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IMPACT OF GENETIC ALGORITHM IN CODE COVERAGE FOR TEST SUIT BY JUNIT IN DYNAMIC
CONVERSION

SASHIBHUSAN NAYAK
FACULTY
DEPARTMENT OF COMPUTER SCIENCE
RAVENSHAW UNIVERSITY
CUTTACK

ANIL KUMAR BISWAL
ASST. PROFESSOR
DEPARTMENT OF COMPUTER SCIENCE
UDAYANATH (AUTO) COLLEGE OF SCIENCE & TECHNOLOGY
ADASPUR

The aim of test coverage suit is to test data which is required for software testing to improving the quality of developed software automatically. Here the automatic
testing is essentially needed because the manual operation of test data takes a lot of efforts. That’s why automated test data generation is most essentially required.
Therefore, to find the suitable optimization technique like Genetic Algorithm (GA) which can be resolved the problem of code coverage for test suit. The genetic
algorithm (GA) is generating optimized test suit with the help of Junit tool in different mode of dynamic conversion in test cases. This experiment analyzes the
impact of Genetic Algorithm presents how the optimization tool (Junit) generate the optimized test data and minimize the test coverage in dynamic conversion.

KEYWORDS

genetic algorithm, software testing, code coverage, test suit, junit tool.

|. INTRODUCTION
oftware testing is a main method for improving the quality and increasing the reliability of software now and thereafter the long-term period future. It is
a kind of complex, labor-intensive, and time consuming work; it accounts for approximately 50% of the cost of a software system development. Increasing
the degree of automation and the efficiency of software testing certainly can reduce the cost of software design, decrease the time period of software
development, and increase the quality of software significantly. Therefore, automatic generation of test data is one of the key research topics in software testing.
Today, researchers as well as practitioners use more common methods such as notion to perform, random method and heuristic approaches for test data
generation. These methods have some pitfalls in generating test data for larger and complicated programs. So other intelligence techniques have been used very
much. The critical point of the problem involved in automation of software testing is of particular relevance of automated software test data generation. Test data
generation in software testing is the process of identifying a set of program input data, which satisfies a given testing criterion. For solving this difficult problem,
random, symbolic, and dynamic test data generation techniques have been used in the past Software testing is significant because failure in computer software
may have severe aftermaths. Software testing is an investigation conducted to provide stakeholders with information about the quality of the product or software
under test. Software testing can be stated as the process of validating and verifying that a computer program/application/product:
»  meets the requirements that guided its design and development,
»  works as expected,
»  can be implemented with the same characteristics,
»  and satisfies the needs of stakeholders.
Program testing and fault detection can be assisted significantly by testing tools. Testing tools can be put in two classes, static & dynamic.
Static testing involves verification. Static Analyzers probes programs thoroughly and automatically. These are employed on particular language, i.e., these are
language dependent. Code Inspectors scrutinizes program to vouch that it hold on minimum quality criteria. Code Inspection activity is found in some COBOL tools
(like AORIS librarian system).
Dynamic testing tools involve validation. These are performing analysis of programs on executing them. Coverage Analyzers finds degree of coverage. One of its
e.g. Code Coverage tool. Code Coverage Tool is a well-known Eclipse plug-in, employed as white box coverage tool. This tool is very opposite to assure weather TS
is giving full code coverage or not. Output Comparators checks weather anticipated and obtained outputs are same or not. JUnit is such a tool. JUnit Tool is Unit
Testing framework for Java. It is applied for testing of single component, IT and ST.
Features of Junit are:
»  test fixtures for sharing regular test data
»  affirmations for testing expected results
»  for running tests provides test runners
Static Analyzers and Code Inspectors are static testing tools while Coverage Analyzers and Output Comparators are dynamic testing tools.

Il. REQUIREMENT ANALYSIS FOR TEST DATA AUTOMATION

Software testing is a principal technique which is employed for bettering quality attributes of software under test, particularly reliability and correctness.Testing
is defined as the process of executing a program with the intent of finding errors. Software should be predictable and consistent, offering no surprises to users.
Thus, the problem of test data generation is treated entirely as an optimization problem. The Genetic Algorithms gives most improvements over random testing
when these sub domains are small. Experiments show that Genetic Algorithms required less central processing unit (CPU) time in general reaching a global solution
than random testing. There are two components to this 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 correctly respond to the requirements. Automatic generation of test data
helps in reduction of execution time and discovering errors. Automating the process of test data generation reduces the cost in developing test cases.

Ill. ANALYSIS ON PROBLEM STATEMENT

The furtherance of basic knowledge required to develop new techniques for automatic testing. The main objective is to automate generation of test suit (TS) for
each module of SUT by applying GA that could give 100% code coverage.
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The performance of Genetic Algorithms in automatically generating test data for small procedures will be assessed and analyzed. A library of Genetic Algorithms
will be to apply to large systems. The efficiency of Genetic Algorithms in generating test data will be compared to random testing with regard to the number of
test data sets generated and the CPU time required. Coverage analysis is a structural testing technique that helps eliminate gaps in a test suite. It helps most in
the absence of a detailed, up-to-date requirements specification. Condition/decision coverage is the best general-purpose metric for C, C++, and Java. Setting an
intermediate goal of 100% coverage (of any type) can impede testing productivity. Before releasing, strive for 80%-90% or more coverage of statements, branches,
or conditions.

