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ABSTRACT

Nowadays, object-oriented software engineering has gained popularity
from many software developers especially object-oriented software engineering with
UML. The validation of use case models generated during an analysis phase is very
important since information from the analysis phase will pass to later analysis and
design in the UML process. Therefore, this research proposes the technique for
detecting defects in use case models during an analysis phase. The proposed
technique is generating test cases from requirements specifications and test cases
from use cases descriptions, and then comparing these two sets of test cases. The
validity of use cases is based on the conformity of these test cases. The simple tools
were created for demonstrating and evaluating the proposed technique. The library
circulation system was selected as a case study for benchmarking. The four graduate
students and four analysis specialists were selected as the subjects for the
evaluation. The results show that the effectiveness in term of completeness of
manually decision table generation is less than the proposed technique at 20.35%
for graduate students and 5.23% for specialists respectively. The effectiveness in
term of correctness of manually fault detection is less than the proposed technique

at 66.67% for graduate students and 62.50% for specialists respectively.
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2) Defects in Automotive Use Cases (Térner, 2006)

a o dd

nuifsiilyalszasdfiomsdiuundssian dandu uazsvynauTuLIIves
%’aﬁmwamimwuaﬁ’wamgama Tngldszuvgnaimnssusnsudmdunsdlfnwiuasiiionns
Usgiduuundn Wenddediduiuimunisiinnsandefinnaialuganaiinsazdosgn
A3IADU LALLINUSELAUTIAISHBINTITEDY wﬂﬁlmaaqﬂaﬂumm%u ngal,uu"l,ﬂmmi
asavdeuteRanaintugamaluyszifiuaugndes wavANLATUGILTEILEA

3) Using acceptance tests as a support for clarifying requirements: A
series of experiments (Ricca, 2007)

muiedingusrasdfonisnsandeuanugndesvesninudesnisitlds
wngdldlagnisdiaiudiesns funsdinaaeu Acceptance Test wldiedesfiods fe
FIT Table (Framework for Integration Test) duduia3esiiefianuisasiassnisviieu
vosrendwIsnieldiioulavesnnudenisld wazyinanisvicuunussuiisuiu
ns@naasuiiienideianainvesadtudeinis Mlidnimuiszvuainisaiinis
Acceptance Testing tUosuldudwonduifasdlalafumsimuntua warlumiddeilils
Fnsneaediie sy anEamnTineuwes FIT Table warwuianunsafiuainudila
ftinimusyuuiiveninudesnis LLasLﬁmmmgﬂé’awaamméfmmﬂé’ﬁﬂ UIUIAATDY
Fnstuszgndldld Ao aanmsthnsdinaasy Acceptance Test nduNMARBUAI
9NAeIUeIANFBINTs ausulndu nisuinsdivedey Acceptance  undudmaaeu
ANNYNADIVBILALAA
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4) Generation of Test Requirements from Aspectual Use Cases (Xu,
2007)

nuifeiifigausvasdfeatianudoinisdmiuniamageussuuain
galnaLeanuae (Aspect-Oriented Use Case) lngldi5n133Utle (Formal Methods) wuas
yawnaledlusumyEiun (Petri Net) 91ntu a¥uemudesnisdmiunsnedeussuuain
wuvasswiiun WeAdeduszneunisimsanuuamdunsaisnsdvageuainyaiea
TneuumnsillfiedosflotiefeTinismeguts wavadnsdvaaouifienaaeuszuy

5) An Approach to Generate Test Goals from Use Case Scenarios

(Mahmood, 2013)

(%

nuidelfigaUssasadenanasussuulneldingnisalyaina
(Use Case Scenario) fhsmsuusgainavesszuuliosnnidumgnisaides anifuaia
nsd@in1sdnuiunis (Execution  Contract)  anmanisaigeslagldununimadudy
(Sequence  Diagram)  duipdesiiedie wavadradmunevesnisuadeuainnsd
msdudumsiiu eddsivsznoumsfinsuuuamdunmsaiinsdvageuangana
TneuumaillfiaTesdierasfeununmddiutiu waradunsdnaaouifionismeaaeussuy

6) Automatic Early Defects Detection in Use Case Documents (Liu,
2014)

nuiteilfigauszasddoniaufianaialulenarsyanauuusnluia
audunslaenisldnisuseananwisssue® (NLP : Natural Language Processing) didu
w3nsilolunsuendmiuasmennuianann Woudseiifeusznounisiiansauuamsly
NIATIVAOUAIINYNADIVBILALAA Tnsuwameiildnsussanananwisssuridundesilo
Hrglunsmdeiananluganauusnlugdi

1.3 IngUszaeAva991uIY

1) iilofmuiuuIAndimiunisnsiaasunlItugniesuesgalaa
(Use Case Validation) vuilugiuvesteimunaudnuuzainudesnisveseendudsd
(Requirements Specification) warnsdinnaeuiian1ssensutendnag (Acceptance Test
Case)

2) WeRmuILATRHBd M UNTINABUAIIUYNADIVDIYALAAIINTTNT

=b
ﬁo

WAUD
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1.4 YaULlUAN1IANTUUYENIUIY
1) AMurualvderimuanudnyazaufsInsrerlawslusUnuuiiuguags
gnszylaeflduazgnndunseddasindasiziuad udedinuaiignses 1y dofnun

[

AasnwalugUukuunesy (Form-Based Requirements Specification) Mlglusuideil

q

2) fmuiuIAndmiun1InTIEeUAINYNABITRILALAd LagUsEnauniy

2.1) N159BNKUUNTOULUIAAIUNITATIVABUAIINYNABIVDY
LLUUﬁWaadgaLﬂﬁ (Use Case Validation Framework)
22) mseenuuulasiadramsriiauartunouizlunisnsivdey
ANNNABIVDILUUTIABILAAE (Procedure and Algorithm
Design for Use Case Validation)
3) ﬂ’mmLﬂ‘%'adﬁaﬁm%’umaﬂaaummgﬂé’faﬂmmﬁiﬁaaﬂLL‘U‘UL@’ﬂfi

MM EnsaunAnRanaIndgniudulaegldviodenisveniuisuazindnsevlugis
Y Y Y o
nMlasgaudeInskakasiniudnisuilulunendslisegluveulnanided

1.5 %y'umaul,l,azixammmiﬁﬂLﬁuam
1.5.1  Yumaunsafiueu
1) AnwauiTeuasionasiieides
2) AATEVUALLEUDNTOULULIAR
3) Fnvvedawaziadesdiofldlunswaunszuy
4) PBNKUUTLUUATUAYUNTBULUIAR
5) NAUALNAFDUTLUY
6) asUna dmihssamAde uasdouunaniidoiiewmeuns
152 szuzadildlunudse

WEAINIYU 2559 — LUwgU 2562

1.5.3  LHUNITANLEUIUIRY

S2ELLIANNNTANTUIILINY LEAAIRIA1TIN 1.1



A15197 1.1 528£a1N15AMIUINUIFY

fanssu 2559 2560 2561 2562
AMUUNIT | 11-12 1-6 7-12 1-6 7-12 1-4
1
2
3
4 S
5
6

1.6 @a1uNazAsaian iy

1.6.1

AARIN]
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WOrIUNGUIAINTTULONAWIT NIATVIINGINTABUNUADT ARNEINEIAIANT

UNMINGIPYEVAIUATUNS INYUVRNIA ALY

1.6.2

o‘dl 1 Yo
1.7 ‘Uiﬂ:ﬁ]‘lﬁu‘ﬂﬂqﬂqqﬁlg‘lﬂiU
1) WNUTLANTANLALAN UL B UNNTIHATITATEUUVDIUNILATIENTEUY
2) WINANNYNABIVDIUUIADIY LA

3) ansuyulunsuangenAuIs

WASa9ila by
1) AUDNAWIS

FNALISTTUUWALaNAISUSZ YN

2) UITAUIS

4' a 5 1 Aa
Lﬂi@\iﬂ@ll‘v\nLmaiﬂjuuﬂﬂamuﬂm

2. MUI8AIUAN - 3.00 GB

&

LRI

U ‘QJ
YEUSMIU

1. Microsoft Windows 7 Professional 32 bits
2. Microsoft Visual Studio 2013
3. Microsoft SQL Server Management Studio 2012

1. MuUI8UsENIana - Intel Core 2 Quad Q6600 2.40Ghz

4) @U150UNNTENedaULNaNISEaNSULTaNALITALA AN A TUY9NNTIATIEATEUU

wildusglevilunisnmvaeududuaugniesuadgaiaa
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uni 2

ada a v
Vli]U{]VlLﬂfJ'??l'ﬂ\?

d’lj Q’lj 1 = =) U d‘ d' ;4 U a v 1

Wamluuninanfmguluasnann1sniierteeiuuide Tagdiunsn
ALNANIDINTEUIUNNTIAINTTULBNALIS AIUNEDILNANIDINITNAABULINAWLIS dIUNaNL
NENAINTNATILAUATEONUUUTIIRG WazdIuTIFIenaieeduuLea

2.1 ASTUIUNISIAINTSUYONALIS
211 AnsvInveslasen1svaniuas

193n3TInveelasan1seensiuis (SPLC : Software Project Life Cycle)
Husasiinansnsyurunsimugumsiagendnitazauaulasinisvenduaf IEEE Std
1074-2006 lafununu1nsgiudmiuianstinvedasinisgendwisusenaumengu fanssy
Tudumnge il (EEE Computer Society, 2006)

