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Abstract- Software testing requires functional and non functional test cases with the values of test data. Automated testing are a
method to generate the test cases with test data automatically. Optimality of test case is required for fastest data generation.
Test case optimization through search based techniques is used to optimize and generate optimal test cases from the set of data
values. Firefly Algorithm (FA) is a bio-inspired, evolutionary, meta-heuristic algorithm based on mating or flashing behavior
of fireflies. In this paper the role of Firefly meta-heuristic search technique which is analyzed to generate and optimize random
test cases with test data by applying in a case study, i.e., a withdrawal method in Bank ATM and it is observed that this
algorithm is able to generate suitable automated test cases as well as test data. In this case the test case generation is very
efficient and effective. This paper further, gives the brief details about the Firefly method which is used for test case generation

and optimization.
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1. INTRODUCTION

Software Testing is a technique to analyze the software by
comparing the existing and evaluate the feature of the
software with desired criteria. Software testing monitors the
process which involves for the development of software.
Testing software is used to verify validate and detection of
error. In software development life cycle the testing takes
around 60% of cost and time. Test case generation is a
method to identify test data and satisfy the software testing
criteria. Software testing is the primary phase, which is
performed during software development and it is carried by
a sequence of instructions of test inputs followed by
expected output. Generation of test cases is based on the
requirements detailing and ignores execution aspects of the
system completely. The proposed approach focuses on
redundancy issues and challenges of optimized test cases. It
uses Firefly optimization algorithm to optimize the random
test cases. Moreover, this proposed method inspires the
developers to generate random test cases to improve the
design quality. This paper is intended to present the result of
the outcome of firefly algorithm (FA) to find optimal
solution in the software construct. Optimization is a
technique to generate the best solution under given
circumstances. Generally optimization is applied to
maximize or minimize the value of a fitness function, it may
be local optimum or global optimum. In this paper,
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evolutionary Firefly algorithm is discussed. Firefly
Algorithm is a meta-heuristic algorithm that was
conceptualized using mating or flashing behavior of fireflies
to get the best result. During mating, the fireflies are
attracted to each other without considering their sex. Better
the light intensity of fireflies, the better is the solution.

This paper is structured as follows, section 2
discusses about the basic concepts of automated test case
generation and basics of Firefly algorithm. Section 3
represents the related work. Section 4 describes the
proposed work, methodology and working principle of the
proposed system. Section 5,6 explains about the simulation
results, discussion and future scope of the proposed system.
Finally section 7 concludes the paper.

2. BASIC CONCEPTS
2.1AUTOMATED TEST CASE GENERATION

Automation testing method is used to increase the
efficiency and coverage of software testing. It also helps to
improve the quality of software. Manual generation of test
case takes lot of time and effort. Automatic generation of
test case can be used to take the system in a safe state
through desired test data. Automated test cases grouped into
to form test suites which gives better consistency of the
software. A test case is a technique to specify the input
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values, expected outputs
execution.

and preconditions for test

2.20verview of firefly algorithm

The firefly algorithm is a nature inspired algorithm which
inspired by the flashing behavior of fireflies in continuous
domain. This algorithm was developed by Xin She yang in
2007[17,19,20].1t is a meta heuristic search based algorithm
used to generate good solution by taking the current good
solution and exploit it through new solution. According to
this algorithm a bunch of random fireflies are used for
specific problem domain. Attractions of two fire flies are
gender independent. Every firefly is having light intensity.
Fireflies are moving towards brighter fireflies.

3. LITERATURE SURVEY

Srivastava et. al[8] focused the importance and demand of
structural testing in software testing for code-based criteria
which generate all the paths possible in a Control Flow
Graph required for Path Testing by using Cuckoo Search
algorithm. According to Igbal et. al [3] test case generation
problem through multi objective optimization which are
done simultaneously. In this case two objectives like Path
Priority and Oracle Cost are used to generate the test cases
which reduce overall efforts of testing. Multi Objective
Firefly Algorithm (MOFA) is used to solve such kind of
problems. Sudhir et. al[13] discussed how to reduce
regression testing cost by scheduling the test cases through
test case prioritization techniques with objective function
which is maximized. The prioritizations of test cases are
discussed with average percentage of faults Detection
metric. Srivatsava et.al.[7] described the Firefly Algorithm
which is a meta heuristic technique for the generation of
optimal paths. The algorithm is modified by the different
objective function with guidance matrix for traversal of path
in the graph. According to X.S.Yang[16] the firefly
algorithm is implemented to generate the optimal solutions
through unconstrained test functions. It also explains the
objective function and determines the brightness of fireflies.
Ausiello et.al[l1] described the swarm intelligence
optimization problems having features like self-
organization, derivative free and easier implementation
which overcome the limitations of conventional methods.
Xin-She Yang et.al[15] explained the optimization
problems which belongs to a class of NP hard problem and
the main objective is to find the minimize or maximize of
objective function with number of variables [9]. Panthi et
al.[14] described an approach which generates the test
sequences using path coverage, node coverage and edge
coverage automatically by analyzing the triangle problem.
Malhotra et al.[9] focused on two aspects which generates
adequate test cases and the test cases are generated through
an application of genetic algorithm by integrating the
mutation approach. Tahbildar et al.[5] introduced a hybrid
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approach for generation of automated test data by using
static and dynamic method using the symbolic and actual
value. Suresh et al.[18] represented that genetic
algorithm(GA) is used to generate the test data
automatically using basis path. According to this paper
indicates that GA is more effective and efficient to generate
the test data automatically. B.Korel [2] focused on the
program to generate the software test data by using path
coverage criteria with different possible test case values.
Ojha et al.[6] explained how course time table is optimized
by firefly algorithm.

