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Abstract: The Gravitational Search Algorithm (GSA) is 

the recent inspired algorithms which solve the 

optimization problem and also this algorithm has been 

applied in various applications and has solved various 

optimization problems. The aim of this paper to 

investigate the multiple inputs which is legal or illegal by 

using GSA reduce the illegal input and equivalent inputs. 

Test cases are generated randomly to avoid the ambiguity 

and also testing is take place based on GSA fitness that 

can reduce the faults in the system. The output result 

should be legal input that indicates thefault rate reduction 

and Implementation is done in Java. 

Keywords: Gravitational Search Algorithm (GSA), 

Optimal input, Acceptance Testing, Test cases. 

 

1. Introduction 

Software engineering is the application of science and 

mathematics by which the capabilities of computer 

equipment are made useful to man via computer 

programs, procedures and associated documentation. 

Even after intensive research in software testing, the 

success stories are limited and hence there is tremendous 

scope of research/improvement. Problem of infeasible 

paths, unpredictability of test cases from specification 

domain of program, automatic test cases generation of 

complex programs, problems of testing of program 

containing loops, nested loops, pointers and global 

variables, applicability of test coverage criteria over large 

and complex programs, optimization of test cases are 

some research directions, which need to be addressed for. 

A latest technique of optimization is gravitational search 

algorithm. It is being implemented by many researchers 

in different fields where optimization is required.  

Even after employing metaheuristic techniques 

from last two decades in testing, no significant progress 

has been done in actual software testing environment. In  

research there are several papers which shows that 

metaheuristic techniques are employable but program 

specific behavior has to be adopted which restrict their 

use in general sense[1]. 

In the growing and developed software 

engineering field, software quality is of high importance. 

Also, it should be noted that constructing software 

modules are highly expensive basically. As a result, to 

enhance the efficient resource allocation, efficiency and 

the general throughput of quality assurance and testing, it 

is highly important to predict software defects and assure 

that the developed software modules are defect free. The 

prediction of software defects at an early stage will make 

the company professionals to deliver a quality product to 

the end customers, as the cost incurred for the 

development play a major role [2]. 

The rising complexities in the software systems 

and the ever-increasing user expectations have developed 

the necessity to manage the software quality, giving birth 

to an engineering discipline called "Software Quality 

Engineering". Software fault prediction is one of the 

quality assurance activities in the Software Quality 

Engineering discipline. Many of the software systems, 

such as those implemented in telecommunication and 

medical areas require a high level of quality assurance. 

The management of these systems necessitates an 

evaluating process of the quality of software modules, 

which can be done by implementing software fault 

prediction techniques. A project manager or a quality 

assurance group can improve the product quality by 

allocating necessary budget and human resources to deal 

with the fault-prone modules identified by fault 

prediction models. Consequently, the testing phase would 

be shortened. Software fault prediction models require 

software metrics, collected with automated tools and fault 

data belonging to previous software version or similar 

software project. Fault prediction models generally 

contain one dependent variable and n independent 

variables. Dependent variable shows whether the module 

is fault-prone or not. Independent variables can be 

product or process metrics, collected. from different 

studies focused on product metrics. Cyclomatic 

complexity and lines of code are some examples of 

method-level product metrics [3]. 

In engineering and computer science, 

optimization means maximizing the performance of a 
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system with minimizingresources, while in mathematics 

optimization is considered as the maximum or minimum 

of a real function for theseproblems [6]. 

Optimization is one of the most challenging 

problems and it will become more complicated when 

there are several conflicting objectives are to be 

optimized. One of the main concerning aspects of 

optimization is how close the obtained results are to the 

global optimum. However, in a complicated situation, 

global optimum is not the best solution, whereas a set of 

non-dominated solutions are to be considered [7]. 

 

2. Literature Survey 

Seliya et al. [8] proposed a constraint-based 

semisupervised clustering scheme that uses K-means 

clustering method to predict the fault-proneness of 

program modules when the fault labels for modules are 

unavailable. However, their approach uses an expert’s 

domain knowledge to iteratively label clusters as 

faultprone or not. The expert labels clusters mainly 

basing his predictions on his knowledge and some 

statistical information. This means that this study does 

not present a well-defined decision mechanism of the 

expert. On the other hand, the enlargement of the dataset 

causes the increasing of the number of clusters and 

iterations, which will require the expert to spend much 

more time on this approach. The expert necessity 

prevents this method to be automatically performed, 

presenting one of the major drawbacks of this study. 

Consequently, none of the above mentioned approaches 

can be used in software engineering community or 

embedded into an automated software tool, because of 

their data-size and human-expert dependencies. 