1 a

2.1.1.1 naunanssuludaunisuinislaseanig

9

I a

nauAanssuludIuN1TUINIIASINTS (Project Management Section of

L. & | a a a v a ¢ &
Activity Groups) {JUNEUAINTTUNTINNITENAU NMTAAAL UAZNISAIUANLATINTTONAWIS
PARANIININITINLATINTG ATEUAgUNGNAanTSusalULl

1) NENAINTIUNMSLTULIATING

nguAanssunsEalasans (Project Initiation Activity Group) Wunsadn
wazUFuUgelassadisfiugruvedlasanisiauindesulsgenduas Ysenauludae
N19a519lATIN158aNALIS (SPLC  Development) nasantiiutssunanis (Estimation)
N39AEITNSNEINTVDILATINTS (Project Resources Allocation) miizq@f’J%’ﬁh (Metrics
Definition) kagn133eyingusvasAnuauUasnsie (Security Objectives Determination)

2) NFUAINTIUNTIUAULATING

ﬂ&juﬁﬁmiiumﬁwLLNuIﬁNmi (Project  Planning  Activity = Group)
Humsnaununisdanislasinisnee swﬁmmmaaﬂmqmaaﬂﬁmaLﬁmﬁuiﬁ Hunns
fudusuiiausoiisilduifidesnisnaentiaTgdnsdinvediasinis vsznaulude
N135196NUYUTELIU (Evaluation  Planning) AM1319UHLE NSNS AR (Configuration
Management Planning) MR LURBUE e TR U (System  Transition  Planning)
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AN59UHUNNTAARS (Installation Planning) N13219UKNUNTTYILONE1S (Documentation
Planning)  N19219UNUNTITRABUTY (Training  Planning)  AM19219UNUNITUIWITIATINNG
(Project Management Planning) N199M9LHUNITIINTEUU (Integration Planning) Wag
N19NUNUNNT8A1T91U (Release Management Planning)

3) NFUAANTTUNITAAAILLALAIUANLATINAG

ﬂﬁjmﬁﬁmisumsammmLLaSM‘UQMImQﬂﬁ (Project Monitoring and Control
Activity Group) Hun1sAnmuuazdnnIslasanTg Iuﬂdmﬁaﬂiiuﬁ NIANuaILYeLlATINg
WYNAAMIN T1891U warUssiunaisufuununssndunauingd waednnnsanuded
onaintululasinis Yszneuludne nsdanisaanudes (Risk Managing) n159anislasenis
(Project Managing) N135¢UAMNABINTITIUNSHAIN TN TNITINVRLlATINT (Identify SPLCP
Improvement Needs) n1siAiusnuduiin (Records Retaining) N1353UTINLAL AT
%aagaﬁa%ﬁm (Metric Data Collecting and Analyzing) Way n15UAlATINS (Project Closing)

2.1.1.2 ngunanssuludiunisanduanunaunsnmug

nquAanssulugumMsdiuauneunsiau (Pre-Development Section
of Activity Groups) HuNguANTIUNYIINITTIUTIN LaZINATIANABINITABUNITHRIUN
JEUUILLIUAY ATBUAUNENAINTSUsialull

1) NAURINTIUNTETIUWIAA

NauNINTIUNNTA19IUUIAR (Concept  Exploration  Activity — Group)
dunsBudunisfamundmenisszyiuianunvionufoinisvesweniuiinazaing
Usznaulume N1358YluiIAnIanufednNTs (Ideas or Needs Identification) finun
Barsidululy (Potential Approaches Formulating) #Anwianudululs (Feasibility
Studies Conducting) wazUFuUTIwUIAANTOAINABINTS (Idea or Need Refining)

2) NHUAINTIUNTINATTTLUY

Ia

NANAINTIUN1SINATITEUU (System Allocation Activity Group) tUun1s

9
2 v

Wwenlosilsidundesnsidilumaenduds arsawas wazgld  Usenouluime n1simsen
WeAduD958UU (System  Functions  Analyzing)  n1swWalua@atnenssuvesssuy
(System  Architecture Development) Hagn1TIAATIAIIUADINITUDITLZUU (System

Requirements Allocating)

3) nauAINTIUNTUNIITENAWS

nquAInssuNIsUNIwensius (Software Importation Activity Group) 1u
mMsthwendwasteguldsuivssuulmifiaziamn lesnaudesnisvesvenduag
Usdumngaensiwenausntegnduinldlva niearnniniwenduifainaieuen
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Tasamaanld Georaunanmeusnesdnsiiiaugensding sewdusiindunuszneuluse
AS9LlUSUNTY (Code Library) TWsunsudugunsal (Driver) dsgnngnuazmNiiNAY 3o
syuuiaszuufiagihunsmiulasinisiiagiam Aanssulunguilsznauluds nssey
AMUFBINITVDITONAWISTaL NN (Imported Software Requirements Identification)
M3UszIlluumasTiINveswomiLag (Software Import Sources Evaluating) 5zy3snnstinii
(Software Import Method Defining) Lagn1sundigenduisniouionalsidnglasenis

(Software Importing)

2.1.1.3 ngunanssuludiunisanduaulunsiau

naufanssuludunisaniiuaulunisiaul (Development Section  of
Activity Groups) Junquisnssuiintulugasnisimugendus Aseunaunquianssy
solull

1) ﬂfjuﬁﬁmiimmﬁmwﬁmmﬁmmi

NAUAINTIUAIUADINITVRITENAWIT (Software Requirements  Activity
Group) \JunguAanssuiimihiuuudinnudesnisveswenldniflasunisdnassanan
AUABIN1390358UULAE5IM Usznauluieg N15seylasimuInI1ufedan1s (Software
Requirements Defining and Development) ﬂﬁﬁzqmméjaﬂmidjuaﬂﬁa (Interface
Requirerents Defining) uazdndduaudfyuazidenysraunnudeansidilisheiy

(Software Requirements Prioritizing and Integrating)

2) NHUAINTIUNTOBNUUY

NaUAINTIUNITOBNLUU (Design Activity Group) LJunmsiauiiuusiaes
gosszuulinauiutuaudenis luniseenuuussivantaenssuazidulufigensus
Fhanuseneviuduszuu Tassadhe wazsnsideureveswenduafinariu lunsesnuuy
sefuTsazdonnduluiilassadedoys uagnszvrunisduneuisveswoniuas
Usznauluaig nseenuuuan1dnenssu (Architectural Designing)  o@nuuugIudaya
(Database Designing) aanluUaIUAAAD (Interfaces Designing) La¥ORNLUUIIHAZLDYA
(Detailed Designing)

3) ngufanssuMsALdunuiulUsLnsuRuatu

naufanssunsiRulUsLAsuAUaTY (Implementation  Activity Group)
Junsimungenduasiuunanseasdenildeanwuuienl’ Usznoulusie nsadng
lUsunsu@uadu (Source  Code  Creating) N13as1atanasn1sufjunis  (Operating
Documentation  Creating) s ienUszay (Integration) Wagn153ANISHLONFLITOON
19971u (Software Releases Managing)
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2.1.1.4 ngunanssuludiunisanduaundinisimun

nauAanssuludunsAdununanITiauT (Post-Development Section
of Activity Groups) tWuNguAINTINMARTUNIENSINITHRUITONAWIS ATBURANNAY
Aanssusielull

1) nauRaNIIUNTAAASTYUY

ﬂzjuﬁamﬁmmsaméi’jﬁzw (Installation Activity Group) \Uun1sdaeunay
Pasandnfusisenduiiananmuindoulunstauiluganmwandounisiauesgld
Usznaulushe nsnszanemensinag (Software Distribution) nsfnaawenduad (Software
Installation)  wazn1snadeuLiion1sueusundndusigensuisludandsuiilduass

(Software Accepting in Operational Environment)

2) nquAInssuMsldnuLasnsatuayuy

naufanssuNslduLagnsatiuayw (Operation and Support Activity
Group) Aonsldaruszuuvesdld uarmaatuayugld famsvismdelumanadie uaznis
TAUsnenlunsldeu Usenaunaeg n1sladaussuu (System  Operation) N151%AY
Prgwmdenunatauazn1siia1uTnwwagly (Technical  Assistance  Providing  and
Consulting) LLazﬁuﬁﬂﬁﬁaﬂﬁEﬁ%ﬂJammﬁﬁaEJL%?EJ (Support Request Log Maintaining)

3) NRUAANTIUNSUIFINHISTUY

U a o o . . . <
NANNINTTUAITUITIINYITEUY (Maintenance Activity Group) tun133ey

s 4
N
30U

Aaan1sUTuUIaEN1ISMINaaTUveIRURANaIninTuAUTEUY Usenaulusie 13
#91929n15USUUT (Software Improvement Needs Identification) n153189udaym
(Problem  Reporting)  wazn1311n33UIUN1TAINININITINVOILATINITE (SPLCP

Repetition)

4) ngufanssun1syAn1sldu

nauAnssuMseRnisldu (Retirement Activity Group) Wunisiissuud

a 1

flageanainnistdau lidnesdunisnganisinnu wie nsunuisieestulninimge

mesruudy Yseneulume msudusieudly (User Notification) n1sanfiunisuuueuiy
(Parallel Operations Conducting) wagn1stanlyauszuu (System Retiring)

