AMIFIWNTHNATIUIINUHININ use case UWAZLHBATNAINTTA
g 4
u%wug’m?uaovbmﬂ'im
Syntax-based Test Cases Generation from UML Use Case

and Activity Diagrams

MR LNTINZHWA

Kanjanee Pechtanun

‘371mﬁwuﬁﬁtﬁuﬁa%wfiwaamsﬁnmmamé’ng{mﬂ%tyty']
InsEFAASNNIT WA §127381INLINTABNNILADS
NAINYIFYFIVAIBATIBNS
A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science in Computer Science
Prince of Songkla University
2556

~a\ a Cf a Q/ a
AVENDYINKIINYIA ﬂawa'mmwni(



msa%"mnstﬁwﬂaaummmumw use case LaZILNBAINNINTIN
& ¢
uuwug"mwaa‘hmnsm
Syntax-based Test Cases Generation from UML Use Case

and Activity Diagrams

MR INTINZRWN

Kanjanee Pechtanun

a a dc%’ ®) [ P2 =S [ a
m muwuﬁmﬂumuwmmaommnmmuﬁangmﬂsmum'l

[

NPIFEFAATNR TN N F121IBIINYINITADNNILADS

AR INYIRYFIVAIBAIUNS

A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree of

Master of Science in Computer Science
Prince of Songkla University
2556

a a df a Qs
AVEANDVBINKIIN El'lﬁﬂﬁ\‘l‘?.lﬁ'\%ﬂ%%ﬂ{



ﬂﬂ"lﬁW%g NMIFTNTBNATALINUNBAIN use case LazUHWNINAINTIY

L))

A
i)
& &
UUN ‘HE'T W 'FJ\']VL'J HINITH

[ 7= | a o 6
G UMY LNTINZUUA
#1217 IngnInaunILaas
ga = a a 3 Y

219159NUINBIINYIRNBERAN ALENITNNIIFOL
................................................................................................. Y32 FUNITNNIT

6 6 =) a VU 6 Q = a
(@3.8MNT0h MUATULNLIA) (RTI8ENEAIIIE A3.NOANNNT TN

e DTINONY

(A7.80N 300 MUGFNLALIE)

RN AP P EN 11N P

(;31”"15'3 HENEAIINTE A5.871U09 1enad)

TUNOINGNNY YR INLRURIVAIUATUNT mgﬁmﬁﬁu%mﬁwuﬁaﬁuﬁ
| 1 A = =) =) = =Y a a
L UWRIURIIVBINITANTN UAANFATLIY Y INMFATUATUNA §121IT1INEINNT

AaNNILAY

(38IMENTINTY A7 552N ATTUL)
AMUAL AR INENAY



A a Y
UAAANUAIULNYIVD

t4 4 a
( A9. gninIul ﬂ']u@]ﬁ'lllﬁﬂi@])

S (=R a a 4
210159NUTNEIINUNUT

@ 4
( u']\iﬁTJﬂ']ﬂJuzﬂﬁ IWBITNSUUN )

v K

UNANHN



9 9 % 1 Aawv dy ] I 1 =& vAa A (% 1
VINLRIVBDIVIDIIN Nmmmﬂu'lmﬂmﬂumuwuﬂumimgmﬂimumuﬂuimuﬂl@m”m@u ua

] E4
T'ldgnldlumssuveeyialSyan luvmeil

@ 4
( u']\iﬁ1'3ﬂ']ﬂluﬁ]ﬁ NYINSHUN )

v K

UNANHN



%a%wmﬁwuﬁ‘ NMIFTNTWNARELINNUNBAIN use case LaZLHWNINAINTIV

& &
UUN %jq W a\‘ivl,'l gINITH

[ 7= | a Ee 6
IVTE WIIFIINYINR LNTINTUUN
#1217 IngnInauniLaas
Un1sdnun 2555

UNAALD

minagauzanduas iutuasuniifisanlunszuiumnsasendund
s'fio"ﬁaﬂiﬁsﬁawmﬁﬁmmgﬂﬁmLLazﬁmmmL%aﬁamnﬂ‘yu sluﬂagﬂ'umsaammu
maWﬁLLﬁﬁﬂgﬂaammﬂ@m‘L‘*ﬁmmmsaanuuu mwmssenuuufienlaensnng
2anuLuULTIluLaa (Unified Modeling Language: UML) %OLﬂun’lﬂ’lﬁLL&@OI@SO&%”NLL%
TUALDUAVBITZUUITIIAT UKW use case (Use case diagram) I WUN NN LE0
ANTINTINTEUIHMN TR URIRUATITZUY WNWATWAINTTY (Activity Diagram) Li%
LN LEAIWG R NFTNTITZUL WL AN IR INTHNAROUINNUHUAN Use
case u,a;:Lqumwﬁaﬂsswuuﬁugmmaovl,’;mmzﬁ 1agMTIATIZRURIAIN use case
ialitlaamT use-case HanuaRazdaIINE I ARMTlRIN AR LT LY 31NsRI9n
WHBMWAANsTUTiRaRAR LIRS use case mm‘%ﬂwg@iagmﬁmﬁu LREHINIAII
ms‘*ﬁu@iaﬁ‘uuazms’mﬁ'au"l:nmamiﬂzmﬂq@iagaLﬁyao@’u NIUUS IR IFDINTIINN
Asonntwdiesielennsal uszaonsdnaseuainlisinsol om‘i%‘ﬂﬁgﬂﬁﬂﬂ
ﬂszﬂqﬂ@‘ifﬁu 6 nIMmAN®I TInuInIBnasaufiaeladlszansawlunisasiesy
Fofiawanalda nedsmaunsaBummaseyleaILaTITHYaINT LRI THEATAN G IS

fanalralTInelunszuInnINRaTandLITana



Thesis Title Syntax-based Test Cases Generation from UML Use Case

and Activity Diagrams

Author Miss Kanjanee Pechtanun
Major Program Computer Science
Academic Year 2012

ABSTRACT

Software testing is an important process in the software development
life-cycle. It increases accuracy and make software more reliable. Nowadays, software
designs are often designed by using software design language. The Unified Modeling
Language (UML) is the most popular standard software design language that shows the
object-oriented system structure and details. In UML, use case diagram shows an
overview of a system and activity diagram shows the behavior of a system. This
research proposes the syntax-based test cases generation from UML use case and
activity diagrams. First, use case diagram is analyzed to create a list of use cases for
system testing. Second, the activity diagram corresponding to each use case is used to
create a set of data. The data set is used to created dependency and condition tables.
Then, these two tables are used to built a grammar. Finally, test cases are generated
from the grammar. This method was applied to six case studies. The experimental
result shows that the generated test cases can effectively detect errors. Moreover, the
test can be started early in a software development life-cycle that reducing the cost of

software development.
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Test Case Generation from UML Subactivity and Activity Diagram
(Fan, et al., 2009)
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Generation Test Cases from UML Activity Diagram using the
Condition-Classification Tree Method (Kansomkeat, et al., 2010)
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Automatic Test Case Generation from UML Models (Sarma and Mall,
2007)

NWITEH LERaNIRINTAINATOUIMNUNLATN use case  UAZUHHAN
sequence 1ABLUAILNIAN use case lﬁ'agiugﬂ"l}mﬂ‘i’m%a Use case Diagram Graph
(UDG) uazlUaduknIn sequence slﬁaéiugﬂmmmwﬂ%a Sequence Diagram Graph
(SDG) MNTHU391N3370nT W UDG sz SDG tinenefiutdunsn System Testing
Graph (STG) uiAsaiwnsdinasevlasmvasdrlUlunsmlasldinasinisasauagy

Vlﬂ transition

Test Case Generation Based on State and Activity Models (Swain, et
al., 2010)
mu"?%‘ﬂﬁp LEWENITRINININAROUINNUABATWIDIBSLAZLNBATN
A9n370 lasiuH A NID ULz EUATNAINTTNN R0 T State-Activity Diagram
(SAD) G‘f%dElElllugﬂLLll‘]J"llE]Gﬂi']WﬁﬂiZﬂaUﬁ’m
- state-activity node
- AND-OR node
- edges
ﬁ]’mﬁ?ua%m basis path I@]ﬂﬁmsmnLﬂmﬁﬂ’ﬁmauﬂaqml,aﬂf UTCG

algorithm LaIFIFTIUHUNNINATEL LALEIINTHNARALIAUNUMTNARALN L6t

a ac A A4 o @ a
3’]EJQZLQEl@]%ﬂdd’]%’)ﬁ]EW]LﬂEl’]"llﬂdﬁi;ﬂ@G@l’]‘i']dﬂ 1.1
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[ 3 a o
1.3 'JGIQ‘]J‘SZGGQ?.IBGG’I%’]%EI

1. LNBLRUWAATANIRININITNARAVINNUNBAIN use case LAZNIBAN
Aanssuuniugiwvashensaldmiuminaseuszuy
2. NANAWILAIDINAEIRIURININIMNARALINNLEWAN use case WA

WHWMWAINIINUBA UGN LN aiNiLaue
1.4 VAULANITANBBITWADINITIVY

1. LEWDITNIRSWNNIUNARDUINNLNWNIN use case WAZLHNATW
AanysuuniugiwvashensaldmiumInaseuszuy
2. WAWILATAINARRIURIIINTRNARALINNLNWAIN use case LAz

WNUMWAINITNLUAUG MDY haennsoiniaue

1.5 BADRUALIZTHLLIAINITALBIT

1.5.1 TUOaWNIIAUEUITY
= Aa v A A v
1) ANWIWITLURSLONRITNLNLITD
a 6 6
2) Aienziuazeanuuu hennsal
3) Warmuazliudsaaasie
4) YszindszanTnnuadinstinagay
5) IAUUNANIVUUAZLHELNT
6) AAVININLINUNITIVL
1.5.2 T2UZLIA M IR UHUI
ANINAN 2555 — Aw1AL 2556
1.5.3 WNBNIAUHRWNTITL

22 IANIEUABNNTIFLURAIAIA1TIN 1.2



AN319N 1.2 hHWATALRUNTIFE

& .o 2555 2556
YHADWNITIANLWIIW

ANENIWILURZLANRIIN

= o
NIV

"“Jmsw:ﬁua:a anwuy

Tennsol

ﬁ'@umuazﬂ%‘uﬂ;mﬂ%mﬁa

U3z inUsz/NonIn e

~ AN o
NIHNAFAUN b6

W ERUNANNITEILRS

LINEILLNY

QRN NLINUNTIFY

o 4 a_dos
1.6aaunuaziasaslanls
1.6.1  &0UN
@ A wva a v a (3 6 (3 a
wasdjuanisdeddainssusaneiisuaznisdszand CS 209 nadT
IneMInaNRLAs AEANNFIAT WRININRLIIVRIBATINS INsLUarIalng
162 e3aslanly
v [ [
1) euaNIaus

LA3DIABUNILG a%ﬁ'suqﬂﬂa

- CPU . Intel core 2 Quad 2.40 GHz
- Hard disk : 320 GB
- RAM :2 GB

2) euzandu3;
- Windows XP Professional Service Pack 3
- Java
- Microsoft Office visio 2003
- Visual studio 2003
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1 1e35n138 9N TINARALINNUNUAIN Use case HAZLHWATNAINTTY
uuﬁyugmmaa"hmnszﬁﬁm%’umsmaamzuu

2 Iee3asdiotineldlunIaonsdinagaUINUKNIAIW use case WAz

WNUMWAINITNLUAUGIUDES aennsoiniaue



NN 2

ad A @
‘YIZ]‘]E}Q‘YILﬂ g3

War luunfina1ifongujussnanniians g lagsiwusnnaiifionig

& & [y & & A & & A
NARDUTAWGLIT JZAUNITNOFOUTOWGLIT BWALLNABANIINARDUTIWAUIT FIWNFDI
NAMDILNIAN use case FIRNFINALINLLNWAINAINTIN §uNFLITwan L AgINUY

Tennsoididuienw uazauiina e mutation testing
4 6 .
2.1 mMInadausanenlI (Software Testing)

a & s A
mMInagauTaWauls (Ammann and Offutt, 2008) Jutuaawnitini
o s a & o ] (% g: ] a
anudaalunszuiuniIniasanauls mmmugvlﬂﬂwumumo 9UAINIIWAI U
danaLIy I@ﬂslfmmjmdﬁmmﬂﬁﬂL'ﬁas:uqLLa:ﬁumiTaﬁ@wmw%aﬁaﬁmwiawao
& & ° o v A A o ' & A o & &
danaLIs LLazﬂWﬂwsLLﬁlmﬂsuﬂgamamwm@mamaunwsamu6]LW91WMW@msumm

@ & a a oA A
Qﬂ@ﬂﬂ all‘]q_}im NﬂmﬂWW@I Lz NURILTND

2.1.1 szaunInadausanaunly
' < o A ° 1 @ &<
nInagausanduisuisaantilu 5 smummmugﬂmu@aﬂums
WNAWITONALIT LARLIZAUVDINITNARALIZLALITAINUUANETHA DU LWNITW W

ganduls aduelaslfununing (V-Model) Laasadnwilsznaudi 2.1
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Requiremeants

Acceptance Testing H

= . 8

[ .
Specihcations Systermn Tesling [

™

f " = ks
Diesign High-Lewal { Intagration Testing

. ¢

&
Unit Cesign Law-Level

1 Unit Testing

» -
Build Cade

MWLsENaUf 2.1 uNWNIW3 (V-Model) (FHWA, 2004)

1) NMINATBUITELAUKW2Y (Unit Testing) Lﬂ%ﬂﬁﬂ@ﬁﬂﬂ%mwaﬂﬁq@
yasmanduIsasnidaszaann koAuwmdaRanaauaILdasriton

2) MINAFBUITAUITINYWY (Integration Testing) Lun1snagaunis
ﬁwmumaoﬂajuiﬂsl,l,mw%amuﬂszﬂauﬂaﬂﬁgﬂﬂszmmi’]ﬁ’mﬁu iarinanurifile
winfinieuin faudiudazlUsunsugasaziiumsnagausLanany wellades
¥ousunwonaiadaAawataursdszmsle Sedasdinmmesaunisrinnwifafund
PORANAIAAINAT?

