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# # 4882169826 - MAJOR BUSINESS SOFTWARE DEVELOPMENT
KEY WORD: TEST CASE/ SEQUENCE DIAGRAM / OBJECT-ORIENTED TESTING

CHUTTORN TOGNRA-AR : TEST CASE GENERATION BASED ON SEQUENCE
DIAGRAM. THESIS ADVISOR : ASST. PROF. SOMJAREE PREEYANONT,

Doc Eng., 236 pp.

This research proposes an approach for greating test case from UML sequence
diagram and OCL by applying IRCFG control fiow araph, which is presented by Rountev
et al. In order to use the IRCFG canlrol ird'f.r graph for generating test case, the researcher
adds condition nodes aryg_smg,iﬁhei intq the IRCFG control flow graph and also creates
the method for transfurmi@’{h&-UML seqa‘ance diagram to the IRCFG control flow graph.
For generating test data: the regedrcher. applies boundary value analysis theory to get the
value of vanables. Théf;rqéeiﬁng;lép fc;i generating lest case are (1) transformation
UML sequence diagram 'to ja free rgafeﬁimanﬂn {IRCFG) (2) defining OCL pre-post
conditions of methods {BIfErEﬂin'g,).i%é AII-%EE% path and (4) generaling the test data

and the test cace. V e ek

- ——

According to the processig step 'é?d}fﬁbntmn. the researcher developed the

software tool for QE!-’iferaﬁﬂﬂ test case from UML sequ’ehm diagram by using C#

ot

language. The tool é‘éis, UML sequence diagram data as inpul in XML document form
which is created by converting UML sequence diagram-fo XML document by Visual

Paradigm for UML 6.0 then thelool generates the number of test case.

The researchér evaluatedthe ool by companng toal's test.case with the test case
that crealed by exped tester. The.compansgn, results Shaw that the number of 1oof's test
case is 75 percent f'the numbér of estCase which i§ created by expen..Furthermore,
the number of tool's test case information 15 approximately 43.15 percent of the number of
test case information which is created by expert. The results can confirm that this tool can
reduce testing cost and effort on the process of test case design.
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(Test Case Design) n19ANLUN19NAADL (Test Execution) kazn1339LsuLasLsZINUNA
#ng (Resultant Data Collection and Evaluation) Tneneasidenluusasiuneudidasialln
1. NINURUNTNAFAL (Test Planning) Tudumeniianfiunnsludos
WInGuradlAaNTg gnagdat (Tester) azidnlilidousanlunimunauaiudeinisues

|
¥ =)

4 1 J L% = 4 4
anAn LW@IVLLMSL"W’W’WQWNBﬂ’ﬂ\‘iﬂﬁ‘ﬂﬂ’l’]ﬂ%ﬂﬁl@\i (Correctness) LL@&@’]N’]?QW@’&@U1@

]
v A

(Testable) [1] wAsaNAMNFaINIglsgnnUNaBLas LN Iignaeuas gRuinlunisng
o = 1 Qi o [~ £ o K
LHUNINAFRLATINTMUATIE A BRI 7 Naaiiusedlflunimeaevwaziunnaslu
- = a X @ o Py
WBNAN9TD LEUN1INAFAL (Test Plan) T9sneaziaea liwanansilsznaudae niweannsnaes
lun1magey dannwenaexnFesiine ki un1naday rsedie lunmagey waznIl
NAFALLNDATIARAUALAINNABINIT
2. MTRaNUULNTUNARaL (Test Case Design) Ludunauniseanuuy
wazainItinaaausing - Amiuniameseullunsd Tnanseanuuunstinaasysies
o o 49( dl £ v a U d‘ 1 dl v %3 o %3
s liarunsnnidarananaldunnigamanazansnsanuld wandrdgyaenis
A = 1 ¥ o 3|
BONLLLABNIMAARLFN 7| FlasasaLrguynanazandltlsunss 3] wazdullniuaas
saan19lun1Inag e oA UA IR UN N AF a1
nstmasauilugareraasdayanagal (Input Value) NAANSAIAUIS
(Expected Results) uazdagananiluiainliszuuegluanusimunzandmiuaans
dayannaay [6] It lUaniiunisiudiusesisunsunsesnismaaausadngilszass
anazyinliiiarudumaIuaznmanudaiianain [15] InanstinagaugnaiaunIy

Haulavizanudasnislun1megasi en i 1A lunaun1magaL Kaner, Falk LAY

¥ a ¥ o o = dld P d’l
Nguyen §1984410 Pressman [3] lAuuginguansuzaasnstinaaauina l3assialilil



A

o nenumagaunARANnasiuglunisaNRana AN N199
o = Aay v v ° & v A Y
fnagauazussqitlunglunisasnuuunItinadeuna e gnaaausiusesiaoudnla
Tusmansunfiduasined wazwenenuai19a01una TN lsiaanfAul FIUANUAn

= sy Y = o
o NIUNAZAUNA lATTERU lHaIannINeINTLaZIoan luNNg
= o o = 1 rdl £ = allal c a o =l dll al/

nagauNanin Asliilsrlaminasldnstinaaeuniqnszasfineaiunsainaaaudu |
- = Ao o § ..
AR N 7] NIUNAALAYTNARY Uz aANLAN AU

q

al dld [~ o -dla aldl I o dld
o nItnAdRUNAALsTNAINARNANgA TuNgulLLTIANFaAGRLN
Tanszasdndne o fu ueasuasdnagsganndeLteeietlszuinaILasnineIng
= dl o = f~1 £ -dl a a %I/ 1 dal
nsfinaaaungnAnassArsi Al fgenazntamenanuianatavianun lunguil
= dld ] 3| 2’/ a = o £ a
o naenadauNA llanduisarsuaiiullvredudannuly nng
= v v s [~ d’ = 1 v a
HANNAUTATBINTEIMAAaLnATe 7 Tadeefuiluuiiansiinaaey ananaliiin
Py = = o a ¥ e [ = | o P o
nadaReiumisaaRianainle taesialiluae nsninesauusazfandsgnldauuaniy
3. maaniunIsnagay (Test Execution) ludunaungnagay
afiuntanagauteaniuafnuRaulan lanmual$luuaunimesey Inadeyanldlunis
NAAALINNIAINNIINAGR LT IHgnaFsauaIndunanugn wWestiunimaaauluusiaznsol
wdn gnasauaniufinuain liainnismaganass (Actual Result) et uiFauingLanmss
funaansAandavise b
4. N1559UTINLALUSTLRUNRANS (Resultant Data Collection and
Evaluation) t{udumeunisdssiluiasnsagaunai lHannisaniiun1mageaudngaiui e

1
Y a =

aanulivzeld uazasdaiananainu i lunisuiladatananatulignsies

1
=

eunsdenavaansuas uavindeyanag 3l duwunislunasdiudpnmesenlu

q

S NG

2.1.2 seAUaaINIsNAdatdanNmnwls (Level of Software Testing) NNsnAgaL
ganAuwafausautiaeantdu 6 szAu [5] Aasaldil
1. NSNARAUTZALNRUE (Unit Testing) Lun1smagaunisnieuniglu

wiasaestanfuaiiranguasanisaninaadasiu [17] wdae (Unit) Wuasdilsznauiian

1 1
a

I3 =R 1 1 | . 1 v o 1
VI@@%@Q%@WM LL’J?GNVLN@’]NW?NQH utaaniluag ﬁﬂﬁ‘:ﬁﬂ‘ﬂ‘i.l&l‘ﬂ&li@ﬂﬂ NITNAKAALITEALNUIEL

ALANZWNARBLANUAIINE NIzLIUNITINUNelulariasaaiedayanialurauianaes
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'
e

asfilsznau [3] waga (Module) Dalluniaenianngaaasaansuafuuudnyta

q

=] o

(Conventional software) Fuilunguaasilafiufignutamuniinfinnsinen luans i
dwiutenlfunfideingléun aana (Class) esandayauaznauasilaifudnlidaeiu (2]
rm"wmmmzﬁuuﬂqmmsﬁﬂwﬁTLLfﬁLmuz@ﬁﬂmzLﬁu‘ﬁ'mmuﬁﬂmnwﬁnmw%@”mmﬁﬁu
UBINDAA mmzﬁm?wmmfaummmz%m%ueﬁﬂwGTLLQ'?L%Q%QLﬂumimmmquﬁﬂi@muuﬁi@:
ADTULTBIAAA

2. NMSNAKBUTTALUSTUINIS (Integration Testing) {un1smaaaLnng
Finanusanfuaeniaefldiunmagetlussfmicannuda Wedsydiuinanunsnsinem

¥ ¥

1 o 14 d‘ vd‘i/ A 1 a; o 1 1
?QNﬂuiﬂﬂﬂm@ﬁWWNMMWWIWE?QNﬂﬂﬂm@QﬂW?M?@hJ@WﬂgﬂVl24 wansAaaeinsaasvve i

k1l

v 1
o =

wiazddudy el lunsenaad e sksaznagn T lunmese LszALy s Ted
sneifiu 4 nagns [15] Toun

«  NINARAULULINLLY (Big Bang Testing) Lﬂumimuﬂqﬂuuwﬁ
tnunnamageLlussFLin U HN s MU avsn LAz AGeLIN MU T uN el

ATLAEN NesaNuaaangUn 2-1 Taeldnagmstignuanalisagula 2-2

'y
Layer |

i r
()
1

.
E F G
Layer Il
7

1%-2-1-uam 3 ANAUTRABWAAZ U [15]

U



1"

System-Wide
Test

LInit
Test C

..... o]

5191 2-2 uandasnasTnaazne lnalinagninimeaeuwuulinuLg [18]

o NSNARAULULULUAIANS (Top-down Testing) Lun13suusias

o

WagANAAUTULLAALANAAEL AINUUAITINNEaIAN AT U AasNdn 3G i

1
=

wdamaaey nagninismeaay uAnEus ez iUl Fese) aunseisisansudune)
agn waznnbe lignuaaausaniu nassaumeangly 2-1 Tnaldnagnsignuansly

Aagiin 2-3

Test
ABCDEFG

Level | Unit(s) Level | and Il Units All Units-all levels

51 2-3 meﬁ%mimuLwi@::mifmimﬂ%ﬂ@qwﬁm@wmm@mmuuummq [18]

o mswmammua'w*ﬁuuu (Bottom-up Testing) aznagaLILag
Slu%udwzgmmnﬁu anuAsmaniumistududsll udenades mnuagtegaeaniaggn
naaatdiuas BN fudawa (Double Test) N1TNAZB LN ALRINUUILAREITL
FeInan W?Lﬁ@mm (Triple Test) LaENNIMARELIMRE s AV S e T wEaNdn

Arannflitlawma (Quadruple Test) NssanniaeaIngln 2-1 Ineldnagnitignuanaldas
9117 2-4
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Test
ABCDEFG

519 2-4 uanadsnIsaNsaz e lnaldnagninimaseuLLLA UL [18]

o NNSNARBULULILEUAIT (Sandwich Testing) [lunagnsnis
NAAALITNNANNAUNALNSLLUTIUANANIUAT ANTUDWA 98T N139anmaeangLf 2-1

¥ 1
Tnaldnagmitgnuanslifsgn 2-5

Top Layer

TestABC.D

Test
ABCDEFG

Bottem
Layer

9010

51l 2-5 meﬁ%ﬂwmmLwi@::mifmﬂ@ﬂ'fm“ﬁﬂ@qwﬁ‘m@mM@mm‘uLLsﬁum”im [15]

3. NMINARAUTELUNIANITNAFALNITNNGIU (System Testing) unns
paradaLgansiufinamnsaninnuligndes ullaiuausiesnisesdldenuay
danuunvestenduafizeld Inedsznavllsae 6 nmaaevsasfatl

o NNIMARBLUTINANIINN9IU (Functional Testing) {un1snagaunig
o L '8 dl 1 o i’/ [~ % 173 173
neuessenduafinensaaaudnisinnuiuiullaiuacusieinisesd il 14

WALANINARDLLLLNABYAN (Black-box Testing)
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= . @ - -

o NNINARBLILINLATYA (Stress Testing) WHun1InaaautansLlg

neldan1aznigldauetinanin wensamaNaNTngegaaesaansiuasniels

o Ao Yo I a6 Y o o a a A | =
NINENINNIMUA TEiUsT UL IUANE U I NTWENNI/NUIRNINRALNR ViTaLaaunn vige
UFunuun [3]

o NINARBULIZANSNIN (Performance Testing) un1snaaey
dsz@nnntansuasaunsyyludeivunaesaansiuag faanisnsmagauainion
RELANRINITINILLastanAwIsn e laani1aznaskiaulng

o NNINARALAMNLARALAY (Security Testing) LHWNINARBLITELIL
Snwnanntlaaasitaestensduasany Lians ldeumensiag

o NINAEBUNNIAL (Recovery Testing) ilunimagauseuuninli

6 6 O v e 1 v Y a 5 1
gaWsuas i udnmal lunanualaaaunisniiarnsaaaudnsgauliifaTueig
WNNEAN [3]

o NNIMARBLNUNAY (Background Testing) tlun1magasdnszuy

o o ] o o d‘ yal A o dsjo o dl
ANNNT0TRNFLINNITINIUsaN AU UL AR lARNes e nanasauludnmnislidAtyde
szuUazAY MNINENNI TN

4. NMSNAFALLNANISEANSU (Acceptance Testing) tunnmagauiiiy

d o oo . i 3 P i d .
nanaesndaudnszuudullnnuenladeseniy (Seulvresszuuiasfiainavanes

U o v = 1 4‘ £ % Y o A 1 o = 1
A NFiaNsuazgneaniulnagnAn) vise b uaziialiignAnfndudnseniuszuuvsaly
[17]

5. nMsnadaunuunmnat (Regression Testing) Wananinasuudas
wilagansuwasisenagalud | grinadiun luwsanfuaf azdessaiiuntamasevgesiuag
e . % ) ) | aY10 J dil.l.} d' 4
sana1adningligareensinagatpnniAeiani ke e iduladinisidaaulaen
a X ' AN g A o = %o o a Aa o
naaulidenansenin ldhvanapaui@eunaliiunsaiumn et neuusn

6. ManAgaLLUUaaNILazZLUAN (Alpha and Beta Testing) ¥1nn

1
ol o ‘]‘j a o 0

ganfuafnimuniundndusidmiuglduane - 9 azliamisoneasunisdaneuasing

¥

unanisiugldnnaald nmeseuludnesiidnguseasdinefumndatinnaiai

q

¥ 1 3// dl 4 a ] a o ] d’j
Eﬁ%\‘]’]ﬂWﬂ‘LAHWﬂ’WWWWUi@ Tnaraazipanrauiazn1magauinase (il [3]

1%

o MInpaaULULAAWN ANTiuNg ol annunaesERauszuL TR

naaaUAal i (End User) avaansiuosazgnldudnuneinldass tnaidwmund
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v
KXy a o

Aunanisninisldanusindnfvesld uasiuindetianaiasanrialoymlunisldanngu o

nanpasuuuLdanInszyinneliAIuIndeNnIN1TALAN

o MIIMARBLLULIIAN ANTUNTT W anuivesy 1 gWmundnldle

v
o o

Y ¥ K | ¥ a g 1'% ¥
BEAIE ANUU ﬂ’]?‘l’l@’&‘ﬂ‘]_lLL‘]_I‘LIL‘LI[?]’V‘NLﬂuﬂ’]?ﬂ?::ﬂqﬂl?ﬂfﬂ\i’]u@?\‘i“ﬂﬂﬂsﬁ‘ﬂwMLLQ? nels

Asuandenngwmuinruan il glaiunnilgmmnetninunuenaasuazsBUA
wia B munsuuszes - aanaesaunismageuwuLiuein §muntenfuiay

¥ 1

iuilgaudlamensiung uazsanniasinananinusisudnliigninnngs

q q

[

2.1.3 wiallalunsnagauganmnwas (Software Testing Technique) Hatjiaeiii
ABUNATNAVAN MALA A1INAGBLLLLNGBIAN (Black-box Testing) LazNIINARBLLLIL
Na8I119 (White-box Testing) TR INYNILLAZANNLANANNTa9T9gasnATiATLN1g

nagauNaIsalilil [3,5]

2.1.3.1 NMSNARAULLLARRIAN (Black-box Testing) isansnageyl

=

Warduila (Functional Testing) \unismagauing ldariananalnnisinanunieluses
STULVTRANALIZNAL NINAFALLLLNABIANNITLINEABINITATIAADLINWAALAITNNL
(Function) a99gansuafaINIaaHEng lhegegnses Wuliaunniuunlfluenans
ANNNABINIT (Requirement Specification) waz lanuzineaiunidun1sAundaianainlu
WARZN9IMN9IUBNARE Pressman [3] sz ilssinnaesauiawananaunsnngaant

1% ! o o 1 d’l £ -:ll o . . a A
FNENNINAFDLLLLNABIAAIAD 1T (1) NUINNITNINU (Functionality) HANAIATA
el (2) AnuRianapansiasiatszau (Interface) (3) AuRananulassaisdays

visansdntegudeyanieuen (4) Auiinnanlunganssuvizatlsransninuag (5)

be

a nal % A Qdd‘ 1 o a o ]
AIMHHAANATIAINNNITETHNAUNTANTITAILIIU QﬁwiﬂumaﬁmM@mmun@mmummlﬂu

1. 'NSUWLINAIUENYA (Equivalence Partitioning - EP) \{1359uls

o

dayanind (Input) uanesisunsnesniutuanya (Equivalence Class) Ineinguaag

¥ ' 31// ¥ Yo o a dl ¥ A o

doyanialuwsasduanyaazsiasliiunisaniiunisnielunenaisiasnimaaeuimilaniv
4 o rdl A o dl Y o K K .

waz kAN nmiauiy a9lunisutisesAtianeanuznraluretian (Valid) wazaniuy

nsuanaaLiae (Invalid) sastayaiidi natinaaauazgnasnuuuadagyatndinielu

Fuanys duseulunisa¥enstinaasuaindsnisutsdauanyailfasialiil [19]
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Tupaui 1 nnvuaduanyauazmeiunguiiu - nalunistiouue
naNanyaideuuzinfsia i [3]
¥ A

o tReuladayasyiudes Wilenunguanialuaaunnig

NANUAZNANAINYUENIDLLIAABINGHN

%

o tReuladayadndeaiuaenizuils Wilaunguainiely

PRUAUTNNGNULAZNGNAINNUANTDLLY AN QN

|
v A

2 2 a a ! | !
o tNeuladeyadnszyan@naasan Winaunguanyaiungs
AN WAL AMTNANEAEANIUENT VLU AUTNNAN

v A

y 7 o v (=] = v 1
o tanauladayatindniduyay Wilsunquanaluseuanuas
NANNNLUNTDLLYADEINIAZUTANGN
¥ i v i
Tunaui 2 S uivduangaiilunguaAnialuweuian (valid

Equivalence Partition) ltiainansiinagen inguinnduasiys

2
o

WRaUN 3 AuFLduaNyaIungNANNauanTaUA (Invalid

Equivalence Partition) 1#a519nstinaaasAquduaNsathe i

2. N199LASIZIANTAULUA (Boundary Value Analysis - BVA) {138
P lunseenuuunsiinaseinaaEniuaanIsuivdauanys Aeliiaansmaztinly 14y
nmegevantangreudeyareinguanyaununaziaandile o lunguasys dauuii

3
AmFunsinssiAireLaasAfEi LN sLLNAuaNS Taeduuamiedssalli [3]

3 A

v o k7 1 dla ¥ % I =
o fneulateyaindnszydasiladensons a uaz b nanl

nagauAlTlsznaulilfanea a Az b LAaTAMNINNIILAZLALNINAT a WA b LANTas)

3 | A

o tReulateyaindiszyAmang | Auda netineaauA9IaL

1
2 = |

annnsonuiuAeangauazAsnign TnavinnismaseuiuAnadindaeiuaAtes

q

v
o Y

NqnuazAININNGALILIGE
Yy o v dv % o dl ¥ )
o dszgndlddanuziirassdaitasiuiuteuladeyatinaan
AR N ANNA LR1319ANAUsaguuNiTudeyaeananllsunsudnsziinig
AAINTIN NICINARBLAITATINIENUNTNNUTUANT R LR TeTATeaT 9T Ry a1l
% % 2 = dl P 4 1 Ly b4
o flassaideyaneluiaauwanszyldacandn wu anse 1

i v
aeNUULNITIMAGELANNUAUA I UATasTAssaT 19T ayaTl
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I

3. mﬁmﬂzﬁmqumm (Cause-Effect Analysis) \Asnng
NAAALINIMNIEAMFUNIMARDUNIINNILARNTHANKA TId DY atiNdNNazFaIgn
NARAUIINIU 35191 1EM1319n198R AW (Decision Table) wazFuldinisindula

(Decision Tree) 1114 114NN9RRN UL LNIRNARAL

2132 NSNAKAULULNARIUN (White-box Testing) ¥7an13nAdaLILLL
naaauia (Glass-box Testing) un1smagaulngAliiananalnnimmnaunialuesssuy
wiseasdlsznau [17] gnagaulamiunisineunielugesaensuaf nesnzuazinsea¥eang

Y o =

1a54lAn (Source Code) QWmm%@@ﬂLmummwmmﬁﬁlqmmm (1) Fudszfiulgidnn
1{1N198492 (Independent Path) mﬂum@@1é’§unw3wmm@u@mqﬁ@ﬂuﬁqﬂ%@ (2) NAZBU
nssndulaniemssnsialunsdinidusiuaziia (3) naaaugUTTnRLALTiNNIeL
Aelu waz(4) VIMmﬁm@zq’éﬁqmm%’ﬂuu@mﬂmﬁﬂmwmummgﬂﬁm [3] Feaanlu

J o z
N1TMAAaL LLUUﬂﬂ’i’J\ﬂI']’]Nﬂ\WI@iﬂH

1. Lﬁ’umqﬁugﬁu (Basic Path) LﬂuﬁﬁmiwmmuLLuuﬂ@'mmﬁqgﬂ
vnauaifluniausning Tom McCabe [3] ﬁﬁiuﬂﬁ?wmm@uﬁﬁﬂlﬁLLuladﬁnﬂLz%umq%mmm
mirmiﬁmmﬂﬁlum@@15@%m@ﬂmu&’fmﬂ'wﬁfawﬁm% [enmaauANaRLTUFaLNg
n3sNzUesiLiaunsy

f«]fmgﬂﬁ' 2-6 UARIFIBENNTBINITHLAINTY (Flow Chart) 1ugﬂ17i 2-6(a)
dflunsmAruANnIzUa (Control Flow Graph) ﬁqgﬂﬁ' 2-6(b) e lanunsnuiunig
pauANN9RsIne Inedtydnsaigiasnaslunsmaauaunssuaiand un (Node) Foun
Uslaamdefaudviis=ltnrndaily nsansdaulauay (Compound Condition) Aa

a o = I o nl/ &l N 4 ¥ 1 dl
ummLuumiy@u@q‘l,ummw@uh (Condition Statement) "ﬂ%ﬁl‘ﬂ\‘lLLﬂﬂLLD”]@ZL\‘]@MLL‘I.I‘ﬂ@ﬂQJ’]

Wulnuadagui 2-7 Seluuamanivazgnizonda wsitaninue (Predicate Node)
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<>
<> L

[

&
a
¥ T
on

(a) Flow Chart b} Control Flow Chart

519 2-6 fegnarensudasfsuniiiunamaiununzua [3]

Predicate
Mode

IFaORb
then procedure x
else procedure y

ENDIF

59 2-7 uansgtuungeseulananlunsnaruaunszua [3]

\duvn9Base (Independent Path) Aiaidunile o frullsunandifiszlen

A (Statement) visa Raulalaiaginarias 1 lazlen mngﬂﬁ' 2-6(b) dumnedasyiadia
fnuduid e (Edges) agnvilag 1 duneislaliageinu FRat NI TALAUN19BATTIBININ
muama:mlngﬂﬁ' 2-6(b) A

i 1 1-11

Funai 2 1-2-3-4-5-10-1-11

Funai 3 1-2-3-6-8-9-10-1-11

e 4 1-2-3-6-7-9-10-1-11
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Kunnafi 1-4 ﬁuﬂ@zﬂ@uﬁwﬂummﬂ@gm (Basic Set) M1NNgN1R4NIUNAADL
gﬂ@fﬁmLmu‘lﬁmmmﬁmuﬁumqma’ﬁiﬁum aziflunisiudseiulddmnisslonly
Waunsulldsunamasevednatioeamilnis Lmznﬂd@uvl,ﬂﬁ?umimmuﬁqé’mf-ﬁ‘?qLL@:é’m
1A sl,umimﬂ-imqwumLﬁquqﬁmﬁzﬁuﬁﬂﬁqmﬁummmﬁmqmm@mmm’msﬁ”u%@u-
lalANnssn (Cyclomatic Complexity) [3] Faiialunnmn 3 A8lEun

1. AIMNANUIUIBLLATEININALANNTEUA
2. ANgnT V(G) = E-N+2
o V(G) Aermnududeulalasnsinaasnapiununizus G Tned
E Aesunududen uaz N AediusuluuntesnamaaLAtnIzus G
3. A1Ngn31 V(G) = P+1

Toa P AeanuaumaAtAn e lunsmmauANnIzLa G

2. NMSULNAIUANYA/N15ILATIZUA B LA (Equivalence
Partitioning/Boundary Value Analysis) \J135Na 111501080 14 lun13a59nseinegey
A miumalianimeasuuunasas biduii Ineaanldlunisaiadeyanaaeutiuay

4 !