Different types of search algorithms employed in 

testing research are divided into three classes. First class 

belongs to random testing based search algorithms. In 

this type of testing, random values are generated from 

domains of inputs and program is executed using these 

values. If these inputsare able to satisfy the testing 

criterion then they form a testcase. Several tools combine 

random testing with otherstrategies. DART combines 

random testing withsymbolic execution. Agitator [5] 

combines severalstrategies: static analysis, random input 

generation, andheuristics to find data likely to expose 

bugs. In a recentlypublished report [4], Andrews et al. 

state that the mainreasons behind the so far poor adoption 

of randomgeneration for object-oriented unit tests is the 

lack of toolsand of a set of recognized best practices.  

The authorsprovide such a set of best practices 

and also compare theperformance of random testing to 

that of model checking.They show that random testing 

produces good results bothwhen used on its own and 

when used as preparation formodel checking. 

Author proposed the error detection method and 

analyzed the efficiency of that method in detection of 

error. The software without error seemedto perform the 

best and improved the quality of the software. One of the 

main goals of the software provider is to utilize the 

resources well and to achieve the full performance of the 

software before delivering it to the purchaser. Hence in 

order to make the software performs well it is essential to 

make the software as fault free one because the software 

with more fault would lead to decrease in its 

performance[9] 

Generating and executing system test cases for 

interacting applications is still largely a manualactivity 

and automation is mostly limited to capture and replay 

tools, such as IBM FunctionalTester and Maveryx [10], 

that reexecute previously recorded test cases. This tool 

reduces regression testing effort but relies on the manual 

generation and execution of the initial test 

suite.AutoBlackTest complements these tools by 

automatically generating and executing test cases for 

interactive applications.Recent work on automated test 

case generation exploits GUI coverage metrics that 

measure howmany of the events produced by widgets 

have been stimulated in the testing process [11, 12]. 

Thesemetrics evaluate how many widgets a test suites 

‘touched’ but do not provide information aboutthe 

computations that have been covered. For this reason, 

standard statement coverage was used tomeasure the 

amount of code executed by AutoBlackTest. 

Norman E.Fenton describes that software metrics 

and statistical models have been developed to find the 

number of defects in the software system and the 

majority of the prediction models use size and 

complexity metrics to find faults.To find a single 

complexity metrics, a large complex multivibrate 

statistical model has been introduced. The limitations are 

that by using size and complexity metrics, accessible 

models cannot find the faults successfully [13]. 

 Jun Zheng [14] described that the software fault 

prediction model can be built with the help of threshold-

moving technique. The motive of the software developer 

is to develop the better quality software on time and 

inside the financial plan. Software fault prediction model 

classifies the modules into two classes: faulty modules 

and non-faulty modules.  

They discussed the use of different cost sensitive 

boosting algorithms for software fault prediction. The 

accuracy of the cost sensitive boosting algorithms is quite 

good than the other algorithms. 

R.Shatnawi [15] states that the majority of the 

modules for finding the prediction performance are 

correct whereassome modules are defective. They 

applied technique to find the number of faults in the 

particular module. Thistechnique is called Eclipse. This 
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technique works well on real world objects called Object 

Oriented systems. In this Object Oriented System, they 

used the existing defected data for eliminating the 

defective modules. 

 

3. Research Methodology 

The proposed system is deal with the input taken from 

the client or customers that should be satisfied without 

any fault or defect in the output. The GSA algorithm is 

used to optimization problem while executing the system. 

The algorithm flow is discussed below and the flow of 

proposed system diagram shown below. 

 

 

 

 

 

 

 

 

 

Figure 1. Proposed System model 

a) Gravitational Search Algorithm (GSA) 

Optimization is the process of adjusting inputs or 

characteristics of a device, mathematical process or 

experiment to find the minimum or maximum output or 

result. GSA has been applied in various applications 

since its introduction in 2009. Based on the capabilities 

of the algorithm, researchers from several domains of 

science and engineering have been adapting GSA in their 

optimization problems. 

 

 

 

 

Figure 2. Optimization Concept 

 

GSA is developed by Rashedi et al. in 2009 and is 

based on the Newton’s law of gravity, gravitational 

search algorithm to solve the optimization problem 

particularly for non linear problems. The gravitational 

search algorithm is based on Newton‘s theory. Newton‘s 

law of gravity states that every particle attracts another 

particle by means of some gravitational force as shown in 

equation (1) and the Newton’s second law of motion, as 

shown in equation (2) 
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Where, 

���	isthe product of their masses,�� is the 

active mass which indicates the strength of a gravitational 

field due to its mass, while �	 is the passive mass which 

represents the strengths of an object interaction with 

gravitational field. 


