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Abstract .

An inevitable part of software testing entails the generation of test cases. A good test case should have the quality to cover every aspect
of test objective. An effective and efficient test case generation is the most challenging and time consuming task in software testing. A
good test case characteristics to cover more given set of path coverage with reducing time and cost of software development. Researcher
have proposed different techniques to generate test case automatically. However , those techniques also have some drawbacks. To
overcome these drawbacks, we introduce a technique (i.e. GA) to generate small numbers of efficient test cases with expectations to
cover more given set of target. In this paper we introduce that Genetic Algorithm is quite useful search method or technique to generate
large volume of test cases very effectively and efficiently with multiple domain.
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INTRODUCTION

Software testing is an inevitable part of software development life cycle. It is the most tiring and critical phase in SDLC. Software
testing is the process of executing a program with the intent of finding an error. Testing is a very essential, though very labour-
intensive and expensive process in software development and handling as well as maintenance of software. It accounts that it
takes 50 percent of total cost of entire development [1]. If the testing process could be automated, the cost of developing software
could be reduced significantly. A challenging part of this phase entails the generation of test cases. This generation is very crucial
to the success of the testing because it is impossible to obtain a fully tested program given that the number of test cases will be
able to find maximum numbers of fault in minimum number of iteration. Software program is infinite, and a suitable design of
test cases will be able to detect a great number of faults. For the requirement of good and consistent product, the techniques for
automatic generation of test cases make an efforts efficiently to systematically uncover the different type of errors with a
minimum amount of time and efforts. A test case is a set of tests performed in a sequence and related to a test objective, which
will produce a number of tests input values, observed output, expected output, and any other information needed for the test to
run, such as environment prerequisites [2].

A good test case should have the quality to cover every aspect of test objective and high rate of fault detection. The method used
for automatic generation test case usually based on efficiently searching or finding small set of test cases with high probability of
detecting as-yet undiscovered error [1]. There have been few efforts on representing a brief classification, which covers all
existing automatic test case generation approaches. In this paper we introduce a general classification for automatic test case
generation approaches with comparison between these approaches to show that Genetic Algorithm is the most acceptable
approach to generate automatic test case.

1.0BJECTIVE

Our main objective is to generate good test cases with the intent of finding an error as far as possible. There has been a significant
amount of work in generation of test cases that makes an effort to increase the amount of observed behaviour. Instead of these
wide researches, there have been few efforts on representing a brief classification, which covers all existing automatic test case
generation approaches. A general classification for these techniques is mentioned in [3, 4, 5]. In [6] a classification framework for
automatic test case generation methods is mentioned which is based on software development phase in which testing is applied. In
[7] a classification of search-based automatic test case generation approaches is represented. In this study, we introduce
classification and evaluation of automatic test case generation techniques, which tries to cover all existing approaches with
showing the requirement of Genetic Algorithm.

2.NEED OF AUTOMATIC TEST CASE GENERATION
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The most critical part of testing is the generation of test cases. Effectively speaking there are numerous reasons to automate test
case generation task in software testing. Some of the most logical reasons are as follows. Reducing the testing cost: most
important reason is to minimize the testing cost. During testing phase the cost can hike more than the expected value due to
improper test cases. These improper test cases cause wastage of organizational resources as well as time. So minimizing the cost
for getting the adequate product becomes needy[8]. Reducing human malfunctioning: second important reason is to minimizing
the human malfunctioning. There is no benchmark to test the test case is valid or not. It basically depends on the testers
understanding of the requirement .So there becomes more chance of inclusion of bugs by tester in system after testing. To
overcome this problem, automatic test case generation phase becomes very necessary [9]. Increasing software products efficiency:
It is very crucial part to overcome the problem is occurred by manual testing to increase the software product efficiency.
Therefore, automatic test case design has become very crucial part to assure the quality of today,” large software products [10].
Reducing number of test cases: Generate efficient test cases are the essential part for convenience the test work and improving the
test efficiency. The test work is ineffective because of the great number of the manual test cases, so some Automation algorithms
are needed to optimize the test cases [11].