2.1.1.5 ngunanssuludrunisaniunulunisaduayy

naufanssunsaniuaulunisatiuayu (Support Section of  Activity
Groups) uN155UUsEUAUATUAIUANYTAMAZANAINTBITZUY ASOUARUNGNADINTTY
Aol
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1) naunanTsUNITUsEIIU

nquAanssun1sUsLliu (Evaluation Activity Group) Jungufianssudivia
5¥NINNTEVIUNSTIUININTTINV0LATIN1STONALI SN AU TORANAIA LUNES ST
NITUIUNMINLY TIWINTNUNIULALATIVEOU NITNAHOU KALNITINEIUNA

2) NHUAINTTUNITIANITNTAIAGONAUIT

ngquAanssunIsianisnIsReAImenFu$ (Software Configuration
Management Activity Group) dunsszydinuingaia lulasenisgensuas wu 1An
Fuatiu Lonans wiuau mesuie Wudu ieliuimsnismunuarnsa¥enenuaniuy
vasfngumantu vildnisdanisliasenisiianudanu aunsasenduldainasuen
Uizﬂauiﬂﬁ’;&Jﬂ'ﬁﬁmummiizqmiéfﬂm (Configuration Identification Development)
ﬂ’JUﬂﬂJﬂ’]i(gI\‘iﬁﬂ (Configuration Control) LLasmi%uﬁjiy%amuz (Status Accounting)

3) ANSIAVBNENS

N139nYLeNa1s (Documentation Development Activity Group) fenis
FUHY 80NLUU ANTUIY WALy N8R wand1e wazUriefnuenaIsveslasenis
figaUszasdiiiodnniionarssenduisauudazdranaliunglifisosnts Ussneulusme
N159ANILENATT (Documentation  Implementation)  La¥N1SHAALAZLINANBLONEATT

(Documentation Producing and Distribution)

4) NIAMLUNISHNOUTY

nsanfiunisineusy (Training  Activity  Group)  Tunisasiandnsiou
2 saa & = aa A Y ) v & 9] v o
gonAwIsAunmuuTINluiinsliyaraniauiuasinue dedy glde1adenissunis
Hnovsunisdinng Tdeau wazirgessnwmeenduls Useneuluse nmswauidedanlunis
Hnousu (Training Materials Development) N1siauIs18n158nausy (Training Program
Development) tazn13attiun1sinousy (Training Program Implementation)

2.1.2  RANTIUNUFIUVDINTLUIUNTIANTIUTBNAULS

nquvesianssuilugnsninuindusivendul suulauvainvaly us
agalsianunuImedlngaziifanssuiiugiudsil (Sommerville, 2011)

2.1.2.1 NMIANUAANANBALAINADINTS

N1IMUARANANYULAIINABINITVBILENALIS (Software  Specification)
Jutumeumsianudlaasssymaianuuazuinmsfidesnisanssuueensinag niousts
Fosrtavidlunsvheusesszu uaglunsian
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2.1.2.2 N1509NLUULBNALITHATNITEZI 19N ALIS

N1T08NLUVLENALITUAYN1Ta5199aWALIS (Software  Design  and
Implementation) tJudunaunisimumsaasisszuulilansinuauanvuzALABINIS
e mual) Aanssulutussulisiuiensesnuuugenduls wazn1sasiloasegenmnuag

2.1.2.3 N1IATIRHIUANNYNADIVDIBBNUAWT

NIATIAABUAIUYNABIVDITBNALIF (Software Validation) Hutunounis
PIIADUATINGNFDY THN1TATITERUIINTFULNSHARTDIRILITgFDIITUnBuLAY BN
fnzauetnagndes (Verification) uarMInsIvaoUIHAnAusmeNdISgnfDsaonades
fumnudesnisvesld (Validation) Tnenisnsraaeumnugniondufanssudtanisasile
FEMINAINTIUNN NINTTU

2.1.2.4 ASIIAUINITVINALS

MIiauInssenduag (Software  Evolution) msiasunuauiuded
ansoinduldnaenaa sauslunssuiunsmandameiiuad Tuaudmdsanitléngn sost
gonduIsoanuudd Fsnsdsuniasiudululdfus nswdsunadnvasauieanis
Taenadosfuaudesnisiiasuluvesgldluauienisudladefianainveswenduag
fiinneeniuan

2.1.3  NSZUAUNITIAINTIUAUADINTG

AFINTTUAUFADINTT (Requirements Engineering) LﬁUﬂizU?UﬂﬂsLﬁaizq
T5TUULINALISRATHAUIRBILTUSN1ezlsUNe wazneldeulvazls Usenaumiedunau

v v A

1“anmIl (Sommerville, 2011)

2.1.3.1 msaneranudulUld

nsanwiadulule (Feasibility — Study) Lﬁumﬁamwamé’ﬂwmz
4 s v = &, P o vy P v
ya3ganAwIsaeIn1sufnwimianudululd aunsaviilaniemalulagslusiu
g1sawisuazganauisiudagiuuniely Anwidnaiuisadndunisauigenduas
aeliminensidndn Anwiauduainisamuluyuneswesgsia utuneufivsdnduin
gaAiulasInsdevalyl

2.1.3.2 A1557USIULALIATIZAAMUADING

N1ITIVTINUALILATILRAINABINTS (Requirements  Elicitation  and
Analysis)  LHutuneunisiuaudain1sressruUdIuNIInITd1TIsE UL T e Y
nsasuauynAeudld n1siiesieviay wagdsnisdug suluisnisaiawuudians
arudsnsifiets il fuasdnimundanudlassuuandeiu
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2.1.3.3 NIMNUAANANYULAIINABINTS

miﬁmum@mé’ﬂwmsmméfaami (Requirements  Specification)  1Uu
funsumsutasansaumeadildannsinngiarasunuanudioinislieglusuionansi
FEYWATRIAIUADING UazueNUIzIANTeInUABIN1seandy 2 Ussnn fe Anufeins
YalY (User Requirements) WagAINRBINITVBITEUY (System Requirements)

2.1.34 m‘m‘swaaummgnﬁawaammé’aami

NMINTIVABUAIINGNABIVBIAIINGBINTT (Requirements Validation) 1Tu
FunUN1IATITADUAINEINS LD BusunIuAsUEIY auysol ANALEUAIIN
warmsthluldlaase ludunsuiimninisasranudefinnainvesmudenis azdosldsu
nsudlvfeuiludngnssuunisaalulunisiamn

2.1.4  NISAUAANANEUZAINADINTS

luNTEUIUAITIAINTTUAIINABINT NIIAMUAANSNBULAIIUABINTT
(Requirements  Specification) L@u%uM’eJUﬂﬁL“QUEJUiﬂsJazLaSﬂﬂmﬁﬂwmzmméfmmi
VIRLY hATAIIUABINITVBITEUY IﬁagﬂugmaﬂmimmG’Taaﬂ’]iﬁﬁﬂmwf’j’ml,ﬁ]ul,t,azamwaa
U lUimu1genduIsle uenaIsesuIeAMENBUEAIINABINITVBITBNAIT (Software
Requirements Specification : SRS) mamﬂLsuauﬁuumiﬂammmaauﬂwwm AINUVRIR LY
vidana 2 dhefousiuiu YssneuludesoaviBonsai

2.1.4.1 Ui

uni (Introduction)  (Judiuiivenfissivazidunvesisnuanvuey
AMUADINTT VWUUY VBULUA UIBANIINAAINY

2.1.4.2 A1a5un8lagsay

medunelaesau (Overall Description) tHudiuniveniislademlufiinase
FaNALIT AINFUNUSAUGONAULITOU HIATUIIUVDITONALIT VTR N0
AUADINITNANLL LT UDUIAR

2.1.4.3 AUENYMZANABINITIANIE

AMANBUZANABINITIANTE (Specific Requirements) 1ludiunldssy
AENYEANLABIN S MEALD e asian1sinlUgnToenkuY W wasvadey

2.1.4.4 Tayaatiuayu

¥

Poyaaiuayu (Supporting Information) AedayaatiuayuLiionuazAIn

[

Tunsldnuamuanuuzaudens Usenaulusie a5ty avll uazniArwan
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LWININITOBUIEANEN BUEAIUABINITVDIIONAKITANNLINTFIU IEEE
Std  830-1998  HsUnuusenindsenau 2.1 (EEE,  1998) #ea1u1sauszenidiu

AENwEANUARINTMINzAuNsdnuldnua ndsenay 2.2 uag 2.3 (IEEE, 1998)

1. Introduction
1.1. Purpose
1.2. Scope
1.3. Definitions, acronyms, and abbreviations
1.4. References
1.5. Overview
2. Overall description
2.1. Product perspective
2.2. Product functions
2.3. User characteristics
2.4. Constraints
2.5. Assumptions and dependencies
3. Specific requirements

Appendices
Index

AMuusEnau 2.1 JULUUTBMMUAAINABINITALTRAKISMINLNTEIY IEEE Std 830-

1998

3. Specific requirements
3.1. External interface requirements
3.1.1. User interfaces
3.1.2. Hardware interfaces
3.1.3. Software interfaces
3.1.4. Communications interfaces
3.2.Functional requirements

3.2.1. Model
3.2.1.1. Functional requirement 1.1
3.2.2. Mode 2

3.2.1.1. Functional requirement 2.1
3.3.Performance requirements
3.4.Design constraints
3.5.Software system attributes
3.6.Other reauirements

