry(iCount) = "n" And
myTestData(stCount).stVar(stVarCounter).varOp = "!=" Then

myTestData(stCount).stVar(stVarCounter).Values(0, 0) = "y"
myTestData(stCount).stVar(stVarCounter).Values(0, 1) = "y"                            
myTestData(stCount).stVar(stVarCounter).Values(1, 0) = "n"
myTestData(stCount).stVar(stVarCounter).Values(1, 1) = "n"

End If

End If

varValSig = False



Case "a" To "z", "A" To "Z"

If ctrlSt.m_LPar.Count > 0 And ctrlSt.m_If.Count > 0 Then
   stVarCounter += 1
   myTestData(stCount).iVarCount = stVarCounter
   myTestData(stCount).stVar(stVarCounter).varName = strProgramArry(iCount)
   If stVarCounter >= 2 Then myTestData(stCount).CmpStVar()

End If

End Select

Next

End Sub

Public Sub RefineTCases(ByVal ParamArray cpyTestData() As
stInfo)

Dim refineTestData() As RefineStInfo
Dim stCount As Integer, iCount As Integer, Counter As Integer, inCount As
Integer, outCount As Integer
Dim stName As String
Dim Eval As Boolean

stCount = UBound(cpyTestData)
ReDim refineTestData(stCount)

For iCount = 0 To stCount
    refineTestData(iCount) = New RefineStInfo
    ReDim refineTestData(iCount).LevelSt(stCount)
Next
For iCount = 1 To stCount
    With refineTestData(iCount)

          refineTestData(iCount).stName = cpyTestData(iCount).stName
          refineTestData(iCount).ParentSt = cpyTestData(iCount).ParentSt
          refineTestData(iCount).VarCount = cpyTestData(iCount).iVarCount

          If cpyTestData(iCount).stLogicOp <> Nothing Then
             refineTestData(iCount).logicOp = cpyTestData(iCount).stLogicOp
          Else
             refineTestData(iCount).logicOp = "Null"
          End If               
'_______________________________________________________________________
‘ Populate True False Cases
‘_______________________________________________________________________

For Counter = 1 To cpyTestData(iCount).iVarCount

    For inCount = 0 To 1
Eval = 
TestInputEvaluation(cpyTestData(iCount).stVar(Counter).Values(0, 
inCount), cpyTestData(iCount))

       If Eval = True Then

If .TrueCaseQ.Contains(cpyTestData(iCount).stVar(Counter).Values(0, 
inCount)) = False Then
                                
.TrueCaseQ.Enqueue(cpyTestData(iCount).stVar(Counter).Values(0, 
inCount))

       .TCount = .TrueCaseQ.Count
        End If

        ElseIf Eval = False Then



If .FalseCaseQ.Contains(cpyTestData(iCount).stVar(Counter).Values(0, 
inCount)) = False Then
                                
.FalseCaseQ.Enqueue(cpyTestData(iCount).stVar(Counter).Values(0, 
inCount))

       .FCount = .FalseCaseQ.Count
       End If

        End If

Eval = 
TestInputEvaluation(cpyTestData(iCount).stVar(Counter).Values(1, 
inCount), cpyTestData(iCount))

      If Eval = True Then
If .TrueCaseQ.Contains(cpyTestData(iCount).stVar(Counter).Values(1, 
inCount)) = False Then

                                
.TrueCaseQ.Enqueue(cpyTestData(iCount).stVar(Counter).Values(1, 
inCount))

       .TCount = .TrueCaseQ.Count
        End If

     ElseIf Eval = False Then

if .FalseCaseQ.Contains(cpyTestData(iCount).stVar(Counter).Values(1, 
inCount)) = False Then
                                
.FalseCaseQ.Enqueue(cpyTestData(iCount).stVar(Counter).Values(1, 
inCount))

      .FCount = .FalseCaseQ.Count
      End If

      End If
    Next
Next

.TrueCaseQ.CopyTo(.TrueCase, 0)

.FalseCaseQ.CopyTo(.FalseCase, 0)

End With

Next

For Counter = 1 To stCount

TestCaseSort(refineTestData(Counter).TrueCase, 
refineTestData(Counter).TCount)

