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Abstract— The software should be reliable and free from errors. Software testing is an important part of the software development life
cycle. Software testing is the critical element of the software quality assurance and gives the ultimate review of the specification, analysis,
design and development. As the human is prone to errors, the software development life cycle should be accompanied by the quality
assurance mechanisms. Hence, the software testing comes into the picture. Well defined test case is the key to success. Time, cost and
other parameters does not permit us to perform the exhaustive testing. This arise the need for the automated testing process. The intention
is to find maximum the number of errors and with the minimum effort and time. This paper presents the optimization of testing in software
engineering using the Genetic algorithm (GA). Genetic Algorithm is used for the solving of the non linear problem. The software path
clusters are generated by GA in accordance with the criticality of the path and tested. The paper discusses some key concepts of the
Genetic Algorithm viz. Selection, Crossover, Mutation. The paper shows that GA has positive influence on the performance of the software

test cases.

Index Terms— Crossover, Genetic Algorithm, Mutation, Optimization, Selection, Software testing.

1 INTRODUCTION

Software Testing is introduced as to remove the errors encoun-
tered during the design and the implementation phase. The
presence of errors in system and application software causes
remarkable increase in the costs, mainly because of the damages
provoked and the need for the corrections for the corresponding
errors. Software Testing is the activity aimed to discover the
unavoidable errors in the software products in the most optimal
way possible as to detect the maximum number of errors and at
the same time minimize the testing cost and time. Based on the
parameters like efficiency, probability, usability, capability, etc.
testing is used to generate the estimation about the quality of
the software. Testing in the Software development life cycle is
very crucial phase as it enhances the reliability of the software.
Reliability can be defined as the probability that the system
works without errors within a given period of time.

Definition: Software testing consists of the dynamic verification of
behavior of the program on the finite set of test cases, suitably selected
from the usually infinite executions domain, against the specified ex-
pected behavior[2].

Testing consumes lot of resources in terms of time and
memory for the detection of the errors. Thus susceptible to
optimization i.e. the best equilibrium between the number of
test cases generated and the expected value for the discovery
of the errors that has to be achieved. On the basis of the intrin-
sic probability of the occurrence of the error, the value of the
test case execution may be assigned.

Purpose of testing is more than just debugging and finding
of bugs. It includes the purpose[5]:

1. Improving and assuring the quality of software.
2. Verification and validation.
3. Estimation reliability.

Automation of the test case generation helps in reducing
the cost significantly. Many methods are proposed for devel-
oping test cases automatically like using neutral networks,
fuzzy logic, machine learning, probabilistic reasoning, evolu-
tionary computation and many more. Genetic algorithm has
been applied in many optimization problems for the genera-
tion of the test plans for the purpose of functionality test, fea-
sibility test, black box test and in object oriented unit test.

The paper is organized in 4 sections. Section 2 discusses
the working of GA, Section 3 provides the algorithmic proce-
dure used for the implementation purpose, Section 4 includes
the observations obtained by the implementation of the mod-
ules in MATLAB version 7.0 and Section 5 comprises of the
conclusion.

2 GENETIC ALGORITHM: A BRIEF INTRODUCTION

Genetic algorithm falls in the category of evolutionary algo-
rithms which are used for solving many real life problems. GA
is the robust optimization techniques and search method. Ge-
netic algorithm is inspired by the evolution theory of the na-
ture i.e. way of selecting the fittest individuals. In the case of
software testing, the possible solution test cases are treated as
population of chromosomes. Each chromosome is made up of
string of binary digits called gene. In the case considered at-
tributes are treated as genes. This initial population (possible
test cases) can be generated in the random manner. One of the
possible ways for generating can be using greedy algo-
rithm|[3].

