n1sasensainagaulagldvunauisidanugnssy

Test Case Generation Using Genetic Algorithms

Wunil Yey

Nuntanee Chuaychoo

31/1mﬁwuéﬁtﬂudawﬁ'a%aamsﬁnmmwé’ngmﬂ‘%m@ﬂ
MNYIAEATUIATUGNRN  d1971381N153aNSAlUlagaNsaUmNA
UAINYIAYAIVATUASUNS
A Thesis Submitted in Partial Fulfillment of the Requirements for the
Degree of Master of Science in Management of Information Technology
Prince of Songkla University

2558

$ L a
AUENSVDIUNNINYAYHIVAIUATUNS



(1)

I 24 = v g; ad a [
ﬂ’]'iﬁ'i']\'iﬂ'iiLWIﬂﬁi’J‘UIﬂElﬂhi‘llumau%&‘li\‘iwuqﬂiiu

Test Case Generation Using Genetic Algorithms

Wunil Yey

Nuntanee Chuaychoo

"31/1mﬁwuéﬁ@udawﬁ'waemsﬁn‘mmwé’nqmﬂ’%cgzyﬂ
MNPIANEATURIUUGR  §1U13¥IN15IANTSIALULadansauna
UAINYIADAIVAIUASUNS
A Thesis Submitted in Partial Fulfillment of the Requirements for the
Degree of Master of Science in Management of Information Technology
Prince of Songkla University
2558

$ LY a
AUENS VI IUWIINYIAYEIVATUATUNS



(2)

yodnendwus  nsasunstivedeulagldiunuisidanugnssy
HlUeu wanunil ey

#1913 nsInnswAluladalsaume

2191599NUSN N INYUNUSHAN AMZNIIUNITADY

Use51UNIIUAT

({remans191sd asgnnsel nudauiesd)  (Eemans1ansd asdsdn denuanuuy)

A33UNIT

({9eMans1a5d n.an1nsel nudasiesh)

A33UNIT

(9.5 NYTHA)

a a

Jaudindngnde umingrdeasvaruasuns sydalviduineinusadull

Judiunisvaanisfne mundngasuiygrinermansumvudia a191391n159an1s

walulagasauwmne

(589AN@NI19158 AS.55ENa ASTUL)

AMUAUUTNRINGGY



Y95U58991 NanUITeiinnsAnyidevesindnwies wasldlaniauveunuyanail

TJdunedownan

(§928ans1nsed as.an1nsal NuAasigH)

cal | a a s
9137158NUINWINYIUNUT



o

v 1% o J av av i [
YINEINYBIUIBNIN Nﬁﬂ?U?%UUiNLﬂSLUu

LulagnlalunisBuvesudfusayaluvuy

£

i

'
= U

drunilslumseydfuSyarluseaulaunneu uag

<

(W9en3tunil ¥Iey)

L
UNANY



YoInetinus nsaiansainaaeulagldtunouIBiaiugnssy

Kl Ueu wsanunil ¥Iey
#1919397 A159ANTSINA LIRS AN TEUWNA
Un1sfnen 2558

UNANYD

o w

AMInaaausaNag Wudunsunisnddalunssuiunmsuangandnis s

<

nageuyIgirendwIsiiRwdlaNuiLTelieo  wazlinugnAvLiNuINTY N1Tas9NTal

& ¢ ~ aa o o ¢ s
V]@a@ULﬂuaﬂ@\iﬁﬂﬁgﬂ@uwu@wmﬂ'}qllﬂ']ﬂ@IUﬂ58UQUﬂ’]§W@a@U%@WWLL’Ji ﬂ]mﬂqWGU@Qﬂ']ﬁ

a

NAFDUILVUDYNUUTLANTAINVBINTUNAFEU INeNDInusULLaUeISN15a519nsainadau

Y

lngldvunouididaiugnssy waziinsairuasesllodmsvasinstinaaauniuisnisila

° 2N a < ) % = M voo DY
nauelngliiviaanalononiiln lnsduneunisasinsdinaaeuildnausluussendlyiv

s

nsflfne  wagldnisussliudssansanveinsaineaeulagISnsvageukuunalewug

NAGNSAINASNAFDUNUIN  NSUNAADUNAS1NVUNINATANSNYWEURF IS UNSAIAN®ET T9iAn

ATLUUNSNAERUGARUY1ES



Thesis Title Test case Generation Using Genetic Algorithm
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Major Program Management of Information Technology
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Abstract

Software testing is an important step in the software development
process. It makes the developed software more reliable and accurate. Generating
test cases is a key component in the software testing process. The quality of testing
depends on the test case effectiveness. This thesis proposes a method for generating
test cases using genetic algorithms. A test case generation tool is developed with
Visual Basic .NET for supporting our method. The proposed method was applied on
case studies and mutation testing was used to evaluate the test case performance.
The results show that the test cases generated by using the proposed method

achieve relatively higsh mutation scores.
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(1) Test Planning
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(2) Test Analysis
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(3) Test Design

\Hunsdainsdneasy (Test Case) Aldlunsmaaey daldnuazidu
MENTAT19a8Y (Checklist) fiTgazidunaseunquynanaudivioynilsitunisviauyes
golduasTiegnelinamaaoy lneidlovhmsvaaeuudiiadovseynadnsildainnismaaoy

(Ww/lddnw) wagseazdendus) Nenduaslulusienisnsaasu



(4) Test Implementation

Wuduneun1sdnmiennanssunionssuiun1sniee lunisvageu lng
Aanssunegnglanszuiunisvaaeuluduneull 1w

- s uRnsneaey (Test Execution Schedule)

- Iawseranmwindeulardeya dmsuldlunimeaey

£ a Qll a k% | d‘ a
- dawisunszuIunIlTlunsAnINaNITNAAD U LAZ TR UN NI B9T1LAN
NNTNAADUY

- IALRFUULATOILDMAN

(5) Test Execution

Dustuneunsdidunisaaeu

- AHuMIeFR UMM UG URN AR Y

- eflunstuiin, wile, AannutoRaNaATLAATY
- ARRNANUANINTNVDINITNAFDU

- muaumsveaeubRdulUmuunuiingl

(6) Evaluating Exit Criteria and Test Reporting
Wunsasrvaeuimwanisnageuidusgils wu lavihnisvegeuasudauniy
AINUGURN sMegaULaInsell nIelin1sulutolanaInliinINN1TNAREUNINUALE"
- & v Ao v o & = o o |
wsoll Wudu wasiddgdudunissmenuanuauntiinisveasulingu wu
- unsavegeunnu/lldiunsnagey 3eegsEninmmegey
- PIWIUTBUNNITBIINUTUUNAINTEAUAIIUTULTS (Severity) wazanIue

(Status)

(7) Test Closure Activities

A = a 3 g.JI ¥

ABN1TATUNANIDBAUTIINANITNAADU LUuﬁuum@u&jﬂ%’WﬁJIUﬂiSU’mﬂ’]i
nageureninls Anssuiednelinszuiunisil wu

- mnaaummmuﬁ’msuam'ﬁmaaudflLflu"l,ﬂmmmswuﬁﬁamsmaau

& ] o ¥ 1 d' 3 ¥ & 1
3okl wazvinisuAlutaunnsasinuiauanaiuse b



Toun

- YMSENBUY WU NaNSVIADU TaaTilinaINMINAGRY LayI1eey

'
a

TR dessunsv

[ 1 v

- dauiuteyauazionansdifey Wi nan1svedey Jeyaiiininnvadeu

Lars1891uA1e adluunasdaiudeya (Confisuration  Management

System)

2.1.2 5$AUVDINISNATDUYINALIS

dusumatialunimageugeniulg (Software Testing Technique) Nilanldy

1) Black-box Testing fan1snageun1syinauaeswennwlsiliaulanaln

MeluredsEuy  NSYINNNTNAERULLULINENIASIA@aUNANITNUYesTs Ul uLAaE g

mudeimunAIRedn1s (Requirement Specification) I1gndesmuanudenisvseld §

Mhnsnaaeu (Tester) WU llvinisidhfssiasiuadu (Source Code) lngsianuatuazgn

finrsantidu “Big Black Box” Mgneaaeuszuuliaunsaiuneluld  dveaeuszuuazl

] ' = J % I 1 v r-:ll
99819 AIINENTO LA INput LATEUULALIEUUILEY Output 9DANIPNNTNN 2-2

Input System Output

AMmd 2-2 Black-box Testing

2) White-box Testing ABN1TNAABUNITYINIIUVDIBDNALITTINAITAN

nalnngluvesszuulagazyaduiansanlasaianiely wuAniiugIuYeInITMAaauLUUl

Ao NMsANURANaIAveaNiLIsazgnasIanulaty Agdewinisvaassienldrdingg

Tulusunsuliunniian nsvegeulassaiavadlusunsuuiiiaudiAguin 1ewnagyie

Tun153LA129N19919 UV UT NSO AUNITDUNNS 9971 97199LLNATUINNNITNIUVD

'
o

AEY

angqlulusunsule



Component
Test data Code Test Output

Derives

AMF 2-3 White-box Testing

nsnadeuTeNALITaNITaYlaanesEAUTIUSENEUME 5 SEAUEINNTE
wuseanla #adl

(1) nMmagauluga (Unit Testing %38 Module Testing)

I3 PN P Y a o g ! N

Junsnaaeulusunsufiaziugaiiienderanain viseilunmsnaaeudiui
dnfigaveslusunsuendasiu Function #3e Class Inainuatayaid (Input) wdanagey
Poyaoan (Output) Msnaaauluseaulidnagyilay Programmer wazaglunguvas White-

Box Testing

(2) MINAFaUNI3IIUAY (Integration Testing)

< [ [ A a

Junsnageumsnidluga lngvzudalu 2 dnvae Ao NMSNAGBULUULIY
L19aINuuasEN4 (Top-down Approach) wagn1sMARBULUULNLINAaNA1Y (Bottom-

up Approach)

(3) MINAFaUITUVEDY (Sub-System Testing)

JJunisneasussuvdesazseuuiiomdeiianain Feanisnaasulusysul
C% < . = [y dy o Y v
dnazilu Black-box Testing FeszAufiazyinn1snageuaudniulavedsyuuaNNITTIN
p9AUTENaUYRE 9 YodlUsunTulILYINUMeiY (Hesannisiauilusunsulas) diulg
spihnswusdalusunsuseniludiuges 9 Bonit luga (Module), afdu (Function) %3e
d1ulsznau (Component)  LHOAMNAZAINIUNITHAIUILAZAITIANTT AIUUTIADITINTT
naaauIilothunsiufuiel g dulusunsundnTuswnsuReIwal 38au5avinaIusIuay

Igpenagniemialyl)



(4) MINAFDUNITZUY (System Testing)

aniflunisiissuudesiiiunisvaaeunudl wmeasudnadlaoifiusn
syuvgeniladnluGes ¢ auﬂssﬁ"qmunﬂ q svuugesvawhlusknsuvessEuuTutY 1ne
ynlUsunsudlevhausufiuudasldnadnsiignies Aovaaeuisszuuifionaaounisiy

a5

(5) nMsnagaun1sEaNiuvasszuulaglly (Acceptance Testing)
Junsneaeu lngaziluniivesyldan (End User) fiazyinnisnaaeu

TWsunsusesiaies wWeginisvhawredusunsutudulunuenuseans

2.1.3 NMIMAFIURUUAINATIUAGUIIALUSUNTY (Code Coverage
Testing)

I = o = = 9 = % )

Junsnaaeulasiinisiiedisdinvessialusunsy MUszneumediuves
ToyauavduvadlUsunsy  Taya Lawn fauwds Amn 015158 lassadiatoya Bunmain
wlufiud waznd dunnuazoninnainliduasninae gunsallele Wusu  nsveaeu
lAs9a519vedlUskNINaINNTaNTEINlavaIe TERUANTERUYRIANUTNTUTOMEEN I AIY
ATOUARNIVALUTUNTY (Code Coverage) [7] faegeseAuAIUATOUARY LU

(1) N15ATAUARNANEAY (Statement Coverage - SC)

< & a Y

Jusduuuiiugiuiianvesanuaseungusialusunsy  wWinsngvesnis

(%

nageuluszauiife desmshivnAddlulusunsulasunimaaeusgiadpenilanss

(2) nsAsauAauN1sAnaula (Decision Coverage - DC)

Hunismaaeuanuasevagulussduiigedu Taedosiinisfinnsminis
findnla (Decision) vosynsndsis 2 nadl Ao nadifinmadnduladuaie (True) uaensdifini
doauladudtia (False) Whvmnevesnsmaaeuluseduide  desmslimnnsdadulaly

TUsunsulasunIsnaasuagutesniaasansmnnsanauladuasaaziduia

(3) n3AsauAauLdune (Path Coverage - PC)
nsnegeuluszauilaziansanyaaiddludnuuzvensmaIuaunITivg
(Control Flow Graph, CFG) 0¥ 2-4 wandnsInAIuUANNITIME FaUsenaume 4 Inua

Wag 4 193 MNRANTNINTVAFRUNTEAUNIATOUARUANES anunsaLfisulaiunisaseungy
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[y

Iun (Node Coverage) luns waglusedunisaseupqunmisdndula anunsadisulanu
N13A30UARNLBA (Edge Coverage) Tunswl nisveaaulussiuasauaquidunIy nuned
msimuslvinsveaeuaseuagunn g uneiidululdvesnsm slumsufidliannse
nsgsild idesannadndiduniannine wu Sdumsiiinsiudn fu Ammann
uay Outfutt [8] Fsthiauevdnnisaseunquidumslunafsd nande mnyadsiv
nsnaaeufinisuseu (Loop) Afshuiuseuldlisifnsiuan  Winsmeaeunisiuseulu
3 nsdl e 1) lifimsuseuias  2) tuseunilinds uar 3) tuseuvansads lunsdlfianud
s ldanunsafnuanieiildindiuiunisiuseuwinls Tnesianuisanvualidu 2 wie

UIUYINLAATS

node edge

MW 2-4 nsmlauAunsiva

(4) nﬁﬂia‘UﬂquL‘éﬂﬂﬂl&ﬂﬂ%ﬁﬂﬂﬂiﬂ"j (Multiple Condition Coverage -
MCC)

nspaeulusyiviasinnsanaudiiussewinvesieuluusasalunn
nsdl Geazrhlitinsdiisesinnsanwiiu 2" e n Aesiwiuvesdeulades  wazeiay
JulUldvesdazSeulvgesfonsdifiluadasiiia dregradu Boula a  or b @

Usznaumeaveddauly 2 §7 A9 a way b A9UUNSENAEUTITIUIUYINAU 4 AIA5I97 2-1

M19199 2-1 fhedrnsavaaeudniuntsmeaeulussiuasourquReuluLuuraIeN sl

NSUNAFaU a b |aorb
1 934 934 34
a <@ a
2 239 Nk 39
<@ a a
3 W19 239 39
il Wa | 19 W19




11

nasimsUszifiununseungalunisnaaeugevidufuuulassaidildngn
udedu fidedteidounndraiu egrdlsfinunimaaeuenduasliinagyiinimaasud
sriumuaseuagula Adsnaiidvneifotufe iiedesnisiagaseungunsiiaILes
yamdsliinsudiu dosmsanmnududouvesnmmaasuithisndu uaziitevdeianaini

D1AAVUAUTDNALIS

2.2 YunaUITIINUSNTIU (Genetic Algorithm)
TunouIseiugnssy Wunszurunsnisfiondengen1siTmuinisves

&uiTin Wnauslae John Holland [10] waginlaimgufainanuussgndldiumaiianis

AUMlUIS0 Local Search Algorithm  uagsiounlairduneuisidaiusnssuanlddumaila

3

N1SSEUIMe  JunwisduiugnssuatusatunldileAumAIn e UNRTURALIVINEANNN

'
aaa =

TulpgruNTTEUIMEAIeY WIsuETouNTITANINTYesElTinianunsaimuinisiie

= o Ql'

m3is@iney lnsthunanunAeiiihdditinimansifduiuasdnild Sednuasi
Agauiilomasgsanliunniwazaglasunisatvayuliinisaenendnuagniaiugnssuly
fagusialy

nsguIuMIThuTestureuIsidaiugnssuuansfanind 2-5 Tnsn1svineu
wFuannisdulaslulestundauniadeadradunguuszrnsdusida (nitial
Population) tazyiin1sUsziiuAIANALIEaEN (Fitness Evaluation) 27n#lenduaIm
wnganiitmuald anduagdaidontszanns (Selection) wndnuniafielfidusuiie
naaneRugns atlunquuszyinsunowy mﬂﬁ?uaazﬁwizmﬂ':?ma'wﬁvﬁwéﬂszmuﬂﬁ
UftRn1smeanetug (Genetic Operation) léiA nnsludiuasu (Crossover) wagn1snane
g (Mutation) FaagyilshAnnguuszansiidusugn uazifiethusernsnguilluussdiu
AR TANLEINURIReU T zanf U nsruaunIsTufazauas winin
Arnoudilddelivuzanfazdidudelulngnisiiuszvinssugniildluunud
(Replacement) Uszannssuriowsl levhmsunuiliadaudfaziuszvnangulmidlangy
dhdnszuaumsdnidentnaldnas Ssnssuiunamandagdiiunsslubosq aunseateld

Usgnsnquiivsngay
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Initial Population

A 4

Fitness Evaluation

A4

Termination?