TestCaseSort(refineTestData(Counter).FalseCase, 
refineTestData(Counter).FCount)
Next

'Finding Child Statements
Counter = 0
For iCount = 1 To stCount

     With refineTestData(iCount)
          If .ParentSt <> Nothing Then
             stName = .ParentSt
             Counter = Len(stName)
             Counter -= 1
             stName = Mid(stName, 1, Counter)
             If .ParentSt = stName + "T" Then

refineTestData(Int(stName)).TBlkCount += 1              
refineTestData(Int(stName)).TBlkChild(refineTestData(Int(stName
)).TBlkCount) = .stName



             
      ElseIf .ParentSt = stName + "F" Then

                    refineTestData(Int(stName)).FBlkCount += 1
                          
refineTestData(Int(stName)).FBlkChild(refineTestData(Int(stName
)).FBlkCount) = .stName

             End If

          End If

     End With
Next

'Finding Level Statements
For outCount = 1 To stCount
    For inCount = 1 To stCount
        With refineTestData(outCount)
             If .ParentSt = refineTestData(inCount).ParentSt Then
                .LevelCount = .LevelCount + 1
                .LevelSt(.LevelCount) = inCount.ToString
             End If
        End With
   Next

Next
               
'_______________________________________________________________________
'Signal for Mutant detection
‘_______________________________________________________________________

If Signal = True Then

   ReDim OriginalProgInfo(stCount)

   For Counter = 0 To stCount
       OriginalProgInfo(Counter) = New RefineStInfo
       OriginalProgInfo(Counter) = refineTestData(Counter)
   Next
ElseIf Signal = False Then
    DetectMutants(refineTestData)
End If

End Sub

Sub DetectMutants(ByVal RTData() As RefineStInfo)

Dim count As Integer, stCount As Integer
Dim counter As Integer
Dim MutantSig As Boolean

stCount = UBound(OriginalProgInfo)

If UBound(RTData) <> UBound(OriginalProgInfo) Then MsgBox("No of Statements 
are not equivalent") : Exit Sub

For count = 1 To stCount
If OriginalProgInfo(count).TCount <> RTData(count).TCount Or
OriginalProgInfo(count).FCount <> RTData(count).FCount Then

        MsgBox("Mutant found in Statement No " + count.ToString)
    Else
   For counter = 0 To OriginalProgInfo(count).TCount - 1

If OriginalProgInfo(count).TrueCase(counter) <> 
RTData(count).TrueCase(counter) Then

       MutantSig = True
       End If
    Next



   For counter = 0 To OriginalProgInfo(count).FCount - 1
If OriginalProgInfo(count).FalseCase(counter) <> 
RTData(count).FalseCase(counter) Then

       
       MutantSig = True
       End If
    Next

    If MutantSig = True Then
       MsgBox("Mutant found in Statement No " + count.ToString)
       MutantSig = False
    End If

    End If
Next

    

End Sub

Sub ConvertModToPrgTestSuite(ByVal ModelResultSet(,) As
String)

'-----------------------------------------------------------
'Conversion Of Model Test Cases To Program Test Cases
'-----------------------------------------------------------
'Debugging(required)

Dim InCount As Integer, OutCount As Integer, Counter As Integer
Dim StrTmp As String
Dim PrgResultSet(50, 50, 8)

InCount = 0
OutCount = 0
Counter = 0

While ModelResultSet(OutCount, InCount) <> Nothing
      While ModelResultSet(OutCount, InCount) <> Nothing

            StrTmp = ModelResultSet(OutCount, InCount).Trim("T", "F")

            If ModelResultSet(OutCount, InCount).Contains("T") Then

               For Counter = 0 To OriginalProgInfo(Int(StrTmp)).TCount - 1
PrgResultSet(OutCount, InCount, Counter) = 
OriginalProgInfo(Int(StrTmp)).TrueCase(Counter)

               Next

            ElseIf ModelResultSet(OutCount, InCount).Contains("F") Then

            For Counter = 0 To OriginalProgInfo(Int(StrTmp)).FCount - 1
PrgResultSet(OutCount, InCount, Counter) = 
OriginalProgInfo(Int(StrTmp)).FalseCase(Counter)

