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Automatic Test Data Generation for Mutation Testing
Using Genetic Algorithms

In sang JungT - Byeong-Mo ChangTT

ABSTRACT

One key goal of software testing is to generate a ‘good test data set, which is considered as the most difficult and time-consuming task.
This paper discusses how genetic algorithms can be used for automatic generation of test data set for software testing. We employ mutation
testing to show the effectiveness of genetic algorithms (GAs) in automatic test data generation. The approach presented in this paper is different
from others in that the test generation process requires no knowledge of implementation details of a program under test. In addition, we have
conducted some experiments and compared our approach with random testing which is also regarded as a black-box test generation technique
to show its effectiveness.

Key word : test data, mutation, genetic algorithms
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TestSet Genetic Algorithm(Program P)

TestSet 7'« 0;
Generate Mutants for P;
t < 0
Initialize( P (¢));
T TUP(),
Evaluate( P(¢))"
while (not Finished())
begin
t <t+1,;
Select P(t) from P(t-1);
Recombine P (1);
Mutate P (t);
T« TUP(Q),
Evaluate( P(£);
endwhile
return T;

(3% 3 AL 202[F 7|2 HAE Y 11y

|

f

o d

4»

H

;9‘

s}

o

2

i,

[

|

e

[&l .

ful

M

©

o i

3

i)

|m
o
M wo I

%
o
&
i)
o
rir
T,
[
m
2
>
>
o
e
4
R
m
it
fo
ol

3
7o AAY 7 H2E dlo]He APAHL [ A
g Axtstel & ded ol POl A dH =
2 slolgle) 1 HEHES] Ags Jo= g

(29 3)9 #HL deHd Fax dugsy ot
2o, A5 A4 dueFoMe 47 2EYL
Aol vig 7hEd sl Ueldth o] dAFelA AHEEH
2 G 7 B & H2E dHojy JEe uy
Z AAF HAE A4
%I—

Y
S
go
IV
o ¥
2
N
o 1o
[E=N
=
Pz
K

Aaw HiE 3

ﬂﬁ%rﬁﬂﬂ:&.ﬂkﬁ—l%rﬁi‘z&mrﬁoﬁ
i)
o
o

Moot 2
o
o~
I

% ox

=
o
o
ox
oX
1
o o B o
=°l£

o

o
I,
[
s
o,
o
oftl X,
ol

P

:;!‘
)

o
R
v

[ o
2
S A2 A

1

z L

ol
o pp o

tlo

S
o,
o
21/
=)
—
(e}
X
N
A
My
>
op
o
Q2
—r
I,
=
o,
o
i)
=

s,

4.1 off¥ ==
& Aol X ofdell 3 7hA ZRIHE At

e QUAD [14] : o] ZRI1:L gb,col thate] 22 w32
a+bx+c=00 e A5 AE FP@r} o Tz
2 urES ¥EEA] Ay w9 ujAFH HAS 7

=

POSITION [12]: o] Zgasle F 74e ¢4 w4d a

2 max #S ol ol maxet 2

a9l 92ES gl ol maxs}t %

=3
A 1 A7k W a8 gow 0ol

=



>
El
e
Kl
n
Pl
mjo
k=)
0
_gk
40

EO|M H|AE 9 B|AE H|O|E XS MY 85

=

o TRITYP [4]:¢] ZRafe EAE do]y Ads 9 gz ozl Es} o] EE ARSI QUADSH
s dg Al wAutaR 4 Al wle ZolE vEeh POSITION =z 1dd] s o] xdo] 1go] =
T AN A5E wobx AAE, AAAE, 444, weh g3 YgS 9A% U TRITYPA disira=
ol FHAAY o Rg AAdr) agle] REVE o]y FAMTE oFF FTh YES F4

] ) . A danEF 7 ga"dA F kA oE wAk ik &
B Ao e H2" EF Proteum [3]1E AME-3HA T 9% WA ol 2 el wa ANS HiEsd=Y el
o 20 5} ILE ] 2 Z Q. __Q

Proteumé: € 2e2tdiel Wat FATE 959 AEE T S anel 99 wA Quud TRIYP 22w o

[e) o o A o =

Ast7] SlaliA A=A (119 AdAES 7122 TIA A S o AW 2 A4S B 2 g0tk QUADS

o HolAd AAAES AFsit) 2oy gAE g .

