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Abstract--- Software testing is complex and time consuming 

but one of the very essential phase of the software 

development life cycle (SDLC). Software testing helps in 

analyzing the stability and quality of a software which can 

be achieved by suitable test data. Manually generated test 

data involves lot of effort due to presence of huge number of 

predicate nodes in a module. To reduce the high cost of 

manually generated test data and at the same time to 

increase the reliability, efficiency and effectiveness of the 

testing processes researchers and practitioners have tried to 

automate it. In this paper, we present a survey of genetic 

algorithm (GA) approach used for generation of test data 

automatically. How the GA works with the related concepts 

are described. On the basis of this study, new strategies to 

generate the test data for software testing can be devised in 

future. 

Keywords:- Genetic Algorithm, Software Testing, Test 

Data Generation. 

I. INTRODUCTION 

The process of examining the accuracy, reliability, Quality 

and the completeness of any developed software is normally 

an exercise of the Software Testing. It is considered as the 

major phase of the Software Development Life Cycle and 

can be classified further as two kinds – Functional Testing 

and Structural Testing.  

The motive of Functional Testing is to focus on the 

functionality of the system by using some test criteria like 

equivalence classes and random testing while the Structural 

Testing focuses on the structure of the system with the 

structural criteria like paths, Functions and conditions. 

Further the Structural testing is divided into two sub 

categories viz. Reliability Based Testing Criteria and 

Adequacy Based Testing Criteria. Reliability based testing 

is used to check the correctness of the programs while 

achieving the coverage like Control Flow coverage or the 

Data flow coverage. The control Flow coverage includes the 

testing of paths, branch and conditions. While the data Flow 

coverage has been included with all uses, all-du (definition 

use) paths. This kind of criteria aims to generate a reliable 

set of test cases. The test case is considered as reliable if the 

execution of ensures the correctness of program on all 

inputs. The Adequacy based testing is used in determination 

of the adequacy of the test cases whether they could identify 

the faults in the particular program [1]. 

Utterly, there is no doubt that the automated 

software testing helps in reducing the significant cost and 

the amount of time while developing new software. Though, 

there exist a lot of methods proposed by researchers at times 

for the automatic generation of test data. Manual process of 

test data generation is a time consuming, expensive and 

difficult task due to the presence of huge number of 

predicate nodes in the module which create NP-hard 

problems[2]. Therefore to reduce the cost and human effort, 

the test data generation process is automated. But 

unfortunately, all the available automated test data 

generation process are very rarely used because of their 

inefficiency in achieving adequate coverage by the 

generated test data. Therefore, some intelligence-based 

search algorithms need to be used to generate test data. 

Automatic generation of test data helps in reduction 

of: 

 Test case execution time. 

 Cost of developing test cases. 

 Manual effort in discovering errors. 

These test data generators have been classified 

mainly into three types[3] viz, Path wise generators, Data 

specification generators, and Random test data generators. 

the Random test generators take the random inputs form the 

test data from a distribution; the Path-Oriented (Structure 

based) generators used the program’s Control Flow Graph, 

selecting a particular path and then use the techniques like 

symbolic evaluation to generate the test data for that path. 

The Goal Oriented Test data generators choose the inputs to 

execute the selected goal such as the statement taken 

irrespective of the path. Intelligent generators are often 

relying on the sophisticated analysis of the code in order to 

guide the searching of new test data. 

But, practically these techniques require very 

complex algebraic computations. Recently, the use of 

Genetic algorithm, GA in the generation of test data has 

been the focus of most of research studies [4]. 

The usages of GA are explored to the automatically 

generated Test Data that covers most of the path inclined to 

error. The GA is applied to search problem with in the 

Artificial Intelligence. They help to maintain the populations 

of the structures that emerge according to the rules of 

selections, mutation and the reproduction. Translating the 

concepts to the problems of test data generation, the 

population acts as a set of test data. Each element in these 

set is the individual element [4]. The fitness of every 

individual corresponds to the coverage of the error-prone 

path of the program taken under test. In the subsequent 

section, the detailed working of the GA is studied. 