MwusEnau 2.2 sUluudeimuamuRensAugenaLITaun 3 dnszileununiinmy

A5
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3. Specific requirements
3.1. External interface requirements
3.1.5. User interfaces
3.1.6. Hardware interfaces
3.1.7. Software interfaces
3.1.8. Communications interfaces
3.2.Classes/Objects
3.2.1. Classes/Objects 1
3.2.1.1. Attributes
3.2.1.2. Functions
3.2.1.3. Messages
3.2.2. Classes/Obijects 2
3.3.Performance requirements
3.4.Design constraints
3.5.Software system attributes
3.6.0ther requirements

awusznau 2.3 sUuuudeinuaanufosnsiugeniuasdun 3 Sasudeuniudeuiand
(3 4
2.2MINAFBUYINALIT

n1sNagauYeandunls (Software Testing) Judanssufidntuiie
Uszifiunnnweswendunag Inguszasdiiieliiiulainworldniazshnunuaiudeanis
wazliviludsilimsimiediilifiosnts Tnensdudunisneasuserlduaiseyadoya
ﬁﬁmumLﬁamsﬁaﬂmwmmLLazﬂmuﬁﬁaﬂﬂLﬁmsﬁu wdvinsunladeianaiavieleymainain

2.2.1  STAUVBINISTNAFIULDINALIS

n1snaaeugenaLIsarntsavitaugluiuAanssudieg Tunszuiunis
fimurgendusldvniuneu dudtuneuiuaudesnisluauistuneunisdsoundn s
gavdus Fdluusiazianssuiiufasinansnaaeurenduifuanaaiuoenly anunsauand
AU AN UFUN LS VIR INTTUNTHARTONALISAUNSNAFBUTDNH LIS AUWU U8 D9T
(V-Model) wanenaninusznau 2.4 (Ammann, 2008)

2.2.1.1 MINAFRUTTAUNUIBYINAUIT

MsMadeUsERUMIIBTENALIS (Unit Testing 1Hunsmaasuiilodady
mnugndestazyndeiianatnvesmielusunsy dedndunismeaeuseiusiign sz
fnsfarsanansiaiuatiu gnandunislaelusunsuwes Tasnisvagouseduiaunn
asensdimndeukagyinmeasuldlutuneuntsasioiam
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Architectural
Design

Acceptance Test

A

\

System Test

—

Subsystem Design

‘\‘

\d

Integration Test

A
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Detailed Design »  Module Test
Implementation > Unit Test

AMNUSLNBU 2.4 LUUINADILEAITLAUNITNAADULDNALIS AL TUNDUNITHAIUIYDNALIS
(Ammann, 2008)

2.2.1.2 Mmsvagauduluga

n1snaaeudIuluga (Module Testing) Junsmeaeuifiedndunisyiieu
vosusarlugadiinisidenloselusunalungudrsoiuindidenianaiaviel annsa
auldnssnuideanisuield vien19ideudeUsrarusenitesruudesidiseiuy
gnanfiunisiaglusunsuies Tngnsneaeusziuifannsaasnsdinageuldiuitunou
MseenuUUTIBALBen uazazansanaaeuldiilewmuusaziugaiaia

2.2.1.3 nMsnaaaunsiauUssany

MsvedaUNTdeNUsyau (ntegration Testing) Wun1snaaauiiodnduin
mMadlessie warnsdnredemssznindluganieluszuudesiiferianainnioli gnaniuns
naaoulngauTnluiiuimusenduad Tnsnsmagoussiuianansaadensdnnaauldfous
FunoumseenuUUsEULLDY Lavavasanadeuldiiewnunszuudeniaiand

2.2.1.4 N1SNAFDUNISTSUU

msmaaumsvuu (System  Testing) LUumimaawummaﬂaumuau
AR Tualvignen Wasnduinssuuiitisey UUsaama’mmummmsmmmulmma
mmamwumawaﬂmmea"l,u nsMRERUTTSULTILeNToRANAINIINNTEBNLUULAY
Mndosmunveseondnag Tunsmeaevszdudtnaglaldiiaunduginismeasy
wiazliinaunageuainniguenudugvadey Tnon1snaaeusssudaiunsaadag
nsdlnnaoUldRILATUReUN1TEBN LA AENTTUYBITTUY Larazaunsanaaouldile
T sWmunsTUULESILa
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2.2.1.5 MSNAGDULINENI5EDNSU

AIMAEDULENN5EBNSY (Acceptance Testing) [unisnaasuLitesndudn
goriwafndnoonuaiauddunevauomssmun Twdasnsvesdlivielal vionsvasy
Teduasinludsiiglédosnisudelal lunsmaasuseduidedlddld vIonquyana
fflanug anudiung TusuiiRedesfureuivanisldnurendnsundugyhnsmeaey
Tnsnsnaaouszduiiannsnatrnsdnaasvlddiuddunounisiinseiannudosnis
wazazanusovaaouldilednsinuneenduisauaioauysel ogludunisdsoulvigld

2.2.2  ASLUIUNISNATDULDWALIS

(%
6 U a v 1

TunsneaeurendwIstuaziinszuiunsaesalull (Sommerville, 2011)

2.2.2.1 MIBANLUUNITANATRUY

nseankuUNIdnaaay (Test Case) Lun1seenuuuiimvuadeyaid
wazkadnsTmavTiesanunsainngg lunisyieuvessyuy

2.2.2.2 manssudayanasgou

nswnsvudeyanadeu (Test  Data)  LUunisasredeyanaaeulngd
nsdineaouiusimussiuuuasUssinndoya Seloyanaasuiandutoyateildlunms
NAFBUTLUY

2.2.2.3 msldausandwaiftedayanagou

Tdurensduirsaredeyanaaay Wunismaaounisinauveswendus
Tnomsddldnumenduasuaglitoyanaaeuiindonl idudoyatiui

2.2.2.4 msw3suliigunadnsiunsainasgou

mMsiSeuiieunadndiunsdnaaey Wunsihnadnéildanmsmaaoy
msldnumeniusuiouifisuiunadws finanisivesnsdinaaeuiriauaenadesiu
w3alyl

2.2.3  WMANANISNAEDULINALIS

(%
[ 1 [ v a

Tun1snaaousaNALISLARLSEAUNUITTINATAN ITLANA19NUAINAD 1Y
winngan Jagtuwmelinnfienldsl 2 35 fadl (Glenford, 2012)

2.2.3.1 NMINAFBULUUNADIVD

NSNAFDULUUNGDIY1Y (White-Box Testing) LJunsnaaeuidalasaasna
Aiulunnisneasunsyitaunieluluswnsy Iesldnisiuseuiisudunassdunnfaiunse
iU Iwazentdluld n1sas1ensaveaeuiinInsIziannsiaduatu (Source Code)
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M30TunoUIs (Algorithm) vaslusunsy nsnaaeudemaiaiindudeligniiniug
audrugludanedadugdndunisnegeu tesainiinisiiarsanaslufssdu

SHARAUBUU TUABDUID M39N1TANLTUNITNINATING FINAMUTULDU axLdUNDDU LALADILY
Anusludanalings

&

4

2.2.3.2 NMIINAGDULUUNADIAN

NSNAFBULUUNGDIAT (Black-Box  Testing)  1lun1snaaautdeilendu
fiduindeunismnaouutoya fedoyatdtuazdoyadsoon (Input/Output Driven)
INN15MAaeUlag 619899 INABBUIETIEALBEALATAUABINITVBITRNALIS TingUszasa
Wefumauiivhanfananluanseazdenvestermungudnvuyeenduf duiunis
naaeulngliiauladunounisiaunienginssunielulusunsy svadlaanznadnsild
Wity ety nsneaeufemaiedislisidudediififienuiludanadadufiuiunis
uitdugidausludiusaziBoannudosnisveswonduad 1wy flészuy mamaaou
FemadaiiTouisuifundosiiiussldifiuindrduueslvieferlsey iosan
nsmAdBULUY Black-Box Tfayatindnuazdeyadseanifustuindeou dudu mndesnis
yhmsneaeuuuandenisdoditoyad dululdtmuaiudoyaintuasdeyadsonn B
TumeuftRasadululienn wiedululiliiae fadu msadansdnaaeudnfiansands

'
o w =

AnuAsaunguludynundfy Fessylilutonmunnuanuvasvasonduis

2.2.4  AANNMUNIUNITAZ1NIANATOULUU White-Box Testing
2.2.4.1 AIATAUARAUATAS

NM3ATOUARUAIAY (Statement Coverage) \Hunauitunisasrensdinaaeu
Ingdlvannisin Wiy Adsnglulsunsulaviauesedes 1 ase gy

private int funcl(int A, int B, int C){
int result = 0;
if((A% 2)==0) && (B>0))

result++;
if((A==0) || (C==0))
result = 0;

return result;

AwUsENaU 2.5 fRegayamdaniy CH

ngardslunmysenau 2.5 ammuali

A=4B=2C=0

I3 = = A = v o o o UV Yo
‘USL‘UU‘VIUQﬂimmﬂﬁa‘UV}ﬁqﬂquﬂﬁUﬂI%V‘!ﬂﬂ ﬂanIUﬁﬂﬂﬁlaﬂ‘lﬂV]'N']u
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2.2.4.2 MsasaUARUNTAnEUla

n1sAseuAauN1sAndula (Decision  Coverage)  tduinaueilun1sasng
= N W ' v o a ' . .
nstnegaulaeiinannisii g nisdedulaniglulusunsy 1wy switch-case  do-while
if-else fnaansidu 939 (True) wag Wia (False) ogntiaagneay 1 A5

PnYgarmaslunnlsznau 2.5 afmmuali

azlawmnnisalan nssndulail Tinadnsiduase nsdndulad 2 linadns
< < Y o 4
Juiia (1) wagdivuali

