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Abstract: A lot of researchers proposed various techniques to accelerate mutation testing by mutant reduc-
tion. Analyzing the limits of mutant reduction is one of the important research topics. However, existing
methods still have problems in terms of excessive mutant reduction and errors in mutation scores after the
reduction. In this paper, we propose a technique for highly reliable mutation score measurement to prevent
excessive reduction of mutants by selecting mutants covering kinds of errors caused during mutation analysis
and by weighting selected mutants. As a result of evaluation using OSS, we achieved about 40% reduction in
execution time by the mutant selection method based on greedy algorithm, though the reduction was inferior
to the existing method. Furthermore, an experiment that measured a mutation score of the test which arti-
ficially lowered the bug detectability in order to evaluate the effect of the excessive mutant reduction showed
the proposed technique enable less error of the mutation score than the existing technique.
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JZX k1 v—Aa— Ffl (StringUtils.java)

1 public static boolean isEmpty(CharSequence cs) {
2 return cs == null || cs.length() == 0;
3 %

YUZ K2 Ia2—%2Mlm

1 public static boolean isEmpty(CharSequence cs) {
2 return cs != null || cs.length() == 0;
3}

JZA K3 Ia2—% 2 Ml me

public static boolean isEmpty(CharSequence cs) {
2 return false || cs.length() == 0;
3}

YA M4 I2—%2 Ml ms

public static boolean isEmpty(CharSequence cs) {
2 return c¢s == null || cs.length() != 0;
3 3}

JZKRBE I2—% 2 Milmy

public static boolean isEmpty(CharSequence cs) {
2 return cs == null || false;

3}
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JZX bk 6 7 AbMI— Nl (StringUtilsTest.java)

QTest public void testIsEmpty () {
assertTrue (StringUtils.isEmpty (null));
assertTrue (StringUtils.isEmpty (""));
assertFalse(StringUtils.isEmpty (", "));
assertFalse (StringUtils.isEmpty("foo"));
assertFalse (StringUtils.isEmpty ("yufoo,,"));
}
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1 @Test public void testIsEmpty () {
2 assertTrue (StringUtils.isEmpty (null));
3 )
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Table 1 Example of mutants.

mi M2  m3 M4
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erry t t t
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erry t t
FATHER | 1 3 2 2
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Table 3 Execution time of mutation analysis.
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Fig. 3 Distribution of execution time of mutation analysis.
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Table A:1 Mutation operators used for the evaluation.

y AT Ra—T—variIRL—45% & A
Conditionals Boundary Mutator CBM
Increments Mutator IM
Invert Negatives Mutator INM
Default Math Mutator MM
Negate Conditionals Mutator NCM
Return Values Mutator RVM
Void Method Calls Mutator VMCM
Constructor Calls Mutator CCM
Inline Constant Mutator ICM
Member Variable Mutator MVM
Non Void Method Calls Mutator | NVMCM
Non-Default Remove Conditionals Mutator RCM
Remove Increments Mutator RIM
Switch Mutator SM
Argument Propagation Mutator APM
Naked Receiver Mutator NRM
Remove Switch Mutator RSM
955
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RA2 HEO)KRY M) ezDa— FHE

Table A-2 Repositories used for the evaluation and their LOC.

D

V= AT = P

7 A b a— FI7H

msgpack-java
vertx-jersey
samoa

owner
redline-smalltalk
geometry-api-java
vectorz
webcam-capture
scribe-java
gson-fire
jsr3b4-api
p2-maven-plugin
jackson-annotations
auto

rxjava-jdbc

okio

jInstagram
javapoet
gwtbootstrap3
jphp

javaparser
JsonPath
minimal-json
jackson-core
rest-driver
retrofit

zt-zip
maven-git-commit-id-plugin
ling4j
RoaringBitmap
Ektorp

jsoup

moshi
http-request

slf4j

twilio-java
graphhopper
cassandra-reaper
LittleProxy

hbe

jsprit

wire

HikariCP
java-object-diff
docker-maven-plugin
stream-lib
jsondoc
metadata-extractor
jooQ

pebble

alf.io

zxing

Algorithms

13,598
1,936
16,841
2,866
5,648
57,497
39,793
13,659
2,794
1,535
2,319
1,690
1,471
8,710
3,735
3,098
4,015
2,994
13,560
43,717
13,588
3,765
1,715
21,451
3,194
5,046
4,064
2,883
14,307
9,267
11,079
10,696
4,136
1,391
8,184
12,835
22,544
5,663
4,094
3,588
20,486
8,462
4,135
5,817
6,085
4,689
3,841
18,731
130,053
6,324
7,226
35,164
1,016

28,243
1,854
249
5,520
451
18,619
8,439
745
2,549
1,312
3,487
153
331
11,808
3,081
4,499
6,748
4,450
406
4,441
3,379
2,714
4,589
11,131
5,108
8,361
2,220
2,015
3,979
7,092
5,876
5,188
5,515
2,721
4,288
4,230
7,549
1,711
4,550
1,829
16,607
27,743
5,155
1,913
1,924
3,619
3,543
2,344
1,464
4,725
499
7,582
1,356
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