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Abstract-Software testing is a key phase in Software Engineering to confirm the quality of the software. One of the critical 
challenges in software engineering field is downsizing the effort of software testing. To reduce the effort of testing the to be 
executed test suite needs to be minimized and that should also satisfy the requirements of the software as the original test 
suites does. Regression testing is one of the major segments in software testing and also needs to be executed often whenever 
changes made to the existing system. This paper presents a novel crossbreed approach Gravitation Bee Search (GBS) which 
is the combination of Gravitational search algorithm and Artificial Bee colony algorithm. The proposed method is applied on 
an existing Retirement benefit calculation regression test suite and the results shows that this proposed system is 
approximately 15% more efficient than the original test suite respective to number of test cases, execution time. 
 
Index Terms - Software Testing, Test suite minimization, Regression testing, Gravitational Bee search. 
 
I. INTRODUCTION 
 
In SDLC, testing is crucial to create really 
trustworthy applications. Test suite reduction is 
essential for test maintenance that helps to remove 
redundancy and diminish execution time and thus 
reduce the cost of testing and it turns the software 
cost. It removes the test cases with respect to few 
coverage criteria defined as a set of rules which helps 
to describe whether a test suite has been efficiently 
tested the application or not. Basically the test suite 
contains all of the test cases which need to satisfy all 
the given requirements. Most minimization 
techniques suggested to date have two main 
restrictions: they achieve minimization based on one 
criterion and yield predictable suboptimal solution. 
The good minimization technique should permit us to 
easily programming a wide scale of test-suite 
minimization problems, that involve any number of 
measures, and identifying optimal solutions to 
minimization problems with the help of modern 
linear programming solvers. Test suite prioritization  
rearranges the order of test cases within a test suite in 
order to increase the rate of fault detection. These test 
selection methods are mainly directed on giving the 
best test cases for execution at first, so that even 
under limited cost and time, the effectiveness in 
testing is increased. 
 
The larger part of the recent methods think about the 
test suites which experiments to test the pragmatism, 
concern, and implementation of the software. 
Shrinking this test suite size will decrease the testing 
time, application, and cost. A significant amount of 
investigations in this test suite fit in with the 
effectiveness and limit abilities of the software.  
Regression testing is a discriminating some piece of 
the software maintenance that is performed on the 
altered software to guarantee that the alterations don't 

unfavorably influence the unaltered share of the 
software. As regression testing is performed regularly 
in software maintenance, it represents an extensive bit 
of the maintenance costs [1, 2, 3]. Regression test 
determination procedures select a subset of existing 
experiment set for execution, contingent upon 
criteria, for example, changes made to the software. 
Retest All: - Retest all strategy is one of the accepted 
systems for regression testing in which all the tests in 
the current test suites are performed once more. This 
sort of method is not attainable in the majority of time 
as it requires more time and budget. Regression Test 
Determination: - The retest-all methodology, reruns 
all accessible tests, this system by and large expends 
unreasonable time and resources. Regression test 
determination procedures, interestingly, endeavor to 
reduce the time needed to retest a modified program 
by selecting some subset of the existing test suite. 
Specific regression testing endeavors to decrease the 
cost. Test suite reduction procedures lessen the test 
suite for all time by recognizing and evacuating 
excess tests. This paper attempts to analyze the 
techniques currently available for reduction of test 
suites and analyze their result and performance based 
on regression test suites.  
 
The paper is organized as follows. Section II define 
the problem statement to be resolved. Section III 
explains how the test suite minimization process is 
achieved by using Gravitational Bee Search algorithm 
which is a hybrid approach of combining 
Gravitational search and Artificial Bee search 
algorithms. Section IV discusses about the results on 
implementing the proposed approach in Retirement 
benefit calculation regression test suite and compares 
the efficiency with the corresponding original 
unreduced regression test suite. Section V 
summarizes the conclusion. 
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II.   PROBLEM STATEMENT 
 
The given set of test cases T is defined as {t1, t2, 
t3,…tn}, and the set of testing requirement is defined 
as follows {r1, r2, r3,…rm}, that should be covered 
to given program, the testing prerequisite data 
proficient by each test case in T, the test suite 
minimizing problem is to find a subset of T and it 
must be in minimal in size than the original test suit 
and that should also meet the same set of requirement 
as those met by the un-reduced test suite T. 
 