Selection

A 4

Crossover

4

Mutation

A 4

Replacement

i o a ] ad a o
AN 2-5 ﬂ']i@']LUUﬂ’]5%@@%u@@u35L%ﬂwuﬁqﬂiﬁﬂi [10]

211 nasa¥iengudszyansauniila (Initial Population)

v v
[ (Y

WutunaulsnueInsyuIun1Thutunowisidaiugnssy taslulwudingn
ﬁmuﬂiuguufuuﬁLL@ﬂmaﬁ’uaaﬂlﬂmmﬂ@mﬁus] LU

1) Taslulunuuiaugiuaes (Binary) usuuuulastulousuusniivunld
uitlymuestuneriBiBetugnssy TasdnvarressUuuulaslulouuuuiie nndumised
Al O 0 wie 1

v
IS o 1

2) Taslulouwuudnay (Value) suwuulasiulesludnuugil yndumniaves

q

Buvedlaslulgnaziinuisadsaansadouloslidlaymla 1wy @dnes 91UUTe MmEs

39w sUkuulasiuleuwuutianunsaldlanudymindeudistudou
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Tun1smHaaWSAIETTNINITUENITTULY Kadnsisuduaglauannsdu
d i v ea & 1% % va o | v o
Aennguuamaansilululinigluveuivnvesteyalvdduiulastuleumindudiuiy
Uszmnsfilinmuald faegrenisimualasiuleuegsielutuneuisidaiugnssuduges
Yosduiiduiavgiuans 1w (100101} lnedunisvasdunnazdululaslulanazsunudnvuey
Y803AUTENBUEREYDIYAAMBUYRITaM Ban1simungulaslasiuley a1unsanvualy

sUnuuduls Juedivlaseainsvesssdusenaugauvesin oukaranvazaslaymiiidents

Y

IS a &

uh fegratu onatvualasiulyududavesduniduasgudu vioeratunlasead
yoslaslulosndy Matrix  vesBumdudiavniofidnes AuUAIINABINISHATANYUEYDY

Uy

2.1.2  msussiiuAAMumiangau (Fitness Evaluation)

TasTuleunniagfosiiadsisuenismnumugauiazfiansanitanais
ihluduaeiugdevioll msussdudiaauvnzay Jadunszuviunsmilsildlunis
finnsanieulvvesnsiniumsmatugnssuindesdiunsdeniosunszuiums  n
Uszilusanumngauudmuimeuivsnzauiudam nszuiumsvihanufezavas ud

o AV Yo 1 < ) a 1
InARaUNLadallunzaufazaiuaaly

2.1.3 n1sAnsaan (Selection)

Uszynsjulnddndudesinuiainuszinsjune -wl Afidnwes Wugia
satiulunsidenuszansiune-wieduiugazseudenanlaslulaufilinadnsnaiiody

9

'
a adaa =

mnsuisusuliiulsEunsiusielulngenfenguinisedsenvesdelidia JvihliAnguuuy

unnglumsidentastiluuiiimelafianifievludvaneiug fadl
1) msfAmdenuuuisdesidn (Roulette Wheel) e Tastulesdifidiadny
mnzauirninlenalunsgnduidoniduie-usiusigenin
2) m3fmdanuuutia (Ranking) fenisidenusyunsiifiananumunzaudia

ngalagliaulalszmnsiiduy

3) MseaLAanwUU Elitist 1WukulfAafdesfuni1smvesdun1ananan Aol

9

nsAnaentastulauiananlitew diulssuniivienazdesdndenayldisnisideniuy

'
a

due
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2.1.4 msleswaey (Crossover)

a o

I3 Ao w & aa v = d'
L'U‘Llﬂig'U']'Uﬂ']i‘Vlfﬁ']ﬂ@ﬂ@ﬂ%uﬁ@u’lﬁ“ﬁﬂwuaﬂiiﬂ mﬂmuﬂaaummw

9

lastulgulusune-ual aslinsaduanuaensiugnssudsiukaviu lngdnsdiuvesdnuiu

a

laslulausugnignasnsduainnguusesnslunsassuderuInvessrIns vz enin
snsanuunazilulunislediuieu (Probability of Crossover) @alunisniiimesiidfgy

TunsmAImeuraensTUIUNSWILENTIY dnvaisnsluliudeud 2 sUuuy fe

v
! v =

1) nstulidasuluuaiien (Single-point Crossover)  3dunRRYLAT

9 9
[

Weagaigavulastulsunadulastuleuw eldidugedmsuluiasuseninela slulay

9

lmandulasiulasulniduunfeg1ansiudUasuNfIwiUean 2 LanasanIng 2-6

Parent 1: 0 0 0

Parent 2 : 2 3 5
Crossover

Child 1 : 0 3 5

Child 2 : 2 0 0

A 2-6 Msluiluisunuugaied

2) mMslulludsunuuasdgn (Double-point Crossover) wgUINARTUINGADS
yauulastulauoiulasiulouwl weldilugadwiuleiivasussuinddasluloy vilde

Wulaslulanlnddusn feg19an1sldiuasuieumuad 1 wag 3 wanasanInd 2-7

Parent1: 0 0 0

Parent 2 : 2 3 5
Crossover

Child 1 : 2 0 5

Child 2 : 0 3 0

awi 2-7 msleiidsuluuanyn
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2.1.5 n1snanewus (Mutation)
v & A A Y 9 ]
nsnangiug Ae niswdsudnuaenisiugnssuniglulasiuleusugnies
nasnilavinsaduaneiuguLaITun eIt daiugnssulimihnannsiungeadeiney
T Tagazvauliainiglulasiulovarunsaiinnisnateiugle Wuduneuiensyae v
laslulgufiranumnsauftundinnisteiivdeu deiunisiinateiugasiinainnisdy

4

Taolasiduniiaziinnisnateiuguilaaindnsiaatuuiaziiulunisnanewusg

9

(Probability of Mutation) #78819N15NAERUSNFIUAUT 1 UaAIAININT 2-8

Population : -3 -2 -5
Mutation
New Population : 4 -2 -5

AN 2-8 MINaneug

2.1.6 n1sunui (Replacement)
] ] Y v al
nauUsyINsIUgniliaInnseuIunsluliuaey (Crossover) Uag n13nang
Wug (Mutation) asgnihluunuiiteyaiiduuszyinsiuneund wazaznaredulszynsiune
willval feanntuazidiveyayaluiluidndnszuiunisuseiliudraumangay (Fitness

Evaluation) 8nassauninaglanguussyinsimungay

2.1.7 W1513ma3s (Parameters)

v
a v A

wsdimeifiddynieduiiugurestuneuisdeiugnasu s

1) wnvealszns (Population Size) tHumisimesifinnnuddnyuas
daNanan1sYNY InsznnuavuIaUsernsunntiuldazaedlansneinsainsunnsg
funaiunty W MWvheanusuesnanlunisussananainiy Wudu

2)  gnsenuinasdulunislafivdeu (Probability of Crossover) 1du
wsfiwesimmunnutasduvesnisianislaiivaey (Crossover) voslasluloy Feaxidl
A10g5enine 0 f1 1 (MSeanunsawdatlviedlusunuuievasls) windmuadnsinisled
Wasudu 1 wanshasfnnszuiunisleivdsulaslulsaynade silfdmeudieny

wannvaneiiiesninifelasluleugniulvinaeniian daunsdiiimuadnsnisliieudu o
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wanaluiilaniaAnnssurunislatilasulsazinasnlasiulannfansansundulasiylay

anunu shbimuneuvesdymldenieinlifidmeulniiiingu

[

3)  gnyanuiazilulunisnaneiug (Probability of Mutation) Uu
wsfimesfinmuaauuazdulunisnateiiug (Mutation) laednsinisiinavedsening
0 84 1 mnimuasgnsnsnateiugilu 1 wansdmndundsuulasiuleuaunsoianig

[y

naneugndsnnszuIunsluiildeulavnass dunsdifiivungnsinisnataiugidu o

]

v

wangbdiilaniainnisnaneiusaelulasiulen Iagdrulugdnlddunsandesnism

o

AmauNbea1nnIsludiuasuwinguy

2.3 n3AUANNISIUa (Control Flow Graph)
dunsmiildlunsiesginmsinuvedusunsureufineed Wueesdiod
Frelunisnageunsvhauremendws wandiiuidasadenisvhaumnuioulusige
Yoo anansaaielaainsiadiuatiu (Source Code) nsmiaruAuM1sinadzUsEneuy
TUshelnun (Node) fidouseruseidudon (Edge) Tnefiudagivunfofunuvemdsly
mMsvhaurestsunsuvidenguidsiivinaududdi
Megensasiansaluaunisinadniaduatulusdiuulasaiisuy

A199) munannITlauLauelag Amman wag Offutt [8] LARIAININT 2-9 D9 2-14

read Xx; e read x
read y;
X=Y;
@ read x
O

AW 2-9 nsmlauaunsivadmsulasaasne Sequence



if(x<y)

y=0;

X=x+1;

17

X<y ° X>:y
y=0 -

AR 2-10 nsmeuAunstradmsulasaing If - Else

if (x<y)

y=0;

X=X+1;

X<y

y=0 -
x:x+l x>=y

AA 2-11 nsalpavaNnsinadmsulaseaiia If

x =0;

{

while (x <y)

y = f(x,y);

X=x+1;

AW 2-12 nsimiuaNnsiadmiulaseaina While Loop



{
y = f(x,y);

for (x =0; x <y; x++)

18

AR 2-13 nAvaAnnisivadmsulaseains For Loop

read c;
switch c;
{
case ‘N’
y = 25;
break;
case 'Y’
y =30;
break;
default
y=0;

break;

break

printy

MU 2-14 nsimvaunsivadmiulaseasne Select Case

nsmauaunsivadmiulassaiidusinsulusuuuusine anansafiansan

Ipannsvasuatuvediusunsuty Fansmeuaunisiranlatuaiunsatunasiadunig

dusumsvegeugeniusiinsounquidunsidululs
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Mg oA sanlaTaai e HalUTLNTUAWINMINAIENEAREARIN TN

1 2-15 awnsadisunsvarununisivalafning 2-16

read a,b,c

ifa>b

max=a:min=>b

max =b :min=a
if max < c

{

max =cC

}

if max > ¢

{

min = ¢

2NN 2-15 saAuaUulUshATY

ATLINNANGEAFNER

read a,b,c

max = a max =b
min=b min=a
max = ¢
max = ¢

A9 2-16 nsmmIvANNTivalusunsy

ﬁwmmmmqqqmﬁ'}qm



2.4 Branch Distance Calculation

20

Branch Distance Calculation 1UU3SNI9AIUIAIMITLELUITENITNAUNI

2 w@uns Teeaziiarsuimulsziannisindula (Decision Type) wazldignisAmiuiani

ANS9N 2-2

m‘s'mﬁ 2-2 Korel’s distance function [2]

Decision Type | Branch Distance
a<b a-b

a<=b a-b

a>b b-a

a>=b b-a

a==b abs(a-b)

a<>b abs(a-b)

a&&b a+b

allb min(a , b)

dmsuluingninusilynisAuins Branch Distance Litednidanyntayaidl

ANUMINZaN 1ngazA1wIAT Branch Distance dmisuusazyadayauanianiiansaiiie

asanguUsznnsivdiieiingnssuinnsIsweiugn sy

void example(int a, int b, intc, ...)

{
if (@ >=b)
{
if (b <=c)
{
If (@ ==c)
{
Il target

true

Target Missed

__ false
\\
\
false Branch Distance =b - a
\\
\J

Target Missed
Branch Distance =b - ¢

Target Missed
Branch Distance = abs(a — c)

AN 2-17 F19819n15AIUIUMUN Branch Distance
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AA 2-17  uanedeganIsAuIamMn Branch Distance @evzeuian
Branch Distance szwadummdsdadudumsiisngafionsan (Traversal Path) way
dumadmaneg (Target Path) 91nd0819 Tunsanmiuaunisivall Decision Type 91u3u
3 Decision I¥uilviun 1, 2 way 3 ety Tunsdifdumefididafiansanlinsafudums
Whvneasdesfinisduindn Branch Distance T wsulvuafiilu Decision Type ¢

AN19N 2-3

M1S9N 2-3 UARINTSAUINAT Branch Distance dwmsunsivaauaunisinalunimi 2-17

Node | Decision | Branch Distance

1 a>=b b-a
2 a<=b a-b
3 a==b abs(a-b)

2.5 NSVAHBULUUNAIBWUS (Mutation Testing)

msnegeukvunateug 1unsmeasulaenisusuivasulsunsuildly
nsnaaeulsndluanTusunsuduatiu (Original Program) Tnslunsusuiasuusazasaay
yudies 1 ety Waunsuildanmsusudeuieniilusunsunateus (Mutant

Program)

s = a

AN 2-18  WEAINTZUIUNITVINIUTBINITNAGDULUUNA8NUG Tatiuy

9

anldieiinnsanyseaninmeeinsiinagey lagtdganstinageu (Test Suit) YaLmeiu
WA iunsufuRdulusunsuduatu (Original Program) waglusunsunaitewug (Mutant

Program) tieLUSeuLfisukadns mnnaansnlaantusunsunalesiug (Mutant Output)

WANANANNAANST A ANTUTWATUAUAT UL 8N TUTHASU NA18RUS U INUTWATUNABWUS

9 9

o

6

ignai (Killed Mutant) wansirnsainaaeuitldlunisaniunisuguRtulusunsunaneiiug

9

aunsanTIRdudeRanainantusunsunateiuguula dlunsdlinadwsilaainlusunsy

(% s

v M 1 i ') av v v ) = YR
ﬂﬁ?ﬂWUﬁqiNNﬂ?WNLLmﬂ@'}QﬂUNa Wﬁmlﬂ'ﬂ']ﬂiﬂ'ﬂmillmualm ﬂ%LiﬂﬂIﬂﬁLLﬂﬁuﬂﬁWSWUﬁqiu

sa v aaa |

anvaieilinlusunsunateiugndslidiney (Live  Mutant) dwsulusunsunateiugily
aunsavnsainaaeulag uandunisuifuailvnadnsuand1eainlusunsuduadula
wisenlusunsunaeiugludnuaeilinlusunsunateiugnauya (Equivalent Mutant) waz

gnsduvesiusinsunateiugiignan dednwiulusunsunateiugvanun auiulusunsy
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naneiudiauya szuanitiauszansnimvesnsdvageuiiaintudazwanadunzuuunis

naneug (Mutation Score)

Mutation Score = Killed Mutants

(Total number of Mutants - Equivalent Mutants)

1 [ [

wnAzkuunIsnateiugiandilng 1 nuiefansiinaaeunuliuseansainas wazvin

9

Ca =

AzuuUNINAIeLIALndAuEd vunefnstinaaeululiuseansnmaout1a

Y

OUTPUT ANALYSIS

EXECUTION OF THE MUTANTS MUTANT
OUTPUTS

GENERATION OF THE MUTANTS J
ANALYSIS i K Im """
R i MUTANTS !
oRiGINAL e I
PROGRAM | L. oo | equivaLenT |
Ll i MUTANTS |
| sTusoRN |

MUTANTS  }

Amd 2-18 Mutation Testing Process [13]

nAmil 219 TUsunsunaneiiug (Mutant Program) gnuiumasulsiing
nlUswnIUALatU (Original Program) Taenisidsuddsluussiinil 4 9 nedesmne
wnndr (> ) Juedemnetesniviewidu (<= ) FanisuFuideuaznsevinlag
o1 udunisiiienindduiunismsnaneius (Mutation Operator) AeFUuUUNNT
sifumaiileazyinliusunsufiinsiifanainiy ALliunisnisnateiugasusenaulusiy
$iaeLiun1s (Operator) Mmagmwuﬁmesmﬁuﬁwu%’uLLGiasmm MBE9FULUUAN99 VDS
fdfiunsnsnateiugdmiunim C# uazn1wl Visual Basic Wanssamsad 2-4 1oy
AORS (Arithmetic Operations Replacement) 1unisunudaidunisnadinaiansesie
Auandely Wuunuedesanewin ( +)  feeiesneau (<) dmiu ROR
(Relational Operations Replacement) 1Junisunuasniunsidaduius dremiiunnsis

fueanly WuwnuALFURUS AND fganuduius OR 1Wudu




int max(int x , int y)

{

return mx;

}

Original Program

int max(int x , int y)
{
int mx = x;
if (x <=y)
mx = X;
else
mx =y;
return mx;

}

© ® N o g A w0 DN =

Mutant Program

AA 2-19 fedalusunsusuatunaglusunsunaneiug

a1519fi 2-4 Mutation Operators [16]

23

Operator Type Name Description
Arithmetic ACR arithmetic operations replacement
AOI arithmetic operations insertion
AOD arithmetic operations deletion
Relational ROR relational operations replacement
Conditional COR conditional operations replacement
Ccol conditional operations insertion
COD conditional operations deletion
Logical LOR logical operations replacement
LOI logical operations insertion
LOD logical operations deletion
Shift SOR shift operations replacement
SOIA shift operations insertion
SODA shift operations deletion
Replacement PR parameter replacement
LVR local variable replacement
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311015197 2-4  nddeilidenlddadndunisnisnaneiug (Mutation
Operator) luguuuurasnsunud (Replacement) laglduszianvesidiunisiugiuuy
A199 FeRansannanuaglassaiweslusunsuwsazlusinsuluunuilusunsusuatuiiie

s

A519lUSHATUNANY WU

]

[

2.6 91UYMNYIVBY

2.6.1 UITBIF0S Application of Genetic Algorithm in Software
Testing Ia® Praveen Ranjan Srivastava tag Tai-hoon Kim [14]

Ated Iiiaueitnsuszgndlddunenitideiugnasulunszuiunis
nagouTeNiLf ieifiuuszansnmlunmsveaeureldung uagszyduneiviliAnaanu
Aenain tnegldignsasiansimaiuaunisiva (Control Flow Graph, CFG) wagfinvunen
thwin (Weight) Tfudumasisnlunsisleugunisiva dumaiidnasmetimiinunag
Huduneiviliiseufanan Tudimvesmssufiunismisiugnssy swideildnigled
L‘U?{auLLUUﬁ;mam (Single-point Crossover) ifi§nsnauvainshodivden wihiu 0.8 wazdl
Apsinmsnateiugiindu 0.3 mdidunsiulaslulesiionynvestoyaitltlunsmaaey

aNARISNUTEANTAmANgn Tudiuveanisussiliuaranumiigay uddeildiznis

o¥

v |

Al rinvesazluuavesnsmatuaunsinadiniunng idunieildlunig

[ £
a =

VAdoy WITETULNUIT N1sITunoUITITUgNITHLNUTEYNAlddmSUNTEUIUNIS
NAFDUTBNALIS  @11U150928TUNSUNVBORANAIATDIAATUINN N1SVIUVDITBNALIS b6