II. GENETIC ALGORITHM 

GA is well known form of the evolutionary algorithms 

conceived by John Holland in United States during late 

sixties [6]. GA has been applied in many optimization 

problems for generating test plans for functionality testing, 

feasible test cases, test data and in many other areas [7]. GA 

has emerged as a practical, robust optimization technique 

and search method. A GA is a search algorithm that is 

inspired by the way nature evolves species using natural 

selection of the fittest individuals [8]. GA operates on a 

string of digits called chromosomes [9], each digit that 

makes up the chromosome is called gene, and a collection of 

such chromosomes makes up a population. Each has a 

fitness value associated with it, and this fitness value 

determines the probability of survival of an individual to the 

next generation. After the next generation is created a 
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percentage of the chromosomes are crossed and small 

percentages are mutated. 

Outline of the Basic Genetic Algorithm  [5] :  

A: [Start] Generate random population of n chromosomes 

(suitable solutions for the problem). 

B: [Fitness] Evaluate the fitness f(x) of each chromosome x 

in the population. 

C: [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. 

4) [Accepting] Place new offspring in a new population. 

D: [Replace] Use new generated population for a further run 

of algorithm. 

E: [Test] If the end condition is satisfied, stop, and return 

the best solution in current population. 

F: [Loop] Go to step B. 

GA uses three operators on its population which are 

described below [8]:- 

a) Selection: Individuals are chosen for mating based 

on their fitness by applying a selection scheme. Fitness can 

be defined as a capability of an individual to survive and 

reproduce in an environment. Selection generates the new 

population from the old one, thus starting a new generation. 

The fitness value for each chromosome is evaluated then 

this fitness value is used to select the better chromosomes 

from the population for the next generation. The various 

methods of selecting chromosomes for parents to cross over 

are: 

 Roulette-wheel selection 

 Boltzmann selection 

 Tournament selection 

 Rank selection 

 Steady-state selection 

b) Crossover: After completing the selection operation, 

the crossover operation is performed on the selected 

chromosomes. To carry out this operation, genes or 

sequence of bits in the string between two individuals are 

swapped. For example 

Chromosome 1 110100|01010 

Chromosome 2 101000|10011 

Offspring 1  110100|10011 

Offspring 2  101000|01010 

This process is repeated with different parent 

individuals until the next generation has enough individuals.  

Different cross over types are: 

 Single-site cross over 

 Two-point cross over 

 Multi-point cross over 

 Uniform cross over 

 Matrix cross over 

c) Mutation: After the cross over process, the strings 

are mutated. Mutation is applied to bring diversity in the 

population. This operation add mutant in chromosomes to 

introduce new good traits. It involves flipping of bits, 

changing 0 to 1 and vice versa with a small mutation 

probability Pm. A number between 0 to 1 is chosen 

randomly and if the number is less than Pm then the bit is 

changed, otherwise it is kept unchanged. 

 Original offspring  10101011 

 Mutated offspring  01010100 

GA with selection, crossover, and mutation is an adoptive 

search technique that has been applied in many areas [9]. 

Adoptive search techniques are not guaranteed to find the 

optimal solution, however they often find a very good 

solution in limit of time. GA is used to generate test data 

because their robustness and suitability for solutions of 

different test tasks has already been proven in previous 

work. Genetic algorithms guarantee high probability of 

improving the quality of individuals over several 

generations according to the Schema Theorem [6]. 

III. TEST DATA AUTOMATION NEED 

Testing is defined as the process of executing a program 

with the intent of finding errors [10]. According to Shabani 

et al.,Software testing can also be defined as a process, or a 

series of processes, designed to make sure that the code does 

what it was designed to do and that it does not do anything 

unintended. The main objective of testing is to prove that the 

software product as a minimum meets a set of pre-

established acceptance criteria under a prescribed set of 

environmental circumstances. There are two components to 

the objective. The first component is to prove that the 

requirements specification from which the software was 

designed is correct. The second component is to prove that 

the design and coding responds correctly to the requirements 

[11]. Generation of test data automatically helps in reducing 

the cost in developing test cases, execution time and 

discovering errors. Main objective of test automation is: 

A. Improvement Of Code Coverage: Empirical study for 

code coverage in different existing test data generation 

algorithm is a key area of research [12, 13]. The 

computational complexity of test data generation algorithms 

is very high. Therefore optimal solution or heuristic can be 

derived for complexity and coverage to facilitate the test 

automation process in minimum cost. 