3) NMINAFAUIEULY (System Testing) LIUN1INAFOUNITHII WV DI
seuulagsandainannsanuwsesaIflsznauane g

4) NINAFIUNITONTL (Acceptance Testing) Lﬂumsw@aamﬁa
ﬂs:Lﬁuﬂszﬁw%mwmaos:um’]mmmﬁﬂmuvlﬁgﬂ@Taomwmmﬁaommauﬂuﬁﬁo
walavaar lnTalal



1"

2.1.2 wmakammadauvanaul’s
1) Black-box testing #i3amsnasauuuunaasen iumnasaulas
lignilefanalnanelusesszuy Ssaznagaunrinamueng guaszuulifianugndas
ATIMUANNGDINT
2) White-box testing #3anmnasauuuunaad? [wmInasay
TagRarsannalnmeluzesszuy lagglasiainonisvinauene guesszuy Ssmanso
fnsanmaseulay negeunndunslunszuIumsiinu nesaunnmidadul

NNATING maaumiﬁﬁmumﬂugﬂ LR maauimaa&ﬁaﬁagamﬂu
2.2 LHWATN use case (Use Case Diagram)

LNWNTIW use case (Booch, et al., 1998) LﬂuLLNun’lwﬁLLamn’lWi’J&l‘Dad
ﬂs:mumsﬁwm‘ﬁwmmaas:uumngmawam:l,%mmuaﬂ G992 URAINTRIT D
gifl,*’ffi:uuLLa::LLammmé'uﬁuﬁi:%dNi:uuziazl I@mﬁ;ﬂiﬁ:um:gﬂﬁmum‘ﬂu actor
waz sruudasgniuaiilu use case AR ANHATAUTIUYBILNUAW Use case UAAIAT
a3971 2.1

2

6

@139 2.1 RYANHIUNUFIUVBIUNUNIN use case

[ [ I'd H o (% I'd [ a
duanso Pod UANE AN25UNY
NITUIBMIAIUGAN §VBITZUY
UseCaseName Use Case
Algszu
Actor
System NIUNMIIVNIBYITSUY
System Boundary
Association L@ Tad use case lU9a9Lsznauan
ccoxtendss AMNFUNWEINN extension use case 11)¢19
777777777 > Extend
base use case
ccinelldess AMUFUNWSEINN base use case 11e13 inclusion
777777777 = Include
use case
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2.2.1 @NFNNUSIZHII use case
ANNNUFNNUTUBILARS use case NulwIzuy s1v1InuLaante 2 Lyl

fa Extends a2 Include
= = A 1 o =)
o ﬂ’J’]&IﬁllW%ELL‘]JﬁJ Extend ﬁ’e] use case ﬂmﬁwammimmumuﬂﬂ@
a = ' A A < A a A
UYDJIAN use case %udam&mdauvlm “UAD use case NN extend K38 base use case

ﬁ]:ﬁﬁﬁ]mmﬁLﬂﬁﬂuLLﬂaavLﬂmﬂﬁmﬁzqLﬁauvlmvl,ﬂifa use case 7 extend

= = A v
® ANMURUWWTULL Include Aa use case Wikd TN MTINUEN use case

‘é L= 1 Q Q U 1 Qs
Wik9 ANBULITIALINUNAUMTSe 19U program taslae program #an

2.2.2 @289

L 1 o o ‘é v v
GIDLNLLHNWNIW use case R1AIUNTT Checkout mﬂszﬂaummﬁmm

= U

fa Qﬂﬁ’] (Customer) L&N8w% (Clerk) UIN1IN1391819% (Payment Service) LRZHAUR

v

J¥UU  (Administrator) I@ﬂﬁET@LLaszuummm%‘@msiagagifl%mmzuuvlﬁ ANALLAE

U U

2

o v A o o o Aa ' a
LRNUURINITOYINNNT Checkout 167 $9114n17 Checkout A=@aIVNINITITLIWHIBLINS
MIeEs  wazluamerinnns Checkout WINGaINIANNTILMRBFINTDLIN LT Help
¢ asusaslwniwdsznaun 2.2

subject, system

!

«subsystems 4___..-/
Checkout
Help>
Bss0g ?Mm ran extend relationship
Hiitor \\\ {cextendliq_ 1
y ',
\ _
¥ Checki)y—— e
actor
— /
Customer N Clerk f

wincludes ™,
X

et N .
.].',‘.lI.AJ.-Zi(_'.- __-—---""_ Paymant - ,].i i :
relationship
.‘/“ h
//'
- a3

Payment Service

-~

use case 1 Manage

Administrator

MWUIzNaUN 2.2 WWWAW use case §1%ILNNT Checkout (Galen, et al., 2010)
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2.3 UHWATNNINIIN (Activity Diagram)

WHWANNAAINTIN (Booch, et al, 1998) Liuunumwildlunisuaad
a (3 6 a o« o A a & 6 e & | a (7
WQ@ﬂSS&JTﬂO‘ﬁﬂW@LL’)S I(ﬂﬂﬂﬁlﬂilaﬁ(ﬂllﬂﬂﬁ‘ﬂ%‘ﬂ%‘ﬂLﬂ(ﬂ?l%l%‘]iﬂ%l(ﬂLL’)S@NLL@LS&J@]%‘{]%

FUFA FYANHITANUTIUVDILHUNIWAINTTNURAIAIAN TN 2.2

@TNN 2.2 FYAN BN IUVBIUHUNINAINTIY

nwol | Baswanwal | A1adune

e

Aty

Start activity | 9@L3ud%

End activity | 9@&Ug®

o0

(sctonsiarer) Activity AINTINM I

Branch, Merge | @a&WIaR3aMITINARUBINITHNNL

&

o o A a Py
- @]’)@]@ﬁul’i] ’ﬂzﬁJﬂ’]iizlqlLdauvL"ll‘ﬂ’N@]ﬁﬂz

- ANTTINNWABINITHIIY ﬁ]:vlzjﬁmﬁ:q

A
Gaulan1eaIIng
e dl =)
5 Transition MIURBBLURIFD UV DININTIN
Paritich1 Swimlane LLEIWAIINNTHN
Join JINNIUINNHRANLNINTIV
Fork LENNNIH9IBaaNL LR ININTIN

2.3.1 @89

0T LN WATWAINTTNEIRSUNITDOWIBINLAT oI oI Ua A 0Ta
(Automatic Teller Machine: ATM) Gamrthouutsaandu 3 gaw fe mugnﬁﬂ FIWVD
ATM LASHIUTUIANT I@ﬂﬂi:mumsﬁﬂmm’%m@Tumngﬂﬁﬂdﬂmuazﬂmﬂsﬁa N
WIANIYIINIATIIROUANNYNADIVDITHE Iuﬂszﬁﬁsﬁavlaigﬂﬁao WA RIS LT

@jJ”ATM Iﬁﬁuﬁ'@ﬂﬁﬁugﬂﬁw LL@imﬂsﬁagﬂ@Tm ﬁmmﬂﬁgﬂﬁwmaﬂéflmwﬁuﬁ@Taoms
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naw Lfiagﬂﬁ'}ﬂsaﬂﬁﬁmulffmﬁmﬁamLéz”a FUANTAENMIATIIRaLLaAI U IS
naunuvaaiuaunialuliydvasgnd Tunsdfswindunnnianasniiuwiniug
daIn1Inan ﬁmmsazdaﬁﬂé"d"lﬂﬁﬁATM Wusaisaaiuauniauszfndasliiugne
i mudnasndaninnidiwiuwduiidasnmnes TWIANTILAUNANITNWIIU
wazvhmvnsaatdlwuaiden ﬂé‘ﬁnﬂﬁ?uﬁ ATM zUEQILAIIUAIRRALAZ A

ﬂ'@lﬂﬁﬁugﬂﬁﬂ aangaslwniwdsznaun 2.3

swimlane

il Me—
K 4
Customer ATM Machine Bank
i\" srart
(Insen card

Enter pin )

W

Authorize

F rd ion -
. j, BUarg eXpressoT - N

iy ?\.-and PIM] A [Invalid PIN]
g

branch——
| Entar amount == Check account halanc—ej

[balance < amoJrt]

[talance == -u'rn;uurlt]1

Y
- .
\Ta <& money from slat

W
‘.,:Uebl: at:cuunl)

L]
[ Taka card )
e;nd
@<

Mwiiznauil 2.3 uNwMWhaNITNEMILNINaUEUIING ATM (Miller, 1994)
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[~
2.4 Thensatidwtan

Tennsaldiduian (Backus Naur Form: BNF) (Sebesta, 2010) 1))

A9 o A & A A = ! o @ o
metalanguage Nldasunalennsalvasnmesinsldsunsy Sedadlusudsranlunisaing
compiler Linynifidwandiznaudiongdisg Neglugdlusdndu (Production) lay
udazlisengudyuunasii

< nonterminal> ::= sequence of terminal or <nonterminal>

wdazlisenduazsznaudisdyansaifiagnmidudie (Left-Hand Side:
LHS) uazdryanwalfiagnidusi (Right-Hand Side: RHS) vaddqyanual = (defined

as) lapfiggyanwoaldudroazidusyansollifuga (Nonterminal Symbol) wufia

% (% 6

fyanwoinegluaiasmung < usr > @udyansaiduanzlsznaudioiausas

[

s % A

Fyanualauga (Terminal) wiadgyanwalliuganld Sedgyansaldudioazgnadni

[

dudryanwaldmuan wmndyansatliiugadusrouumaninsiieldunni 1 juny

] [ % % 6 A d' £ 1 e &
%memazgﬂLmumﬂmyaﬂumma (1) AMwUsznaun 2.4 LLﬁ@d@l’JE]EI’]GVL’JEJ’]ﬂ‘EMULﬂu
Lo

< number> ::= <digit> | <number><digit>

<digit> = 0]1]2]3]4|5|6]7]8]9

mMwisznauf 2.4 aradslrennynididwan

nndratndlunwdsznaud 2.4 diznaudae 2 Tdsdndu Tusdnduusn
Usznaudisdyaneoiawdiufe é’mﬁnwmﬂ&iﬁqu number #e Nt uA1UINND
é’tyé'ﬂwmwlai'guq@ digit %%aé’mué'ﬂwm“l,ai'guq@ number mwﬁmé’mué'ﬂwmwl&i'guq@ digit
Tdsendufirastsznaudndyansaldudinda é’tyé’na:rm“l,;i'guq@ digit #uNaL
é’ty§nmni’§uq@ 0 %38 1 %38 2 %390 3 W30 4 W38 5 W38 6 I8 7 W38 8 NI 9 A18ENY

(2

mafieudyanualli&uga number LEAIRIN1T19N 2.3
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a17199 2.3 Medamsiienudyansoalli&uga number

Gginadi 1 Ggnef 2
< number> ::= <digit> < number> ::= <number><digit>
=5 1= <digit><digit>
= 8<digit>
=82

2.5 Mutation Testing

Mutation Testing (Ammann and Offutt, 2008) Lﬂ%ﬁ%mi%ﬁﬂumiﬂ@aau
gandwrs Tapdsudaswlusunsuldensluanlysunsaduaiin Tdsunsufldannis
Usuasuili3oninldsunsy mutant lumsdsuidsuldsunsuudazassasviniies 1
dunsiafiasre 1 TUsunsy mutant I@ﬂmsﬂ%'mﬂé"ﬂngﬂﬂszﬁmmé’w‘hLﬁumsﬁ

138N91 mutation operator  G28819AIGUBHHUNNT 1TH AIGURUNITAITUNBA @28819

TusuntuduatiuuazlUsunsy mutant LRAIGIAIINN 2.4

AN319N 2.4 dratnaldsunsuduativuazlUsunsy mutant

Tilsunsnauaiiu

Tilsun3s Mutant

sameValue()

sameValue()

{ {
int A=1; int A=1;
int B=1; int B=1;
if (A - B)==0) A if (A + B)==0)
¢ {
printf("Yes!II"); printf(“Yes!!!!”);
) )

Na20819 1UTUNTUAWRTUSINITDET9TUTUNTN mutant

FURWNIILNUA LN TUNBALA IRV ALFILLATDIR LU

WaI9N Ll NIy mutant azvinnInasaullsunsvdwatiunazlUsunyy

v a a a A = a [ & al v [ & al v
mutant (ﬂ’)&lﬂﬁiﬂa‘ﬂ(ﬂﬁﬂﬂ?j(ﬂl@&l’)ﬂ% LWE]L?JS&IUL‘Y]&IUN&&WFY]VLG] mﬂwaawwvl,@a'm
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Tsunsudunativmdaniunaswin laainlusunsy mutant 138037 live mutant w@win
naswsnlaanldsunsuduativ i antunaswid leanlusunsy mutant wiananale
1 lUsunsy mutant f:gmh (Killed Mutant) 32138n mutant 1win dead mutant &9uaA9in
ATAnarauaNITnaTNIILTaRanaalulusunsy mutant 6 lasdssansniwaesnsd
maaugvlﬁmmh Mutation Score @9LIWSAIIEINVEITIHIN dead mutant RoFIWIN
1U5unT8 mutant AUGIBIIWIN equivalent mutant BINA1 Mutation score LE1lng 1
%mﬂﬁdﬂifﬁw@aaufuﬁﬂizﬁﬂ%nﬁw lag equivalent mutant e lUsunsn mutant

nlimannninidinasavla 9ansirle 61 Mutation Score fuimkldnagasdusnsd

Mutation score = #dead mutants
#total mutants - #equivalent mutants
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uUnn 3

ﬂﬂiﬁ%’ldﬂifﬁﬂﬂﬂﬂﬂ%’lﬂLLN%I\']‘IN use case LAZLNBNINAINITIN

& 4
n%wug'mmmhmmm

dlawnluuniingnfenssenIdinagouanunumn use case uaz
LLNumwﬁaﬂsmuuﬁugmmaovl,amﬂsni Fagmusnnaniizndasnssnvesdined
wiane §InfigasnsntenasiBunaiiuaoudng gluniszsensdinagaunsas
f0end wazdIwiaunsIfiimIlisdudsanimwueinsdinaseu

3.1 aanilaanssy

sonilasnssufisniasadunisasonsdinasaulagnsie sz iunuwnn
use case LABFI9TILNT use-case NMINNARILABINIINE AR TIUININAFELTS LY
MNENIITuNsnWRINTINTisanadasULdaz use case T3N8MNT use-case N LATHA
7adaya (Data Set) Hasdudaaninaza1aa1319n s usani (Dependency Table)
waza119tiawlun19assne (Condition Table) mn*’g@iagmﬁymﬁu NNuI T IFed
anTuRnsautwiaaelensel uazldlensalfiaensdinagauain

Tennsal sonilaanssnwaddsnINLRbaLEaIaINNLTZNaUN 3.1



Relation Use-Case List
—————— ; F—————— 1 >
Analysis
|
Activity
\ |
|
Dataset | _______ Data Preparationf4— — — — — — — — — — — — |
|
|
|
|
: Dependency
I Y Table
| Dependency \/\
I Table &

