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Abstract

One of the most critical and expensive segment of software development is software testing. It is practically not feasible to conduct ex-
haustive testing on any software system due to cost and time constraints. Moreover, amendments and modifications in a software for the
purpose of fixing failures is inevitable. Therefore, one can never guarantee that a software has been thoroughly tested. Testing the whole
software system exhaustively by running the entire set of test cases after every modification is near to impossible. Hence, the software
system is tested by running the optimized test suite for minimizing the cost and effort without compromising the quality of the test suite
in terms of uncovering faults and providing better coverage based on many parameters. This paper presents a novel technique “BA-TPF”
for multi-objective test suite optimization for enhancing path coverage with minimized repetition ratio and minimized test suite size.

Keywords: Software Testing; Test Optimization; Test Case Minimization and Prioritization.

1. Introduction

Now-a-days software is getting ubiquitous and there is an in-
creased dependence of human society on the computing features
and services provided by software. Testing consumes 30-50% of
total cost of software development, resources and time [1-3]. It
can be concluded that testing is one of the most crucial parts of
any software development process. The objective of testing is not
only to find software bugs, but also to throw light on the situations
that could negatively affect the customer. Execution of large num-
ber of test cases does not guarantee the quality of a software.
Moreover, effective testing process depend on the quality of test
cases executed rather than quantity of test cases. “Effective test
suite is referred to unique and non-redundant set of test cases
which avoids the wastage of available limited resources” [4]. Re-
dundancy of test cases in effective test suite is not a desirable
property. So, the need of the hour is to propose more testing tech-
niques, which are cost-effective in terms of minimized redundant
test cases, effective coverage, higher fault detection capability and
enhanced path coverage etc. [5-6].

Testing of a software is a continuous and multiphase process.
Fundamental goal of software testing is to discover maximum
number of errors and selection of the optimized test cases (or test
suite) where optimization means prioritized and minimized set of
test cases. Selection of test cases for execution for a particular
program is a difficult task [7-8]. This section enlightens the test
suite prioritization and test suite minimization techniques in brief.
Test suite prioritization is an important technique to identify a way
to schedule and execute the test cases according to a specified
priority order (e.g. Higher or lower priority order). In test suite
prioritization technique, a rank is allotted to every test case in a
test suite using some criteria.

The primary objective of the test suite minimization technique is
to select the test cases based on pre-specified coverage criteria

[9][10]. This technique removes the redundant or obsolete test
cases from the original test suite. The pre-specified coverage crite-
ria could be code, path, loop, block, control and data flow cover-
age.

2. Related work

Numerous researchers have applied nature inspired meta-heuristic
techniques like ant colony optimization algorithm [11], [12], [21]
genetic algorithm [22-30], bee colony optimization algorithm [31-
36], bat algorithm [37-39] etc. for generation and optimization of
test cases [43-45].

e Jeyamala and Mohan, (2009): The authors utilized ABC
(“Artificial Bee Colony Optimization”) algorithm for test
suite optimization. Experimental analysis of their proposed
ABC approach beats GA in test suite optimization [36].

e  Krishnamoorthi and Mary, (2009): Sub-sequences of the
original test suite are prioritized using GA in time-
controlled environment to achieve superior fault detection
rate as compared to randomly prioritized test suites. APFD
metric has been used for performance evaluation of pro-
posed technique [24].

e Rathore et. al., (2011): Tabu search and GA are collectively
used for automatic test case generation. The performance of
the proposed algorithm is better than individual GA based
test case generation techniques [30].

e Srivastava et. al., (2014): This paper presented a technique
for estimating the efforts for software testing using bat algo-
rithm. The proposed model by the authors can be used to
optimize the testing efforts by generating solutions iterative-

ly [39].
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3. Novel approach “BA-TPF” for test suite op-
timization

This paper proposes a novel “BA-TPF” technique for test case
optimization. “BA-TPF” technique is based on application of
“Test Path Fitness (TPF)” to the test sequences generated using
Bat Algorithm (BA). The proposed technique works by applying
the bat algorithm on the UML based state-chart diagrams to gen-
erate the favourable test sequences. Later on, fitness function is
applied to these test sequences to calculate “TPF” values. Priori-
tized and minimized test sequences are thus obtained by arranging
the test cases in descending order of TPF values.