A=0,B=0,C=0

azlamgnisalin msdndulain 1 inadwsiduiia nisdndulen 2 Tinadns
& a A o = < 1% ¢
Juese (20 diedinsdnaaeu (1) way (2)  wwegey Naglanuinaainisasoung
nsdnaula

2.2.4.3 n15ATaUARNINDULY

nsnseunguiouly (Condition Coverage) Lunauitunisasrensdinaaeu
Tnefivannisdy livng wadnsidululdveaieulaldsunsveaevetiaos 1 Ay

mnmﬁwﬁﬂumwﬂwnau 25ia Jouly: A5 2a37, B> 0, A =0,
ey C = 0 fedu nsdivaaeunuinaeinisaseunauiieuly asdosivuansdnaaeuly
A %15 2 8363, A 115 2 13aeda, A = 0, A#£0,B>0,B <=0,C =0, uaz C # 0 10U i
Avuali

A=0,B=1,C=0

azlain nnieulalunisdndulalimadnsiduasa (1) wazdimunli

A=1,B=0,C=1

9zl nnReulvlunisdndulalinadnsiuia (2) Wsihnsdiveaou (1)
way (2) imageu Nazldnunaeinisaseunguiiouly
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2.2.4.4 Mminsaunguaulunaznsangula

n1saseunquioulukaznisdnduls (Decision/Condition Coverage)

< % = =] [ 1 [y e‘d' I3 % 1 d' (v
Wunaailunisadransaineaeulneiingnnisin wadansiduldlduesmaztouly waznaans
Adululsvassaznissndula lasunisveaavag1atioy 1 A3

Nnnyamdslunwdseney 2.5 7 4 Jeulv : A ms 2asia, B > 0, A = 0,
way C = 0 wazdl 2 n13andula : ((A % 2) == 0)&& (B > 0) ) uaz ((A == 0) || (C == 0))
fau nadinnaeunanasinisaseurquiteulauas mdadule asdestmuansdnaaeulit
ATOUARUNATNENTARAWTA (A 1T 2 8 waz B > 0), (A = 0 %30 C = 0), (A 15 2 liias
A7 way B <= 0), waz (A # 0 %58 C # 0) LLamaamqmwaé’wémaﬁau% (A %13 2 a9An),
(A 115 2 ldasia), (A = 0), (A#0), B > 0), (B <= 0), (C = 0), waz (C # 0) pgn9tioy 1 N5l
1Y aAUA L

1% 61 v a a % v 5 & < v a a v v s

awlawmanisaldn msdaaulan 1 Winadnsiduna nisdndulan 2 Tinadns
ST = v ¢ = % & v o v
Juia (1) InefinaansvesmnRouluduia wazaimunlv

A=0,B=1,C=0

1% ¢ 1 v a a 1% v ¢ & a v a a v v &
wlonnisaidn msdedulan 1 inadnwsiduase msdndulan 2 inadns
< a = v s « < a dl' o =
Juase ) Tnelinaansvemneuluduass deuinsdivegeu (1) was (2) wmadey
Aaglamunaginisaseunguiioulanwaznisindula

2.2.4.5 M3nTUAALATERBU]Y

n1sAseumqumateidouly (Multi-Condition Coverage) uinausilunis
a¥ansdineasulasiindnnisin wadwiianuaiiiululdvesmndoulalunnnisdadula
¢$umsnasouetietes 1 ada gy

ngaA1dlunInUIENay 2.5 NIANAABUATNLNUIANITATOUARY
a1eeuly AespsauAgunIainsialUl
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A¥5 2890, B> 0

A5 2 898, B <=0

A s 2 laiasd, B > 0

A s 2 liasi, B <= 0
A=0,C=0
A=0,C#0
A#0,C=0
A#0,C#0

Y o o v o v o = ' &
wu ivualideyanitnlddunsdveaeusaluil

arlsinnniseinn madndulen 1 inadnsiluass nisdedulad 2 Tinadns
[ a =~ v & = & a ¥ o 1%
Juase (1) nefinasnsvaanReuluduasa dimunli

A=0,B=0,C=0

azlamgnisalin msdndulad 1 lnaansiluiiao msdadulad 2 linadns
Wuase ) neiinadnsveseulefe A Wuass B Wuia C 1wWuase drruusli

A=3B=2C=0

v &1 v a a v [y & @ =3 U a a v [y '3
awlawmmnisaldn msdaaulan 1 Winadnsiuia nisdndulan 2 Tinadns
Wuase (3) Ineiinadnsveadaulefa A Wuwia B 1uwase C 1Wuase wazdiuuale

A=1,B=0,C=3

% 61 v a = v v s & < v a = v P

awlawmnnisaldn msdeaulan 1 Winadwsiuina nisdndulan 2 Winadws

e () TnefinadnsvesnReuladune Wednsdneaeu (1) 89 (4) umeaeu fazgl
ANIINIATEUAREVATEREULY

2.2.5  vannulunsasensainagaunuy Black-Box Testing
2.2.5.1 MSUUSEIURESENYA

N13wUsAIueE19auYa (Equivalence  Partitioning)  tJwinausinisasia
nsdivageulaeiiingusyasalunisanvuiavesnsdivagevatliiflvuindn udlianisnagey
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nasounqunstinaaauduy MUululd drenisadrseanaanya (Equivalence  Class)
FeUsgnausluAaaauyanauvnaung (Valid Equivalence Class) uagmaaauys
Mlalauwmnauna (Invalid Equivalence Class) fuwimnslunisasianall

1) dReulvveseyaindilutivesdileg Wssupaiaauyanauvnaung

1 Aana wazaaaauyanllaumnausa 2 aana wu anteuly

(%
(Y 1

Puuveringianusaiululy Tawa 1 81999

9l Aanaauyafiaumnauna fe (1 <= $1ouvesing <= 999) uazmanaauyad
ldannauna A (Iwiuvesing < 1) way (F1Iuveding > 999)

2) fdeulvvesteyarintududunisszyduiuvesdn (Number  of
Values) sz yaanaauyadiaumnanna 1 aaa wazaanaauyailiaumnauna 2 aaa L9y

a
nseuly

50 1 AuaNIsadliaveels 1 09 6 AU

AatAaNyananivnauna Ao (Hi31vee 1 §9 6 AW)  Aaaauyanl
A a v Y !
auwvigansade (iildwes) uag Eidrveannndy 6 aw)
3) a1weulvvesdeyadninsryiwnvestayaindl ssyaataauyai
AUVRALNAN LA TR uazaaaaNyailianwnaung 1 ranadudayaiilisgluem

| A
WU 9nSeuly

UszLAnUeesn A BUS, TRUCK, TAXICAB, CAR, MOTOCYCLE

paaauyaTiliausauNafe (TRAILER) 1Dusiu

4) frdeulevesdayatndiszyin “Fondu..” wu 9nFeul

LY

fonusEiLInvestoneudundyuy

Wissyaaaauyafiauvnauna 1 aata (Jundyvus) wazaaraauyaily
auwmnauna 1 pana (Judnaszlag nldlandyauz)
2.2.5.2 MyIATNvaUILATaLTaYA

nMsesiveulunvestoya (Boundary Value Analysis) iuinausinisadns
nsdinmaaeulngfinnsanainteulywesveuisn (Boundary Conditions) lannsfiansan
wuseanlu 3 nsdl A agnediuveulwn egmileveuln uaveglivauiun duuimialunis
a$aasialuil



36

1) idoulvvesteyatiniiszyfids (Range) vesdoya lriasransdinaaey
fansvesiide  uazairansdlnaaeusedeyainirifianiulanevesiide 1wy d1deuly
vostayatiseyiide Ao -1.0 1 1.0 agldnsdinaaeu fie 1.0, -1.0, -1.001, Uag 1.001

2) thiteulvwestoyatiindumsssyavenavduy Wadunsdnaaey

MEAEEN A9NER AIEIEA+1 LagArnga-1 YaeduINTY Wi fReulude

Foyaudranunsalilanaus 1 9 255 sudeu

LHBIASINTUNAFBUAMSU 0, 1, 255, ke 256 iy
3) Tuumadeiude 1) duReulvvesdeyadweeanusasiouly

4) Tduwnmaigniude 2) fuReulvvesdeyadieanusazeuly

Y v o

5) tdeyaidivisedeyadioanuwauuuiseadifu (Ordered Set) 19y
witudeyauuunudIiu (Sequential  File) viamsne  Thiuawaulalufiaundnsausn
wazauTndgavnenieluee

2.2.5.3 n3afenTmvialasng

n1sasensinuasna (Cause-Effect  Graphing) Wutnassilunisasis
nsfinaasulnunisuanininudusiusnadninazosdusznoufivinldiAnnadnsy
T¥51uazidsnninudesnissonanisunadrandunsi Weulssruduiussendnnis
M3INFNARSYaaU (Boolean Logic) Fadmuduius 4 wuu fe

1) tondnwal (Identity) 1w szydn 61 A W0u 1 udr B dealu 1
faviiu B 1 0

2) fias (Not) 1w 53y 61 Al 1 uds B sisadlu 0, gt B 1Ty 1

[
I [

3) %59 (Or) 1w S2uin 61 A B %50 C1llu 1 wdr D deudu 1, Jazdu D

9

Wu o

(%
Y

4) waz (And) Wy szyd1 dis A uar B Wu 1 udr C deadu 1
flaviiu Clu 0

MogaMsasnsmnkarNaaInsansyylanewandlunmUseney 2.6

2.2.5.4 ASHANUIRANAIN

nsndelianain (Eror  Guessing)  tdunisltdaug Ussaunisal uas
Fyrinruvesuywd lunisiadeiianain lngaziiansandiussinuniinnudsssons