Condition Table
Construction

Condition Table

\/_\

A

Syntax

Generation

A

L Test case

Generation

ANLTznauN 3.1 ¥PNASAITNYBIIDNTNUNLEWD
uq.f 1 v ~
3.2 ANA WA ﬂ‘lumiaﬁaﬂimﬂmaa‘u

NMIFTNNTBNARALINUNBAIN use case LaZUHBATWAINTTULL

& cad a2 e, &
Wugmmaa"hmmm &l“ll%(ﬂﬂ%LLﬂzi’]HQZLﬂﬂﬂﬂd@lﬂvM%
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& { Aa 4 o o ¢ . .
ABADNN 1 ILATIZTHAMNTNNWS (Relation Analysis)
ANNTIATIERANNFUAUTINNUNUAIN use case  LWANTILATITA
mmé’uﬁuﬁ'ﬂzﬂmsmﬁnﬂq actor 1uizuu I(ﬂ ﬂﬁmimﬂmiaz actor LLé/']ﬁ']ﬂ’ﬁizl‘!%ﬂ use
{ { v L g; A ] a &
case ﬁﬁﬂ'ﬂ’]&llﬁﬂ'ﬂlax‘iﬂﬂ actor uuaﬂm’mms use-case TILUINITNITUWI00NLY 3
R ¢
Ntk a4
aA AA & & AaA v o & &
N3N 1: NIUN use case Wikl abstract use case NUAMNFNNUTLT 1
generalizations 32¥uAaz use case NAANwMzIIY generalizations b WNUNLUGEIWRAUS
284 abstract use case LL§1503$H%8°1180 use case m&hﬁfuaﬂmmms use-case 31N
MWUsznaun 3.2 wWuil ATM Transaction 111 abstract use case WazRanims
AMUFNNWBTLLUY generalizations MU 4 use case HWfAa Check Balances use case,
Deposit Funds use case, Withdraw Cash use case a2 Transfer Funds use case A91h%h
luﬂqﬁﬁzli%ﬂ use case aﬂmmﬂﬁ use-case 'ﬂzﬁ’m’]ﬁzq%aﬁo 4 use case °1T’N(§T%

NN ATM Transaction use case A4318N13 use-case lunwwﬂszﬂauﬁ 3.3

Simple ATM Machine System

Deposit Funds

Check Balances Withdraw Cash Transfer Funds

Q

A

Customer

2 ATM Transaction

<<include>>, "\, <<include>>

// N
/<<extend>> <<extendz>
, N

Invalid card

MWUszNaUN 3.2 WHNHAW use case 1WILIZUU ATM (MCA, 2010)




Librarian

Check Balances
Deposit Funds
Withdraw Cash

Transfer Funds

AMNLTznauN 3.3 5183 use-case MARITUTZUL ATM

Library system

Register member

-
] -
. _ Verify Member <<extend>>
<<include>> _~

7

Issue Book

\

<<extend>> \|

Check Availability

Return Book

<<include>>

Calculate Fine

Maintaining Books

Mwisznauil 3.4 UNUNW use case ENTUILUURBIEYA (MCA, 2010)

21

Member
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N8N 2: NTOIA use case UWIANUFURWENY actor ¥INNT1 1 actor 92
ﬁﬂmsi:uﬁ'a use case HnasluIuMT use-case lagaznTeiRiss 1 aSarintiu et
’i]’mn’lwﬂszﬂauﬁ 3.4 WU Issue Book &z Return Book tiw use case ﬁﬁ
AMUFUNEAL actor ¥ANNIN 1 actor A Librarian was Member é’oﬁ?uslumﬁzy%a
Issue Book use case W& Return Book use case azgﬂﬂszﬁ%ﬁmﬂ?\‘ilﬁmmﬂﬁu

Ny 3: n3tiou 9N liasitunsdifl 1 wez N3l 2 Ansnatradusuan
szq%amao use case 4w 89l%IN8NNT use-case dVIUA drat9NAIWITENOUR 3.4
WU Maintaining Book use case il use case Maidunsdif 1 sz 2 deiussmungn
qu%la Maintaining Book A9LUIMT use-case AN

annndsznaud 3.4 WUINTzUUWeIayalIznaudle 2 actor Ao
Librarian uaz Member liayin1sitaszianusunuiaiunsdidnsdunar a2 ldsonis

use-case é’ummlumwﬂizﬂauﬁ 3.5

Issue Book
Return Book

Maintaining Book

AMwdsznauf 3.5 318N1T use-case éﬁﬂ§ﬂ§$ﬂﬂﬁﬂﬁﬁ&!@]

1UN1T use-case N IAAINNNITILATIEAANUTUNWTT1IAWURAS LFLAWD S
use case N¢AINIITHUNIVNNINAROUIZUL Lasilsias use case 14INENIT use-case
ﬁ]:gﬂﬁﬂﬂﬂs:ﬁmmﬁumuﬁ 2-5 LNARTIINTUNARAUFINIL use case b TINTh

maauﬁommamﬂ use case TIUNWILLIUNINARAUN M I UNIITNAROUITZ UL

ARABWN 2 m’%nm’faa&a (Data Preparation)

luguaaumaaioutoys 31803 use-case AXYNINNIRNTIHNUNEN
LHWNWAINTINARBAANBINY use case WARTTIENITlABUARZUHUAIWAINTINIZYN
ihanldinaiaioudayn Tsnaansnldnegadaya (Data Set) ilasd 1 70 Tuaaun13

A v n' o di [ > 6 v 6 1

wirsutaya (Tuanmstmuadadyansal (Symbol Name) lifiasdsznaudisg u
WHBAWAINTIN laeldaranuInu18IngBRUNIAQLIToIA NS0 @091NKY 22
Munndays lasuondaysaaniiu 10 gadayataudadaliis
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¥ []

navayatasn 1: 7aayaqalINGw (Start) LAY symbol name Va4
adadsenauiily start activity
yadayatasi 2: TadoyafianIsy (Activity) LU symbol name U3
aanUsenauiiu activity NInua (8nL3% start activity ez end activity) WREARLARE
symbol name GEULATBIRANLIANTA ( , )
Badayadanfl 3: radayatFun1silisnulasaninzvadfianysy
", . & o . A \
(Transition) \AY symbol name 283 transition NIRUA luaﬂwmzmaoﬂ;@ transition BiLLARS
793z1sznaudly symbol name °11aoaoﬁﬂszﬂauﬁﬁ"sgﬂmmauﬁu transition AN
LATBINANENINTA (:) IMUUAINGIY symbol name BasasALlznaunauiIgnaIal
\§1 transition UATAULARZTA transition FILLATEINANLIANA
v 1 d' % v v A =3
InVBYNLDUN 4: qwmagammaﬂa (Branch) LNy symbol name a4
a9adsenauiiu branch NIRUA LazABLGARS symbol name MLLATBINANLIANA
v 1 ci 2 A . =3 A
AVBYALDHN 5: qﬂmagawauvlmmamim (Condition) tAutdanlanis
AIINZUWLEW transition 198NN branch NIARNA 1%5?11:&1‘%5“1160“13@ condition G'fioLL@iaz“g@
2z1/32nNauA28 symbol name Va4 branch %t ANGE LAIDIRNILNINIA INBUANGE
Geuluuuldu transition  uaziATaIRNIENIAA gavinea a8 symbol name V89
a4dilaznauauldu transition WATAUUGARZTA condition FILLATBINUILIANIA
Badayataul 6: TOTBYANITINAUYBINIITNIG (Merge) LAY symbol
name U8989aUsznauNidn merge NINUA LAZABUARZ symbol name GRELATBIRANE
98019
v 1 d' % 6 A o v Aa :’ =3
yadayadasn 7: gadayassddsznauivinliiianisaudn (Loop) 1iu
symbol name 2a3a3ddsznaunlmognasvadidu transition AviliiAan1TIuEININUG
LALABLANZ symbol name FRELATAINANLIANTA
v ] { 2 o < o
razayadasi 8: yadayaraimnonnsinnueaniunaienivinny
(Fork) LAU symbol name 2838413 nauNidu fork NIRNA LAZAKLEARE symbol name
MLLATBINANLIANA
[ ' { @ o o
AUBNAtaN 9: TAToYAVDINITINMIINNUIINRALMTYINIU
. = & A = .. & o '
(Join) LAY symbol name 2a4adnlIsznauntl join NIRUA LATAWLERE symbol name

AIBLATBIRAN Uﬁlﬂ:ﬂ']ﬂ

(2
a

yavayatash 10: Tadeysyaduga (End) LAU symbol name V83

q

29nUsznaunillu end activity



Insert Card

Card valid

valid

Pin valid

valid

Insert Pin

Check Balance
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invalid Show invalid card

invalid

Show invalid pin

Print Receipt

.

MWUszNaUN 3.6 LABNIWAINTINNROAAREINL Check Balance use case (MCA, 2010)

(%T’Jaziwﬂwsm%w*’q@ia

Mwisznauf 3.6 lagisuaninnwasa

2
=

gamaoﬁu FIRTULNBANNAINTIY 31N
(% (% 6

fUani+th (Symbol Name)

[

U 6
Mﬂunﬂaoﬂﬂszﬂau

YAILNWNINAINTIN eI wLlsznaui 3.7

A
B ( Insert Card
C N
lid
Card valid mvat Show invalid card ) D
valid
E (Insert Pin
F invalid - —
Pin valid Show invalid pin ) G

valid

Check Balance

| ( Print Receipt

J

.

awisznaui 3.7 symbol name SIRTUUNBAINNANTTY Check Balance
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NnMNUsznaun 3.7 mmsrmmawm%gmﬁaaﬁué’omwﬂizﬂauﬁ 3.8

Check Balance

Start = {A}

Activity = {B,D,E,G,H,1}

Transition = {A:B,B:C,C:D,D:B,C:E,E:F,F:G,G:E,F:H,H:l,1:)}
Branch= {C,F}

Condition = {C:invalid:D,C:valid:E,F:invalid:G,F:valid:H}
Merge={}

Loop = {D,G}

Fork={}

Join={}

End= {J}

ANisznaun 3.8 q@ﬁagaLﬁaaﬁuém%'mmumwﬁaﬂsm Check Balance

AWADRN 3 §319AITWNITVHADNHUALA1ITIIaW I IN19ATINE (Dependency Table
and Condition Table Construction)
- ABABWNTAINANTWATVWA BN
U ! 1 Q a v tﬂ‘y £ nﬂl L d A
mMIgfaTMudany wwRinsanangadayalasdundaaion il

& { o P Y o 7 @ ' ‘g
Tu@auﬁ 2 ﬂ’liﬁi’]d@l’li’]dﬂ’]ﬁﬂlu@laﬂuﬂi‘:ﬂ’lﬁnw“ﬂu@Elu@]’maﬂdﬁ

Input:
Start
Activity[1..m]
Branch[1..n]
Merge[1..0]
Loopl[1..p]
Fork[1..q]
Join[1..r]
Transition[1..s]

End

Create Dependency Table

Point = Start
Fori=1to s
For j=0 to 1

Point = Transition[i+1]
For I=1 to p
If Point = Loop[p] then
Fora=1tom
If Point = Activity[m] then save data loop Activity[m]
For b=1ton

If Point = Branch[n] then save data loop Branch[n]
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For m=1to o
If Point = Merge[o] then save data loop Merge[o]
For f=1 to q
If Point = Fork[q] then save data loop Fork[q]
Forj=1tor
If Point = Join[r] then save data loop Join[r]
Else For a=1tom
If Point = Activity[m] then save data Activity[m]
For b=1ton
If Point = Branch[n] then save data Branch[n]
For m=1to o
If Point = Merge[o] then save data Merge[o]
For f=1 to q
If Point = Fork[q] then save data Fork[q]
Forj=1tor
If Point = Join[r] then save data Join[r]

if Point = End then save data End

3.1

J 1 0-4 d’ v g; v v v s € dq’
(ﬂ’ﬁ’]x‘]ﬂ’]ﬁ“ll%@laﬂ%ﬂvl,@’ﬂ’mﬂl%@]El%?l’]x‘]@]%l]'izﬂﬂﬂ@’]ﬂ 5 ﬂaammavlﬂu

- Defined Name: Tafifnual@iufianssu (Activity) 19 92837@

Fayafianysy lagldaransinmannuiunian

- Symbol Name: Tagqyansainmwualinuaidlsznaudns g anui

i:q"l,ﬂu{l’agmﬁmﬁu

- Symbol Type: Uszinnuadadddsznauend g mwﬁszﬂﬂw@@iaga

& o
LRI Y

- Loop Type: szuinilugafivldifianisaudn launsszydria “Loop”

- Dependency: symbol name ﬁﬁwa@iaaoﬁﬂszﬂauﬁﬁ']é’aﬁmsm']ag

J 1 e ) o a g {
ANINNITUADNBFINILUNBNINAINTTN Check Balance URAIAIAITNN
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d & ) [
AT NN 3.1 @13NNMIVBADNWRINRIL Check Balance

Defined Name | Symbol Name | Symbol Type | Loop Type | Dependency
b B Activity - A
- C Branch -

d D Activity Loop C
b B Activity - D
e E Activity - C
- F Branch - E
g G Activity Loop F
e E Activity - G
h H Branch - F
i I Activity - H
- J End - I

- ABADWNITF AT AW UNIATING
MIFTNANTWTaW NN TING a:ﬁmsmmn*’q@%gaLﬁmﬁmawnz"g@

iagasjaﬂ condition AIUUADWIDATWAIN

Input: Condition[1..m]

Create Condition Table
fori=1tom
forj=1t0 3

Save data condition[j]

A1319L30 I INIATINEN LAINT A WTI1IG W UIznaudlIy 3 aaanih
o bl
6 %
- Source: symbol name V84839aUTZNAUAUNI
- Condition: [3a%lIN19ATING

- Destination: symbol name 28da4flsznaviaiang

(ﬂ’ﬁ’Nl:‘]Eluv[,"ll‘ﬂﬂx‘](ﬂiiﬂzéﬂﬁ%lﬂLLN%ﬂWWﬁﬁ]ﬂSS&J Check Balance W&AIA4

A1N319N 3.2




AN3197 3.2 13T % L UN1INTINSAINTU Check Balance

Source Condition Destination
C invalid D
C valid E
F invalid G
F valid H

o ' a {9 oo o A o - S
G]’JE]f;l’]\‘]LLN%ﬂ’]Wﬂ’%ﬂSiﬁJﬁi“ﬁa’m‘mWﬁ]’]im’]ai’ld@’li’]dﬂ’]i"l}u@ AINEY R

.. o d S v £ ] a ..
fork LR join LRAIAININLTzNaUN 3.9 ‘ﬁ\‘]’ilzvl,@ A1INNITVUABNUVUAY fork LRT join

LEAINIAITIN 3.3

Print Bill

AMWUIznauf 3.9 UNBATNAINTINA8ES fork L2 join

{ [ 1 &/ 1 L ..
@137 3.3 G28819A1TNNNIVUAN WY fork LAY join

Defined Name | Symbol Name | Symbol Type | Loop type | Dependency

- B Fork -

c C Activity - B
d D Activity - B
- E Join - C
- E Join - D
f F Activity - E
- G End - F
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Junanil 4 §3191281n50f (Syntax Generation)

vhmmtﬁ%gﬂﬁwﬁﬂﬂzlﬁﬁnsmmﬁomsﬂ}miaﬁuua:mﬁaL’ii'auvlmmo
asine lawhennsolhzdsznausolusanaudns g udazlusantuwdsoaniu 2 daufe
#2uT18 (Left Hand Side: LHS) Laz&%a71 (Right Hand Side: RHS) 1898 anut o=
(Defined as) msa19hensoiwiaoniiu 2 Tuaaunan 9 Gait