�is distance andG (t) represents the gravitational 

constant which is changing during the course of time. 

 

The steps of GSA are as follows: 

 

1) Search space identification. 

2) Randomized initialization. 

3) Fitness evaluation of agents. 

4) Update G(t), best(t), worst(t) and Mi(t) for i = 

1,2,...,N. 

5) Calculation of the total force in different 

directions. 

6) Calculation of acceleration and velocity. 

7) Updating agents’ position. 

8) Repeat steps 3 to 7 until the stop criteria are 

reached. 

9) End. 

b) Acceptance testing 

A level of the software testing process where a system is 

tested for acceptability. The purpose of this test is to 

evaluate the system’s compliance with the business 

requirements and assess whether it is acceptable for 

delivery.A functional trial performed on a product before 

it is put on the market or delivered to the purchaser. The 

acceptance testing process is designed to replicate the 

anticipated real-life use of the product to ensure that what 

the consumer or end user receives is fully functional and 

meets their needs and expectations. The requirements are 

gathered from the client or the customer the system will 

be designed and test case is generated and the testing 

process will be take place. The testing is over the product 

is delivered the customer for their use. 
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Figure 3. testing strategies 

The fundamental feature of acceptance testing is 

to generate test inputs at random from a grammar or 

some other formal artifact describing the input space. The 

main disadvantage ofgenerating random input is 1) 

lengthy test case generation 2) it gives equivalent inputs 

for test cases 3) it creates many illegal inputs. In order to 

overcome these issues, we will propose a technique for 

reducing the faults based on optimal test cases generation 

in testing.  

4. Performance Analysis 

The proposed system are implemented by using the 

parameters are Efficiency of the system, Error rate, Fault 

rate detection (FRD), Cost of Defect, defect removal 

efficiency (DRE)and prediction accuracy. The proposed 

system is compared with PSO and ACO algorithm, when 

compared our system is efficient to use. 

Prediction accuracy: 

Prediction accuracy describes the general 

prediction of a model which is based on true positive true 

negative false positive and false negative possibilities. 

The accuracy of prediction formula is shown below. 

�
������� ����
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Table 1: Prediction table 

  Predicted 

  Positive Negative 

Observed Positive True 

positive(tp) 

False 

negative(fn) 

Negative False 

Positive(fp) 

True 

negative(tn) 

 

Defect Removal Efficiency(DRE) 

The defect removal efficiency (DRE) gives a 

measure of the development team ability to 

remove defects prior to release. It is calculated as a ratio 

of defects resolved to total number of defects found 

during the testing period. 

��
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Fault rate detection (FRD) 

The goal of collecting fault and failure metrics is 

to be able to determine when the software is approaching 

failure-free execution. Minimally, both the number of 

faults found during testing (i.e., before delivery) and the 

failures (or other problems) reported by users after 

delivery are collected, summarized and analyzed to 

achieve this goal.  

Test strategy is highly relative to the 

effectiveness of fault metrics, because if the testing 

scenario does not cover the full functionality of the 

software, the software may pass all tests and yet be prone 

to failure once delivered. Usually, failure metrics are 

based upon customer information regarding failures 

found after release of the software. 
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Error Rate  

The most accurate source of data is to test samples of the 

actual devices or systems in order to generate failure 

data. 
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Cost for Defect: 

The cost of defects can be measured by the impact of the 

defects and when we find them. Earlier the defect is 

found lesser is the cost of defect. 
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Figure 3. Cost of defects 

Table 2: Performance analysis of proposed system 

compared with existing system 

Parameters Existing system 

          (PSO )                       

(ACO) 

Proposed 

system 

(GSA) 

Prediction 

accuracy 

58 62 69 

Fault rate 

detection (FRD) 

66 54 75 

Error Rate   7

 5 

68 42 

Cost for Defect 96 75 51 

Defect Removal 

Efficiency 

(DRE) 

46 56 80 

5. Conclusion 

In Recent developing era, the software testing is large 

and diverse field, which can be reflecting the different 

requirements that software artifacts must satisfy,the 

different activities involved in testing and also different 

level of testing.The aim of this paper to investigate the 

multiple inputs which is legal or illegal by using GSA 

reduce the illegal input and equivalent inputs. Finally the 

output will be reduced faults and defect which is found in 

the testing stage produced efficient result and the 

proposed system is effective than existing system PSO 

and ACO. 
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