Genetic Algorithm:

Initialize (population);
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Evaluate (population);

while (criteria not satisfied)

{

Selection;
Crossover (population);
Mutation (population);

Evaluate (population);

}

It consists of three basic operations: 1) selection, 2) crosso-
ver, 3) mutation

2.1 Selection

Selection is applied to select chromosomes from the existing
population based on their fitness. Fitness can be defined as the
capability to survive and reproduce in nature. The fitness
function can be defined based on the weights assigned to each
of the possibility that can occur. The higher weight indicates
the criticality of the path to test the data generation. For in-
stance, the weights can be assigned in such a manner that
more weight is given to loops and complicated control transfer
compared to the sequential execution. The fitness function is
used to select the better chromosomes for the better next gen-
eration.

2.2 Crossover

The crossover is carried out over the pair of selected chromo-
somes. For the pair of selected chromosomes, swapping of the
sequence of bits is carried out[1]. The process is repeated with
different parents until the intended population is achieved.

For instance,
Parent 1: aAbBcC
Parent 2: 123456

Child: aAb45 (one possibility out of many)[4].

2.3 Mutation
Alteration of chromosomes takes place in mutation. The main
aim is to bring the diversity in the population by introducing
good traits[1].

For instance, in the above discussed example
Child: aAbZ56 (changing 4 to Z).

3 PROCEDURE

Initial Population

Evaluate

Criteria
not
satisfied

Selection

Crossover

New Population

The procedure for genetic algorithm starts with initializing the
population. It is evaluated and then the condition for selecting
the chromosomes is checked on the basis of predefined crite-
ria. If it turns to be true then the chromosomes are selected for
the crossover followed by mutation process. After mutation,
the new population is again evaluated and the process is re-
peated. On the termination of the algorithm, the new popula-
tion set is ready and thus the optimal test cases are contained
in the new population.

4 OBSERVATION

In this paper generation of test cases is carried out for the pro-
gram which computes f(x) = x2 by black box testing. The input
data for the testing purpose consists of valid as well as invalid
data based on the defined precondition. This precondition
comes from the programming constraints, specification and
the computing environment. In the program containing mul-
tiple inputs, there will be set of test cases for each input. Using
GA, all possible combinations for the test sets are selected and
processed. The testing is carried out using random testing. The
screen shots for the experiment carried out using MATLAB 7.0
are shown below.
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Program to find the solution of f(x)=x"2 using genstic algorithm

Enter the the size of initial population::S

Enter the bitsize of each strings::3

Enter the lower limit of the variable x::0

Enter the upper limit of the variable x::10

Enter the number of iterations to perform the process of genstic algorithm::2
Enter the number of times you want to perform tournament selection::2

The final best solution is given as....

popu =

L= L — R SE R — T
e T S =
o o o o o o

>

Program to find the solution of £{x)=x"2 using genstic algorithm
Enter the the size of initial population::10

Enter the bitsize of =ach strings::2

Enter the lowsr limit of the variable x::0

Enter the upper limit of the variable x::10

Enter the number of iterations to perform the process of genstic algorith
Enter the number of times you want to perform tournament selsction::3

The final best solution is given as....

popu =

o L b b
O e e e e

b3

Program to find the solution of f(x)=x"2 using genetic algorithm
Enter the the size of initial population::20

Enter the bitsize of each strings::5

Enter the lower limit of the variable x::0

Enter the upper limit of the variable x::8

Enter the number of iterations to perform the process of genetic algc
Enter the number of times you want to perform tournament selection::1
The final best solution is given as....

O0Oo0OO0OO0OO0OO0O0O0O0O00000O0O0O0O0OOoO
L e I R T I e e e e
00000000 O0O0O0DO0OO0OO0DODOOoOOoOOoOOo
L O T T N O S S S S S S S S

>

5 CONCLUSION

Genetic algorithm can be easily applied to various non linear
problems for the purpose of optimization. Software testing is
crucial for the development of the error free software. Genetic
algorithm helps to find the maximum errors and minimize the
testing cost both in terms of memory consumed and time re-
quired in the optimal way possible by establishing the trade
off between the two. GA helps the developers to locate the
errors in the code using automatic test case generation. The
example demonstrated in this paper uses the simple genetic
algorithm which focuses on the selection of test cases and de-
tailed examination of them for the error correction.
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