TuAani 1 MIaslUsenduin 2 N9NLaILINTEIATIM I uaa
i Tasunuaan LHS dradnlunaanil Dependency muluia3aswang < uaz > Lazunm
§1% RHS sodlunadutl Symbol Name mgluta3aanang < uaz >

dwaauit 2 misisldsensudaly asafrsnniwuauada el

anfasan tHuund “HasRanTan” uazduriun1augnila1lunaauit Dependency @59

2

o '

Audlunaauil Dependency U8ILDINARINNTIAN AINWLIEAAUAbRLAINAUA L6

>

Huwnr “tdsfiansan” @18 drag1991naef 3.3 fmualduaafises uunafidngs
Rorsouazdarlunasutl Dependency B Gvazwudtunafiann Jenlunasusd
Dependency (1% B 1w G91in LLmﬁmm:gﬂﬁﬂ%uﬂlﬁl,ﬂul,l,m’;ﬁﬁé’aﬂmsmww%awﬁ'u
wafigas
Taaui 2.1 Ransanarlunosusd Symbol Type TIUnIANAS

fanson Tapuvaenidu 3 nydh eadt

nIdi 1 enluaasnil Symbol Type i End aznszvineny
TUABUR 2.2 URTTUAOUT 2.5 waznganIzLInmMIaI himnaok

N3t 2 aluaaanil Symbol Type 1ilu Join aziwuadyansol
Vlajéuqmﬂu {uaz )

N3l 3 alunaduil Symbol Type 81 ¢ wzimuasyansoila

auqulu < LAY >

v H
[ =

Tnaawil 2.2 83519 LHS 209ld3entn lagunudroarlunasuil
Dependency mammﬁﬁﬂﬁaﬁ‘ﬂﬁmﬁ mﬂuLﬂ%amma < LR >

dwaauit 23 7519 RHS 20sldsendu lasduniunadfidianlu
Aosuil Symbol Name a39riud1lunadutl Dependency ToILnafifasRanTon uazsine
Tunaausl Symbol Type vasunidwldanfianson lasuiaonidu 5 Ussinnasdoldi

® Activity: unugIn RHS dredavasianssufirmueliluaadud
Defined Name wasunafiaunilaauaisanluaasuil Symbol Name wo9unafifngs
NI mﬂum‘%ammﬂé’tyé'ﬂwmﬂlsjéuq@ﬁﬁmumvli’ #28879 INA13197 3.1

o A

frualinalrfnfasnansanfenndn 2 wuinarluaeausl Dependency WAL B uay @n
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Tunaanil Symbol Type 1T Branch tlafansanaauyt Symbol Name AfidLvinAy B
WU Symbol Type L1 Activity a9tz le RHS 1T b<C>

® Branch: unuNgI% RHS I@ULLﬂdﬂ’]iﬁﬁ]’]iMﬁaﬂﬂL‘ﬂ% 2 Tuaa

=1

[
J
o '

(e =3

Vaaun 1: ﬁ’i]’ﬁmq@ﬂi’]\‘iL?‘lﬂ%vl,"lmﬂx‘i@liiﬂZﬁﬁ’lluﬂElﬁgfilﬁ

'
v A =)

Source @3INUAIUABANH Dependency 2adunlINANAINANITM LWBIZYUDIEN9 9lu
AT AN NaIINENGaIG L RWNIT L@ ﬂiuLL@iazLLﬂaﬁ@Taa@iwLﬁumsazgm‘hl,ﬁums
ANNUUADUN 2

Auaand 2: wne1luaaanit Destination lias1agaunuai

[ & . o A \ < a
ARl Loop Type Ium’li’mm‘i“ﬂumaﬂu ayudsaantdn 2 NIk

AN 1 : 1 Judszian Loop zunuain RHS dradlunaauit
Condition aual8d1lunaausl Destination na1T9dawlan1iasIn:
muluiadadanune [ was |

A | & ‘ o ) o ¢

A3t 2 : laiiduilszian Loop asunudin RHS meadrlunaau
Condition anual8d1lunaausl Destination na1T9dawlan1iasIn:
muluiaIasminesyansolliiugantmuald

Wounuudazuanfidasdniiunsaudunonsi 2 Boufasuda 2z
1 RHS vo9udazunAunwldinainaniEeen LLazé"u@Twé'tyé‘ﬂmﬁﬁa () f28819
NNaNT97 3.1 mualiuanfisaifansonfaennaf 3 wuindrluaosutl Dependency
WAy C uazanlunaduil Symbol Type Ll Activity Liafansanaaausl Symbol Name
Afldrin c wuh Symbol Type T4 Branch 39MIATIIRELANNTWADURA 1 WU
1 2 unrluansedonlunsassneidasdninms fe waaf 1 uaz 2 N7 1
ez uaaft 2 lddniiunsautunend 2 S9iidrlueasuil Destination @ D uaz E
ANEAU loaTagauwL D iny3zy Loop Tuaaauil Loop Type a4 az197n36id)
1 vililel RHS 1w invalid[D] du E laifin133z1) Loop luaaduit Loop Type 9110yt
7 2 ¥ 1le RHS 1w valid<E> @‘Tmfuq@ﬁqm:"lﬁ RHS 1T invalid[D] | valid<E>

® Merge: WNUNE11 RHS 28 fluaaadit Symbol Name 289

¥
'

umnasRasan melwetasmnedysneotlifuganimuali
® Fork: unuNaIk RHS e lunaauit Symbol Name 283101

Maaisan nmeluaIssmanosyansaliisugafismuald lunsdinamanounnnii 1

33! ﬁ]:ﬁ’?ﬂ’?iLL‘Yl%LL@iER:LLE]’J&J’TL%U\WI'ﬂﬁuﬁ]uﬂiﬂ“flﬂLm’J I@ﬂL%UGﬁ’WTUl% 2 ANMUE Ao
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Bosandisldean war 3e9analdde wazANIERIINI31589 2 SnB eI
soanwoinie (| ) RI1FINA1597 3.3 ANTNFTRADTUE WS UURWAIWAINTTY
fr089EwSU fork ua join sugaslumwdsznaud 3.9 :anaef 3.3 nualdunlf
fasRaTIn@annafi 2 uaz wnafi 3 wudrenluaasautl Dependency 1Ry B wazenlu
Aaauil Symbol Type LI Activity nogasund 1afansamnadusl Symbol Name Aien
WA B wud1 Symbol Type 1w Fork a9sinazle RHS 1l <C><D>|<D><C>

® Join: unufigan RHS eg enlunasuil Symbol Name 2834077

AINIITN mﬂum‘%awmﬂé'mué'ﬂumﬂﬂéuq@ﬁﬁmu@vﬁ f10t19 NAT97 3.3
fmualiuorfimssfarsandaunif 6 wuinearlunasuil Dependency 1AL E uaze
Tuaasantl Symbol Type flu Activity Liafiansanaaauil Symbol Name Aifiduvinfiy E
WU Symbol Type 1l Join a9niuazle RHS 1w <F>

Tunoni 2.4 AvnaliunIfiidsRaTan LﬂuLLﬂ’Jﬁgﬂﬁ’ﬂ’]im’]
i uaznavlvnanudunoud 2

dnwaawd 2.5 89 RHS  vaslusandu Tasduninarfiialu
aosuil Symbol Name a39riud1lunadutl Dependency wadunafimasianzon uazsdne

Tuaaanil Symbol Type vasuanauldufasan laoutsaanilu 3 Ussianasda lui

® Activity: WnuaI% RHS dred1luaaauit Defined Name
® Merge: LNU&IW RHS a286131 “END”

® Join: WNUEIW RHS @286131 “END”

ANNATN 3.1 uaz 3.2 ﬁ’]&l'ﬁﬂﬂ%’]dvhﬂﬁﬂﬁfﬁﬁdLLﬁ@GluﬂWWﬂizﬂaﬂﬁ 3.10

<A> = <B>

<B> ::= b<C>
<C> :=invalid[D] | valid<E>
<D> ::=d<B>
<E> ;= e<F>
<F> ::=invalid[G] | valid<H>
<G> ;= g<E>

<H> ::= h<I>

<|>:=j

AMWUsznauf 3.10 1enInid1IU Check Balance
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wAani 5 §319n5uNATaL (Test Case Generation)
e o & P o A @ a Y A
honsainahiluduaeaun 4 azgnlfifesironsdinaseu lasdnusfag
laTa99N8 < WAL >, LATDINANY [ Uae ] Lazla3ednane { uas } axillusanwallal
qUga lumssanTdinagauazRansmnain RHS a9 lennsal lasisuduainiia RHS
yasldsanswusnidnldlunsdinasay andradreheinsalnwidsznau 3.10 wuin
RHS wailUsdnTuusnda <B> aenu <B> azgnifaudrllunsdinasey anvuaz
favandilunsdinaseuidyansalliguganield windwzunusyansolliduganu
lasdunilusanaud LHS fdganwollidugaasinunudyansolldaugannulunyd
nagoy lapaziin RHS vasldsantundum ldnuanunundyansolligugalunyd
L= 1 1 ‘é Qs = |: Q g;
NagaL 18819l TH NITNARaUfa <B> &9 <B> Aadnyanuollifuge ainu 1319z
Asanmildsandui LHS a39ny <B> annawdsznaudn 3.10 lusandunidunn lane
<B> ::= b<C> @9uwIh RHS paslusanauih nuda b<C> uuwnwdnlunayanwollal
duga <B> lunsdinasey  asnuazldnsdinaseuidu b<C>  nIzLIUMIAUMIUAZUNL
niaznaziluGes 9 lasazfuganszuiunislu 2 anwmefa 1) RHS vaslusandud
dun 1 szydlu “END” azvinsdasyansollifugalunsdinasaunuaanainnsdl
nagay uaz 2) lunsdnasavhidnngdyansalliauge wszwinlunsdinaseutnng
syanwalliguganinnd 1 dwmls azvmaunmdudauandrsldam
g: o dl [ > 6 A [ > 6
Tuauaawn13i RHS unuil winwususaneninie ( | ) Swsanwoh
=3 v A s [ 6 & A a s [ 6 ] & o J
Jduiwy (1) wia dyansahadulnm ({}) Rasanaudyansoinaiuudsd
o o ¢ = ' o o A o @
saanwainsa (| ) @ winwudldsantunlaannnisduwnidsing
fyanuoiniadn RHS azunudyansotlidfugalunidinaseudioguuudie ghaueas
fyanwsainiasas RHS lasudazduutazdasgniuiuny 1 39 lagazuonnidinasey
audrwinzasziunuiuny andregelsinssiniwdsznaun 3.10 aun@linad
nagaufa b<C> dyanwallifugalunsdinasaufo <C> iafarsanmldsandun LHS
@3N <C> huflo <C>:=invalid[D] | valid<E> Wud1 RHS Usngdyansainie 493 2
sUuuufa invalid[D] uaz valid<E> G9uuaziang 2 jluuuunuin <c> azld 2 nvdl
NagauAe b invalid[D] ez b valid<E>
[ o I3 [ % ' o 4 AN o Y
syansobauniay ([1): winwudildsangunldannisdunn
Unngdydnsahauiuiey Fudunisszyindunsusy azunudyansolliaugale
I a | a o ngl'
nytinasoulagRasonin 2 namash
A A A AN & o o vy ~
nydin 1 nadnldinsunuzduuuiuasludyansalluzugalunsd
nasoy axihzUuuusuunuad lludyansollisugalunsdinasey
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nydin 20 nadfesunuduounuasluludydnsolliaugalunsd

nagauud wihzdunudaude lanunuldnuayansolliugalunsdinasauiu

o 1 6 P A o v = A

aog1991n bgnssiniwiszneun 3.10 ek wnaldnsdinasauda

) { v . . . = %
b<C> uazldsantuignienldfa <C>:= invalid[D] | valid<E> 4% LHS @341y <C>
A9%UN invalid[D] uaz valid<E> ldunwu <C> alensdinasauidu b invalid[D] uaz b
valid<E> L{aNa 79z WLINImnasa b invalid[D] Aswanwain1swiif [D] uaz [D]
galinpgnunudl 3udnsdif 1 3avimaunudaidu b invalid d<B> uazuny <B> da
deldsangu <B> == b<C> azldnstinasauiiln b invalid d b <C> 3INWHUNK <C> @o
= ) . . v o v v ad 2 o o @ @
Trazwuinasunuluuy invalidD] 3 udd lwidnsdin 2 1n3sihgduouddudaly
wufa valid<E> iuunudyansalliuge <C> amugarioazldnydinaseuidu b
invalid d b valid<E> 8% b valid<E>

[ [ I3 [ ' o i o (Y

syanwaioauilnn ( { }) @ winwuildsanauilaannsaun
Unngdyansahaivinm i ldunundyansallidugalundinasey udavims
avsaudawhlunydinaseudidnngdysnalligugadudariednniald winlunydl
nagaunudyansalliFugadudn azdarnfuinmuuean uirnunundyansolla
Fugalunidinasoudiaue aldunn LL@imﬂlumtﬁﬂ@aaﬂ&iﬂsmgé@é’ﬂﬁ:rtﬂ;iauq@
A A o A & A v v & Aa A s &
augdn azinsununasdulnnlasmsdunildsangunil LHS Aassnuwanusuaam
Und Ao UNNIWAINTIY Return Book lunwisznaufl 3.11 anansnasne hennsol
laasnwdsznaun 3.12 usznwisznaud 3.13 uEAIIBAIKINIRTNItINaFaL

Fyanwaluaasdyansolliaugazed honiniuaaidinnnm 3.4

A [ o 6 o Py 6
A1INN 3.4 FUINOMLEA atgaﬂmﬂuauqm ao"l,amﬂsm

Saanual AMANNE
<> sy snwollifuge
[] é’tyé'ﬂwmﬂlﬁéuq@ LEAINTANDY 1 059
0 é’tyé’num“hiéuq@ WEAINTNURAT Ll unu
| fyansoiugaInsununasUiuy




A @
B: ( Enter Book Number

C:
Return Late

No

Yes

Calculate Fine

Print Bill

Return Book
e/

J: ( Update Status
< @

Mwilsznouft 3.11 unwnWAINTN Return Book (MCA, 2010)

<A> = <B>
<B> ::= b<C>

<C> = Yes <D> | No<I>

<D> ::= d<E>

<E> :'= <F><G> | <G><F>
<F> = f{H}

<G> ::= g{H}

<H> ;= <[>

<|> = i<d>

<J> =

MwWisznauf 3.12 daas19 81N Inid MU Return Book



35

Test Case : <B> (1)
: b<C> (2)
: b-Yes <D> (3)
: b-Yes-d <E> (4)
: b-Yes-d <F><G> (5)
: b-Yes-d-f {H} <G> (6)
: b-Yes-d-f-g {H} (7)
: b-Yes-d-f-g <I> (8)
: b-Yes-d-f-g-i <J> (9)
: b-Yes-d-f-g-i-j (10)

