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Abstract

Software mutation testing is one of the effective methods to evaluate code quality and detect hidden errors.
However, this method faces challenges such as producing equivalent mutants and the process being time-
consuming. The test cases designed for software testing must have the necessary sufficiency. For this purpose,
the criterion of mutation test score is used. One of the main issues related to software mutation testing is the
generation of equivalent mutants. Equivalent mutants are mutants that do not change the behavior of the program
and have the same output as the original program. Identifying these mutants can make the mutation testing process
time-consuming and costly. It is also possible that these mutants are mistakenly classified as hard to kill mutants.
While hard to kill mutants can be rejected by changing the test items and strengthening them. In this paper, we
present an efficient method for classifying program mutants to identify and separate equivalent mutations from
hard to kill mutants. Using machine learning algorithms, we intend to optimize this process and improve the
efficiency and effectiveness of the method. This is done by extracting different features from the mutants and
using them to train machine learning models.
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AODS: Shortcut Arithmetic
Operator Deletion

AODU: Unary Arithmetic Operator

Deletion
AOIS: Shortcut Arithmetic
Operator Insertion

AOIU: Unary Arithmetic Operator

Insertion
AORB: Binary Arithmetic
Operator Replacement
AORS: Shortcut Arithmetic
Operator Replacement
ASRS: Shortcut Assignment
Operator Replacement

CDL.: Constant DeLetion

COD: Conditional Operator
Deletion
COl: Conditional Operator
Insertion
COR: Conditional Operator
Replacement
LOI: Logical Operator Insertion

ODL: Operator DeLetion

ROR: Relational Operator
Replacement
SDL: Statement DeLetion

VDL.: Variable DeLetion
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Diversity(m2)= 6
Diversity(m3): 6
ol ¥ oadayl, oluly (g ide Mutant Coverage

D9 50
Mutant Coverage for One Mutant=(Total Number of Test
cases in the Test Suite/Number of Test Cases that Detect

the Mutant)x100 (f)
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Mutant Coverage for mi=(10/50)/100%
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public class SquareCalculator {
public int square(int x) {
return x * x;
}

}
oS o0 (Byre Ghsy cnl 4l ez 90 0S5 8 >
AR o yu3S ) oz a1, (X) © o Jos Mutant 1
3008 oo By |y () 3o, Jes S oo sl 4 :Mutant 2
el 00l b i opl Jlesl ogou bxis
Mutants 1

public int square(int x) {
return X + X;
}

Mutant 2:
public int square(int x) {

return X - x;
}
el g 35 1) (6,500 p iz S paeid 36 anle (Jl
3ol ansts sl b cdoloj] dsgaze 08 (08 oS
acgerme STl ool b sae G 05 e o (L8,
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MCom=w;xI+ w;xC+xw;xD
MCom=0.5%0.8+0.3%x1+0.2x1=0.8x0.5+1%0.3+1x0.2

=0.5+0.3+0.2=1
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Smly (99 D=1
MCom=0.5x0.7+0.3x2+0.2x1=0.7x0.5+2x0.3+1x0.2
=0.35+0.6+0.2=1.15
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public class FactorialCalculator {
public int calculateFactorial(int n) {

if (n==0)
return 1;
else
return n * calculateFactorial(n - 1); mutant
injection— return n + calculateFactorial(n - 1);
}
}
MI (Mutant Impact)= FIx(1-CD)xCC )
1S Seb &

M1 is the mutation impact.

Fl is the functionality impact

CD is the fault detection difficulty.

CC is the code coverage affected by the mutation.
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Amount of Coupling=Total number of mutants/Number of

mutants detected by Test Case Ax100%
Amount of Coupling=4/10*100%=40%
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public static int Numbers(int[]x)
{
intn;
n=x.length;
System.out.printin(n+" is number of integers");
int max=x[0];
System.out.printin(max+" is the first number ");
for(inti = 1;i<n;i+=1)

if(max<x]i])
max = X[i];
}

System.out.printin("maximum of " +n +"
numbers is " +max);
return max;

}
i
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package maxx;

import static org.junit.Assert.*;

import org.junit. Test;

import org.junit.After;

import org.junit.Before;

import org.junit. Test;

import static org.junit.Assert.assertArrayEquals;

import static org.junit.Assert.*;

import javax.lang.model.type.ArrayType;

import org.junit. Test;

import junit.framework.TestCase;

public class Max2Test extends TestCase{
private Max2 c2;

public void setUp()
{
c2 = new Max2();
}
@Test

public void test1() {

int value [] ={753,564,87,235,123,78};

int expectedOrder =753 ;
assertEquals(expectedOrder,c2.Numbers(value));

}
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Analysis of test case

test 1 kill ==> AOIS_10 AOIS_11 AOIS_12 AOIS_14
AOIS_15 AOIS_16 AOIS_17 AOIS_19 AQIS_21 AOIS_22
AOIS_23 AOIS_24 AOIS_25 AOIS_26 AQIS_28 AOIS_37
AOIS_38 AOIS_5 AOIS_7 AOIS_9 AOIU_3 ASRS_1 ASRS_2
ASRS_3 ASRS_4 COI_2LOI_11LOI_4LOI_6LOI_7

Live: 26

Dead: 30

Active: 0

Results for class maxx.Max2

Live mutants: 26
Killed mutants: 30
Mutation Score: 53.0
Writing to file...