            Next

            End If

            InCount += 1
      End While
       InCount = 0
       OutCount += 1
End While

        InCount = 1
        Counter = 0
        OutCount = 0

    



    While PrgResultSet(OutCount, InCount, Counter) <> Nothing
StrTmp = (OutCount + 1).ToString + " " + "Program Test Set with 
respect to boundary values are :" + vbCrLf

            While PrgResultSet(OutCount, InCount, Counter) <> Nothing
                While PrgResultSet(OutCount, InCount, Counter) <> Nothing

StrTmp = StrTmp + PrgResultSet(OutCount, InCount, 
Counter) + ","

                    Counter += 1
                End While
                Counter = 0
                InCount += 1
                StrTmp = StrTmp + vbCrLf
            End While
            MsgBox(StrTmp)
            Counter = 0
            InCount = 1
            OutCount += 1
        End While

    End Sub
Sub MakeModelTestSuite()

Dim Count As Integer, InCount As Integer, OutCount As Integer, Counter As
Integer, StCount As Integer
Dim SenseQ As Queue, TmpQ As Queue, TmpQ2 As Queue
Dim StrTmp As String, StrTmp2 As String, StrCases As String
Dim ModelResultSet(50, 50) As String
Dim PrgResultSet(50, 50, 8) As String
Dim Tbl() As ModelTable

StCount = UBound(OriginalProgInfo)
StCount = StCount * 2 + 1
ReDim Tbl(StCount)
SenseQ = New Queue
TmpQ = New Queue
TmpQ2 = New Queue
'--------------------------------------------------------------------------
‘ Table generation for a model
'---------------------------------------------------------------------------
For Count = 0 To StCount

    Tbl(Count) = New ModelTable
    If Count = 0 Then 'For top level universal statement
    Tbl(Count).Name = Count.ToString + "T"
    For InCount = 0 To OriginalProgInfo(1).LevelCount
        Tbl(Count).TmpQ.Enqueue(OriginalProgInfo(1).LevelSt(InCount))
    Next

   ElseIf Count Mod 2 = 0 Then
       Tbl(Count).Name = (Count / 2).ToString + "T"

   For InCount = 0 To OriginalProgInfo(Count / 2).TBlkCount
Tbl(Count).TmpQ.Enqueue(OriginalProgInfo(Count / 
2).TBlkChild(InCount))

   Next
   ElseIf Count Mod 2 = 1 Then

       Tbl(Count).Name = ((Count - 1) / 2).ToString + "F"

       For InCount = 0 To OriginalProgInfo((Count - 1) / 2).FBlkCount
Tbl(Count).TmpQ.Enqueue(OriginalProgInfo((Count - 1) / 
2).FBlkChild(InCount))

       Next
  End If



 Tbl(Count).MakeQs()

  Next

'---------------------------------------------------------------------------
'Reverse Table Look Up
'--------------------------------------------------------------------------

  For Count = StCount To 0 Step -1

     If Tbl(Count).ChkNull = False Then

         StrTmp = ""
         StrTmp2 = ""
         StrCases = ""
        TmpQ.Clear()

         TmpQ2.Clear()
         SenseQ.Enqueue(Tbl(Count).Name)
   '--------------------------------------------------------
   'Comparing Values In True Queue Of Tbl(Count) with SenseQ
   '--------------------------------------------------------
While Tbl(Count).TQ.Count > 0

    StrTmp = Tbl(Count).TQ.Dequeue

    If SenseQ.Contains(StrTmp) Then
    '--------------------------------------------------------
    'Add StrTmp To RepVarQ and Remove StrTmp from SenseQ
    '--------------------------------------------------------
    'RepVarQ.Enqueue(StrTmp)

     While SenseQ.Count > 0
           StrTmp2 = SenseQ.Dequeue
           If StrTmp2 <> StrTmp Then
              TmpQ2.Enqueue(StrTmp2)
           End If
     End While

     While TmpQ2.Count > 0
           SenseQ.Enqueue(TmpQ2.Dequeue)
     End While

     '--------------------------------
     'Picking Up Cases For Replacement
     '--------------------------------