ANLUTENaUN 3.13 TWAAUNIFTIINTANARAUFINIU Return Book

nmwdsznaui 3.13
o A ) ' Ao Ao o e
UIINaN (6) mmaauLmemﬂummmwatyaﬂwmﬂlwauq@
1 % a = ) > & A £ :!I (% % ..aq’ 1
<G> davingdn IrnIaalaauinniaan LLmmeamuaﬂumﬂlmuq@ <G> dall
UTINGN (7) mmaaml,é“ﬂ&iwué'mué’ﬂwmwlaiﬁuq@slmiaﬁ’mlu
=) = = o g; a
NIWNAFOLDN IKNTUNG {H) anutuaeulnd
N hensmnIwdsznauf 3.12 sruTnEnImmasaule 3 NIk
NARAUAILRAI N IWLIZnaLN 3.14

Test Case 1 : b-Yes-d-f-g-i-j
Test Case 2 : b-Yes-d-g-f-i-j
Test Case 3 : b-No-i-j

ANLUTENaUN 3.14 NSMNARALIINIU Return Book

6 A v A (2 A
iJ’Wﬂi’]Eﬂﬂiﬂkﬂ”lWﬂizﬂﬂll“n 3.10 mmmmwmmwmaﬂ@ 4 NIWNARDL

AILFAI AW TEnauN 3.15
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Test Case 1 : b-valid-e-valid-h-i
Test Case 2 : b-invalid-d-b-valid-e-valid-h-i

Test Case 3 : b-valid-e-invalid-g-e-valid-h-i

Test Case 4 : b-invalid-d-b-valid-e-invalid-g-e-valid-h-i

ﬂ’]Wl]iZﬂﬂllﬁ 3.15 ﬂifﬁ'ﬂ@ﬁaﬂﬁqﬁgﬂ Check Balance
3.3 n1sidsudindszansnnvasnsanagay

mMsUszfindszantannsdinasevlusuidsd 1935013 mutation testing
= o & o &
T9tlaznauals 3 Yuaanaidh

1. FINTHNAFAUAINITANINUNLEUD
2. g¥9lUsunIn mutant 3nlUsunTUAURLIL
3. nesauldsunsuduaivuazlUsunIy mutant G28NIGNAFALA LGN

¢ o
Ynaann 1

AWAAWN 1 FIINTUNARAUANITNINUNLEUD
a a a =) t:lI v ada dl o £
TNzt i nl e AN WUaINI N A FAUNRINAINIDTNNINULR WD L6l
WWanldnsdAnsNIviae 6 s2un (MCA, 2010) laud 1) ssuy ATM 2) ITUURBIFYA
3) JTULNIT 4) 52UU2090230 W 5) T2LUNTUNY BaT 6) TeUULTINEILIR WHUATW use
case UAINI 6 IZUL LA IAIWLTZNAUN 3.16 — NMIWUIzNaUN 3.21 a1UEIOU eI HN

3.5 LRASIIWIUNTUNARALVAINTHAN N NRINIINNIDTANTNUNLEWD



Simple ATM Machine System

Check Balances Deposit Funds Withdraw Cash Transfer Funds

Q ATM Transaction
A 2 :
= ~
Es
Customer 5 Y
£
<<include>>/ s » ==includes=
5"
wf 4 .
r kS
; ~
p ~
Insert Card
7 A
/ Y
/ N
,f<€exlend>> <<extend>> .
i 3
’ N

Invalid card

m‘wﬂs:ﬂauﬁ 3.16 WHWNIN use case JeUU ATM (MCA, 2010)

Library system

-
Verify Membar ) eeiendis
; -~
=dinclsde=> -

-~

Register member

Issue Book

N\

ssaxiand=> N

Check Availability

Librarian Ristiies Bosk Member

<jnclude==

Calculate Fine

Maintaining Books

MWUzNaUN 3.17 WNLAN use case szUUWaIEYa (MCA, 2010)



Tour system

’ \ eEtend==
<=includesz N\
- -
Validate User

/

S ==include=>

Reserve For Tour
\ “einoludes>

\ N\
<<include=> \ Make Payment

@

Reserve Hotel

Customer

AWUITNaLN 3.18 LWWATW use case ITULNIT (MCA, 2010)

Railway system

Pay Fare Amount

f <=include=>

Book Ticket

<<includes= ||

>

\
|

Cancel Ticket

i <<include=>
Clark Refund Money

MWUIZNaUN 3.19 WHUAW use case T2ULIBINITA LW (MCA, 2010)

Cuslomer

<<include>>




Manager

invertory syatem

Customer

39

<<include=>

generates sales reporl

Sale system

SEindudess check inventory

I

caloulate total tax

-
-~
Update invenlary Q
\ =<include=>
eSS cashier
G — -
~
| ~
<<includes> J <<Indude;>“‘ ~

MWUsznauN 3.20 WNKAW use case 3TUUNTINE (MCA, 2010)

i\

Lab Assistant

Patient

DK

Refers report

Visit lab for test

Reqgisters for reatment

Admitted to ward

Get discharged

Prescribes tesl lo patient

Performs QOperation

Hospital system

==include=>
Generate Report

T
S~

==include=> =~

Pays at reception for test

=<include=>
—_— — — A Generale ID
~

-~
S~

=<inclute=> =

Settle Account

<<includes=

=<include>>

Prescribe Medicine

Receptionist

MWUIzNaUN 3.21 WHUAW use case S2UULTINEILNA (MCA, 2010)
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AN 3.5 1M IRNINAFAUVDINTHANEINFI19INITNINUNLEUD

AYBANEN IUIUNTHNAFOL
Uy ATM 44
ERIVEREHT 7
JTUUM 18
T2 UU9890770 I 7
JLULNTNY 20
sruulsInenuna 18

Fuwnawi 2 #3191U5un3y mutant 91nTLsuNTIT AT

maelUsunsy mutant azarelasmydsuasuldsunsulwdnslenn
Tosunsudwatiu Taonsdsudsuwlusunsundasnsiasnseiniios 1 druniorinsi
Tosunsufldanmsdsudswdeninlusunsy mutant Felusudsoiiazdsudom
ldsunsuduasvlagadudadiiunisfisandn mutation operator %ogﬂﬁnauaim
Offutt Lazatue luuwmmﬁlm “An Experimental Determination of Sufficient Mutant
Operators” (Offutt, et al, 1996) Faluunanuaanaialananfls mutation operator

N9RUA 22 operator AILEAILUA1TN 3.6

@1319N 3.6 TUAZLBLA mutation operator (Offutt, et al., 1996)

Mutation Operator Description
AAR Array reference for array reference replacement
ABS Absolute value insertion
ACR Array reference for constant replacement
AOR Arithmetic operator replacement
ASR Array reference for scalar variable replacement
CAR Constant for array reference replacement
CNR Comparable array name replacement
CRP Constant replacement
CSR Constant for scalar variable replacement
DER DO statement end replacement
DSA DATA statement alteration
GLR GOTO label replacement
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LCR Logical connector replacement

ROR Relational operator replacement

RSR RETURN statement replacement

SAN Statement analysis

SAR Scalar variable for array reference replacement
SCR Scalar for constant replacement

SDL Statement deletion

SRC Source constant replacement

SVR Scalar variable replacement

uol Unary operator insertion

N IUTUNINABRLUVBINTHANEING 6 T2UU FINITDFT19LUTUNTH

mutant AAIANTINN 3.7

@NINN 3.7 ﬁiﬂulﬁiﬂﬂmi&l mutant 28INTRANBING 6 Uy

ATAAN®N Fuaulusunsn mutant
Uy ATM 620
EBIVEREHT 159
JTUUNS 1155
T2 UU9890770 I 385
JTUUMINY 1206
sruulsInenuna 453
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#18819M 38319115130 mutant lawld mutation operator ALANAIAWLEAI lAGI5

o ' A o % s . .
® G10t190 1 maslusunsy mutant lasld AOR operator TIuni arithmetic

operator (-) @78 arithmetic operator (+) URAIAINIWLTzNaLN 3.22

TisunTuduwaiiy

113178 mutant

int amount = 500;

int count = 100;

if (amount > count) {
amount -= count;

System.out.printin(amount);

int amount = 500;

int count = 100;

if (amount > count) {
amount += count;
System.out.printin(amount);

}

AMwisznauf 3.22 d18819n3a3191L5UATN mutant lawld AOR operator

o ' A o o A
® 108197 2 mMIaslUsunIy mutant lawld CRP  operator @9unu constant

(Penalty = 3) @28 constant (Penalty = 10) L&adIaINIWUIznaun 3.23

TisunTudwaiiy

11318 mutant

Constant{

public static final int Penalty = 3;

}

int amount = 100;
int date = 2;
if(status == 1)

{

amount = date * Constant.Penalty;

}

System.out.printin(amount);

Constant{

public static final int Penalty = 10;
}

int amount = 100;
int date = 2;
if(status == 1)

{

amount = date * Constant.Penalty;

}

System.out.printin(amount);

AMwdsznauf 3.23 ara819nIa9lysunsy mutant lasls CRP operator
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[ ' { [y ) A .
@188197 3 nIa9lusunsy mutant lasld ROR operator @dun relational

operator (>) @18 relational operator (<) URAIAININLIZNALN 3.24

TisunTudwaiiy

T13unT8 mutant

int amount = 500;

int count = 100;

if (amount > count) {
amount -= count;

System.out.printin(amount);

int amount = 500;

int count = 100;

if (amount < count) {
amount -= count;

System.out.printin(amount);

}

AMwisznauf 3.24 d18819n3a3191U51UnN mutant lawld ROR operator

o oA o o A
@188197 4 M3a9lusunsy mutant laeld SDL operator T9aU statement (amount

-= count) 88N LEAIAINTNUIZNOUN 3.25

TisunTudwaiiy

113178 mutant

int amount = 500;

int count = 100;

if (amount > count) {
amount -= count;

System.out.printin(amount);

int amount = 500;

int count = 100;

if (amount > count) {
/lamount -= count;
System.out.printin(amount);

}

Awdsznauf 3.25 @ra819nIa9lysunsy mutant laels SDL operator
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o ' d Y o £ A
® 128190 5 MIr39ldsunIy mutant laald UOI operator @913 unary operator

(++) #1623 count uaAIAINIWL NN 3.26

TisunTudwaiiy

T13unT8 mutant

int amount = 500;

int count = 100;

if (amount > count) {
amount -= count;

System.out.printin(amount);

int amount = 500;

int count = 100;

if (amount > count) {
amount -= (++count);

System.out.printin(amount);

} }

AMwdsznauf 3.26 ara819nIaT9lYsunsy mutant lagls UOI operator

Anaani 3 nagauldsuniudualiuuazlUsuniy mutant @28NIINAROUN LAINNUADL
71
ueiazl1UInIan mutant LLa:MiLmsmTuaﬂ'ugﬂﬁnmﬂﬁﬁ‘m@ﬂﬂszﬁmaau
' Y & A ° = a o &dV v A wa = a
a9 ldannTuaani 1 vnsSaufsunsansn laannsdfjue lasnsidSauiioy
NAAWTANULAR 1UTUNTN mutant LAZNAAWTAINIUTUATNG ALY WINNASNTA1IN T
LEAITINIHNAFOUNFTWBURINIINATIVIUTORANAA 16 huAa §181TDHIN1TRIN
M o A a A [ ] . ] .
mutant ﬁv[,@ mﬂszawﬁmwmaomtﬁﬂ@aaugvl@mnm mutation score $1NA1 mutation
v v a =) é =Y a =)
score WNINA 1 RUNLTINTINARAUNUTTANTAN TINaa N IUIzL ATz ANTAINWYa
ATAnaraLNaNIaNATMIARKe laun13¥in mutation testing LEAIAIA1TN 3.8
MNHANTUTLLAUUTLENTAINWVININARAUNG 6 NIHANEY AaTzUU
ATM, 32UU%BIRYA, JLUUNAS, I2UU0INITO N, T2UUNITVNY LazTUUITINEIUIA
WUINNAN mutation score YiNNU 0.97, 0.97, 0.98, 0.97, 0.98 LAY 0.95 ANAIAU TIAN
. gﬁ A R | 1 d' 2 2 v & 1 I d' v
mutation score W8N 6 nYmANEULIWA TN 1 uraIlAIRBINNIDNaFAUNFII

ANNATMININL R TUTE AN TN IUNNITATIUTDRANA
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@179 3.8 Ham Uz ludszRnSnwueinsiinasay las mutation testing

NIHANSEN Jwunsdh | Swuldsunsy | siwanldsunsu | Mutation Score
NAROU mutant mutant ﬁgﬂs&h
TUU ATM 44 620 600 0.97
UL BIAYA 7 159 155 0.97
FUUNIT 18 1155 1130 0.98
sruvaa9asn 7 385 373 0.97
ITUUNIINY 20 1206 1178 0.98
32uul3INENLNS 18 453 429 0.95
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uUnn 4

n1sa E]ﬂLLTJ‘]J&LR%W@N%’IW]%EN&?IE)(ﬁ%tlﬂﬂ

& =~ ' =3 = A A v A uz &
mamluuwuﬂa’nmmsaammmta:wwmmsadwa@lmmu BINQ BV
Lﬁaﬁfl:‘]Jﬁ%%ﬂ’]ﬁﬁ%ﬁdﬂﬁiﬁﬂﬂaﬂﬂ’iﬂﬂLLNuﬂ’WW use case LL&zLLNuﬂWWﬁﬁ]ﬂiiMﬁJuﬁugﬂu

aaglrenninl lagldniuen Visual C# Tunmswalmw
4.1 NSAUNITNIIWVAITLUL

LaeddaauluulgawnIvineunan s 3 831 a9t 1) Dependency Table
& Condition Table Construction 2) Syntax Generation LL8s 3) Test case Generation

NTOUNITNIBTITEUY UROIAIATWLTzNaun 4.1

Relation Use-Case List
—————— ! B F—————— 1>
Analysis

|
Activity
]
|
Pataiset |, _ ___ | Data Preparation |a— — — — — — — — — — — — !
|
|
|
System
: Dependency
| v Table
| Dependency \/\
|_ __________ » Table & L
Condition Table [T~~~ 7~ g
Construction .
Condition Table
T
|
|
|
|
|

_______ Syntax - — - _
Generation

Y

| ___ ] Testcase | Test Cases
Generation

AMWdsznaui 4.1 NTaUNNIRNWYBITZUL
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4.2 IWADWNITANRRINNDITEUY

%

PYUADWNNTANRWINUVAITZUULTENOUNE 3 VUADWAI

1. miﬂauﬁagmﬁwgi:uu
o & . @ { & o
2. STULRTNIONTNMIUUANBUAZANTIT W INIIATING TN
6
Tennsnd
3. SLUUATNNIOIMAREU laaRNa1Tnann ennsot

Ao 1 msilandayaiingszuy ;‘ifL*’ﬁaz@Tmﬂau%amamwumwﬁaﬂsmLLaz*’g@iTa%Ja
LﬁaoﬁuﬁﬁmsmmﬂLLNumwﬁaﬂsmLﬁﬂgjs:uu 91 “gﬂiagmﬁmﬁmzﬂszﬂauéffmq@
iagaﬂaﬂﬁgmm 10 g@iﬂgarjaﬂé‘oﬁ/
Data Set {