4. PROPOSED SYSTEM

This paper proposed a methodology for generation of test
cases for withdrawal method of an ATM machine and test
cases are generated and optimized by firefly
algorithm(FA).This method is used for evaluating the
effectiveness and efficiency to generate the test cases to be
maximized.

4.1 Necessity of Proposed System:

The proposed system is intended to generate an automatic
and optimized test case with existing approaches of Firefly
algorithm. Optimized test cases may not be helpful for the
testing process. It may be required to differentiate among
the various test cases. First of all the system may be
initialized with firefly positions. Each firefly maintains its
own prevailing location on the basis of which the test cases
may be generated. This paper also finds out the
effectiveness of the proposed approach in case of number of
test case or test data generations.

4.2 Firefly Algorithm

The Firefly Algorithm (FA) is a population based stochastic
and bio-inspired heuristic method. It is derived and
motivated by the flashing or mating behavior of fireflies.
The light intensity of firefly with a distance from the source
of light which accepts inverse square law when light
intensity is decreases the source of light increases. So
intensity of light is directly proportional to brightness of
fireflies. Light intensity of fireflies is calculated through the
objective function of a particular problem. The position of
all fireflies represents a possible set of solutions and their
light intensities represent corresponding fitness values or
quality of all solutions.

There are three idealized rules of firefly algorithm:
1. Fireflies are unisex in nature i.e. the firefly is
attracted to other fireflies through their sex.

2. Brightness and attractiveness are proportional to
each other that mean less brighter firefly is
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attracted to brighter firefly. When the distance
increases between fireflies, attractiveness and
brightness decreases.
3. Brightness of firefly is analysed through the
functional value of fitness function.
The flow chart of Firefly Algorithm is depicted in Figure
1[12]

Figurel: Flow chart of Firefly Algorithm (FA)

4.3 Pseudo code of FIREFLY ALGORITHM (Test
case/test data generation)

Initialize the number of generation.
Initialize fireflies’ population size.
Generate initial solutions
Evaluate the initial Light Intensities value 'T'
I=1/(abs((net_bal-wd_amt)-min_bal)+¢)*
where ¢ varies from 0.1 to 0.9
Find the initial best solution
Define light absorbtion coefficient
v=1
Initialize different Firefly parameters i.e.,
Bo=1
0=0.2
While generation<500 do
For i=1 to n fireflies
For j=1 to n fireflies
If Intensity(j)>Intensity(i)
Evaluate distance r given by
r=(x(i)-x(j))*/(min_val)
Update new solution by the help of following
equation
xnew=x(i)+ Bo*e"*(x(j)-x(i)+min_val*o*(rand-0.5)
Check the boundary conditions
Evaluate the new fitness function
End if
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End for
End for
Update current best solution
Generation (t) = Generation(t)+1
End While
Select the solution with best fitness function value

The distance between any two fireflies can be calculated as
r=(x(1)-x(j))"2/vmin (1)

Where x(j)= candidate solution at j"™ position
x(i)= candidate solution at i position
vmin= minimum balance

The movement of a firefly toward another is calculated as
follows :
x1=x(i)+round((beta0*(exp(-(gamma*r)))*(x(j)-
x(i))+vmin*alpha*(rand-0.5)) 2)

where x1=new solution
rand= a random number in the range of [0,1]
beta0 = attractiveness at r=0
gamma and alpha = firefly parameters
where betao=1
gamma=1
alpha=0.2

4.4 Methodology:

The variables in the program code such as net-amt gives
idea about the balance amount which is available in account
of a customer, wd-amt explains the withdrawal amount, and
min-bal represents the least possible balance in a customer’s
account after the withdrawal operation. Test-data and suc-
bal represents the valid transactions with the data set which
is used during the ATM withdrawal operation. In this case,
it is intended to generate and optimized the automated test
cases from firefly algorithm.