= o o . ° ! = ! o Y o
LVN@%ﬂUV]i@ﬂ@’]QVLﬂUﬂ’]TV]@@@ULLUUﬂ@@\Tﬂq LL[ﬂluﬂ?mmﬂQﬂ@ﬂ\?sﬂqqfﬁtuqﬁJqlﬁjﬂUQﬂ

1 1
=

(Loop) viradanly (Condition) Aretulilsinay wazldisnnmawmmsiArenuniefaenis
Tuladnguviedanlaaansasniiunsldmueuaaiildinmnls (20
nseeniLLNITNAAaLALEmATALLLINGRNaTiRAs Fasiansnnnem
AILANNITIA (Control Flow Graph) e4lisunss ?fqim”gﬂﬁﬁmuﬂﬁqgﬂﬁ 2-6(b) tneiinnn 14
WANTDNUAINUATE NN L‘ﬁﬂiﬁuﬂ@dmmmmtfmmmuﬁwﬂmwmﬁm%ma?‘wM@u
Tnsauiiteiva (Adequacy) dednsdiniaaauasyningainineTanFandnnuasaL gy

3|

(Coverage) Suifhudsi 14 lunaiamuanysaftasnadinaaeulantlssnnzespany
m@ummﬁﬁqrﬁi@iﬂﬁ [20]

1. ArnATaLAguIadUNIN (Path Coverage) unsdadadanzaaduniad
gnldannnstiinaaai

2. AnumraLAquIadsziaAANds (Statement Coverage) iflun1eindngau

wastlsclanmdangnldidenstimasaulignantiunislunimeasy



19

3. mmm@ummmmuﬁmau%ﬁ@mm (Decision/Branch Coverage) vl

nN139AfauIULetinatiyaL (Boolean Expression) 2adltsunsuignisziiuialunsiindy

- ad @
ATIWAZNIUNLTI AR

4. pouAsaLAgNRaulY (Condition Coverage) lunns91enuiianaiiiluags

uwaziiluiiavasusiay dnatiyautio (Boolean Sub-expression) 184801 K AT

Usenaudae TuansAWANINNIUTe U

S Ayy Y 9 = 9 o a Iy
”’V]ﬂ?"lﬂ@:l,ﬂﬂmmllmﬂﬂ’mlmﬂﬂﬂmu @’]N’]?ﬂ@ﬁ;ﬂﬂ\‘]ﬂﬂﬂqﬂu@ LW@uﬂLL@:HW@@@‘U&Lu

LFARZILALARINIINARALTANFLIFTLARS I 1 UAN9197 2-1

AN 2-1 UARIANNANN USRI ALNINAGeL dantuualazinatiaf g lun1Imagey

wazgaiiunmageulunfazsznt [5]

szAUrRIMg | Tamuuanlimsnesau | wadenldly gD
nadau (Specification) nIsNAdauU n1sNAdaU

Unit Low-Level Design White Box Developer
Actual Code Structure

Integration Low-Level Design White Box Developer
High-Level Design Black Box

Functional and High-Level Design Black Box Tester

System Requirement Analysis

Acceptance Requirement Analysis Black Box User

Beta/Alpha Ad hoc Black Box User

Regression Changed Documentation White Box Developer
High-Level Design Black Box Tester

szinnaasdefianaiaiinuannnimmaaesing lmaianaesaniaznaastnalaau

wANFai wipaNEAna A TussALaaagnulunamegeLwLLNaasan lFuINNIe

neaauuuunaasang il ldgnatiuniseeinaieana [20] Asludaianainatsazgnaaa

wulilAunnngawinnazyinldlaeldn1meseuuuunaesenn weasangaiiunimeasy
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y A Ha 9o s - =2 o \ oA o g o
QQHLV]QUﬂUﬂ@QWWuqsﬁ@meLQ?Lﬂﬂ (Developer) 'NLﬂumﬁ?\ﬂﬂmﬁzmwuﬁmLWE!VWHSLM

a Y a 4 v 1% ' @
nndeianainuazuiilalignsiesifetinammnii

% o

@ @) = X A o
WNUNTWELBN LL@@Lﬂuﬂ’]mmmgmmimmwmmmum@mmlﬂum?

aenuuuaF TN ATIIRY BnvisdaiumumAnAny lunssuaunnseIN 1T ARe L

& ca o =< I o Lo [% [%
fanFWIfITeing [11] 39lsgndimalae williams, C. E [21] uwazldagiuvaniglunigld
BN LENURasNa | TunsrLaunImAae UNFaNTIdaRANAIATIENANLAINULILANABY

(Fault Models) AamN199 2-2

A19199 2-2 UAANAYNANNUETRILNUNI N LBNLea bulsas s AL YaenTIageL T

ngzuUNIIaaauEansnlg [21]

Test Type | Coverage Criteria Fault Model UML Diagram
Unit Code Correctness, error handling Class and state
pre/post condition, invariants | diagram
Function Functional Functional and API behavior, | Interaction and
integration issues class diagram
System Operational Workload contention, Use case, activity
Scenarios synchronous, recovery and interaction
diagram
Regression | Functional Unexpected behavior from Interaction and
new/changed function class diagram

d‘ (-3 Y1 < o ] o
AINFANTINN2-2 nglﬂ,ﬁ')’]LLNuﬂ’W‘W%L@NLL@@Qﬂﬂ’]ﬂ’ﬂﬂﬂ%ﬁl@ﬁ‘%ﬁﬂﬂ@ﬂﬂ’ﬁ
1 Y ¥
I~

NAAAUAEUNUNNTNY FelilesandnnszasdAtasssaunmadatuazIngLsvas

2BIUNUNINILN T NAUBIIHHTBITLULALFDIN AN NANAUS T UL WA gIasAaenng

1 1
=

% a o £ v 1 =® U ¥ =K |
WNNRLnLlNIZLaUNIadaL M A NATeL mgmﬂmnmmﬂwmq plaLluANu

dl ya o oo a :J/ oA 1 c o
ATALU ﬂ@um1muﬂu1ﬁuﬂﬁimmmwﬁﬂvdmLm@muﬂuuu 134 WWeNWaRaNIINARRLBANALIS

1
a o =

Eeingaslagna¥ienunisesnuuLAasLEBNINg BNLea AlAR AN WS
nniaNAsauAgulunismeaeinadeBeanurunIwgLBNLea [7,12,13,14,22] @9

I1LAZIDYATDIUFAZINIUTTATNATELIAGNIDIUFARZ UNUN N BN UBAT Az gNLaue T

ndadaldl
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2.2 Lﬂm‘VTﬂQﬁuﬂﬁ‘ﬂuﬂqu“nmuwun’]wgvﬁmtﬂa (UML-Based Coverage Criteria)
AMNNINUNIUITTUIUBAR (Literature Review) 1§WUQﬂuaﬁ/ﬂﬂﬂﬁﬂﬂﬁuﬁﬁ’1mu@

Lﬂmﬁﬂﬁﬁuﬂ‘i’ﬂuﬂ@NILLﬂ’]’;‘V]ﬁ@@ﬂ@ﬂﬂimﬂé/’]\‘ﬁ\?@’mLLN‘LLJTWWQL'SNLL@@ LAZAMNTIEINUNIT

’eﬁ’]?’)’ﬂ‘ﬂﬂx‘i McQuillan Waz Power [14] ZQ’]M’]?E]@O’]LLuﬂLﬂmsﬂrﬁ%Nﬂ@’ﬂUﬂ@‘Nlﬁlﬂﬁ\lLLNLLI‘I’]‘W

gidnuaaaaniiy 5 ununiw Aol

221  WNUNUBILAUNINARIE (Class Diagram Criteria)
NUINEURI Andrews WazAnL [12] 1N L@u@mwﬁmmm@m@mmumw
AANGAIsa 1L

=y

1. inunwedldtiadulauniannadn (Association End Multiplicity-

AEM Criterion) {11n1991 8 A98959UMBNNR23NGY (Multiplicity) F9azfasgnadneauive

1 lunmagey 35n1staziisnguaesinwun19¥3Ingd (Multiplicity Domain) aaniiludiu
. Ol = A =~ < : > A @ o

anya (Equivalence Class) AaniiiasiaeniiesviilaAvasuiasduanyarasnidusiuny

189NN1ILINNT1 BnFaaenadi Aangd Customer Waz AAE Loyalty Program HAuduius

o

fafULULEN-EN (m-m) Aegiln 2-8

[ L e
Cutomer i 0. |Loyalty Program

51N 2-8 WAPIAMNANRUTULL 1EN-EN 38199AR A lULHUNINAATE

mﬂgi_lﬁ 2-8 mjmmﬂmmﬂma Customer ={0},{1,..., n-1},{n}

NANANYALRIAAA Loyalty Program = {0},{1,...,m-1},{m}

dulilldduiunguaatania Customer Aa {0,u,n}

=)

AN

AmilulilFdmiunguaesnana Loyalty Program Ag {0,v,m}

W u ez v WuAaenNIanem {1,... n-1} e {1,...,m=1} ANAGU
%’/ =® o cal a . 1
AMNUUAININAADANTNLTE U (Cartesian Product) g11919Aa14 Customer
waz Loyalty Program @ l@mmassalilil { (0,0), (0,v), (0,m), (u,0), (U,v), (u,m), (n,0), (n,v),
(n,m) }
2. nogilauuasalatdu (Generalization-GN Criterion) Lun199zy)
eipaaiusaunuInIaaIagnaNarsasgnadsanaaaudluszudanmagaussLLatng

o o
Uae 1 AN
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3. inuwiAaIEwannaiad (Class Attribute-CA Criterion) Llunissejun
ﬁ@q’mﬂm@mw (Valid) azneuen1eLim (Invalid) 2eaienvisiiad (Attribute) R
NINANTUITNI WA TBIFIMBLAAZFuL A NN1IMNHA R AN T AL T 1BIAN
(Value Space) 18469 LLﬂ?LL&i@:ﬁﬁ’]&MiﬁNﬂ@’mﬂﬂ??anﬂi@’ﬁoﬂﬁmﬂ’ﬂ\‘iﬁ’JLLﬂﬁ‘ﬂ’]EIELuﬂﬂ’mImEI

ldladuan

222 INURUBILNBNINTGLAUT (Sequence Diagram Criteria)
mmsﬁmwm@m@mmLLmumw%LmuﬁﬁugﬂﬂqLmuﬂiﬂuummmﬁﬁﬂ
sl

1. ATAUARNNNLAUNIS (All-Paths-Coverage) Aagavadduniedanny
P SuseafuinnursauAganmidunag Tae P dsznenllfeynidunasaigaEuguioma-
\@agavine (Start-to-End Message Path) luusunndiiaausd %qmmeﬁﬁﬁgﬂﬂmu@iﬂu
NUIRURY Basanieri kazBertolino [22]

2. ynidunsleansdiana (Al-IRCFG-Paths) nidunsansgdiana
(All-RCFG-Path) vgnmmmﬁmwa (All-RCFG-Branches) Ltaxvgnmmﬁiﬁ%ﬁ (All-
Unique-Branches) Lﬂmsﬁmmﬁgﬂﬁﬁmu@‘lﬁmm Rountev kazAuy [7] A28N139198991N
namlpauaunszugleanTiona Augesiiifiuilepaesdndumamaluuunndienud dolu
$18474N1981999 289 McQuillan Laz Power [14] lan1nuaA I lannaasuwsazinginanu
nsauAqul3saste lilid

o innurinEunSlaanfenA (AIIRCFG-Path Criterion) AagA189
dumeleanstiend P ineuaneunnsianuaseuaguynidunidleatiEiena (RCFG-
Path) Taei P dszneuhldreyndunisleanfiena

o INOUFINEUNNANTTIBNA (AI-RCFG-Path Criterion) ABTAUAY
Wunsleansgana p ‘ﬁ'muzﬁummmﬁmwmﬂm@mnﬂLﬁumqmﬁmw?ﬂ (RCFG Path)
Tneifi Pilazneulufaaynidunicensiana

e INOFINANE1815TeNA (A-RCFG-Branch Criterion) AagAw3
Wunslaansgana p 571'mumummmsﬁmmm@m@mnﬂmmmﬁmwfﬁ (RCFG Branch)
Tneinniduiden e luusazenfievia feehedeeviladunie p lugadunis P Adsznauly

% ¥ dl
ALILAULTEN e
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o InouFinanaliddn (All-Unique-Branch Criterion) Astanasidumni
leanfaevia P IneuaustnainNAreLAquNaTIefTeNa Insnniduaen e Tuws
avenfiena Nedatiasviiadunie p W P Inef p dseneusiaiduiten e

a o= a ¢ dl ¥
?WEI@ZL@EI@?.I’ﬂ\iﬂﬁ"’l‘l/\lﬂQU@Nﬂ?ZLL@VL@‘ﬂ’W"ﬁL’ﬂW"QLL@XLﬂmeﬂﬂqqﬂJﬂ?ﬂUﬂ@‘NWim

ttaue1§luiuidsuaes Rountev uazansz [7] Mlinanaundnssuazgnuansldluinded

2.6 lnaaziden

223 INUNUBILHUNNARNNINLATY (Communication Diagram Criteria)
NUIRBBAI Andrews UATATLY [12] WILAUBLNUTIANNATALAGNTA I 1WNNg
NARALANUNUNINARNNATILATGL flasia 11T

1. an‘ﬁﬂQﬂuﬂ‘i@umquﬁﬂu"lm (Condition Coverage-Cond Criterion)

PatadeyanaaauazFewin ildazNaulaludeuseanisinduaeunun naanntiag

q

v
[ c o =

IAadanyiaanuiansindlua T wazilumia
2. nUNANNATALARNNARLNSALAR (Full Predicate Coverage-FP

Criterion) Aagadayanagauasaii liusazilszlon (Clause) Tunniaulaluununin

9 k1l

1 v
o

panfaflindulfuadniieananviensiifiduasouaz duia

3. InumiANNATaLARNLARZINAIAA LUK UITaTe (Each Message
on Link -EML Criterion) ﬁfﬂﬂ;m%’@gwmmfauﬁﬁﬂﬁuﬁi@umLmﬁﬁﬂmwdﬂmmﬁ@m@ﬂﬁ
"LuLLmum‘wmamﬁqﬁmﬁ'uﬁgﬂéﬂLﬁumiaﬂwﬁ@ﬂuﬁm%ﬂ

4. \NUNYNLEUNINALAA (Al Message Path-AMP Criterion) Aan

o

dl v dl [~] b o [
ayanagaum liduniamaiaanasnsodullle @dureanama) luwnunnass

1
vllQ/ o a

] v
fntindulignanfiunisetwloemiianiy

e

224  NAUNUBILNBATNALANLNTT U (State Machine Diagram Criteria)
McQuillan uaz Power [14] Iéinnuaaiienuanusazinnsiaaiy
AIRLARNUAUNNAPNUNTIT LA nTiaue | FluemiAdaves Offutt waz Abdurazik [13]
goste il
1. ASAUARNYINVSIUETU (Al Transitions Coverage) Aatndaya

o

o % a o ] = 4
naaaunvinlinnauddunted luununwasmunsaulignneasy
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¥

2. ﬂs@uﬂquﬂuaﬁmsﬁmm (Full predicate Coverage) ?‘mﬁmmﬂ@
naaauiii lWwsiazlsylen (Clause) lunnReulaluwmninamnunaduliuadniioans
?/ dai | a | (=3
ensdiiuaseuaziiuiia

3. ATAUARNALBINGIUTTY (Transition-pair Coverage) AaTndaya

naaaunvinliusazAramuidun danseiulignyieeinu

225 INURUBILKNBNINLAATIA (Activity Diagram Criteria)
aana v a dl a a dl
wHUAWLaATIRLHNgL LTINSz @ALANAINTIANssNUila AN AAn s s
wazilunstlivuAs (Special Case) BBIMEILATNALANLNTTY AIIUAIAINITDUN T AN
%

ATELIANLBIUNUNINALANULN TN L TN UTIATHATELAGNT DAL UN WD ATIIR A

[14]

2.3 WHUAWTLAIUS (Sequence Diagram)
urunngdnueaidunmdnansaizlninaansgiunlddmiunisesn
WLILRNA89EeIRE (Object-Oriented Modeling) TmEJﬁﬁuﬁm@ﬁ_uiuumﬁ“ﬂmﬂ@ﬁma‘mLm-
a4 (Visual Modeling) Aan1saiguuianaadinanislddmydnsnizilnininerinaaudnla
AuANEBINIIIR9gNAN M lTissuLNasnuuuRAINdaAY LazaNsntingednsz L I8

T S v - i . o
ey wevegddueaiiunimglainnininsguiasunimananlilunig
DANUULTA WAL AN UTITRE AstllaNAswanINIsaenuULITansLash 1dununIw

[~3 ==K ¥ dl dl 1 Y L4 4 o
iinuea A0 e deansssudegsnaulidnlassuuldnssiunieluszezioan
AusaAL3a wanaINtNII AU LU N LBNLEE SeATuAYLUANNTEIEY Liting
psudau [2] TuilaqiiiununIng BH LR AT e INSaNgansnsicAnsun 2.0 gnimunlng

a4AnslaeNa (OMG) Tl A.A. 2003 T91ls2NaUALNUATNAIUNA 13 WHUATN [11] 69

nans gl 2-9
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Diagram

Structure Diagram Behavier Diagram
| I ‘;X [ N | % |
Class Package Component : Activity Use Case State
i Machine
Object Deployment Composite
Interaction
Structure 4

| | | |

Sequence Interaction Communication Timing
Crrerview

FUN 2-9 LAPIWNUNINTNNALRNELBNLEATU 2.0 [2]

= ¢ @ dl a a 3 dl ¥
LmumwsﬁLmumﬂwuﬂuﬂ@zmmLLNumwqummﬁ@mmumuqu GIIGRE NG

Wetiaueaaviasnlugaina (Use Case) TAQUseasfianaasuuunndiaauditiuingg

o o

ANAULIANURILNALAAN

1
=

$u7 2.0 Usznaulilsng

A9szudnsdaiiians [23] Anyaneniedununindiaoud lugduues

1. wsu (Frame) ludyansoildnvunreuanvesununin Tneldpsaamiane

J ot ) , ¥ o od .
awdtuuazlialiaeuwnun N (Diagram’s Label) aang Wilrseanuna@inas uiuys

(Dog-eared Rectangle) tagel3nsusuudnagaaasineu [24] Aegia 2-10

sd EventOccurrence )

51191 2-10 dydnwaiianasureauuunm [25]
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Tuns@auaiiatesununinazdaatisuliag lugluuusuanslugiln 2-11
o 1 1 d! A = I A dl
8NA3RENaLIU sd Balance @4 sd ARLIEINNINUAWELAQUTLAY Balance A9T2U84
waUANaLAUE wanwmiaanldinennuaaLATBLEUNINLAY sndagnldive

o & & . = ol [
NNYUATALILUAURIABNLNEIA LN TN LG (Combined Fragment) TulawnngAaudanaag

Usznniuunan %‘ﬂLLNuﬂ’]‘W

519 2-11 uanagluuunagiaeaiarequaunIw [25]

2. waALAas (Actor) ﬁ@qﬂﬂ@ﬁ?@?:ﬁﬂﬂﬁﬂu@ﬂ%ﬂlﬁﬁl'ﬂﬂﬁﬂixuutm&ﬂ’]'m'\iLN’QLZM

Tunusosdtyanenisian [26] AagUin 2-12

519 2-12 drydnmaltlautadudounisewenined

! ]
=

< % . - o = 2 @ -
3. AaauULanem (ObjeCt) QﬂLL@@\?@%ﬂqﬂﬁluLﬂ?'ﬂ\iMNqﬂgﬂ@L‘Vi@ﬂ:ﬂ BILRAAINIRBALLANG

D

¥

= y X = = o o a v o o
Vlgﬂ@ﬁ"?ﬂ?]u’mﬂﬁ@’]m’]ﬂﬁ‘ﬁiﬂ’ﬁﬂﬂgM@QLﬂ‘i@\TMN’]ﬂNﬁWﬂWW () gL 2-13 ATUANWUUAL

a

g Fludouuugnaesununn

anObject : aClass

51 2-13 guluuuuazirzasunng lunisuansdauians

4. TaWlau (Lifeline) \utATasminefiuansiedasssazinanisiiimnagaasda-

\wnalunnsdiTe sumaa Tnagnuassdaendudosuuasia Agn 2-14

519 2-14 uanslaflatizes@ouiansd

5. WaARLTEY (Activation) LuATasUNEgURIMANNEUANENUUIRS AegLN 2-15

di 3 -9 A o 1 A s
ONULAAIUNBDDLILANAAIVTDILINALAA mmqmu@%ﬂi@u [11]
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519 2-15 uansuaAmty

6. 1uaLda (Message) udanasdayaandeuiansuilslilieandauiansuiis [11]
Tnawiveaniiuassdnwuzhe nsBenlduaznisaudn (Return value) Tegnuanssiag

A 9 = [y -~ A
Lm@\‘mmm@uﬂmmu‘wuLLm’Qﬂﬂ?L@uﬂ?zmummu ﬂﬁgﬂm 2-16

Message () =

. Zretinvaiioy,

5191 2-16 uansadan g lunisaeanssendndenians

7. dauAnALARAASNTY (Object Destruction) ONUAAIARILATOINNIININLN

gL 2-17 lnsnwlindansladlaines@euiansinauansindauianfindugaasuazlaid

FaAuULAY [8]
X

51U 2-17 uansdaLianslaaaniagdy

8. AaNLNEALNTNLNWA (Combined Fragment) udaunldlunssunguaas
wagaldin lfne e wanananszuaatnaliiawly (Conditional Flow) i liuuuanasd

annsniuueslutuIssAsINAaRsAeInIsiszunaniun e [24] Aydnmain g

WaRAIgLN 2-18

519 2-18 ugndryanwnirespanunefuNININUALsINNER wasunn [25]
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=

ludauzespenunadunsniuusidgninmniadia | lug Suueasui 2.0 Taley

Aaeii 11 Usennldun

o AATAIUTI (Weak Sequencing)

o daWmasiunn (Alternative)

o AAUTU (Option)

e 119A (Break)

e WAL (Parallel)

o ARINTTLAD (Strict Sequencing)

o g1l (Loop)

o AiPaaTREUA (Critical Region)

o N7 (Negative)

o UAALATNTU (Assertion)

o ANUBT/AANALARS (Ignore/Consider)

TifiazasneaZidsAUaIAaN LN ALNIN NN 3 Uszinnwinduldun fa-
I's = [ dl [~1 & erdl o a ' o 1
wmafiuin aaudu g1l 1lesaniluarsnufgdudsnINWETTN Az TlAinasnULLLAYY

Tnnfianldlunnsesnuuulisunsuidieing [24] Inadanaaziaansiasiaelilu

1) famafiunn (Alternative) LluAaNLNEFLNT NN 1 Na LA AN 1RNTRY
woAnesx [25] lugduuuaesnssnAans “if then else” ABNMUWANINABNTBMANTON I
Madanii luniglduazszypunasisadulanlasisimas (Interaction Operator) “alt” 151w
TounInNUEALNIANWE (@uiidudmasuiiiye) Aagiin 219 nnalurenunsfunsn-

(g o g = 1 | o o a 13 dl
wulszinndamesiuivazgnuiiaeniuiognaiiiunis (Operand) AA8ILATRINNNE
Euilse uazngludagnaniiunisarldume fusadunanuanswivisanasa (interaction
Constraint/Guard) daiilugsnisuanieRaula Tnennglflusiumsundragaaasusiazdagn

AHLNNT
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sd Example

mi [ [ |
|
|
| Combined Fragment
| I (Alternative)
|
Intefaction Operator I I
I
-, 7 |
| alt ’J‘yc] ;

Interaction C nnstraﬁﬁ,”

iGuard e

Al

i

Interactian Operand
Separator

519 2-19 uansgununs@eupentngfunsnitusUszindame fiuin [24,25]

2) @8yt (Option) HuABNLNEAUNINNUET LN UAAIDIMINABNTBING ANTTH

1%
a K A

a} 1 a 5 < v dJ 2 v o & I3 o e A
VI@’WLﬂﬂﬂluﬁﬁ‘@iﬁ\lLﬂﬂﬂmﬂiﬁ [25] FIANLAUNLAANUAALNI AN WAL s s NS AN A LU

1 o = [ L o a A = % o a 1 9t;/
ANNAUANNARNLNEGNIN Lmumﬂ?:mwmmmmmeummgﬂm WUNNTINNUY [24]

fumesisadulalesisinesnuansiananuneusnwuilssinnilae “opt”
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sd Example ;l
af BB
i i
i n n
: mz
opt /J[e]
m3
-
mé

5191 2-20 uanagiluuLnIsdEuADNLNAUNIN WAL sTINNa a1 [24]

[ 1 v
3) qtl (Loop) Wnpanure S an s 1 i e g A9DN1 39 UNTIURINALES

neludagnaniiunig Ideweme fusadulailesiames “loop” NauanIDIABNLINEIALNSN

v 1
wiusszimil nedniglugtuenaaniduenlayaunudnfudadsanunsnsyneulldae

° = o § Ay A ° = o 8 o . . .
mmumuhm@menfmu@ﬂmgmmeflmumﬂu"lfnmimsnmmﬂmm (minint W&z maxint

ANNATAL)

s Exampla j

X

loop j [zonfirm=true]

calculate

¥y

519 2-21 uaasgtluuunisaaupeNLeAuWInwWAL sz gL
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2.4 dupasinsiinasasansnanaulnsalnansnusalaansdiana (Interprocedural
Restricted Control-Flow Graph -IRCFG) Ll,azmruﬁﬁm’mﬂi'a‘lmqu

91398284 Rountev LazAnLe [7] ﬁf]L@uﬂm'}w:ﬁmu@Nﬂmmﬁmmé’]ﬁumum
Lm"LuLLmumw%Lmuﬁﬁlmq"LugﬂmﬂqIﬂNm’éﬂw@ﬁ@H@ ﬂmWﬂqmmiszﬁﬁ%dﬂ BUmDT
watmesasasindneulnsallanmyivseleaniana gnadisduive (1) Wlunslisn
fenuetaiunnanissesnnsinnunseungulnsasnAdesiULNUNNEAWT uaz (2) 1
Lﬂuﬁuﬁméﬁ’w%umﬁ w1zviande 19U (Run-time Analysis) Tun13inaainmsaungs

FEUINNIINARDL

r
3
Fa
.E
E!
=
0202CR01%

] |
(a) Sequence diagram

(b) IRCFG for the seguence diagram

5191 2-22 firetsununnaiaduduaslaenfmenareuaun WAL [7]
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1191139819949 Rountev hazanse [7] ldlduantenannisasinadlunianislunisg
waguaunwaacud lifulaenfevaldeeinednau wildianisansiatnediagli 2-22
alidnlatsuunianisulasurunmdaoud e Tuglaaslaan fenwawingu Tag
eazidanveslaanfenaniuddadinassyliiasieliil [7]

TeanFianalsenaulildaanguansassnadiena (Restricted CFGs - RCFGs)

= . Ve o A . o= = o &
LarlTaNpAaTeuINNiuALldulan (Edges) Wiazanfaiana (RCFG) ifluuasiuiian
(Method) iieinviantAenuaziaiamiunameatAnnszuad wiLmiontii <) doutlszney

aaglaanstianansasialiil

1. 15amsnaraulnsalnans1Wvizaaisdiana (Restricted Control Flow Graph-

RCFG) iudiunuansianisizenlfmdieanialuues (Body) 1e98ninsiannil anfbena
1 =3 1 o/ [ %3 c dl ‘dl A £ dd‘ (=3

1pusazINen axgnuassagnie ludnyanenizlamasuiudTnadlTereauiian (m) szy

13 fegin 2-23

51l71 2-23 uansTaLIIATAR T LaWA
o q DO T o X : o
g 2-22(b) m1 Negn1euannASAALNNUHNTINATUAINNNTALNALERTE

m1 lUgsdauans a nuanslugiin 2-22(a) aan’ldsuimion m1

2. Tuun (Node) LLL‘I@VI‘M‘LW] TuﬂqisﬁLﬂW’QﬂJﬂﬂLNW'ﬂﬂ m Lﬂummmmmmmmmn
X

Genteneluuen (Body) 1euwiion minugnuanssasdiydnunizled ﬁqgﬂm 2-24

-

‘nJ*w 2-24 uanSAryAnEnINITIug qmmmmmmmmmﬂh

lundazastianaazsasisznatlddatunacineias 2 us toun TuaEusw

v ] [
(Start Node) uazIuundugn (End Node) U N ULRUIA N BHANAUNT LN A ALAY

dld A o o dl = ¥ < o o
Lfsmmmmummﬂﬂmmum Fenldumian AMuaNAL
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3. iduidandunslnstinasavsalduidanaisdiana (Intraprocedural Edge-

RCFG Edge) {un1sudasiaanauanuduiusszmdnaluuanigluansdena 4

o [ rglj % di =2 [ % dl
mmmmwuﬁugﬂmemfmLm@wmmqﬂmlﬁumu ﬂﬂgﬂi’] 2-25

[
»

519 2-25 uanspuANTutszuIne iuan e luansiena

angulii 2-22(a) Slasusnfunialuiiion m1 1esSaniand a wasiinnsdenly
Wien m2 3asdavians b Aelunisailiun1szedian m1 mmzﬁ"uﬁuﬁﬁ%gm%ulu
gﬂm@uﬁuﬁ@u (start, m2) Tua fTieriaueanion m1 Lasuadannnigizenldausian m2
#dugnas witen me enaazgnidananiiunislnauiion m1 vsensaiiunsnieluis
fien m1 enaazdngaalagliiinsdunldisfion me dsavegivieuls c3 prwidluls

u

209914 2 neetgniaue Tuguudwa@ananSEana (m2, mé) uaz (m2, end) AMNATAL

4. 1§ UL TaNAULARSINSTLAR5A (Interprocedural Edge) tlunsuandi
o o & ! ol = A o] = & Ao ~ Y =
ANANNUS Tz FEeNa TaTmanivun n luanfmenasaauiannunisirankbufian
o QI % o= = 3 [ o o‘d” v dl
n fulvueBusulueFenaresmien n IAEANNANRUSHYNLARIAILILATEINNILGNAT