Let F(Tj) be a function that produces the subset 
requirements in C met by the individual test case Tj. 
The coverage solution test case t as follows 

 
 
Where Utj=1{F(Tj)} is the functional requirement’s 
subsets covered by the chosen test cases which means 
Tj for which tj = 1. 
 
The function to be reduced (execution cost) denoted 
the volume of time needed to perform the chosen test 
suite. Each and every test case Tj belongs to T has a 
cost score Cj. The overall cost of a resolution t is as 
follows 

Finally, the suggested Gravitational Bee Search 
(GBC) algorithm is applied to provide a better test 
suite respective to functions Cost and Coverage. 
 
III. GRAVITATIONAL BEE COLONY SEARCH 
(GBC) 
 
1. Gravitational Search Algorithm (GSA) 
GSA is a newly developed population based 
stochastic optimization method which is based on the 
comparison of mass interaction and gravity. This 
technique gives a repetitive approach that exchanges 
over a multi-dimensional search and simulates the 
mass interactions which are done under the 
stimulation of movement in physics [4]. In GSA, the 
units and their performances are taken into 
consideration, and measured by their masses. In this 
method all particles are defined as a solution to the 
search problem defined. Here all the masses are 
attracting each other mass by using their gravitational 
force, and this power triggers a global movement of 
the all particles with greater masses. Therefore, 
masses work together by using a direct form of 
interface by using the gravity. Afterwards, the larger 
masses have large fitness values, indicates the 
optimal solution to the defined test suite searching 
problem and it guaranteed that the proposed 
algorithm produce better performance and overall 
solution. 

To get the better results, produce the goal function 
and results become great mass, here the search agents 
defined as a collection of bodies. Collection of bodies 
are used to find the optimum solution. After setting 
the search space, the rules have to be specified which 
are used for governing the collection of bodies.  
 
2. Artificial Bee Colony (ABC)  
ABC algorithm is one of the popular swarm based 
heuristic algorithm and mimics the real honey bee’s 
searching manners. ABC is a known as optimization 
technique which gives a population based searching 
method, where the bees adjust the position of the 
food. The main objective of the bee is discover the 
position of food source with larger nectar volume. 
The bee’s colony in the ABC algorithm consist of 
three  types of bees such as scout bees, onlooker bees, 
and employed bees [5]. The onlooker bees chose their 
food source according to the employee bee’s dance. 
The employee bees go to explore their food source 
and come back to the hive and it will perform a dance 
on this area. The employed bee converts as a scout 
bee when those bees find more goo food source and 
again discovers a new food source. The nectar source 
is elected by all the bees by using a nest mate detail 
with whose food source has beforehand found. The 
bees’ dances on the floor area which is termed as 
“hive”, on nectar’s sources discovery which is used to 
influence their nest helpers’ bees to trail them. 
 
3. Gravitational Bee Colony (GBC)  
This paper recommends the Gravitational Bee Colony 
(GBC) technique which is a crossbreed test case 
selection method. This is based on Gravitational 
Search Algorithm (GSA) and Artificial Bee Colony 
(ABC) algorithm. The main aim of this technique is 
to lessen the size of test suite, by identifying a set of 
test cases which gives the coverage same as the initial 
test suite based on some condition. The proposed 
method chooses a group of test cases from the already 
existing test suite which also covers the discovered 
faults. 
Bees act as mediators to identify a set of test cases. 
Bees start seeking with randomly chosen test cases. 
Then the bee will add new test cases on the revealed 
path. The fault detection ability is measured by the 
total addition of new test cases. However, after 
appending a new test case, the bee returns to their 
hive, and exchange the obtained information by using 
GSA [6, 7]. Gravitational Search Algorithm (GSA) is 
a recently established search algorithm. The law of 
gravity and mass interactions is the fundamentals of 
this algorithm [8, 9].The heavy masses denotes to the 
good solutions for the problems. Each mass provides 
solutions and by properly regulating the gravitational 
and inertia masses, the algorithm is navigated [10]. 
All the bees are attracted based on gravitational law, 
and the distance between the two bees can be 
calculated by using Motion Law by assessing bee’s 
current velocity and previous velocity. The present 
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velocity of the bee is equivalent to the bee’s previous 
velocity’s sum of coefficient. 
Thus, new set of test cases are produced after the 
gravitational and motion laws are processed. This 
should be repetitive until any one of the bee find a 
new group of test cases and additionally covers all 
faults that are already identified.  
 