AadaRanain 9Nty Aazasansdneaauiinsounquisziiudinand iesainmaia
wazdsnsiluresanizyana dedudsszytuneusenuinuutaauldsin uaduuianiiugiu
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=~ Y a PR v oA fa | A Y a &
e szysren1stelianalnidulule nIeaniunisalidessionisiindelianaln 3ty
AA$19NTUNAFDUAIUITIENITUY

AIUABINT : “Ghdnvseluanusdi 1 doadusndnes ‘A wise ‘Bédnvseluanusi 2 deadu
My 1 mswnlulndFaassinle asnonusEimLSNRe WananNUFBU X12 DM 8nseFIN
#09RA TLanITaAIWLFaN X137

g fio 1 dndnvsgluanudi 110y A

2 shdnussluanusy 11Ju ‘B’

3 ghdnussluanusy 2 Judian 1 6
Wa Ao 70 ensun lulvia

71 LERITEANUFDY X12

72 wAMITBA MR X13

szuliilnundenanavineian 11 gnassumnluduneunmsaiians v ieunumANesIves
A5 OR 5211714 w1 Aulvius 2 1o anduase llvue 70 dndudia lluue 71 waz 67

runy E denuladli 1 uay 2 1\ Jussandauriu

Adsenau 2.6 éhashqmia%’wﬂiﬂmwgLLazwaasmdw (Glenford, 2012)
2.3N1531ATIZARATNITIDNUUULTIING

N5 skNTUTeING (Object-Oriented  Programming)  ABNTEUIUNT
WawsyuulaeduuiAnitugiuunandeuand (Object) sedng Indnnisin Tineynegis
meluszuuluing lneneluudazdeuianduussidnuazyszdn (Attribute) uaziuvion
(Method) 8autandagyinausiuiulnenisdsans (Message)  w1iu wagdiauduwus
sgrdnanuluguuuunne wagilosarnnislusunsuidaingduiuuifiniugiu
= | J a v & = aao = | A
MUANFA199INNTIUTUNTUUUUALAYN FeduTedisnsiusunsuiiunnaseenly dufe
3gldn15AI18MTeT0g (Object-Oriented  Analysis)  LagN1TRNLUULTITAY
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(Object-Oriented Design) Tumsiiaunszuuwmdinisuuusafuiues mslusunsundsing
lé’gﬂﬁwmﬁumw%amﬁ’ummL%ﬁmq (Object-Oriented  Language) ~ @daiduniun
Balusunsugad 3 lugaewieq $38a1su191nniseenuuulideyaidudiduindeu
(Data-Driven Design Methods) Tudnwauzdoyauuuniusssy (Data Abstraction) 1lu
fduuuuLiieazinnveenuLardunennuantisenuniunaa viedeuiansddul
WiouAdmimuiiszuudosnisdely sinlinislusunsudaingiinnudangugs amnsa
Wnldlunszuiunmsiaueenduisiasneniwidainglag

De

a @

23.1 é’nwmzwugmmwwwaﬁzuuL?N'mn

q

[%
) a

ANYMENUFIUANIEYBITTUUTNIRG (Characteristics of Object-Oriented

<3
(2

Systems) H518az198nA3d (Dennis, 2015)

2.3.1.1 AAEwazdauLINg

Aata  (Class) Wundnuuimlualdlunisiiuusnazasrsdautanddu
nmuunruEndR nginssu wazdeyavedauand

I I3 . & @ a v I sl v

Poulanm  (Object) LHumLNUNES1911INAAE DaulanAias19anAaia
Wwennuagldaudninlasudunenunainaatasiuiuls deaundndsenaulumie dnwazdsyan
Mmaudunis witen ANFURUS warnginssu lneaudnfunazdeulanatuldaiunsad

NuaLReANwANA19iule

2.3.1.2 WNDALAZENT

witen (Method) unisnseiniseneg agludeuand vimidismun
NORANTINVDIDBULING

15 (Message) Luasaumaniu-dssgninsdeuiandiiledanis uazaiunm
nsviay Wuileitunisvhau wdeddunisiienanesuandniidnesuandnia

2.3.1.3 N15YiRiULAN1T U TAUNA

n1sveny  (Encapsulation)  1Wun1sminuaaiuansan1sidnde vse
Wasuwlasiaudnnigluaana viliratadunsedouandiildlésuansliaun saudnds
vsoudlvaudntugldlaenss ausadnddddiumsSenlduiennislunaaiuwiny

nsgeuansawna  (nformation  Hiding) \un1sveudeyanieluluga
ImUﬁ]zﬁiqLawwzﬁﬁaaﬂaﬁim@aﬁuﬁmmﬂug‘dLmeimumiﬁaﬂi%mmmﬁamvhﬁfu

2.3.1.4 N1SEUNIN

= . a N | a wa
N13duNen  (Inheritance) ABN13NIAANALYU (Superclass)  dUNDAAMENUS
wdpanagn (Subclass)  IneniglunaiagnaziidnvuzUszdruasiufioniiunainaaiauy
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wararusamvualudiiadrunludiratagnieslsd irldanuisaasispananiinuauds
InalAeeiy uilisgazildenanisiausneiule

2.3.1.5 pzundugIuLaznsEawmleuunan

AMenndug I (Polymorphism) Aensiainsansuaussrewiioniieariu
fheFEnsiuandaiu lRnanfinaradunennuantAiinainaaiausviinsumud (Override)
wiiendlldsunensn ilitinmsnszyhmsuasnadméiuannaiuoonly

msBawiouuunain (Dynamic Binding) Aensimunvilavesdoutand
Tuvaue runtime  dsazflaudangugsninnisdawmieinuvenatn (Static  Binding)
Farmumsiindausneuneulng uandufatiuayumehauresnienwdugu

232 MIATIMBIING

NTIATILMTING (Object-Oriented Analysis) AansneuAin1uinlasasly
szuu szuuvhoglsld filvuuazifleln Tnsnisiinseianudesnislvegluguuuuresnana
uazdeuiand Anuaanuduiusnielussuu Tnensieseideingiuasdedifafaiy
awmFededrdalunsimunla Tnesjatumnuaulalufinislvavesdoyaneluszuu ms
Anseidsing dunslduumesuazunnvedlandeingdadulanluiunuinig mesuie
wazvgrsaudunvusiasdulanvesanuduats UssnaudeRanssudaseluil (Dennis,
2015)

2.3.2.1 MSMRUAANNABINS

N1SANMUAAIIUADINIT (Requirements  Determination) Aan1stUayU
ANABIN1TNIegIHaneglusUkuumasutsmga i luieglusunuuiivanese
nstnlgdlunsinaeiiareenuuusyuy

2.3.2.2 MIATIUUUTNRINTANTUNINNGTRALas N

NN5AsIUUTIAeNIIALTUN NG IAAaLHenTY (Business Process and
Functional  Modeling  1Junisadrawuusiaenfieedurenisvianulinevresssuy
meladanndennisviianu Musunm 2 wwuumuuuudaeduniseduis Ae ununwgalaa
(Use Case Diagram) Mlun1seBuneilafduiiugiuresssuy wasununimiianssy (Activity
Diagram) l4lun1505u18WUUT1ARINIALEIUNITNNNGSAR

2.3.2.3 N158519UUIA0 1 TIATIAS9

nsas1snuUdianudalaseaine (Structural  Modeling)  1Junisadne
wuudtasufiessuislassairevesdoviandildatuayunisdnidunisniegsia
wwunmildunuuuusiaedluionssuil de ununiwaad (Class  Diagram) waguaunM
dauland (Object Diagram)
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2.3.2.4 NSE319UUUINADUTINGANTTH

N158519uUUT1a9 9 TngAnssu (Behavioral Modeling)  1un1sasune
nsiadeuln vdensinuvesssuuildatuayunisdndunismiegsfe weunmils
uwunuusiaesfilufanssud Ae ukunmddu  weunmnisdeats (Communication
Diagram) LaglNuUNINan1uy (State Machine Diagram)

2.3.3  N1599NLUULGIING

N1509NWUULTIRY (Object-Oriented Design) Junsthuuusiaesdildain
mMsieseiidainguioenuuutaziisdnde fvunasnag Aldurainaudeanisilidy
99U (Non-Functional Requirements) siteliiiniduuuusasefifinnudmautumluids
assnzuazlunsiluiaunads wasvhlissuufiiauimnyaulasaenadaatunugesnis
Usenaushefanssusasialuil (Dennis, 2015)

2.3.3.1 N1INIUADULALATIVABUAINNANLAAANNAVIILUUTIADY
AN5AATITRITZUU

NMINIUABULAZATITABUAIINAULVAAUNAYDIUUUTIADINITIATIZNTEUY
(Analysis Models Verification and Validation) LflumimuaauLﬁaﬁué’ummgﬂﬁaﬂ
TuuuaeanIsiineisruutiunevauasdoninufeanIsed Ui uLaENABY LAY
ATIRABUIUUTIADARZMIIANADAARDI Y

2.3.3.2 N1399NLUUARNELAZIUTIDN

panLUUAANALAYINTION (Class and Method Design) Wunsesnuuu
seavdeansvinauneluaanauaziudion smlﬂﬁaé?faLLUiLLazmiv‘hmuﬁ'wf“fuiwiwiu@a