Eutlsr Aagin 2-26

519 2-26 UAAIAINANNUEIZNI BN FTLONT

INOIFTAANNATIUAGHNIBLEBNANTLAIUEN IAtiaualne Rountev uazanz [7] tnt

% a

gn9Beannisulatuaunndiaaud e lugtliasnsmasuaunscualaanfiena daosi

v
o

VN 4 nasiANATELIAGN tHWA

1. inousnnidunalaansdiana (AIIRCFG-Path Criterion) Fnous
Faansldnmaseusniiunadullmugasesdunidleeiendiauysal (Complete
IRFCF Path) nniduns Sedunisleasfienaniauysnl Aadunisiivieslousiazinun
Sududdluuninan (Start-to-End) 1a<lean5Tena faetrsreadunidleansdienan

q

anysaitadunig 2981989a1ngln 2-22(o) loun
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(start,,,m2, start_,, m4, start_,, end_,, m5, start_., end ., end_,, end_ )

m1? m2’ m4’ m4? m5? mb5’ m2’

5191 2-27 uanssnasnreaadunisleanfenananysnl

1 p uansuresivunleasgenansediesiulna muaansunsnae v

1 14
a v o=

Gusiu uazluunasugainarelununduganieluwenfenanidusn (Root RCFG)

o o

WargunTuua nlu p uazld R unuenf@enaniivun n agniely InsnadudnainTuus
= = A @ Y o N al - y o s
nlu p Aalvun n i p NNedududunigleansaanananyniiiasiecdinniauti
prasia il
[~ QI ¥ % al dl a a o .
a) 91N n LuuaGusuTed R avfasliduimianaun insdinaiavisaldu
deaNe1fena (n,n)
b) wn n, bildinuaGEusuza MundLgAT99 R LAY
. % = dl a a %3 dl = nal U
. avpetdumeanaunedina@ineda (n n) Inef n AaluunEuiueg
anFienanidugnues R lusuldenFhena (RCFG Tree) vise
- =y = a = o dIQI ¥ A A 9 d‘
i, lRduTenEuneingiinafanEudun n uaz (n n) A Euidew
funaIngdimaialu R
c) 1N n, AeluusAugAvas R wasarsiananiiuusiaes R (Parent of R) Tu
% £ o= = 2 £ dl a = o a oy dl a
Fuldianfmiena azilsznaudeenduimeudunaInadinaia (n,n) uacdidudandunasing-
Fipaiaann n, lddlniaEuAuses R
ansaetiaglugiln 2-22 (b) n195asaa (Invocation) m2 aan m1 Minlifin 4

Wunnagas (Subpath) NULANFAAY WRLRAUILUN1958928 M6 A1n m1 Ann e 4

Wunnasiaenduns a9tiulunisi m1 Banld m2 way mé azlatuiuduniglaasdianan

e 13 dl' a dal' 1 o ij/ 9 o=y
zﬁug?m 16 LAUNIN LACLHANANTTUNNTIUN MO AIAAEN ’Q”I‘M"JHVI\?MN@%@QLZQMVI’NVL@‘Q”I?GIJL@W

ananysniaznanaiu 20 Eune ludaetnsinimeaatnasauAguiia 20 sl

[~ 9 o= =
ATNLNUNAITNATRL ﬁ@ﬂﬂﬂL@uWWﬂiﬂ‘ﬂ’]i‘ﬁ |

2. inunnEUNI915Eana (AI-RCFG-Path Criterion) luinousingeanislo
nsnagauaiiunaiullanugereadunisleafevananyafiinseuaguynidumnig

anfilana fadunisansaanaiuaisurasivusanfiiananialuansaiana R TN

o

¥ A ¥ & ' ! A a 9
mﬂ‘ﬂuum?mumm R LL@S’QU@\‘]@QHIMM@@MQ@%@Q R LLmaz@mmTuumwmmmnuiumumq

U
1
=

azgpuilullaududesdunansiineialu R 1w anfhevandusnlugla
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2-22(b) H 2 viun1ea1saena liwn (start, m2, end) Wag (start, m2, m6, end)
dunsleanfmenananysalanisonseunquldvaiedunisensiena A
Fnatinaaaddunig laansmena Nanysnfiansliluglin 2-27 dunsitldnsaungu

%
EuN9 ansaana 4 dun1esesialli

e (start ,,m2,end ;)

m1’

e (start_,,m4mbend ,)

e (start_,end_,)

mas
e (start_.end..)
InausiANATELIAGNYNLELNNIRfTeNA feenislinimaaauaiiung i
Dl mugeasadunslentfienlaniany sl Gensaupquynidunisen iana lugli
2-22(b) Lﬁumﬂ@mﬁmwaﬁmwmﬁ L‘ﬂu”l,ﬂmmmmsﬁmmm@umqu‘ﬁﬁ%\mmﬁwﬁu 5

WWuna

3. \nuena1IIansiana (AI-RCFG-Branch Criterion) tluinnusdasnslik
nsnagauAiunaiulmugeasadunadleedsFenanianysafiseseungunn
wqﬁmmﬁﬁﬁl@uﬂfn (All Conditional Behavior) M’?ﬁ@ﬁmmﬂﬁmﬂmqunﬂLﬁuﬁ@mmﬁ-
A angulit 2-22(b) gazeadumdleeniTienanasysaissesiuinumil 3 e

soafiutslignuansidlunissi 2-3

A15199 2-3 uansgaaesdunisidullasinaeinaiienfhena

LA uMai idumsleansdianananysol
1 (start,,, m2, start,_,, m3, start_., end, ,, m4, start_,, end_,, m5, start_,,
end .end_,, end ;)
2 (start,,, m2, start,,, m4, start_,, end_,, end,,, m6, start, m2, start_,, m3,
start ,, end,,, m4, start_,, end,,, end ,, end , end, )
3 (start,,, m2, start_,, m4, start_,, end_,, end,_,, m6, start_,, m2, start_,, m4,
start,,, end,,, m5, start_, end, ., end ,, end , end, )
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4. mru*ﬁvgnmmﬁ"hi%w (All-Unique-Branch Criterion) Funurmigesnisly
nmemagausiunshiiullmugereadumsleansfieniiianysnfenseunguiduide
S linn Aearliaulainduideneniienaazfntuiafiluleasdend ol
alafteslinmmaseuniunsaunquidudenenfienaedneenifinamilinfadouidunie
loeSFenafianysal angLlit 2-22(b) grraadunisleaiTienananysafisefuinn
mmmﬂummﬁﬂizﬂ@ﬂﬂé’w 2 unmedaidnslumnanadi 2-4

v

A15197 2-4 uanstaredunisidullanuinneinnananildd

LA uMai idumnslemsdianananysnl
1 (start,,, m2, start_,, m3, start_., end_,, m4,start_,, end ,, m5, start_.,
end ., end ., end .)
2 (start,,, m2, start_, m4, start_,, end_,, end_,, m6, start_, m2, start_,, m4,
start,, end,,, end ., end g, end )

2.5 M TRINALTIRYUIALaTILAs (Object Constraint Language-OCL)
4' @ o v o a dl 1 a 1
IHASANNUAUNNE BN LAY TN LANBAEILIUANADINIWAN B9 laNeanwasianng
o v o = b2 o o/ dl £ o 6 c v =X %
ianedaniuusvisadasninnnu ianasdanivuagennsuag faanuuuassesninaln

aunsnszydediinuesdontssneuuiuudnaeuauningianues[27] uaslnevialludo

o o o =

daanindngnillsuauAa8N 1415998915 (Natural Language) awin iiaAxAguLATe L4

a
v 1

daiau AariuialidesnuuuarunsonuusdaaninuesdontlsenanluiiLs1aaeuun W

gidnuaaliatinadnian 89AnslaIdNA (Object Management Group-OMG) adl§eun

nedeaniadanrsalatuas (Object Constraint Language-OCL) T
Taguaailun®imienis (Formal Language) AlduansdasniinConstraint) LAz

n3sng (Logic) a9venALsenaunisluuutaaedednuea [15] Teandnagnuanaluglaes

'
| o

a e al . =KX a A a A (=3 1 |
UNAULAU (Boolean Expression) @4NN19A ANaLLuaseviTalia laaaiunnuiaaniiu

3 szt [9,15] Toun

A =

Py A . @ ¥ o o Ay oA a
1. L\?'ﬂﬂ1°l|ﬂ\1‘1/] (Invariant) Lﬂum’ﬂqqﬂﬁmu’ﬂﬂﬂ\iLQ@H1°HV]@$[§]@\1N@’]Lﬂur‘Q?\?L@N‘ﬂ

ke

Tunndunanuy (Instance) 199pana InsRaulaasniaruisoutaiu 2 ansouzldun
= A aa . . = A o o &
Roulapsizeuanvisiod (Invariant on Attribute) uaz Rewluasiaasaugiug

(Invariant on Association)
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Py | o a L @ Y o o o a
2. L\‘]‘ﬂlﬂ‘ﬂﬂ‘ﬂuﬂ%uuﬂ’]ﬁ‘ (Precondition) udaanfinaeinisa1iiunig

(Operation) NFapauAniTuasanauda ldn1sadiunig Ineialludaazedluglues

wasvsinduasdauiansnagnialinisaniiunisvzauesvisiodrasnidimes
P PRy ~ )y o o

(Parameter) Nag/lumaiganiinis@enldeunisaiiiunig

3. Neaulnasaiinnig (Postcondition) Wudaaninaed4n1sALELNNTNFD
AauAnITTuas s nnsatiunisdugaas taavinliludoavesflugilans (1) waavstng

=3 rdl ] % o a an a o—dl ] dld

wesdauiananagn1elin19A1HuNg (2) weavaindaasnisiimeinet lumamaniinag
Banlununisaniiunig (3) luglaesaaunau wazvise (4) lugtassdaanidu (Exception)
dl =) é’
Na1annTL

sununislaladuaaginisauiseantiu 2 anwuzaa (1) @ewilusnawe
LLuﬂﬂﬁumﬂ‘ﬂ?zﬂ@mmLmuqum“mm@ 93 (2) @wﬁwgﬂwu%mm (Textual
Form) fiantinsnasnad@suladuealugtuuynevnnsme gnuanslilugilii 2-28 daanrin

1aqusiavesdlsznavaztlingetnnelugAmasnsiuss (Folded Corner) uazidanlild

aaMsenauAInanafaedll ey

B wpreconditions
simwarniants ; { gethumPlayer()<
{ getMaxNumPlayer =0} getMaxtumPlayers() }
T B !
! s
ry
cpreconditions Tournament / spostconditions
{ lsPlayerAcoaptadip) | LmaxMumPlayer : Int 3 { IsPlayeraccapted(p) }
- +gelNumPlayer() : int f’ _

= _JrgetMaxMumPlayer() - int s -
+acceptPlayer(in p ; Player) &7 -
Il],_ L +removePlayar(in p: Playery=— < = 4 e «postcondition Il\]

wprecondition +isPlayerAccepted(in p ; Player) - bool { lisPlayarAccepted(p) }

{ IsPlayerdccaptadip)}

Py o = P P ela = o o =
E‘IJ‘VI 2-28 LL@@QM’]@EI’]ﬁ‘IJ@ﬂL\?’ﬂN1ﬂIﬂﬂVI m@uimn@ummum& LL@zL\‘]'ﬂull‘lJM@GﬂqLuuﬂ’lﬁ‘

al dl F o =3
paslaguaanuuulfiiuuname luuiusdisesgdunes (WNUNIWARNE) [15]

a = o £% 1 a ] =
ﬂWiLLuuuW%ﬁ@sﬁLL@Z\IMVLﬂluLLNuﬂ’]W@WVﬂﬁWLLNuﬂ’]‘W@Elq\‘lmm 13J L'fluﬁ‘zu_lﬂll
[y X = = [y Iy =2 @ P =<
WQﬂLuﬂuﬂq?LmﬂuiﬂsﬁLL@@@QﬂgﬂLLUUﬂ@ﬂQ'}N (Textual Form) ’ﬂ\‘lLﬂuﬂﬂVﬂ\‘IL@@ﬂMu\ﬂuﬂﬁ

wanstnalleduealneNsaavinannasa il [15]



38

o context tluAa9U (keyword) MF Aeuaneiaauia (Entity) ﬁgﬂﬁwum
Tnafinaiiladuna

e inv pre Lazpost LﬂuﬁﬁmaquéaiﬁLLmu@Lﬁ]@?‘ﬂﬂiﬂﬁmmgLﬁmLL@@ (UML
Stereotypes) <<invariant>> <<precondition>> ILas <<postcondition>> ANNANAL

?/ =2 % a =
AMNUUAIANAL HNALlaTLa A

2.5.1 41a’NnURIAAET bWLaas (Constraint on Classifiers) N135eIN3
Usunpesiinaulladuea (OCL Context) Hlun1szyandaulareuiusaianguuaaign
Avualaeiinasiti < Ingvialiudaazily pada (Class) fasiatlszanu (Interface) sy

¥ A [ dl [~3 =
123123 (Data type) yi7aa9ALTzNalL (Component) TINIATTIUUDIYLONUDAAZLTUNTIN
31 panad inieas [28] grluuuuaganetinsluniadsulinaileduealugluundanauuans

18 ug1l7 2-29 uaz 2-30 MuA AL

context <classifier name>

Inv:<ocl expression>

519 2-29 uansgtluuuluniaasudednindssinmteulaaalugluuudenans

context Tournament

Inv: self.getMaxNumPlayer() >0

5191 2-30 uanssnetaNnltudedninReuluasi [15]

Anfatguaneiagiin 2:30 lunsnavuad wanyistiad maxNumPlayer 78990
Bunanuirasnand Tournament azfipsdAiutaniana self uaArasaugaiusioumuses

NNEULAAUTITIAAE

2.5.2 1a’31NAURIN1FALHUAS (Constraints on Operations) 1A
dl 1 o a . d‘ o o a Vi dI %
Reulaneauaiiiunng (Preconditon) wazRaulanasniiiunng (Postcondition) “aLNLiAQE
ANENIL pre WAz post AMNANAL [26] JLluttiuazsinatngluns@sudesninaednis

AtuNNTUAnS13AaILIN 2-31 uaz 2-32 ANRAL
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context <classifier name>::<method name(<argument name,
argument type>)>:: <return type>

pre:<ocl expression>

post:<ocl expression>

519 2-31 uaasgtluuuniaaaudadinaesnisaiiunislugluuudensns

context Tournament :: removePlayer (p : Player)
pre: isPlayerAccepted(p)

post: lisPlayerAccepted(p)

post: getNumPlayers() = @pre.getNumPlayers()-1

519 2-32 uAnIFReINsEEuEaIATeIN1IATEWNNG [15]

a dll o o a ¥ o dll ¥ =2 1 dl 4
naliauReulanaINIsANHiung a9 ldAI 99U result iadeneA Az lé
NALAUNNIAINNNIANLHUNIS fantinetinaiinegd 2-33 iunismivuadiAtsssuiiannes
tniFauazrfesgnansnanasnziiaue uAasaLazN19ANEUNNT registerStudent FRIALAN

@ = °o a 2y o
L‘]Ju"]?\?LN“ﬂﬂ’]ﬁ‘ﬁ’]Luuﬂ’]ﬁ‘uvL@@u@‘ﬁ@ﬂ

context Course :: registerStudent (s:Student) : Boolean
pre : s.tuitionPaid = true

post : result = true

519 2-33 uansnetianintsudedninRenlandswmntiunistealdaagou result [26]

2.5.3 4aaNAURILaAN3 LA (Constraint on Attribute) Hwailladuas
auznldlunassyiaBReL (Initial Value) wazA i awds (Subsequent Value) §1usu
wamvstndrearanad iees Ing lA1a79U init WAz derive ANNANAL [26] N7 LERNAIlaE-

¥ O o aa ¥ = 9 1 o 1 d”
uwaalunisuansdaaninaeuanvisiodassiasaawlias lugluuusssialili

context <classifier name>::<attribute name>:<type>
init:<ocl expression>

derive: <ocl expression>

519 2-34 uaasgrluuunisaudasninuesuenviziod ugUuuudanny
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context School :: tuition : float

init: 2500.00

5191 2-35 uanssnetiaNalsudiedninaesuenyisiod [26]

2.6 UIRBNLNLRY
v = (=1 ¥ ) Ao o ] dal
nsa¥nstineaauanuannmgEnuea ligninaue lFlueniddusssialli
\ATHTNIA Animuin [29] diauansasinsainaaeuinedniuliFainganaly
wenngaeg Tnatindiagnziifiasideyaiamnungana 1oun deyatindgn uazandy
wan1sidmiuilsznetinisainnstinasay antuasindeyassazibagaaanitonlu
(% = = A o X o o e @ [
nsa¥enstinaasy tnensdinanaunawiIvazAsauagunatAumsnsnindlull1faeg
] v ZJ/ 2 Adl A v = [ L) ac ndl v
wiazgana WianiaimuIesasdeaiunsinaaeulnadnluifangananiananisi s
Paue i
Abdurazik karOffutt [13] teuauamARAR1%ILAF19NTNAZALANNLELUATN
= dl [ al Y o o 1
AN LNNTUTE N1 ARaUTEAUIesAand WL laAunmade s lusT UM aag
fanFuwfuuudnyton 35uldnn319nnsuasaniuy (State Transition Table) ludaya
i lunismeasuuazaiansUnasaLA MU UTTANATRLAGNIARINGALAG (Full-
Predicate Coverage)
Kansomkeat la¥Rivepiboon [8] #1418 3 WN194519a1sUn1TAgaLann
= £% 1
N waunniunTulnsulasununwlieg luglaasnsnaoununsuanimeaay
(Testing Flow Graph-TFG) #egnldinea¥eafuasinismagas
Pilskalns ua¥AMY [30] H1L@NaUKANIG IUNNINAFALLULRNABINTR N LU LIELEN-
wea Weldanamn e (Inconsistency) TENHARATN FEUINUNUNTNAANE
wuA @RS wazleduea tnaadeuLnsiaessan (Aggregate Model) @auilunaiilfiann
NINANNATRTBYAANUNUNTWARALAZWNUN T WT A UE AN Adeiiy was T4 e Tuasiiudon
A y - 4y X ae X o X
N lUN19M9IADLANNYNABIIBININAFD NITINARILNATINTIU WIS HATI9TY
WanagaunLuanandsd ldaFaauivetinlunageudulilsunsuas
A 9 . =<y =
HR9sn8INaaINN1INAA89a8 Abdurazik azOffutt [6] T4 taTeLneulszinnaes
¥ a Yy A pRIVEY = prey
daRanatnlun1magauing lnsiinagaun lFan N AN L LT NN ARALN IHAnn

WNUNINTLAUS HANNINARBILAAS IHRWIUHUNNAUANUENTY ANnsaiTlaue
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danananuszauudagliuInnanseAuysunig wazlun1enaun unun I
ansaiamedetanainluszduysnnislduanndissAuvtaaiduiu dleedaenuddas
aulaludiuainimeaaeuszAuysnnnIsaaanuasnIngAudun 14 lunnsa¥ensi
NAAaL
a o le, ~ 1% o 14 = =

N iaulanazaianannislunisaFenstinagauaNLEUNI NI LT IRE
o = = - s oy = oA et
ADINaEiANAeuAgu N InAdeLNdunIgleanSEena Wasaninueil

¥ = ¥ 3 dl ¥ a o‘d‘ A i// 3|

AsaLAgNNEUNINIsFenldmien Tuanengaduniseesdn 3 inaeinvaeiuy

Y VoA [y Ay v - o o =
LmumqﬂﬁﬂﬂmﬂﬁﬂqﬂiuﬁﬁL@u‘wq\?'ﬂ‘l@@qﬂLﬂmmnﬂL@quﬂiﬂ@q?GﬁLﬂwq



unN 3

LUIAALAZAUAAUNITAUUINUIRE

NuAREUAdRgszasANeaFuAaLazuannslunsas NN uNANITD

[ % [ %

il lunsmeaausansiuasideing lusyauysnnnis Tnansiinaaataeswnulqailloun

Q

a o

andayaluiaunndnsuiuazledues nmenaeina¥enstina e8Il

wansl3aagen 3-1

[ J[ o ]fefime ]

ma P afma cantexd @ Course - registerStudent {s:5tudant) Boolean
: ot ....u_‘f;.l pre | s uitionPaid = true
: ) poat : result = true
= ms L
(=L : ’ —— — — - .
- ma ealm conted Student

b — inv: salf.GRA = 2.0

el

__r_'_'“‘ me 0 contest Schoal : tuition : float
o init - 2500.00

<& e

£ cxaviant | Goura  agistars udant {&Siudant) Boaoesan

- one s ulianPakd = ras
ﬁ ; o post : resul = rug

by = conieni Shadanl
u 3 J - r= i rve: sl GRA = 2.0
— . O —— i T Coniat Sehoed s tuian - Raal
e Tl s == nit : 250000

gk b

Coverage Criteria

®

—

Test Cases

®

a ¥ = X
gﬂVI 3-1 ﬂqW?QﬂJiuﬂq?@@ﬂLLUULL@zﬁ?q\‘iﬂ?MWQWﬁ@U“ﬂrﬂﬂﬂquq ja)2)
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mﬂgﬂ‘ﬁ' 3-1 anungnuiieantaiilu 4 dounan tasssazidanegusasdIul

Fasialylil

dauit @ Aauiunmadimudildannduneuniseenuutensuaideing
TneeedilsznauuareaziBunTeuLun WIRauFithen e nsdinaaesluemiddei]
%[ﬁ’i@qLﬂﬂﬂmmmmﬂmmmqﬁuLLfam;'uﬁ' 2.0 %mnﬁmum%uimmﬁmi@L@“mﬁi (OMG)
FailduanameaziBenlflwindedl 2.3 1iiduiisesiuunun mdinaudTiinaiga Bud 1
walgauazgnasnuuuingldaenuasunsnwsiings 3 sznm ldun damasiuin aau-
T uazql

' = @ Pt WS A SN ~ =~ =2 o o o
RAIUN Wﬂﬂ’]‘]:f’]‘ﬂ@@ﬁﬂmL‘NQMQ‘M?@T@%LL@@GINLﬂuﬂﬂw’m%‘imﬁ‘wh?:q

De

¥ o o | o

6 o (3 al dl a
daaninsing o) 1e9esAtszneulunyuAaesgdnea sluunvedleTueai liluewideil
azpiasat]lugluuudaniin (Textual Form) i LL@szliﬂﬂmmmmﬁm‘ﬁﬁmumim

Taidua (aazidanlunalduuladuesed luiadan 2.5)

o © a

doit @ \udeunfadunifiuniseenuuy aieuunAnuazduneuive b
aunsnaienstinagauannununERuduacletueald tnatlsyensldnsnaaunu
nazualeafenaed Rountev wazane [7] Aaamnsiiaiinesflszneuiuanaiaenla
nsFan gy Asdangetlunaracuaunszwazas McCabe [3] WianviaAnAUNANNg
Avduulasununandipoud e lugtunassnsnnszualasifiena wazisnazyinlvige
1a9nstimaaaunaauinllaunusininaseuaguyndunigleen fena (AIFIRCFG
Path Criterion) (:ntiazidanaasinasiAYINATaLAguaInaalagninaue i luiadan 2.4)
ANUUIAALATUANNINAT WY fAdravthunimuniueTaslaaZenstinagauann

= s d’ a e 1 a o o { o 14 Y a dl
WHUNINELAUS e NgauduAnuazuannIssenataddtsa il ldenuldasuazine
TYAATTELLIA IUN1IAFNNITUNAGLY

S () 2 o d @ ey o diy X —
daun ' Renstivpdenduiunadnsniiannuu AR aF AN A9uT
@ = é’ o 6 o a [ o
netunagauianisnin i dlunmesevgenduadideing lussdunimeaaeuuuy
dl % QI/ P ° 1 =3 & 6 fdl % dﬂ{
ysaunig e liiulalidanisinausendedauiandresaananielugensua s
ansoinuNiuldedgniiesuasnssieRenlauazdedninsing q Alatvua i ludu
1B9N9DANULIL
natunAAaLT HaNaidai anunsnldnaaeuacngnsiesteinisGenldan

= Lo A y X I y Y A A P o q
EHNBAALNTUL ﬂ“ﬂgﬂ@?q\‘]muimﬂi‘!ﬂLuulu@’)um@ﬂm@ﬁﬂ@ﬁ?@ Lﬂ@u1ﬂm@zmqiﬁﬂqﬁmﬁﬁﬂﬂ
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S1 getNumDaysInMonth (int month, int year) {

S2 if (year < 1) {

S3 printf(“YearOutOfBound”);
}else {
S4 If (month ==1 || month ==3 || month ==5 || month ==7 ||

month ==10 || month ==12) {

S5 printf(“number of Days = 32");
S6 } else if (month ==4 || month ==6 || month ==9 || month ==11 {
S7 printf(“number of Days = 30”);
S8 } else if (month ==2) {
S9 If ((year%4)==0) {
S10 printf(“number of Days = 29”);
}else{
S11 printf(“number of Days = 28”);
}
}else {
S12 printf(“MonthOutOfBounds”);
}
}

519 3-2 uansdnetinmasaldnn1mwnd (C) luisidusa getNumDaysIinMonth
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517 3-3 uanensaALIANNIZIAL BN getNumDaysinMonth

A919% 3-2 uananstinaaauiinllaadunislugly 3-3

Test Case Path
(year =0, month = 1) {Spegn» S1, 82, 83, S, 4}
(year = 1901, month = 1) {Speqin» 1,852,584, 85,5, }
(year = 1901, month = 2) { Speqin» S1, 52, 54, S6, S8, 89, S11, S, }
(year = 1904, month = 2) { Spegn» 81,52, 54,86, 88, 59,810, S, }
(year = 1901, month = 4) { Spegins S1, 52, 54, 86, S7, S, }
(year = 1901, month'= 0) {Speqn+ S1,82, 54,86, 88, 812, S}

o 1 { = dl o =K K = ¥ @ g ¥
FatiNreaIngunItinaseLnAennsBen e uanizinienangesalAnlugd
71 3-4 uanalFlunn91en 3-3 nadunisignantunisdasganstinagey AeLdun1eTed

INRB AN ENAENgLALYINIT



public void checkWithdraw(int checkNumber) {
double amount;
double balance;
Check theCheck = new Check();

CheckingAccount account = new CheckingAccount();

amount = theCheck.Amount;

balance = account.Balance;

if (balance>=amount) {

account.addDebitTransaction(checkNumber,amount);

account.storePhotoOfCheck(theCheck);

}

else {
account.addinsuffientFundFee();
account.noteReturnedCheck(theCheck);
this.returnCheck (theCheck);

}

}

519 3-4 uanssnatinmasaldnn1wndnnsy (C#) luwfienta checkWithdraw
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A19199 3-3 uansnstimasanlunisBanldiunienvesmasalinlugiln 3-4

Test case Method Path Sequence Expected Result
(balance = 1000, { addDebitTransaction, account.Balance = 0
amount = 1000 ) storePhotoOfCheck }

(balance = 2000, { addDebitTransaction, account.Balance =1000
amount = 1000) storePhotoOfCheck }
(balance = 1000, { addInsuffientFundFee, -
amount = 2000) noteReturnedCheck,
returnCheck }
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4.2.2.4 Msafaduidanduinadlngdinasa (Interprocedural Edge)

o y o=y = o=y = 9 |
wasanaiansiena uanieluenfiiena uaziduidionaausiayivun
pIULAD dougaingaziilunisaiadumensunesinggineda aaiudunidonssuineansd
= vy X A ey a g ~ y & ' o= = o o -
A gnaistuine iudunienisGanlinumienssuienfiena Inadnydnenises
y 4 X v oy a4 < 4 S
Wuidanilgnuansoaiduilss S8n9dianaviianainwienluua m fegnieluanSieva

o o ludelnunGusiuresensend m Geasiduiiiuynuiesusiilsngetlunsm

b

pouANnIzualeanfiena fretvaainisaiadudensuneiinsdnaiagnuanslifsgiy

4-19

m1

519 4-19 uanFnetINsaiwkuTenaumesingTnasa
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LLNuﬂquﬁLﬂqusﬁmiﬂﬂ@q’JN’]uu @:@']N']?ﬂ@?q\‘]ﬂ?’w\lﬂﬁ‘guﬁﬂq?ﬁL@W@I@ﬂﬂgﬂm 4-21 9

v ! !
IFunannnisundidagaannununindimoudnisneuiuiuanslugli 4-20



sd Withdraw J

Bank

Bank Office I
1: withdraw(accountMo amount) |

JAccount

accAccount

I
|
2 acc = fndaccount{account Mo I

3 balance = getElaIarPce()

IR

i
[bal ance>=amount]

47 withdrawiam our}tj

]

5 BhowMessage ("Can't \n"wthdl*aw.ﬁnmqrd iz more than balanca")

.
i

19 4-20 UAAFIBENTBIUNUNNTLAIUTUBIYALAAN 1T WRY

enter\Vifithdraw)

findAccounty)

rr‘

withdraw)

findAccount(}

getBalance()

519 4-21 uananaAtLANNITIAleRN FTENAIBIUNUNTNTLAY LTI DAY
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4.3 nisivunaulanausazuaIA L iuNNsaIeA1 laduaa (Define OCL Pre-Post
Condition)

dll = dld k% 1% v 1 v ! 4 !

