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Abstract- Test case generation is one of the important steps in software testing and also a costly step; around half of the cost 
is expended in software testing during development of any project. In this connection I am trying to implement artificial 
intelligence in software testing. I am going to implement Genetic Algorithm which is based on the Darwin’s Theory and 
concept of survival of fittest. By the use of genetic algorithm we can get optimum result. This new concept significantly can 
reduce the cost of developing software. 
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I. INTRODUCTION: 
 
As we know that around 50 percent of the cost of 
software development spends in software testing. The 
objective of software testing is to detect faults in the 
program and therefore provide more assurance for the 
quality of the software. We can significantly reduce 
the cost of software development if we can automate 
the software testing phase. In this paper we have 
focused on two things that is actual value factor and 
branch coverage factor. On the basis of these two 
factors we generate fitness function and finally find 
out the optimum result.   Generally, the goal of 
software testing is to design a set of minimal number 
of test cases such that it reveals as many faults as 
possible. As mentioned earlier, software testing is a 
lengthy and time-consuming work. Absolutely, an 
automated software testing can significantly reduce 
the cost of developing software. Other benefits 
include: the test preparation can be done in advance, 
the test runs would be considerably fast, and the 
confidence of the testing result can be increased. 
However, software testing automation is not a straight 
forward process. For years, many researchers have 
proposed different methods to generate test data 
automatically, i.e. different methods for developing 
test data/case generators. The development of 
techniques that will also support the automation of 
software testing will result in significant cost savings. 
The application of artificial intelligence (AI) 
techniques in Software Engineering (SE) is an 
emerging area of research that brings about the cross 
fertilization of ideas across two domains. A number 
of researchers did the work on software testing using 
artificial inelegance; they examine the effective use 
of AI for SE related activities which are inherently 
knowledge intensive and human-centered. These 
issues necessitate the need to investigate the 
suitability of search algorithms, e.g. simulated 
annealing, genetic algorithms, and ant colony 
optimization as a better alternative for developing test 
data generators Using evolutionary computations, 
researchers have done some work in developing  

 
genetic algorithms (GA)-based test data generators . 
A variety of techniques for test data generation have 
been developed previously and these can be 
categorized as structural and functional testing. In this 
paper, we present the results of our research into the 
application of GA search approach, to identify the 
most appropriate test case for testing. Testing is one 
of the most used software quality assessment 
methods. There are two important processes when 
testing object oriented software are used. First, the 
software has to be initialized with a set of values. 
These values are used to set a number of variables 
that are relevant for the test case. The values of these 
variables define a single state from the possible set of 
states, the software can be determined. These values 
can either be a primitive value such as an integer or 
complex values such as an object. With the software 
testing initialized, its method takes one or more 
software specification, defines the output of the 
software and what a valid input is. Since the number 
of more objects as parameters, these objects also have 
to be initialized. To determine if the test case passed 
or fail, a software specification has to be used. The 
number of possible states software may have is 
exponential, it is impossible to test all of them. 
Software testing is one of the major and primary 
techniques for achieving high quality software. 
Software testing is done to detect presence of faults, 
which cause software failure. However, software 
testing is a time consuming and expensive task. 
 
II. WHITE BOX TESTING: 
 
White box testing techniques focus on the source 
code of the test object. Not only must the source code 
be available, but it should also be possible to modify 
it to add code for specific purposes. White box testing 
is also known as code-based testing or structural 
testing. The basic goal of white box testing is to try to 
execute every part of the source code at least once 
(within resource limitations).Even though the source 
code is the focus of the testing, the requirements and 
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the specifications should be used to Determine the 
expected outputs and/or behavior. 
 
The basic white box testing techniques are: 
• Statement coverage 
• Branch coverage 
• Test of conditions 
• Branch condition testing 
• Path coverage 
Most white box testing techniques are based on 
analyzing the control flow graph of the source code. 
 
2.1 Statement coverage: 
The goal in statement coverage is to determine a set 
of test cases so that all the statements in the source 
code are executed. In control flow graph terminology, 
this translates into a set of test cases that visit every 
node in the control flow graph. The completion 
criterion for statement coverage is known as C0-
coverage. C0-coverage = number of executed 
statements / total number of statements * 100% If 
complete C0-coverage is required and some 
statements cannot be executed by any test case, then 
this generally indicates dead code. 
 