     Counter = Int(StrTmp.Trim("T", "F"))
     If StrTmp.Contains("T") Then
        Counter = Counter * 2
     ElseIf StrTmp.Contains("F") Then
        Counter = Counter * 2 + 1
     End If

     if TmpQ.Count > 0 Then SetMultiply(Tbl(Counter).TmpQ, TmpQ)

        While Tbl(Counter).TmpQ.Count > 0
              TmpQ.Enqueue(Tbl(Counter).TmpQ.Dequeue)
        End While
     Else
    '--------------------------------------------------------
    'If SenseQ Doesn't Have StrTmp
    '--------------------------------------------------------
     StrCases = StrCases + StrTmp + ","

     End If

End While



If TmpQ.Count > 0 Then
   While TmpQ.Count > 0
         If TmpQ.Peek <> "*" Then

Tbl(Count).TmpQ.Enqueue(Tbl(Count).Name + "," + TmpQ.Dequeue + 
StrCases)

         Else
            TmpQ.Dequeue()
         End If
   End While
ElseIf StrCases <> "" Then
       Tbl(Count).TmpQ.Enqueue(Tbl(Count).Name + "," + StrCases)
End If

'----------------------------------------------------------
'Comparing Values In False Queue Of Tbl(Count) with SenseQ
'----------------------------------------------------------
 StrCases = ""

While Tbl(Count).FQ.Count > 0

       StrTmp = Tbl(Count).FQ.Dequeue

       If SenseQ.Contains(StrTmp) Then
'--------------------------------------------------------
'Add StrTmp To RepVarQ and Remove StrTmp from SenseQ
'--------------------------------------------------------
'RepVarQ.Enqueue(StrTmp)

While SenseQ.Count > 0
      StrTmp2 = SenseQ.Dequeue
     If StrTmp2 <> StrTmp Then
        TmpQ2.Enqueue(StrTmp2)

      End If
End While

While TmpQ2.Count > 0
      SenseQ.Enqueue(TmpQ2.Dequeue)
End While

'--------------------------------
'Picking Up Cases For Replacement
'--------------------------------

Counter = Int(StrTmp.Trim("T", "F"))
If StrTmp.Contains("T") Then
   Counter = Counter * 2
ElseIf StrTmp.Contains("F") Then
   Counter = Counter * 2 + 1
End If

If TmpQ.Count > 0 Then SetMultiply(Tbl(Counter).TmpQ, TmpQ)

   While Tbl(Counter).TmpQ.Count > 0
         TmpQ.Enqueue(Tbl(Counter).TmpQ.Dequeue)
   End While

Else

'--------------------------------------------------------
'If SenseQ Doesn't Have StrTmp
'--------------------------------------------------------
StrCases = StrCases + StrTmp + ","

End If

End While



If TmpQ.Count > 0 Then
   While TmpQ.Count > 0
   If TmpQ.Peek <> "*" Then

Tbl(Count).TmpQ.Enqueue(Tbl(Count).Name + "," + TmpQ.Dequeue + 
StrCases)

   Else
      TmpQ.Dequeue()
   End If
End While
ElseIf StrCases <> "" Then
       Tbl(Count).TmpQ.Enqueue(Tbl(Count).Name + "," + StrCases)
End If

End If

Next
      '--------------------------------------------------------------------
        'Sorting Result
      '--------------------------------------------------------------------

        InCount = 0
        OutCount = 0

        While Tbl(0).TmpQ.Count > 0
            StrTmp2 = Tbl(0).TmpQ.Dequeue
            For Counter = 1 To Len(StrTmp2)
                If Mid(StrTmp2, Counter, 1) <> "," Then

ModelResultSet(OutCount, InCount) += Mid(StrTmp2, 
Counter, 1)

                Else
                    InCount += 1
                End If
            Next
            InCount = 0
            OutCount += 1
        End While

        BubbleSort(ModelResultSet)
        '-------------------------------------
        '-------------------------------------
        'Result Displayed Using ModelResultSet
        '-------------------------------------

        InCount = 0
        OutCount = 0
        StrTmp2 = ""