1 a a a
2819UUTLENTA N

2.6.2 U3TiFos  Automatic Software Structural Testing by Using
Evolutionary Algorithms for Test Data Generations a8 Maha Alzabidi , Ajay
Kumar uwag A.D. Shaligram [15]

udded  Idhaueiimsatensainaaeunuusalusalagldduneuis
TImwn1s (Evolutionary Algorithms) $3ufUNTISNAADUNITATOUARULAUNINITYINUVBY
lUsunsu (Path Coverage) lagldnsivlaauaunislua (Control Flow Graph, CFG) @msu
Pausiduniedamsuldlunismadeulusunsy Tudiuresnsaiiun1snedimuInIsulle
Fuilldisnsuszfiumnnumnzauesnsanagoud ldain Shifted-Modified-Similarity
(SMS) Fafunismuiuaiszesmeseninaduneildlunismageu Wethundsydiuaning

wngaulviiulssunsiusiely warludiuvesnisaniunsmadinunmsidnsleiivaeu
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(Crossover) uagn1snatgiug (Mutation) MnNan1sIdelinudinisluiiudeuiuy 2 90
(Double-point Crossover) yibiiAnUszansniniivsednsnmuinniinisluideunuuge

a . . 1 v ¢ A PEY 1 @ v caa
1A (Single-point Crossover) d@unsnaneiiugidlelddnsiauuiasilulunisnateiugng

[V
Qav a  al

Aoy (MuAdeuEldSnsauhazdulunsnateiugviiiu 0.005 FwilbiAntenaly

'
¥

= o 8 Y a Aa a a a Yo ' I3
NUBYUIN) ﬂ$V|']I‘V1Lﬂﬂﬂigsﬁr]ﬂﬁ/mﬂigamﬁﬂ']‘Wﬂﬂ'l']ﬂ'?ii%@@]i']ﬂ'ﬂ']ﬂu’]ﬂgl,ﬂuslyu

[
LY Y

Aa a 1 v o = a Ay v Y a
'Vlllf’ﬂ%ﬂ LLa%ﬂ']u’JﬂEJ‘UEJ\TI@I‘VI']ﬂ'ﬁL'Ui?J'UL‘V]EJ‘UN@'V]I@I‘UWﬂﬂ'ﬁﬁ?Wﬂﬂim‘ﬂﬁlaa‘UImEJ

A1NATYNU

nInaNeu
TinguiTauinsiunisaiensaiveaeuwuuduiulusunsudiegna loun Tri-Class uaz
Max-Min wafilanuinnisadrnsavaaeulaeldnguidinuinisaiuisaasansainaaouls

ANIINTATINSANAGBULUUEY

2.6.3 MUITBIF04 Testing Object-Oriented Code Through a Specifications-
Based Mutation Engine 1a# Pantelis Stylianos Yiasemis waz Andreas S. Andreou

[16]

1
Il o

Al dnauenisldnisnaaeukuunateiug (Mutation Testing) Tun1s

v Y a A a A a & a a o .
n539TuTRlANa A AR NI THASU AT 8 UTUAINAITTeUIUTUATUT IR (Object-
Oriented Programming) Tun1w1 C# wazniwn Visual Basic  Inedrulngnisnageunuy

v 6 o a a a a a o in/ Y a =
NATYNUT %Qﬂumﬂﬁé’ﬂumiﬂizLuuﬂizammwmmmmmaau ﬁ?U'Jﬁ]EJUlﬂWGN‘L!']Lﬂ?ENEJEJ

v Y a a

dwmsultlunisasiradudeRanainnerainannnisieuluswnsulaglgnisnagaukuunaiy

' ' (%
[ = A = e

Wiy JaesesleNiaundusviludiuvesnisimundiaiiunisnisnaleiug  (Mutation

]

Operator) nglfldiduginuaiiotunldussiliulszdniamveansdvagouiasnetu

Y

% o a 14 v & A (% a PN
aﬂ‘wmzmimLuumwmﬂ’]ﬂﬁamimaamwmmawuq AevzUsulasulusunsulalunig

s

nagaulisngluanlusunsuduatuluniuuszinneasgianiunisnisnantenus  wazlu

]

s

NuITeFuidilavinisisuiisuiuiuvesmmageukuunateiug  lun1smaaesiy
LUsuASUNWEUMEN W) CH# UazA1w) Visual Basic  Ine1uddeduinudl 91uiuvesns
nagouLUUNaIeiug  Nlnannimaaeuredlusknsuiilisunign1wnsaesntw laianiy

v a4 A Ao = % Y a o a a %
wANsNeiY uagiasesllendausausanazAumtaiana1niliinainn1sdeulusunsula

1 = a a
2819 UUTLENTA N
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va v

NNTANBINUITEM AU 3 FudyinlanIdelakuinislunisyin

Y

WentinusaduiinnudnnisnisaiansiinaaeulagldtunauIsitaiugnssuINMUITe U

—_

ImiuuIAnN A UL LIS IUTEAUNITNAGOUNITATOUARNLEUNIINITHIIUIIN

(% '
a =

NWITLIUN 2 warlawuiAndnsunsuseliuuseansninvesnsanaaasulaelinisnaasu

a

LUUNANENUSIINNWITETUN
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A5N15AHUNISIAY

3.1 N15IATIRLETaRNLUUTURBUNITaS 1N sainadaulagldrunaulBI BaNugN TN

Ly

Funeunsatnsdinaaoulngldtuneuitideiugnasy uanafanmd 31
Usenoudne 2 dunoundn fio

1) nsasrnsmmuaunsivauasszuduniatving (Generating Control
Flow Graph and Specifying Target Paths)

2) Msasensalnndey (Generating Test Cases)

Begin

A4

Program ) Generating Control Flow Graph
and Specifying Target Paths
Selecting the Target Path

I ﬁ
GA Execution - ——— I

A4

Coveraged all Paths

AT 3-1 LHUNTNLEAINTDULUIARTURBUNNTES 19N SN aaulne Yy

TURUITINUGNITY
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3.2 mia%’mniW\IﬂQUQmmi‘lwaLLazszqtﬁuwNL‘ﬂﬂmnﬂ (Generating Control Flow

Graph and Specifying Target Paths)

TunauUN1TaenstinaaeulagliTunouIBITINUENTINILTUIINATATI

NIINAIVANNTT aYlUTUNTUNRDIN TV INTENAABU KA IINITHNTALEUN 19NV

yaalUsunsunmunainnsmaruaunisiuaiiioNagseydunia (Paths) dusunisasnansdl

NAADUAIMTURARZLAUNIY Fadun19nseyazaeInsaunguing Woulun19vinauees

TUsunsy lngtumeuilavdsenaume 2 Tuneuges As Tunaun1saiansmaIuANnIsiva

wazdunaunssrudunIadimving

1) YupsunsasnTIAUANMsIva (Generating Control Flow Graph)

ﬂ’]iﬁ%ﬁ%iﬂ‘l/\lmuamﬁlwafwﬁmsmmmﬁaﬁuaﬁ’u (Source Code) B9

lUsunsuiidesnisnagaey tnensiatuaunisinagnasiauaiundnnisntadiauslag

Amman ag Offutt [8] 17 3-2 kansfiteg 1 sianuatuveslusuNIIMIANgIgALazAEn

g%

(Max - Min) 1%

wazsngs (Max - Min)

9

A i
INIINAFDY  ATNN 3-3 uﬁ@ﬂﬂi?WﬂﬁUﬂMﬂﬁilﬁﬁﬂ@ﬂIUiuﬂiMﬂWﬂWQQQW

1 Dim a , b, ¢ , max , min As Double
2 If a > b Then

3 max = a : min = b
4 Else

5 max = b : min = a
6 End If

7 If max < ¢ Then

8 max = C

9 End If

10 If max > ¢ Then

11 min = ¢

12 End If

ANN 3-2 Aleg9sanuaTuYealUshNSY

WAgagALavAgn (Max - Min)

A 3-3 nsmlauaunslravediusunsy

menggaagean (Max - Min)
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2) {Jy'umaun']ssqu,é’ummﬂwma (Specifying Target Paths)

nswleuaNnIsiraaIndunoud 1 azgnihanldifiessydumaiivane
(Target  Paths) fildlunisuinsdinaaevdmiuusaziduns  dusuiduniadimuigly
qwuiﬁaﬁﬂzﬁmﬁmﬂuszﬁumiﬂiamquLﬁuma (Path Coverage - PC) [8] G3azfiansan
nsnaaeuliaseuaquyne WuNNsieL fogransnmuaunsinalunimi 3-3

anunsaszydumathmngduiuldlunismeaeulaviovun 8 v danmi 3-4

Path 1 S 1 2T 3 T 8 10T 11 E
Path 2 S 1 2T 3 7T 8 10F E

Path 3 S 1 2T 3 7F 10T 11 E

Path 4 S 1 2T 3 7F  10F E

Path 5 S 1 2F 5 7T 8 10T 11 E
Path 6 S 1 2F 5 T 8 10F E

Path 7 S 1 2F 5 7F 10T 11 E

Path 8 S 1 2F 5 7F  10F E

AN 3-4 LEUN I ALN g NINUATDILUT LT

megegaLazdgn (Max - Min)

3.3 M5a319NsAINAaaU (Generating Test Cases)
nsasenstinaaeuazgnaniiunisiagldndnnistuneuislaiugnssulag

SunnsenEumadInNneiAeInIsiaTUILNomInSUnagaeu (Select Considering

a o

Target  Path) Ua3d1gdnszuIuNIsINUIBItunouUUin1s3oidaiugnssy  (GA

o W a

Execution) teAumnsdinageudmiuidumammeiimdsfiaisan ami 35 uang
fupeuujdinistuneuisideiugnisy lasdumeunisdenidumadivuisuaznis
ﬁﬂLﬁumi%’jumauUﬁﬁ’ami%umu?%l,%wﬁ’uqmsm ﬁlzgﬂﬂizﬁﬁ‘(}gﬂﬂ UNTLIIATUNALEUNN
e Tuwsiarseuresnisvaus umathmnefignidenasBendt Wumativang

[

PAAINAITdN (Traversal Path)
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GA Execution

Initial Test Cases

'

Coverage
Evaluation

v

Selection
v v
Crossover ( Stop )
¢ A
Coverage
Evaluation

Selection

'

Mutation

Replacement

m‘wﬁ 3-5 GA Execution

1NN 35 wanstumeun1sUszyndldduneuifidaiugnssuly
AsTUIUNIaSnsEInadeuTiinssuIunIee el

fumaudl 1 n1sadrengunsdinaaauduiuiia (nitial Test Cases)

nqunsdinaaauduiuie (naudsssnsduduin) avgnasistuiiedy
aLsufudmIUnsUTuABuAvdnnisitenendnuugnaiugnssuliungun sl
naaouudoly lasngunsdnnasuduiniaazgnairstulaeldisnisusdiuiiauna
(Equivalence  Partitioning) [8] Tnedeyatitrveslsunsuiifesnisnaasuusazinazgn
wsdwoenifungus nsdinaasuduindavisnsdl lannsthdnladiunivesdoya

i mndansiy daiuniensainaaeusunide (ndudszvinsaunie) vunedamilayn

q
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Toyanaaeu Feimnuiulsvemilmadoyanaaeuintuiuulasluleuvemilsusseins
Tneilashulsuvewilaszung @eyatind) erefiviinvesdoya (Data Type) Aunndnriu
Fsnsuisdndiaunadmiuusazaiindoyafunnsiudneg fegratu
1) msudsduiiaunadmiuvteyaussiandaudiy (nteger) uazdau
natley (Double) anunsawUsduvesdeyaseniu 3 nqu As w1nndn
, Hoeni uaginugug
2) nswlsduiiaunadmivieyaussiansviadnusy (Character) @1usn
wusdestoyasendu 2 ngu fie sadNuse wavA1ing
3)  mMsulsdniaugadmiuteyausziandenin (String) anansautadiu
vosfeyasondu 2 ndu fie donu uazA1I19
1) mswsduiiaunadmiuteyalszinnainuads (Boolean) @wnsn
wusduvestoyasenilu 2 ndu fie A1933 (True) wagALia (False)

lAgMSMYUANGNYDINTANABUITIAY 8MNUANIUNENNIT Each Choice

'
al o

(EQ) fignunauslag Amman uwag Offutt [8] lnevdnnistivualiusazdiunignuds

Y
wfpwgnidegaloy 1 asdlummagey

= Ay

MegelusunIumAIEgauazagn (Max - Min) dailveyaindine a, b

kY

& & v o a ) o q'
way ¢ nevsanududoyaussiandnuunefion (Double)  9NMENNSWUIEILNANAS

o ¥ 1

U150 @NUTOLUIEIY (Partition) Sﬁazgamlml,mazﬁaaam’fm 3nqu Ao WINNT, UaenIn

waziniuaue W uanauvasyadayalsuaunIumannis Each Choice (EC)  azlayn

Y

'
o

Joyanlddmsulusinsamengaauazenan (Max - Min) Usznausie 3 gateya Ae f{a <
00,b<00,c<00},{a=00,b=00,c=0.0}uaz{a>00,b>00,c>0.0}
NnTWIINsduA1vesleyanaenndesiuyIwetdeyanimuall dregrnisduardeya

LAAIRIAITIN 3-1

M50 3-1 nqunsiinaaeusuiniln dmsunsnaaeulUsinIUMIANEIEALALANER

A3
Y a b o
YAUBYa
1 2.2 -1.4 -4.5
2 0.0 0.0 0.0
3 3.7 2.4 5.3
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Tumaudl 2 n13UsziiuAInuATaUARY (Coverage Evaluation)

115U UAIAINATEVARNIETIITUININANTUITEEUAIAUATEUAGY
Fumadhmneveangunsdivadey dwmiunuideinsusadudauaseunauldisnig
Auraumnen Distance [2] vosmdsiiduitoulrlunsienvedusunsy aamauf Korel's

distance function Aauandlun1sI99N 2-2 1AeunauNISUTHEUAIAUATOUARY WARIAY

ANA 3-6
Test Data > Execute Program ] > Traversal Path
h 4
Compare Traversal Path
with Target Path
Distance of Yes

A

Calculate Branch Distance Is Different ?
Traversal Path

o & a
ANNN 3-6 GUUWEJL!ﬂ’ﬁUigLﬂJuﬂWﬂ’J’lﬂJﬂﬁaUﬂﬁjM

1N 36 TuneuImEuR NS Rdeyavnaey (Test Data) 7ild
ndunourounti inUFTRRUIUILNTLTiFesN1TMRaEU (Execute Program) Tnsndaya
uiagaagliiduniamahe (Traversal Path) wesdayagatu 9nduiidumanisyany
NUTsunsunutdunIadung (Target  Path) lagagyinnsiuIsulineulanizdiues
Wsunsufdumdatoulunmssndula (Decision) Tunsditduiidusdadoulanisindula
goudunienisieuliuansstudumadvinedimdafiansen agldviiniseiuiuen
Branch Distance uilunsdifiduiidumdsdoulunssnaulavendumenisvhau winsig
Pndumadminefimdfinnsan  asiiniseuine Branch Distance muUssinvves

'
o

mdsmduRoulumunguijves Korel’s distance function Asuanslumisnei 2-2



33

Moy 1NAMIN 3-2 siaRuRTUvelUIUNTIMANEIEALALANER

(Max - Min) laruualmadunisd 3 wWuduniadmungdvsunisasiansdinaaaume

EPVEN
Path3:S5,1,2T,3,7F, 10T, 11,E
ansasunsvauaunsivasansdumadmunedesnisnaaeuls 6

A7 3-7

true _ false

Target Missed
Branch Distance =b - a
true

| 4
Target Missed
Branch Distance = max - ¢ N \fz:llse
Y
\

Target Missed
Branch Distance = ¢ - max

AMwA 3-7 nsmlanuaunisivakansduniatvang

HUlUNNSYNUAI S ULAUN AT IMUNE Path 3 TUUALAAIAIAITIN 3-2

M15190 3-2 Predicate Path 999RA5L1NNNINA 3-7

Predicate | Predicate Branch
Path Distance

2T a>b b-a

TF max < C max - C

10T max > C C - max

Meg1syatayantiannisdunstinaaeuduindalunsned 3-1 g

NN ULEUMIUAUNENANNAUR H9T
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]
v =

Yvayan 1: a= -22 ,b=-14 , c= -45

Y

umedmiuyedeuadl 1 Ao TR =S, 1, 2F, 5, 7F, 10T, 11 ,E
dlefinsanwuin Predicate fidosfinnsande 2F
Distance(TR(1);) = b-a = (-1.4) - (-2.2) = 0.8

ety Distance(TR(1)) = Distance(TR(1);) = 0.8

]
v =

Yavayan 2: a=0.0 , b=0.0, c=0.0

Y

Lﬁumaﬁm%’usqm’fauuaﬁ 2A8 TR =S,1,2F,5,7F, 10F , E
dlefinnsanwuin Predicate fidosfinnsande 2F way 10F
Distance(TR(2);) = b-a = 0.0-0.0=0.0
Distance(TR(2),) = ¢ —max = 0.0-0.0 = 0.0

et Distance(TR(2)) = Distance(TR(2),) + Distance(TR(2),)
=0.0+0.0=0.0

]
1 =

YvaYan 3: a=37 , b=24 , c=53

Y

umnadwsugadeyail 3 fie TR(3) =S, 1,2T,3, 7T, 8, 10F , E
dlefinsannuin Predicate fidosfinnsande 7T waz 10F
Distance(TR(3);) = max-c= 37-53 =-16
Distance(TR(3),) = c—max = 53-53 =0.0