2.2 Branch coverage: 
In branch coverage, we focus on the edges of the 
control flow graph rather than the nodes. Hence, we 
are not concerned with the execution of the 
statements, but rather the execution of the decisions! 
Branch coverage requires all possible decision 
outcomes to be tested. 
• Both parts of an IF statement, even if the ELSE part 
is empty. 
• All possibilities in a CASE statement, including 
default and “fall-through” cases. 
• FOR loops 
• executing the FOR loop body. 
• bypassing the FOR loop. 
• returning to the start of the FOR loop. 
 
2.3 Test of conditions: 
Some edges will be traversed more than once but this 
is generally unavoidable. Still you should design your 
tests to have the minimum number of test cases. The 
completion criterion for branch coverage is known as 
C1-coverage. C1-coverage = number of executed 
branches/total number of branches * 100% generally 
you should aim for 100% branch coverage. 
 
2.4 Branch condition testing: 
The goal of branch condition testing is to ensure that 
each atomic condition adopts both the values TRUE 
and FALSE. 
An atomic condition is a condition that does not 
contains any logical operators, such as AND, OR, 
NOT but can contain relational operators such 
as”>”,”≥”,”<”, ≤,”=”, etc. 
 
2.5 Path coverage: 

The goal of path coverage is to execute all the 
possible paths through the program. A path is a 
possible sequence of statements through a program 
fragment. 
 
III. GA BASED TEST CASE GENERATION: 
 
Genetic algorithm is based on the Darwin’s principal 
of survival of the fittest. Genetic Algorithms have 
been introduced in the sixties by Professor John 
Holland at university of Michigan as models of an 
Artificial Evolution. In the thirty past years, they have 
been successfully applied to a wide range of problems 
such as Natural Systems Modeling (e.g. Artificial 
Life environments, immune system modeling, 
Machine Learning systems, and optimization. GAs 
handle a population of individual (chromosomes) 
often modeled by vector of binary genes. Each one 
encodes a potential solution to the problem and so-
called fitness value, which is directly correlated to 
how good it is to solve the problem. In general, the 
basic approaches are to test software consists of using 
formal specifications to design an application. This 
approach is very strict but unfortunately not often 
used because the breadth of formal specification 
methods does not encompass all the functionality 
needed in today’s complex applications. a new 
technique is proposed over here so that all the 
important test cases can be selected. Selection is done 
on the basis of various factors of a good test suit. GA 
helps in selecting the various test cases whose fitness 
function is based on these factors. Here the factors 
that contribute to selection of test cases are as: 

  Actual  value Factor  
  Branch coverage 

These factors contribute to the selection of the test 
case. These factors can be used as the fitness function 
of the GA to find the optimal solution i.e. the best set 
of test cases. Actual value factor means the value or 
test data that we use to test the program or 
application. Branch coverage is, how many edges of 
control flow graph are traversed on this particular 
value or test data that we have taken. How to 
calculate Actual Value Factor and Branch 
coverage?The value that we have taken to test the 
program we take this value in mod because negative 
value is not needed here and divide this value from 
further most value of integer range. the range of 
integer is -32768 to 32767 .here the further most 
value will be -32768 this value also will be taken in 
mod and finally subtract this value from one(1). Do 
same for each input value and multiply them. Control 
flow graph of any program is basically based on the 
conditional statements and iterations. I have 
considered here only conditional statements. I have 
put iteration for future work. In Branch coverage we 
calculate total number of edges in flow control graph 
and number of edges covered on particular value and 
then divides number of edges covered by the total 
number of edges. When we use genetic algorithm we 
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have to find fitness function and by using fitness 
function we calculate the optimum value. here fitness 
function is addition  of actual value factor and  branch 
coverage is divided by two. If we denote actual value 
factor by A(T) and branch coverage by B(T) the 
fitness function will be denoted by        
                    
                       F (T) = {A (T) +B (T)}/2 
 

 
Figure 1: information flow for the GA steps 

 
IV. OUTLINE OF THE BASIC GENETIC 

ALGORITHM: 
 