B.  Loops Handling In Path Oriented Testing: Infinite 

looping is a common error in programs. In fact it is 

impossible to detect all kinds of infinite looping fully 

automatically [14]. But many infinite loops can be detected 

automatically. 

C. Detection Of Path Infeasibility At The Earliest: One of 

the most time consuming task of automatic test data 

generation is the detection of infeasible path after execution 

of many statements. In [15] Korel uses backtracking and 

path infeasibility may be determined in the last predicate. 

Work can be done to propose heuristic for infeasible path 

detection to avoid unnecessary computation. This is a major 

problem of test data generation based on actual value. In 

[16] Zhang generates set of constraints by symbolic 

constraints and then check their satisfiability to determine 

path feasibility. But the algorithm for solving constraints is 

complex [16]. In [17] Ronald proposes a method to utilize 

the best of the previously traversed paths at each selection of 

a new input data that reduces the computational 

requirements. 
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IV. TEST DATA GENERATION 

This section describes that generation of test data using GA 

has achieved a certain level of coverage of the program. 

This approach covers a weighted Control Flow Graph 

(CFG) technique [18]. Path testing searches the program 

domain for suitable test cases that covers every possible path 

in the software under test. Test case generation for path 

testing consists of four basic steps [19]: 

A. Control Flow Graph Construction: A CFG is a 

representation of a program where contiguous regions of 

code without branches, known as basic blocks, are 

represented as nodes in a graph and edges between nodes 

indicate the possible flow of the program. A cycle in CFG 

may imply that there is a loop in the code. In this step, the 

source program is transferred to a graph that represents the 

control flow of the program. Each branch of the graph is 

denoted by a label and different branches correspond with 

different labels. 

B. Target Path Selection: In path testing, paths are 

extracted from the CFG, and some paths might be very 

meaningful and need to be selected as target path for testing 

(e.g. the path for Equilateral triangle). 

C. Test Case Generation And Execution: In this step the 

algorithm automatically creates new test cases to execute 

new path and leads the control flow to the target path. 

Finally, a suitable test case that executes the target paths 

could be generated. 

D. Test Result Evaluation: This step is to execute the 

selected path and to determine the test criteria is satisfied. 

However, it is generally impossible to achieve this 

goal due to following reasons [20]: 

 A program may contain an infinite number of paths 

when the program has loops. 

 The number of paths in a program is exponential to the 

number of branches in it and many of them may be 

unfeasible. 

 The number of test cases is too large, since each path 

can be covered by several test cases. 

Since it is impossible to cover all paths in software, 

the problem of path testing selects a subset of paths to 

execute and find test data to cover it [19]. The control flow 

is used to represent a program as a directed graph with a set 

of nodes and a set of edges [21]. Each node represents a 

statement. The edges of the graph are then possible transfers 

of control flow between the nodes. A path is a finite 

sequence of nodes connected by edges. An independent path 

is any path through the program that introduces at least one 

new set of processing statements or a new condition. When 

stated in terms of a flow graph an independent path must 

move along at least edge that has not been traversed before 

the path is defined. 

V. CONCLUSION 

In SDLC, Software testing is one of the critical phases. So 

automatically generation of test data is a key step which has 

a great influence in software testing. In this paper, it is 

studied that how a GA is used to generate test data 

automatically. After the generation of initial test data 

randomly, GA can be iterated for number of generations by 

making use of a fitness function based on the condition of 

the predicate node. The automation of test data genetic 

algorithm is better than the generation of test data using the 

exhaustive and random test generation. 
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