        While ModelResultSet(OutCount, InCount) <> Nothing
            While ModelResultSet(OutCount, InCount) <> Nothing
                StrTmp2 = StrTmp2 + ModelResultSet(OutCount, InCount) + ","
                InCount += 1
            End While
            StrTmp2 = StrTmp2 + vbCrLf
            InCount = 0
            OutCount += 1
        End While

StrTmp2 = "The systematic test cases were found to be = " + 
OutCount.ToString + vbCrLf + StrTmp2

       
MsgBox(StrTmp2)

       ConvertModToPrgTestSuite(ModelResultSet)

    End Sub



Sub SetMultiply(ByRef TblQ As Queue, ByRef TmpQ As Queue)

        Dim AryTblQ() As String, AryTmpQ() As String, strTmp As String
        Dim Count As Integer, Counter As Integer
        Dim TmpQCount As Integer, TblQCount As Integer

        ReDim AryTblQ(TblQ.Count)
        ReDim AryTmpQ(TmpQ.Count)

        TblQ.CopyTo(AryTblQ, 0)
        TmpQ.CopyTo(AryTmpQ, 0)
        TmpQCount = TmpQ.Count
        TblQCount = TblQ.Count

        Count = 0
        Counter = 0

        '---------------------------------------
        'Set Union Procedure
        '---------------------------------------
        Counter = TmpQCount - TblQCount
        TmpQ.Clear()
        TblQ.Clear()

        Select Case Counter

            Case Is < 0
                strTmp = AryTmpQ(0)

                For Count = 0 To TmpQCount - 1
                    TmpQ.Enqueue(AryTmpQ(Count) + AryTblQ(Count))
                Next

                For Count = TmpQCount To TblQCount - 1
                    TmpQ.Enqueue(AryTblQ(Count) + strTmp)
                Next

            Case Is > 0
                strTmp = AryTblQ(0)
                For Count = 0 To TblQCount - 1
                    TmpQ.Enqueue(AryTmpQ(Count) + AryTblQ(Count))
                Next

                For Count = TblQCount To TmpQCount - 1
                    TmpQ.Enqueue(AryTmpQ(Count) + strTmp)
                Next

            Case Is = 0

                For Count = 0 To TmpQCount - 1
                    TmpQ.Enqueue(AryTmpQ(Count) + AryTblQ(Count))
                Next

        End Select

    End Sub

Sub TestCaseSort(ByRef ary() As String, ByVal upLimit As
Integer)

        Dim outCount As Integer, inCount As Integer
        Dim temp As String



        For outCount = 0 To upLimit - 1
            For inCount = outCount + 1 To upLimit - 1

                If ary(outCount) > ary(inCount) Then
                    temp = ary(inCount)
                    ary(inCount) = ary(outCount)
                    ary(outCount) = temp
                End If
            Next
        Next

    End Sub
Sub BubbleSort(ByRef Ary(,) As String)

        Dim outCount As Integer, inCount1 As Integer, inCount2 As Integer
       Dim Temp As String

        inCount1 = 0
        inCount2 = 0
        outCount = 0
        Temp = ""

        While Ary(outCount, inCount1) <> Nothing
            inCount1 = 0
            While Ary(outCount, inCount1) <> Nothing
                inCount2 = inCount1 + 1
                While (Ary(outCount, inCount2) <> Nothing)
                   If Ary(outCount, inCount1) > Ary(outCount, inCount2) Then
                        Temp = Ary(outCount, inCount1)
                        Ary(outCount, inCount1) = Ary(outCount, inCount2)
                        Ary(outCount, inCount2) = Temp

                    End If
                    inCount2 += 1
                End While
                inCount1 += 1
            End While
            outCount += 1
            inCount1 = 0
        End While

    End Sub

  Public Function RandomDecision()

        Dim Num As Integer
        Num = Rnd() * 1000

        If Num Mod 2 = 0 Then
            Return True
        Else
            Return False
        End If

    End Function

    Sub RndTestCaseExecution(ByVal StData() As stInfo)

       Dim ProgStQ As Queue, TmpQ As Queue, BranchCover As Queue
Dim ProgTestSet As ModelNProgTestCase, QNextSt() As   
ModelNProgTestCase
Dim Count As Integer, Counter As Integer, InCount As Integer, 
OutCount As Long