Start

Activity[1..m]

Transition[1..n]

Branch[1..0]

Condition[1..p]

Merge[1..q]

Loop[1..r]

Fork[1..s]

Join[1..4]

End

}
TwAawi 2 izumzﬁﬁagaﬁﬂawﬁwm Tasmmemstuaanuuazaissiawlanig
AITNT INIIIINT 2 anTanRITINPnSwReashonnsal

ARADUTN 3 ITUUTIMIRTNNIHNARAU LagNI TN lenyod



4.3 miaammuﬁ'mﬁmiaﬁ'mﬁf

o A v A a 1 v & 1 g ‘:?
Lmaawammmuumummaéflmmmﬁm 3 RIU A3
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AU 1 ms%‘m'fa%lmﬁ']gjs:uu Iﬂﬂ@fﬁzu%ﬂﬂlﬂdLLN%ﬂ’]Wﬁﬁ]ﬂii&]LLQ$°I£@1

v A/ v 1 Q
?IQ%JQLTIJE’N@]“I/L I@Elﬂ"l‘iﬂ@fl?!&] “New” TIJuLLﬂiJLll“I%I; FLUUILURAILOY Input Data Set adUuaa

Tunwilsznaun 4.2

- | MNew | Save @ Help 3§ Exit

Input Data Set | Generate Syntax | Generate Test Cases |

Mame of activity:

Start:
Activity:
Transition:
Branch:
Condition:
Merge:
Loaop:
Forc:
Jain:

End:

Bxample Check balance
Example A

Example B.0.EG.H.I
BExample A:B.B:C.C:D.C:E
Example C.F

Example C:lnvalid:D C:Valid:E
Example -

Example OG

Bxample -

Example -

Example J

ANisznaun 4.2 é’aazhmﬁwaﬁm%’uman*ﬁa%m




49

AldvnsileuToununinianisuaslunaasdaniiy Name of activity:
uwazlaugadayadand1sg asluudazndesdaanunassnuradayatdesuug nidinga

tayatonlaliddoya lhilowaIaanainodddsd (- ) aslunassdaanunu dratiinis

ﬂawﬁaga LEAIAINWLTznauN 4.3

| New [l Save §# Help 3 Exit

Input Data Set |Genemte~ Synta | Generate Test Casesl

Mame of activity:  ATM Check Balance Example Check balance
Start: A Example A

Activity: B.O.EG.H.I Example B.0.E.G.H.I
Transition: A:B.B:C.C:D.C:E.D:B.E:F.F:G.F:H.G:E.H: Example A:B.B.C.C:DCE
Branch: CF Example C.F

Condition: CiInvalid:D .C:Walid:E. F:Invalid .. F:Valid:+ Bxample C:lnvalid:D.C:Valid:E
Merge: - Example -

Loop: DG Example DG

Forkc: Bxample -

Join: Example -

Bxample J

ANisznaun 4.3 é’aazmmsﬂauiagal,ﬁ'ﬁ:uu

fIUN 2 Lua;é’lmﬂaumagam%mmumuum Q’lmmmmasw"bmmm

I@&lﬂ’]‘iﬂ@ﬂ&l “Generate Syntax” ﬁﬂ‘smg@i’mmﬂmmu Input Data Set YxUUALINNT
o L @ { & o <

R0 TNNITTUA AN WBUAZAITIIIOW MNIIATING IINHUIZVUITUINIRIATITIINN
A Al o ¢ £ ea o o
AarvmwnNawr9laenInl GﬁavhmﬂsmﬂaswvlngﬂLL&@@MLLQU Generate Syntax
v . & o a
drad9lennIniesuaadlunIwlsznaun 4.4
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e System E=E )
| New [l Save ¥# Help P Exit

Input Data Set | Generate Syntax | Generate Test Cases |

Generate Syntax

=Invalid[DValid<E=
=d=B>
c=e<Fs
c=Invalid[G)Valid<Hz=
=g<Es

<H=:=h<l=

v |

Generate Test Case

Mwisznaun 4.4 aratrglrennynd

fuhN 3 lﬂ‘l‘ﬁ'ﬁ’lmma%”mﬂﬁﬁﬂ@aaﬂﬂﬂmsn@ﬂu “Generate Test Case”
NUNgA I TEILAL Generate Syntax JrUUAzIMIFEIIINITNasaulasRanTmn
AN EININNE9 LS LAZLFAINTINAROUNAI 9L I ILDY Generate Test Cases

ABHNINIINARAVLIAIAININLUISZNALN 4.5
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P

5 System
| New [l Save §# Help 3 Exit
| Input Data Set I Generate Syrtax | Generate Test Cases |

Test Cases

Test Case 1: b-Invalid-d-b-Valid-e-Invalid-g-e-Yalid-h-
Test Case 2 b-Valide-Invalid-g-e-Valid-h+

Test Case 3: b-Invalid-d-b-Valid-=-Valid-h-

Test Case 4: b-Valid-e-Valid-h-

ANLTZNaUN 4.5 A1aLINIRNARAL

a a di -~ v
4.4 MIiNAdaUUITENSNINV2ILATDINDA UL
a A o A o &L oA o A A o g ° v o

invnslladuuuNwaIwNasiuaywiIsnniauat gﬂmuﬂmasw
nItinaxaudmRITU 6 NIWANBI (MCA, 2010)  @a 1) 3zUU ATM 2) S2UURBIRAA
3) JTULNT 4) 52UL090230 1 5) S2UUNNTVNY BaE 6) STUULSINGILIE 3NNNTETI
ﬂﬁtﬁmaauwm'uﬂ%aoﬁaﬁuuuuﬁmmma%wamrﬁmaauvlﬁamagﬂﬁm

% ' £% d' A L3 L s ] ,:;’

A20819NTITLATIN A ILLL LR laadsa b

A88N 1 MIRIWATNARAUSRIUTZUU ATM

J2UU ATM 152naueis use case NHBIVINITNARAUNINRNG 4 use case
fia Check Balances use case, Deposit Funds use case, Withdraw Cash use case LR

‘é =) { v Q g: Q
Transfer Funds use case TILWNWNINNINIINNFAAARAINUNG 4 use case LAAIN

ANsznaun 4.6 — nwisznaui 4.9 aNs1aU



@

s . .
»———{ Show invalid card ) D:
Card valid 7Y invalid

valid

Pin vali invalid - —
F:{ >——={ Show invalid pin ) G:

valid

| Check Balance ) H:

nWWﬂSZﬂa‘uﬁ 4.6 WNWNIWNANTIU Check Balances (MCA, 2010)
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B: (Insert Card
C
—{ Show invalid card ) D
Card valid invalid

valid

E: Inse%
Pin valid invalid
F:{ >———={ Show invalid pin )G

valid

H ( Enter Amount

Count Money

J;(Show money from counD

Money
valid

K: invalid

valid

M: @ebit AccounD G'ake receipD N

p: Show Balance

Q

Mwisznoufl 4.7 wnwmwAanssa Deposit Funds (MCA, 2010)



A:.

B:( Insert Card

G ———>( Show invalid card ) D
Card valid Y invalid

valid

Pin valid ¥ inyalig . id pi
E Show invalid pin )G

valid

H ( Enter Amount

Check A/C Balance

Sufficient Balance no

K:( Take Money

M:

Debit Account Take receipt

P Show Balance

Q

Mwilsznauf 4.8 unwAWAINTIY Withdraw Cash (MCA, 2010)
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Show invalid card D
Card vali

Insert Pin

Pin valid

F:

invalid
Show invalid pin G

valid

H (Transfer Funds

Enter Source Account

B @nter Destination AccounD

K: ( Enter Amount

Sufficient Balance no

yes

Transfer Money

M:

0 @ebitAccounD Cl'ake receipD P:

Q

R: Show Balance

mwﬂs:ﬂauﬁ 4.9 WNWNIWNANTIN Transfer Funds (MCA, 2010)
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® datnanIbtiaIaddaduluulwnIIR NI A LA NI LLN AW

A9N33W Check Balances nunmMWAINIIuNNUsznauf 4.6 GRFRIICRHE GHEHE
asduldasninisznaud 4.10 mnﬁ?uﬁﬂmsﬂauﬁagmﬁwgs:uu AInaadlu
mwisznouft 4.11 sruuviimssfshensaiusznsdnasevldasnindsznouf 4.12
U8z 4.13 AU

ATM Check Balance

Start = {A}

Activity = {B,D,E,G,H, I}

Transition ={A:B,B:C,C:D,C:E,D:B,E:F,F:G,F:H,G:E,H:1,1:1}
Branch = {C,F}

Condition = {C:Invalid:D,C:Valid:E,F:Invalid:G,F:Valid: H}
Merge =1{}

Loop ={D,G}

Fork=1{1

Join=1{}

End = {J}

AWsznaun 4.10 q@ﬁagaLﬁaoﬁuém%'mmumwﬁamw Check Balances

Input Data Set | Generate Syntax | Generste Test Cases |

Mame of activity:  ATM Check Balance Bxample Check balance
Start: A Example A

Activity: B.DL.EG.H.I Bxample B.D.EGH.I
Transtion: ABB.CC:DCEDBEFFGFHGEH: Bxample A:B.B:.CC:DCE
Branch: EE Bxample C.F

Condition: C:nvalid:D .C:Valid:E.F:Invalid:G.F:Valid:+ Bxample C:Invalid:D.C:Valid:E
Merge: - Bxample -

Loop: H Bxample DG

Fark: - BExample -

Jain: - Bxample -

End: Example J

awdsznaui 4.11 ﬂﬂiﬂﬂ%ﬁayﬂﬁ’]%%‘ﬂLLN%J’]’]Wﬁ’ﬂﬂii&J Check Balances



w=helle
w=Invalid[DValid <E»
<Ds=d<B>
<BEs=edfs
<F=lnvalid[GIValid<H =
G»=g<bEs
<Hz:=hls

<=

awdsznaun 4.12 VI,’JEl’]ﬂiﬂiﬁ’]%§ﬂtmuﬂ’]‘ll‘lﬁ%ﬂii&] Check Balances

stem

: Mew [ Save ¥ Help 3 Exit

| Input Data Set | Generste Syntax | Generate Test Cases

Test Cases

Test Case 1: b-Invalid-d-b-Valid-e-Invalid-g-e-Valid-h4
Test Case 2: b-Valid-e-Invalid-g-e-Valid-hA

Test Case 3 b-Invalid-d-b-Valid-e-Valid-+hA

Test Case 4: b-Valid-e-Valid-hA

ANUTZNaUN 4.13 NINARDURIRIULNWATWAANTTY Check Balances
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® datnanIbtiaIaddaduluulwnIIR NI A LA NI LLN AW

A9n33% Deposit Funds 9NUAWAMNAINTINANLTZNoUR 4.7 GRFRLTCRHE GHEHE
Wasduldasninisznaud 4.14 mnﬁ?uﬁﬂmsﬂauﬁagmﬁwgs:uu AInaadlu
mwisznouft 4.15 sruuvinmssfshensaiusznydnasevldasniwdsznouf 4.16
U8z 4.17 AU

ATM Deposit Funds

Start={A}

Activity = {B,D,E,G,H,1,J,M,N,P}

Transition ={A:B,B:C,C:D,D:B,C:E,E:F,F:G,G:E,F:H,H:1,1:J,J:K,K:1,K:L,L:M,L:N,M:0O,N:0,0:P,P:Q}
Branch ={C,F,K}

Condition={C:Invalid:D,C:Valid:E,F:Invalid:G,F:Valid:H,K:Invalid:I,K:Valid:L}

Merge=1{}

Loop=1{D,G,I}

Fork = {L}

Join={0}

End={Q}

mwilsznaud 4.14 gadoyaiiiosdudmiuuKNwAWAANTIN Deposit Funds

Save i Help € Exit

‘ Input Data Set |Genemte Symitan | Generate Test Cases
Mame of activity:  ATM Debit Account Bxample Checlk balance
Start: A Example A
Arctivity: B.D.EGH.IJMMNF Example B.D.EG.H.|
Transition: ABBCCDDBCEEFFGGEFRHH: Bwample A:B.B.CC:D.CE
||| Branch: CFK Bxample C.F
Condiion: C:lnwalid: D ,C:Valid:E, F:Invalid:G F:Valid:+ Bample C:Invalid:D,C:Valid:E
Merge: - Bxample -
Loop: DGl Bxample DG
Fark: L Bxample -
Join: 0 Bxample -
End: al Bxample J

awdsznaun 4.15 msilandayadniuurwnIWAINTIW Deposit Funds



<B>::
<Cxo=Invalid[DValid<E>
<[> :=d<B>

LEs=adF>
<F==lnvalid[GIValid<H=
LG =g<E>

Hzo=hel>

=l

L RE R

<Kz =Invalid[IValid<L>
Ll =M NN M
<Mz=mi{0}

<Mz=n{0}

0z:=¢P>

<P>:=p

AMwdsznauf 4.16 LennIald@MIULNBAIWAINTIN Deposit Funds

I New [ Save & Help 3§ Exit
| Input Data Set I Generate Symaxl Generate Test Cases |

Test Cases

Test Case 1: b-Invalid-d-b-Valid-e-Invalidg-e-Valid-h44-Invalidi4-Valid-mnp
Test Case 2 b-Valid-e-Invalid-g-e-Valid-+h-4-Invalid44-Valid-mnp

Test Case 3 b-Invalid-d-b-Valid-e-Valid-+h-i4-Invalid44-Valid-m+p

Test Case 4: b-Invalid-d-b-Valide-Invalid-g-e-Valid-h4§-Valid-mnp

Test Case 5 b-nvalid-d-b-Valid-e-Invalid-ge-Valid-h+4{-Invalidi4-Validn-mp
Test Case & b-Valid-e-Valid+h44-Invalidi4-Valid-mnp

Test Case 7: b-Valid-e-Invalid-ge-Valid-h44-Valid-mnp

Test Case 8 b-Valid-e-Invalid-g-e-Valid-+h-i4-Invalid44-Valid-n-mp

Test Case & b-Invalid-d-b-Valide-Valid+h44-Validmnp

Test Case 10: b-Invalid-d-b-Valid-e-Valid-h-4-Invalidi4-Validn-mp

Test Case 11: b-Invalid-d-b-Valid-e-Invalid-g-e-Valid-h-4{-Valid-n-mp

Test Case 12: b-Valid-e-Valid-h4{-Valid-mnp

Test Case 13: b-Valid-e-Valid-h4{-Invalid4§-Valid-n-mp

Test Case 14: b-Valide-Invalid-g-e-Valid-h44-Validn-mp

Test Case 15: b-Invalid-db-Valid-e-Valid-h44-Validn-mp

Test Case 16: b-Valid-e-Valid-h4{-Validn-mp

AMNUIENauN 4.17 NINAFAUEIMILUNBATNAINTIN Deposit Funds
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® datnanIbtiaIaddaduluulwnIIR NI A LA NI LLN AW