\Hesannnstiaeunnasazsiestlsznanlidoadeyaatinatias 3 dow [15] lAun
dayaiiavsiu (Initial Data) dayannaay (Test Data) WATHAAGNTANANIS (Expected Result)
Tudauresdayanaseuannsnaiiauainewlalunsenldaiesidang
wUn WAL ue ludanaastayailassulasiaansA1auds ausnainauliines
@ v 1757 = rdl A 1 o Y o
idntfagannnisldteyaaasuaunindiaoud eldnesnasanistinlldiunmaseu
Tilsunsuase ssinalideyamaitiasudou 9uadeiiasinuun WnsssyReulaney

o O a 1 =3 dl = 4 ¥
waznAsAiiunsesusaziieniitsnng uununndawd [idae Tneldnmuinsgiule
Fuaa (OCL) ludauseslaulaneaunnitiunis (Precondition) uazrRenlandaniiunig
i dl L ¥ v d’l 2% [ '8 o = o o

(Postcondition) el lfifludasyaiiiasdiu uaznadng AIANIII0INTTUNAGALATNANAL
FaatinansrasnissryReulaneulazuasaniunisgnuanalilunised 4-2 (daya

naafuladuesuazdanmuaresiadieaainisogliannidules http:/awww.omg.org)

A15199 4-2 uanssineg TN A Renllnetla sidIR 1NN ianlsng

Tuuaun ndiadudedinani1snann
kTl

%muﬁaﬂ OCL : Precondition OCL : Postcondition
findAccount e Account->include(account.no e result = acc
=accountNo)
getBalance e result = balance
withdraw e acc.getBalance() >= amount e acc.getBalance() =

acc.getBalance()@pre-amount

showMessage | - e result = “Can’t Withdraw.

Amount is more than balance”
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4.4 msgsgadunslaansdiananasysal

'
a %

unslaanfeWananysal (Complete IRCFG Path) Aaidun1anisususanlnug

b

(316U (Start Node) 989915310 WanIusn (Root RCFG) wazviateinuaazvumzussll
felnundugaresanfenaniingdunieninusegnialuenfievanindwmesiiu Ing
nungainereqdunieazauasiiundugn (End Node) aadansmananidusin

= an 3 o= i e =
(MeazanuazAuaNTRrenduntles fenananysainaaldluumi 2)

Tuniddeiazaianidunigleafierananysailsngeglunawaumu
nszualeanf@iena TeasaiunusiANAsaLAgNyNdWn 19 laafeva (A-IRCFG-Path
Criterion) #1 Rountev uazansz [7] Wseuls ineaisganstinasauliinseunguanunnst

| a

o = dl 2 o 1% 13 o=l dd‘ e o 1 d”
Aanan dunauuayas nenselilunisaimnidunieleenfmenananysniisssialld

1. aFgadunisensiiena (RCFG Path) dmiuvnensiienantsingluns
AaLANNITUAlaaN5TeNA Tadumisensmenailudunieton (Sub Path) 1asdunisle
anFiievananysnl faetenfenaazanueadunisensmenanansliluglyn 4-22

m1

@ - strat, m2, ¢1=T=, m5, end

-staft mecl=fF> c3<T= ms, end

@ @ - start, m2, ¢1<F=, c3<F=, m7, end

@ (b} wa AU B FTENS

=i =l
@ UEAE T LR m

{a) uARsR FENE m1

51191 4-22 uansanSenanea m1 (a) NFaNMITALduNNI815TIeWATEI M1 (D)

2. eandunneleanstienasesanfaananiilugn (Root RCFG) AN 1

o= a

e annA il p(RCFG,,) Inedl p unuiduniseansiena anumdn p Adanaingili

root

4-22 Ag { start, m2, c1<T>, m5, end }

3. yaslddalnualudunieansdiana InadurasanniuuaBusuiluliuaem
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4. Waviaswuiuiianluua m axviaslilds RCFG, Tsiaumany m Areiduimian

Bumasinstinaia A3 4-23

5191 4-23 uansanwodznnaviaslilda RCFG, , Mimanseaiuwianun m2

m2

5. nandunisleanfenases RCFG, 11 1 duns aundliidu p(RCFG,),

Antiungn p(RCFG, ). livasufianlnus m sauanslusnagnedieais

AN p(RCFG, ), = { start,,, m2, c1<T> m5, end, , }
way  p(RCFG,,), = { start_,, m3, c2<T>, m4, end, }
\Hain p(RCFG,,) , wnanlu p(RCFG, ), waaazléiilu

{start,,, m2, start ,, m3, c2<T>, m4, end ,, c1<T> mb5,end ,}

6.~ 9ind1deR 5 auasuynduensTienWa1ed RCFG, azlitareaduniseias
annafuanslugili 4-24

{ start,.,, m2, start ,, m3,¢c2<T>,m4, end,,,, c1<I>, m5,end , }

m1?

{start ,, m2, start_,, m3, c2<F>, end , c1<T> mb5,end ,}

519 4-24 uansgadunedeaiiiaviosuufianivun m2

7. dusazidun1enisannda 6 wviagldsaluualngFuviasainTnusidaann

m uazying1den 4-6 lUiFes o aunseisviasasuynuieniunludunig
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8. Mndndan 2 auasuynidunvanfilenanes RCFG,, azldganaudunis

root
leenevlafianysalmanaemnidunidleat iena (AIMIRCFG Path Criterion) faating
pesgadunglaansianaainnavrauannszialean e WaseuNUN WG LA UENNT DAY
Sug 421 uand1¥lumnansd 4-3
SrunuzesdundentesdunidleanFiendnauysalluusiazenstienaanuns

AN lFangms

k n

Z Z p(m;) < p(m;,, )

=1 i=l

o | unuatsUaadNian uus ludunisansdana
g o [ % 9 o= =l
i WIUAALIRUAUNN9RN T LN A
< % o= =
m LNLLNTan s ldunigensana

p(m) NUATULLEUNNeRaTa A9 FTlanAT e AafLINRen

TUUAFINAN AL AUITANAULADT INITLARTA

Tunisanuudunietien aziEufumainansmananaganngalunawasuign

o= o

' T o= 4 X ~ o o | aa A
NITLANAU AMNUUAINAREY °‘] L@’ﬂuﬂuﬁd’]L'W’aﬁ']@']uqul,@uwq\?ﬂ‘ﬂﬂﬂ‘ﬂ\?@q?sﬁL@W@W@%?ZWU‘WQQ

T P U I o = o s g 0 a
ndn Wanduilllses ] aunsginasenaniiugn anuaudun19aziniuauau

WunsanFananaxysninndnunag

A919% 4-3 uansatdunigleanfianananysainialunswaoupunszualeansmea

%@QLLNuﬂWW%LﬂQMGﬁ—ﬂW?G’ﬂuCﬂu

0
v o

ANALT lemsdiawanasysol
1 start_ ewinaaw INAACcCOUNt, start, L, “end; ... 9tBalance, start
getpatance’ ENA qeipaiander RAIANCE>=amount<T=>, withdraw, start, g ..
endwithdraw’
end ciewitnaran
2 start ewinaaw INAACCOUNt, start, . o end; .oy 9€tBalance, start
gesatance’ €N gepaiancer PAlANCE>=amount<F>, showMessage, start,,,

er]dAIert’ end enterWithdraw()
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4.5 NM1sASNTAYANAFAL

¥

foyanaaavunearvassoulsnazinhifudeyatidneldlunmaseulugaiise

¥
a o

Tsunsundasnimagsay duseuaesnisaideyanasenlunuidail dassialili

1. wanidunsleansiievananysafunniiaduni anumliy P
2. veallesluunaes P wuuinaeesfines (Post-Order)

dl a o o U a o v 1 o ¥
3. Weanupeuntulnug tdeyanieluaaunduliunnigivrsulsiduiaya

NPADL

4. ndrtan 2-3 auasunnAanRtulnuall P
i

5. vindnded 1-4 aupsunnidunislaansdienananysal

o a‘d‘ v v ] o= dd‘ s
N@@Wﬁmiﬁﬂ‘ﬂ‘qﬁ‘ﬂ@ﬂﬂ@ﬂﬁ@ﬂum@ﬂLLG]@‘SZL&HV\'NLLQQ']?"]]L‘ﬂW@VI@ND‘J?m NMNTINTBN

dupaunisaidayanaaaud minviadunileanfeviananysaluanslifsglin 4-25
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FanmEuRTElIRR |
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wendlan M Ed >
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TumsFian

Tayanasay
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¥

Taild
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nasaNaudunelaasianananysnilaATUNNEUN1LA0 AztuFaY
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Twasafinef fatrwasadunvlaafenalazaidulunisidengnuanslilugli 4-26
WAZANT NN 4-4 AINANAL

start, ..o rate, start,, end ., getx, start ., end,,, (x-r)>=0<T>, compute,
start,oue: €N0compue (>10)and(@<=200)<T>, printgift, start .., end . ., end

519 4-26 uanFneeing 1 @unaleanFhanananysn
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o o o = 1/ 9 o= aal A
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(r>10) T
1 (r>10)and(a<=200)
(a<=200) T
2 (x-r)>=0 (x-r)>=0 T

dusaurensineuatulnualllflunisaiedeyannaeuiisaazidanfvstaliil

1. RanAausTulrue C

2. wndeyatu C agflugtlunnasaanniniingsiinn azsiasinlieg uglvesdy
WALNTALAR

3. thieyasesusiaznsmnnliainsdeyanageu

1
A

a) natunnudnFLedaulslumsAtaagnaFsAtannsAaniauuin i
WNLA

o dl %/ o 1 o dl A
NURSFANL INTLAZA U AN AN AL TN

dd‘ 1 o a 2 1 a 1 v £
b) nsnwuIIMNFLULLsTuNIRIARYRATI9ANAININTRAARBWUEN W
UNUNANUBIF UL INT LA MFIRADLAINNADAAAAITAIFLLTTUNAANSIRINIALAR

% o Y1 o o J ¥
o UINADAANBNINU ﬁlﬂjﬂ’ﬁl’ﬂ\‘iﬁ]’]LLﬂ?ﬁﬂﬂ@WQN’]LﬂM%@H@W@@@U

o WNluaanAdasiu azATUIIANIRIFAwl3sIn a1 Iud lFaanAdas
[ % o '8 a Yo o/ dl o 1 1 [ k3
Aunaansraansaan wazldAraesaulsmaiuananlusndudeyanasea

4. nddan 1-3 auasunnesuRtulnus ludunislaafewanauysnl
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antayaraspaundulnuaiiaen mndayaiiegludnenizaasnanniog

o ©°

wWaR-  iamAeNAAHun sy aumen axfnfaAiunNsfInNafeenLazuENABN
wsng- awesliet lugtluunsesduiiamsien Aanuanalilunnem 4-4 nasantiuag
indsiamssanlia¥wdayanasauniuaisuniaaan nsigpduidanaeufdulnue
wuunasai-nafilineannisaisdeyanaaatainsoul sndniuuaneuntin
o | = @ Wy A a S o 5 o a
F0tNaLTl ANANINN 4-4 azmiuldndwsAiaanifa sty Ae wakem (r>10) uay
WaALAR (x-r)>=0 luiil (r>10) gniaenunasvdeyannastineu anuaAaadsowlsNad
P :j/ dl A % U ¥ % U % % U
16fa r =11 antiuiaidan (xn>=0 NaieAtsesdagannasy udonudi r ldgna¥ieen
¥ ' 2 o :’/ 1o £ a dgjd 1 1w dl
wudranTuuaneunt sanulunismedonls ezl r seawshaidAvingy r Aign
% 49{ | ¢4 A dl o a o U % VY |
a319auA N IuANoUNTN ABUNUARNLLS r 1eamaRARAINanasan 11 azliflu (x-
11)>=0 AN984 x NABAARBINUKAANSINGALAR (HA0Tliase) Nexyldludunisleansiievia
Aa x=11 @snslildunseAnaasdqudlsgnesunelfluiaten 4.5.2) Anlugaaasdiaya
noaavaasdunieleanfmanananysniiha {r=11, x=11, a=200} 1{lusiu
Y I P¥reeyy WL R N N S R
nsunUnNANTasAaLLsAssatnInaaN Az inTuHas WAL

ag lunshAnAINa1IRaIILNINNg R BINEaul s AL MuAn B U

start, cus = findCustomer(), start, end, cusType=getType() ,start, end, cusType="A"<T>,
totalQty >100<F>, totalQty >10<F>, showNetPrice(), start, end, end

519 4-27 fratradunisleenfienanauysnl

o

o o dl 96’ | o ] o 1 o/ dl % v
wnauausaulsngNa wIumintu azliamisninAesioulsnaingld
% dl Y o A ' v v o o [ o a 1
URaN WU IFTUA isayfegmaasaunNas Apdes el s UNA AN S 19N ALARTIOL
ansaatadunisleansmenananysnilugiln 4-27 totalQty>10 gniaanunaiedeya
Adl o v [y a | 3 o g’/ e 3 a 43141

naaauni linadnfuenshna e fefuandautlsresdayanasainsfinniihe
{totalQty =10} MAIANT totalQty>100 gniaanuaidayanagauiiuansuina il ws
A&I 1o a % ¥ ' ¥ KX o 1o
Wasannwugnsoulsnialumsfnaragnaitasnudnaininuanauntn asinadauls
AINANININUN uAIRIaaaLIAaadsaul st i ununTiwin Tinaans 18R LARAIN
anfluiasunldsyyfludunisleanfianananysaiisald Inadauwnunudaas iy
10>100 Wusuaansn Ifiiluiaasas npdesiunadnsasansfnnnseyld Al {totalQty

=10} aufludayanaasutonlugadayannasuaasdunisloanfmanad
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start, cus = findCustomer(), start, end, cusType=getType() ,start, end, cusType="A"<T>,

totalQty >10<F>, totalQty >100<F>, showNetPrice(), start, end, end

519 4-28 Foatiadunisleanfenananysnl

Tunandufiumnidunielesf@enananysniflugsgiyn 4-28 totalQty>10
azgnidanina¥edeyanasaunau azld {otalQty=100} 1dsa Nl totalQty>10 gniaen
wnadedayanasauiiluasudall ieununegasdaulsudaazlé 100>10 wuduadns

| a dl 1 % o o o a dl & = a4
aanuiuaz aliasnpdesiunaansraansnanngnezy i udunislessaenane
NAANEIRLNIALAR totalQty>10 azfaaiiluiia Faiuasseasi1eafausees totalQty T
Tiaanndesiunadnsaednanasey 1§ ludunie asiuanldae 10 dayanaasutias

289L41UNN9HAN {totalQty=10}

4.5.2 N19@519A1R9IRUS LULNSALAR

S o dy o % ¥ 1 :’/ b4 1Y
NUIREUTAIILNITATWNLDHANA A DL B ‘]J?ZL.ﬂVIWI”quvLﬁLLﬂT@Nﬂ@ﬂ?ZLﬂ‘V]

=

FLaTRUIULEAN (Integer) Tayatlazinmnasas (String) wazdayatlszinnyau (Boolean) @3

u

ad % 1 v ] i’/ = = [ dgj
Qﬁﬂﬁﬁ"&ﬁ"]\‘]ﬂ’]?.l‘ﬂﬂ?]‘ﬂ%lﬂ@LLW@ZU?SLXTVIUMN?’]H@ZL@H@@\‘ID"]ﬂiﬂu

3 a [ [
1. TayalssianaaaadnuIuLan
TunnsaideyanaaautedusardNRamIAAaTa lugluLLae
¥ o o =3 v o ¥ c
dayatlsvinniniaranua AN fideazilsvens i inasin1anpaeseuLan (Boundary
. . N dl o 1 o d‘ 1 a2 a a ¥ =
Testing Criterion) WiVetinnAvessiaulsnegnialuguiamsiiam nedeyanieluis
Wiawsarandulsznndogra e ubintuagseseg Tugluiuaes dnadaouduiug

(Relational Expression) fiauanalugiln 4-29

E.opE,

519 4-29 uansgtluuuvesiinaripnuduiug

Tael E, ez E, Aatinailfiaiaa (Arithmetic Expression) wag op Aaiilusauilesala
lusiaAnLiiunIg (Operator) 2849N4N { <, <=, >, >=, ==, 1=} Tun1amezesiauls usas
W3RLAR E,op E, axgnudaslviat lugtuuureasusiudlaridu (Branch Function) [33] N

egin4-30 e il lunsa¥wAnaesulsnnssiunasnsaaansmanignniuue lu
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EunsleanFmenananysnl InausudiaiduiuuuAnaes Bogdan [33] Na59

ANANAUTTT NI UL LU HNAU AN N AN UL AANTURAUNTALAR

F=(E, E,) ¥ F=(E-E,)

519 4-30 uansgtluuuresiariduinanAnessouns

stuuaesisiduazauagilssinnaasringiiiunig op Mlsngeglutinal

ANHANRUS Tauanaldlum139n 4-5

A1519N 4-5 LAANAIMNANNUGUBDIRNALINFANNSAANA [33]

Branch Branch Function Value Result Predicate Value
Predicate Function Positive Zero Negative Result
v T
E,>E, E4 E % ) -
v v T
E,>=E, E,- E : -
v T
E, <E, E,—E, 7 = -
v v T
E, <= E, E,—E, / -
v T
E,==E, abs(E,- E,) v -
v T
E l=E; abs(.E~E,) 7 -
P37 4-5 uanelsiuf A AN eI LE R LT T naRe AN HAGN IR UNA

1A einFivesingldy (r>10) Aetinatnialuduiiamsiinangniden wastinatag lugiuuy

104 (E, > E,) Asuusudiariduaesduiiansfnniipe 10 -r (F=10-1) A1la 2@ r

W F Jwdugus (Zero) visauan (Positive) MHN8AYINGY KAANELBNIALAR (r>10) H
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Anfldia (False) uaznle o 209 r il F HA1idluay (Negative) uunamanndn wadnsi
PBINTALAR (>10) HALTWA3d (True)

2 o

~ g X deans A4 o e o
wuaRRNgIAeaFTuNe I lAungeraassiautlsneg lutnalaouduiusnie Ty
a di’/ o 1 dal

waAARTuReuAsia i

1. AvuagUuuuresusudisidunndssinnaesiaaiiiuniaylsng lu
\WIALAR IAEAIARDLANANGNN 4-5

o s a allo % ¥ d‘ %

2. mIvafeUNadNsIaunIRAAnthinaisieyanaaey avldgnezylilu

unsleanFenauar il iauiuAIeeh 4-5 BRI INARNS ATEY F NAALNAANS

YDILNTALAFNAINATD

1
[ 6

3. ununraed F 49 1 178 0 138 -1 NatunANadwsad F ifluuon iueusd
uaziluay mNAIAL

4. AUIRUNANTBSAALLLIS

unseifighudsluinadfianmunnnndn 1 fauds Wesalvedlugaeausnd
Farfiunazunuil F dadinszyFluduneuil 3 uds azanansovnaassiaulssing 1 16idne
sl

1) wninad E, vize E, lusaad 9 laiTFAnunN9LaT (Arithmetic

Operator)l 7 Usangas] i (x+k)>= 30 (T) (E, = x+k , E,= 30) luiiiazideninaifani
ikl g saian (E)) wouanidutinaileios LasguArasBnasifiangans LasAUIUMIANEY
uls neaginludnuasguiiinl Jes 1 aunszidlianunsaunniinaden|dan Aeliny
soautiunisdaialuinaiitandnudn rﬁTfmEiwnmmmmnﬁwwﬂmxzﬁumﬁiﬂumrﬁﬁ gn

a

wanslilugiln 4-31
F =30 - (x+kl
0,30 <Tx+K)

Expressian’:: (x+k)==30

S e
O LWl @ Uil N ananan

a o ] as a o1 A ] J
gﬂ‘i/l 4-31 LLZQ@\‘lﬁl’)‘ﬂﬂ’]\‘lLL@ZQﬁLLMﬂuW@uﬂ‘ﬂHLL@ZL@@ﬂQNﬂW

lunstdfl E, vize E, lusaiaa
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AngUN 4-31 Wauantinavtiasivaguunaudn azldaaasdauilsan {(x =20,
k=10} WaanArressaulsfsnanauunusioulslulinadudaazls (20+10)>=30 Fevin A
pestinaniililuagy AelugeaasAdaudsaenans azgniun idudeyanaaauaesduni

Adaa -

TaanFievaniiiinail (x+k)>=30 Usznavatlupeusdulnuauaiidudennivesnanndu

Tuuauilsnges ludunta (Arpassaulsanaumanseiull iWasanniiaainnisgumnnen)

2) wndnail E, uax E, sznassaesiaulasaus 1 sdaaulil i (x+y)>=(r-
k) (T) (E, = x+y , E,= r-k) luitazidaniinail E taed i = {1,2} iNadumaraastinaiiias
ANATaauls wazitiinadAinana ey lugluuuaesinailtias uaziaanguen
a T LY o o = = No v o
rastinavtiond lildiaa uazvinludnwazauillFas ) wllaunstidnesiu daet1vae
nsuantinatiuazgumarn lunsiiignuanalilugiln 4-32

_ S F = (rki-(x+y)
Expressiont (¥+y) == (rk)

0 = (r-k)-(x+y}

O il @ WIS En ds A

519 4-32 LanadaatiNLazAsLANTNAtat LA IARNFNAN

u 9

1 v 4
Tunstdd E, waz E, dsznavdaasautlssous 1 saaulil

andqetnglugiii 4-32 IauaninadtesinagumAude azldAaasoulshe

{x =20, y=-12, r=17, k=9} il a1 radsiautssananamnunusaulslufinasludoas Iy

b2
o o 1

(20-(-12)) >= (17-9) @i liAuestinasiiiiluass aviugavasatsaulsmenann azgn

Adaa -

i ldiiudeyanaaeureadunisleansiienaniiinad (x+y)>=(r-k) Usznavat lunaus

o IS4 dl = a o i’/ 1 14
fulnunuaziiduaennespeuntuluuaiulsngesludunis
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2. Tayalsziananss
1 !
stuuvaesdeyatlsvinnassaesnuideiiazsieniullnngln 4-33

A dl o a A 1 o = ] o dl )Y a VY o
IWEIE1 ARTAURIAIULTRF T E, ﬁﬂﬂ@mﬂlﬂ\?ﬂﬂ‘ﬂ?uﬁ‘ﬁlx‘iﬁlﬂﬂueﬁ\‘mﬂﬁ‘i@‘ﬂmﬂ@ﬂﬁﬁm‘l’m[ﬂﬁ‘\ﬂﬂﬂ‘ﬂ

v 1 ]
foutlsiuazdiesagnielsiAses double quote () uaz op Aeuillusanliunig {=, 1=}

E,op “E,”

519 4-33 gulunvasdoyausinnasiaresnuidel

1 3
ANFABLNILTY INIALAR cusType="A" Agasdayainyininadnsaainsaiaaiifly

a = 1 U dl o v o/ ' a da, [~] (=3 A
43978 cusType = A wazAntasiiayanyinlinaansaaswsiaaitifuiiane cusType = IA
s sananeldlunngen 46

A15197 4-6 LAPIANTIUCADUNIRLAR HAANWELNIALAR WATANITRTayaLssinnsnuLL samas

Branch Predicate | WRAWSLWTALAR AILBITRYA
T E,=E,
1 —— “E2£l
F E,=IE,
T E, = IE,
E, I= “E,"
F E,=E,

3. dayailsTianuau
% a Ay A @ a A @ o

dayatszinnyan Aedeyaniailuaia (True) vizeiiluiia (False) Tne

b4

kYl
¥

stuuvresdeyatlssnnyanlinuddsil azsieslidsngianudiunisle o nelutinaly

a oA o i o A A A A y v a e o A
[N ﬂ’rﬂ@mm@%iugﬂ LUUURAQLLTLAE YTaNLATRINNNE “I ‘J’N’ﬂgﬂuﬁu‘wfﬂu ﬂ\igﬂ‘ﬂ 4-34

Ei7a IE

519 4-34 glunuaesdeyatssinnyauaessuddeil

anFieEnaTl WIRLAR isValid g lugtluuuresinadyau deavesdayaninliua

o & a dﬁl [ a A . . 1 1 dl o v % o 'S a dy [
ansuanIsLARtlliluaTaAe isValid = true LL@ZﬂW"ﬂ@\ﬂI'ﬂNﬂ@VWI'ﬂMN@@Wﬁ‘ﬂ@\?L‘Wﬁ‘ﬂLﬂ[ﬂuLﬂu

Wiafa isValid = false tus fauansldlumnisnei 4-7
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A9 4-7 LAASANHTUTTBUNIALAR HAANTINIALAR UazATasTayatlsvinnsiulsyau

Branch Predicate | HAAWSLNSALAR rsi'mm‘*fl"aga
T E = true
E
F E = false
T E = false
IE
F E = true

4.6 NMFASNNTAUNARDL
nieannaideyannaetasuynidunsleanTeninauysnlud uazldinun

Sewlareuuazudniifiunisesusiazdfiensayionudn qudfau‘f:@uﬂummmﬂﬁﬂga

sansnadn e fuliiugnuensiinagey nedaendunnsleaniienifiauyaliy

o o = o X
nan meumﬂumammm@@uummvl,ﬂu

1. wandunaleanFiiewWananysniiun 1 1dunng
= G A % = - -
2. wenwieandangludunieleeidenuuuinaesfines
e d v =yl o Y Yo u
3. hReulanewsiiunisveauieanliiaenluiuneun 2 unldiudeya
LI o
{ea9siuTe9NsnAdaL
o -&l o ©° a < dl v A ZJ/ dl Y @ o o
4. iheulandsantiunisessfieanlsiaanluduneun 2 nnldidunadns
ANANIITRINITUNAFDL
o ?.’/ dl %’ < d‘ Y o= dd‘ rdl
5. ndumaun 2-4 srauasuynisvieanitsng ludunislaanfmenananysain
v A 4
Iiaenls
6. Hr1zgsaulasing o Nlaainglddniuidunicleeifieananymingn
% %’/ % ¥ ¥ =
ailfluduasanisaidayanaaey wuiludeyanaaauseansiinaas

7. Aun 1-6 Frauasunnidunislaanfienanantng

wasaINIATLNIuReuLAD azlfgarenstinaaauaInNLEBN NGRS A9

Finatinananalum1en 4-8
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AN 4-8 AP NUAANFNALNNUBINITINARALN A9 NUANNNT o8 F NN W LA

N1INAUNY
No. Tayaiiingsiy TayanAfaL HARNEAIANI
(Initial Data) (Test Data) (Expected Result)
1 ¢ Bank- ¢ {balance =2000, result = acc

>includes(acc)

e acc.getBalance()

amount =2000}

result = balance

acc.getBalance() =

>= amount acc.getBalance()@pre-
amount
2 e Bank- e {balance =2000, result = acc

>includes(acc)

amount =1999}

result = balance
result = “Can’t
Withdraw. Amount is

more than balance”

andusaulunis i dundnsamasauniuneuilsnaiaun aunsagliays

iduazdayatinsanaasusaznszuaunislunisainsiinaasy liaauanalilugin 4-35
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=i ol " i
TN R AR LA INTIRTT (Test Case Ganeralion Based on Sequance Dimgrarm)

dagatidn (nput) FIFSLTUN TS (Procoss) fagativean (Output)
{( Gudu )
L ]
_ ) FAUEL T AT AeTAnTELE
WAL