ﬁaﬁu Distance(TR(3)) = Distance(TR(3),)+Distance(TR(3),) =
(-1.6)+0.0 = -1.6

A1ANATURRUTIlaINNITRIsanAdiludeulunsdndulaveusas

adeyaszgniiluinnsaiiadignszuiunisdadennisiiugnssuseluiiioasaluye
- ' = 4 o % o P = o Y
ayArIBNguNIiNAaeULioYINIAUMIYATeIeyaidunsiinaaeunianuminzauiu

v a

Wumadmanenmamiansun leensdinyadeyalaliduniaviiouduiduniadvaned

(%
% ¥ U

Masiarsanuansigadeyatiuluyadoyaiiaseuaquidumatmnenmasiatsan Ty

9 Y

¥

nstitazunsainnuyndayanaaau (Houly Found Test Case wWuasy) asinalitunou

9 Y
(% '

UFURNsTuReuIBdeTugNITHeR wilunsalilianusamnsdinegey TunauluRng

(%
U

TUNDUIBITINUGNITUIYALLDATUTIWIUTBUNTTUALY



35

Yumaudl 3 n1sAnLden (Selection)
nnsanliunistudunauil 2 2gleeA Branch Distance dmiunsiazyn

Joya Jan1sAndenaznszyhnisdndengadeyaiieinundulssmnssurewy lnaidontyn

v =

Toyanlvirmanuwsnzautos Samnefisntoyaiilyian Branch Distance Woeiign

Y

) ' vy v oA o o o 1 . v % ° Y
NNIBDY WV NAULUBDLIIAINUAT Distance ‘U']ﬂu@ﬂlﬂll']ﬂufﬁ'] Q%Vl'ﬂmﬂsqﬂ

[

1% 1 dil
vosvayalvy Aail

AN519N 3-3 F19819N15E589819UA1 Branch Distance tanntesluuin

Auus
Y a b o Distance
YAUoYa
1 3.7 2.4 53 -1.6
2 0.0 0.0 0.0 0.0
3 2.2 -1.4 -4.5 0.8

v =

Faygavostoyailadlmitandulszmnsyulnidiediluldlunmsmnsdvaaey

Y

[

dusurdunadrunenmaanasansely

uaaui 4 nshuilasu (Crossover)

nsiulidguaganiiunslaeidenyadeyailliAn Branch Distance o
P o w al ° ) A o 9] A o '
fign 2 d@duwsn Wesnduwiumudsvseduiulasiuleuvesyadeyaiidnuiuliuin
Aatiunsvimsledaeudddiznisleiiuasunuugaiies (Single-Point Crossover) &349g¥in
Wlandayalvl 2 yadoua AI0E1TU YATOUATIONEDNNIAB (X, , Xo , X3, X} WaE {y; ,

9 Y 9 Y 9 Y u 3
° Yy i a v & ° A v & 9 v oA

Y2, ¥, yab agvinmsluifsugadeyariaans s duniad 4 deuaslagadoyalval Ao
{Xl y X2, X3, Y4} b {Y1 » Y2, Y3, X4}

nmsanfunistuduneud 3 agldyadeyalndundudsevinsduiuie

v
[

dmsunuideilagyihmsdusiunismagsiinislaiuaeunn 1 el dregradu duladuay 2

v 9 -

AIUAIINYATBYARINNTIN 3-3 wazihnisleTilGeusuugadedludunied 2 Gaililayn

Y

'
[ =

ﬁuaqﬁﬁagalmj ARNT1IN 3-4
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M990 3-4 wanaNT5 i IUAEULUURAREINAULILT 2

i sumaivhmslafideu i
Lo S .
yadaya :
a | b c
fauus [
1 37 0.0 0.0
2 0.0 124 5.3
3 -2.2 -—1.4 -4.5

vdanyhnsluiiasuaglinguussnslmidansed 3-4 Jearlidungu
Ussrnsiudndiafievnnfinsandudumatimnedimdsissandely Tasasdhdtuney
fl 2 mavssdiuAimuasounqu (Coverage Evaluation) 8nafa  ddlunisUseidiudiai
asouaqu lunsdifinugadoyavaaovaziinalidfunouufoinslutuneuisidsiugnasuyd
wilunsdiitlinugedoyanaaouaslusidunslutuneudaly

ndeyalumsedt 3-4 iefinrsundumsiifndufudoyayed 1 wuindy
Gumadetutudumadmng ffulanalituneuljoinslutuneuisideiugnssu
gfi waznsavegeudwiSudumadvune S, 1,2T,3,7F, 10T, 11,E Asa=37,b
= 0.0 waz c = 0.0

YURBUN 5 N1snangiug (Mutation)
YR ° = v Ao v . v PN
nsnangiugaznsevinlagiienyateyailidl Branch Distance tseiign
WievinNsnateuguuuIRLALL (Single-Point Mutation)  @eagyilulayatoyalvsl 1 9a

Toya MYy YAToUANONEDNUIAD X, , X, , X5, Xg} INNITNAWIUT 2 UL

Y Y

¥

2 Mee x faduaglagadeyalvnil Ao X, , Xm , X3 , Xg}
lnefisuniaselasiuleufisznssinnisnatenug sglaainnisdndeniay

Tmsdu  Wesnndwusuwlsvtelastuleuvesyadeyaiidiuiuliinn  daudsiniiunis

] o

naeugieaisyadeyaldlaglinisnaneiuguuuaaiien Tngazinnisdudiunusagii

NIsNANERUgIn 1 s uaadenyadeyanlvidinnumagauties Jaanetntoyai

6

19iFn Branch Distance Woefigaieiduyatoyanildlunisnateiug

]
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mnmssndunislutuneud 3 aeldyndeyalminndusznsduiida
dmsuaiteiaginisduiiumisiiazshnsnaneiudin 1 e dedadu duldiiae 3
Fedudlovhmsnaneitusyadeyaanaised 3-3 neldmananeusuuugaiedlusumsd
3 aghliildnveadoyalul fnseil 3-5 Feasdeuyateyai 1 ludumisdl 3 :1ndeya
A 5.3 W0 7.6

a v s = A o I A
A1919N  3-5 LLa@NﬂqiﬂaqUWU@LLUUQ@L@H?WWWLL‘WU\‘Wl 3

| dwnsiiinsnanetug
U I_ ___________ 1
|
yadoya I
a b c |
o I
AUs 4
1 3.7 2.4 7.6
2 0.0 0.0 0.0
3 -2.2 -1.4 -4.5

waeannsnateRugazlinauuszanslmidinnsen 35 Feeglddungy
Usgynsauindaieihunfiasandudunataneimdmasansely lngasiingiuneu
12 msUszdiuAinunsaungy (Coverage Evaluation) 8nAss  Felunisusziiuenaiig
AsouUmaY lunsalinuyadeyanaaeuasiinaliduneudjinnisluduneulsuiugnssugi
I a i 14 o a :.’/ (% 4{' ! v
witunsalilinugadeyanaasuazludniunislutuneudaluisesgaunitasnuyatoys

NAADUNIOATUINUIUTOUNITYINTUNAAUA LY
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NaN1SAIUIIUIAY

4.1 nsRnwUULaTWAILIASasfiaduwuudmSuadensdinaseu
mawauieiesiiauielilunmsasnsdnaaeulnglidunuisidaiugnssy
waunlagld  Microsoft Visual Studio 2010 wagldniwn Visual Basic Tuniswaiul lae
m%aﬁaﬁﬁwmﬁﬁuasﬂugﬂLLUU%ﬁuI@iLLaWELﬂ% (Windows Application) @33yl
sonuuuLariaunlfsesfundnmsinuvestuneufildiiaus s1eaviBonvenieiiei
WaunnTudiead
4.1.1 nsaunIsInauYanAsasiiafinaun
wdecdlefiwauntuiidiunisynoundng 2 dw waneianwdl 41 i

[

a &
FNYaTLBYN AU

Program N Generating Control Flow Graph
and Specifying Target Paths

r-------- - "T-""--""-"=-"=-=-=- e |
| Input |
I I
Target Path & Instrumented
@ | GA Parameters Predicate Type Program (.txt) |
I I
L - l
[————————— = — — — — ————— =
System

Test cases Generation

I
I

I
I
| I
| Test Cases | _ _ _ _ | |
| Genetic Algorithm |

I
| |
I

= o A4 A 4w
AN 4-1 LFAINTBUNITVNNIUVDILATDIN DV WU
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dufl 1 Input LHuduvesdoya Input ihgszuy Jududeyaiunainnis
asansarvAuMsrakazssudumalmneainsialdsunsuduaty Iasasuustoya
Input senidu 3 d@ude

1) miﬁ’mumﬂ'"]g’qﬁumaa%umaﬁ%@ﬂﬁuﬁqﬂsw (GA Parameters)

2) myszydumaiimneuas Predicate Type dmiuidumsiiindamaaou
(Target Path & Predicate Type) laglunisuinsainegeudmsuudaziduniadmingls
awdipafinsswy Predicate Type dmsudumadmneturieunnads

3) Wsunsusuatuiignasaunsniisiuds (instrumented Program) Lile

[ [

srydunanlaannsatuaunsivariavun daldsunsuigniaivluguuuy Text  File

Y

v A

(txt) A298190UTNTUAUATULALAIAINONAL  WAAIAININA 4-2

Y

| max_min_double - Notepad o | B ||

File Edit Format View Help

Imports System -
Imports System.IO

Imports System.wWindows.Forms
Imports Microsoft.visualBasic

m,

Namespace GA
Public Class Sourcecode

Public Function Test(Byval ParamArray prmParameters() As Object) As Object

Dim a As Object = cdbl(prmParameters(0))
Dim b As Object = cdbl(prmParameters(l))
Dim ¢ As Object = cdbl(prmParameters(2))
Dim max As double 0

Dim min As double =

Dim path As String = ""

_n "

If a > b Then
path &= " 2T 3"
max = a : min = b

Else
path &= " 2F 5"
max = > mn = a
End If

A 4-2 shegrasialusinsusuatuluguiuy Text File

1 =] < ! o = & ! o o & dl'

dui 2 System Wudiunsviunmelussuy dadudiunimuduive
o 1% =~ Yo = ¥ v ad a o
insasnsdinaaeulviulusunsuit Input Wdszuu legldduneuisideaiugnssulunis

AuN1SaS 19N INeaaU



4.1.2 mMseanuuvdRadaiugly

v

A & A
LATDIUBDNNE

40

WuildudnseglduLardIuNITUARIHARIA A 4-3

Setting
| 1. Upload Sourcecode | 2. Genetic Algorithm Parameters

GA Parameters

No. of Parameter : 3

No. of GA: 100 9
Crossover Rate : 1

Mutation Rate : 1

Ch Type : [double v]

Save

1. Upload Sourcecode | 2, Genetic Algorithm Paramkters |

Erowse

1. Sourcecode

Imports System
Imports System.I0

Imparts System. Windaws Forms
Imports Microsoft VisuslBasic

Namespace GA
Public Class Sourcecode

Public Function Test(Byval ParamAray prmParsmeters) As Object) As Object

Dim a As Object = cdbljpmParameters(D))
Dim b s Object = cdblfpmParameters(1))
Dim ¢ As Object = cdbllpmParameters(2))
Dim max As double = 0
Dim min As double = 0

l

File name: : |E'\MIT\Thesis\‘Tﬂmt‘wui‘\ijed\GAGeﬂemteTaso\GeﬂeﬂataTaleala\maxﬁmmido

2. Predicate Distance

TergetPeth (51 2F 57T B 10FE

) () ) ©

IETHRY

Predicate Path Predicate Type
2F > -
T < A

Setfing  Start Clear Export

Execution Detail | Result

Operstion Data Traversal Path

Fitness

GenMo. %

a 2/ o ! a ! % v
AN 4-3 ‘Vm'ﬁ]ﬁ]ﬂ’]iVlN’]uSLUﬁ’JUﬂ'ﬁWWW@ﬂU@,‘U

M9 4-3 wthaemsvirnuludunisindedudldazwisesndu 5 dw

[
v v fU U 2/

FIFUNUSAUTUNDUNNTAS19NTUNAADU F191



a1

sunaud 1 nsewlnanlng (Upload File)

Funeunssnlnanlndsiaduatuiieliiaioslovnnsadransdnaaeu Tne
T¥nieediuvenadodiofitauiminsiar @ Fsusznnvedlndfildlunissnlnantiio
naasvIzFondy Text File (txt) Fudulwdnignimmdenlilnelidlusunsuduatiunimn
Visual Basic maammsﬂLﬁmLamﬁﬂé’aLﬁa53‘14LﬁumqmuﬂﬂWmmumﬂmahé’ﬂwm

AU (String)  FI0E1NNTABALNINLNLLALAI AL WD TEULAUN19NABINTNAFBULARAIA

AW 4-a

1 Dim a , b , ¢, max , min As Integer
Dim path As String
path = “S 1”

2 If a > b Then
path &= " 2T 3"

3 max = a : min = b
Else
path &= " 2F 5"
5 max = b : min = a
(3) |:> ¢ End ¢
7 If max < c Then
path &= " 7T 8"
8 max = C
Else
path &= " 7F"
9 End If

10 If max > ¢ Then
path &= " 10T 11"

Else

path &= " 10F"
11 min = c
12 End If

path &= " E"

'
[J

AW 4-4 Feg 1 lnalUTUNTUMANEARLAEAER (Max - Min)

nnssEyYduNeunIaIuANnIsiva



a2

Yunaui 2 MsivuAAIRUlUNIEUIUNTTUABUITRNUSNTTY
A1UITOAAUAAIAIAUTANUNITALTUNITLIUNTLUIUNISTUADUIDLT S

wugnssulngldniaediuvennseddlemimumnaay @ Fenassuniannsaimuals i

=
U

>e

1) Number of Parameters Ao S1uIuvDINIsTnasSofudsiidon1s
WINSANAFDU

2) Number of Generations fiB S1uIugIaRvEITUUTEYINTTRMUA 1TU
Arfuansdesuiuseuiialdlunisussananaiion1shumaineu

3) Crossover Probability fie dasianuiresdufiaziianislafiuasuves
nquUsEvINg JeazdiAtegsenine 0 f9 1 windmuasasinisled
Waswdu 1 LLamdwmﬁmmsmumﬂﬁmﬁ'auiuﬂqﬂsau drunsaii
fuasnsinsleudsudu 0 wansnliiloniaianszuiunisled
Wawu

s

4) Mutation Probability #ie §hsianutaziduiagiinnisnateiiug audl
ANegIENing 0 3 1 windvuadnsinisnateiugidu 1 uwansinveiin
ﬂizmumiﬂmaﬁuiwé’ﬂmﬂmﬂﬁﬁw?{aumﬂ%’@ dunsdfifmundng
msnaneiugitu 0 uansinlsiflenainnszuaunislviiden

5) Chromosome Type @8 Uszianveasdaya Input flddmsuasransd
naaeuTadulszinnvideviinvostoya 1wy Srunuwds (nteger), S1uau

natey (Double), WadnsE (Character), Uoaa13l (String) \UuAw

1) a ° o oy v =
Tunauil 3 nsivuadunalvIneNneINTEIeNIANAEaY
wumadwanegnmuedmiuldlunisasiansdinegeuseyasluaiasdien

Wauntulpeldwinaediuveandaslonwauvuisay ©

Yunaudl 4 N1552Y Predicate Type TifiuAdsiduiaule
5%y Predicate type dmsumdsiiuiaulalpgldntinediuvenniasiion

Warunvunoay @
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14 = P =
YUNDUN 5 N1961319nTUNAFDU
44' Y o & A A Ao 9 Y & Y
L@J@ﬁ%usﬂalﬂa'ﬂ‘ﬂqL'Uu’ﬁQiTJLﬂiEN@J@VIWWUWﬂﬁUQ']uLLa'J ﬂ"USLGU']Qﬂig‘U'JUﬂ'ﬁ
o = A4 A Ao = ° o a Yo ay v
g7 NNTUNATEDU IG]EJLﬂiaqmawwwuqmuzﬂgﬂqﬂqiasqﬁﬂiﬂ,ﬂ/]ﬂa@‘UI‘Vm‘UT‘UiLLﬂiﬂJWl@lig‘U‘l}ﬂu

v a

JUABUTN 1 BALALYINNITASNTUNAADUAMSTULEUNI WU NUNENAS IR TR UA I T
JUADUN 3 LAYTLTUUILYINNISAUNINS INAABUNT AN UM FU AN ULAUN 1N ANSINNTUN

! ° a ! 44' ° & v oAy voe ) A
GU‘L!ﬂ'J']Q3WUF"I'W]@U‘V13@‘UUWTW3F’\ITUN@‘UIGUﬂ'ﬁﬂ'ﬁﬂu@ﬂ']@]\iﬁﬂﬂlﬂﬂqﬂu@l}ﬂusuum@um 2 IWEJ

nuNRdIUNLanMan1TasnsaineasuldriineduTsAIosloNwauvLsay ©

Uumshauisidudmiunsaiansdnaaou uansdisnnd 45 Jausiaz
JuflswasBonnisvham fal

1. Setting : 901 / Lans dauvaInsHerInslFau

2. Start : 15uN"15UsEANANE

3. Clear : aNRUNDUAAINANITVINNUVDILUITUATY

4. Export : @ewanuani1svinauvedlusunsuluguuuulng MS Excel

Setting  Start Clear Export

A# 4-5 Yun1svinanu

Lﬁ'aszmé’umqLﬂmmaﬁﬁaqmsmﬁau wanaly Start wSewioang
Aumnsaimageuiivinzauiudumatvineiiszy  lasamil d-6 wansthasoaziden
mﬁ‘v‘mmmaqsﬁgumau%%l,%aﬁuqﬂssu 1PYATUAAITIUALLDYARNE Fall

1) Operation f® ﬂszmuﬂflﬂusﬁgumauij%l,%qﬁuqﬂsim 1auwA Initial, Crossover way
Mutation

2) Data Ao yavestoyaiindussminmsdumnsdinnaey

3) Traversal Path Ae @unesiiAintuseninsnisdumnsdinaasy

4) Fitness Ap ANAUALITALTIARATUSYWIIMSAUMNSEInaaey

ANA 4-7 LAPIVTIDLANINANITUINTUNAZDU
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O O