2.3.3.3 N1399NKUVTUNTIAN1TT0YA

ganuuUNstudnnsdeya (Data Management Layer Design) Uunns
Wonguuuulassasdeyaimngiusyuuiazihinyssendldiivanegiuniuseans

2.3.3.4 mMIvanuuutuduUffunusssnisayeduasaouianes

ponuUUtud LU AEuTUS Sy uduazaoufiames (Human-Computer
Interaction Layer Design) tJun1seanuuudiufnserly wieevedlusunsuildiey
Tuszuu éauﬁiﬁﬁ%’usﬁa;ﬂaLLazmemamsammﬁﬁhumiﬂizmama

2.3.3.5 Mssanuuutuaatnenssudanienn

senuuutuaanenssudenenin (Physical Architecture Layer Design)
Wunseanwuuludiusisnuis eandiis wagseuulAsedn8v89seuU 1ng819891191n
audssnsildiduileddudundn W Yssaniaan anudalunisuszanana anulasnde
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2.4gduu9a

guduLea (UML : Unified Modeling Language) \Junuudnassaiundssasa
Aldvroudymilunisiauigendnfideing laoazldidunvudiassunuszuy
ol Rsatesarunsniianudlaléietu giuuesarusaldldununndunou
Y9alATINITHAUIFBNARISLTITRY Faudtumounisduaudesnisluauiedunen
nsdeney faagemuneiiiouuuudiaseine Wilidefunigldunsgiufoaty
Usznavludsnuuiiaesing fuansislaseadns wafinssy uaznisdanisvesssuy
pauATtnesgisruuarliiiauslulsasiuiidesns

2.4.1 Uszifvasduuas

qLfmLLaaQﬂﬁﬁumﬁ'ﬁulﬁaammmajamﬂLLazifsﬁﬁmiﬁmuwaﬂ/\lﬁmﬂ%ﬁmq
ey lnendsannnwidainggnussmielduaglasunssensulul 1967 Aldfitndynis
ausnuIAnlun1TWauLTeTageenutotiaunuie Tneddl 4 33nsiduiiiinide
78115999 Booch, 35115 Object Modeling  Technique 989 James Rumbaugh,
78019 Object-oriented  Software  Engineering 989 Ivar Jacobson,  Laz35n15v84
Coad & Yourdon sau1tudl 1994 - 1995 Grady Booch, James Rumbaugh, uag Ivar
Jacobson  #niwnisuazidivesnuafa 3 aulduiefuuazssununAndnduniafien
mﬂiéf%gﬁmaa LazreRi0efng Object Management Group (OMG) Tulul) 1996 Lite
AIUAL AU wartmunansgIuresy.Sauea Tasluasdnsdl Booch, Rumbaugh Wag
Jacobson  l@sauiladutinngufiazdnimuiainuignsieg uinue  Ussnaulusae
Microsoft, IBM, Oracle, Sun, wag Compaq lag OMG 1ﬁﬁﬁ1LﬁﬂgL5uLLaaLaa§%u 1.1 Tu¥
1997 a9t OMG Iimunnasgugduueaiduneddu 2.5.1 fdldussnmatuanlul 2017

(NECTEC, 2542; OMG, 2017)

2.4.2  WUUTIABIEINLDA

wuudrassgidunoaidunvuiassilidmivesursssuurenduasliiiy
Amagnsine Talassadieesszuy anuduius wazngingsy IeglusuuuuiiGouds
wazdlinsgu Tnsuuudiassuszneulusneing (Object) TMAunudmisddaluszuy 1wy
Aad (Class) ¥3oUnAND (Package) wazmuduius (Relation) senineingdeazgnuny
Fodunuusneg wieusiesuneuszneu fiiflduRedesimuavedasimsanunsadlald
psstuirszuuluniasdrufuegalsifissuaiiniusiugulufug duseavieludiunis
nsrgiuazesnwuudaing Iaglidndudesiauiludiunistusunsy wazarenisldy
Fadnwailunisesunetuaunsatislinisiiasiziuazesnuuussuurinldegieasaan
LﬁaqmﬂLLUUﬁwaquﬁmL@aﬁ?uhjﬁmaﬂﬁ’umwﬂ@mwmﬁq lriniesenssuvannsei
wuudtaesgduneauldiunisimssinazeanuuuidainglannaiw lnswuudiaes



a2

giduneadzaglugUununIn (Diagram) flsv1nszuugenduisonnfivuinluguasdudou
wariviateyuuesanusadiaue e avasluiiaziiu a1unannN1seenwUUIULaY
Wnsmademnssumans alinsuvsuneseendu 4 Ussian dssialull (Rumbaugh, 2005)

2.4.2.1 yu323UsEANLATIEHT

yuuosUszianlasaasng  (Structural  View) Wuyunesiilduanilassasng
v958UU Usenaulume Static View Design View uag Use Case View

2.4.2.2 y33129UsEANNAINS

yunesUsziavnaing Oynamic  View) 1duguuesiilduaningfinssy
Y9953 UU Usenauluaie State Machine View, Activity View, ¥ Interaction View

2.4.2.3 1‘!1]116\1‘1]’53 ENNIEATN

yuueslszannieam  (Physical  View) iuguuesnlduansszuy
a01Unenssy wazAuduRUSYRY Hardware  wag Software Ty uNDILAY?
Ao Deployment View

2.4.2.4 3313199U5EANNITIANITUUUINGDY

YUHDIUTTLANNITIANITUUUTIARY (Model Management View) Lugjuses
Aldesurunisinnisuuudiasy Usenauluaie  Deployment View, Profile, uag

Model Management View

243 ‘lJS%LﬂVI‘UE]\‘iLLNuﬂWWQ Duuea

LU gL dukeadIu1sawuteanaiun1stduliilu 2 Ussinnndn
A9 LHUNIMLTILATIAS1S (Structure Diagram) WaZWNUAINLTINGFANTSH (Behavior Diagram)
Usznavuludrsununinianus 14 wnunn lddniinsivdssuvaiuisadentaluld
ioiaueLUUSIa8weIsEUUALTIF BT ELe

2.4.3.1 LHUNINLTILATIEE19

WNUNNIATIES19 (Structural  Diagram) Usgneulumeaununinasnelidl
(OMG, 2017)

1) Class Diagram

2) Component Diagram

3) Object Diagram

4) Composite Structure Diagram

5) Deployment Diagram
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6) Package Diagram
7) Profile Diagram

2.4.3.2 UNUATNLIINGRNTIY

WNUAINLTINGANT5H (Behavioral Diagram) UsznaumeukunIngsseluil
(OMG, 2017)

1) Activity Diagram

2) Use Case Diagram

3) State Machine Diagram

4) Sequence Diagram

5) Communication Diagram

6) Interaction Overview Diagram

7) Timing Diagram

2.4.4  GIREUALNNYLDNLAA

Lmum‘wgLSmLaaﬁﬁmmﬁwﬁquamﬁmeﬁuazaamwmzw laun
LHUNMNGALAR WHUAINAINTTY  UHUAINARIE  WNUATNODULING  WRUAINEIGY
LHUATNANTEOETS wazununwanus iesanifusuusiassiildeSurslassadianaznis
yhaiugiuessruy fneasdendadeluil

24.4.1 BRUNINYELAE

uunmgaLaa (Use Case Diagram) Wuusunmdlduanamgingsuvesssuy
Usnauludedydnvalfildunuiledduanuresssuu Seni gaLad wazdndnualuny
finsevi (Actor) Adnanildawieadestuudasgaina Inefnsgviduanmsaduldvieyud
fluldszuu warssuvduniedumeunisinuduivaouiniufugaead  uansd
AwUsgnau 2.7 (Rumbaugh, 2005)



aq

Box Office O

Clerk

),

Credit card service

)

Supervisor

Kiosk

AUTENRY 2.7 fRag1auNun ngaLAd (Rumbaugh, 2005)

2.4.4.2 WAUAINNINTTU

WNUAINARNTTY  (Activity Diagram) Duwrunmilduansdrdusunou
Tunisdudunisanssy (Activity)  Tuwdasluga seridunisdndunismudifuies
mMsvhausuuguu uansieulrlunsdndulauagnismuaunisviieny (Decision) gy
oglusunuulnunfanssy (Activity Node) #ideufusegnasiliuansiiemenisiiey
(Control  Flow) Imaﬁaﬂﬁmﬁy’wmwﬁwLﬁumsagjiwdwimmLémﬁu (Initial ~ Node)
LLaziwuﬂf?;uqﬂ (Finite Node) uanInInIMUsZNoU 2.8 (Rumbaugh, 2005) uaﬂmﬂﬁ
mmiaLLﬂaﬂJaqszqﬁaﬂﬁmmw}’ﬁwLﬁuﬁﬁmiimé”lmj'aﬂuaiz’i’mﬁﬂ (Swimming  Lane)
dielviiarudaaudiladetu uansdanimuszney 2.9

2.4.4.3 LWNUNINAAE

WHUAMAATE (Class Diagram)  WJunnunniilduandlasiadimesssuy
Usynouludedydnvaifildunuaatd waziduilduansanuduiusszninemana oy
melupanaUsznevlufednvazlssiuaziuienvenanaty  wansdinmUsEney 2.10
(Rumbaugh, 2005)

2.4.4.4 UNUATWDBULANA

uiunmSouland (Object Diagram)  uununniilfuansninsiuves
SoulndvesnanauazaudNiusiigg Tuvaewils Tnsazuaninudnuazvesnsdlinedis
(Instance Specification) ¥0990ULANA WaRHINIWUTENBU 2.11 (Rumbaugh, 2005)



a5

[singleorden—| assign seats
[subscription]
charge
award bonus . &
credit card

assign seats

debit
account

mail packet

AWUIZNBU 2.8 A9 1NNUNINAANTTY (Rumbaugh, 2005)