WlunsFmlaanmny lagr s

S newalon o il e

L 3

= a
- o & - ' I.-:'R’”.'l‘ﬂrfm.l.l.ﬂ:'dﬁl
unwTiATd o Frrundaulunatuss

» NN AL LT TR LR B
Wﬁdﬂﬂl’.&uﬂ“ﬁﬂqmﬁﬂﬂ

\,_..ﬁ"'ﬁ m

El i .
I.-Iil'.JlﬂTl'E‘.{.l.Lﬂ =R ¥
Aol e fins { dugn )

J‘““‘a“

I
nEwnsEUa . Wurnalae Medd
4 BT o .
lagfTiana e \ ’ figuyrod
o Togf s o wh‘ L
¥ =
wWrnalae M ied . .
r . g : fiausvas ey
fisiyeod » - eudioganagen %
L
I
I
Tauanaden
f Il "r r I
wWravralaeFevd e
J . - NTELVIATDLY
Fauysal o adiansdinaany
=4
\-‘-_.-.‘./.-—--\\\"\1

51%4-35 uananisagidayarinduardeyatinaantesudaznszuounig

Tun9a59anstinagaL
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4.7 NMSRRNULLUASWAIUILATRINARS NS AN AFAL
N SRy = ~ - y X a demoyy
(TR AMTLATNNIANAGELANUNUNINTIAY TN AF 19 TUR NI AR TR LA
waua i luiadesing - drasu Tnawaunwdaaudisenisiinnaianstinnasuazses
gnudaslieg lugtuuuresenansiendid@uuea (XML Document) FaeATaIHadTIaNTT

u

wanduiuginuaataddu 6.0 (Visual Paradigm for UML 6.0) niau Aswanslugii 4-36

v
9 o A o

IPEIEMA NI UARUNNTANLLILLA YW AU AT AN A A 519N TNADLIAIT

2

Visual Paradiagm far UML 6.0

Test Case

|
1
1
[
]
O ¥ AML Dracument OMEration

System

¥

Seguence Diagram Tool for Generata Test Case

i e . e i, s ) . S . S e . . . . . . — =

a Y = 1y A Ay ~
Eﬂ‘V] 4-36 LAANNINTINADINITATINNTUNARD LAV LATANHARTINNTUNARAL

471 UBULLUAUBILATRINBUAZE bEIIU

=

4 Ay = = ¢ = a 9 96 o
iFasiaadansiinAgaUANERuNI WG AL ieTasiafidos i ldeu
ANHNNTDAT NN AGALAINLBNATTNITOBNULLILNUNINELAIUT TneilanHnIzN19M9Y
da‘/ % dll I o 1 asl/
\Dassiurepsaiaivselii
R = ¢ @
1. isasilagnudeyaunun naaud lugluuuaedenatsendiduues uay
asananpauannszualeadfmena wianraiadunigleanfmenananysnd
dl = o K dl [l o a o O a 1 < dl
2. wiasietuiinReuluneuaiunisiasnAIsHuNsIegIsaTINTian]
dsng uukun wanoudanumg anuiiau
A A, a . 5 o= 2 -
3. weaseai g Anstineasuaesusazfunigleasdanananysniuay

wangANstInAdeL lugLuLLLAII9

glinuarasialiun gnagau (Tester) §3LATIZININAGAL (Test Analyst)
& o Py o =~ ) o s oA
isayanaTnllnfesnisaienstineasuludeunimasausyAuysannisuessansiua fids
o ¥ ~ o = - -
) Ingaunsnainsiineastuazinaannstmagaunaisauiluindianaisuinana
ndueaiad (xis.doc) I iaazaansanisiinstinaaausinanllldluduseuau - 2e

ANTTUIWNIFNENUNTAN AT
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472 1@NE1TANNABINTIANALI (Software Requirement Specification)

1 ¥
Wulenansug mm@mmummmwﬁLLf;ﬁfﬁﬁmuﬁu AnunTnuLialu

A
Yo a

danuunresANfeInIsTaniuas (Software Requirement Specification) 1agiail

1. ANARINITATUNUN (Functional Requirement)
o gavuFANNInE Nty auNUN W IAduE g resenasend
Buueald Teununwaaudtuazsiasgneantut s ldpenunssunsninuslseny asy
1 (Option) Aanafiunn (Alternative) uazgil (Loop) intiu
o aNAWIFENNNT0859TaTwea (OCL) TudruredNanlunaulasiaa
n17a1HLNNTLLLE 9 9AUA UL LM ALda Usvinna ey (Create New) waziNaL@alszinm
g A o
AHNNsAUANAL
& 2 L A A = , =~ '
o gandlafaninsntiuindaaninlediealudonaasteulunauuas
PAINITANLHUNNT (Postcondition) UeILFAAZLNABA
o aaulsiuasannsnasnanatupNnszialeanfienaandayanes
wunnaAaut e waviuldnnuudnnisnlsnivunldluaunds
o marFuwfANInaT AN laan FieWanaNyaiaInna
AILANNIZUA laaNFTLaNA
o ganFiasanNNIndF NI TINARaLIedRA Az dUnNe laanfEenan
anysalls
s & Y o aal -
o mavFuFANNIOLant AU laanSHanNanaNysnlasuang
A13NTENARALRANNIIUTIAAS L
o c o &K = | o ¢
o ganFuIsannfsaunnstmaasuiulndienarsuinanaend

Waaa (xls.doc) dadlnlasnaTilsunsnlulassansiendiad (Microsoft Excel) 16

v d' [l 1 v ﬂ' . .
2. AnNAaINsN L ldudan (Non-Functional Requirement)
o dunanlunsldaunansinsanunsadnlalalasdns lannle
flfeuduau

o ganslinFanunsasansinagalleatinenidg
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47.3 uHunNedLAd (Use Case Diagram)
Huanansiiuananislimeuszninegdiuszuy annenansaanuiesnis
e fneuszneuduganaswialuil (1) gainanissiendesadmiuaiiensedl
nAaay (Prepare Data for Create Test Case) (2) gainani1sainananasuannszualoansd
\@Wa (Create IRCFG) (3) gainansgaudunnsleansfienanianysnl(Create IRCFG
Complete Path) (4) gmmn’]m?m‘iﬂa‘ﬂ%mmu (Create Test Case) Wag (5) edpanIg
a5 wdeyanaaay (Create Test Data) fuandiflugif 4-37 uazanansngienansénedung

gaLAa linnIARWN N

Test Case Generation System

=<|ncludes==
@a forGreate Test Case  F------- Create IRCFG

N
==|nclude:> =

n

Create IRCFG Com plete P ath
=<|nclude::

oL Sk L, 1

i lEau

=|ncludes= =

Create Test Cases Cregte Ted Data

519 4-37 UARSUNUNNYALAATDILATAIHATINEWITY
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474 WHUNNAAE (Class Diagram)

Predicate
FExprassion | [ id=wing namesring  valuecsring, aparTypechiar, ssaius:boal |
FeompansDparaion © siing
Frereatarradicatel)
[+creaie TasiDatal
it Clauser)
apitExpressian} et
b checkPredicateCatahialeResull]} has  fueriable : siring
b caboubreiale) e sl
HrheckCompareCperaton | Pl ; sing
HaddTestlataToPredicats]) fornate | estat))
TestCase TTE
[rethodhame - sTing inehides
Lonncingoby | siring -
recmivingk) : sirirg [ alrir L
FistinitialCaa : ArreyList [Fresrme - atririg Madk - fik from
bistCandition - Araylist [resmiCh - string - - sving <
ListTastData ; Arraylist Mok - string. ; v ottt
ListExpectedReswit - AmayLis HistPreCanddition - Amaylis: 1 2 e irie 1
T Ty toPoSAGTRERN T ivar e selo - i
LagoCandticnandTesDaa) |  [FErealRCEG). il - siving 1. 1 | Nodeliat
I+craatainitialkodal; — — = - char
s ereats ConclienMadeg) oari]) Tk Io
has e creseia haehoePioce) tackidadelist 2hode) foraateNodelmt)
[ T LooasBB TR rereateAIProgiosel} -
1 . L crecrie RCE@Path / treddFTadicata Tohiadel) -
- skt TR CF G )
W HacdPath ToRGFG] | caomaisl of
Path 1= v
j Jaensite HMILFleFilber
AT esCasE2Pal) ' (e s
frame : srag TestCaseGenerationSyslen HpaihFic - siring
1.0 ForeaielRGF G| (Hoad KL iy |
HoreatalRCFGERah ) eraachiodalld])
FereataRCFG) ”“’d"‘”',:"'_'ﬂ‘ﬂﬁj e ractvias 53 peLifell ey
1 [reresteRCF GPaIN) | craata [iehamiit IRCFY) e e ieing))
T + e RCFGARCFG]) . e alRCFE) oA ML
MinsersubPrat 2Pty 1 1 Bl mlm}mn 1 1 [egeS0ame()
HaddPathTalRCEG() oo T esncasal) Hoe e anePropey)
I creaa TasiCaa]) celaoa] oatliessaged)
Horoaie TesiCas) toeiCiperandProparty)

a A A Ao X
5UN 4-38 LAAILNLAINARIATAILATAINDNIWEN U

u

475 NISHAILILATAINARSINNSINIAFAL

ANLANANT IUTUABUNNIBBNULIL (A1NN3DQIBNANIaENIazIDA 6T
AANWIN N) a181708 RN tanEn SaFanstin Aga LA NN LA B9l

nwauziilulilsunsanlssgnsiuunfuiang (Windows Application) Tpeieiaaiiofinng
Aauiautuasisneudeyaresin el luiutedenaisiendiiuuen uaz
a¥deyaldedustuiunrasnsmeununssudlea fend afedunidloen fFenad
anysnl wazainsinagaunuidunigleaniiiena nadidaldeanuuuuaza¥esosia
1sza1u (Interface) Tauiriasdaainsdinaaay lnaaransautshaaniaminedu 4

dou Toun
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1. ntiaauanILavIaLAlENATTaNdLaNLes
Tudauihfluns@uuldenilsuns fAefldasfosdendaenanseand
Euuea iethdienasuunmdiroudier lugluunsesenannendisuueaiifioenis
hanadensdinadey amisrLLAzasEaziBEATesienanTendiEnueaT ien A

wanglugiln 4-39

2. wiAauangLinINIBILHLN INTLAY LS
£ X T =y £ v a =~ e
uraeiignaieanine g lianuainn s0itlagUnmaesiaun A ud
dl % o Y v = v dl | b4 k74 =3
‘1/]m@ﬂﬂﬂﬁuﬁmﬁiﬂ@ﬁ’mﬂﬁm%W&@‘LlﬁﬂLL@@QIMIﬂ?LLﬂ?N1ﬁ LW@%QEISLMETL?\?’]H@’]N’]?E]LMM
I~ = ¥ = o—dl o Y v = 14
gﬂLL‘i_Ii_I‘lI'ﬂ\'lLLNuﬂW‘WSﬁLﬁ')‘wﬁLLZ\]Z‘II@H@JW']EIGLHLLN%JWWW"I]Lﬂ’]usﬁﬂf‘\]tuqmqiﬁmﬁ"}\mﬁ‘m%ﬂ@'ﬂﬂlﬂ

pauans g 4-40

3. wiiAeuAnIAANTRTaNALAA TaTuan uazsauls
PUNANAZAINIDLNAIULDINT397%LTTW 2 daundn Teun
o doupnuaniiFreuNalaauazladuea lsunsnazuanisazioen
dl al 6 v £ v o dl 1 [

2RUNAUAANLIING IUIUN INTLAE waz Wil ulan e teulaneuuaznd
o a (-3 dl = v
mmumﬂmLmn@mwﬂ@qﬂg‘lmmumwmmwﬂm

o douaa9fauils Tilsunsnazidnesuazidsnassiansnny i
P = 1% @ o e A6 v v o !
Lﬂ@uiwmm3Liﬂn1°n\ﬂw,mmmmﬂmﬂglmmumwsﬁmeﬁ Walvldanuaiunsaiuumen
WUNGEALATANIBL AR GATFauLs sz T ayasalaIaWIAN TaziBHATaY

wiaatiuansfagiin 4-41

4. nrihaauanafuntlaeifevanasysniuazganstinaaay
% X % o= i ¢ 3 A
wiihasiuansniarendunilearimenananysamnidunisideng
| ~ - = £ e X > =
ae IUUNUANT LA LATIARIANINIABITAN TN AR LEIAT T LA TN DL ATBI LA BN N
wouduardayangldenulaniualilungim 3 41esiu seazidanvemtiaetuansdiagli

4-42
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P p——— T : o e

il comganes b cormader]lel mulFu ety s degigideciell jom="Fime™ o TR BGARLAmIT sxxielTypms "Frame” nanes RuyTeher
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m;u dayaiiiasiu Iayanadayl HARNWEAIANIY NANSNARAL
1 e bm.isDefined() e {qty=25, result = seatBalance WARITB AN
e bm->includes(way) seatBalance=24} result = bm "NullReferenceException”
e SaleSystem->includes(bm) result = way
e way.isDefined() result = “There is not
e SaleSystem->includes(way) enough seat for your
request or maybe the seat
is full.”
2 e bm.isDefined() e {customerType=!Y,! result = seatBalance WAASTRAN

e bm->includes(way)
¢ SaleSystem->includes(bom)
» way.isDefined()

e SaleSystem->includes(way)

N}
o {qty=27,

seatBalance=27}

result = bm

result = way

"NullReferenceException”
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m;u dayaiiingsiu TayanAfaL HAANEAIANI NANISVIAFAL
3 « bm.seatBalance>=qty e {customerType=N} | e t.isDefined() AFOLNARNT AN AN NI
» bm.getPrice>0 o {gty=27, e bm.seatBalance = o seatBalance HAWINAU 27
o t.qty>0 seatBalance=27} bm.seatBalance@pre-qty (MNNATNANNNAGNEAIAUTS AT
o bm.isDefined() ¢ bm.soldTicket = fAwiniu 0 Safunazes
e bm->includes(way) bm.soldTicket@pre+qty bm.seatBalance = 27-27 )
e SaleSystem->includes(bm) o t.totalPrice =
e way.isDefined() (bm.getPrice*qty)
e SaleSystem->includes(way) e result = seatBalance
e result=bm
e result = way
4 e dt.qty>0 o {customerType=Y} | e dt.totalPrice = AFNOLNARNT AN AN NI

e bm.getPrice>0

e bm.seatBalance>=qty
e bm.isDefined()

e bm->includes(way)

e SaleSystem->includes(om)

o {qty=27,

seatBalance=27}

(bm.getPrice*qty)-
(dt.totalPrice*dt.discount)
bm.seatBalance =
bm.seatBalance@pre-qty

bm.soldTicket =

« totalPrice NALYINL 5400
(MNNATIATNNAANEANIANIT ADT
flenwiniu 4860 Saiflunanes
dt.totalPrice = (200*27)-
(5400*0.1))
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e way.isDefined()

¢ SaleSystem->includes(way)

bm.soldTicket@pre+qty
dt.isDefined()

result = seatBalance
result = bm

result = way
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No. Initial Data Test Data Expected Result

1 Create object Way: chooseWayld = “011” Object DiscountTicket is created
Way way1 = new Way("011", "Bangkok - qty =3 bm.getSeatBalance =0;
Phitsanulok", 200) cutomerType = “Y” bm.soldTickets = 3;
Create object Bus: dt.totalPrice = 540
Bus bus1 = new Bus("111", 3) LLZQ@Q‘J"]?;I@ZL%EImﬁt’]@’aﬂm’]\mﬁﬂﬂ'ﬂ
Create object BusManagement:
BusManagement bm = new BusManagement("8.00
a.m.", way1, bus1)
bm.seatBalance = 3

2 Create object Way: chooseWayld = “011” Object Ticket is created

Way way1 = new Way("011", "Bangkok -
Phitsanulok”, 200)

Create objec Bus:

Bus bus1 = new Bus("111", 3)

Create object BusManagement:

BusManagement bm = new BusManagement("8.00

qty =3

customerType = “N”

bm.getSeatBalance =0;
bm.SoldTickets =3;
dt.totalPrice = 600;

LL&@Q?’]H@ZL"EE@ﬁ’)‘ﬂ@ﬂﬂ/]’?\‘m‘ﬁ’]@’ﬂ
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No.

Initial Data

Test Data

Expected Result

a.m.", way1, bus1)

bm.seatBalance = 3

Create object Way:

Way way1 = new Way("011", "Bangkok -
Phitsanulok”, 200)

Create objec Bus:

Bus bus1 = new Bus("111", 3)

Create object BusManagement:

BusManagement bm = new BusManagement("8.00
a.m.", way1, bus1)

bm.seatBalance = 3

chooseWayld = “011”
gty =10

customerType = “N”

Show Message “There is not enough
seat for your request or maybe the seat

is full”.

Create object Way:

Way way1 = new Way("011", "Bangkok -
Phitsanulok", 200)

Create objec Bus:

Bus bus1 = new Bus("111", 3)

Create object BusManagement:

chooseWayld = “011”
qty =1

customerType = “N”

o object Ticket is created
e bm.getSeatBalance =0;
e bm.SoldTickets =3;
o dt.totalPrice = 200;

o LAANTNEAZIREARIDANNINNTNAE

SLl



116

No. Initial Data Test Data Expected Result
BusManagement bm = new BusManagement("8.00
a.m.", way1, bus1)
bm.seatBalance = 1;
5 Create object Way: chooseWayld = “011” Show Message “There is not enough

Way way1 = new Way("011", "Bangkok -
Phitsanulok", 200)

Create objec Bus:

Bus bus1 = new Bus("111", 3)

Create object BusManagement:

BusManagement bm = new BusManagement("8.00
a.m.", way1, bus1)

bm.seatBalance = 1;

qty =2

customerType = “N”

seat for your request or maybe the seat

is full”.

9Ll
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LANAITULAAINITRANLLUEANW ﬁLL’Jé‘&;’NﬂiﬁﬁﬂﬂﬂﬂU

ANABINITATUUUIN (Functional Requirement)

Y = He o X A o o P =
sruLNNIAFNNItinAaautARNawe W lHuansna¥enstinaaeuain
= < = ¥ oo o ' [ dgl

wnnwaauiuaziedues naszuutlszneusaaileriduniayinausig o Aestelld

1. szuuasnInaudayauEunIndiaowd uglaasenaisendiduieanas
uilasluag lugilnasdoyansmnezualoan Fhana

o =KX 9 o0 o = ! P ' o

2. syuuganasniiuindesninleduwesludousesIenlaneuuazndanis
[ a ] (3 A = ¥
ANLHLNNTYRUsAzINA TN UK N LAY L

3. svuu@Nnsnaadunsleafmenananysainsuynidunisideng

nnszualaansiana

4. szuuaNnznaiwieyansastainAaufdulnua ludunisleanfianan
anysnild
5. SzULANNNINATINIEMAABLLATLAANNANTTUN AAa LI L6
o K a [ & s
6. sruuawnsntiuinnsiinagauiinindlanasuinanaendueaes

(xls.doc) Fadlalasnalilsunsnlulassansiandiaa (Microsoft Excel) 161

v v o v o o
f«nﬂmmmmm@mmumﬂumﬂmmﬂmuummmwmmmi (Software

©

. . . ¥ ¥ g Y = Yo A
Requirement Specification) I19AU&IN1TARNLLLTANFLITATINNITUNAZAL Isail



1. LLNunﬁwgmﬂﬂLLazﬁ’mEU’]ﬂgmﬂﬂ (Use Case Diagram and Use Case Description)

11

LNUNINEFLAA (Use Case Diagram)

Test Case Generation System

==|nclude==
----------- Create |RCFG

Z<|pelude== ">

Create IRCFG Complete Path

__{flrlc_hic_hi;f__ Create Test Data

Prepare Data for Create TestCase

=<nclude==

Create Test Cases
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lan&1sARsUNeEaLAd (Use Case Description)

1. gAARLATENTDNARIUSUASINTUNAAAL (Prepare Data for Create Test Case)

wWvnng (Goal)

dl o = ¥ d” % o o k7% v =
NRAALATENTDYR Wasudauniulatlsznaunisaianstimaaay

wnLas (Actor)

Bl

Raulana (Precondition)

1% = e o = rdl % 4 D o o
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IRUBNATANTANLDA (XML Document)

Raulanas (Postcondition)
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o sruudpfivAreunvessaulsidsngidudednin (Constraint) neluiagnaiiunis (Operand) 299

ARANLNEIAWNTNLNUE (Combined Fragment)
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LT AT TN
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1. gﬂLﬂﬂLﬂ?‘ﬂuﬁ'ﬂgaﬁ’mi}hﬂ%’wﬂﬁrﬁwﬂﬂﬂ‘u (Prepare Data for Create Test Case)

7. szuuuansgiluunaesteTuaaneumndg (OCL Context) muinaiadifldenuian

8. ;ﬁ%ﬁmmzuﬁ@uimﬁ@uu@wﬁaéﬁLﬁumﬂfaqLuﬁ@mﬁﬂmﬂgﬂghmmmﬁLﬁﬂmm:ﬁuﬁﬂmzﬁizuu

9. srundAfLTanstewlinaulesuaAunsesLAazTian

10. m_mLmmmmwmﬁfnmiﬁﬂmngLﬂwﬁﬂfiﬁﬁm (Constraint) nelusiignAiiunis (Operand) 284ABN
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wNDNU (Extension) 5a. natinmalgaiiulssimainglvsl (Create New Type) ViednEzIevNAdade liuI T Tanfizinng
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UL e ne R TLTR

5b. nadinLumA ALY (Return Type) sr1LA A AN AR ATEIALEAT UL LA

12a. nelffldeuldsvijAnvenmngeqn ssuuaznmun 1A gegnnngaiili 32767 uay -32678 AMNATAL
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2. gmﬂﬂﬂf?ﬁanszﬁwmau (Create Test Case)
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3. gapas1Insnszudlaasdiana (Create IRCFG)

wunng (Goal)

WWeaianamnszuantuaNikanInIsmenlfaussndnaineeaniennie luwaunwgaoud  (Interprocedural

Restricted Control Flow Graph -IRCFG)

wnLas (Actor)

A5 SN

Reulanau (Precondition)

szuuldTuananansendidnuanidngszuingy

Raulanads (Postcondition)

sruvaidayaresnsnnssualeanfena

o = a
LT AL TN

(Main Success Scenario)

1. syuududayanissanldnuuienainnisdeuazivmagaaasusas lanlatluenansiendiduuaanes
~ ¢ A o > Y o = & o=y =
N waLAaudina i I s e Fmena wazsmianuuanialuansmena
2. syuugudednianisaniiunisluaazaagnatiunisane luaa e sinsnuAuartindeaniang
atunisnaiailuaeuhduiuianisluefena
3. sruugfdutenanfenan@enssdnawian uauazrauntulruanialusazanfanalae
°o o ~ ) = = sy
pIradauANAALNsEunlduazNanlanisanld

4. FLUUAFINAUTANDUADTINGTLADIATZUIN INUABHALIBI DN TELANATULNN DA I UAN N AN A NN T

135

gel



4. gﬂmm«%‘mLﬁ'umq'lamfaf%l,awﬁﬁﬂugszﬁ (Create IRCFG Complete Path)
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5. gALARASI9TRNANAAAL (Create Test Data)

VAN NUTY (Extension)
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2. LHUNWARIEULAZAIDELNEARE (Class Diagram and Class Description)

LLNUATNARA
Predicate
FExpression ; { id:string, name:siring value:string, oparType:chas, status:bool )
Focompareperator : slring
+oreataPradicals])
+create TestData()
+initClause{)
+aplitExpression() : T“_m’_"
+checkPredicateDataValuaResuly) has  pvariable : string
+calculatalalus() 1 1= type ! &lring
+chackComparaOparator) rvalus - string
+addTesiDataToPredicabe ) [+oreataTastDatal)
TestCase . Y
-methodMame - siing includ
lsandingObj - siring : : RCFG 4 %
-receivingObj | string id : string
HistinitialData - Arraylist -I'nrmﬂtlw“-tl? Node 1.° Jimke from
-listCandition © Amraylist riromlto) ; siring Eo T
LisiTastData - ArayList o0 : string consistot ‘m: > B,tﬂw
HistExpectedResult : AmayList | [listPreCondition : ArrayList 4 2.~ node\alue : siring ’
ereAteTeRlC AR HistPostCanditan : ArraylList -
FaeqMo ; int =
+addCond itonfnd TestDatai ) +ereateRCFGE() Lopid : string e 1 HodeList
N +creatalnitialModa) e Nodel) : adge | char
1. +createConditionbode{) I ) link to
has . craataMethodNode) raddNodeList2Noda() +creataModalisi])
has 1 |+creatalink() :“ﬂﬁ?“*ﬁm} r
. +createRCFGPalhi) ; acidFrece A EREIN)
1 1. +addMode ToRCFG]) —
+addPathToRCFGY) T
Path T.7 E
1 i[\““’"s'stc'f XMLFileFilter
CaddTesiCasezPain) IRCFG FsirExp ; sting
3 [name : slring TestCaseGenerationSystem rpathFike - slring
1. +oreatsl RCPG() FoadXMLFile])
+createl RCFEPath]) . |+ readModelld)
+oreateRCFG]) [Hefod KMEF Sertf [+ raad Messagel feline()
+creatleRCFGPath() create [*ShowAllMessage() use [sreadlifeline()
+addRCFE2IRCFG) < [-ed9OCL2RCIG(Y 1+ Cuary XML}
has : HeraatalRCFG])
+inserSuh Pathe Path() 1 1 | createlRCEGEAR 1 1 FgetSDMamed)
- addPathT oIRGF G() ) % 2 e i L getMessageProperty()
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Description

1.1 loadXMLFile

\aNFSARBLNEARIE

o

Wupananmn

Description TnaalanaNgLeNgLas /

Visibility Public £ / | J A

Parameters Name | ‘ ’ j ; . Description Data Type
pathFile . J‘t ﬁ@ﬁmﬁ‘n@m@nﬁﬁm@@ String

Return Type String ,/,Ai '7:\:__

1.2 showAllMessage M‘)

Description me%gmm@;{,@ﬁ SJ

Visibility Public L)) U

Return Type ArrayList

1.3 addOCL2RCFG

N ? AT

Description

Tunnaulanausfiunsasudsaitiunigluisay RCFG

Visibility

Public
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Parameters

Name Description Data Type
preCondList sensRenlaneuaiiunrrewfien ArrayList
postCondList I YR CIT R E e R PSR PN LaYy ArrayList

Return Type

void

1.4 createlRCFG

Description a5 nszualandsdiana
Visibility Public
Return Type IRCFG

1.5 createlRCFGPath

Description a5regmdunidloenfHenanasynl
Visibility Public

Return Type Path

1.6 createTestCase

Description A5 19NTEUNARAL

Visibility Public

Return Type TestCase
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Name

D*

escription

nanszualaanfdiana e

Data Type Initial Value

Visibility

name

2.1 createlRCFG

TansinszualaanfEena (@eues .