A9n333 Withdraw Cash 9nuRwANAINTINANLTZNaUN 4.8 fNNIOLATHNTATBYS
Wasduldasninisznaud 4.18 mnﬁ?uﬁﬂmsﬂauﬁagmﬁwgs:uu AInaadlu
mwisznouft 4.19 sruuvinmssfshensaiusznsdnasevlaasnindsznouf 4.20
U8z 4.21 AU

ATM Withdraw

Start = {A}

Activity={B,D,E,G,H,l,K,M,N,P}

Transition = {A:B,B:C,C:D,D:B,C:E,E:F,F:G,G:E,F:H,H:1,I:J,J:K,K:L,L:M,L:N,M:0O,N:0,J:P,0:P,P:Q}
Branch = {C,F,J}

Condition={C:Invalid:D,C:Valid:E,F:Invalid:G,F:Valid:H,J:Yes:K,J:No:P}

Merge = { }

Loop={D,G}

Fork ={L}

Join={0}

End ={Q}

ANsznaun 4.18 g@iﬂ;ﬂjaLﬁaoﬁuém%'mmumwﬁamm Withdraw Cash

5y System =TT
| New [)save &hHelp 9@ Exit
Input Data Set | Generate Syrta | Generate Test Cases
Mame of activity:  ATM Withdraw Bxample Check balance
Start: A Example A
Activity: B.D.LEGH.LKMM.FP Example B.0.E.G.H.|
I Transition: ABBLCC.DDBCEEFFGGEFHH: Bample A:BB.CC:DCE
Branch: C.FJ Bxample C.F
Condition: C:Invalid: D ,C:Valid:E, F:Invalid:G,F:Valid Example C:Invalid:D,C:Valid:E
Merge: - Bxample -
Loop: DG Example 0.G
Fork: L Bxample -
Join: ] Bxample -
End: al Example J

awdsznaun 4.19 m'i'ﬂauﬁagaﬁm%’mmumwﬁaﬂﬁu Withdraw Cash



[ New [Save §FHelp 3 Exit
|| Input Data Set | Generate Syntax | Generate Test Cases |

Generate Syntax

<B:=h<l

«Cx=Invalid[D)Valid<E=

<Dr=d<B=

I <Exi=adk>
<Fro=nvalid[GIValid<Hz=

«Gr=g<E>

<Hz:=hd>

e=gls

al==YeszKzNo<P=

<Ko=l

clni=aMeaNsloM <M

<Mz::=m{0}

<N=:=ni0}

Oi=<P=

<Pzi=p

| New | Save @ Help 3§ Exit

| Input Data Set I Generate Syrrtaxl Generate Test Cases |

Test Cases

Test Case 1: b-Invalid-d-b-Valid-e-Invalid-ge-Valid-+h4-Yesd-mnp

Test Case 2: b-Valide-Invalidg-e-Valid-h4-Yesd-mnp

Test Caze 3: b-Invalid-d-b-Valid-e-Valid-h4-Yesk-mnp

Test Caze £: b-Invalid-d-b-Valid-e-Invalid-g-e-Valid-+-+i-Mop

I Test Case 5 b-Invalid-d-b-Valid-e-Invalidge-Valid+4-Yes+nmp
Test Case 6: b-Valide-Valid-h4-Yesd-mnp

Test Caze 7: b-Valid-e-Invalid-g-e-Valid-h4-Mop

Test Case 8: b-Valid-e-Invalid-ge-Valid-h4-Yes+n-mp

Test Case 5 b-Invalid-d-b-Valide-Valid+h4-Mop

Test Case 10: b-Invalid-d-b-Valide-Valid-h--Yesdn-mp

Test Caze 11: b-Valide-Valid-h4-Nop

Test Case 12: b-Valide-Valid-h4-Tesdcnmp

AMNLTZNAUN 4.21 NINARDURIRIULKNUANWNAAINTTN Withdraw Cash
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® a1y ﬂ’]ilfLﬂ%E]d Haawuy Ul%ﬂ’]iﬁ%”ldﬂifﬁﬂﬂ ROUSIRTLUNBATN

Aan330 Transfer Funds NLEWANWAINIINANLIZnaUN 4.9 mmmm’%ﬂu“q@iaga
li/ v U Qs td' g; o Y v v [ Q
iasdnlaasnindsznaun 4.22 nnuuwiimdendayaidigrzuy aduaadl

MWUIzNauf 4.23 s2UUINNIRI enIninaznItinarau laasniwlsznaun 4.24

LAY 4.25 GNUAIAU

ATM Transfer

Start = {A}

Activity = {B,D,E,G,H,I,J,K,M,0,P,R}

Transition ={A:B,B:C,C:D,D:B,C:E,E:F,F:G,G:E,F:H,H:1,1:J,J:K,K:L,L:M,L:R,M:N,N:O,N:P,0:Q,P:Q,Q:R,R:5}
Branch = {C,F,L}

Condition={C:Invalid:D,C:Valid:E,F:Invalid:G,F:Valid:H,L:Yes:M,L:No:R}

Merge=1{}

Loop ={D,G}

Fork={N}

Join={Q}

End ={S}

d v A/ v o et a
amwdsznauh 4.22 °I§(ﬂ°llE’J}ﬁ]aLUﬂG@]%ﬁW%SULLN%ﬂWWﬂ"DﬂS‘S&I Transfer Funds

I :
| INew [)save € Help 3¢ Exit

|| Input Data Set | Generate Syntax | Generate Test Cases|

Mame of activity:  ATM Transfer Example Check balance
Start: A Example A
Activity: B.D.EGHIJKMOPR Example B.D.EG H.I
|'| Transition: ABB:.CC:D,D:B.C:EEFFGGEFHH: Bxample A:B.B.C.C:.D.C:E
Branch: CFL BExample C.F
Condition: C:Invalid:D C:Valid:E.F:Invalid -G F-Valid:+ Bxample C:Invalid:D,C:Valid:E
Merge: - Example -
Loop: DG Example DG
Fork: M Evample -
Join: Q Example -
End: g Example J

amwdsznaun 4.23 miﬂauﬁagaﬁm%’mmumwﬁaﬂﬁw Transfer Funds
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_Mew [ Save §FHelp 3 Exit
Input Data Set | Generate Symtax | Generate Test Cases

Generate Syntax

<Bei=h<C>
«Cr=invalid[DValid<E=
<D=:=d<B>

<Esi=e<F>

<Fzx =Invalid[GValid<H=
dGno=g<bs

<H:=hel>

<b>o=al>

o i T e ]

<Keishls

<Lz =Yes<M:No=R:
<M==m<N=

N> =403<P3<P 320>
<0s:=0{Q}

<Pu=piQ}

«Q=n=<R>

<Hso=r

awdsznaun 4.24 VL’J mnszﬁﬁm%’mmumwﬁ%nﬁw Transfer Funds

| MNew | Save @ Help $€ Exit
| Inpust Data Set | Generate Syntax | Generate Test Cases |

Test Cases

Test Case 1: b-Invalid-db-Valid-e-Invalid-g-e-Validhi{k-Yesm-opr
Test Case 2: b-Valid-e-Invalid-g-e-Validhi{k-Yesmopr

Test Case 3: b-Invalid-db-Valid-e-Validhi{k-Yesm-opr

Test Case 4: b-Invalid-d-b-Valid-e-Invalid-g-e-Valid-h4{k-Mo+

Test Case 5 b-Invalid-d-b-Valid-e-Invalid-g-e-Validhi{k-Yesmpor
Test Case 6: b-Valid-e-Validh4ij+-Yes-mopr

Test Case 7. b-Valid-e-Invalid-g-e-Valid-h4{+k-Mo+

Test Case 8: b-Valid-e-Invalid-g-e-Validhi{k-Yesmp-or

Test Case 3. b-Invalid-d-b-Valid-e-Valid-h4{4-Mo+

Test Case 10: b-Invalid-d-b-Valid-e-Valid-h4{+-Yes-mp-or

Test Case 11: b-Valid-e-Valid-h4{4-No+

Test Case 12: b-Valid-e-Validh4{+k-Yes-mp-or

ANLTZNAUN 4.25 NINARDURIRIULNWATWAANTTY Transfer Funds
NIMNAFAUNRILAAINNWLTENaUN 4.13, 4.17, 4.21 uaz 4.25 1Tlun3o
naraunsruanazin lulglunmsmarauszuy ATM
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> 1 { v o Q v & v
mamaﬁ 2 msaﬁaﬂﬁﬁﬂ@aaummm:uummg@ "]J\‘]‘]_]izﬂaﬂ(ﬂ’m use
{ o ° & =
case NAAIVIMINAFALNINNA 2 use case fd Issue Book WAz Return Book 4

LHWATWAINTINNFOAARDINUNG 2 use case WAAIAINIWUIZNALN 4.26 LAy 4.27

A
B: Login

ANI U

C:
Check Login
Valid

D: ( Enter Book number

Invalid

Mwilsznoufl 4.26 WM WAINTIA Issue Book (MCA, 2010)

B:

Enter Book Number

C:
Return Late

No
Yes

D: (Calculate Fine )

F: (Payment) G (PrintBill)

Return Book

H:

Update Status

Mwilsznouft 4.27 wnwnwAansu Return Book (MCA, 2010)
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® a1y ﬂ’]ilfLﬂ%E]d Haawuy Ul%ﬂ’]iﬁ%”ldﬂifﬁﬂﬂ ROUSIRTLUNBATN

AaNITN Issue Book ANALNWANWAINIINATWUIZNALN 4.26 mmsm@l’%ﬂu“q@ﬁaga
li/ v U Qs td' g; o Y v v [ Q

iasdnlaasnindsznaun 4.28 nsuriinIfandayatdgszuy aduaadl
MWUIzNauf 4.29 s2UUYNINNIRI enIninaznItinarau laasn1wisznaun 4.30

LAz 4.31 NUAIAU

Library Issue Book

Start = {A}

Activity = {B,D,F,G, 1}

Transition ={A:B,B:C,C:B,C:D,D:E,E:F,E:G,F:H,G:H,H:l,I:]}
Branch ={C}
Condition={C:Invalid:B,C:Valid:D}
Merge={}

Loop ={B}

Fork = {E}

Join ={H}

End = {J}

d v A/ v o et a
awdsznaun 4.28 °I§(ﬂ°llE’J}ﬁ]aLUﬂG@]%ﬁ’W%‘SULLN%ﬂ’]Wﬂ'fDﬂTﬁJ Issue Book

I Mew [ Save ¥ Help 3§ Exit

Input Data Set | Generate Syrtax I Generate Test Cases |

Mame of activity:  Librany lssue Boolk Example Check: balance
Start: A Example A

Activity: B.D.FG.I Example B.DLEG.H.|
Transition: BLCBCDDEEFEGFHGHHIL Example A:B.B:C.C:D.C:E
Branch: 5 Example C.F

Condition: C:lnvalid:B C:Valid:D Example C:Invalid:D,C:Valid:E
Merge: - Example -

Loop: Bxample D.G

Forle: Example -

Join: Example -

End: Example J

awdsznaun 4.29 m?ﬂauﬁagaﬁm%‘mmumwﬁanﬁu Issue Book



CJMew []Save €@ Help 3§ Exit

Input Data Set | Generate Syntax | Generate Test Cases |

Generate Syntax

Az=<Bz
B>:=b<Ce
<Cxr=Invalid[BIValid<D=
<Ds=d<E>
<Esi=<FeaGalGe<F>
<Fs:=f{H}

<G=giH}

Heo=dl>

4 R |

awdsznaun 4.30 vhmmtﬁﬁ’m%’uuwumwﬁamm Issue Book

- [ [Mew [ Save € Help 3§ Exit

| Input Data Set | Generste Syntax | Generate Test Cases |

Test Cases

Test Case 1: b-Invalidb-Valid-df-g4
Test Case 2 b-Valid-dfg4
Test Case 3: b-Invalid-b-Valid-d-gf4
Test Case 4: b-Valid-d-gf4

ANLUTZNAUN 4.31 NIUNARDURIRIULNUATNNAINTTN Issue Book
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® datnanIbtiaIaddaduluulwnIIR NI A LA NI LLN AW

9N330 Return Book 1NUNUNWAINIITNANWYIENAUN 4.27 sunsaLaIsugadays
iasdnlaasnindsznaun 4.32 mnﬁfuﬁﬂmsﬂauﬁagmﬁwgs:uu aduaadl
MWUsznauf 4.33 s2UurinIRI e henIninaznItinarau laasniwlsznaun 4.34

LA 4.35 ANAIAL

Library Return Book

Start = {A}

Activity = {B,D,E,G,1,1}
Transition = {A:B,B:C,C:D,C:I,D:E,E:RE:G,F:H,G:H,H:LI:1,):K}
Branch = {C}

Condition = {C:Yes:D,C:No:l}
Merge ={ }

Loop ={}

Fork = {E}

Join ={H}

End = {K}

ANsznaun 4.32 q@‘ﬁagaLﬁaoﬁuﬁm%‘mmumwﬁanﬁu Return Book

| New [ Save €FHelp 3 Exit

Input Data Set | Generate Syntax I Generate Test Cases

Mame of activity:  Library Retum Boolk BExample Check Balance
Start: A Example A

Activity: B.DFG.IJ BExample B.D.E.G.H.I
Transition: ABBLCC.DCID:EEEFEGFHGHH:I Example A:BB.CC.D.CE
Branch: E Bxample C.F

Condition: C:Yes:D.C:No:l BExample C:lnvalid:D,.C:Valid:E
Merge: - Example -

Loop: Ewample 0.G

Forlc: Example -

Join: Eample -

End: Example J

awdsznaun 4.33 ﬂﬂiﬂﬂ%ﬁﬂyﬂﬁ’]%%‘ﬂLLN%ﬂ’]Wﬁ’%ﬂ‘i'ﬁM Return Book



<C»::=Yes<D=No<l>
<Do=d<E>

B =dFoaaaldEsas
<Fsu=f{H}

<Gs=g{H}

Hzo=d>

dlzo=als

S

nwdsznaun 4.34 vlamnszﬁﬁm%‘uuwumwﬁamm Return Book

E =

= | =8 = |
| Mew Save ¥ Help 3§ Exit

| Input Data Set | Generate Syntax | Generate Test Cases |

Test Cases

Test Case 1: b-Yes-df-gij
Test Case 2: b-Nodq
Test Case 3: b-Yes-dgfi§

ANLTzNaUN 4.35 NINARDURIRIULNWATWAANTTY Return Book

NIMNAROUNFILAAININLTENaUN 4.31 uaz 4.35 twnidinasay
¥ 4, .
"mmmm:mvl,ﬂ‘l"ﬁ’lumsmaam:uumaagﬂ
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5.2 VDLABDUNE

1. Anenfnusiamsdfiunssonsdinaseudmiusmydneal fork lu
WHWWAINTINALY 2 Juuy AensSpsfanssnnndislien wezanamlddrovas
uwunwAanssy ssanarilinsdinaseuilddilinsouaguiiniians luawaaisaasv
ﬂﬂﬁﬂ%NﬂSﬁMﬂﬁﬂﬂéﬂ%%ﬂ§@§huﬂiﬂxkIunﬂgﬂuuuLﬁaﬂawwﬂiauaqwﬁoﬁﬂ

2. Anenfinusit mmm@ﬁLﬁum‘svlﬁﬁ'uﬁﬁmiswﬁa%is:wjﬂoé‘mué‘ﬂmﬁ
fork uaz Aaneol join AidwAssianssudor gwinin dniuluewaanissmnevauiue
slﬁmmm@i']Lﬁuﬂ’lsﬁ‘uﬁﬁmsmmsﬁwmﬁa%]szm'mé‘ty&'ﬂmﬁ fork unz SQaNwWoL join
luﬁhhnu:ﬁLﬂuﬂéwﬂﬂsﬁwawuﬂﬁ
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Abstract

Software testing is an important part in software
development lift-cycle. It makes software more accurate and reliable.
Nowadays, the software is designed by using the design language,
widely used in Unified Modeling Language (UML). UML shows the
structure and details of object-oriented systems. Activity diagram is
UML diagrams used to represent the behavior of the software. In this
paper, we proposed a method to generate test cases from UML activity
diagram. Initially, an activity diagram is transformed into grammar,
called Activity-based Syntax (AbS). Then, the AbS grammar is used to
generate test cases. The proposed method was applied on three case

studies. The result shows that our tests have ability in fault detection.
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Abstract- Software testing is an essential part of the
software development life-cycle. The test case generation from
design specifications is an important work in testing phase. The
Unified Modeling Language (UML) is the most dominant
standard language used in modeling the requirement and
considered an important source of information for test case
design. In this paper, we proposed a method to generate test
cases from UML activity diagram. Firstly, an activity diagram
is transformed into grammar, called Activity Convert (AC)

grammar. Then, the AC grammar is used to generate test cases.