Setting  Start Clear Export

Execution Detai | Resut

Operation Data Traversal | Path Fitness
N 21312151331 S12T37TE10FE El
el 25414321850 S12T3FWTHIE 0
il 0.0010001000 S12F57F I0FE 0
er @2 -2641-4321331 S12T37T810FE -1
3191215990 S12T37F1I0T1NE 0
0.0010.0010.00 S12F57F10FE 0
mutation @0 65514321331 S12T37FI0TNE 0
mutation @0 31912151990 S12T3F 0TH1E 0
muation @0 0.0010001000 S12F57F I0FE 0
cossover @ |13.1912.151331 S12T37T810FE A
crossover @2 6.55(-4.32]-9.90 S12T37F1I0T1ME 0
crossover @2 0.0010.00]0.00 S12F57F10FE 0
mutation @1 31919821331 S12F57F10T 1 E
mutation @1 6.5514.321-9.90 S12T37FI0TNE 0
mutation @1 0.0010.001000 S12F57F I0FE 0
crossover @ |13.1919.821-9.50 S1ZF5FITNE
6554321331 S12T37F1I0T1ME 0
0.0010.000.00 S12F57F10FE 0
mutation @0 7.7219.821-9.90 S12F57FI0T 1 E 2
mutation @0 65514321331 S12T37FI0TNE 0
mutation @0 0.0010.001000 S12F57F I0FE 0 o

MNN 4-6 MtRBLENITIAZBEANINSUJURNMIAEuNsIaRugnssuTun1snsdl

nagoudmsuLdumamanensyy (Execution Detail)

Q O

Setting  Start Clear Export

Execution Detail | Resut

Resuit Data Traversal | Path

G 10,151 1951331 S12F5TTR10FE

a v a
AN 4-7 RKUDLUARINDNITUINTUNAFEDU

4.2 nan1sa3ensainaaaulagldrunauisiBaiugnsuainiasaslionnaun
nadouN1TasNNsavaaeulngldtunouIBidaiugnITMeIATosileNimu

o ¥

Toeldlusunsuiivadunsaidnel 4 Wsunsy FafiveyatindNuansaiy sadl

Y

'
[

1) lsunsuAmuinAgegalazaige  Jeyalussinnituiunalioy
(Double)

2) IﬂsLLﬂimﬁﬂmmmﬂizmwuaqgﬂammﬁam Toyald1Uszn NI
(Integer)

3) TUsunsuAiuiamiAnaavesteya Jeyaiinusziansiasnusy
(Character)

1) TUsunsunsavaeuteniny Palindrome dadudoruiiaznamioulfa

Pnmihlundwmsennuadluni deyaid1uszinndeniny (String)



a5

MnHaMINAReY NuttuneuiBistugnssuansathivssgndldluns
asunsdiaaeulunssuiunsiamgensuadly dslunisadunsdnaaoulngldtuneuis
Bafugnssy Amuasevlunisvinuiiedumnsdvaaeuiiaseunquiduniadfideanis
nagoUs AL 100 S0U, Auuasasmnuasdulunislyfivasudu 1 uasimundng

puhazidulunsnaneiudilu 1 awnsouanmaldfmisnei 4-1 - m13799 4-5
M15°99 -1 UaRLdUN @ mTUNINAaeulUITLNTUAI AANGIgALAZ AT
maniidumadimuneavan 8 Wduvna Tdunisiiaunsaninsanaaeuiilddnuau 6

Wunna ldanunsavnsaiveasulednuiy 2 dune aadu 75 %

M15190 4-1 nIAINAFDUNANIUTUNTUATIUAZIEALALANANER

Test Input Result
Target Path Result

Case a b c
1 S12T37T810T11E Not Found - - -
2 S12T37T810FE Found 3.05 1.64 3.63
3 S12T37F10T 11E Found 8.76 3.74 2.85
4 S12T37F 10FE Found 9.77 0.13 9.77
5 S12F57T810T 11 E Not Found - - -
6 S12F57T810FE Found 2.48 5.96 7.35
7 S12F57F10T11E Found 2.20 8.75 1.39
8 S12F57F 10F E Found 0.0 0.0 0.0

WunadldanunsaninsdineaeuladimsulusunsuAuineigeaauasan
Aan INSEY 2 Wune Weiansanagnudndunsdwaneduniad 1 wagdunadimang
7 5 Wwdumeanlaianunsadngdala (infeasible path) lpsanyasadunisiimunling
Fouly max < ¢ uar max > c Wuassisgadulylala

- Y o w °
M1597 4-2 uanadundmiunmsnaaeulusunsuAuiumyssianveagy
a Ny & % N v = =~ v vo

anumdsuiidumadimnediue 8 wdune Sidunsnaunsaninstinaaeuiilainuiu 4

Wunne ldanunsarnsaineasulednuiu 4 dune Aadu 50 %
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M990 4-2 nsaimegeulaNlusuNTuANAMUTENNURIgUaMR LY

Test Input Result
Target Path Result

Case a b c
1 S1234T59F 18E Not Found - - -
2 S1234T59T 10T 11E Found 9 9 9
3 S1234T59T 10F 12T 13 E Found a4 2 3
4 S12347T59T 10F 12F 15 E Found 3 3 2
5 S1234F79F 18 E Found -5 -4 -8
6 S1234F 79T 10T 11 E Not Found - - -
7 S1234F 79T 10F 12T 13 E Not Found - - -
8 S1234F 79T 10F 12F 15 E Not Found - - -

wuneilianansamnsaneaeuladmsulusunsuAmunamuseinvessy

a aN o & ¥ A a ' Y] 1] a I3 v av o
ANUMAAYY TN9EU 4 EUNS LEIDRANTUNTNUINEUNI BT AU EUN19T 1 1 Dudunnaly
au15a1islel (infeasible path)  lesainadunisiiiuualiasians Is Triangle Tu
dune 4T Wuase sadudadululilenagiiidunig oF Andu  Wwuiedfud1nsuiduniy
Wvnedunned 6, 7 wastdunathvunen 8 Wudunienlianunsadndls (infeasible
path) Lesanisaudunstdmmualiaifianys Is Triangle Tutdunne aF Wuia fatiuds

Wuldladlanaeiivdunie 9T ndu

A15997 4-3  LARSLAUNIIEINTUN1IINAaUTUSLNATUAIUIINIAINATITD Y
v Py & P N Y P ~ A Yo
doya Hdumatmuneviomun 6 @une Liduneiaunsamnsdinaaeuiilasiuam 6
Wune Andu 100 %

M58 4-3 nsdinedeunliannlusunsuAIMAINaUeIteYa

Test Input Result
Target Path Result

Case a b c
1 S12T3456TT7E Found U C l
2 S12T3456F8T911E Found Y y (
3 S12T3456F8F1011E Found P n cf
a4 S12F6TTE Found N | \Y
5 S12F6F8TO11E Found ol J i
6 S12F6F8F1011E Found ff ff o




ar

AN919% 44 WAABEUNIIENNSTUNISNAABULUSWASUASIAEDUTBAIY
Palindrome  fiduymatuuneiands 10 AU SLdunanatuisaninsanaaaunle

97U 10 Eun1e Aadu 100 %

ANSI9N 4-4 nsaineaaunlaanlUsLNSUASIED VLAY Palindrome

Test
Target Path Result Input Result
Case

1 S12345T6152315E Found XLJc8WcV1ly

2 S12345T6152345F81011T121445T6 152 Found tYpVpkK5xQ
315E

3 S12345F81011T1214152315E Found SjISLmMRNVrS

a4 $12345T6152345F81011T 12144576152 Found TfXgbizuzt
345T6152315¢E

5 S12345T6152345F81011T1214152315E Found 0dIMCNFQXQ

6 5S12345T6152345F810 11T 12 14 4 5F 8 10 Found rnYnrBEGEL
11T 121415 2345F81011F131445T 615234
5T6152315E

7 S12345T6152345F81011T121445T6 152 Found eeNnvnMnkJ
345T6152345F81011F 131445761523 15
E

8 $12345T6152345F81011T121445T6152 Found iSOSOEQ9EH
345F81011F131445T6152315E

9 $12345T6152345F81011T121445T76152 Found wNKQ8Q8PcP
345F81011F131445T6152345F8 10 11F 13
141523 15¢E

10 S12345F81011T 121415234 5F 8 10 11F 13 Found ororOadjeJ
1445T6152315¢E




FIUIUNTANAFBUNAS 19 LAdN NS UIUTHASUFIB819919 4 TUSHATULARIAS

AN519N 4-5

M99 4-5 TUIUNTANAFOUTDILUTUATUAI

Path Infeasible Total
Program
Coverages Paths Test Cases
Calculate Maximum — Minimum 8 2 6
Triangle Problem 8 4 4
Find Middle Character 6 - 6
Palindrome 10 - 10

INMINAgeUNIsasnsaivegeulneldtuneuIB BN TTMeLATeEo T
W lnelgluswnsuNSHAnY 4 TUSWNSY LaRINANISNAZBUAIAIIIN 4-5 LIaNATUINE

N1INAARINLAAENUIN espslanimuNTuasavnsainaaaud s UlUSWNIUAI081991e 4 191
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N15U52 UYL ANSNINVBINSUNA DU

NuITetiFenldisn1svegeuLuunaeius  (Mutation Testing) lunis

&
P

Waunsuilfidunsd@nuilusuidetAslusunsuduinaigaaauazaidiign,  TUsunsy

Uszifluuszansaimwesnsaiaaouiainaluaintuneuisideiugnssudliinaus Tag
A

Y
AuIuvIUszianvesgUanumdey,  lUsunsuAwIumAInaIaesdeya wazlusunsy
M359388UTaANY Palindrome  Fatunaulunisuseiliuusednsninvesnsanaaoudl
Aanaluil

1) Tureunsasensiinadey gnanliunisiaglinsezuiunstuneulsid
WUGNITUALITNITNUNANE TIWIUNTANADUVDIUAALIUTUNTULARIAINITIN 5-1

2 tumeunisadrslusunsunateiug (Mutant Program) Audunns
WaguwUaslusunsuduady (Original Program) lagldsianifiun1snisnateiiug (Mutation
Operator)  @1m5Un191 Visual Basic  @suiauslay P. Stylianos Yiasemis Way A. S.
Andreou [16] F1uulusunsunateiugngnassdmiulusunsuAILInAEEAkALANREN
o [ o v ea o/ o LY o
f9wauwiriv 21, ulsunsunangiugngnasisdniulusunsudnamussinnvessy

A o - J v ea o/ ] [ o !

Ay d91numiniu 38, Suulusunsunateiugignaiedmnsulusunsuauiamen
na1svestoya THwauniiiy 21 wazduaulusunsunanefusiignaiisdiniulusunsy
MT1980UTaAY Palindrome H9MWIUWNAY 21 LaAeInI5199 5-1

o

3) Unsanegeunlauisdunisiulusunsuduaty (Original Program) uag

o

LUsUNTUNAIEIUTAE LTDUTHULTEUNRENS kagyiINISAIUINIAZRUUNITNAIENY

2N

(Mutation Score) IileUsziliuuszandamaesnsdinaasudils mnazuuunsnateiugiie
g 1 mnefensdivaaeutuiiussansnimnn uagmnazuuuntsnanewugiadlng
Auevaneinsiimaaoutiuiiussansnmaoudiei
ayunansusziliulseAnsamvesnsainageudmiulusunsuAulnggn
LLazﬁ'w?ﬁqm, IﬂiLmiuﬁﬂmmmﬂizLﬂw@agﬂmumﬁsm, LUIUNTUAUIUMIAINGIUDY
foya waglusunsunsivaeudonin Palindrome daUsziliuanynnsdllneldisnmsnaaoy

v ¢ Y d‘
wuunaneiug e 5-1
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Total Total Killed Equivalent | Mutation
Program

Test Cases Mutants Mutants Mutants Score
Calculate Maximum - 6 21 19 - 0.9
Minimum
Triangle Problem 4 38 25 9 0.86
Find Middle Character 6 21 21 - 1
Palindrome 10 21 16 4 0.94

HANSUsEIUUTE AN A NveINSavAaeU el UTINTUAIUINAIEIEALAZ AN
#inam (Calculate Maximum — Minimum) #silusunsunaneiugiianun 21 Mutants wu1
flusunsunaneusiivinadnsunnmafusadnsainlsunsuduatuvielusunsunaneusi
gne (Killed Mutant) $1u3u 19 Mutants S?iammmm%LLuumSﬂmaﬁuﬁ: (Mutation
Score) léinfu 0.9 nmamsneaesitld uandiiiuinsdnadeuiiainanduneud
thiaueifunsdinaaeufitiuszavsamasudiegs

HaNsUsEuUTEAEA MY Tainaaau el UsUNTUAWIMMU ST VYRS
sUanuwidien Sedlusunsunaneiugiionun 38 Mutants  wudrdlusunsunaneiusiili
dwsumnsnafunadnsainlusunsuduatundelusunsunatewusiignan (Kiled Mutant)
17w 25 Mutants Slusunsunaneiugiiauya (Equivalent Mutant) $1u3u 9 Mutants 3
aaNsaMATLULNNINANETUS (Mutation Score) Iy 0.86 annnan1smaasfile uans
Tituhnsdnaaeuiiadanduneuiiviauedunsdnaaeuiiissansnmaoudiegs

HAN15UTEUUTEANEAIMYRINTAlnAaa UL lU TN TUAUIUMAINA19YDS

=

Toya Fadlusunsunaneiugviovan 21 Mutants  wudndlusunsunateiusnlinaans

WANAAUKAANSAINNTUSWATUAUATUNS o lUSWASUNA18WUSAIaNan (Killed Mutant) 31uu

9 Y

s

21 Mutants @9@1U150MIALLUUNISNA18WUS (Mutation Score) lawindu 1

]

INHANTT

Ay v DA = v & a o & = a
naagefila wansliiiuiinsainageuinainaaintuneuiinaueidunsanaasuid
UszAnSnimeeudnegs

NanN15UIELHUUTEENTAINUDINTNAdaUVlUSLATUASIVEDUTEAIY

Palindrome &93lUSHASUNABWUSVIUA 21 Mutants

9

= v sy v
wundlusunsunangiugnlvng

[y 1

wsuansnsiunadnsInlusunsuauatunselusunsunaieiugignan (Killed Mutant)

91U 16 Mutants JlUswnsunatesiugiiauya (Equivalent Mutant) 31U 4 Mutants @9



51

AUNTMIATLUUNITNAIETUS (Mutation Score) lalyinfiu 0.94 A1NHANITVARBINIA Wans

Thduinsdineaeuiasiantuneuninausilunsdvaaeunfivszansnmeasudiegs

AMSUTEaLREANITUSEEIUSEANS ANUBINS INAADUYINTMANYY Lagly

TupeUITTMugnIsuNlIdauslunsasensiinaaey  wansluniARuIn N
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unaguuasdatauauue

6.1 a@3UNaN133Y
I3 ¢ ) P o o a I3 ¢

nsnaasugenAlIsilutunoundanudfylunssuiunsHanganAwl s
lngtunaunilanddglunszuiunismaaaurendwis AsnisAntiendeyaniiuilylunis
PNAADU AINUNISULEUTUNBUNNSAS19NSNAdaUNRzTd1uvinlinsnaaeuiuseansan
lagnsiinaaauNilusEansnIMALAIATOUARUANANYMEAIN VBITEUULALITIUIUNTA]
naaaunliunauiull

a a {‘qy Y o ad ¥ =l ygj ad a %}

enlinusiliiiaueisnisainsaneasulngldtuneuisigeiugnssy
Tnanisadransanarvaunisinaanlusunsusiaduadusasyinisssydunailulula
ANMSUATNTAUMINIUNAADUNTANUMNUNLAUNULABLLAUNII LT NANN1TVDITUN DUIDLT
Wugnssy lagiuanmsasianguussnnsauiiiadazgnasiaiulagldisnisudsdiud
auna (Equivalence Partitioning) M3USIIUAIANUMLNEENILNNTUINNTUTLEUA
AuATaUAguYBsgadeyanldlunisnaaey duiuinerlinusiinisuseiliuainiig

Yaa [ | . o U A & al [

AsoumauldIsn1sAUINMIAT Distance vasAdsiduiaululunmsvininueddusunsy au
nguf Korel’s distance function Tumauidiieiugnssuazysenauluimenisaniiunisg 2
suwuu aun n1slud@eu (Crossover) wagnisnaneiug (Mutation) Tunsalinguusevins

o Aa

uiiianlaannnisdulunmsvieuseuusndaldldnstinaaeunmngauiuidumadvung

o ¥ 1

Imawnstinaaey nquussnsauinlinszgnindignssuiunisluiivdsulasnisnate

Y

Wugiaiadunquuszyinslumidely Fensanuhazdulunisifensleiivasusasnis

6 o

nANENUSAZaNA1NUA AT UAIUVDINITAINUAAIFIA UL AT UTUADUITLTINUSATIN 4

9 U 9

¥ o

nszUIUMIMugssuasgnandulusen Taoidumadivunoudazsidumanzgniian
finnsafiomyndoyafinnzavdmivnsveaeuidunsiug lunsdiigalifiyadoyad
wngandmviudumdla @unsiuazgndndunisiansandeluuasusiuiuseunis
yhawdiadly dunsdiinugpdeyafimnzantudumatmneiididmagey nszuauns

NINUGNIIUAILAVAS
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a

TuauddedlainnisuszludseanSnnusensana@auntaalniIsnisa

3

Unauslaldisnisnedauuuunaiswus (Mutation  Testing)  @s37nmani1susziiiu

]

aad o a

ULANTNINVBINTUNAADUNUIN NSUNAFDUNAS1991NTUABUATNULEUDTU SLANT AN
yanandinerdnusidilanmunaissdoetlrslunisasransdinedauniuisnisata

Ynaus FeelitunsulunisasiensdinaasuiinnuazaInuaysInsIvu

6.2 TaLauauUaNsUN15I TUDUIAR

MsaueAdeiiedutuimislunisadraedesiiodmiunisadransdl
nagouLitoldlunsrurunsnageureNdLag wuamslunisiaunselusuiantuaiunse
Wannselalunannuaneuwanig dail