       Dim StCount As Integer



        Dim CalMeanTestsForCoverage As ChkEfficiency
        Dim CurrSt As String, Tmp As String
        Dim chkEff As ChkEfficiency 
        Dim Eval As Boolean

        chkEff = New ChkEfficiency
        ReDim QNextSt(UBound(StData) * 2 + 1)
        ProgStQ = New Queue
        TmpQ = New Queue
        BranchCover = New Queue
        ProgTestSet = New ModelNProgTestCase
        CalMeanTestsForCoverage = New ChkEfficiency

        BuildBranchCoverTable(QNextSt, BranchCover)

        StCount = BranchCover.Count
'______________________________________________________________________
'The Counter loop is making a number of test set suite.The inner 
while(progstq.count>0) loop is making a test set from top to bottom
'_______________________________________________________________________
        
       Counter = 0

        For OutCount = 1 To 10000
            While BranchCover.Count > 0
                If Counter > 0 Then
                    For Count = 0 To UBound(QNextSt)
                        QNextSt(Count).PopulateQFromArry()
                    Next
                End If

                While QNextSt(0).ChildSt.Count > 0
                    ProgStQ.Enqueue(QNextSt(0).ChildSt.Dequeue)
                End While

                While ProgStQ.Count > 0

                    CurrSt = ProgStQ.Dequeue
                    Eval = RandomDecision()

                    If Eval = True Then

                        ProgTestSet.TestSet.Enqueue(CurrSt + "T")

                        If BranchCover.Contains(CurrSt + "T") Then
                            TmpQ.Clear()
                            While BranchCover.Count > 0
                                Tmp = BranchCover.Dequeue
                                If Tmp <> (CurrSt + "T") Then
                                    TmpQ.Enqueue(Tmp)
                                End If
                            End While

                            While TmpQ.Count > 0
                                BranchCover.Enqueue(TmpQ.Dequeue)
                            End While

                        End If

                        If QNextSt(Int(CurrSt) * 2).ChildSt.Count > 0 Then

                            While QNextSt(Int(CurrSt) * 2).ChildSt.Count > 0
                                
TmpQ.Enqueue(QNextSt(Int(CurrSt) * 
2).ChildSt.Dequeue)

                            End While



                            While ProgStQ.Count > 0
                                TmpQ.Enqueue(ProgStQ.Dequeue)
                            End While

                            While TmpQ.Count > 0
                                ProgStQ.Enqueue(TmpQ.Dequeue)
                            End While

                        End If

                    ElseIf Eval = False Then

                        ProgTestSet.TestSet.Enqueue(CurrSt + "F")
                        If BranchCover.Contains(CurrSt + "F") Then
                            TmpQ.Clear()
                            While BranchCover.Count > 0
                                Tmp = BranchCover.Dequeue
                                If Tmp <> (CurrSt + "F") Then
                                    TmpQ.Enqueue(Tmp)
                                End If
                            End While

                            While TmpQ.Count > 0
                                BranchCover.Enqueue(TmpQ.Dequeue)
                            End While

                        End If

                      If QNextSt(Int(CurrSt) * 2 + 1).ChildSt.Count > 0 Then

                       While QNextSt(Int(CurrSt) * 2 + 1).ChildSt.Count > 0
                           
TmpQ.Enqueue(QNextSt(Int(CurrSt) * 2 + 
1).ChildSt.Dequeue)

                        End While

                        While ProgStQ.Count > 0
                            TmpQ.Enqueue(ProgStQ.Dequeue)
                        End While

                        While TmpQ.Count > 0
                        progStQ.Enqueue(TmpQ.Dequeue)
                        End While

                       End If

                    End If

                End While

                chkEff.BranchesCovered.Push(StCount - BranchCover.Count)
                chkEff.TestSetCount.Push(Counter + 1)
                Counter += 1

            End While
            
CalMeanTestsForCoverage.TestSetCount.Push(chkEff.TestSetCount.Peek)            
CalMeanTestsForCoverage.BranchesCovered.Push(chkEff.BranchesCovered.Peek)
If chkEff.TestSetCount.Peek < CalMeanTestsForCoverage.Min Then
   CalMeanTestsForCoverage.Min = chkEff.TestSetCount.Peek