WEIAT N LARL)

private

Description a5 19leansiena
Visibility Public e <
Parameters Name ”/j 0 XA Description Data Type
xml b ﬁ@g_”imml,@ﬂma‘mnﬁﬁlﬁﬁym XMLFileFileter
re —
L A = = e .
sdName = TRALNUINIVNTLAAUT String
! L
Return Type void ~ o4
2.2 createlRCFGPath vV A a

mn_Lﬂ_lA_ﬁ_ﬂ_b_Lﬂ_LMN

Description aadunisleansienanasysnl
Visibility Public
Return Type void
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2.3 createRCFG

Description a519enFaena
Visibility Public
Return Type void

2.4 createRCFGPath

Description a5 19dUn e sTLena
Visibility Public
Return Type void

2.5 addRCFG2IRCFG

Description inen s enaaslunsinsyualenndena

Visibility Public

Parameters Name Description Data Type
aRCFG ARUIANAIANAANA RCFG RCFG

Return Type void

2.6 insertSubPath2Path

Description

unsnigunasiasaslidunisanfaana

Visibility

Public
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Parameters Name Description Data Type
mainPath Euneersiana Path
subPath e st eariazinuuwmsn Path
preNodeAdd|d saasnTiantunfied lusuwikdfiasin String

subPath d14n9N

Return Type Path

2.7 addPathTolRCFG

Description Windunslifleansiana

Visibility Public

Parameters Name Description Data Type
aPath A8LLANFAYRIAANE Path Path

Return Type void

2.8 createTestData

Description aFedayannga

Visibility Public

Return Type void
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2.9 createTestCase

Description

b4 =
ATNNTUNARADL

Visibility

Public

Return Type

void ;/ ;

Description

3.1 createRCFG

Data Type Initial Value Visibility

id siduadanFiena =] String - private
dl o ~ lai‘ "‘;" i;‘_'l‘ . .

name TAURIRNTELANA = String - private
. ) ” = < a T TR—— ) )

sendingObj TAURIDALILANG l@ﬂmawmmm Strmg‘ - private

~ ~ )

receivingObj ToresEouIANsvTAAANATIILINALAA String - private

listPreCond mﬂmiﬁﬂuifuri@u@mﬁum? ArrayList - private

listPostCond snansiaulanasnniiunig ArrayList - private

Description

A5 ansaana

Visibility

Public
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Parameters

Name Description Data Type
mld INAUDILNALAA String
mName TRURINALAR String
Pre sen1sNeRlInaRANTLNNg ArrayList
Post sen1sdeulavasniiunis ArrayList
objCall faulanszenananFanldwaiaa String

. . o - A A, .

objReceving AAURNANTDAAIRNAINLNALAR String

Return Type

void

3.2 createlnitialNode

aF19uuAENEY (Start Node) uazlvin@ugn (End Node)

Description
Visibility Public
Return Type void

3.3 createMethodNode

Description g5 raunenuua luansaena
Visibility Public
Return Type void
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3.4 createConditionNode

Description a5 19nauntulvunlueifHena

b )
Visibility Public
Return Type void

3.5 createNodeList

7/ B \NNS

Description sadudenensiiana e

Visibility Public 3

Return Type void j/ “

3.6 createRCFGPath ’7 Afagl?m
Description aFdun e fTeng 22k
Visibility Public , TN
Return Type void

Description

Tuuanisluanfdiana

Name Description Data Type Initial Value Visibility
id F AR INE AT String - private
type Uszinnaaslvug String - private
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PN
Tayanegnieluluun

nodeValue String private

segNo SsurasuaTiiufunsae s Int private

opld IWATDIFIYNAHUNG String private

"~ Methods ;

4.1 createNode

Description a5191mun

Visibility Public

Parameters Name Description Data Type
id stareglnun String
type szinnaesivun (wienruaviranauagduliug) String
value GRGLNISETY String
no AALTRINALAS int
opld @ﬁmmﬁqgﬂﬁ%ﬁumiﬁm@Lmﬂmﬂgmai String
r anfhlenasesiuun RCFG

Return Type void

4.2 createAllPredicate

Description AFNNNTURANIFARA M UARUATUILA

yAd"



Visibility Public

Parameters Name Description Data Type
strClause U= len Feulanelunaufdulue String

Return Type void

4.3 addNodeListToNode

Description nduidenaslylvue

Visibility Public

Parameters Name Description Data Type
aNodeList uidioniiaziia funnus NodeList

Return Type void

4.4 addPredicateToNode

Description e s

Visibility Public

Parameters Name Description Data Type
aPredicate WWIALARTASIUUA Predicate

Return Type void
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Wumanszud g uuanie e smana o

11 i |
Description Fausvid Sana -

5.1 createNodeList

Name Data Type Initial Value Visibility
currentNode UUANAN / Node - private
edge ﬂ?ummmmwfmu // / Char - private
neighborNode : private

Description a519191um W& i

Visibility Public ,,’;'//,*,” f\!!—‘{;\" - N

Parameters Ne&ﬁ‘a}a ge_éy'iption Data Type
parent E-j_;‘ | TMUANAN _;;J Node
child J Tonpi T au AL pare;ﬁ-t" Node
edge ﬂﬁ:mmmﬁuﬁﬂa , Char

Return Type void |
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FUNANTALARNNY I UABUAT UL

D . . S a a a o .14!-‘-

escription

6.1 createPredicate

Name Descri y Data Type Initial Value Visibility

Expression UNAL // £/ ) Struct - private
- - I IEET . .

id IURAUBANUNAY /[/ l/ =" String - private
2 A { T L .

name m@mmquumﬂmuﬂ///v \S 4 String - private

| I’
value Terasinaivirasauils [ / /j'g.‘ 4 String - private
J

operType mmmum?muﬂﬂuﬁw?ﬁ ‘;Jf 2PN Char - private

status aonuvdranunsounnsielian el | Boolean - private

compareOperator Taasisimasdssinnanudunug | String - private

m
Description AR NIRAn 4
Visibility Public
Parameters Name Description Data Type
aCondition Uslenizenlapan luneundulyis String
Return Type void
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6.2 initClause

Description finldilacloneglugtuuinfenacueniinatl

Visibility Public

Parameters Name Description Data Type
strACondition Us=Teindenlafien String

Return Type String

6.3 checkCompareOperator

Description Finlissleneglugduufingenasueaninal

Visibility Public

Parameters Name Description Data Type
strACondition 3= eindelafien String

Return Type String

6.4 createTestData

Description a¥9dayannaa

Visibility Public

Parameters Name Description Data Type
strClause dstlupRaulafiagihanairedayannaey String

Return Type void
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6.5 splitExpression

Description weNiwaLl

Visibility Public

Parameters Name Description Data Type
id wigtnariazi i uanifluinasiios String
stringExp AnaiiTazinunuaniuinaies String

Return Type Expression[]

6.6 checkPredicateDataValueResult

Description AIRABLANNARNEIANIRA R kAT tae lugLluuLeau st iaridu

Visibility Public

Parameters Name Description Data Type
exp awail Expression
op FANHUNITUISAN A NANAUS String
result NAANSUDILWIALAR Boolean

Return Type Expression

6.7 caculateValue

Description a519ANUR9INAL

Visibility Public
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Parameters Name Description Data Type
operand ﬁqé'nﬁumimaﬂﬂimmmf Char
X Anflastinan A0y Int
y ﬁiﬁi%ﬂﬂmﬁﬂmm Int
Return Type Int ‘
6.8 addTestDataToPredicate
Description seunmedayanaasuliiuinssLam
Visibility Public 4
Parameters Name /N Description Data Type
aTestData ﬁﬂﬁg@@@@ﬁ TestData
Return Type void ‘\7“ .

Description

¥
ARHANAADL

Name Description Data Type Initial Value Visibility
variable Feun9sauLls String - private
type UszinnaasFatials String - private
value ANTRIALLLT String - private
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7.1 createTestData - e
Description a519fayanadaL - - ~
P : ) | ~
Visibility Public e 77/ >
Parameters Name // - a‘ Description Data Type
1 A ,; 3 - .
var | Aafquls String
Return Type void 5 (G 4
i

Description

WAUN19

Dgscription”' LV pe Initial Value

Visibility

listNode

8.1 addTestCaseToPath

i i i e
e LLLATNIS

private

Description

Visibility

Public
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Parameters Name Description Data Type
aTestCase neENAGeU TestCase

Return Type void |

oTesae SN

Description NN AL s

Name Dcription | tane Initial Value Visibility

methodName %@m'ﬂ\uuﬁﬂm 7 9 String - private

sendingObj Fersdauianditenanad GonlFuad - String - private
a0 =

receivingObj Feresdauianmidenaaiiudaessd | String - private
a0

listinitialData Mennsesienlaiausnfunisuiion ArrayList - private

listCondition a‘ﬂﬂma“ufm**ﬁ@u”mﬂﬁﬂiuﬂﬂuﬁﬁuiuum‘ﬁ'@gj ArrayList - private
ludunsleanffeniiasysal

listTestData MensresdeyanageLRiaiannpeui ArrayList - private
Tuluun

listExpectedResult Mennsesitenlavdedniunisiution ArrayList - private
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Methods / /!

9.1 createTestCase

Description g519nTeiNAdaL

Visibility Public

Parameters Name Description Data Type
method %@LN‘WG@@ String
initial sennseulanausiiunisdien ArrayList
expected enisieulandasiunisiutian ArrayList
sendObj Saranfvienanad Ganldmsian String
receiveObj é”‘d‘i_lL@ﬂﬁﬁ?‘@ﬂ@’]@ﬁgﬂﬁ*ﬂﬂﬁﬁmﬁ@ﬂ String

Return Type void

9.2 addConditionAndTestData

Description dndeulanardesaneaeuaslunsdinages

Visibility Public

Parameters Name Description Data Type
aCondition Ef"l'ﬂuhﬁ@q'mﬂuﬂ@uaﬁu‘ﬁuum String
aTestData %H@mmmuﬁwmmmmuﬁﬁu‘[uum String

Return Type void

9G1



EUNNg 5

Description

10.1 createXMLFileFilter

Name Data Type Initial Value Visibility
StrExp %ﬂsﬂ@ﬁﬁmma‘ﬁmw ] String - private
pathFile Vaguevenaisiandias N private

10.2 loadXMLFile

Description
Visibility Public V7 2
Parameters Name . .T/‘\:,- Description Data Type
P 4 4 0 A i i :
filename b %mmmﬂma‘mﬂeﬂﬁu@a String
N o —
\ - ¥
Return Type void Y ;\J

-

Description ManeNaenTLeNILe

Visibility Public

Return Type String

10.3 readModelld mm t ﬁ' 'JCV] ﬂ
Description B LN
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Visibility Public

Parameters Name Description Data Type
modelType Uszinnuasluing String

Return Type String

10.4 readMessagelifeline

Description mwaigafioanannlafladuazginlieelailale

Visibility Public

Parameters Name Description Data Type
lifeline_id svigaeslad lad String
min FnaneIFLeNALAaT e g AT anansouden|E Int
max AnmasiduTe LA TININTigaTiansnsoLden Int

Return Type ArrayList

10.5 QueryXML

Description ArstayaaInanasandiduuen

Visibility Public

Parameters Name Description Data Type
xNav siaveslaflaul XPathNavigator
expr %H@ﬁ'ﬁmmiﬁwmL@ﬂsfl,ﬁw,ma String
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Return Type

XPathNodelterator

10.6 getSDName

Description AT AURLEUNINT LA
Visibility Public
Return Type String

10.7 getMessageProperty

Description a1udayarasiualas
Visibility Public
Return Type MessageProperty

10.8 getAllMessage

Description BudayaluaLaaiauNe
Visibility Public
Return Type ArrayList

10.9 getOperandProperty

Description BNULAYATDIFIYNANHUANS
Visibility Public
Return Type OperandProperty
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77
Association

_—

1. create

Description

sruugselaansiiana

Association Type

Association

From — To (Class)

TestCaseGenerationSystem — IRCFG

Cardinality

1:1

2. consist of

Description laasienadsenavldsqaansdana
Association Type Association
From — To (Class) IRCFG - RCFG

Cardinality

1:1.%

3. consist of

Description ansaanailsznaulsnaa e
Association Type Association
From — To (Class) RCFG - Node

Cardinality

1:1.%
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4. consist of

Description

anfilanasznavlufasiduidanansmana

Association Type

Association

From — To (Class)

RCFG — NodelList

Cardinality

1:1.7

5. link from

Description

1 J4
AR NN TaNAN 14116

Association Type

Association

From — To (Class)

NodeList — Node

Cardinality

1:1.%

6. link to

Description

T
9 A

Wuimannman g lvun

Association Type

Association

From — To (Class)

NodelList — Node

Cardinality

1:1.7
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7. includes

Description

MUALIZNaLAEINTIALAR

Association Type

Association

From — To (Class)

Node — Predicate

Cardinality

1:1.7

8. has

Description

sAARNdayaNAAaL

Association Type

Association

From — To (Class)

Predicate — TestData

Cardinality 1:1.%

9. has

Description 5NN UNN
Association Type Association

From — To (Class) RCFG - Path

Cardinality

1:1.7
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10. has

Description laanfHananidunig
Association Type Association

From — To (Class) IRCFG - Path
Cardinality 1:1.%

11. has

Description Wunneilinstinaaay
Association Type Association

From — To (Class)

Path — TestCase

Cardinality 1:1.%
12. use
Description srunldFansagendaNLea

Association Type

Association

From — To (Class)

TestCaseGenerationSystem — XMLFileFilter

Cardinality

1:1
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MARNUIN 1

lan@19dsenaun1sds1ensinAgaL

L

WAZNTANARAUANNLATAINDUALELLTEITY

s1ETarasgaIAaN T lunsnasauLaslssliuATaIa

1.

S T A

ﬂ’]ﬁ‘%ﬂﬁ%ﬂ (Buy Ticket)

N3 19U (Login)

nNseIaNsURNIRed (Approve Invoice)
nn9ldsTudusinniunisene (Sale Promotion)
n19aas1A1 (Calculate Discount)

N1989&1AN (Shipping Order)
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1. NNSTAN

AI5197 U-1 TILAZIBEAYALAANITTRFN

1. Use Case : BuyTicket

¥ ¥ £2 ¥
Goal ﬁuﬁﬂmﬁ@ﬁqimﬂmﬂmqﬂﬁqLmemmmmw?@mﬁq LAANIEIALIRL AGN
Actor NUNINUINYFIY

Precondition

Postcondition

= o =9 I
HNITLUNNTRYANTTBRA

Main Success Scenario

=
o

T %
1. wilnaussysialdunenIAun g AauIuAanfeenIste uarlssinnaesgnAn agasu

2. nstungnAilutlszinn v AeduinEauindne scutazaugsuanli 10% a1nseda naalignAnil

Uszinyn “N” Aaldldin BewinAns svuuRasAnnINIIANFIANLNR

3. STULUAANTIANIINNERNTINLAAITRYATeIWAAZANRaNNILA AN UTINAE

Extension

¥ T
¥ o

~a o o A — — = = o A A g9 o =
1a. ﬂ?mm@’]uqumqmmﬂ\ﬁﬂq?sﬁ@NL@NqMN’]ﬂﬂqq@ququwuﬂV’NL‘M@@ ??JUU@zLLQ\‘]Lm@uLW@IVW?’J@@@U@'\uQuW

‘ll'ﬂ\iLﬁuVH\‘mqiLauiﬂ%ﬂﬂ%/\i

T
%

2N
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sd BuyTicket )

™y

:SaleTicketSystem bm:BusManagement

Employes I
1: buyTicket{choossWayld gty customerType) I

2 way = fincWay (choossWayld)

3 bm = fincdBusiManager{way)

4: seatBalance = getSeatBalance()

(Console

) |

[seatBalane >=qty]
I

[alt] |

|
pid e, B
feus pervn 1. DiscountTicket dlicketidty bm)

B seatManagement(ogty)

|
7. calcPriceTicket()

ct:DiscourtTicket

8 printTicket()

Leuetom e T e inisatisatycam)

11: seatManagement(gty)

12; calePriceTicket()

L e e e e i s

13: prirtTicket()

L

[els=] |

e s IR

15 WiriteLine("'There is not er{uugh seat for your reguest

or maybe the seat is full")

1N -1 ULABNNTLAIUTIRINITREY
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=i = X oA s o
AN U-2 [ﬂ']?'\\‘]LL@m\?ﬂﬁ‘mmﬂmﬂumﬂ\‘]ﬂq?sﬁ@E‘]’JV]@?’]\?I@Halﬂ]ﬂ'ﬂmﬂal

No. Initial Data Test Data Expected Result

1 Create object Way: chooseWayld = “011" | e Object DiscountTicket is created
Way way1 = new Way("011", "Bangkok - Phitsanulok", 200) gty =3 e pbm.getSeatBalance =0;
Create object Bus: cutomerType = “Y” e pbm.soldTickets = 3;
Bus bus1 = new Bus("111", 3) e dt.totalPrice = 540
Create object BusManagement: U LLMN?’]EI@:L%EImﬁ%ﬂ@@ﬂm’lwﬁ’mﬂ
BusManagement bm = new BusManagement("8.00 a.m.", way1, bus1)
bm.seatBalance = 3

2 Create object Way: chooseWayld = “011” | e Object Ticket is created
Way way1 = new Way("011", "Bangkok - Phitsanulok", 200) gty =3 e bm.getSeatBalance =0;
Create objec Bus: customerType = “N” e pbm.SoldTickets =3;
Bus bus1 = new Bus("111", 3) e dt.totalPrice = 600;
Create object BusManagement: . Ll,mmﬁﬂ@:ﬁﬂmrﬁ]tq'a@ﬂmwﬁﬁ%
BusManagement bm = new BusManagement("8.00 a.m.", way1, bus1)
bm.seatBalance = 3

3 Create object Way: chooseWayld = “011” | Show Message “There is not enough

Way way1 = new Way("011", "Bangkok - Phitsanulok", 200)
Create objec Bus:
Bus bus1 = new Bus("111", 3)

Create object BusManagement:

gty =10

customerType = “N”

seat for your request or maybe the seat

is full”.
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No. Initial Data Test Data Expected Result

BusManagement bm = new BusManagement("8.00 a.m.", way1, bus1)
bm.seatBalance = 3

4 Create object Way: chooseWayld = “011" | e object Ticket is created
Way way1 = new Way("011", "Bangkok - Phitsanulok", 200) qty =1 e bm.getSeatBalance =0;
Create objec Bus: customerType = “N” e pbm.SoldTickets =3;
Bus bus1 = new Bus("111", 3) e dt.totalPrice = 200;
Create object BusManagement: . me\ﬁ’mm@ﬂm[ﬁ;ﬂ@@ﬂmwﬁwfﬂ
BusManagement bm = new BusManagement("8.00 a.m.", way1, bus1)
bm.seatBalance = 1;

5 Create object Way: chooseWayld = “011” | Show Message “There is not enough

Way way1 = new Way("011", "Bangkok - Phitsanulok", 200)

Create objec Bus:

Bus bus1 = new Bus("111", 3)

Create object BusManagement:

BusManagement bm = new BusManagement("8.00 a.m.", way1, bus1)

bm.seatBalance = 1;

qty =2

customerType = “N”"

seat for your request or maybe the seat

is full”.

168

891



+
o A

o o o= = = - X A A g
FI1F9N A-3 ANTNLAAN L@MV]N%@’]?%L@WW@QLLNuﬂ’WWSﬁme}jmﬂ@mv}Lﬂ‘;‘@\‘mﬂmw

Path
No. IRCFG Complete Path
1 start, way = findWay (chooseWayld), start, end, bm = findBusManager(way), start, end, seatBalance = getSeatBalance(), start, end,
seatBalane>=qty<F>, WriteLine(“There is not enough seat for your request or maybe the seat is full”), start, end, end
2 start, way = findWay (chooseWayld), start, end, bm = findBusManager(way), start, end, seatBalance = getSeatBalance(), start, end,
seatBalane>=qty<T>, customerType =="Y"<F>, customerType=="N"<F>, end
3 start, way = findWay (chooseWayld), start, end, bm = findBusManager(way), start, end, seatBalance = getSeatBalance(), start, end,
seatBalane>=qty<T>, customerType =="Y"<F>, customerType=="N"<T>, create(ticketld,qgty,bm), start, end, seatManagement(qty), start, end,
calcPriceTicket(), start, end, printTicket(), start, WriteLine(ticketld, date, busld, way, price), start, end, end, end
4 start, way = findWay (chooseWayld), start, end, bm = findBusManager(way), start, end, seatBalance = getSeatBalance(), start, end,

seatBalane>=qty<T>, customerType =="Y"<T>, create (ticketld,qty,bm), start, end, seatManagement(qty), start, end, calcPriceTicket(), start, end,

printTicket(), start, WriteLine(ticketld, date, busld, way, price), start, end, end, end
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+
o A

; % |
AN919N U-4 ANINUAAINTERNARALANNUHUNINTLALTNNT TR A NIATeIN 451
Path
No. Message’s Name Sending Obj. Receiveing Obj. Initial Data Condition Test Data Expected Result
1 WriteLine(“There is not :SaleTicketSystem :Console result = “There is
enough seat for your not enough seat for
request or maybe the seat is your request or
full”) maybe the seat is
full”
seatBalance = :SaleTicketSystem bm:BusManagem result =
getSeatBalance() ent seatBalance
bm = findBusManager(way) :SaleTicketSystem :SaleTicketSystem | @ bm.isDefined() result = bm
e _bm->includes(way)
® SaleSystem-

>includes(bm)
way = :SaleTicketSystem :SaleTicketSystem | e way.isDefined() result = way
findWay(chooseWayld) ® SaleSystem-

>includes(way)
buyTicket(chooseWayld,qty, | Employee :SaleTicketSystem ® seatBalance>=qty o {qty=25,
customerType seatBalance=24}

2 seatBalance = :SaleTicketSystem bm:BusManagem result =

getSeatBalance()

ent

seatBalance
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F::.h Message’s Name Sending Obj. Receiveing Obj. Initial Data Condition Test Data Expected Result
bm = findBusManager(way) :SaleTicketSystem :SaleTicketSystem | ® bm.isDefined() result = bm
® pm->includes(way)
® SaleSystem-
>includes(bm)
way = :SaleTicketSystem :SaleTicketSystem | e way.isDefined() result = way
findWay(chooseWayld) ® SaleSystem-
>includes(way)
buyTicket(chooseWayld,qty, | Employee :SaleTicketSystem o customerType=="N" | ® {customerType=IY
customerType ® customerType=="Y" ,IN}
® seatBalance>=qty o {qty=27,
seatBalance=27}
3 WriteLine(ticketld, date, :SaleTicketSystem :Console
busld, way, price)
printTicket() :SaleTicketSystem t:Ticket e t.qty>0
calcPriceTicket() :SaleTicketSystem t:Ticket ® bm.getPrice>0 t.totalPrice =
(om.getPrice*qty)
seatManagement(qty) :SaleTicketSystem bm:BusManagem ® pm.seatBalance>= bm.seatBalance =

ent

qty

bm.seatBalance@p
re-qty
bm.soldTicket =
bm.soldTicket@pre

+qty
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F::.h Message’s Name Sending Obj. Receiveing Obj. Initial Data Condition Test Data Expected Result
create(ticketld,gty,bm) :SaleTicketSystem t:Ticket t.isDefined()
seatBalance = :SaleTicketSystem bm:BusManagem result =
getSeatBalance() ent seatBalance
bm = findBusManager(way) :SaleTicketSystem :SaleTicketSystem | e bm.isDefined() result = bm

e bm->includes(way)
® SaleSystem-
>includes(bm)
way = :SaleTicketSystem :SaleTicketSystem | e way.isDefined() result = way
findWay(chooseWayld) ® SaleSystem-
>includes(way)
buyTicket(chooseWayld,qty, | Employee :SaleTicketSystem e customerType=="N" | e {customerType=N}
customerType ® customerType=="Y" | ® {qty=27,
® seatBalance>=qty seatBalance=27}
4 WriteLine(ticketld, date, :SaleTicketSystem :Console
busld, way, price)
printTicket() :SaleTicketSystem dt:DiscountTicket e dt.qty>0
calcPriceTicket() :SaleTicketSystem dt:DiscountTicket ® bm.getPrice>0 e dt.totalPrice =

(bm.getPrice*qty)-
(dt.totalPrice*dt.disc

ount)

172

cll



F::.h Message’s Name Sending Obj. Receiveing Obj. Initial Data Condition Test Data Expected Result
seatManagement(qty) :SaleTicketSystem bm:BusManagem ® bm.seatBalance>= ® bm.seatBalance =
ent qty bm.seatBalance@
pre-qty
® bm.soldTicket =
bm.soldTicket@pre
+aty
create(ticketld,qty,bm) :SaleTicketSystem dt:DiscountTicket o dt.isDefined()
seatBalance = :SaleTicket bm:BusManag ® result =
getSeatBalance() System ement seatBalance
bm = findBusManager(way) | :SaleTicketSystem :SaleTicketSystem | @ bm.isDefined() ® result=bm
e bm->includes(way)
® SaleSystem->
includes(bm)
way = :SaleTicketSystem :SaleTicketSystem | ® way.isDefined() ® result =way
findWay(chooseWay!d) ® SaleSystem->
includes(way)
buyTicket(chooseWayld,qty, | Employee :SaleTicketSystem ® customerType=="Y" e {customerType=Y}

customerType

® seatBalance>=qty

® {qty=27,

seatBalance=27}
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Path No. Initial Data Test Data Expected Result
1 e pbm.isDefined() o {gty=25, seatBalance=24} result = seatBalance
e bm->includes(way) result = bm
o SaleSystem->includes(bm) result = way
e way.isDefined() result = “There is not enough seat for your
e SaleSystem->includes(way) request or maybe the seat is full.”
2 e bm.isDefined() e {customerType=!Y,IN} result = seatBalance
e bm->includes(way) o {qty=27, seatBalance=27} result = bm
e SaleSystem->includes(bm) result = way
e way.isDefined()
o SaleSystem->includes(way)
3 e bm.seatBalance>=qty e {customerType=N} t.isDefined()

e bm.getPrice>0

e t.qty>0

e bm.isDefined()

e bm->includes(way)

e SaleSystem->includes(bm)
e way.isDefined()

o SaleSystem->includes(way)

{gty=27, seatBalance=27}

bm.seatBalance = bm.seatBalance@pre-qty
bm.soldTicket = bm.soldTicket@pre+qty
t.totalPrice = (bm.getPrice*qty)

result = seatBalance

result = bm

result = way
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Path No.

Initial Data

Test Data

Expected Result

dt.qty>0

bm.getPrice>0

bm.seatBalance>=qty

bm.isDefined()

bm->includes(way)
e SaleSystem->includes(bm)
o way.isDefined()

e SaleSystem->includes(way)

o {customerType=Y}

o {qty=27, seatBalance=27}

dt.totalPrice = (bm.getPrice*qty)-
(dt.totalPrice*dt.discount)

bm.seatBalance = bm.seatBalance@pre-qgty
bm.soldTicket = bm.soldTicket@pre+qty
dt.isDefined()

result = seatBalance

result = bm

result = way
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2. N5 L9 (Login)

A15197 -6 TeaziBeayaAanIgdnldu

2. Use Case : Login

Goal

Login ingsruuuaznsiagaudnanisidnldanuaes User

Actor

User

Precondition

Postcondition

§ 14 Login 1ngaeuuas s ULILAANUTNLNYAINENTN19 k1901

Main Success Scenario

1. Hldtlau Username waz Password 17;m\iﬁuﬁugmﬁ@uﬂmzmmmLﬁﬂzjuﬁ’wmwﬁﬂiﬁ

o nselfldemeglu UserGroup “Supplier” szutazudnaianiziay Report el ldanunsadniennsinan
Tudauifly

o ﬂifﬁmﬁmu@ﬂu UserGroup “Employee” s2UUACLhAANLHY Report, Create Contact, Flight Management,

Create Invoice Waligldarnsadntisnismieuludanile

Extension

' &

dd‘ = 1 [ 7 7 ¥ I o dl
1a. NIt Username waz/iisa Password limssivdayalugudeya svuuazuansdanauimenuaziansag v
Login
! ! v
1b. nsfinfinnstlen Password dslinsarideyalugndeyaiiunan 3 afsansariu User azluiannnsalen

Username Was Password l#an
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sd Login J

A

User

- MSC

ontrofler au: Auth

1: enterLogin{use mame password)

entication

2 loginfusername password)

user:

User out : PrintStream

3 noF ailLogin = getFailLogind

[att]

[noFailLogin<3]

|
|
me password)
|

[att)

[vdid]

5: user = getUser(usernan

1
|
[:|<]__| 4: valid = findUser{usemar
t

[att]

[usei'Group =="suppliar"]

| 8 reporth enuitrue)

s Tt T

[userGroup=

="gmplovee"]
I O create Contracth enuftrue )

e A1

10: flighthanagemertiMenultrus,

ﬁq 11: moniteringD RMenuitiue)

12: createlnvoiceMenuitrue)

13: reportMenuirus)

AR

Y

L.