1 Angndnusisdumsadensainaaouainnisulassiiaduatiu (Source
Code) egluguvasnsmaiugunisiva (Control Flow Graph) titeldlumssyydumsitld
Tunisminsdineaou dsmisadransvarvgunisivanasssydunsinaaey fmaasy
gdsszysnenuled (Manual)  Tusuranenadinisiauadesilelsesiunisudassia
suatuliogluguresnsmmuaunisinauuudalui@ ilelhAnanuazmnainiidu

2. ndesilefitmuniuluinendnusd awnsasudunisadiansdnagey
drnsuriiadeyaursdszian laud Suaudu (nteger), S1urunaden (Double), swadnusy
(Character) wavdoau (String) FsluauiananadinisimuIsnsasensdvaaaudnu
iladoyaduiiiuni

3. fenludiuvesnsadiansdinegey asnuiuisdumsladauisam
nsdinaaeuly iidesmndudunisilidanunsadnds (nfeasible Path) uiselusunan

v
Y = A

3997199 IFNHINIITNNFIANTAULEUNIA L E N SO D 9T
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ANARUIN N

o l=1 4 = 9/3 ad a [
ﬂiiuﬂﬂ'leﬂﬂﬂﬁﬂiﬂ\‘iﬂim'Vlﬂﬁ'ﬂ‘UIﬂEJGL?I‘UNGIE]u’JﬁL‘?NW‘NﬁqﬂﬁiZJ

1. nsalAnY MsadensainagaulusunsuiuinAgegaLazAIAgn

Program Description

A15197 N-1 918a2188ALUTLNTUANIUAGIGALAL AR

57

Folusunsu Calculate Maximum — Minimum

s1gazdenlusunsy FwINANgIEaLarAIRIgnaIndayadndl 3 dnldudiuau

Aoy (Double)

37U input 3
Usem input uunatiey (Double)
UsgLAn output IUnALle (Double)

- maﬁﬂqm (Maximum)

- Awhan (Minimum)

Source Code

1 Dim a , b , ¢, max , min As Integer
2 If a > b Then

3 max = a : min = b
4 Else

5 max = b : min = a
6 End If

7 If max < ¢ Then

8 max = C

9 End If

10 If max > c Then

11 min = ¢

12 End If

Ai -1 siaRuRTULUIUNSUAIMAEIEALAZAANER




Control Flow Graph

] ° ] 1o
A N-2 NIINAIVANNT VA LUTUNTUAUINAIESARLALAREN

Target Path
M19199 N-2 U@ miumsasiensainaaeulusunsuAuINAIEEnLaEAREn

Path 1 S 1 2T 3 T 8 10T 11 E
Path 2 S 1 2T 3 T 8 10F E

Path 3 S 1 2T 3 7F 10T 11 E

Path 4 S 1 2T 3 7F  10F E

Path 5 S 1 2F 5 T 8 10T 11 E
Path 6 S 1 2F 5 T 8 10F E

Path 7 S 1 2F 5 7F 10T 11 E

Path 8 S 1 2F 5 7F  10F E




Genetic Algorithm Parameters
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M15199 N3 NIIIMUAAIAIALIUTUNTUAIIUANGIGARAZAANER

Number of Parameters 3
Number of Generations 100
Crossover Probability 1.0
Mutation Probability 1.0
Chromosome Type Integer

Test Case Generation

M13199 N4 HANTAINTANARUIUTLNTUATLIMAGIEAUAL AR

Test Input Result
Target Path Result

Case a b C
1 S12T37T810T 11 E | Not Found - - -
2 S12T37T8 10F E Found 305 | 1.64 | 3.63
3 S12T37F 10T 11E Found 8.76 | 3.74 | 2.85
a4 S12T37F 10F E Found 9.77 | 0.13 | 9.77
5 S12F57T810T 11 E | Not Found - - -
6 S12F57T 8 10FE Found 2.48 | 596 | 7.35
7 S12F57F 10T 11 E Found 220 | 875 | 1.39
8 S12F57F 10F E Found 0.0 0.0 0.0

Mutation Testing

a a a a IS o ! ! °
M1519% n-5 @gunan1suszilulsEanSamnsiineaeulusunsuAuInmaEaLarARgn

Program Total Total Killed Mutation
Test Cases Mutants Mutants Score
Calculate Maximum - 6 21 19 0.9

Minimum




2. n3diAnwn n1safrensainageulusunsuAuIMMIUTEIANYRLFUALREY

Program Description

dl a o d'
M13199 N-6 swamaamiﬂmﬂiummcumﬂsmwuaﬂgﬂammam

FolUswnsy

Triangle Problem

5198298 LUSHNSY

Wil (Integer)

I input

3

Usen input

o @
AUIULAU (Integer)

Usen output

Uizmwgﬂa’mm?{au (String)
- Not a Triangle
- Equilateral
- Scalene

- Isosceles

Source Code

00NV A WN

9

10
11
12
13
14
15
16
17
18
19

Dim a, b, c As Integer
Dim Is_Triangle As Boolean
Dim output As String
If (@a<b+c) And (b < a + c) And (c < b + a) Then
Is_Triangle = True
Else
Is_Triangle = False
End If
If Is_Triangle Then
If (a =b) And (b = c) Then
output = "Equilateral”
ElseIf (a <> b) And (b <> c) And (a <> c) Then

output = "Scalene”
Else
output = "Isosceles"
End If
Else
output = "Not a Triangle"
End If

‘:I LY ¥ U o lﬂl
AINN N-3 iﬁaGIUQUUIU'ﬁLLﬂ’ilIﬂ’WU'JﬂJM’]Ui%LﬂV]‘UENE“lJ?ﬁNL%ﬁEJZJ

AwnmUssinnesgUaumadsnandeyatiindi 3 dndudmnu




Control Flow Graph

AN N-4 ns1AIUANNIT AU TENSUA WM USEIMYRssUaumiey

Target Path

61

M13199 N-7 umsdmsunmsasensdinageulusunsuAwinmussianvesgUaayy

Path 1 S 1 2 3 aT 5 9F 18 E

Path 2 S 1 2 3 at 5 or 10T 11 E
Path 3 S 1 2 3 at 5 9T 10F 12T 13
Path 4 S 1 2 3 at 5 9T 10F 12F 15
Path 5 S 1 2 3 ar 7 9F 18 E

Path 6 S 1 2 3 ar 7 9T 10T 11 E
Path 7 S 1 2 3 ar 7 9T 10F 12T 13
Path 8 S 1 2 3 ar 7 9T 10F 12F 15




Genetic Algorithm Parameters
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a ° O v ° al'
M99 N-8 ﬂ'?iﬂ']WU@IF"I'WNWUIﬂiLLﬂﬁJﬂqu']quﬂigLﬂVlGU@\TE‘Uﬁ']NLWaEJN

Number of Parameters 3
Number of Generations 100
Crossover Probability 1.0
Mutation Probability 1.0
Chromosome Type Integer

Test Case Generation

M131991 N-9 Han1sasenIainaaeulUsLNTUAWINMUTELANTaIFUaGYY

Test Input Result
Target Path Result
Case a b C
1 S1234T59F 18 E Not Found | - - -
2 S1234T59T 10T 11 E Found 9 9 9
3 S1234T 59T 10F 12T 13 E Found aq 2 3
4 $S1234T509T 10F 12F 15 E Found 3 3 2
5 S1234F79F 18 E Found -5 -4 -8
6 S1234F 79T 10T 11 E Not Found - - -
7 S1234F 79T 10F 12T 13 E | Not Found | - - -
8 S1234F 79T 10F 12F 15E | Not Found | - - -

Mutation Testing

M15199 n-10  asuransUsEliuUsEansannsdinaaeulusinsuimuiumussianvessy

ﬁ’]llL‘IﬁEdil‘EJﬂJ
Program Total Total Killed Mutation
Test Cases Mutants Mutants Score
Triangle Problem a4 38 25 0.66




3. nsfiAinwn n1safrensainageaulusunsuAILIMMIAINa1sYRtaya

Program Description

a a o I 4
f197199N n-11 57863L@8@Iﬂﬁ%ﬂﬁﬂﬂWUQEU%WﬂWﬂQWQ%@Q%BHG

Folusunsu Find Middle Character

Teazdeallsunsa | Anamnainavesdeyandeyaundi 3 mindusiasnuse

(Character)
I input 3
UseLan input Waonus (Character)
UsgLAn output 57@9nvse (Character)

Source Code

1 Dim a , b, ¢, temp , mid As Char
2 If b > a Then
3 temp = a
4 a=>b
5 b = temp
End If
6 If c > a Then
7 mid = a
else
8 If ¢ > b Then
9 mid = ¢
Else
10 mid = b
11 End If
End If

AN 1-5 SaRuURTULUSWATUATIAMANA1YBIURYS




Control Flow Graph

il n-6 n3wlaruguNsivalusunsuAmwnmAInaIvestoya

Target Path
M1519% N-12 dundmniunisasnansainaaeulusinsuauinmAINa1avesteya

Path 1 S 1 2T 3 a4 5 6T 7 E

Path 2 S 1 2T 3 4 6F 8T 9 11 E
Path 3 S 1 2T 3 4 5 6F 8F 10 11 E
Path 4 S 1 2F 6T 7 E

Path 5 S 1 2F 6F 8T 9 11 E

Path 6 S 1 2F 6F 8F 10 11 E




Genetic Algorithm Parameters
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M15199 N-13 MsivuarRulUsUASIAINMAINAWBITaYA

Number of Parameters 3
Number of Generations 100
Crossover Probability 1.0
Mutation Probability 1.0
Chromosome Type Character

Test case Generation

M1519% n-14 wansadnsainaaeulusunsumuinmanawedeya

Test Input Result
Target Path Result

Case a b C
1 S12T3456TTE Found U C (
2 S12T3456F8T911E Found Y y L
3 S12T3456F8F 1011 E | Found P n cf
al S12F6TTE Found N I \Y
5 S12F6F8T911E Found q J i
6 S12F6F8F1011E Found “f cf “f

a a a a a o ! v
13191 n-15 aqﬂmamiﬂizmuﬂszamam‘wﬂimmaaiﬂﬂiLmiummmmmﬂmwawa%a

Program Total Total Killed Mutation
Test Cases Mutants Mutants Score
Find Middle Character 6 21 21 1
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4. nsUANEI N15a319NTUNAFRUIUSHNTUNTIVEBUTBAIY Palindrome

Program Description

A15199 N-16 S19aLLBYALUTWNTURTIVABUVBAINY Palindrome

Faluswnsu Palindrome
= ° ° o = a a o o o A o
s19az18nlUsIATY AUIUNIAIIINTBANUNAL AL DUANTI NN LU IS Da S
Tunih
371U input 1
UszLan input LA (String)
Uszlny output YA (String)
Source Code
1 Dim theInputString As String
2 For i As Integer = 1 To thelInputString.Length - 1
3 k=1+1
j=1i-1
4 While j >= @ AndAlso k < theInputString.Length
5 If theInputString(j) <> theInputString(k) Then
6 Exit While
7 Else
j-=1
8 k += 1
9 End If
10 aPalindrome = theInputString.Substring(j + 1, k - j - 1)
11 If aPalindrome.Length > alongestPalindrome.Length Then
12 alLongestPalindrome = aPalindrome
13 End If
14 End While
15 Next

2NN N-7 s9ERLRUULUSHATUASIEBUYANU Palindrome




Control Flow Graph

AN N-8 NIINAIVANNSIVALUTUNTUATIIEEUTEAIY Palindrome

67



Target Path

A15199 N-17 WEUNIANNRTUNNSAS19NSEINAEaULUSHNSUMASIVEUTBAINY Palindrome

68

Path 1 $S12345T6152315E

Path 2 $S12345T6152345F81011T121445T61523 15¢E

Path 3 S12345F81011T 12141523 15E

Path 4 $S12345T6152345F81011T121445T6152345T6152315E

Path 5 $S12345T6152345F81011T1214152315E

Path 6 $12345T6152345F81011T 12144 5F8 10 11T 12 1415 234 5F 8 10 11F
131445T6152345T6152315E

Path 7 $S12345T6152345F81011T121445T6152345T6152345F810 11F
131445T6152315E

Path 8 $S12345T6152345F81011T121445T6152345F81011F 131445T 6
1523 15E

Path 9 $S12345T6152345F81011T121445T6152345F81011F 131445T6
152345F81011F 13141523 15E

Path10 | S12345F81011T1214152345F81011F131445T6 1523 15E

Genetic Algorithm Parameters

A15199 N-18 NNSANUAAFIAULUSHNSUMNTIVEBUTBAIY Palindrome

Number of Parameters 1

Number of Generations 100

Crossover Probability 1.0

Mutation Probability 1.0

Chromosome Type String




Test case Generation
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A15199 N-19 Nan15asenTnaaaUlUTWASUASIAEB UMY Palindrome

Test
Target Path Result Input Result
Case

1 [|S12345T6152315E Found XLJc8WcV1y

2 S12345T6152345F81011T121445T6152 Found tYpVpkK5xQ
315E

3 S12345F81011T1214152315E Found SjISLmMRNVrS

4 |S12345T6152345F81011T 12144576152 Found 7fXgbiZuzZt
345T6152315¢E

5 S12345T6152345F81011T 12141523 15E Found 0dIMCNFQXQ

6 |S12345T6152345F810 11T 12 14 4 5F 8 10 Found rmYnrBEGEL
11T 121415 2345F81011F131445T6 15234
5T6152315¢E

7 S12345T6152345F81011T121445T6152 Found eeNnvnMnkJ
345T6152345F81011F 131445761523 15
E

8 S12345T6152345F81011T121445T6152 Found iISOSOEQ9EH
345F81011F 131445761523 15E

9 S12345T6152345F81011T121445T6152 Found wNKQ8Q8PcP
345F81011F 13144576 1523 45F 8 10 11F 13
141523 15E

10 | S12345F81011T 12141523 4 5F 8 10 11F 13 Found ororOadjeJ
1445T6152315E

Mutation Testing

M19199 N-20 asuransUsEuUsEavEn mnsdineaeulusinsunsivaeuteniny

Palindrome
Program Total Total Killed Mutation
Test Cases | Mutants Mutants Score
Palindrome 10 21 16 0.76
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AANUIN U

AllansldauaTasiion1saiensdinasgeu

' [ '
a o = .2 =

WATDINDANNSUNITASIINTUNAADUNWAIUNITY  WAASAININT V-1 hazdlsuazldun

nA9n1TVINUluaIUR19e fall

Setting
1. Upload Sourcecode | 2. Genetic Algornthm Parameters

GA Parameters

No. of Parameter : 3

Mo. of GA 100

Crossover Rate : 1

Mutation Rate : 1

Chromosome Type : [double -

1. Upload Sourcecode |2, Genetic Algariim Parameters

Fie name : - [EAMIT\Thesis\inutdtws«2\Projoct \GAGenerate Test Data\ Generate TestData\ma_min_dou|

1. Sourcecode 2. Predicate Distance
Impots System Target Path : =
Imports System 10 [s12F57TBI0FE ]

>

Imports. System Windows. Forms
Imports Microsoft VisualBasic

Predicate Path Predicate Type

Namespace GA 2F >
Public Class Sourcecode

T < |-
10F > |-

Public Function Test(Byval ParamAray pmParameters) As Obiect) As Object

Dim & A5 Object = odbljprmParsmeters(T))
Dim b As Object = cdbllpmParemeters(1))
Dim G A5 Object = odblfpmParsmeters(2))
Dim max As double = 0
Dim min As double = 0

] b

2000

Sefting  Start Clear Export

Execution Detai | Resutt

Operation Data Traversal Path Finess B
1313121513311 S12T3TTBI0FE B
inital 126414321990 S12T37FI0T1E [Ermtion Datat] Fesch | [}
iniial 10.0010.0010.001 S12F57F 10FE [ e E—— 0
1015119613311 S12FETTEIOFE
crossover @ |1-26414321331] S12T37TBI0FE a
crossover @ |13.1912.151-9.901 S12TITFIOTIE 0
crossover @ |10.0010.0010.00] S12F57F I0FE []
mutation @0 1655143213311 S12TITFIOTIE 0
mutation @0 13.1912.151-9901 S12T3TFI0T1E []
mutation @0 10.0010.0010.001 S12F57F 10FE []
Gen No. 20 6604 —

a A A o =
AINN V-1 LATDIUDNITATNNTUNAFADU
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2. %U199A15MIA1 Genetic Algorithm Parameters

JudwinlddmsunisimuasmsadweslunssuiunistunswiBiduiugnssy

WARIAININT ¥-2 Usznaulumie

1)
2)

No. of Parameter fie Sruautoyatinifiseanism

No. of GA #8 $1U7U Generation Tdns¥UILNTTUNBWITIFsiugNTT 9o
aﬁ’m’;uiawaﬂmsﬁwmumaamsmumiﬁﬁxumauﬁ'ﬁﬁqﬁuqﬂisu

Crossover Rate e snsiauhazdulunslaiivasy anmnsadmuaan
F¥M319 0 9 1

Mutation Rate Ao dnsiauiazidulunisnaneiug awnsafiinune
5EMI19 0 9 1

Chromosome Type @@ vilavastoyaiidn

Setting
1. Upload Sourcecode | 2. Genetic Algorithm Parameters I_
GA Parameters
Mo. of Parameter : 3
No. of GA 100
Crossover Rate 1
Mutation Rate : 1
Chromosome Type : [double -

Save

AN -2 NUNN1TAIAT Genetic Algorithm Parameters
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3. wnven1sanlnanla (Upload File)
Guaduildlunsidenlnddsegluguuuuresividdenin (Text File) iiloldsnlvan

Whgseuu laanunsa Browse Waideniinsvatliald wivenisenlvanliduanadanini
-3

Setiting
1. Upload Sourcecode |2. Genetic Algorithm Parameters

File name : |E:\MIT\Thesis\"mmfuuus\Project\GAGenemteTestData\GenemteTestData\max_min_dou|