Code coverage analysis is the process of: Finding areas of a program not exercised by a set of test cases,

. Creating additional test cases to increase coverage

. Determining a quantitative measure of code coverage, which is an indirect measure of quality.

An optional aspect of code coverage analysis is:

. Identifying redundant test cases that do not increase coverage.

Test suite use coverage analysis to assure quality of your set of tests, not the quality of the actual product. You do not generally use a coverage analyzer when
running your set of tests through your release candidate. Coverage analysis requires access to test program source code and often requires recompiling it with a
special command. This paper discusses the details you should consider when planning to add coverage analysis to your test plan. Coverage analysis has certain
strengths and weaknesses. You must choose from a range of measurement methods. You should establish a minimum percentage of coverage, to determine when
to stop analyzing coverage. Coverage analysis is one of many testing techniques; you should not rely on it alone. Code coverage analysis is sometimes called test
coverage analysis. The two terms are synonymous. The academic world more often uses the term "test coverage" while practitioners more often use "code
coverage". Likewise, a coverage analyzer is sometimes called a coverage monitor.

IV. APPROACH OF BASIS PATHS

Our intent is to optimize TS which could give 100 % code coverage. This optimization which is grounded on total code coverage needs that inner composition of
program is well-known. Inner composition of program can be discovered by path testing in which a set of test-paths are selected in a program. The different
independent paths in the program could be determined through control flow graph (CFG). An independent path is that path in CFG that has one novel set of
processing statements or novel conditions. Test cases carrying the information of the path covered by them are grouped together to form initial population of
chromosomes and GA is applied. In the end, TS is obtained for each module that gives hundred percent code coverage. The main objective is to develop a test
system to exercise all the branches of the software under test. In order to generate the required test data for branch testing genetic algorithms and random testing
are used. These two testing techniques will be compared by means of the percentage of coverage which each of them can achieve and by the number of test data.

V. IMPACT OF GENETIC ALGORITHM

GA is an optimization and machine learning algorithm based loosely on the processes of biological evolution. John Holland created the GA field and it is the first
major GA publication. GA provides a general-purpose search methodology, which uses the principles of natural evolution. Genetic algorithm as an effective global
smart search method, reveals its own strength and efficiency to solve the large space, optimized for high complicated problems, and thus provides a new method
to solve the problems of generating test data.

GA solves optimization problems by manipulating initial population (individual chromosomes sampled randomly). Each chromosome is evaluated based on a
fitness function which is related to its success in solving a given problem. Given an initial population of chromosomes, GA proceeds by choosing chromosomes to
serve as parents and then replacing members of the current population with new chromosomes that are (possibly modified) copies of the parents. The process of
selection and population replacement goes on until a stopping criterion (achieving effective test data) has been met. Thus, GA has been successfully used to
automate the generation of test data. GA begins with a set of initial population which is randomly sampled for a particular problem domain. Then GA is applied,
by performing a set of operations iteratively to get a new and fitter generation.

Generating test data automatically reduces the time and effort of the tester. The two common operations that are performed to produce efficient solution for a
target problem after selection operation are Crossover and Mutation. The main idea behind GA is to evolve a population of individuals (candidate solutions for the
problem) through competition, mating and mutation, so that the average quality of the population is systematically increased in the direction of the solution of
the problem at hand.

The most common operations of a Genetic Algorithm include:

(a) Reproduction: this operation assigns the reproduction probability to each individual based on the output of the fitness function. The individual with a higher
ranking is given a greater probability for reproduction. As a result, the fitter individuals are allowed a better survival chance from generation to the next. The
selection requires that the solution be evaluated for their fitness as parents: solution that is closer to an optimal solution is judged higher, or fit, than others. After
solutions have been evaluated, several are selected in a manner that is biased towards the solutions with higher fitness values. The reason for the bias is that a
good solution is assumed to be composed of good component (genes). Selecting such solutions as parents increases the chance that their offspring will inherit
theses genes and will be at least as fit. Although the selection is biased towards the better solutions, the worst members of the population still have chance of
being selected as parents- even a poor solution may have a few good genes that may benefit the population.

(b) Crossover: this operation is used to produce the descendants that make up the next generation. This operation involves the following procedures:

(i) select two individuals as a couple from the parent generation.

(ii) randomly select a position of the genes, corresponding to his couple, as a crossover point, thus each individual is divided into two parts.

(iii) exchange the first part of both genes corresponding to the couple.

(iv) add the two resulted individuals to the next generation.

(c) Mutation: this operation picks a gene at random and changing its state according to the mutation probability. The purpose of the mutation operation is to
maintain the diversity in a generation to prevent premature convergence to local optimal solution. The mutation probability is given intuitively since there is no
definite way to determine the mutation probability. Upon completion of the above procedures, a fitness function should be devised to determine which of these
parents and offspring’s can survive into the next generation. These operations are iterated until the goal is achieved.