* Compiling traditional mutants into bytecode

+AOIS_1 +AO0IS_10 +AO0IS_11 +AOIS_12 +AOIS_13 +AOIS_14
+AOIS_15 +AOIS_16 +AOIS_17 +AOIS_18 +AOIS_19 +AOIS_2
+AOIS_20 +AOIS_21 +AO0IS_22 +AOIS_23 +AOIS_24
+AOIS_25 +AOIS_26 +AOIS_27 +AOIS_28 +AOIS_29
+AOIS_30 +AOIS_31 +AOIS_32 +AOIS_33 +AOIS_34
+AOIS_35 +AOIS_36 +AOIS_37 +AOIS_38 +AOIS_39 +AOIS 4
+AOIS_40 +AOIS 41 +AOIS_42 +AOIS_43 +AOIS 44 +AOIS 5
+A0IS 6 +AOIS 7 +AOIS 8 +AOIS 9 +AORB_ 1 +AORB_2
+AORB_3 +AORB_4 +AORB_5 +AORB_6 +AORB_7
+AORB_8 +ASRS_1 +ASRS 2 +ASRS 3 +ASRS 4 +COR_1
+COR_2 +LOI_1 +LOI_10 +LOI_11 +LOIl_2 +LOI_3 +LOI_4
+LOI_5 +LOI_6 +LOI_7 +LOI_8 +LOI_9 +ROR_1 +ROR_10
+ROR_11 +ROR_12 +ROR_13 +ROR_14 +ROR_15 +ROR_16
+ROR_17 +ROR_18 +ROR_19 +ROR_2 +ROR_20 +ROR_3
+ROR_4 +ROR_5 +ROR_6 +ROR_7 +ROR_8 +ROR_9

Mutants have been created!

+AOIS_3

Aol y 4o ylolhas glaaoliyw glyal 3l ool cowdds (29,5 § S
FindMax xo

AOIU_1:27:int_Numbers(int):x.length => -x.length
AOIU_2:33:int_Numbers(int):i => -i
AOIS_9:30:int_Numbers(int):max => ++max
AOIS_10:30:int_Numbers(int):max => --max
AOIS_11:30:int_Numbers(int):max => max++
AOIS_17:31:int_Numbers(int):n => ++n
AOIS_18:31:int_Numbers(int):n => --n
AOIS_19:31:int_Numbers(int):n => n++
AOIS_20:31:int_Numbers(int):n => n--
AOIS_21:32:int_Numbers(int):max => ++max
AOIS_22:32:int_Numbers(int):max => --max
AOIS_23:32:int_Numbers(int):max => max++
AOIS_24:32:int_Numbers(int):max => max--
AOIS_25:32:int_Numbers(int):i => ++i
AOIS_26:32:int_Numbers(int):i => --i
AOIS_27:32:int_Numbers(int):i => i++
AOIS_28:32:int_Numbers(int):i => i--
AOIS_29:33:int_Numbers(int):i => ++i
AOIS_30:33:int_Numbers(int):i => --i
AOIS_31:33:int_Numbers(int):i => i++
AOIS_32:33:int_Numbers(int):i => i--
AOIS_33:36:int_Numbers(int):n => ++n
AOIS_34:36:int_Numbers(int):n => --n
AOIS_35:36:int_Numbers(int):n => n++
AOIS_36:36:int_Numbers(int):n => n--
AOIS_37:36:int_Numbers(int):max => max++
AOIS_38:36:int_Numbers(int):max => max--
AOIS_39:37:int_Numbers(int):max => max++
AOIS_40:37:int_Numbers(int):max => max--
COI_1:31:int_Numbers(int): i <n => I(i <n)
COI_2:32:int_Numbers(int): max < x[i] => !(max < x[i])
LOI_1:27:int_Numbers(int):x.length => -x.length
LOI_2:28:int_Numbers(int):n => ~n
LOI_3:30:int_Numbers(int):max => ~max
LOI_4:31:int_Numbers(int):i => ~i
LOI_5:31:int_Numbers(int):n => ~n
LOI_6:32:int_Numbers(int):max => ~max
LOI_7:32:int_Numbers(int):i => ~i
LOI_8:33:int_Numbers(int):i => ~i
LOI_9:36:int_Numbers(int):n => ~n
LOI_10:36:int_Numbers(int):max => ~max
LOI_11:37:int_Numbers(int):max => ~max
ASRS_1:31:int_Numbers(int):i+=1=>i/=1
ASRS_2:31:int_Numbers(int):i +=1=>i*=1
ASRS_3:31:int_Numbers(int):i+=1=>i-=1
ASRS_4:31:int_Numbers(int):i +=1 =>i %=1
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