o el Fe& AT Z2IAH HAE A POSITION 2271 8lo] rﬂsw% Wz 9 @A gl

o] Fo]AW Proteums FHEES S AL €A #9 WA GART 2o AN 2= AL B 2 qar)

‘V‘ = T ORNE = S

E dlojg] Aol disi 158 Haste] Feold He

E AR o] EFE AMEE B9 HAEsE Al 421 fHOIA 71EE o83 B}

ol FHEV TedA AT AYo] At o] 4¥8& 7] 914 Proteumdll A Al&gshe B FrE
<E D>E A" Z2age A7)(L0C)9% FHEEY ol AMAE AEdte] A uld ZEIY Az gl

FE Ydsta 3tk ProteumE AREEIA] Ao o] HE® A RE 7bed RHEES AARSAT F H2E W 4

B2 AgeM 18T Z2ads] AHd BREE Y Zol| giste] <& 2>& dojd el Aol whEk HA,

e Aot Bt A}E nAFI Qov (1Y HE HEE £

of W2 Fid FeHoH HEE HoFa gk x-F& 4
<E > 22U AT A B2 dolEe] £ Uehia y-Fe dold f
w2 FHE T8 AT ol e eIt
S Loc 100% 10% A oF '

QUAD 12 693 61 74 o e o

POSITION 16 422 3 51 <HE 2> FHOIM 7|ZEg 0|88t Hn}

TRITYP % 1539 164 19 o SR g = R

e ErEE AR AR CEECEEL

ol ol mo oo - QUAD 10 | 096 | 098 | 097 | 08 | 094
42 wHOIE 7|ES ol8g 8l 2t POSITION | 10 | 097 | 099 | 099 | 094 | 097
oo E 20 /e HAE dolE Age mAvo TRITYP 10 | 09 [ 097 | 091 | 080 | o4

2 U4 Eﬂi‘ﬂik A gugF 7w g2 gisA

A¥sg s 2 Z2add gsA 534 9Esach E o 9o AHRRY tEa 22 e #E8 5 d

i%% ’(Héj' _:,05_‘.‘: al—d = TI"” ]ﬁ 7@1‘)!:% /‘}'%6‘}04 .*lg]"\(jz]’ ?E]ﬂa%\_% /\}__g_% EE__ Eil%oﬂ EH-H}\i %]_Euq

100% FElold 5ol g WA HAEE QY Hrgnt £ FeHod 34% #AUo w3 $4%

= g Rl T1 = P 1l

loo(y ‘l'l"Eﬂo]}\'q Z—]T ] E%"G]’X] ‘%?‘_!— }2)}'00“}\‘1}_\3 25/‘1]1—’]1 o J_—’ai% /\]__g_é_]_ 75“?“01]}:‘ o= JV?I'A]E7]' ‘3479— 73_?__7]_

500709 M=z the EﬂiE:‘é}—% AR e o | U AAZ o) AMEA 2R o Baold Al

§l A=Rel qdsd & £ 2l o4 9% ol4g 7EaE HAE HolHES AAeE
A% GadzE HE 2EY EEE dHE A Ao WS oFw Aol Wo| =i Aolgh AL

o] mlg- Fastth AVINE T FHY 2d F I HE 471 & o o] Ante FAA LueF 7 HAgol

1 : . 1 —_—
,I--\III\-. W@em!
0.95 | bt {1 o098} geososconcend 1
09 | g 1 096 [ b .
J P . i
0.85 | A GA =1 094 4 CA 4 044 GA 1
Random -+ ¢ Random -+-- 0.3 ?‘ Random -+--]
0.8 1 0.92 1 1 0.2 1
| | 01} ]
0.75 I I 1 0.9 H I I I Il O L I 1 1
100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500
(a) QUAD (b) POSITION (¢) TRITYP

(38 4 FEO|M 7|E2 oSt REAL Lu2iEn HE HAY v



86 St=AE 2|55

H2E dlo]E A
A dadgE
TRITYP Z=1
A ol & A
ggo] ZRIH]
A F

==X| M8-DAH HM[15(2001.2)

AE Ssl g A e BeFaL Slrk
ZIRE HAYE oE Zzadng
of thajA R FgdE 2 E—Xri
d3lo] A=Al AR F

Azl HRE7F Agtel wEt o

Qb ARLE dEnla gk
POSITION Zg2139e F

B ~E

HAE HolHE %2 FHolA o wy

ol AEo|
Ae)she At
o] gltke
Tgade

om gt Yin

Of
ol

ay

N

i rlm 2o

5-©]