ElseIf chkEff.TestSetCount.Peek > CalMeanTestsForCoverage.Max Then
   CalMeanTestsForCoverage.Max = chkEff.TestSetCount.Peek

End If



chkEff.TestSetCount.Clear()
chkEff.BranchesCovered.Clear()
Counter = 0

BuildBranchCoverTable(QNextSt, BranchCover)

Next

Dim TotalTemp As Long

With CalMeanTestsForCoverage

     While .TestSetCount.Count > 0
           TotalTemp = TotalTemp + Int(.TestSetCount.Pop)
     End While

     .MeanForCoverage = Int(TotalTemp / (OutCount - 1))

MsgBox("After " + (OutCount - 1).ToString + " Executions Average Test Set
For Complete Branch Coverage Using Random Tests Is Found To Be " + 
.MeanForCoverage.ToString)

MsgBox("Minimum Test Set was " + .Min.ToString + " And Max Test Set was " + 
.Max.ToString)

End With

End Sub

Function TestInputEvaluation(ByVal Input As String, ByVal StData As stInfo)

        Dim Result As Boolean
        Dim Count As Integer

        For Count = 1 To StData.iVarCount
            Select Case StData.stVar(Count).varOp

                Case "<"
                   If StData.stVar(Count).varType = "int" Then
                      If Int(Input) < Int(StData.stVar(Count).Boundary) Then
                            Result = True
                      Else
                            Result = False
                      End If
                    End If

                Case "<="
                   If StData.stVar(Count).varType = "int" Then
                     If Int(Input) <= Int(StData.stVar(Count).Boundary) Then
                            Result = True
                     Else
                            Result = False
                     End If
                   End If

                Case ">"
                   If StData.stVar(Count).varType = "int" Then
                     If Int(Input) > Int(StData.stVar(Count).Boundary) Then
                            Result = True
                     Else
                            Result = False
                     End If
                   End If



                Case ">="
                   If StData.stVar(Count).varType = "int" Then
                     If Int(Input) >= Int(StData.stVar(Count).Boundary) Then
                            Result = True
                     Else
                            Result = False
                   End If
                   End If

                Case "==", "="
                   If StData.stVar(Count).varType = "int" Then
                     If Int(Input) = Int(StData.stVar(Count).Boundary) Then
                            Result = True
                     Else
                            Result = False
                     End If

                   ElseIf StData.stVar(Count).varType = "char" Then

                   If Input = StData.stVar(Count).Boundary Then
                            Result = True
                   Else
                            Result = False
                   End If

                  End If

                Case "!="
                    If StData.stVar(Count).varType = "int" Then

If Int(Input) <> Int(StData.stVar(Count).Boundary) Then
                            Result = True
                      Else
                            Result = False
                      End If

                    ElseIf StData.stVar(Count).varType = "char" Then

                        If Input <> StData.stVar(Count).Boundary Then
                            Result = True
                        Else
                            Result = False
                        End If

                    End If

            End Select

            If StData.stLogicOp = "||" And Result = True Then
                Exit For
            ElseIf StData.stLogicOp = "&&" And Result = False Then
                Exit For

            End If
        Next
        Return Result

    End Function



Public Sub BuildBranchCoverTable(ByRef QNextSt() As
ModelNProgTestCase, ByRef BranchCover As Queue)

Dim Count As Integer, InCount As Integer
        

For Count = 0 To UBound(QNextSt)

QNextSt(Count) = New ModelNProgTestCase
if Count = 0 Then 'For top level universal statement
   QNextSt(Count).Name = Count.ToString + "T"
   BranchCover.Enqueue(QNextSt(Count).Name)

For InCount = 0 To OriginalProgInfo(1).LevelCount                    
QNextSt(Count).ChildSt.Enqueue(OriginalProgInfo(1).LevelSt(InCount))
Next

ElseIf Count Mod 2 = 0 Then
       QNextSt(Count).Name = (Count / 2).ToString + "T"
       BranchCover.Enqueue(QNextSt(Count).Name)

