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Abstract
Mutation Testing is one of the most dexterous testing techniques in 
retracing the faults. In order to evaluate the exact mutation score in 
mutation testing, vital question is whether a mutant is equivalent to 
its program. Unfortunately, answer to this question is not always 
possible. In this paper, we are introducing mutation operators 
and conditions that deport the mutant to behave as equivalently. 
Based on the specific criteria, detection of equivalent mutants of 
the program becomes ingenious. They are utilitarian in calculating 
the mutation score of the program accurately.
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I. Introduction
Mutation testing is a white box testing technique which works 
in conjunction with the traditional testing techniques. It is one 
of the most dexterous testing techniques for unit-level software 
testing. Mutation testing is based on the assumption that if all faults 
are retraced and removed from the program, then the program is 
well tested. A set of faulty versions are created by introducing 
faults into the program called mutant. Using test cases mutants 
are executing with the aim of producing different output from the 
original program output. The mutant producing different output 
from the original program output is called killed or detected 
mutant. Live mutant are not detected by the test cases. If the 
mutant always produces identical results to its original program, 
it is called equivalent mutant.
Mutation testing uses mutation operators to introduce faults. The 
quality of the mutation operators is vital to the effectiveness of 
mutation testing. A lot of research has been done on the development 
of mutation operators for object-oriented programs, and a number 
of mutation operators for java program have been proposed [1 - 5]. 
Choice of mutation operators for mutation testing is done on the 
basis of the features of the program to be tested.
Mutation testing is one of the most efficient testing techniques. 
There are a number of open problems associated with mutation 
testing like large time consumption, equivalent mutant problem, 
and large time consumption, etc. Research work has been 
conducted to solve these problems related to mutation testing 
[6-13]. Nica et al. [6] proposed a constraint based equivalent 
mutant detecting technique. They specified that if the constraint 
system is not able to distinguish between the mutant and original 
program, the mutant is considered as equivalent. Akinde [7] has 
proved that on increasing the mutation order, there is   reduction 
in the number of equivalent mutants. Offutt and Pan [8] proposed 
an approach that automatically detects equivalent mutant using the 
mathematical constraints. Hierons et al. [9] proposed an approach 
using the weak mutation for the detection of equivalent mutant. 
Nica and Wotawa [10] presented an approach for the detection 
of equivalent mutant in the embedded system. Nica and Wotawa 
[11] proposed technique using the constraint representation of the 
program and its mutant for the detection of equivalent mutant. 
Adamopoulos et al. [12] a methodology used the co-evolutionary 

search techniques with genetic algorithms to address the mutants 
effectively. Offutt and Craft [13] use the compiler optimization 
techniques for the detection of equivalent mutant. They optimize 
the code by removing dead code, common sub-expressions, 
invariant propagation, constant propagations, loop invariant 
detection and hoisting and sinking.
In this paper, we explore different mutation operators and their 
corresponding conditions contributing towards the creation of 
equivalent mutant. The paper is organized as follows: Section 1 
contains the introduction and preliminary proposed equivalent 
mutant detection technique. Section 2 consists of different mutation 
operators and their corresponding conditions under which mutant 
behaves equivalently and its experimental analysis. Finally, paper 
is concluded with future work in section 3.

A. Equivalent Mutant
Equivalent mutant is a mutant which is semantically equivalent 
to its original program. One of the problems related to mutation 
testing is the detection of equivalent mutant. Correct calculation 
of mutation score is impossible without the detection of equivalent 
mutants of the program. Fig. 1, illustrates the concept of equivalent 
mutant. 

Fig. 1: Function gcd

B. Mutation Operators for Java Language
Mutation operators for Java are categorized into method level and 
class level mutants [4, 20]. Method level mutation operators [14] 
are arithmetic operator, relational operator, conditional operator, 
shift operator, logical operator and assignment operator. Class 
level mutation operators [14] are information hiding (Access 
Control), inheritance, polymorphism, overloading, java-specific 
features and common programming mistakes. Possibility of 
occurrence of equivalent mutant using the method level mutation 
operators are arithmetic operator insertion of unary Operator and 
short-cut operator [14]. Possibility of occurrence of the equivalent 
mutant using the class level mutation operators are access 
control, inheritance, polymorphism, and Java specific features 
[14]. Inheritance includes hiding variable deletion and insertion, 
overriding method deletion and rename, and super keyword 
insertion and deletion. Polymorphism includes arguments of 
overloading method call change, and member variable declaration 
with parent class type. Java specific features include insertion and 
deletion of static modifier.

II. Mutation Operator Showing Equivalence
There are a number of reasons for the occurrence of equivalent 
mutants in a program. Following are the reasons: 
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A small change in the syntax of the program but the semantics • 
remains the same [15].
No effect of syntax change on the program as per program • 
pre-conditions [8].
Change is done in dead code [13].• 
Infeasible constraint created by mutation operator [13].• 
Some mutation operators under particular conditions • 
contribute its mutant to behave equivalently. 