1. [Start] Generate random population of n 
chromosomes (suitable solutions for the problem)  
2. [Fitness] Evaluate the fitness f(x) of each 
chromosome x in the population  
3. [New population] Create a new population by 
repeating following steps until the new population is 
complete  
1. [Selection] Select two parent chromosomes from a 
population according to their fitness (the better 
fitness, the bigger chance to be selected)  
2. [Crossover] With a crossover probability cross 
over the parents to form a new offspring (children). If 
no crossover was performed, offspring is an exact 
copy of parents.  
3. [Mutation] With a mutation probability mutate new 
offspring at each locus (position in chromosome).  
4. [Accepting] Place new offspring in a new 
population  
4. [Replace] Use new generated population for a 
further run of algorithm  

5. [Test] If the end condition is satisfied, stop, and 
return the best solution in current population  
6. [Loop] Go to step 2  
 
V. OPERATORS OF GA: 
 
As you can see from the genetic algorithm outline, 
the crossover and mutation are the most important 
part of the genetic algorithm. The performance is 
influenced mainly by these two operators. Before we 
can explain more about crossover and mutation, some 
information about chromosomes will be given. 
Encoding of a Chromosome:  
The chromosome should in some way contain 
information about solution which it represents. The 
most used way of encoding is a binary string. The 
chromosome then could look like this: 
Chromosome 1  1101100100110110  
Chromosome 2  1101111000011110  
 
Each chromosome has one binary string. Each bit in 
this string can represent some characteristic of the 
solution. Or the whole string can represent a number - 
this has been used in the basic GA applet. Of course, 
there are many other ways of encoding. This depends 
mainly on the solved problem. For example, one can 
encode directly integer or real numbers; sometimes it 
is useful to encode some permutations and so on. 
Crossover:  
After we have decided what encoding we will use, we 
can make a step to crossover. Crossover selects genes 
from parent chromosomes and creates a new 
offspring. The simplest way how to do this is to 
choose randomly some crossover point and 
everything before this point point copy from a first 
parent and then everything after a crossover point 
copy from the second parent. A crossover point is 
randomly chosen for two randomly selected 
individuals (parents). This point occurs between two 
bits and divides each individual into left and right 
sections. Crossover then swaps the left (or the right) 
section of the two individuals. As an example of 
crossover, consider the two parents: 

Parent 1: 1010101010 
Parent 2: 1000010000 

Suppose the crossover point randomly occurs after 
the fifth bit. Then each new child receives one half of 
the parent’s bits: 

Child 1: 1010110000 
Child 2: 1000001010 

 
There are other ways how to make crossover, for 
example we can choose more crossover points. 
Crossover can be rather complicated and very 
depends on encoding of the encoding of chromosome. 
Specific crossover made for a specific problem can 
improve performance of the genetic algorithm. 
Mutation:  
After a crossover is performed, mutation take place. 
This is to prevent falling all solutions in population 
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into a local optimum of solved problem. Mutation 
changes randomly the new offspring. For binary 
encoding we can switch a few randomly chosen bits 
from 1 to 0 or from 0 to 1. Mutation can then be 
following. 
Original offspring 1  1101111000011110  
Original offspring 2  1101100100110110  
Mutated offspring 1  1100111000011110  
Mutated offspring 2  1101101100110110  
 
The mutation depends on the encoding as well as the 
crossover. For example when we are encoding 
permutations, mutation could be exchanging two 
genes. Two types of mutation have been 
implemented. The first mutation operator randomly 
selects a section of the chromosome and then 
randomly regenerates all the probabilities from that 
section. The second mutation randomly chooses two 
genes from the same section and modifies their values 
by adding or subtracting a random value between 0 
and the minimum of the two probabilities. For 
example, let us consider the chromosome from Table 
1 and apply the second mutation operator. The second 
section is randomly chosen and the genes 2a and 2d 
are selected. The minimum of the probabilities for the 
two selected genes is 0.28. A random number is 
generated between 0.00 and 0.28, for example 
0.19,which is then added to gene 2a and subtracted 
from gene 2d. The resulting chromosome is shown in 
Table 2. 