To cover all system requirements: Generation of automating test case process provides a means to ensure that test cases have been
obtained in a adequate and objective manner and that all system requirements have been covered [12]. The application of
automatic test case generation are as wide as software application. In short, automatic test case increases the integrity of software
to make a sound product.

To generate automatic test cases using Genetic Algorithm is very powerful and novel approach.

3.GENETIC ALGORITHM

INTRODUCTION
GA based on natural phenomena. The main concept of GAs is “natural selection” and “genetic inheritance”.the father of GA is
John Holland, university of Michigan (1970) in U.S.A. It is based on the evolutionary principle. GA belongs to the class of
probabilistic algorithm. GA provide directed search algorithms based on the mechanics of biological evolution. The best reason
behind to use GA than other searching algorithm is that GA performs a multi-directional search by maintaining the optimized
solutions not a single point. Main application areas of GA is Al ,business, scientific and engineering circle. But these can be used
in many forms like to generate automatic test cases etc. GA class of probabilistic optimization algorithm. Genetic algorithms are
categorized as global search heuristic or GA is good heuristic search for combinatorial problems[20]. Ex. TSP, pen movement of a
plotter, real world routing of school, prisoner,® dialemma.
4.CONCEPT
The Genetic Algorithm is an example of a heuristic search, which gives the optimized result and works on randomly generated
population. How Genetic algorithm works are highlights under the following.

Highlights on each section.
1. How Genetic Algorithm starts
a. Generate the initial population randomly i.e. either generated by manually or through function.
b. Calculate the fitness and select the chromosomes with the best fitness value..
¢ Select two parent chromosomes from current population.

-with the use of mutation and crossover operator, recombine the selected chromosomes.
c. Replace the current population by inserting the new offspring . check the fitness value.
e. ifastop criteria is met, then return the chromosomes with the best fitness. Otherwise go to step b.
2. Random generation of population
Genetic Algorithm always start with a randomly generated population for any problem.
2. Generate new generation:

Randomly generated population is called current population. GA helps to select the individual from current population called

"parents’. Check fitness value, if it met then stop. Otherwise apply genetic operator i.e. mutation and crossover. And create
new population and check the fitness value till fitness value met. Three important striking feature of GA:

Elite selection: Sometimes individual in current population with best fitness value is present already. GA copy these chromosomes
as it is in next population.. it is the significant feature of GA.
Crossover : Gas have many type of crossover. With help of crossover , we creates a better offspring.

Mutation : it is also called simple search operator. Mutation probability set low as compared to crossover. Suppose if crossover
is fail to generate best offspring then mutation operator apply. Mutation flipping the 0’s and 1’s and get the new offspring.
Mutation mainly performed to pruning the dead state.
4.Stopping criteria of GA flow:

The Genetic algorithm uses the following five conditions to determine when to stop.
e Generation reach to maxima
When specified time becomes elapsed.
Fitness value shows same result.
No showing the improvement in objective function i.e. stall generation
No showing the improvement in the objective function in given interval time i.e. stall time limit.

These are the basic stopping criteria[19].
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5.SELECTION METHOD

A Genetic Algorithm (GA) has several genetic operators that can be modified to improve the performance of particular
implementations. These operators include parent selection, crossover and mutation. Selection is one of the important operations in
the GA process[18]. There are several ways for selection.
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There are different types of selection strategies :

A) Tournament Selection

B ) Proportional Roulette Wheel Selection

C ) Rank-Based Roulette Wheel Selection

D ) Boltzmann Selection

E ) Elitism

F ) Stochastic Universal Sampling

Out of these selection strategies or methods, we can use any one or combination of these according to our requirement[20].