VI. METHODOLOGY OF PROPOSED SYSTEM

The concept of GA has been applied to the problem of automated test data generation process. Here the test data is referred to as population in GA. In initial
population, each individual bit string (chromosome) is a test data. This set of chromosomes is used to generate test data for feasible basis paths.

The system for generating automated test data for feasible basis paths using GA has been coded in MATLAB. It randomly generates the initial population, evaluates
the individual chromosome based on the fitness function value and applies the GA operations such as selection, crossover and mutation to produce next
generation. This iterative process stops when the GA finds optimal test data.

The aim of the work is to improve the fitness function as well as to generate the optimal test data. For improving the fitness function of branch predicates, Korel’s
Distance Function is used. In Korel’s distance function, branch predicates are used in the form of relational expression. Using this function, branch predicates are
evaluated, as basis path testing includes both statement testing and branch testing. The system for generating automated test data for feasible basis paths using
GA has been coded. The basic outline for both algorithms is:

a) Test Data Generation using GA:

Input: Randomly generated numbers (initial population act as test data) based on the target path to be covered.

Output: Test data for the target path.
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i.Gen=0

ii. While Gen < 100

iii. Do

iv. Evaluate the fitness value of each chromosome based on the objective function.

v. Use roulette wheel as selection operator, to select the individuals to enter into the mating pool.

vi. Perform two-point cross over on the individuals in the mating pool, to generate the new population.
vii. Perform bitwise Mutation on chromosomes of the new population

viii. Gen = Gen +1

ix. go to Step iii.

x. End

xi. Select the chromosome having the best fitness value as the desired result (test data for target path).
b) Test Data Generation using CSA:

i.Gen=0

ii. Initialize random population AO.

iii. Evaluate Affinity Function An

iv. if Gen > 100 then

v. output= test data

vi. Exit

vii. Else

viii. Clone An to An'

ix. Hyper-mutate An' to An"

x. Evaluate and Select An"

xi. Destroy and renew to construct a new population An

xii. Gen++

xiii. end if

xiv. goto Step iii.

FIGURE 1: STEPS IN GENETIC ALGORITHM

Initializing

Evaluation
Selection

| Crossover and Mutation |

v

N Yes
Stepping Condition |_.| END

No I

VII. CONVERSION RESULTS

Some Sample problems are taken which are java program. In this module is doing simple task of displaying some statements for analysis of dynamic coverage
technique.
) FIGURE 2: SAMPLE PROBLEM 1
test - Notepad

Fle Ede Format View Help

public class test |

public static void main(String args[){

Scanner = new Scanner(System.in);

int a=10, b=30;

for(int i=azi<bsi++){
System.out.printin("this is for loop");

if(a>b)
System.out.printin("this is cfg test again®™);

for(int =x;i<yzte+){
System.out.printin("this is for loop");
)

x>y

X3

)

IH(y<100){

R aas]

)
1ix<y)
3
)
)
For the same reason, running the original and the instrumented versions of the Check Value program with JUnit resulted in different code coverage rates, as it can

be observed in Figures 3 and 4.
FIG. 3. CHECKVALUE PROGRAM - JUNIT CODE COVERAGE

Element a Coverage Covered Lines Missed Lines
¥ &2 CheckValue 37|
¥ @src 37

v ## (default package)
» [J) checkvalue.java |
> [J] TestEx.java
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FIG. 4: INSTRUMENTED CHECKVALUE PROGRAM - JUNIT CODE COVERAGE

Element 4 Coverage Covered Lines Missed Lines
v & Checkvalue |l 93.2%] 55 4
v @ src 93.2% 55 4
v 3 (default package) = 93.2% 55 4

» [3) Checkvalue java 92.0% 46| 4

» [J) TestEx.java {| 100.0%] 9 ol

Since the Junit test cases invoke the program methods directly, running the instrumented CheckValue program with JUnit reached higher coverage rates than
running a single test case with JVM. The most important aspect to be noted here is the difference of code coverage for the instrumented and the non-instrumented
codes.

VIIl. CONCLUSION AND FUTURE WORK

In software testing, the generation of testing data is one of the key steps, which have a great effect on the automation of software testing. Since manual generation
of test data consumes much of the computational time, the process of Test Data Generation has been automated. Software Testing is also an optimization problem
with the objective that the efforts consumed should be minimized. In this work, optimization of software testing is achieved by employing GA and the process is
automated. It results in formulation of test suite for a module that gives 100 % code coverage. The process of code analysis is to find all modules in a program,
generation of test suit by junit, determination of all independent paths and GA steps are automated. GA is employed on a set of different software programs and
analyses are done on results obtained which decide performance of GA.

Other selection operators and crossover operator can be applied and comparison can be drawn between performances of different operators. In this work very
basic fitness function is used. In future, fitness function can be formulated based on Average Percentage of Condition Coverage (APCC).
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