A v-3 wihaenssnlnanlid (Upload File)

d' [ A ca v [ I3 £ |2
LllE]‘I/l']ﬂ']'iLﬁ@ﬂlWﬁW@@ﬂﬂ?ﬁ@WIﬂﬁﬂLﬂiﬁ] 'i%‘U“U"i]%‘Ui’]ﬂaﬁuqf\]aiﬁu“ljﬂuﬁﬂﬂ

swazdeadeyaiietudulndindensidenlaenaly OK fan1ni 2-3

ol Source code - l =HE &J
VB.NET Code:
Jmparts System -

Imports System.1O F
Imports System.Windows.Forms
Imparts Microsoft Visual Basic

m

MNamespace GA
Public Class Sourcecode

Public Function Test{Byval ParamAmay prmParameters{) As Object) As Object

Dim a As Object = cdbl{pmParameters(d))
Dim b As Object = cdbl{pmParameters(1))
Dim ¢ As Object = cdbl{pmPaameters(2))
Dim max As double = 0
Dim min As double = 0
Dim path As String =""

path ="51"
a=b Then
path &=" 2T 3"
max =a
min =h
Else
path &= " 2F 5"
max =b
min =a
End ff
lfa <= b Then
K max = a Then -

AN U-4 vTRBLAMITIUaTDEATRYE
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4. VUNBWEAeSTEIUSWASUAURUU (Source Code)
Weatudunisidaningd minvekanstWdluswASUFINIWA -5

Setiing
1. Upload Sourcecode |2. Genetic Algorthm Parameters

File name |E:\MIT\'I'I'|esis‘v'mmﬁwus\iject\GAGenemteTestData\GenelEteTestData‘-.max_min_dou|

1. Sourcecode 2. Predica

Imports System »  Target Pz
Imports System |10

Imports System Windows. Forms |_|
Imparts Microsoft VisualBasic

m

Predicate

Mamespace GA
Public Class Sourcecode

Public Function Test{Byval ParamAmay prmParameters() As Object) As Object

Dim a As Object = cdbliprmParameters(0))

Dim b As Object = cdbliprmParameters(1))

Dim ¢ As Ohject = cdbliprmParameters{2))

Dim max As double =0

Dim min As double = 0 =

4 I

5 00 O

Setting  Start Clear Export

2NN V-5 nLkanasalUuswnsuAUatU (Source Code)

5. MU198N1SNNRUALEUNINUIN18NABINTT MY LUNISUINSUINAFU
] | g Yo P a v ~ A 9
Judwildivuadumadmuneiidesnismnsanagey lngdlassyidun
o A & o o A v a ~ % v o
Wiy seuvazianadunandumdstoulonsandula ielvildvinmsssydsennues

Heulw (Predicate Type) Fanmit v-6

2. Predicate Distance
Terget Path - (5 12F57T 8 10FE | [ Add | [ Eat |

Predicate Path Predicate Type

2F B -
T [< -
10F > -

a v ° v A v =
AINN V-6 Mu’]‘ﬂ@ﬂqiﬂqﬁu@lﬁquﬂL{]'ﬁ/ilﬂSwmaﬂﬂqﬁisﬂUﬂqiﬂqﬂimWﬂﬁ@‘U
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annsaiadumadmnglmivsesudludumadmnenidenls laenaidu Add vise Edit

TAYALLAAINLNDAININNA V-7 kAT V-8 AIUAIAU

-

o
Add Target Path T
Assign Target Path
Use *(space) for separator path
Example : 1 2T 34F5E
Cancel

AN V-7 RUNDNNSERULEUNI BT UNe

-

S12F57T310FE

o
Edit Target Path [——)
Assign Target Path
Use " (space) for separator path
Example : 12T 34F5E
Cancel

dl £ v
2H ¥-8 thaensuabud@umadivane

6. Uun159inau

e A

Q0 O
Setting  Start Clear Export
AW 9-9 Yumsviay

Setting : 90U / WAAY EIUVBINITAIAINST Y
Start : 13uN13UITINANE

Clear : A19MUNADLAAINANITINGIUYDIUTHATY

Export : deeanuanisviuvedusunsuluguuuulng MS Excel
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7. w3auaRINAN1sIneUYasiuTLn Ty
wiveduiazuanineandonmahauvestuneuifidsiugnisy Tneazuany
easSunfne Kl
5) Operation At nszuaUMsluTuRELABITugnsy I¥ud Initial , Crossover
keie Mutation
6) Data fip grastoyaindussvitnisdumnsdinadey
7) Traversal Path #o Wdumsiiintussminnisdumnstinaaon
8) Fitness fila AAUIMINZANTIAAT USETINIAIINNSTineaey

= 00 0

Seifing  Start Clear Export

Execution Detai | Resut
Operstion Data Treversal Path Finess
1319121513311 S12T37TTBIOFE 4
initial 1-2.6414321-9901 S12T3FTHE 0
initial 10.001 0.001 0001 S12F57FI10FE 0
crossover @2 ||-2.64-4321331| S12T37TBIOFE Bl
crossover @2 |13.191215-9.901 S12T3FWTNE 0
crossover @ |10.0010.0010.001 S12F57F 10FE 0
mutation @0 1655143213311 S12T3FWTNE 0
mutation @0 13.1912.151-9.901 S12TaFWTHE 0
mutation @0 10.001 0.001 0001 S12F57FI10FE 0
crossover @ 1319121513311 S12T37TBI0FE A
crossover @2 |1655/4.321-9.90] S12T3FFWTHE 0
crossover @ |10.0010.0010.00] S12F57F 10FE 0
mutation @1 131919.8213311 S12F57FI0T1TE 7
mutation @1 165514.3219.901 S12T3FWTNE 0
mutation @1 10.001 0.0010.001 S12F57F I0FE 0
cossover @2 13.1919.821-9.801 S1F5F0TITE 7
crossover @2 |1655(4.3213311 S12T3FFWTHE 0
crossover @2 |10.00/0.0010.00] S12F57F 10FE 0
mutation @0 17.7219.821-9901 S12F57FI0TITE 2
mutation @0 1655143213311 S12T3FWTNE 0
mutation @0 10.001 0.0010.001 S12F57FI0FE 0

Al -10 nthveuansTIgazdean1snsUURNMIAunseiugnssulunismnsdl

nadoudmsuLdumamanensyy (Execution Detail)

000

Seifing  Start Clear Export

Execution Detail | Resut

Resuit Data Traversal Path

10.1511.9613.311 S12F57T810FE

2NN V-11 VNLEARINANITINNTINAEDU (Result)
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undl 98y uar an1asal Mudaifesd.  “n1sadensiineaeulaglitunauiBide
WugNIsL”  MsUTERivInssEumiiuasuiimesiazmalulag

ansaume adedl 10 (NCCIT 2014), 2557.
Nuntanee Chuaychoo and Supaporn  Kansomkeat. “Path Coverage Test Case
Generation Using Genetic  Algorithms.” 2" Advancement on

Information Technology International Conference, 2015.

1.2 518715015UTEYNIVING

YoLT0mANUNIILAND nsasansainaaeulagldiuneultgaiugnssy
- a LY ay a s =
Yonsusvyy N15UsENMANINTIEAU AR URBNR IR RS hasINAL LAY

A5aUNA ﬂ%’j\‘l‘ﬁl 10 (NCCIT 2014)

Tuseuluavan uidnUseyy TN 8 - 9 wouaiAy 2557 o L5ausudsawn annun
Jwinguin
' Ao a a o a v
MhgunInUszyu AMWAULAEETAUMA UMINYAmALLlaENTLIULNAN
NITUATUNLD
TOITDINAI UM LEUD Path Coverage Test Case Generation Using Genetic
Algorithms
. ) .
%aﬂﬂiﬂigﬁqu 2" Advancement on Information = Technology

International Conference (ADVCIT 2015)
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v d v :’J ad a v
miasnnsmmﬁeuiﬂﬂ‘lwummmmwuqnsiu
Test Case Generation Using Genetic Algorithms

1unii W’ZJH?{(Nunlanee Chuaychoo)' taz an n3al MuAAMAYTA (Supaporn Kansomkeat)®

"mndmmsianmisma Tuladmsauma AnImINTINMan; YnINeIBuaIVaIATUNS

2MATYIINGIMINBNANADS AN INGIMNANT UHIINGFUANYAILATUNT
'nun-ta-nee @hommail.com, 2supap0rn. k@psu.ac.th

v 1
UNAAE
¥ g o
msnaaouvodduaf uduaeuniten drigu
a Lo ' ¥ s 2o
nszyIMsHARTO AT manaaouvie livonduIsn
o = 3 ~ oA a £
Wanndnwgndes uazinuingedeiiuuniy ns
a¥unsdinaseuiludnevi/sznounilsiiinnudigTu
ATZUIUMTNAROUTONALIT AN INVOINITNATOY D
; "o =) - dilo
Tuediuilszansnmvevnsainaaey unawiduaue
Fimisa¥wnsainaaou lae1Fiuaoudsdaiugnisu
uaz I§ihvuaoumsa¥nsainaaoun 1§ 1iuaua
VUszynd 1¥aunsdidnen waansi Idnua1 nsdinaaeyi
a¥wiuawIsmsininaueiiinumzaudmiums

4 4
naaeuronaL;

s o s o4 3 at A o
e uillu 2 ﬂﬁV]ﬂﬁfﬂJ‘lﬁ)Nﬂlni, VUADUITIFINURNTIY,

Y -
MIATNNTUNATDY

Abstract

Software Testing is an important step in the software
process. It makes the developed software more accurate
and reliable. Generating test cases is a key element in
the process of software testing. The quality of testing
depends on the effectiveness of test. This paper presents
test case generation method using genetic algorithms.
The proposed method was applied on a case study. The
result shows that the generated test cases

are

appropriate for testing software.

Keywords : Software Testing, Genetic Algorithms,
Test

Case Generation

58

1. Unin
@ a - o
1uﬂﬂgnummﬁ'mmsmmmi]%’ﬂaummasuaz
~ o ~ad X A v ¥ o
maTuTagmsaumasnadiiuvuiEoee RDATERITRRIT
) & oA P ' ~
anamisyoransiie 1¥aummzais g daunuie M3

naaouwadAII3 (Software Testing) [1] 15 uvuaoun

'
A ~

o o o
drag lunszurumsiauigeddurinlunuimuagil
o @ a do o X A
A msnaaowilufanisuidaiituie
@ o 14 '
smlgenunmvoswordnai sumidounnionazan
Y ° d Ay Ay A
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nagouTaoldTunouitiFaiugnssy Wadon 4 1quo
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2. NYEYNINEIVBY

Tudwinfweaueneinumgeinineatos sznouhl

@

s & ) ad a
ﬁ%"]l]ﬂ'l'iwﬂﬁﬂﬂ“ﬂﬂﬂﬂ!!’]illﬂx‘lﬂmf]ﬂ’]‘ﬁ!”ﬂwﬂﬁﬂiﬁu

a

I3 d
2.1 msnaaeuwelanls (Software Testing)
< @ o w o A @
managauitlufvsdnyilavoniiaveanialsenu
s o o ¢ g2
Auamyoddiiaai lunszyrumaannwordunIig
Yy ad o & gl W a
gostivuaoumsnagausoans dmiumaiialums
s { A
naAouwaAINg (Software Testing Technique) Niion1e
g 2 st
fumsvang'ldn
1. Black-Box Testing ADNISNARDUATHINUUDA
JgAn 1 °
yordnshluaulanalanwluvosszun nisiinis
nagouiuiomsns Ao uHamsHIuveszylung
y Y o ¥ .
AnUINAIUT0AIMUANIINADINIS (Requirement
. gw N ' v v A Yoy
Specification) 11NADIANANNADINTHTO 11
2. White-Box Testing A0NTNATDUNITHINIUUDY
s & A v 3 )
woulAnai Feiarswna lnmeluvosssun Tavezganiu

wnsanlaseadunely

2.2 THARMITITINUEN 333 (Genetic Algorithms)
2 S i
TunoudBiFatugnisy ifunszutumsniliiondy

Aaa o

NYBHNITITAUINIG VoA F 30 inauo Tay John
g 2 o
Holland [2] annsminldiiiedumismounavunay
2 ; & o 5
minzaunniu Tagiumsiiouiaednos nffeuailou
13T VNN E In AT Tannnsfions
v
A134FIN0Y NTTVIUNITHINUVIITUADUTTIFA
w a 0 X o ]
vugnssuezGunnmMsqulag TuTeuduuismauniig
A o ' o A - 5
oadruiunqulszansdunuiia (itial Population)
nagimsUsaluanumuIZay (Fitness Evaluation)
2 o A g ° A A
NMIIzAAAoNYs2¥ N5 (Selection) MITIWIUNTAUND
oA o o g ' (3
1 ududniianemoiuinioflunguilsznnijuno
2 1 g 1
i vimiveziinlsgxnamarindignszuiunis

11NN 0WUT (Genetic Operation) 1éiA n13'Tvd
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i o & 2 A o
1favul (Crossover) 118ENINAWHUT (Mutation) 992
v A ' dd v A4 o v il
TRangulsgmniniiugugn uaziorinlsgrninqull
Thlszdumanummzaundmusmao uimungauiy
° d ' ° = o

Ty pszuumsiunanas uanindnoun 14ds
' & o A 1 o ' a
Timuzen dazduiivae lTasmsinlszannsjugni

3 ' ' v A o

18humuf (Replacement) 1szansjumon 1ieving

{ o ° ' e o,
unuadawdanesinlsgnningulnii Idnduidhyg
& e & .l
nszuunsAaidenIvniBnnse Fenszuumamaiiiog
o A 3 A PRI -
dutiumissildiGosqaunsenslddsevinsnqui

Hgauy

.msasunsanaasvlasl¥vunes uITiva

U
WUEN I

2 A

» z -
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o o & ) ) o A
WugnIsu uaawanmi 1 1Usznoudie 2 Yuasundn fio
1 maadunsmaugums nanazszypduniaihming

(Generating Control Flow Graph and Specifying Target Paths)

2) M3aF1NINNAADY (Generating Test Cases)

v v

simsadnnnvarvgumsTnanazszyduma
dhwine

maadenanlaiuguns Tva finsannnsiaduns
(Source  Code) vodTisunsudoanisnaaon n3vl

y y & o “AY Yo
Aauns TvaadniuaundanmsnldinaueTae
Amman 1ag Offutt [3] AT 2 1AAIAIDINTHARUN
vo4T151Un5Y Triangle NADIMINATDY WA 3 HAAY
nsmauguns lvavoaT1lsnsw Triangle
y g ) o ¥

nsmAuguMs Inasnvuaoudidu swgniiunly
A ) o o B
moszydumathving Tasvzannaswudunianin

o ' o ) a o
msfnnuainuFudoulyInanidn (Cyclomatic

‘ 3 q % 5

Complexity) [4] #41¥unsiannududonvoaTisinsuy
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Wi Tilsunsmiulianueinaemshgeine nay
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A o
n Ao 9 Tvua

Generating Control Flow Graph

and Specifying Target Paths

Generating Test Cases \ 4

Imitial Population

.

Fitness Evaluation

v

v

Termination

Criterion ?

Selection

.

Crossover

'

Mutation

'

Replacement

a 2 ~
MNAN 1 : upumwiuaoumsad1ansamanonlaoly

) ad s o
VUADUIBIFINURNITTY

» WN R

VWoKNOWn

11
12

Input (a,b,c) as
If (a<b + c) And
Is_Triangle =
Else
Is_Triangle =
End If
If Is_Triangle Then
If (a = b) And (b = c) Then
output = "Equilateral™
ElseIf (a<>b) And (b<>c) And (a<>c) Then
output = "Scalene"

Integer
(b<a + c) And (c<b + a) Then
True

False

Else
output = "Isosceles"
End If
Else
output = "Not a Triangle"
End If

a v e 5
MUN 2 : uaawIvdTad UM 1lsunsy Triangle
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MNA 3 : uaasnsmlmuauns lwaveaTilsunsi Triangle

v -
3.2 mIasNnsunaaay

msadunsdinaaougnaniuniilal¥nszuiums

(33

2 &
uaoUATIFUENI Ty Usznousdiotunoudail

e

Yumeuii 1 nsaiwnquilszyinsduduiia (nitial
Population)
' v o A v 4‘ Yy '
nquilszmnsduiuiiazgnaiievu Taeld35naui
duNauga (Equivalence  Partitioning) Yoymindivos
- ' 9 v &
Tilsunsundesnisnaae undaziszgninisdeomily
' Y o A & v o 8
naua Usgmnsdusuiianiialszanns Tdanmahau
" ' A ° ) v o & &
Tadruniisveadoyaiudmadimsuiu duiumnile
Y o A 2 & D) &
Usgminsdudntianuiens nilagadoyanaaoy ¥4
4 & i o
M Tas TuTysuvosniialszannsazminuiiuiuaa

& B
Hﬂi%ﬂﬁﬁui%ﬂﬂﬂgﬁﬂﬂﬁﬂﬂ

PuAd N 2 MIsHuMANUMINZAY (Fitness Evaluation)
15U TUAIANWIHEIZANIZHIITUIINAIG

Usziiuannuasounquuosgadoyanlflunsnadou

e,

dmFvunanuil malszdusnnuasounquliitng

v 1
& o~

3 3 o ° g A o
A distance vourmdanitiudoulvlumsiian
voaT1aunsy munapq Korel’s distance function [5] A4

namalunisnen 1
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M3 1 : Korel’s distance function

No | Predicate | Distance if path taken

1 A=B ABS(A-B)

2 | A¥B K

3 A<B (A-B)+K

4 A<B (A-B)

5 | ASB (B-A)+K

6 | A>B (B-A)

7 XORY MIN(Distance(X),Distance(Y) )
8 X ANDY | (Distance(X) + Distance(Y)

MANMININZAN A IWITAMUIVIINATNAAWITZHIN
. G
distance A4

Fitness function = { dist(TG) } — { dist(TR) } ?2)