A Following mutation operators and corresponding conditions 
behaves them equivalently: 

1. Arithmetic Operator Insertion of Unary Operator 
(AOIU)
Plus operator: inserting + operator in front of any variable or if 
already one + operator is present in front of variable inserting 
another + operator with space keeps semantics same of the 
mutant. 

2. Arithmetic Operator Insertion of unary Operator 
(AOIU)
Post operator (++, --): Variable on which operator is applied, is 
not used later in its block, keeps overall results of the mutant and 
its original program same. 

3. Access Modifier (AM)
Post operator (++, --): when change from more stringent to less 
stringent access modifier operator, detection of mutation operator 
is not possible. Following such changes are:

Private to protected• 
Protected to public• 
Private to public• 

4. Inheritance
Hiding variable insertion and deletion (IHI and IHD): When • 
once an access is given to child class variable and attempt 
to access parent class is made, compiler will not be able to 
detect variable hiding. 
Overriding method deletion and rename (IOD and IOR): • 
In case functionality of method present in the child class is 
similar to the method of the parent class, the output remains 
same.

Super keyword insertion and deletion (ISI and ISD): Use of • 
these mutant operators always shows equivalence.
Explicit call to parent’s constructor deletion (IPC): Use of • 
this mutant operator always shows equivalence. 

5. Polymorphism
Arguments of overloading method call change (OAN): • 
Mutants are not detected if the overloading method uses 
default argument values. 
Member variable declaration with the parent class type • 
(PMD): When the mutant changes a constructor to its any 
base class constructor, the output remains same.
Type cast operator insertion (PCI): Use of this mutant operator • 
always shows equivalence. 

6. Java Specific Features
Static modifier insertion (JSI): In case variable is used only • 
once in the program.
Static modifier insertion (JSI): In case variable is used only • 
once in the program. 
Static modifier deletion (JSD): In case variable is used only • 
once in the program, and it is not using the default value.
Member variable initialization deletion (JID): Use of this • 
mutant operator always shows equivalence.
Java-supported default constructor creation (JDC): Use of • 
this mutant operator always shows equivalence.

B. Experiment 
The above mentioned reasons contributing in the creation of 
equivalent mutant are analyzed in nine Java programs [8] that 
cover different types of applications. Length of these Java 
programs varies from small to a large number of statements. For 
these nine Java programs, all possible method level and class 
level type mutants are created. Results are determined manually 
using the above mentioned mutation operators and conditions 
for equivalent mutants. All the mutants are analyzed; the mutants 
satisfying the above conditions are marked as equivalent. Thus, 
the chances of mistakes are quite rare.
Table 1 shows the comparison between results of the existing 
approach [8] for equivalent detection and the above mentioned 
mutation operator and their conditions for equivalent mutants.

Table 1: Comparison Between Results of Existing Approach and Proposed Mutation Operators and Conditions for Deporting 
Equivalent Mutants 

Program

Offutt and Pan proposed technique[8] Proposed mutation operators and conditions for 
deporting equivalent mutants

Total 
Mutant Killed Mutant Equivalent Mutant Total Mutant Killed Mutant Equivalent Mutant

Quad 359 47 31 361 277 40

Insert 460 320 46 363 272 41

Warshall 305 192 35 307 236 33

Bsearch 299 211 27 300 224 28

Bub 338 232 35 296 243 33

Trishmall 544 334 97 392 245 79

Mid 183 43 13 181 138 23

Euclid 196 147 24 158 112 25
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On observing table 1, it is concluded that the results of the existing 
approach [8] is approximately same as the results collected on 
using above mentioned mutation operator and their conditions. The 
deviation between the results is observed in table 1. The deviation 
is due to the presence of live mutants. Live mutants could be 
categorized as killed or equivalent mutant. Some of the mutants 
which were considered live earlier are decided to be equivalent by 
using the above mentioned criteria. Some of the equivalent mutants 
are not found which occurs due to pre-condition, no semantic 
change, etc. The equivalent mutant considered using the above 
criterion will not require execution.

III. Conclusion
This paper presents the work to determine mutation operators 
and corresponding conditions contributing towards creation of 
equivalent mutant. The method level mutant operator AOIU and 
AOIS and the class level mutant operator AM, IHI, IHD, IOD, 
IOR, ISI, ISD, IPC, OAN, PMD, PCI, JSI, JSD, JID and JDC 
shows equivalence. Other reasons for the equivalent mutant are 
pre-conditions, change in dead code and no semantic change in 
code. If these condition with corresponding mutation operator are 
kept in mind while creating mutant, the problem of equivalent 
mutant detection is solved with ease and less effort consumption. 
Additionally it helps in calculation of mutation score more 
accurately.
The work can be extended to develop an automated technique 
to remove these mutants at the time of their creation and to find 
reason of showing equivalence for other types of mutants.
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