3.1. Bat algorithm and its applications

Bat algorithm is a nature inspired algorithm developed by Xin-She
Yang. Bat algorithm has found its applicability in solving many
optimization problems. The following points completely define a
bat behavioural characteristic [42]:

1) “All bats use echolocation to sense distance, and they also
‘know’ the difference between food/prey and background
barriers in some magical way”.

2) “Bats fly randomly with velocity VI at position xi with a
frequency fnin, varying wavelength A and loudness Aq to
search for prey. They can automatically adjust the wave-
length (or frequency) of their emitted pulses and adjust the
rate of pulse emission r € [0, 1], depending on the proximity
of their target.”

3) “Although loudness can vary in many ways, we assume that
the loudness varies from a large (positive) Aq to a minimum
constant value Anin.”

Bat algorithm is the newest nature motivated algorithm among the
population based and meta-heuristic algorithms that basically
works by following the magical “echolocation” process used by
bats to find it’s pray [42]. Bat algorithm has proved its efficiency
and efficacy in software testing in comparison to the contempo-
rary nature inspired algorithms. Only few researchers have worked
towards finding the applicability of bat algorithm in testing.

e Muhammed Maruf Ozturk, (2017): The author proposed a
bat inspired test case prioritization algorithm (BITCP). The
pray distance and loudness were adapted as execution time
of test case and number of defects detected. The proposed
algorithm yielded higher value of APFD metric in compari-
son to other contemporary techniques. The authors also em-
phasized that LBS (Local Beam Search) is also a promising
search-based algorithm which yields better results than
ACO, PSO (Particle Swarm Optimization) and greedy algo-
rithms [37].

e Praveen Ranjan Srivastava, (2017): The author proposed a
testing technique for path generation using a hybrid meth-
odology of cuckoo search and bat algorithm. The proposed
technique generates all the independent paths of a software
code through its control flow graph [38].

e Srivastava et. al., (2014): This paper offered a technique for
estimating the efforts for software testing using bat algo-
rithm. The proposed model by the authors can be used to
optimize the testing efforts by generating solutions iterative-
ly. The results were analysed by the authors to prove that
the estimated testing efforts were close to the actual efforts
and were better than other current techniques for effort es-
timation [39].

Many variants of Bat algorithm have been developed in recent
years like “Fuzzy Logic Bat Algorithm (FLBA)”, “Multi-objective
bat algorithm (MOBA)”, “K-Means Bat Algorithm (KMBA)”,
“Chaotic Bat Algorithm (CBA)”, “Binary bat algorithm (BBA)”,
“Differential Operator and Levy flights Bat Algorithm (DLBA)”,
“Improved bat algorithm (IBA)”[43]. Active research must be
conducted to make utilization of these enhanced bat algorithms in
software testing.

3.2. Architecture/Model for the Proposed “BA-TPF”
Technique

The proposed model for approach “BA-TBF” applies the bat algo-
rithm on UML state-chart diagrams representing user require-
ments and converting them into an intermediate form for test se-
quence generation [40]. Then, the generated test sequences are
optimized using the test path fitness algorithm. The five -layered
model/ architecture of the proposed approach can be conveniently
understood using the diagrams figurel and figure2. Outcome from
every layer is passed on to the next upcoming layer as input.
The proposed BA-TBF technique for test suite optimization has
five layers:

1) User Requirements from SRS

2) UML Representation

3) Intermediate Graph Generation (IGG)

4) Bat algorithm Core Layer (“BA”)

5) Test Path Fitness Measurement (“TPF”)

Inter-mediate [l Proposed BA
umL Graph Algorithm
Represenation Generation Core Test

Sequence

Generation

Test Path
Fitness
Measurement

User
Requirements
From SRS

(16G) Layer

Optimized Test Sequence
Generation

Fig. 1: Model for Proposed "BA-TPF" Technique.
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Fig. 3: Flowchart for the Proposed “BA-TPF” Approach.

1) User Requirements from SRS:
The first and foremost layer captures and frames the end-user
requirements. It is one of the most vital step in the proposed ap-
proach as incorrect specifications may spoil the usefulness of the
approach.

2) UML Representation:
UML (Unified Modelling Language) state-chart diagrams repre-
sents end-user (or clients) requirements. UML representation of
functional user requirements assists the stakeholders, developers
and testers to make a convenient understanding of the workflow of
the system. These diagrams extend the end-user specification from
a varied perspective, which is capable of being interpreted from
various viewpoints. The current research work utilizes UML state-
chart diagrams for test sequence generation and optimization.