14: countFailLogin)

15: printin{"lnvalie Usarnar

B userGroup = checkP ermissibni)

T getUse||G|'oup()

S, . W S ——

e password)
|

ne or Passworfl")

I 16 printind"C an not |ogin, Pleass

}c:omact your admin system ")

I

JENNISEN BEE— e

| h

al = < v 6 v
g‘]JVI qU-2 LLNuﬂ’]‘WGﬁLﬂ"Jusﬁ“lIﬂQﬂ’]?Uﬂ’ﬂ‘N’]u




a = Y 6 v A 9 o =
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No. Initial Data Test Data Expected Result
1 Create new obj Authentication Username = employee LaAININAa Main Menu
Authentication au = new Authentication(14/01/2008,11:34) Password = abc 1. Contact Management
au.countFail = 0 2. Flight Management
Create new obj User 3. Monitoring DR
User user = new User("employee1", "abc", "employee" ) 4.Invoice Advice
5.Report
au.countFail=0
2 Create new obj Authentication Username = employee1 UARIUTINAD Login v wFandamau “Invalid
Authentication au = new Authentication(14/01/2008,11:34) Password = xyz Username or Password ”
au.countFail = 0 au.countFail=1
Create new obj User
User user = new User("employee1", "abc", "employee" )
3 Create new obj Authentication Username = employee LARNUTNAE Main Menu

Authentication au = new Authentication(14/01/2008,11:34)
au.countFail =1
Create new obj User

User user = new User("employee1", "abc", "employee" )

Password = abc

1. Contact Management
Flight Management
Monitoring DR

Invoice Advice

ISAFE < W

Report

au.countFail=1
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No. Initial Data Test Data Expected Result

4 Create new obj Authentication Username = employee e udmsUInAa Main Menu
Authentication au = new Authentication(14/01/2008,11:34) Password = abc 1. Contact Management
au.countFail = 2 2. Flight Management
Create new obj User 3. Monitoring DR
User user = new User("employee1", "abc", "employee" ) 4. Invoice Advice

5. Report
e au.countFail=2

5 Create new obj Authentication Username = employee o LAAIUTINAG Login v wFandamau “Can not
Authentication au = new Authentication(14/01/2008,11:34) Password = xyz login. Please contact your admin system”
au.countfail = 2 e au.countFail =3
Create new obj User
User user = new User("employee1", "abc", "employee" )

6 Create new obj Authentication Username = employee1 o LaAMMINAD Login vl wEandamqnu “Can not

Authentication au = new Authentication(14/01/2008,11:34)
au.countFail =3
Create new obj User

User user = new User("employee1", "abc", "employee" )

Password = xyz

login. Please contact your admin system”

e au.countFail =3
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No. Initial Data Test Data Expected Result

7 Create new obj Authentication Username = supplier uamsUinaa Main Menu
Authentication au = new Authentication(14/01/2008,11:34,0) Password = xyz e Report
au.countFail =0 e au.countFail =0
Create new obj User
User user = new User("supplier1", "xyz", "supplier" )

8 Create new obj Authentication Username = supplier1 WARIUTINAE Main Menu
Authentication au = new Authentication(14/01/2008,11:34,1) Password = xyz e Report
au.countFail = 1 e au.countFail =1
Create new obj User
User user = new User("supplier1", "xyz", "supplier")

9 Create new obj Authentication Username = supplier1 uangUinaa Main Menu

Authentication au = new Authentication(14/01/2008,11:34,2)
au.countFail = 2
Create new obj User

User user = new User("supplier1", "xyz", "supplier")

Password = xyz

e Report

au.countFail = 2
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Path
No.

IRCFG Complete Path

1

start, login(username,password), start, noFailLogin = getFailLoginCount(), start, end, noFailLogin<3<F>, printin("Can not login. Please contact your

admin system"), start, end, end, end

2 start, login(username,password), start, noFailLogin = getFailLoginCount(), start, end, noFailLogin<3<T>, valid = findUser(username,password), start,
end, valid<F>, countFailLogin(), start, end, printin("Invalid Username or Password"), start, end, end, end

3 start, login(username,password), start, noFailLogin = getFailLoginCount(), start, end, noFailLogin<3<T>, valid = findUser(username,password), start,
end, valid<T>, user = getUser(username,password), start, end, userGroup = checkPermission(), start, getUserGroup(), start, end, end,
userGroup=="supplier"<F>, userGroup =="employee"<F>, end, end

4 start, login(username,password), start, noFailLogin = getFailLoginCount(), start, end, noFailLogin<3<T>, valid = findUser(username,password), start,
end, valid<T>, user = getUser(username,password), start, end, userGroup = checkPermission(), start, getUserGroup(), start, end, end,
userGroup=="supplier'<F>, userGroup =="employee"<T>, createContractMenu(true), start, end, flightManagementMenu(true), start, end,
monitoringDRMenu(true), start, end, createlnvoiceMenu(true), start, end, reportMenu(true), start, end, end, end

5 start, login(username,password), start, noFailLogin = getFailLoginCount(), start, end, noFailLogin<3<T>, valid = findUser(username,password), start,

end, valid<T>, user = getUser(username,password), start, end, userGroup = checkPermission(), start, getUserGroup(), start, end, end,

userGroup=="supplier'<T>, reportMenu(true), start, end, end, end

181

18l



o = = - v 0w A A A
F199N -9 [5]']?']\‘]LL@@\‘iﬂ?mm@@'ﬂu“]'\ﬂLLNuﬂq‘WsﬁLﬂqusﬁﬂ’]?wqimqqumLﬂ?ﬂ\?ﬂ@@?qﬂ

I;aoth Message’s Name Sending Obj. Receiveing Obj. Initial Data Condition Test Data Expected Result
1 printin ("Can not login. au:Authentication | out:PrintStream e result = "Can not
Please contact your login. Please
admin system") contact your admin
system"
noFailLogin = au:Authentication au:Authenticati;w _0 a:.isz)eﬁned() ® result = au.countFail
getFailLoginCount()
login(username,password | :MSController au:Authenticati_on ’» g i ® noFailLogin<3 ® {noFailLogin = 3}
)
2 printin (“Invalid Username | au:Authentication out:PrintStream ® result = “Invalid
or Password”) Username or
Password”
countFailLogin() au:Authentication au:Authentication ® au.countFail=au.coun

valid =
findUser(username,passw

ord)

au:Authentication

noFailLogin =

getFailLoginCount()

au:Authentication

login(username,password

)

:MSController

au:Authentication

au:Authentication

au:Authentication

tFail@pre+1

result = valid

e au.isDefined()

result = au.countFail

e valid

® noFailLogin<3

o {valid = false}

e {noFailLogin=2}
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Za:h Message’s Name Sending Obj. Receiveing Obj. Initial Data Condition Test Data Expected Result
3 getUserGroup() user:User user:User
userGroup = au:Authentication UserUser e T 3 ® result = userGroup
checkPermission()
user = au:Authentication au:Authenti;ion ’70 usier;sb;f}neidi()i \ N\ ® result = user
getUser(username,passw ® au->includes(user)
ord)
valid = au:Authentication au:Authenti(?ation FJ. (G 4 ® result = valid
findUser(username,passw
ord)
noFailLogin = au:Authentication au:Authenticatio; 7 au.isbe;‘ir;éid(’)Wi ® result = au.countFail
getFailLoginCount()
login(username,password | :MSController au:Authentication . userGroup=="emp | ® {userGroup=!empl
) loyee” oyee,!supplier}
userGroup=="sup e {valid = true}
plier” o {noFailLogin=2}
valid
noFailLogin<3
4 reportMenu(true) au:Authentication :MSController ® MSController.reportVisi ® MSController.report

ble = false

Visible = true
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Path
No.

Message’s Name

Sending Obj.

Receiveing Obj.

Initial Data

Condition

Test Data

Expected Result

createlnvoiceMenu(true)

au:Authentication

monitoringDRMenu(true)

au:Authentication

flightManagementMenu(tr

ue)

au:Authentication

createContractMunu(true)

au:Authentication

getUserGroup()

user:User

userGroup =

checkPermission()

au:Authentication

user =
getUser(username,passw

ord)

au:Authentication

valid =
findUser(username,passw

ord)

au:Authentication

noFailLogin =

getFailLoginCount()

au:Authentication

login(username,password

)

:MSController

:MSController

:MSController

:MSController

:MSController

user:User

user:User

au:Authentication

au:Authentication

au:Authentication

au:Authentication

® \SController.createlnv

oiceVisible = false

® MSController.createln

voiceVisible = true

e MSController.monitorin

gDRVisible = false

e MSController.flightMana

gementVisible = false

® MSController.monitori

ngDRVisible = true

e MSController.flightMa

nagementVisible =

true

F MSController.createCo

ntractVisible = false

® MSController.createC

ontractVisible = true

result = userGroup

e user.isDefined()

® au->includes(user)

result = user

result = valid

® au.isDefined()

result = au.countFail

® userGroup=="emp

loyee”

o {userGroup=empl

oyee}
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F”\la:h Message’s Name Sending Ob;j. Receiveing Obj. Initial Data Condition Test Data Expected Result
® userGroup=="sup e {valid = true}
plier” {noFailLogin=2}
® valid
® noFailLogin<3
5 reportMenu(true) au:Authentication :MSController e Ul.reportVisible = false e :MSController.reportVi
sible = true
getUserGroup() user:User user:User - F ). A\
userGroup = au:Authentication user:User FrF & Y ® result = userGroup

checkPermission()

user =
getUser(username,passw

ord)

au:Authentication

valid =
findUser(username,passw

ord)

au:Authentication

noFailLogin =

getFailLoginCount()

au:Authentication

login(username,password

)

:MSController

au:Authentication

au:Authentication

au:Authentication

au:Authentication

e user.isDefined()

® au->includes(user)

® result = user

result = valid

® au.isDefined()

® result = au.countFail

® userGroup=="sup
plier”
e valid

® noFailLogin<3

o {userGroup=suppli
er}
o {valid = true}

{noFailLogin=2}
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Path No. Initial Data Test Data Expected Result
1 e au.isDefined() e {noFailLogin = 3} e result = "Can not login Please Contact
your admin system"
e result = au.countFail
2 e au.isDefined() e {valid = false} e result = “Invalid Username or Password”
o {noFailLogin=2} e au.countFail=au.countFail@pre+1
e result = valid
e result = au.countFail
3 e user.isDefined() e {userGroup=!employee,!supplier} | e result = userGroup
e au->includes(user) o {valid = true} e result = user
e au.isDefined() e {noFailLogin=2} e result = valid
e result = au.countFail
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Path No. Initial Data Test Data Expected Result
4 e MSController.reportVisible = false e {userGroup=employee} e MSController.report Visible = true
e MSController.createlnvoiceVisible = false e {valid = true} e MSController.createlnvoiceVisible = true
e MSController.monitoringDRVisible = false e {noFailLogin=2} e MSController.monitoringDRVisible = true
e MSController.flightManagementVisible = false e MSController.flightManagementVisible =
e MSController.createContractVisible = false true
e user.isDefined() e MSController.createContractVisible = true
e au->includes(user) e result = userGroup
e au.isDefined() e result = user
e result = valid
e result = au.countFail
5 e MSController.reportVisible = false e {userGroup=supplier} e MSController.reportVisible = true

e user.isDefined()
e au->includes(user)

e au.isDefined()

e {valid = true}

e {noFailLogin=2}

result = userGroup
result = user
result = valid

result = au.countFail
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3. NsEaNsuauIaLd (Approve Invoice)

A15197 2-11 PeaziREAgARANIIaNTLEU RS

3. Use Case : Approve Invoice

Goal

A5931AT84 Invoice HlAiAaNULAZANIMZUEY Invoice gnilaesuili approved

Actor

manager

Precondition

g 1H9u Login \ingszuvsiag Username ae Password 284 UserGroup ="Manager”

Postcondition

A51999a19 Invoice §Iiaanuaz@nIuzaad Invoice gnilaauilu approved

Main Success Scenario

[ %

1. Ann1sidaan’y Invoice N5iadn13 Approve anszLLuazilausia
2. S2ULAIIAADUANNYNABIIDINANIE UINGNEEN 3¥LIUAzATAaauAnU19311 Invoice Tusanisnlaiaanty

= @ ’ ¥ o ; % :j/ ai . Z’/ Y « ’
mndanuziiu “draft” szuUAz@5195% 4@ Invoice WIaNRUUALUAN11e Invoice Tuiluliilu approve

Extension

T
a o 1

= 1 L% v A
2a. NIUNTUR N'WLLilIQﬂ[?]@Q‘J‘ﬁ‘].IU@ZLLQG LR
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sd Approve Invoice ]

Manager

1: enterApprovellistinvoicsld, password) i

: MSController manager: User inv: Invoice

out : P rirtStream

D,

|
I
|
[listInvoiceld.|ength=0]
i

2: validP assword = checkP ermission{password)

[att]

[vdidPessword:]

loop |

|
[string id: lisnvoiceld]
|

3t inv = findInvaics(id)

|
4: invoiceStatus I= getStatus

[or)

|
|

[inwoiceStatus =="draft"]
|

5 generatel I'lp'v'OiCE Code(

I
G Ll a‘telnvoiceﬁiatusr:"appmved")

SRy ™ v I

72 printing"lnvalid P:+ssmrd")

8 printinf"Pleass Chogss Invaio:")

»
i

N U-3 LHUANTLALTURINNTEIAN LRI EIT
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A5 2-12 ANFWNUAAINITUINAFELTIBINIaNF BB NaT 9 ln fiTEnT Ity

No. Initial Data Test Data Expected Result
1 create user Object Password = abc e LAAITAAYN "Please Choose Invoice”
e User manager = new User("boss", "abc", listinvoiceld = {}
"manager’, )
Login as {username =boss,password=abc}
2 create user Object Password = xyz o uAAYdaAIN “Invalid Password”
e User manager = new User("boss", "abc", listinvoiceld = {1,2,3}
"manager”, )
Login as {username =boss,password=abc}
Create invoice Object
e Invoice inv1 = new Invoice(1, null, "approved")
e [nvoice inv2 = new Invoice(2, null, "draft")
e Invoice inv3 = new Invoice(3, "1/2008", "draft")
3 create user Object Password = abc inv1.
e User manager = new User("boss", "abc", listinvoiceld = {1,2,3} e [d=1

"manager”, )
Login as {username =boss,password=abc}
Create invoice Object
e Invoice inv1 = new Invoice(1, "1/2008", "approved")

e Invoice inv2 = new Invoice(2, null, "draft")

e Code = 1/2008

e Status = “approved”
inv2.

o ld=2

e Code = 2/2008
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No. Initial Data Test Data Expected Result

e Invoice inv3 = new Invoice(3, null, "draft") e Status = “approved”
inv3.
e |[d=3
e Code = 3/2008
e Status = “approved”

4 create user Object Password = abc inv1.
e User manager = new User("boss", "abc", listinvoiceld = {1,2,3} e [d=1

"manager", )

Login as {username =boss,password=abc}

Create invoice Object
e Invoice inv1 = new Invoice(1, "1/2008", "approved")
e Invoice inv2 = new Invoice(2, "2/2008", "approved")

e Invoice inv3 = new Invoice(3, "3/2008", "approved")

e Code =1/2008

e Status = “approved”
inv2.

o |d=2

e Code = 2/2008

e Status = “approved”
inv3.

e |ld=3

e Code = 3/2008

e _Status = “approved”
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No. Initial Data Test Data Expected Result
5 create user Object Password = abc inv1.
e User manager = new User("boss", "abc", listinvoiceld = {1} o |d=1
"manager”, ) e Code = 1/2008
e Status = “approved”
Login as {username =boss,password=abc} inv2.
o |d=2
Create invoice Object e Code =
e Invoice inv1 = new Invoice(1, null, "draft") e Status = “draft”
e Invoice inv2 = new Invoice(2, null, "draft") inv3.
e |nvoice inv3 = new Invoice(3, null, "draft") e [d=3
e Code =
e Status = “draft”
6 create user Object Password = abc inv1.
e User manager = new User("boss", "abc", listinvoiceld = {2} e |d=1

"manager’, )
Login as {username=Dboss, password=abc}
Create invoice Object
e Invoice inv1 = new Invoice(1, "1/2008", "approved")
e Invoice inv2 = new Invoice(2, "2/2008", "approved")

e Invoice inv3 = new Invoice(3, "3/2008", "approved")

e Code = 1/2008

e Status = “approved”
inv2.

e |d=2

e Code = 2/2008

e Status = “approved”
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\ | ode = 3/2008
\\\ \.

atus = “approved”

i

AONUUINYUIMNT )
RN TAININENRE
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Path
No. IRCFG Complete Path
1 start, listinvoiceld.length>0<T>, validPassword=checkPermission(password), start, end, validPassword<T>, string id: listinvoiceld <T>,
inv=findInvoice(id), start, end, invoiceStatus=getStatus(), start, end, invoiceStatus=="draft’<T>, generatelnvoiceCode(), start, end,
updatelnvoiceStatus(“approved”), start, end, string id: listinvoiceld <F>, end
2 start, listinvoiceld.length >0<T>, validPassword=checkPermission(password), start, end, validPassword<T>, string id: listinvoiceld <T>,
inv=findInvoice(id), start, end, invoiceStatus=getStatus(), start, end, invoiceStatus=="draft"<F>, string id: listinvoiceld <F>, end
3 start, listinvoiceld.length>0<T>, validPassword=checkPermission(password), start, end, validPassword<T>, string id: listinvoiceld <F>, end
4 start, listinvoiceld.length>0<T>, validPassword = checkPermission(password), start, end, validPassword<F>, printin("Invalid Password"), start, end,
end
5 start, listinvoiceld.length>0<F>, printin("Please Choose Invoice"), start, end, end
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ANSI9N U-14 AIFIUAAINITUNAAALANNLNUNINT AVUTNTEI DN UAUI BTN ATRIHBAZ

Path Receiveing
No. Message’s Name Sending Obj. Obi. Initial Data Condition Test Data Expected Result
1 updatelnvoiceStatus(“a | :MSController inv:Invoice ® inv.Status = ® inv.Status =
pproved”) “draft” “approved”
generatelnvoiceCode() :MSController inv:Invoice ® inv.code = inv.id+"/"
+ DateTime.Year
invoiceStatus=getStatu | :MSController inv:invoice ® result=inv.Status
s()
inv = findInvoice(id) :MSController :MSController ® inv.isDefined() ® result=inv
e inv.ld =id
e MSController
->includes(inv)
validPassword=checkP | :MSController manager:User | ® MSController - ® result=validPassword

ermission(password),

>includes(mana

ger)

enterApprove(listinvoic

eld,password)

Manager

:MSController

® manager.userGr
oup="manager”
® manager.isDefin

ed()

listinvoiceld.length >0
validPassword
string id: listinvoiceld

invoiceStatus=="draft”

{listInvoiceld.Count=1}

{validPassword = true}

{ string id: listinvoiceld =

true}

{invoiceStatus = draft}
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Path Receiveing
- Message’s Name Sending Obj. Obi. Initial Data Condition Test Data Expected Result
2 invoiceStatus=getStatu | :MSController inv:invoice ® result= inv.Status
s()
inv = findInvoice(id) :MSController :MSController e inv.isDefined() ® result=inv
e inv.ld = id
e MSController -
>includes(inv)
validPassword=checkP | :MSController manager:User | ® MSController ® result=validPassword
ermission(password), -> includes
(manager)
enterApprove(listinvoic Manager :MSController ® manager.userGr listinvoiceld.length>0 e {listinvoiceld.length=1}
eld,password) oup="manager” validPassword e {validPassword = true}
® manager.isDefin string id: listinvoiceld e {string id: listinvoiceld =
ed() invoiceStatus=="draft” true}
e {invoiceStatus =! draft}
3 validPassword=checkP | :MSController manager:User | ® MSController - ® result=validPassword

ermission(password),

>includes(mana

ger)

enterApprove(listinvoic

eld,password)

Manager

:MSController

manager.userGr
oup="manager”
manager.isDefin

ed()

listinvoiceld.length>0

validPassword

string id: listinvoiceld

{listinvoiceld.length=1}
{validPassword = true}
{ string id: listinvoiceld =

false}
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Path Receiveing
- Message’s Name Sending Obj. Obi. Initial Data Condition Test Data Expected Result
4 println (“Invalid :MSController out:PrintStrea ® result="Invalid
Password”) m Password”
validPassword=checkP | :MSController manager:User | e MSController - ® result=validPassword
ermission(password), >includes(mana
ger)
enterApprove(listinvoic | Manager :MSController ® manager.userGr ® |istinvoiceld.length>0 e {listinvoiceld.length=1}
eld,password) oup="manager” ® validPassword e {validPassword = false}
® manager.isDefin
ed()
5 printin(“PleaseChoose :MSController out:PrintStrea ® result="Please

Invoice”)

m

Choose Invoice”

enterApprove(listinvoic

eld,password)

Manager

:MSController

® manager.userGr
oup="manager”
® manager.isDefin

ed()

e |istinvoiceld.length>0

e {listinvoiceld.length=0}
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Path No. Initial Data Test Data Expected Result
1 e inv.Status = “draft” {listInvoiceld.length=1} inv.Status = “approved”
e inv.isDefined() {validPassword = true} inv.code = inv.id+"/"+DateTime.Year
e inv.ld =id {string id: listinvoiceld = true} result= inv.Status
e MSController->includes(inv) {invoiceStatus = draft} result=inv
e MSController ->includes(manager) result=validPassword
e manager.userGroup="manager”
e manager.isDefined()
2 e inv.isDefined() {listInvoiceld. length =1} result= inv.Status
e inv.ld =id {validPassword = true} result=inv
e MSController ->includes(inv) {string id: listinvoiceld = true} result=validPassword
e MSController ->includes(manager) {invoiceStatus =! draft}
e manager.userGroup="manager”
e manager.isDefined()
3 e MSController ->includes(manager) {listinvoiceld. length =1} result=validPassword
e manager.userGroup="manager” {validPassword = true}
e manager.isDefined() {string id: listinvoiceld = false}
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Path No. Initial Data Test Data Expected Result
4 e MSController ->includes(manager) o {listinvoiceld. length =1} e result="Invalid Password”
e manager.userGroup="manager” o {validPassword = false} e result=validPassword
e manager.isDefined()
5 e manager.userGroup="manager” o {listinvoiceld. length =0} e result="Please Choose Invoice”

e manager.isDefined()
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4. n19ldsiugusannuniganse (Sale Promotion)

A15197 2-16 Peazidangananistlsiududaniunisae

4. Use Case : Sale Promotion

Goal

AUaudIUanviTaRuWiATnaadty

Actor

WMWY

Precondition

Postcondition

o
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Main Success Scenario
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sd Sale Promotion I

Cashier

: SaleSystem prm P ramation A ourtCaleulator

|
: enterP rom otion (buyTotalP rice, pmld)l l
|
|

out:P rintStream

[att) i

1
[tatdPrice == 20000]

DN

[tg;pe =="discount"]
\

4: totalPay = calculateDiscount (buyT otalPrice)

WS

I CU——— # ] & T T
'
[type =="qiftvVoucher"] I
| 5: Date() | expireDate : Date
| T
|
G: Git'VouchenexpireDate, buyT otalP rice ) | I ge:Giftvoucher
__________________________ R o L
|

I
I 7: setDate() |

hﬂi 8 calculateGit\VoucherValue(buyT atal Price)

9 printGiftVoucher'alue()

10: printin{value)

I -_— — -_— _— — <~ S—

| | | |
[ele=] 11: printin("Can‘t get pramotion")
h

T
U N

! , |

2al)
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No. Initial Data Test Data Expected Result
1 Create object Promotion: buyTotalPrice = 30,000 e TotalPay= 28,500
Promotion pm = new Promotion(“01”,"discount", prold = “01”
0.05)
2 | Create object Promotion: buyTotalPrice = 30,000 e object GiftVoucher is created
Promotion pm = new Promotion(“02”,"giftvoucher”, prold = “02” e gc.Expire = Today()+30
0.05) e gc.Value = 1,500
// value = (.05*buyTotalPrice)
3 | Create object Promotion: buyTotalPrice= 10,000 Show Message “Can’t get any Promotion”
Promotion pm = new Promotion(“02","giftvoucher", prold = “02”
0.05)
4 | Create object Promotion: buyTotalPrice= 10,000 Show Message “Can’t get any Promotion”
Promotion pm = new Promotion(“01”,"discount", prold = “01”
0.05)
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Path
No. IRCFG Complete Path
1 start, pm=getPromotion(prold), start, end, type=getType(), start, end, buyTotalPrice>=20000<F>, printin(Can’t get Promotion), start, end, end
2 start, pm=getPromotion(prold), start, end, type=getType(), start, end, buyTotalPrice>=20000<T>, type=="discount’<F>, type=="giftVoucher’<F>,
end
3 start, pm=getPromotion(prold), start, end, type=getType(), start, end, buyTotalPrice>=20000<T>, type=="discount’<F>, type=="giftVoucher’<T>,
Date(), start, end, GiftVoucher(expireDate, buyTotalPrice), start, setDate(), start, end, calculateGiftVoucherValue(buyTotalPrice), start, end,
printGiftVoucherValue(), start, printin(value), start, end, end, end, end
4 start, pm=getPromotion(prold), start, end, type=getType(), start, end, buyTotalPrice>=20000<T>, type=="discount”<T>,

totalPay=calculateDiscount(buyTotalPrice), start, end, end
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Path

N Message’s Name Sending Obj. Receiveing Obj. Initial Data Condition Test Data Expected Result
0.