 
Crossover and Mutation Probability:  
There are two basic parameters of GA - crossover 
probability and mutation probability.  
Crossover probability says how often will be 
crossover performed. If there is no crossover, 
offspring is exact copy of parents. If there is a 
crossover, offspring is made from parts of parents' 
chromosome. If crossover probability is 100%, then 
all offspring is made by crossover. If it is 0%, whole 
new generation is made from exact copies of 
chromosomes from old population (but this does not 
mean that the new generation is the same!). 
Crossover is made in hope that new chromosomes 
will have good parts of old chromosomes and maybe 
the new chromosomes will be better. However it is 
good to leave some part of population survive to next 
generation.  Mutation probability says how often will 
be parts of chromosome mutated. If there is no 

mutation, offspring is taken after crossover (or copy) 
without any change. If mutation is performed, part of 
chromosome is changed. If mutation probability is 
100%, whole chromosome is changed, if it is 0%, 
nothing is changed. Mutation is made to prevent 
falling GA into local extreme, but it should not occur 
very often, because then GA will in fact change to 
random search. 
 
VI. IMPLEMENTATION: 
 
     Int x, y, z, n=0;  
 
     1-   if ((x == y) && (y == z))                 
            { 
                n++; 
    2-       textBox4.Text = "The triangle is          
equilateral"; 
 
                   } 
     3-   else 
 
            { 
                n++; 
 
                if ((x == z) || (y == z) || (x == y)) 
                { 
                   n++;  
 
     4-       textBox4.Text = "The triangle is isosceles"; 
 
             } 
              Else 
               { 
                       n = n + 1; 
        5-          textBox4.Text = "The triangle is 
scalene"; 
                } 
 

 
Figure 1: Flow control graph 

So as we take some random value in the beginning of 
GA that is called population. Now at the start 
population of three test suit are initialized randomly 
as 
T1= {(200,400,150)} 
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T2= {(10, 10,-10)} 
T3= {(1, 1, 1)} 
Now Actual value factor of T1 is calculated as: 
A (T1) =1-(actual value/further most value) 
= 0.9773 
A (T2) =0.9991 
A (T3) =0.9999 
Now branch coverage factor of T1is evaluated as: 
Total number of edges of control flow graph e=4 
Edges covered by all the test cases n=2 
B (T1) =n/e=2/4=0.5 
B (T2) =1/4=0.25 
B (T3) =1/4=0.25 
Now fitness function of each is: 
F (T1) = (A (T1) +B (T1))/2=0.7386 
F (T2) = (A (T2) +B (T2))/2=0.6245 
F (T3) = (A (T3) +B (T3))/2=0.6249 
F (T1) =0.7386 is greater value. 
Hence selected test suit is 
T1= {(200,400,150)} 
Now crossover operator is used on two randomly 
selected test suits, say T1 and T2 and two new tests 
Test cases are generated as 
T4= {(10, 10,-10)} 
T5= {(200,400,150)} 
Now 
A (T4) = 0.9991 
A (T5) = 0.9773 
Branch coverage: 
B (T4) =0.25 
B (T5) 0.50 
Now fitness function is : 
F (T4) =A (T4) + B (T4)/2 =0.9991+0.25/2=0.6245 
F (T5) = A (T5) + B (T5) =0.9773+0.50/2=0.7386 
Applying mutation on T4, a new test suit is 
generated, 
T6 = {1, 1, 8} 
A (T6) = 0.9999*0.9999*0.9997 
            = 0.9995 
B (T6) =2/4=0.5 
Now fitness function is: 
F (T6) = 0.9995+0.5/2=0.7497 
Now apply mutation on T5 
T7 = 200, 100, 50 
A (T7) =0.9938*0.9969*0.9984 
= 0.9891 
B (T7) =2/4=0.5 
 
 
 
 
 
 
 
 
 
 
 
 
 

Now fitness function is: 
F (T7) =A (T7) + B (T7)/2=0.9891+0.50/2 =0.7445 
Here in all the test suits the fitness function of T7 is 
the greatest i.e. 0.7445 so this test case is selected For 
the execution. 
Now selected test case is: 
T7 = 200, 100, 50  
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