3) Inter-mediate Graph Generation (IGG):
UML diagram is converted into an easily understandable format
known as intermediate graph in third layer. Therefore, third layer
deals with transformation of the UML state chart diagrams into an
intermediate form.

4) Bat Algorithm Core Layer:
Bat algorithm is applied to the intermediate graph to generate
favorable test sequences. This layer emphasizes to generate the
favourable test sequences that traverse most desirable transitions
in terms of achieving higher path coverage. The purpose has been
reached out by altering the “fitness function” applicable to pro-
duce optimal state and sequence by bats. The bat algorithm utiliz-
es certain parameters out of which, some parameters assist in
computing the traversal of bats, while the remaining parameters
serve the objective of discovering an optimum local solution amid
of the observed solutions in neighbourhood. Following section
illustrates various parameters used in bat algorithm along with
their basic characteristics. These parameters were selected because

some parameters of the state chart diagram are required to achieve
accuracy in results.

o Inclination Factor (IF): The significance of each state is de-
fined by this factor. Highest significance of a state is denot-
ed as 0 and lowest significance of a state is denoted as 1. In-
clination Factor designates the significance of a state and
can be measured in terms of quantity of fan-in and fan-out
of a state.

e Chance Factor (CF): The possibility or probability of a bat to
reach its final state is defined by chance factor. The value of
this parameter relies on the number of final states. Higher
quantity of end states diminishes the value of chance factor.
If number of final states in a state-chart diagram is z, then
CF is defined as:

CF=(U2) oo 1)

o Velocity (V): Velocity of the bats increases as the bats ap-
proaches near to its pray.

e Location (P): The location of the bat keeps changing. Loca-
tion is regularly updated depending upon the local optimal
solution and loudness of the bat.

o Frequency (f): Number of end states influences the frequen-
cy. Larger number of end states require higher frequencies
by the bat.

e Loudness (L): Value of this parameter of the bat algorithm
keeps on decreasing as the bats approaches near to its pray.

e The bat algorithm core layer operates to produce a series of
desirable test sequences to assist in achieving better path
coverage for optimization. Some related parameters like
loudness, frequency, velocity etc. are assigned and initial-
ized. The bats traverse randomly during each iteration to at-
tain an optimum local solution. These produced solutions
are thereafter passed through a fitness measurement scale
using a particular fitness function. This process is repeated
iteratively to reach to best sequences of solution nodes. The
fitness function has been framed to measure the optimality
of generated local solution. Fitness function can be calculat-
ed using some basic parameters defined below:

Fitness Function ¢ = [1/ (1-IF) *(vi/ f)] * 1 2
Where p=CFxIF ... (1 denotes the probability of reaching to end
state using a given path)

CF (Chance Factor) = (1/no. of final states)

IF (Inclination Factor) = (fan-inx.75) + (fan-outx.25) in range [O-
1

Fj:flowest + (fhighest'flowest) *“ (3)
Fj denotes the bat frequency to search it is pray.

Vi = ViR (pfpe) f 4
Where V;'is velocity of bat at time t and it increases as the bat
moves near the pray and p* is the local optimal solution selected
from current optimal solutions.

P new= (€ X Lt) + Poig ()
Where ppew is the new position for random path of each bat and €
is random integer between 0 and 1.

L, is the loudness of the bat which decreases as the bat moves near
its pray

th+1 = th x ¢ where ¢ is a constant (taken as 0.85)

frnin = 1, = 10.
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The loudness L; needs to be updated invariantly as the iterations
progresses. Generally, the value of loudness can be taken as per
one’s convenience [42].

As the bats reaches near to their pray, the velocity of the bat keeps
on increasing. Hence, velocity of the bat is directly proportional to
the nearness of the bat to its final state. The frequency of bat var-
ies depending on the number of end (final) states in the state chart
diagram. Therefore, fitness function is taken as directly propor-
tional to velocity and inversely proportional to frequency. As for
as the Inclination Factor of each state is concerned, minimum
value is highly desirable. So, fitness function is chosen as inverse-
ly proportional to inclination factor. The specified range lies from
0 to 1. Therefore, IF factor value was subtracted from 1 for opti-
mization. The flowchart for the proposed test suite optimization
technique is described in figure 3. The pseudocode for the pro-
posed “BA-TPF” technique for test optimization has been de-
scribed as:

START
a) Initialize the population of bats as B;- {j=1,2,3,........ i}
b) Initialize Velocity Vjas 1, Loudness Ljas 100, Location p;,
and frequency [ f jeasi=1, Thighest=10] range from 1 to 10
c)  While (j< lnax) Where

| max= Maximum no. of Iterations

While (PCT<TT) where TT = Total Transitions, PCT=
Presently Covered Transitions by the Bat

C.1Set COS =SS
Where

COS= Current Optimal State, SS= Starting State

C.2 Calculate out-bounds of the COS where out-
bounds=fan-out of State

Populate the number of Bats Bj= Out-bounds of the COS
and update the values of Vj, P; and frequency

C.3 Apply the fitness function and search for the best possi-
ble solution in exploitation area with minimum value of the
fitness function:

CS= Bat [NS]. PS where PS (Present State) defines the tar-
get state of each bat and NS (Next state) defines the count
of selected state and CS (Current state) defines the optimal
state among every present state of the bats

CS[L]=NS [L] CS[V{]=NS [V]

Update Frequency of CS as the frequency of NS
C.4 Go to c.2 and repeat the process until COS is the FS
(Final State)
C.5 Generate the complete path as a sequence of optimal
states.
C.6 end Repeat

END

5) Test Coverage and Path Fitness Measurement:

This Layer deals with measurement and calculations of TPF (Test
Path Fitness) values for test suite optimization. Higher the value of
TPF, higher is the priority of the test case in a prioritized test se-
quence. The steps for calculations of TPF is described below:

a) The test sequences generated after application of Bat algo-

rithm are taken as input and value of ASCP (All State Cov-
erage Percentage) Metric and ATCP (All Transition Cover-
age Percentage) metric is calculated for each generated test
sequence or test path [41].
All-State Coverage Percentage (ASCP) Metric: All-state
coverage metric can be applied to the test model and full
coverage can be achieved when every state of the UML
state chart diagram is visited at least once.

ASCP= (No. of States Visited/Total No. of States) *100

All-Transition Coverage Percentage (ATCP) Metric: All-
transition coverage metric can be applied to the test model
and full coverage is achieved when the test cases visit every
transition of the UML state chart diagram at least once.

ATCP=
(No. of Transitions Visited/Total No. of Transitions) *100

b) Path Complexity (Cp, for each test sequence is calculated
using adding the node complexity of each node in a path us-
ing the formulae:

Node Complexity=Node Weight + (Fan-In *Fan-Out)

c) Test Path Fitness (TPF) for each test path is calculated using
the following:

Test Path Fitness (TPF) [ “4<] x &

Where

ASCP= All-State Coverage Percentage (ASCP) Metric Value
ATCP= All-Transition Coverage Percentage (ATCP) Metric
C, =Path Complexity

r=Unique Transition Coverage Constant

t=Repeated Transition Coverage Constant

R is the unique transition coverage constant and its value is decid-
ed based upon the number of unique paths (transitions) covered by
the test case. Default value of r is set as 1. If a test case covers at
least one transition (path) uniquely (i.e. the path is not covered by
any other test case), then value of r is taken as 2. t is the repeated
transition coverage constant and its value is decided based upon
the number of repeated paths (transitions) covered by the test case.
Default value of t is set as 1. If a test case covers only those transi-
tions that has already been covered by the prior test cases, then
value of tis taken as 2.

d) A prioritized test sequence is generated by arranging the test
sequences in descending order of the TPF values. The test
sequence possessing the highest value is assigned the high-
est priority.

e) The performance of the Prioritized test sequence is evaluat-
ed using the three metrices namely: TCP (Test Suite Per-
centage for Complete Path Coverage), PRT (Percentage of
Repeated Transitions), APPC (Average Percentage of Path
Covered).

4. Conclusion and Future work

This paper proposes a novel “BA-TPF” technique for test suite
optimization in regression testing. The architecture/model for the
proposed technique contains five layers. The approach has been
described in detail using the pseudocode and flowchart. In five-
layer proposed model, first four layers collectively produces the
test sequences using bat algorithm and fifth layer prioritize these
generated test sequences by arranging the test sequences in de-
scending order of TPF values to measure the fitness of the path.
Further research will focus on experimental evaluation of the pro-
posed approach against un-prioritized and random order prioritiza-
tion based on the three metrices namely TCP, PRT, APPC. Future
research in this regard will be to comparatively evaluate the per-
formance of the proposed approach against contemporary tech-
niques.
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