ARt disl(TG) fip distance voudumailming
(Target Path)
dist(TR) 0 distance YOUIFUNIIANT
Lﬁumqﬁ;ﬁmmqﬂ%gamﬁan
(Traversal Path)

manummzaun 18 awsalsadumanunsounqu
Ny od
14 faii

0 ;covered

SR Faxciide: = {othenvise ;not covered

{1 oo w o '
nsdinAmNumMIgay Jaumnugud uaasiyadoya
4 y o o .. ¥
nagouuuaunsalfifunsaimagoudimimdunia

v A

Whvnenmasionsan lunstinannumuigay Ha

' o 4

iniugud uaashyadoyanagomiud linsouaqu
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idumathnuieaeg szgaasnaon Tavezing
ainvaouNgAToyan asouaquynidumathnug

A ' o <
Wif]‘lll ﬂﬁﬂ“’lﬂiDUﬂQNHﬂ!ﬁ’UVINiIZETuqﬂﬂﬁ"V'Iﬂﬂf)]J

YuAUN 3 MIAAIADN (Selection)
o A ° v A ) A o <
msfamenznszinsamonyadoyaiiotiwniiy

Uszannsguvoms Taodonyadoyanlimanumuizay
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Younge

Juasun 4 M3 lv3nlasu (Crossover)

Ny 4 o A A P Hq v
msH‘uﬂauuﬂzmluumsTﬂmaam;mmuamﬂlﬂm

U
Y o

HARITENIN distance Wouhigaw 2 yatoya nazi

nslydlaoy Tao1935n1s Tednlasunungaidien

3

; ; & '
(Single-Point Crossover) Ha9zi 1 16 xR 10 yalni 2 am

= A

Yoya Moty yadeyangnidenuifo {x, , x, , x

u 2 <

o

y 4 ¥ 4
X} 182y, ,y,,v,, v, s lviilasuyadeyans

v ¥
aod a dumish 4 daiieg ldyadoyalni o (x

§ XypaXao

X,,¥) Mg {y,,y,,y,,%,.}

Yuneui 5 MINAWWUT (Mutation)
v o ° A ) g Y ]
manmwiufiznszihlaodonyadoyailimwan
e B g .
5EHIN distance Vouhiga iomsnatiufuuuge

A ‘ o ;
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Graphical abstract Abstract

Software testing is an important step in the software process. It makes the developed
software more accurate and reliable. Generating test cases is a key element in the process
of software testing. The quality of testing depends on the test effectiveness. This paper
presents a method for generating test cases using genetic algorithms. A test case
generation tool is developed with Visual Basic .NET for supporting our method. The
proposed method was applied on case studies and mutation testing was used in our
experiment for performance evaluation. The results show that the generated test cases are
appropriate for software testing.
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1.0 INTRODUCTION

Software testing is a key step in the software
development process. The test is an activity designed
to improve software quality. One important step in
software testing is the test case selection process. A
good test selection contributes to an effective testing.
To enable effective testing, the test cases in the set
must cover all features that should be tested and the
number of test cases should not be too high

Genetic Algorithm (GA) is an optimization algorithm
based on evolutionary processes in nature. GA is used
to find the right answer with the principle of natural
selection to simulate the evolution of life. The GA
process finds the answer by exchanging parameters
between chromosomes, which will give an improved
answer until finally the right answer. There are many
methods proposed for generating test cases by
applying GA. For example, Jones et al. [1] presented
automatic structural software testing using a fitness
function of GA based on the Hamming distance. Their
structural testing was applied for testing a variety of

programs of varying complexity. Pargas et al. [2]
presented a technique for automatic test-data
generation using GA. They used control dependencies
in the program to guide the search for test data to
satisfy test requirements. NIE [3] proposed the PSO test
case generation algorithm with enhanced exploration
ability (EEA-PSO) to restrain the prematurity and
reduce the test case generation costs. Mohi-Aldeen et
al. [4] used NSA (Negative Selection Algorithm) to
automatically generate test cases to satisfy the path
coverage of software.

Along with the principles of GA that are consistent
with the test cases refinement, the abstract test cases
are modified until they meet the targets. In this studly,
we present a method for generating test cases by
using genetic algorithm. In the proposed method, the
abstract test cases are generated randomly. Then,
they are refined by genetic algorithm for improving
the test parameters. In addition, a test case
generation tool is developed according to our
method for automatically generating test cases.
Mutation testing is usedtfoevduate generated fest cases.

XX:1(2015) 1-6 | www.jurnalteknologi.utm.my | eISSN 2180-3722 |
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2.0 SOFTWARE TESTING

Software testing [5] is an important activity in
software quality assurance that shows software
reliability. The purpose of software testing is to find
errors that may occurred during the software
development.

There are two techniques widely used in software
testing.
1) Black-Box Testing: This technique is used to test for
verify the performance of the duties under the
requirements specification, and ignores the internal
structure of the program.

Figure 1 Black-Box Testing

2) White-Box Testing: The testing focuses on the
internal program structure. The basic idea of this test
is that a crash of the software will be detected. This
technique will help to analyze the program to find
bugs that may arise from the work of the various
commands in the program.

[ D . r;
Test data Code Test Output

Figure 2 White-Box Testing

3.0 GENETIC ALGORITHM

Genetic algorithm [6] is a process that relies on the
theory of evolution of nature offered by John
Holland. Genetic algorithm can be used to find
better and more affordable solutions through
learning by itself.

Figure 3 shows the process of the genetic
algorithm [6].

Fitness

Initial Population

/// \
< Termination? >—Yes
\\.\ /,/
g

’ Selection

Crossover

Mutation

Replacement

Figure 3 Genetic Algorithm [4]

The main steps of the genetic algorithm can be listed
as follows:

1) Initial Population: In this step, initial population
of solutions (chromosomes) are randomly produced
or manually created from their data type domain.

2) Fitness Evaluation: All chromosomes are
evaluated and assigned fitness values. The fitness
evaluation is a process used to determine the
execute condition in the genetic algorithm process.
This process is repeated until a termination condition
has been reached.

3) Selection: New population will be selected from
the parent population. There are many methods how
to select the best chromosome for use in next
generation of genetic process such as roulette wheel
selection, Boltzman selection, rank selection and
some others.

4) Crossover: An importance process of the
genetic algorithm is the crossover. The parent
population has to switch genes on each
chromosome with a switching rate called the
probability of crossover. This probability is a real
number from 0 to 1 that is randomly generated. In this
process, we get a new population that is different
from the parent population.

5) Mutation: Mutation is a process of genetic
algorithm. Genes in a chromosome will be changed
after crossover. This principle helps to create a new
answer. The percentage of change is determined by
the mutation rate called the probability of mutation.

6) Replacement: The new population after
crossover and mutation will be taken to replace the
parent population and will become the new parent
population.

7) Parameters: The key parameters of genetic
algorithm are as following:

a) Population size
b) Probability of crossover
c) Probability of mutation
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4.0 CONTROL FLOW GRAPH

Control Flow Graph, CFG [7] is a directed graph used
to analyze the function of a computer program. This
graph demonstrates the functionality of the software
under various conditions. Therefore, the control flow
graph analysis can help to test the functionality of
the software. A CFG can be built from the program
source code. It consists of nodes and edges. A node
represents a statement or a basic block of
statements. An edge represents the flow of control
between nodes. Notations for representing control
flow are shown in Figure 4.

P b B

Sequence Pre - test -Loop Post - test -Loop
ff=Then If — Then -Else Case

Figure 4 Notions for Representing Control Flow [7]

5.0 TEST CASE GENERATION

In this section, the proposed test cases generating
process using genetic algorithm will be described.
Our approach consists of two main stages as shown
in Figure 5.

(Coan )

Program . Generating Control Flow Graph
L and Specifying Target Paths

5.1 Generating Control Flow Graph and
Specifying Target Paths
This procedure consists of two sub-stages:

1) Generating a control flow graph: A control flow
graph is generated from a program code. The
generated graph consists of nodes connected by
edges. Figure 6 shows the conftrol flow graph of Max-
Min program that consists of 10 nodes and 12 edges.

1 Dima , b , ¢ , max , min As Double
2 If a > b Then

3 max = a : min = b
4 Else

5 max = b : min = a
6 End If

7 If max < ¢ Then

8 max = ¢

9 End If

1@ If max > ¢ Then

1 min = ¢

12 End If

Figure 6 Control Flow Graph of Max-Min Program

2) Specifying Target Paths: The target paths are
specified by using the control flow graph generated
from the previous step. In this research, the path
coverage (PC) is used to specify target paths. The PC
requires every path in the tested program has to be
executed at least once. Figure 7 shows all target
paths of the Max-Min control flow graph in Figure 6.

Path 1 S 1 21 3 7T 8 10T 11 E
Path2 | S 1 21 3 gl 8 10F E
Path3 | S 1 21 3 7F 10T 11 E
Path4 | S 1 21 3 7F _10F E

Path5 | S 1 2F 5 7T 8 10T 11 E
Path 6 S 1 2F 5 7T 8 10FE
Path7 | S 1 2F 5 7101 11 E

Path 8 $ 1 2F 5 7F _10F E

No

Figure 5 Framework of the proposed approach

Figure 7 All Paths of Max-Min CFG

5.2 Generating Test Cases
In this process, test cases are created by using the
genetic algorithm. The generation process starts by
selecting a target path. This target path is set to be
the considering path for finding a test case by using
the Genetic Algorithm Execution (GA Execution). The
generation process is repeated until all target paths
are considered.

Figure 8 shows the steps of GA Execution as
following:
Step 1: Initial Test Cases

The input space partitioning approach proposed
by Ammann and Offutt [8] is used to generate initial
test cases (chromosomes). We consider the data
type of each parameter in the program. The number
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of partition depends on the data type of the
parameter. For example, considering integer or
double parameters, the range can be partitioned
intfo three blocks: less than zero, zero, and greater
than zero. The initial test cases contain all possible
test cases of the considered target path. After all
parameters are partitioned into blocks, one block
from each parameter is combined to be a test case.
We apply the Each Choice (EC) criterion [8] for the
combination blocks. The EC requires that each block
of parameters must be used in at least one test case.

GA E:

Initial Test Cases

Coverage
Evaluation

(_/’/ Found . Yes
“Test Case 2~
NG ~

ey
No

Selection
Crossover ‘ Swop )

Coverage
Evaluation

//4‘ 3
_~ Found . Yes |
“Test Case 2~

S
No

Selection

Replacement [

Figure 8 Genetic Algorithm Execution

For example, the Max-Min program has three
input parameters (a, b, and c) that are double data
types. Each parameter can be partitioned into three
blocks ([a<0.0, a=0.0, a>0.0], [b<0.0, b=0.0, b>0.0],
and [c<0.0, ¢=0.0, ¢>0.0]), so we can combine them
into three sets: {a<0.0,b<0.0,c<0.0},{a=00,b=
00,c=0.0} and {a>0.0,b>0.0,c>0.0} Aset
represents a test case. Then, the test data for each
partition of each set are generated randomly. Table |
shows the initial test data for the Max-Min program.

Table I Initial Test Data for Max-Min Program

Set a B c
1 -2.2 -1.4 -4.5
2 0.0 0.0 0.0
3 3.7 2.4 53

Step 2: Coverage Evaluation

In this research, we use the branch distance
calculation proposed by Korel [9] for fitness
evaluation. Branch distance is calculated based on
the type of branch predicate. Branch predicate and
branch distance of the Korel's distance function are

shown in Table II. Table Ill shows all branch predicates
of the Max-Min Program.

Table Il Korel's Distance Function [9]

Branch Predicate Branch Distance

a<b a-b
a<=b a-b
a>b b-a
a>=b b-a

a== abs(a-b)
a<>b abs(a-b)

ad&&b a+b

a]ll b min(a, b)

Table Il Decision for Max-Min Program

Branch Predicate Branch Distance
a>b b-a
max<c max-c
max > c C - max

Korel's distance function is used to compute the
distance between the target path and the
considering path. In this study, the selected target
path and an execution paths that fraversed by test
data of a test case are compared; if they are
different then the all branch distances of this
execution path are calculated to be the fithess value
of the test case. In case they are same then the GA
execution process for the target path is finished and
the test case is set for the selected target path.

For example, the selected target path is the first
path in Figure 7. We found that every execution path
of test data sets in Table | is different; therefore all
branch distances of every execution paths are
calculated as shown in Table V.

Table IV Branch Distance for Test Sets

Set A b c Branch Distances
1 22 | -14 | -45 0.8
2 0.0 0.0 0.0 0.0
3 3.7 2.4 5.3 -1.6

Step 3: Selection

The selection step is done to select test cases for
the evolution process, crossover, and mutation. The
sets of test are sorted by descending order of branch
distance values. The data sets with small distance
values will be selected for the evolution process. For
example, the test data sets in Table IV are sorted to
be the new sequence sets 3, 2, and 1.

Step 4: Crossover

After sorting in the selection process, the first two
data sets are chosen for crossover operation. In this
research, we use single-point crossover. Parameters of
the chosen two data sets (parent) are exchanged at
a random position to produce two new test data sets
(child). Figure 9 shows an example for a single point
crossover at the first position.
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| parent1: | 00 | 00 | 00 |

[ Parent2: 37 24 53 ]
Crossover

[ cnitd1: 0.0 24 5.3

| chila2: 37 0.0 0.0

Figure ¢ Single Point Crossover

Step 5: Mutation

After sorting in the selection process, mutation is
applied to the first data set using single point
mutation. In our method, the position for mutation is
selected randomly. The value of this position is
replaced by another value that is generated
randomly based on the range of its data type.
Figure 10 shows an example for the single point
mutation at first position that changes the value from -
2.2to4.

‘ Population : | 22 | 14 | 45 ‘
Mutation
‘ New Population : | 4 | -1.4 I -4.5 ‘

Figure 10 Single Point Mutation

To support our idea, we implemented the
application that provides GUI for generating test
data. The application is developed by Visual Basic
.NET works on Windows base. User can set parameters
of the genetic algorithm to find the best solution in
generating test sets. The user interface is shown in
Figure 11.

er S

The application contains five parts. Part @ is used
to upload a program file written in Visual Basic .NET.
Part @ is used to set parameters for genetic algorithm
which are the numbers of the parameters,
population size, probability of crossover, probability
of mutation and chromosome type. Part © is used to
define target paths. Part @ is used to specify branch
predicates. After execution, the results are shows in
part ©.

6.0 CASE STUDY

In this section, three small programs are used to
evaluate our approach. The case study programs
are as follows:

1) Calculate Maximum-Minimum

This program receives three numbers that are
double types and finds the maximum and minimum
numbers. There are three branch predicates in the
source code.

2) Triangle Problem

This program receives three sides of triangle that
are integer numbers and classifies type of triangle
(Not a Triangle, Equilateral, Scalene, and Isosceles).
There are four branch predicates in this source code.

3) Calculate Middle Data

This program gets three characters and identifies
the character that has the middle value. For example
the characters are 'a’, ‘c’ and 'b' then the result is
character 'b'. There are three branch predicates in
this source code.

Test cases of these three programs are generated
by our tool. As stated before, there are three key
parameters in the genetic algorithm: population size,
probability of crossover, and probability of mutation
are set to be 100, 1, and 1, respectively. Probabilities
of crossover and mutation are set to be 1 for the
execution crossover and mutation operations in every
generation which increase the probability to find the
appropriate test cases. The results are shown in Table
V.

Table V Test Cases for Case Studies Programs

T ———— - T S—
Setting
ot a3 Gt A P

I T e P e e e Y

2 Pdcte e
| G ) ©
e
Ca——
TS——— o=

Total Total Found Not
found
Program Branch Target Test Test
Predicates’ Paths cases e
cases
Calculate
Maximum - 3 8 6 2
Minimum
Triangle Problem 4 8 4 4
Find Middle
Character g 5 ¢ 0

3% Tene 00213

Figure 11 Test Cases Generation GUI

As shown in Table V, some target paths of the
Calculate Maximum-Minimum and Triangle Problem
programs cannot generate test cases. Because these
target paths are infeasible paths that cannot be
traversed by any test cases. Possible causes of
infeasible paths are source codes that contain
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logically inconsistent predicates or some data that
produce an infinity loop in program, and others.

Mutation testing [10] is used to evaluate the
effectiveness of the test cases created by our
method. Mutation testing starts by making small
syntactic changes into the original program. The
mutated programs are called mutants. Mutants are
obtained by applying mutation operators. For
example, an arithmetic operator may be changed
from addition to subtraction. Mutation analysis is
based on the number of killed mutants. The behavior
of the original program is different from the mutant
called killed mutant. There are cases where it is not
possible to find a test case that could kill this mutant
called equivalent mutant. The ratio of killed mutants
to the total mutants minus the number of equivalent
mutants is called mutation score.

The test cases evaluation process is camied out as
follows:

1) Test cases of case study programs are
generated by using our algorithm.

2) Mutants for each case study are created by
applying the mutation operators designed by Offutt
et al. [11]. As shown in Table VI, there are 21 mutants
for calculating the maximum and minimum program,
38 mutants for the triangle problem program, and 21
mutants for the calculation of the middle data
program.

3) Test cases are executed with the original
program and the mutant programs to calculate
mutation scores. If a mutation score is one or near to
one, it indicates the effectiveness of the test cases.
The evaluation results are shown in Table VI.

Table VI Test Cases Evaluation for Case Studies Programs

o TT°":' Total | Kiled | Mutation
ogram s Mutants | mutants Score
cases
Cadlculate
Maximum - 6 21 19 0.9
Minimum
Triangle
Bobiorm 4 38 25 0.86
Find Middle
Character 6 4l 4] I

7.0 CONCLUSIONS

This paper presents a method for generating test
cases using genetic algorithm. First, a flow graph is
created from the program source code and the
paths of the graph are specified by following path
coverage criteria. Then, the genetic algorithm is used
for generating test cases. Finally, we use mutation
testing to evaluate the effectiveness of the test
cases. Experimental data show that tests generated
by our method have a strong ability to detect faults.
In addition, this research has also developed a test

case generation tool based on the proposed
method. In the future, we intend to improve the tool
to automate the whole test process and find solutions
for infeasible paths. Moreover, more complex
programs are needed for evaluating our method
and we need more studies on the optimization
algorithms for test case generation, such as hybrid
GA and PSO [12,13], which have a higher efficiency
than GA algorithms.
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