For InCount = 0 To OriginalProgInfo(Count / 2).TBlkCount
    QNextSt(Count).ChildSt.Enqueue(OriginalProgInfo(Count / 
2).TBlkChild(InCount))
Next

ElseIf Count Mod 2 = 1 Then

       QNextSt(Count).Name = ((Count - 1) / 2).ToString + "F"
       BranchCover.Enqueue(QNextSt(Count).Name)

       For InCount = 0 To OriginalProgInfo((Count - 1) / 2).FBlkCount
QNextSt(Count).ChildSt.Enqueue(OriginalProgInfo((Count - 1) / 
2).FBlkChild(InCount))

       Next
End If
Next
'________________________________________________________________________
'Populate Arrays with ChildSt Queue as queues are volatile
'________________________________________________________________________

        For Count = 0 To UBound(QNextSt)
            QNextSt(Count).PopulateArryFromQ()
        Next

        'To dequeue '0T' && '0F'

        BranchCover.Dequeue()
        BranchCover.Dequeue()

    End Sub

End Module

Main Form Code

Imports System.IO
Imports System.Text



Public Class frmMain
Private Sub OpenToolStripMenuItem_Click(ByVal sender As System.Object, ByVal
e As System.EventArgs) Handles OpenToolStripMenuItem.Click

        Dim ReadTxt As StreamReader
        Dim strAllTxt As String

        OpenFileDlg.ShowDialog()
        If OpenFileDlg.FileName <> "" Then
            ReadTxt = New StreamReader(OpenFileDlg.FileName)
            txtInput.Text = ReadTxt.ReadToEnd
            ReadTxt.Close()
            txtInput.Select(0, 0)
        End If

        If txtInput.Text <> "" Then
            Signal = True
            aryPop = 0
            strAllTxt = Trim(txtInput.Text)
            ParseInArry(strAllTxt)
            PickBehaviour()
            RefineTCases(myTestData)

        End If

    End Sub
Private Sub PrgTestSuiteToolStrpMnu_Click(ByVal sender As System.Object, 
ByVal e As System.EventArgs) Handles PrgTestSuiteToolStrpMnu.Click

        Dim strAllTxt As String

        Signal = True

        aryPop = 0

        strAllTxt = Trim(txtInput.Text)
        ParseInArry(strAllTxt)
        PickBehaviour()
        RefineTCases(myTestData)
        MakeModelTestSuite()

    End Sub

Private Sub frmMain_Load(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles MyBase.Load

        Randomize()
End Sub

Private Sub CloseToolStripMenuItem_Click(ByVal sender As System.Object, 
ByVal e As System.EventArgs) Handles CloseToolStripMenuItem.Click

        txtInput.Text = ""
End Sub

Private Sub ExitToolStripMenuItem_Click(ByVal sender As System.Object, ByVal
e As System.EventArgs) Handles ExitToolStripMenuItem.Click

        End

End Sub



Private Sub ToolStripMenuItem1_Click(ByVal sender As System.Object, ByVal e 
As System.EventArgs) Handles ToolStripMenuItem1.Click

        ParseInArry(Trim(Me.txtInput.Text))
        PickBehaviour()
        RefineTCases(myTestData)

        MakeModelTestSuite()
        RndTestCaseExecution(myTestData)

End Sub

Private Sub GenerateTestCasesToolStripMenuItem_Click(ByVal sender As
System.Object, ByVal e As System.EventArgs) Handles
GenerateTestCasesToolStripMenuItem.Click

        ParseInArry(Trim(Me.txtInput.Text))
        PickBehaviour()
       RefineTCases(myTestData)

        MakeModelTestSuite()

End Sub
Private Sub DetectMutantsToolStripMenuItem1_Click(ByVal sender As
System.Object, ByVal e As System.EventArgs) Handles
DetectMutantsToolStripMenuItem1.Click

        Signal = False

        ParseInArry(Trim(Me.txtInput.Text))
        PickBehaviour()
        RefineTCases(myTestData)

End Sub
End Class


	Model Based Testing Using A Systematic Approach.pdf
	Final Project Report.pdf
	Appendix For Final Report.pdf