& HrE} §olg =E

Az g s 7w

=
= 7 den A
(o]
T
X

A3k

m[o rlo

U =

POSITION =232

ot 495
6194 B

H 28

pud

% 10079 H2

el thafAf 2074 2]

19%%%
A9 e 748
OAQQRAAF%:J@QHQQ
gl v HAET} §olS
AXY Ay g 2E
2o deiMe 2 ddE
\27!'1< H,] E"}\E [ﬂo]]ﬂ_@_ Z—LQ.U]— uﬂ
1l ﬂP A H=" Apojol

ES Z—]

o] dd "HA"E R 9k7F

Aol it 10% 71EE A e
TYE 5% ool 3 AstEA A

493 29 4 vk

R AT 1 A

Qo] 7 et = g
o Felolde] ¥ wdel talx A9 HAPur Lahd
¢ AE BRAttd FHoA HA" “rbrxdx} dueE #
@ g RE Fd RUEEY REAUN ndgon
A 27 29 4 98 Aol
<E 3> 10% 7|&8 0|83t v|n Zo}

N FA4 duaz A

“E Tan [ A9 [ 9w | A8 [ 39 [ 9

QUAD 1.0 0.98 0.99 1.0 0.95 0.97

POSITION 1.0 1.0 1.0 1.0 0.97 0.98

TRITYP 1.0 0.94 0.98 0.97 0.86 0.93

<H 3>9 <HE 4>2 10% FHelAd AeF FHo A
A F HAE g o FHold HeE JEha
Atk o] ARRFE F Hage tEiA HAE VEoR

10% 71%S AFgste=

Bgold A4L

A ALET A% T

Aol Aok o] ArT} 95% o] Ake]

Hoes A &+

ATt

o 2

<E 4> M FHEO|MS o|&st H|w Zo}

o L0

o A Do 4l
SES T ﬂ% A | A4 [ A% | @
QUAD 1.0 0.96 0.98 0.97 091 0.94
POSITION 1.0 0.96 0.97 0.87 0.87 0.87
TRITYP 1.0 0.93 0.97 0.97 091 0.94

Ao A& VDTR(absolute value insertion)¥ OR
RN(relational operator replacement) “AMAFTHS 7 E 39
o} o] F ik Fadd (1214 dEy dom o] =
T o] TS AMEE FHOIA HAHC 10% 7]FR
o 2 4% 94d sEe Zevs 3AE Roln dn
VDTR¥ ORRN ¢I4bab= wzbd 2e] e =vele] o
2 58 32 AAZREH "2E dolHE Y F =
gy BE ASe A gags v)Ek gage 3y
28 R £ A%E Fre A4S 32 5 %t ®
S Ak FHlolA Ve s frdA gaESE s ga
HE AREsheE Aol 10% FHold 7)ol s dd HA
HE g Andg gt s € 5 Utk o &
A gagF 7N gage] A3 HE T Aol
Freeld Hags A 24 v &-& AFs] AAAAET
= AL Y gk AFFow Ao FHolA 7Ee
FAA dugFE VN HA"ES 9 shue] 2 FEH
A 712l 4 F Atk

ME A2 A1 A% 49 A9

g AN @ =gl Hl
g e o
gom AYH HAE Hel

e iz
i

>
Bl

e M o

flo o
mp
oto
g_
g
i)
tlo

>
o
%

(-
it
e

=
1>
o,
>

oi 1o

[ oo

o, oXx

< o

=3 HI oﬂ

rir s

e ot

o 2 R
) o o

)
H
Ach
N o=
=
£
[>
o,
o

PRI N i

rhx o

2ok

Oz

o e o

¢
T
o3

>
N
=
5

yu)

- R Eat
ting) [7]el %= W olgfgo] flo] &
th ol 39 HAage] Hxvt ¢
2oy FEEH & sbsAel & HAEE

e AReE Holy) wEolt,

¢
O

=
(&

>
ki)
il
tjo
>
2 (K

ot
I
rot

=
[Lm

[1] H. Agrawal, R. A. DeMillo, R. Hataway, W. Hsu, W. Hsu,
E. W. Krauser, R. J. Martin, and A. P. Mathur, “Design of
Mutant Operators for C Programming Language,” Technical
Report SERC-TR-41-P, Software Engineering Research
Center, Purdue Univ., March, 1989.