Initially each firefly is initialized with current
position. Firefly will search for optimal solution. It will
keep track of solution in the population and upgrade its
position or location .Optimal solution is used to maximize
the mathematical function f(x) which may be implemented
in Firefly Algorithm using MATLAB-7.0.as shown Table-1.
In this table the Fireflies’ movement to generate the best
solution with the functional value of fitness function is
primarily focused.

Table 1(Fitness Function Value for each test case or test

data)

Iteration Test cases/test datas Fitness Function
Number Value

1 2800 1.3516e-009

5 4000 1.4793e-009

10 5100 1.6129¢-009
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15 6300 1.7803e-009 FITNESS VALUE RANGE % OF TEST DATA
20 7800 2.029e-009
25 9100 2.2893e-009 0 < f(x)<03 45
30 10300 2.5767e-009
40 12800 3.3802e-009 0.3< f(x)<0.7 15
50 15500 4.7561e-009
70 20900 1.207¢-008 07= f) < 1.0 40
80 23500 2.3668¢-008 : : :
90 26200 6.9247¢-008 According to table-2 about 40% of test data is having
102 29000 9.997e-007 higher value of the fitness function f(x) which lies in
125 29000 9.997e-007 - .
50 55000 59970007 between 0.7 and 1.0.The figure-2 represents the graphical
160 29000 9.9976:007 view of the fitness functional value and test cases/test data
180 29000 9.998¢-007 in percentage.
200 29000 9.998e-007
250 29000 9.998e-007
300 29000 9.998e-007 50
In this case, 20 numbers of sample test cases are considered. 40
The function value depends upon the parametric values of ES
the input variables. It was found that the solution reaches its % 30
optimum value after 100 iterations Q
‘g 20
5. SIMULATION RESULTS = 10 l
The proposed approach is used to generate the test cases 0
with test data for bank ATM operation through firefl
. . p Ous y 00t00.3 03t00.7 0.7t01.0
algorithm (FA). The figure 2 shows the relation between
variables like test data and functional value of fitness Fitness Value Range
function along one pair of axis represented in table-1.
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Figure 2: Graphical representation of test data and fitness
function value for table-1

The proposed approach generates the test cases or test data
for ATM’s withdrawal operation using firefly algorithm
(FA). Table-2 shows the value range of fitness functional
value with test cases/test data. The functional value of
fitness function is represented in terms of percentage.

Table 2: %of test cases/test data in terms of maximum
fitness value
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Figure 2: Graphical representation of % test cases/test data
and fitness value range for table-2

6. DISCUSSION AND FUTURE SCOPE

While considering the mathematical function
fx=1/(abs(net_bal-wd_amt)+e)2 ,where ¢ varies from 0.1 to
0.9, along with the each firefly initialized with current
position and intensity values.It has been found that solution
of optimality keeps track of best firefly position and updates
its position according to the firefly . By considering some
sample test cases it has been observed that the functional
value of each firefly depends upon best solution or best
firefly position so far. The future approach to this work
could enhance the automated generation of test cases or test
data for large programs .The different parameters could be
added to the firefly technique which enhance the efficiency
and producing the optimized test cases. Another perspective
area could be the randomly generated test case or test data
by using various paths according to the control flow graph
(CFG).Test Cases can be generated by using various kinds
of meta heuristic algorithms like BCO,GA and combination
of different metaheuristic algorithms. The test cases or test
data which is generated by firefly algorithm is compared
with PSO, bat, harmony search, cuckoo search and it was
found that firefly algorithm produces optimal result in very
less time and with more accuracy. The future scope would
be the test case generation and by using the fitness function
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gives better code coverage, statement coverage and
maximize path coverage by using hybrid Firefly Search
algorithm.

7. CONCLUSION

In automated software testing the test cases with test data
are very useful. Firefly Algorithm (FA) is an evolutionary
meta-heuristic algorithm used to optimize the automated
test cases with test data. Here Firefly algorithm has been
discussed to generate the test cases which are optimized by
taking an example of withdrawal operation by an ATM
machine automatically. Test data values are selected based
on the fitness function. This paper described the
fundamental notions of FA, how the test cases are generated
using Firefly algorithm and how they are useful in finding
the optimal solution to maximize the problem. The result of
Firefly algorithm is more accurate and this algorithm is
generating automated test cases with test data efficiently.
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