The proposed method was applied on four case studies. The
result shows that our tests achieve all paths coverage and have
ability in fault detection.

Keywords - software testing, UML based testing, activity
diagram

L INTRODUCTION

Testing is the most important part of quality assurance
in software development life-cycle. As the complexity and
size of software products grow, the time and effort required
to do effective testing increase. Studies indicate that more
than 50% of software development cost is devoted to testing
[1]. If the tests are in the process before implementation,
costs of software development will be reduced.

Unified Modeling Language (UML) [2] is the most
dominant standard language used in modeling the
requirement and considered an important source of
information for test case design. Several researchers use

different UML models to generate test cases [3, 4, 5, 6, 7, 8].

An activity diagram is one of the UML diagrams that is used
to model software behavior. It describes the sequential or
concurrent control flow of activities.

This paper uses UML activity diagram as design
specifications. Our approach first transforms an activity
diagram into grammar, called Activity Convert (AC)
grammar, and then the AC grammar is used to generate test
cases. Test cases derived from the design stage can help to
detect errors in early software development process and
reduce the cost of software development.

The rest of the paper is organized as follows. Section II
introduces the background. Section III presents our
approach test cases generation base on AC grammar.
Section IV provides the validation of test cases. Finally,
Section V presents conclusions and future work

978-1-4673-1938-6/12/$31.00 ©2012 IEEE

II. BACKGROUND

In this section, we present basic concepts that are used
in this paper. First, we describe UML activity diagrams.
Next, we describe the control flow graph coverage used for
analysis the presented method.

A. UML Activity Diagram

UML activity diagrams [2] are used typically for
workflow representation. The diagrams describe behavior
by modeling the sequence of activities performed. Activity
diagrams are similar to procedural flow charts. But the
difference between them is that activity diagrams support
parallel activities. Activity diagrams commonly contain
such basic symbols as activity state, transition, branch,
merge, fork, join and swim lane. Each activity diagram has
one start activity and one final activity. The start activity is
indicated by a solid circle and the final activity by a bull’s
eye. Activity state is indicated by round corner boxes.
Transitions are drawn as directed arrows to show control
flow among activities. Condition behavior is described is a
branch and a merge that are shown as diamonds. A branch
has one input transition and multiple output transitions. In
branches, each output transition may be labeled with a
boolean expression to be satisfied to choose the branch. A
merge has multiple input transitions but only one output
transition. Fork is represented by one input transition to a
synchronization bar and multiple output transitions. Join is
represented by multiple transitions to a synchronization bar
and only one output transition. Swim lanes represent the
responsibilities of a particular class. Tablel shows these
activity diagram symbols.

Figure 1 the activity diagram of ATM
withdrawing. It describes the functionality of withdrawing
money from the ATM. The ATM withdrawing starts with
insert card. Next, the user enters pin of card and the system
authorizes the pin, in case of invalid pin will go to eject
card. If the pin is right, the user will enter amount of money
that wants to withdraw. After that, the system checks A/C
balance of account, in case of insufficient balance will go to
show balance and eject card. But, if the balance is more than
money in the account, the system will take money from slot

shows
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along with debit account and take receipt. Finally, the
system shows balance and ejects card.

nsert warg

TABLE 1. BASIC ACTIVITY DIAGRAM SYMBOLS
=nter Fin

AUthonze

i

Symbols Names
nvana Fin

. Start activity
@ Final activiy | [ vana Fir

=ner Amaun)
. Activity '
achonstate!

~ “heck & balance

i

O Branch, Merge nsutticient Balance
salance =—amt
Transition
%
Gake Money) (Deoit Account) Q ake Rece;m)
“arunon Swim lane
(snow Baiance)
Join
-ject Card
Figure 1. An example of ATM withdrawing
Fork

@

3
=]

B. Control Flow Graph Coverage

The most widely used graph coverage criteria are
defined on source code. The most common graph is called a
Control Flow Graph (CFG). The CFG associates an edge
with each possible branch in the program, and a node with
sequences of statements [9].

The basic graph coverage criteria defined on source

code are given below: Figure 2. An example of CFG
e Statement coverage: All nodes in the CFG must be
coverage. TABLE 2. COVERAGE CRITERIA OF CFG
. Coverage criteria Test paths
o Branch coverage: All edges in the CFG must be Statement coverage n0,n1,n3,n5,n6
coverage. n0,n2,n3,n4,n6
. Branch coverage n0,n1,n3,n4,n6
e Path coverage: All paths in the CFG must be 1n0,n2.03.05.06
coverage. Path coverage n0,n1,n3,n5,n6
For example, Figure 2 shows a CFG and Table 2 shows zgﬁﬁzgjzg
test paths of Statement coverage, Branch coverage and Path 10.02.n3.05.n6
coverage.
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III.  GENERATING TEST CASES FROM UML ACTIVITY
DIAGRAMS BASED ON AC GRAMMAR

The generating test cases from UML activity diagrams
based on AC grammar mainly includes three steps as
follows: 1) constructing the Activity Dependence (AD)
table, 2) generating the AC grammar and 3) generating test
cases. In the AD table construction step, the symbols are
assigned to activities and the dependence of those activities
is indicated. In generation of AC grammar step, an activity
diagram is analyzed to model the grammar called Activity
Convert (AC) grammar. In test case generation step, the AC
grammar is used to generate test cases. The generated test
cases are validated against the coverage analysis [1].

The proposed architecture is shown in Figure 3.

A.Ctivnv _____ ADTable AD Table
Diagram Construction
:
1
'
ACGrammar ,_ __ _ | ACGrammar mmemmmmea H
Generation
—
L}
L]
,
L]
H Tast Case Test Cases
Generation

Figure 3. The proposed architecture

A. AD table Construction

In this step, we construct the Activity Dependency
(AD) table for an activity diagram. The AD table shows the
symbols given for each activity and shows the dependency
between activities. The AD table has three columns as
follows

e Symbol Name: The alphabetic letter for each

activity.

e Activity Name: The name of the activity.

e Dependency: The symbol names of activities that

the current activity depends on.

Table 3 shows the AD table of an ATM withdrawing
activity diagram explained in section II

TABLE3. THE AD TABLE OF AN ATM WITHDRAWING
ACTIVITY DIAGRAM
Activity Name

Symbol
Name
Start Start -
Insert Card Start

Enter Pin
Authorize

Enter Amount
Check A/C Balance
Take Money

Debit Account
Take Receipt

Show Balance
Eject Card

Stop

Dependency

T
—|=|Q(m|m|m|o|a|w=|>

=

§H~IO’11[TJUOUJD>

B. AC grammar Generation

In this step, we generate a AC grammar from the
considered activity diagram. The AC grammar consists of
productions. Each production has two parts, the Left Hand
Side (LHS) and the Right Hand Side (RHS) of the arrow.
Productions are created by considering all components of
the used activity diagram. The symbol names in AD table
are used in this step. For creating a production of each
component, LHS 1is replaced by the symbol name
(dependency column of AD table) of activity that the current
activity depends on. The RHS is replaced by considering
each type of components:

e Activity: An activity is replaced by a symbol name
(symbol name column of AD table) of activity state
insides angle brackets (< >).

e Branch: Each activity in the end of output
transitions is replaced by a star (*) and a symbol
name of the activity insides angle brackets. All
replaced items of activities are separated by a
vertical bar ( | ). Every boolean expression on
transitions of this branch is used to construct the
Decision Dependency (DD) table. For example, the
branch shown in Figure 4 is replaced by
*<A>[*<B>. The DD table of this branch is Table
4.

e Fork and Join: Each activity between the fork and
join is replaced by a symbol name of activity
insides angle brackets. All replaced items of
activities are listed in forward and backward
orders. These two ordered lists are separated by a
vertical bar. For example, the fork and join shown
in Figure 5 are replaced by <A><B><C>I<C><B>
<A>.

The string inside angle brackets in AC grammar is
called AC state. Table 5 shows the RHS of AC grammars
for the basic symbols of activity diagram.

nvalid Fin Valid Fin

Zject Card) B. (z=nter Amount

Figure 4. An example of the branch

TABLE 4. DECISION DEPENDENCE TABLE

Symbol Name Decision Dependency
A Invalid Pin
B Valid Pin
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A @Moj@ 3. oemt Amun@ C.(1ake Receip

|

Figure 5. An example of the fork and join

TABLE 5. RHS OF AC GRAMMAR FOR BASIC SYMBOLS

Symbol RHS of AC
grammar
A (idH |1:D <A>
-y
*<ASI*<B>

<A><B> | <B><A>

A Crame] = (ramez

T 1
l

For the ATM withdrawing activity diagram explained
in section II, the AC grammar and DD table are shown in
Figure 6 and Table 6, respectively.

<gtart> 2<A>
<A <B>

C-
*<D> | #<T>
E-

*

!
¢¢w¢¢

<F>

H- |
G><F

F -
H e |

*<I
<FGH> 2 <I>
<HGF> > <I>

<J> = ‘:-StD[:' -
Figure 6. The AC grammar for ATM withdrawing

]

s G >

TABLE 6. THE DD TABLE FOR ATM WITHDRAWING
Symbol Name Decision Dependency
Valid Pin

Balance >= Amt

Balance >= Amt

Insufficient Balance

Invalid Pin

—|=|=|=nlo

[898]

C. Test Case Generation

In this step, a test case is represented as the sequence of
RHS of the AC grammar. First, the RHS of the <start>
production is added into a test case. Using the ATM
withdrawing example, <A> is added into the test case. Then,
we consider the production that the LHS matches with AC
states in the test case. The RHS of this production is added
into the test case. For example, considering the AC state
<A>, the production <A>—><B> is used to add <B> into the
test case, that is <A><B> now. We will follow this process
repeatedly until it reaches a production that has <stop> in
RHS.

In case that vertical bar ( | ) symbols appear in RHS of
the used production, the considered test case is duplicated to
N test cases. By N is a number of items separated by vertical
bars in RHS. For example, the test case is <X> and the
matched production is <X>—><Y>|<Z>. Therefore, the two
test cases generated are <X><Y> and <X><Z>.

In case that star (*) symbol appears in front of an AC
state in RHS of the used production, the star is replaced by
the decision dependency from the DD table that the symbol
name associates with the AC state. For example, the test
case is <R> and the matched production is <R>>*<S>.
Therefore, the generated test case is <R>No Pin<S>.

In case that both vertical bars and star symbols appear
in RHS of the used production, test cases are generated by
considering star symbols first and then vertical bars. Using
the ATM withdrawing example, the test case is
<A><B><C> and the matched production is <C>>*<D> |
*<J>. Test cases are generated as follows. In the first step,
the star symbols are replaced with the decision dependency
from Table 6. The star symbols in front of <D> and <J> are
replaced by Valid Pin and Invalid Pin, respectively. In the
second step, the test case is duplicated to be two test cases,
<A><B><C>Valid Pin<D> and <A><B><C>Invalid
Pin<J>.

Figure 7 shows the generated Test Case of the ATM
withdrawing activity diagram explained in section II

TCL <Ax<Bo<ColmvalidPin<T>

TC2 <A<B<ColalidPin<D><E-Insifficient Ealance<><T>
TC3 <A><Bo<Collid Pin<D><E>Balanee>=4mtF><G<H
TCH <A><B><CoThiid Pin<D><E>Balmee>=AmtH><G><F

Figure 7. The Test Case generation

IV. VALIDATION OF TEST CASE

In this section, four small applications, Flight check-in,
Manage order, Depositing money with the ATM and
Withdrawing money from the ATM, are used to evaluate the
proposed method by using coverage analysis technique. The
coverage analysis processes includes three steps: CFG
construction, code instrumentation, and coverage analysis.
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In CFG construction step, we construct the CFG from the
source code and indicate all paths in CFG according to path
coverage criteria. In code instrumentation step, the source
instrumented along paths indicated in CFG
construction step to record program execution trace. In
coverage analysis step, the
executed with the test cases generated by the proposed
method. After executing, the program execution trace is
analyzed to compute the required coverage. By our
experiment, the coverage analysis result shows that the
ability of tests generated by the proposed method can
execute all statement and achieve all-paths coverage for all
applications.

Moreover, to evaluate fault-detection capability of our
tests, the tests generated by the path coverage criteria are
compared with our tests. We found that the tests generated
by path coverage criteria can’t detect errors while our tests
can detect four errors. For the result, we analyze that all
errors detected are the design errors.

code is

instrumented program is

V. CONCLUSION

This paper proposed a method for generating test cases
from UML activity diagram. The proposed method mainly
includes three steps: Activity Dependence (AD) table
construction, AC grammar generation and test cases
generation. The method was applied on four case studies.
The result shows that our tests can exercise all paths and
have ability to the error detection faults. In the future, we
will improve the test case generation for more complexity
activity diagrams. Such as between the fork and join is not

only the single activity but also is the group of activity, and
the activity diagrams consist of loop. We intend to develop
the tools for automatically generating test cases based on
our proposed method. More works need to be done in order
to combine other UML diagrams in our method.
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