[2] L. A. Clarke, “A System to Generate Test Data and
Symbolically Execute Programs,” IEEE Transactions on
Software Engineering, Vol.SE-2, pp.215-222, Sept. 1976.

[3] D. E. Delamaro, J. C. Maldonado, and A. P. Mathur,
“Proteum-A Tool for the Assessment of Test Adequacy for
C Programs-User's Guide,” Technical Report SERC-
TR-168-P, Software Engineering Research Center, Purdue



Univ., Apr., 1996.

[4] R. A. DeMillo, R. J. Lipton, and F. G. Sayward, “Hints on
Test Data Selection : Help for the Practicing Programmar,”
in IEEE Computer, Vol.SE-11(4), pp.34-41, Apr. 1978,

(5] R. A. DeMillo and A. J. Offutt,”Constraint-Based Automatic
Test Data Generation,” IEEE Transactions on Software
Engineering, Vol.17, No.9, pp.900-910, Sept. 1991.

[6] D. E. Goldberg,“Genetic Algorithms in Search, Optimization
Machine Learning,” Addison-Wesley, Reading, Massachu—
setts, 1989.

[7] J. Hartman and D. J. Robson, “Approaches to Regression
Testing,” in Proceedings of IEEE Conference on Software
Maintenance, Los Alamitos, Calif., pp.368-372, 1988.

[8] J. H. Holland, “Adaption in Natural and Artificial Systems,”
Ann Arbor : The University of Michigan Press. 1975.

[9] B. F. Jones, H.-H. Sthamer and D. E. Eyres, “Automatic
Structural Testing Using Genetic Algorithms,” Software
Engineering Journal, pp.299-306, Sept., 199%.

[10] Y. K. Malaiya, “Antirandom Testing : Getting the Most out
of Black-Box Testing,” Technical Report CS-96-129, Col-
orado State Univ., 1996.

[11] A. P. Mathur, “Performance, Effectiveness, and Reliability
Issues in Software Testing,” Proceedings of the Fifteenth
Annual International Computer Software and Applications
Conference, pp.604-605, Tokyo, Japan, Sept., 1991.

[12] A. P. Mathur and W. E. Wong, “An Empirical Comparison
of Mutation and Data Flow Based Test Adequacy Criteria,”
Technical Report SERC-TR- 135-P, Software Engineering
Research Center, Purdue Univ., 1993.

[13] A. P. Mathur and W. E. Wong, “Evaluation of the Cost of
Alternate Mutation Testing Strategies,” Technical Report
SERC-TR-158-P, Software Engineering Research Center,
Purdue Univ., 1993.

[14] J. Voas, L. Morell, and K. Miller,“Predicting Where Faults
Can Hide from Testing,” IEEE Software, pp.41-48, March,
1991.

EHO|M HIABQ| HAE 0| XS A4 87

ot
0

[15] A. L. Watkins, “A Tool for the Automatic Generation of Test
Data Using Genetic Algorithms,” in Proceedings of Software
Quality Conference, Dundee, Scotland, 1995.

[16] H. Yin, Z. Lebne-Dengel and Y. K. Malaiya, “Automatic Test
Generation using Checkpoint Encoding and Antirandom
Testing,” in Proceedings of International Symposium on
Software Reliability Engineering, pp.84-95, Oct., 1997.

g el
e-mail : insang@hansung.ac.kr
19873 Medgtn #AFE ¥ty g}
19894 @l w)8ls] %9l AARsky A}
1993y & 33t7| e Aakea) Bhab
1993 ~ 1994%3 S A A EA AT

)

1—/\].

r{o
il

19944 ~1999d &t
19954 ~199%54 4

tenance -+
1997 ~1998%d "= Purdue Wistal W w4
1999~ A ggdufeta R A g

Byor: ¥E W B4 Z2ay Hay

2YH
e-mail : chang@cs.sookmyung.ac.kr
1983 Al&oigtal HFE F3kat st
1990 A= 3tshrle el dakshat Aaf
1994 st= 387 &l HAakska)l vha)
=

A A
19949 ~1995\d k=4
—yy

a}
A A A9l ukAL
FArATd

200011 ~20000d o] & o} Verona th 8} Wt 1
19959 ~ A solxtstn g

P Bop: Tg g BA MA-Rg Tz e, Aude