The search space is defined as a set of m number of 
bees as follows 

 
 
Where dimension d of bee i has been shown by xid 
and the two bee distance are defined as follows 

 
 
Where Gravitational Force Fij

d in G (t) is gravitational 
constant at time t and Rij is the distance between two 
bees i and j. 

Sum of all sources of bee that are enforced by other 
bees of the system is as follows 

Each bee speeding up in direction of dimension d, the 
acceleration of bee i in direction of dimension d, at 
time t is shown by aid (t) and is attained from below 
equation 

The new location of the bee i, at the dimension d, is 
also equal as the sum of its current location and its 
velocity V is defined as follows 

 
 
Where ri and rj are randomly defined with the 
interval between (0,1) which have been used to 
preserve the random features of the search. 
 
The prerequisite test suite ‘T’ of ‘n’ test cases are 
defined , then the result is subset ‘S’, which consist of 
m test cases (m<=n), such that test cases are chosen 
by considering maximum fault coverage ability in 
least execution time t. The bee’s fitness score FSabs 
is as follows 

Where abs is the absolute value of individual.  
 
Finally, the objective of this algorithm acts at 
minimizing a test suite is as follows 

 
 

Where a designated distance measure 
between a bees xij, Cj is is an sign of the particular 
distance of the n bees from their individual Coverage 
capability. 
 
IV. RESULTS AND DISCUSSION 
 
The Regression test suites for a ticket booking 
application is taken for evaluating the performance of 
the proposed approach. The results for minimizing 
test suite of various modules are presented in Table 1. 
The result explains that we attained complete 
coverage which is our objective measure. 
 

Table-1 Result Analysis on Regression test suites of an online 
Ticket booking application 

 
 
Let us take the Modules as A, B, C, D, E for the 
further discussion ,  A as New User Registration, B as 
Ticket availability Checking, C as Book a Ticket, D 
as Cancel a Ticket, and E as Ticket Status checking. 
The Fig 1 shows the number of test suite comparison 
for the above table results. 
 

Figure-1:  Number of Test cases - Original vs Minimized Test 
suite. 

 
We also calculated the execution time of the 
application modules. Table 2 shows the analysis 
result of time taken for each transaction segment 
before and after minimization. Fig 2 shows the results 
of time execution analysis. 
Table-2: Result Analysis on Regression test suites of an online 

Ticket booking application for Execution Time. 
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Figure-2:  Execution time - Original vs Minimized Test suite 

 
We also accomplished the efficiency analysis on 
achieved minimized test suites. Fig 3 shows the 
efficiency of the minimized test suite in terms of 
number of test cases in the suit and execution time of 
the test suite. 

Figure-3:  Efficiency Analysis on Minimized Test suite. 
 
The attained results shows we accomplished complete 
coverage in less execution time with our reduced test 
suite. For example, if 20 minutes is taken to execute a 
test case, we can save (50-38) * 20 minutes ,that is 
around 240 minutes , that is we gained 4 hours or 
23% time saved by minimizing the test suites of a 
single module. So considering all modules of this 
application, our minimized test suite achieves an 
average of 15% more efficiency than the unreduced 
test suite. 
 
 

CONCLUSIONS 
 
In this paper we recommended a test suite reduction 
technique using Gravitational Bee colony search 
based hybrid approach. This approach has taken to 
minimize the test suite with multiple objectives. The 
first objective is to maximize the coverage of test 
suite and then to minimize the testing effort. The 
suggested approach has been tested with the 
Regression test suites of an online ticket booking 
application to assess its efficiency.  The future work 
is to apply the test case prioritization technique on the 
reduced test suite to increase the fault detection of the 
minimized test suite. 
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