6. SEARCH BASED ALGORITHM FOR AUTOMATIC TEST CASE GENERATION
Here figure 1 shows a variety of mostly used searching algorithm(methods) to cover the purpose of automatic test case
generation.
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1. Generation of Test Case By Hill Climbing Technique

In the field of computer science, hill climbing is a mathematical optimization algorithm uses a simple heuristic function. It is the
part of local search. It is the expanded algorithm of depth-First-Search.it select the point in neighbourhood , so it is also called
neighbourhood search. It follows the iterative approach. The procedure of Hill Climbing technique:

e It starts with a single point in the search space.
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o In first iteration, it choose a randomly new single point from neighbourhood N.
o If the selected point gives the best fitness value according to objective function, it becomes the current point, otherwise
go to step 2.
If there are no better solutions in N, a local optimum has been reached. In such a case, a restart of the algorithm from a
new random solution can be done. Sometimes this method is known as iterated hill climbing. In general HC is a simple
algorithm but may lead to a local optimum.
Disadvantages: one of the main problem with hill climbing is getting stuck at local maxima. When you stuck at local minima you
have no other choice ,s0 have to select random node again and again till time limit. When time limit expired ,you have to select
least local minima. Basically three main drawbacks of HC is Local maximum, Plateau and Ridge.
2.By Memetic Algorithm
The Memetic Algorithms (MAs) are meta heuristics that use both global and local search (e.g., a GA with the feature of HC).
Meta heuristic means that combine the structure and strategy guidelines for developing a specific heuristic method to fit a
particular a kind of problem. It is based on by the cultural evolution. A meme means imitation in cultural transmission. From an
optimization point of view, a MA also population based like GA, but during generation of offspring local search is applied rather
than global search. After time limit it also reach to local maxima. The MA also used [4] for testing of object-oriented software is
quite simple. It is built on GA, and the only difference is that at each generation on each individual a Hill Climbing is applied until
a local optimum is achieved. So the number of generation is less than Genetic Algorithm.
Disadvantages: A major difference between the algorithm is that the time it takes to complete iteration in Memetic Algorithm is
much more than the time it takes genetic algorithm to complete the same iteration. This is because of the local search algorithm
that is embedded in Memetic Algorithm.
3. By Tabu search
Tabu means taboo i.e restricted. Tabu Search (TS) is also metaheuristic search technique based on the premise that Taboo search
is more intelligent technique adaptive memory and responsive exploration must be incorporated with problem solving. Tabu
Search algorithm also based on that of the next k neighbours, but in this Tabu list have to be maintained of visiting neighbours.
The role of Tabu list(memory) can change according to progress of algorithm. Most striking feature of Tabu Algorithm ,it provide
a number of parameter ,to select parameter according to problem to be solved.
Outline of Tabu Search Algorithm;
e Select an individual from next k- neighbour. While maintaining visiting elements, is called candidate list strategy.
e  Check the fitness value based on objective function.
o If the objective function me, , then stop . otherwise go to step 2.
e If no optimal solution is found in time limit and reach a local optimum then select the solution from candidate list
without exploiting neighbour element.
Another striking feature is memory has to be maintained i.e. short term memory and long term memory to store recent moves
and frequency of these moves.
The main goal behind Tabu search is to generate of test case for structural testing and covering maximum branch of coverage
for PUT.1.
Disadvantage :In Tabu search algorithm, memory have to be maintained. Pure Tabu search that uses only one solution can easily
miss some promising areas of the search space in this algorithm larger set of parallel solutions does not ex-change information
(Zdansky AND Pozivil, 2002) .

4. By Genetic Algorithm
GA based on natural phenomena. The main concept of GAs is “natural selection” and “genetic inheritance”.the father of GA is
John Holland, university of Michigan (1970) in U.S.A. It is based on the “evolutionary principle, survival of fittest”. GA
belongs to the class of probabilistic algorithm[4]. GA provide directed search algorithms based on the mechanics of biological
evolution. The best reason behind to use GA than other searching algorithm is that GA performs a multi-directional search by
maintaining the optimized solutions not a single point.
GA can be used for [13] generating test cases for structural testing as well as behavioural testing. With the one run in GA ,cover
multiple paths. It eastablish relation between old and new test caeses.
Brief explanation on what elements are required to generate test cases using GA:

e  Genetic representation for a given problem i.e. generation of test case[14].

e Adopt method to create initial population.

e Evaluate fitness function to objective function.

e  Genetic operator to recombine the individuals.

e Assign value of various parameter used by genetic algorithm.