1 printin("Can’t get :SaleSystem out:PrintStream result="Can’t get
Promotion") Promotion"
type=getType() :SaleSystem pm:Promotion ® pm.isDefined() result=type
pm=getPromotion(pro | :SaleSystem :SaleSystem ® SaleSystem- result=pm
Id >include(pm)
enterPromotion(buyTo | Cashier :SaleSystem ® puyTotalPrice=>20000 | e {buyTotalPrice=19999}
talPrice,prold)

2 type=getType() :SaleSystem pm:Promotion e pm.isDefined() result=type
pm=getPromotion(pro | :SaleSystem :SaleSystem ® SaleSystem- result=pm
Id >include(pm)
enterPromotion(buyTo | Cashier :SaleSystem ® buyTotalPrice>=2000 e {buyTotalPrice=20000}
talPrice,prold) e type=="discount” o {type=Idiscount,!giftV

e type=="giftVoucher” oucher}

3 printin(value) gc:GiftVoucher out:PrintStream

printGiftVoucherValue
0

gc:GiftVoucher

gc:GiftVoucher
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F::.h Message’s Name Sending Ob;j. Receiveing Obj. Initial Data Condition Test Data Expected Result
calculateGiftVoucherV | gc:GiftVoucher gc:GiftVoucher e gc.isDefined() ® gc.Value =
alue(buyTotalPrice) buyTotalPrice*0.05
setDate() gc:GiftVoucher expireDate:Date e gc.Expire =

dateToday+30
GiftVoucher(expireDat | :SaleSystem gc:GiftVoucher e gc.isDefined()
e, buyTotalPrice)
Date() :SaleSystem expireDate:Date e expireDate.isDefined

0
type=getType() :SaleSystem pm:Promotion e pm.isDefined() ® result=type
pm=getPromotion(pro | :SaleSystem :SaleSystem ® SaleSystem- ® result=pm
Id >include(pm)
enterPromotion(buyTo | Cashier :SaleSystem ® puyTotalPrice=>2000 e  {buyTotalPrice=200
talPrice,prold) e type=="discount” 00}

e type=="giftVoucher” e {type=giftVoucher}

4 totalPay = e totalPay =
calculateDiscount(buy buyTotalPrice-
TotalPrice) (buyTotalPrice*.05)

® result = totalPay
type=getType() :SaleSystem pm:Promotion e pm.isDefined() ® result=type
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Path
N Message’s Name Sending Ob;j. Receiveing Obj. Initial Data Condition Test Data Expected Result
o.
pm=getPromotion(pro | :SaleSystem :SaleSystem ® SaleSystem- ® result=pm
Id ® >include(pm)
enterPromotion(buyTo | Cashier :SaleSystem ® buyTotalPrice=>2000 e {buyTotalPrice=200

talPrice,prold)

e type=="discount”

00}

{type=discount}
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SaleSystem->include(pm)

{type="discount”}

Path No. Initial Data Test Data Expected Result
1 pm.isDefined() e {buyTotalPrice=19999} result="Can’t get Promotion”
SaleSystem->include(pm) result = type
result = pm
2 pm.isDefined() o {buyTotalPrice=2000} result = type
SaleSystem->include(pm) e {type=!discount,!giftVoucher” result = pm
3 pm.isDefined() e {buyTotalPrice=2000} gc.isDefined()
SaleSystem->include(pm) o {type="giftVoucher”} gc.Value = buyTotalPrice*0.05
expireDate.isDefined ()
gc.Expire = dateToday+30;
result = type
result = pm
4 pm.isDefined() o {buyTotalPrice=2000} totalPay = buyTotalPrice-

(buyTotalPrice*.05)
result = totalPay
result =type

result = pm
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5. n19am31A1 (Calculate Discount)
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5. Use Case : Calculate Discount

Goal

WaA T ndIuana Nl sz INIBIgNAN

Actor

WHNIULE

Precondition

T
o

= v KX v d’/ o = ¥ v
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Postcondition

TTUUATUIUAIUAALAZDATIN

Main Success Scenario
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3. ITULLAANIDARUNGNANGENTNTY
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sd Calculate Discount J

‘SystemOrder cus: Customer s Payment out : PrirtStream

Cashier f
1: calculateDiscount{custom erd , totalQty, totalP rice) |

T I
| |
| |
| |
| |

2 cuss= ﬁndCusto%n erfcustomerd) I
| |
|

3 cusType = getTypel)

[att)

T
|
[cusT ype=="A"] I
T
|

[alt]

[totthy'::lUU] 4. netPrice = calDiscount(totalP rice,10)

I o1 |

[tokd Gty =10]
|

5: netPrice = calDiscount(totalP ice, 5)

= —
|
|
|

|
[totd Qby=100] E: netPrice = calDiscount(totalP rice,20) Dd]

[totthy'>10] 7: netPrics = calliscount(totalP rics,15)

—

[totd Qhy=100] 8 netPrice = calDiscount(totalP rice, 25)

u
tota Qty=10 | I
WRAQNE10]. 5 T RPES ™ cain scount(totalP rice, 20)

10: printin{netP rice)

)
!
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No. Initial Data Test Data Expected Result

1 Create object Customer customerld = 011 netPrice = 3,800(aA 5%)
Customer cus1 = new Customer("011", "Anukul", "Prechachan","- totalQty = 11
""02-111-1111""A") totalPrice = 4,000

2 Create object Customer customerld = 011 netPrice = 72,000 (am 10%)
Customer cus1 = new Customer("011", "Anukul", "Prechachan","- totalQty= 200
""02-111-1111""A") totalPrice = 80,000

3 Create object Customer customerld = 011 netPrice = 3,000
Customer cus1 = new Customer("011", "Anukul", "Prechachan","- totalQty = 9
""02-111-1111""A") totalPrice = 3,000

4 Create object Customer customerld = 011 netPrice = 3,000
Customer cus1 = new Customer("011", "Anukul", "Prechachan","- totalQty = 10
""02-111-1111""A") totalPrice = 3,000

5 Create object Customer customerld = 012 netPrice = 3,600 (am 10%)
Customer cus1 = new Customer("012", "Wipasree", totalQty = 11
"Panakitpanit","-","02-111-1111","B") totalPrice = 4,000

6 Create object Customer customerld = 012 netPrice = 68,000 (am 15%)
Customer cus1 = new Customer("012", "Wipasree", totalQty = 200

"Panakitpanit","-","02-111-1111","B")

totalPrice = 80,000
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No. Initial Data Test Data Expected Result
7 Create object Customer customerld = 012 netPrice = 3,000
Customer cus1 = new Customer("012", "Wipasree", qty =9
"Panakitpanit","-","02-111-1111","B") totalPrice = 3,000
8 Create object Customer customerld = 012 netPrice = 3,000
Customer cus1 = new Customer("012", "Wipasree", gty =10
"Panakitpanit","-","02-111-1111","B") totalPrice = 3,000
9 Create object Customer customerld = 013 netPrice = 3,200 (aA 20%)
Customer cus1 = new Customer("013", "Wararid", "Tanusin","-","02- | totalQty = 11
111-1111","C") totalPrice = 4,000
10 | Create object Customer customerld =013 netPrice = 60,000 (an 25%)
Customer cus1 = new Customer("013", "Wararid", "Tanusin","-","02- | totalQty = 200
111-1111""C") totalPrice = 80,000
11 Create object Customer customerld = 013 netPrice = 3,000
Customer cus1 = new Customer("013", "Wararid", "Tanusin","-","02- | totalQty = 9
111-1111""C") totalPrice = 3,000
12 | Create object Customer customerld = 013 netPrice = 3,000

Customer cus1 = new Customer("013", "Wararid", "Tanusin","-","02-

111-1111""C")

totalQty = 10
totalPrice = 3,000
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Path
No.

IRCFG Complete Path

1

start, cus = findCustomer(), start, end, cusType=getType() ,start, end, cusType=="A"<T>, totalQty>100<T>, netPrice=calDiscount(totalPrice,10),start, end, printin(netPrice),

start, end, end

2 start, cus = findCustomer(), start, end, cusType=getType() ,start, end, cusType=="A"<T>, totalQty >100<F>, totalQty >10<T>, netPrice=calDiscount(totalPrice,5),start, end,
printin(netPrice), start, end, end

3 start, cus = findCustomer(), start, end, cusType=getType() ,start, end, cusType=="A"<T>, totalQty >100<F>, totalQty >10<F>, printin(netPrice), start, end, end

4 start, cus = findCustomer(), start, end, cusType=getType() ,start, end, cusType=="A"<F>, cusType=="B"<T>, totalQty >100<T>, netPrice=calDiscount(totalPrice,20),start,
end, printin(netPrice), start, end, end

5 start, cus = findCustomer(), start, end, cusType=getType() ,start, end, cusType=="A"<F>, cusType=="B"<T>, totalQty >100<F>, totalQty >10<T>,
netPrice=calDiscount(totalPrice,15),start, end, printin(netPrice), start, end, end

6 start, cus = findCustomer(), start, end, cusType=getType() ,start, end, cusType=="A"<F>, cusType=="B"<T>, totalQty >100<F>, totalQty >10<F>, printin(netPrice), start, end,
end

7 start, cus = findCustomer(), start, end, cusType=getType() ,start, end, cusType=="A"<F>, cusType=="B"<F>, cusType=="C"<T>, totalQty >100<T>,
netPrice=calDiscount(totalPrice,25),start, end, printin(netPrice), start, end, end

8 start, cus = findCustomer(), start, end, cusType=getType() ,start, end, cusType=="A"<F>, cusType=="B"<F>, cusType=="C"<T>, totalQty >100<F>, totalQty >10<T>,
netPrice=calDiscount(totalPrice,20),start, end, printin(netPrice), start, end, end

9 start, cus = findCustomer(), start, end, cusType=getType() ,start, end, cusType=="A"<F>, cusType=="B"<F>, cusType=="C"<T>, totalQty >100<F>, totalQty >10<F>,
printin(netPrice), start, end, end

10 start, cus = findCustomer(), start, end, cusType=getType() ,start, end, cusType=="A"<F>, cusType=="B"<F>, cusType=="C"<F>, printin(netPrice), start, end, end
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:a:h Message’s Name Sending Obj. Receiveing Obj. Initial Data Condition Test Data Expected Result
1 printin(netPrice) :SaleSystem out:PrintStream
netPrice=calDiscount(totalPr | :SaleSystem :Payment netPrice = totalPrice-
ice,10) (totalPrice*(discountPer
cent/100))
result = netPrice
cusType=getType() :SaleSystem cus:Customer result= cusType
cus = :SaleSystem :SaleSystem ® cus.isDefined() result=cus
findCustomer(customerld) ® SaleSystem-
>includes(cus)
calcuateDiscount(customerl | Cashier :SaleSystem ® cusType=="A" o {cusType="A"}
d,totalQty,totalPrice) e totalQty>100 o {totalQty=101}
2 printin(netPrice) :SaleSystem out:PrintStream
netPrice=calDiscount(totalPr | :SaleSystem :Payment netPrice = totalPrice-
ice,5) (totalPrice*(discountPer
cent/100))
result = netPrice
cusType=getType() :SaleSystem cus:Customer result= cusType
cus = findCustomer() :SaleSystem :SaleSystem e cus.isDefined() result=cus

® SaleSystem-

>includes(cus)
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Za: Message’s Name Sending Ob;. Receiveing Obj. Initial Data Condition Test Data Expected Result
calcuateDiscount(customerl | Cashier :SaleSystem e cusType=="A" e {cusType="A"}
d,totalQty,totalPrice) e totalQty>100 o {totalQty=11}
e totalQty>10
3 printin(netPrice) :SaleSystem out:PrintStream
cusType=getType() :SaleSystem cus:Customer ® result= cusType
cus = findCustomer() :SaleSystem :SaleSystem e cus.isDefined() ® result=cus
® SaleSystem-
>includes(cus)
calcuateDiscount(customerl | Cashier :SaleSystem ® cusType=="A" e {cusType="A"}
d,totalQty,totalPrice) e totalQty>100 e {totalQty=10}
e fotalQty>10
4 printin(netPrice) :SaleSystem out:PrintStream
netPrice=calDiscount(totalPr | :SaleSystem :Payment ® netPrice = totalPrice-
ice,20) (totalPrice*(discountPer
cent/100))
® result = netPrice
cusType=getType() :SaleSystem cus:Customer, ® result= cusType
cus = :SaleSystem :SaleSystem o cus.isDefined() ® result=cus

findCustomer(customerld)

® SaleSystem-

>includes(cus)
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T: Message’s Name Sending Ob;. Receiveing Obj. Initial Data Condition Test Data Expected Result
calcuateDiscount(customerl | :SaleSystem Cashier e cusType=="A" e {cusType="B"}
d,totalQty,totalPrice) ® cusType=="B" e {totalQty=101}
® totalQty>100
5 printin(netPrice) :SaleSystem out:PrintStream
netPrice=calDiscount(totalPr | :SaleSystem :Payment ® netPrice = totalPrice-
ice,15) (totalPrice*(discountPer
cent/100))
® result= netPrice
cusType=getType() :SaleSystem cus:Customer ® result= cusType
cus = :SaleSystem :SaleSystem e cus.isDefined() ® result=cus
findCustomer(customerld) ® SaleSystem-
>includes(cus)
calcuateDiscount(customerl | Cashier :SaleSystem ® cusType=="A" e {cusType="B"}
d,totalQty,totalPrice) e cusType=="B" e {totalQty=11}
e totalQty>100
e totalQty>10
6 printin(netPrice) :SaleSystem out:PrintStream
cusType=getType() :SaleSystem cus:Customer ® result= cusType
cus = :SaleSystem :SaleSystem e cus.isDefined() ® result=cus

findCustomer(customerld)

® SaleSystem-

>includes(cus)
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T: Message’s Name Sending Ob;. Receiveing Obj. Initial Data Condition Test Data Expected Result

calcuateDiscount(customerl | Cashier :SaleSystem cusType=="A" e {cusType="B"}
d,totalQty,totalPrice) cusType=="B" e {totalQty=10}

totalQty>100

totalQty>10

7 printin(netPrice) :SaleSystem out:PrintStream
netPrice=calDiscount(totalPr | :SaleSystem :Payment ® netPrice = totalPrice-
ice,25) (totalPrice*(discountPer
cent/100))
® result = netPrice
cusType=getType() :SaleSystem cus:Customer ® result= cusType
cus = :SaleSystem :SaleSystem ® cus.isDefined() ® result=cus
findCustomer(customerld) e SaleSystem-
>includes(cus)

calcuateDiscount(customerl | Cashier :SaleSystem cusType=="A" ® {cusType="C"}
d,totalQty,totalPrice) cusType=="B" o {totalQty=101}

cusType=="C"

totalQty>100

8 printin(netPrice) :SaleSystem out:PrintStream

netPrice=calDiscount(totalPr | :SaleSystem :Payment ® netPrice = totalPrice-

ice,20)

(totalPrice*(discountPer
cent/100))

result= netPrice
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T: Message’s Name Sending Ob;. Receiveing Obj. Initial Data Condition Test Data Expected Result
cusType=getType() :SaleSystem cus:Customer ® result= cusType
cus = :SaleSystem :SaleSystem ® cus.isDefined() ® result=cus
findCustomer(customerld) e SaleSystem-

>includes(cus)
calcuateDiscount(customerl | Cashier :SaleSystem cusType=="A" ® {cusType="C"}
d,totalQty,totalPrice) cusType=="B" e {totalQty=11}
cusType=="C"
totalQty>100
totalQty>10
9 printin(netPrice) :SaleSystem out:PrintStream
cusType=getType() :SaleSystem cus:Customer ® result= cusType
cus = :SaleSystem :SaleSystem e cus.isDefined() ® result=cus
findCustomer(customerld) ® SaleSystem-
>includes(cus)
calcuateDiscount(customerl | Cashier :SaleSystem cusType=="A" ® {cusType="C"}
d,totalQty,totalPrice) cusType=="B" o {totalQty=10}
cusType=="C"
totalQty>100
totalQty>10
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T: Message’s Name Sending Ob;. Receiveing Obj. Initial Data Condition Test Data Expected Result
10 printin(netPrice) :SaleSystem out:PrintStream
cusType=getType() :SaleSystem cus:Customer ® result=cusType
cus = :SaleSystem :SaleSystem ® cus.isDefined() ® result=cus
findCustomer(customerld) ® SaleSystem-
>includes(cus)
calcuateDiscount(customerl | Cashier :SaleSystem ® cusType=="A" e {cusType=!A,IB,!IC

d,totalQty,totalPrice)

® cusType=="B"

® cusType=="C"

}
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Path No. Initial Data Test Data Expected Result
1 cus.isDefined() o {cusType="A"} netPrice = totalPrice-
SaleSystem->includes(cus) o {totalQty=101} (totalPrice*(discountPercent/100))
result netPrice
result= cusType
result=cus
2 cus.isDefined() o {cusType="A"} netPrice = totalPrice-
SaleSystem->includes(cus) o {totalQty=11} (totalPrice*(discountPercent/100))
result netPrice
result= cusType
result=cus
3 cus.isDefined() o {cusType="A"} result= cusType
SaleSystem->includes(cus) o {totalQty=10} result=cus
4 cus.isDefined() o {cusType="B"} netPrice = totalPrice-

SaleSystem->includes(cus)

o {totalQty=101}

(totalPrice*(discountPercent/100))
result netPrice
result= cusType

result=cus
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Path No. Initial Data Test Data Expected Result
5 cus.isDefined() e {cusType="B"} netPrice = totalPrice-
SaleSystem->includes(cus) o {totalQty=11} (totalPrice*(discountPercent/100))
result netPrice
result= cusType
result=cus
6 cus.isDefined() o {cusType="B"} result= cusType
SaleSystem->includes(cus) o {totalQty=10} result=cus
7 cus.isDefined() o {cusType="C"} netPrice = totalPrice-
SaleSystem->includes(cus) o {totalQty=101} (totalPrice*(discountPercent/100))
result netPrice
result= cusType
result=cus
8 cus.isDefined() e {cusType="C"} netPrice = totalPrice-

SaleSystem->includes(cus)

o {totalQty=11}

(totalPrice*(discountPercent/100))
result netPrice
result= cusType

result=cus
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Path No. Initial Data Test Data Expected Result
9 e cus.isDefined() e {cusType="C"} result= cusType
e SaleSystem->includes(cus) o {totalQty=10} result=cus
10 e cus.isDefined() e {cusType=!A,!B,!C} result=cusType

SaleSystem->includes(cus)

result=cus
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6. Use Case : Shipping Order
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sd Shipping OrderJ

Customer

“OrderS3ystem

T
1: enterShippi ng(name,tel,address,itemld)b I

:DistanceCalculate

shippingltem:ltem

tr:Tracking

out:P intStream

2 digance = calDistanes(acddress)

o

3 shippingltem = getltem itemld)

S:weight = getitemWeight()

|
|
4. isP erishable = checkltem T ype()
t
|
|
I
|

[((isPerishabIe)and(distan-:e>ZDD))]

| B AirShipping(weight)

as Airshipping

8: shippingFee = getShippingFeel)

I
7:|calculat eShippingF ee()

11: shippingF ee = getShippingFea()

gs: GroundShipping

T
10: caleulgteShippingFee ()

-1

12: trackingMo = %generateT |‘ackingl\l ol

|
13: printin{shippingF ee)
i

14 prirﬁln(tradxinlgNoj

au

v

<b.

1

2al)
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Item shippingltem = new ltem("345",
"ProdB","nonperisable",240,3.5);

e tr.getTrackNo = 011

Tel = (123)000-0000
Address = MexicoCity,Mexico
itemld = 345

No. Initial Data Test Data Expected Result

1 e Create object Item Name = A e Object GroundShipping is created
Item shippingltem = new ltem("123", Tel = (123)000-000 e gs.getShippingFee = 3.5%1.5
"ProdA","perisable",240,3.5); Address =New York,USA //(gs.rate =1.5)
e {r.getTrackNo = 011 itemld = 123 e tr.getTrackNo = 012

2 e Create object Item Name = A e Object AirShipping is created
Item shippingltem = new ltem("123", Tel = (123)000-000 e as.getShippingFee = 3.5*20
"ProdA","perisable",240,3.5); Address = MexicoCity,Mexico //(as.rate = 20)
e tr.getTrackNo = 011 itemld =123 e tr.getTrackNo = 012

3 e Create object Item Name = A e Object GroundShipping is created
Item shippingltem = new ltem("345", Tel = (123)000-0000 e gs.getShippingFee = 3.5*1.5
"ProdB","nonperisable",240,3.5); Address =New York,USA /[(gs.rate =1.5)
e {r.getTrackNo = 011 itemld = 345 tr.getTrackNo = 012

4 e Create object ltem Name = A e Object GroundShipping is created

e gs.getShippingFee = 3.5*1.5
/l(gs.rate =1.5)
tr.getTrackNo = 012
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Path
No.

IRCFG Complete Path

1

start, distance=calDistance(address), start, end, shippingltem=getltem(itemld), start, end, isPerishable = checkltemType(), start, end, weight =
getltemWeigth(), start, end, ((isPerishable)and(distance>200))<T>, AirShipping(weight), start, calculateShippingFee(), start, end, end,
shippingFee = getShippingFee(), start, end, end, trackingNo = generateTrackingNo(), start, end, printin(shippingFee), start, end,

printin(trackingNo), start, end, end

start, distance=calDistance(address), start, end, shippingltem=getltem(iteml|d), start, end, isPerishable = checkltemType(), start, end, weight =
getltemWeigth(), start, end, ((isPerishable)and(distance>200))<F>, GroundShipping(weight), start, calculateShippingFee(), start, end, end,
shippingFee = getShippingFee(), start, end, end, trackingNo = generateTrackingNo(), start, end, printin(shippingFee), start, end,

printin(trackingNo), start, end, end
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I:\la:h Message’s Name Sending Obj. Receiveing Obj. Initial Data Condition Test Data Expected Result
1 printin(trackingNo) :OrderSystem out:PrintStream result = trackingNo
printin(shippingFee) :OrderSystem out:PrintStream result = shippingFee
trackingNo= :OrderSystem tr:-TrackingNo e tr.isDefined() tr.No =
generateTrackingNo( tr.No@pre+1
) result = trackingNo
shippingFee = :OrderSystem as:AirShipping result = shippingFee

getShippingFee()

calculateShippingFee

as:AirShipping

as:AirShipping

as.shippingFee=(weight*

() as.rate)
AirShipping(weight) :OrderSystem as:AirShipping as.isDefined()
weight = :OrderSystem as:AirShipping result = weight
getltemWeigth()
isPerishable = :OrderSystem shippingltem:ltem result= isPerishable
checkltemType()
shippingltem=getlte :OrderSystem :OrderSystem ® OrderSystem -> result = shippingltem
m(itemld) includes(shippinglte

m)
distance=calDistance | :OrderSystem :DistanceCalculate result = distance
(address)
enterShipping(name,t | Customer :OrderSystem ® ((isPerishable)and e {isPerishable = true,

el,address)

(distance>200))

distance=201}
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F::.h Message’s Name Sending Ob;j. Receiveing Obj. Initial Data Condition Test Data Expected Result
2 printin(trackingNo) :OrderSystem out:PrintStream result = trackingNo
printin(shippingFee) :OrderSystem out:PrintStream result = shippingFee
trackingNo= :OrderSystem tr:TrackingNo o tr.isDefined() tr.No = tr.No@pre+1
generateTrackingNo( result = trackingNo
)
shippingFee = :OrderSystem as:AirShipping result = shippingFee

getShippingFee()

calculateShippingFee
0

as:AirShipping

as:AirShipping

gs.shippingFee

=(weight*gs.rate)

GroundShipping(wei :OrderSystem as:AirShipping gs.isDefined()
ght)
weight = :OrderSystem as:AirShipping result = weight
getltemWeigth()
isPerishable = :OrderSystem shippingltem:ltem result= isPerishable
checkltemType()
shippingltem=getlte :OrderSystem :OrderSystem ® OrderSystem -> result = shippingltem
m(itemld) includes(shippinglte

m)
distance=calDistance | :OrderSystem :DistanceCalculate result = distance
(address)
enterShipping(name,t | Customer :OrderSystem ® ((isPerishable)and o {isPerishable = false,

el,address)

(distance>200))

distance=200}

227

lcc



A15197 2A-30 AFNLAAINTTINAFBLANNLNUNINTLAIUTNIFIEIRUANTILATRINAAEY (N1E 3 ARANI])

PathNo.

Initial Data

Test Data

Expected Result

1

e tr.isDefined()

e OrderSystem->includes(shippingltem)

{isPerishable = true,

distance=201}

tr.No = tr.No@pre+1

result = trackingNo
as.shippingFee=(weight*as.rate)

result = shippingFee

as.isDefined()

result = shippingFee = calculateShippingFee()
result= isPerishable

result = shippingltem

result = distance

result = shippingFee

result = trakingNo
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PathNo.

Initial Data

Test Data

Expected Result

e tr.isDefined()

e OrderSystem->includes(shippingltem)

{isPerishable = false,

distance=200}

tr.No = tr.No@pre+1

result = trackingNo
gs.shippingFee=(weight*gs.rate)

result = shippingFee

gs.isDefined()

result = shippingFee = calculateShippingFee()
result= isPerishable

result = item

result = distance
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class Program {
static string choice;
static string chooseWay|d;
static string customerType;
static int gty;

static SaleTicketSystem st;

static void Main(string[] args) {
*Console.Write("Seat Balance :");
*int seatBalance = Convert.Tolnt32(Console.ReadLine());
*st = new SaleTicketSystem(seatBalance);

BuyTicket();

static void BuyTicket() {
try {
Console.Write("Enter Way ID: ");
chooseWayld = Console.ReadLine();
Console.Write("How many ticket you want to buy?;");

gty = Convert.Tolnt32(Console.ReadLine());

Console.Write("Are you student?(Y/N): ");
customerType = Console.ReadLine();
st.buyTicket(chooseWayld, gty, customerType);
}

catch (System.FormatException) {
Console.WriteLine("Format Exception");

}
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class SaleTicketSystem {
static Bus[] myBus = new Bus[8];
static Driver[] myDriver = new Driver[8];
static Way[] myWayArray = new Way[8];
static BusManagement[] myBusManage = new BusManagement[8];
static int ticketld,;

Ticket myTicket;

public SaleTicketSystem(int seatBalance) {
*myBus[0] = new Bus("111", 3);
*myDriver[0] = new Driver("1001", "Chaisit", "111");
*myWayArray[0] = new Way("011", "Bangkok - Phitsanulok", 200);
*myBusManage[0] = new BusManagement("8.00 a.m.", myWayArray[0], myBus[0]);
*myBusManage[0].setSeatBalance(seatBalance);
}
public BusManagement[] MyBusManage {
get { return myBusManage; }
}
public Bus[] MyBus {
get { return myBus; }
}
public Driver[] MyDriver {
get { return myDriver; }
}
public Way[] MyWay {
get { return myWayArray; }
}
public void buyTicket(string chooseWay!d;int gty;string customerType){
Way way = this.findWay(chooseWay!d);
BusManagement bm = this.findBusManagement(way);
int seatBalance = bm.getSeatBalance;
if (seatBalance >= qty) {
if (customerType =="Y") {
myTicket = new DiscountTicket(ticketld, qty, bm);
bm.seatManagement(qty);
myTicket.calcPriceTicket();
myTicket.printTicket();
}
else if (customerType =="N") {

myTicket = new Ticket(ticketld, gty, bm);



myTicket.calcPriceTicket();
bm.seatManagement(qty);
myTicket.printTicket();
}
ticketld += qty;
}

else {

Console.WriteLine("There is not enough seat for your request or maybe the seat is full");

}
public Way findWay(string wayld) {
Way thisWay=null;
foreach (Way w in myWayArray)
if (wayld == w.getWayld) {
thisWay = w;
break;
}
return thisWay;

public BusManagement findBusManagement(Way w) {
BusManagement thisBusManagement = null;
foreach (BusManagement bm in myBusManage)
if (w.getWayld == bm.getWayID) {
thisBusManagement = bm;
break;
}

return thisBusManagement;

class BusManagement

{
private string date;
private string time;
private int seatBalance;
private int soldTicket;
private Bus bus;

private Way way;
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public BusManagement(string t, Way thisWay, Bus thisBus) {
date = DateTime.Today.ToShortDateString();

time = t;
way = thisWay;
bus = thisBus;

seatBalance = bus.getNumSeat;
}
public void seatManagement(int gtyBuy) {
seatBalance -= gtyBuy;
soldTicket += qtyBuy;
}
public string getDate {
get { return date; }
}
public string getTime {
get { return time; }
}
public void setSeatBalance(int sb) {
this.seatBalance = sb;
}
public int getSeatBalance {
get {return seatBalance;}
}
public int getSoldTicket {
get { return soldTicket; }
}
public double getPrice{
get { return way.getPrice; }
}
public string getBusID {
get { return bus.getBusld; }
}
public string getWay {
get { return way.getDescription; }
}
public string getWayID {

get { return way.getWayld; }
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public int getNumSeat {

get { return bus.getNumSeat; }

class Driver {
private string driverld;
private string driverName;

private string busDriver;

public Driver(string id, string name, string bus) {
driverld = id; driverName = name; busDriver = bus;
}
public string getDriverld {
get { return driverld; }
}
public string getDriverName {
get { return driverName; }
}
public string getDriverBus {

get { return busDriver; }

class Ticket {

protected int ticketID;

protected string dateTravel;

protected double totalPrice;

protected BusManagement busmanage;

protected int.gty;

public Ticket(int id,int gtyBuy, BusManagement busM) {
ticketID = id+qtyBuy;
busmanage = busM;

dateTravel = busmanage.getDate;

qty = qtyBuy;
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virtual public void printTicket() {
while (gty > 0) {
Console.WriteLine("Ticket ID : " + ticketID--);
Console.WriteLine("'Date: " + busmanage.getDate + " " + "Time: " + busmanage.getTime);
Console.WriteLine("From - To: " + busmanage.getWay);
Console.WriteLine("Bus No.: " + busmanage.getBusID + " Seat No." +
Convert. ToString(((busmanage.getSeatBalance)-(qty+1))));
Console.WriteLine("Price: " + busmanage.getPrice);
aty--;
}
Console.WriteLine(" TotalPrice is " + totalPrice+" Bath");
}
virtual public void calcPriceTicket() {
totalPrice = (busmanage.getPrice)*(double)qty;
}
public double TotalPrice {

get { return totalPrice; }

class Way {

private string wayld;

private string description;

private double price;

public Way(string Id, string des, double p) {
wayld = Id; description = des; price = p;

}

public string getWayld {
get { return wayld; }

}

public string getDescription {
get { return description; }

}

public double getPrice {

get { return price; }
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