It takes less time than other search algorithm.
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Overall the best &best, genetic algorithm is the most preferred algorithm used in test case generation task till now, as a result of
leading to acceptable test suits[11].
GA is very helpful to sort the optimization problem. It gives the clear view in dilemma. GA also helpful in many useful areas:
TSP, Prisonar,® dilemma and quadratic equation. In this type of problems , even in a “single point crossover” the mutation is
expected to happen 200-2000 generation. It is easy to change the mutation as it is implemented as a separate function.
From the above discussion, it can be seen that the GA differs from traditional technique and Genetic Algorithms. The main
noticeable differences are:

e  GA works in parallel in population rather than a single point.

e GA run on coded version of the problem parameter rather than parameter or variables.

e  GA use probability than deterministic rule

o  GA does not use derivatives functions, it uses fitness functions.
The important characteristics of GA is, it gives the no. of solutions and generation, user can select solution based on his objective.
GA also works in combinatorial problem. In cases where a particular problem does not have one individual solution, for example
TSP. Then the GA is potentially useful for identifying these alternative solutions simultaneously.

7. MATLAB

MATLAB stands for (Matrix Laboratory), a product of Mathworks, it is a scientific software package developed to provide an
integrated environment for numeric computation and graphics visualization in high-level programming language. Originally it was
written by Dr Cleve Moler, Chief scientist at MathWorks, Inc., to provide easy access to matrix software developed in the
LINPACK and EISPACK projects [19].
MATLAB ‘s basic data elements are matrix.
MATLAB has a wide collection of functions useful to the genetic algorithm practitioner and those wishing to experiment with the
genetic algorithm for the first time.
In MATLAB’s high-level language, problems can be coded in m-files in a fraction of the time that it would take to create C or
FORTRAN programs for the same purpose. It also provide advanced data analysis, visualization tools and special purpose
application domain toolboxes. .Now a day’s MATLAB is often employed in research and industry and it is an example of a high-
level “scripting” or “4th generation” language[18].
The main data structures in the Genetic Algorithm toolbox are:
-Fitness function
-No. of variables
-population size
-selection
-mutation
-crossover

8.FUTURE WORK

We will generate automatic test cases using genetic algorithm based on MatLab gatool or without MatLab. MatLab provide a
Genetic Algorithm tool that is a graphical user interface that enables us to use the genetic algorithm without working at the
command line.

Our proposed algorithm follow the following steps(without MatLab):
e  Generate the state flow diagram for given program.
e analyze and collect of possible paths between initial and goal state.
e repeat steps 4 &5 till most distinguish path not occurred.
e  Select two possible path pi {pil,pi2,pi3,......... ,pin} and pj{pjl,pj2,pj3,......pjn}
e  Perform crossover on pi &pj such that
-create a new sequence pk={pk1,pk2,pk3,.....,pkn}

-the sequence will be selected on the basis of the frequency of a state at index position i.
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e Perform mutation on pk to pruning the dead state.
e Exit
With MATLAB gatool:
You have to must enter the following detail according to problem:
e Fitness function
e No. of variable
e Population
e  Fitness scaling
e  Selection
e Mutation
e Crossover
e  Stopping criteria.
9.CONLUSION

The main objective in this paper is to illustrate that how the new technology of MATLAB can be used in order to implement a
genetic algorithm in optimization problems. It uses the power of genetic algorithms to generate fast and efficient solutions in real
time. MATLAB is very new approach to provide very interactive or GUI based toolboxes out of these toolboxes, one most
important toolbox is gatool. We will use this toolbox to generate automatic test cases. we also gone through a very brief idea on
generating automatic test cases techniques with including Genetic Algorithm advantages which is a very new approach for
problems related to optimization.
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