System Clerk Credit card service

set up
order
{subscription} [single orderH assign seats
_#

award bonus
charge
debit credit card

account

AMNUTNBU 2.9 FIBENUNUAMNAINTTULUUKU D952 YAINTIUMUEALTUAINTTY
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Customer

name:String
phone:String

add(name,phone)

1| owner

*| purchased
Reservation
date:Date
Show
Subscription Series Individual Reservation name:String
series-Integer 1|show
0.1 0.1
1..*| performances
Ticket
Performance
3.6 available:Boolean ,f
sell{c:Customer) * 1 seat:String d_BtE'D_atE
exchange() time:TimeOfDay

AMNUIZNBU 2.10 MIDYNNUAINAATE (Rumbaugh, 2005)

triangle: Polygon

PartOf PartOf PartOf
pointl: Point point2: Point point3: Point
x=0.0 x=3.0 x=3.0
y=1.0 y=1.0 y=5.0

AMWUSENBU 2.11 Meg1aukuA NdauLangd (Rumbaugh, 2005)

2.4.4.5 UWHUNWEAU
o w . I g v o w

WHUAMNEIAU (Sequence  Diagram)  tluunuamilduanaddy
nsdedeaumeluilaiduay egluguuuuunugil (Chart) 2 16 laguansingeiie) sauds
Ansevinnglussuumuiuineuvenundl udaz Ingiliduluidausgnindulandin
(Lifeline) wansdindun1saetannumegnAsivainduuansiinvasinguilalumaningnile
1981389819 UTUABUAINAUUUIUAIUA A TULLIAY LanIfanInUsenau 2.12 (Rumbaugh,
2005)
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2.44.6 LLN‘L!ﬂ'lWﬂﬂ‘J?iIEJﬁ’Ii

LHUNMN1530@75 (Communication  Diagram) tuuwunmilduansnig
Uduius52111993AUT2N0UDITZUY LABUAAIAIAUAITAIAITIZNINNDULINARTY
meluszuy Seagdanulndifesiuununmdfulazanunsalinaunuiuld wifieusiaiy
ANINLEUNINNNTHOAN T RARINTNTBIANAL U SIS ulandldfnTumunnddu
uazuunmaduLansdFUNIhadlusUuuurendudin Tuvaeiiusunmnsaeanslid
MsuanaduTin Jeosnansdrfunsianumensseymneiava sl imthansidessming
douland uanaian1mUsznau 2.13 (Rumbaugh, 2005)

©)

m

outside

actor
I I I I
| | | |

:Kiosk :Server :CreditService

insertCard(customer—p»

pickDatedate——»

<— — offer(seatChoice)— — —

select(seatsy P

submit(order———

———charge(customer, amount—P|

&— — — —authorize- — — — —

<— — — printorder)— — —

AWUIZNBU 2.12 AI981UHUNIWAIAU (Rumbaugh, 2005)

2.4.4.7 WNUATINWEDTUL

WNUATNEDUY (State Machine Diagram) tJunaunndlduansdinuues

nsiasunlasaniug (State) v99duULanANSanIafg1eluvENAaI L dUNITABUAUDY

(%
0y [

Aaman1sallusruu lngaguanisanusiuasuluilionnnisaliugnaavaus wansd
AMNUsEnau 2.14 (Rumbaugh, 2005)



kiosk

{ 1: request(count, performance)
M 4: offer(seat-list)

{ 5: buy(seats)

1 8: confirm(seats, count)

guide: DBCluster

ticketSeller

J 2: db :=findDB(performance)

performance

db db:
*
3: seat-list := lock(count) > PerformanceDB[*]
6: claim(seats) >
7: unlock(seat-list) - guide

Guide

AWUSENOU 2.13 F081UHLNNANTHRENS (Rumbaugh, 2005)

/Purchasing
exit / eject card

(. .
identifyUser: Identify fail

.7

insert Y

card

/reset selection

(

Selecting

\

(—Idm Lpick(seat) / add to selection(seat)J

push “resume”

push “buy”

( Confirming w

push | L

)

“Cancel”

o

push “confirm”

entry / sell()

AMNUIZNBU 2.14 AIDENNUNINENIUE (Rumbaugh, 2005)

a8
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uni 3

A15ALATIZRTZUUNU

JHevluuniingndinislinseinazoenuuunsouuuafnniinsiaaey
AIUYNABIVBIUUUTIABIYALAT Tnsdauusnaznanisnisnsadeuilosdiu drudnly
nandanseunuaAnvomdnnisitiiaus uazdrugaiiond it uneunisniaoy
AINUYNABIYBILALAT

3.1 nInsvdavan nldgyniaedu

a ¢ o W PN a v e’ljd yal
NNTIATIZEILazAudRyveslayniluuni 1 9uideddalaiinis
n3dvaaullessiu 2 Usziiu Aonisdedenituiinnainannuauuningaiaaludy
LHUAINEUY Uagn13ATIvdeualgniewelganalaginiiassvssuvileln

3.1.1 NI5E9FRANUNANAIN

Tun1sasavaeunisasdonufanainibosdu gandunisideldinis
Lﬁ@ﬂiéﬁi’uwumwgamaﬁé’w%qmmﬂé’aaéwwaa UML Reference Manual (Rumbaugh,
2005) sududunuu lnglamuansainaaeullu 2 nsdl A A Very Simple Box Office uay
A Simple Box Office Mty thununwganaluuiaznsdinaaousnaauau g aan
fdeRananlnsnndsudydnuvalununisdiiunisuisegranigluununin uazgaving
ﬁumuquamaﬁgwmﬁﬁ ﬁgmmumwﬁgﬂéfmﬁﬁwﬁqm LazwHunINAaala
TadoRanaind i undudunuulunisadisununimdus Useneuludie wauninaana
LAZLNUNINAINTTY AILAAIAIDE1NNTUNAADULUU A Simple Box Office  lama
AMNUTEABU 3.1 fan1nUsznau 3.6 lasununinluninusznou 3.2 uasg
amszneu 3.3 iuusunmitaiaainuwunmgaialuniwdszneu 3.1 Tuvned unuam
Tuninuszneu 3.5 uay 3.6 Wuunun wiiadrisainununingananidefanainly
awdsgneu 3.4



Box Office

/] NZ

Make charges

By Credit Card

50

Credit card service

AUsEnau 3.1 LHuNgaAaveInIainaaeay A Simple Box Office

Customer

add(name,phone)
name: String
phone: String

Reservation

date: Date

i

Individual Reservation

Show

name: String

Ticket

Performance

available: Boolean

date: Date

sell (c:Customer)
exchange()

time: TimeOfDay

AMNUTZNBU 3.2 LHUNNABIAUDINTAUNAADU A Simple Box Office



Set up order

n seats
9

\
<<extend>>
)

Make charges
< A
By Credit Card
Aay a

anusenau 3.4 LLmumwgamaﬁummiﬁmaaU A Simple Box Office NUYBHNANAR

Credit card service

Customer

name: String
phone: String

add(name,phone)

. Show
Reservation

name: String

date: Date

Individual Reservation

Ticket Performance

available: Boolean
date: Date

time: TimeOfDay

sell (c:Customer)
exchange()

AWUIENBU 3.5 LNUNMNAIEUDINIEAINAABU A Simple Box Office MIliTaRaNag

51
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Setup order

[make charge]

[not make charge]

rcredit cards [cash]

Charge credit
card

Print tickets

AMNUIZNBU 3.6 LUUNINAINTINVBINTELNAFDU A Simple Box Office MiTliTainnan

1NAMNUTENEU 3.1 - AMNUSENOU 3.6 wARIMLANTT WNUAINEELAE
fifmnufinnaiaiy Mﬂﬂﬁ’mqa%’ﬂﬂLLNUﬂWWiu%’uﬁﬂiﬂiﬂaﬂ’155’1&5\‘1?\]’1?1LLNUﬂ’]WgJJﬂLﬂa‘Ifu
warlillgfinsninaeuiiddiufisans aunsodwieanuianainludununindug 1 Tng
INNTARIBEN WHUNganalun nUsEnoU 3.4 LUaRanainfe AUFuRUSTEnituag
Buy Tickets ffuiAa Make Charges \Wasuiu Extend wnufivzdu Include dawaliununin
Aonssulunmuszneu 3.6 dnnsdnavlatarladvinludiunis make charge Wisdusn Hudu
Feonalreorliuiiinantuiitefianann W3elinsanuAufen1svesldld

3.1.2  N15ATIEBUANNEINN5ATUNIINTIITUTORANAIAVDIUNIATIZHITZUU

Tun1snsadeuaruansalunisnsaiutefinnainvesyanaidosiu
yostininniszuu nslamziniesgissuuiivszaunsalies Taegdndunsidelld
dnAnw1duli 4 MiunisFouiennisiinsiziuasoenuuualsauine uagien
Imnssugenduaiidowiu vesmairinenisaefiamed iusunuresiniinseisruy
Tuadell gendumsideldvhmssiassaaunisnl tneldnsdnaaeuainde 3.1.1 % 2 ned
Fausaznsdnaaouyszneuluiie unuAMEALAFNgNFDS 1 LNUAIN LHUAINYALAFT
ffefianain 3 uunm LazAudnuazAFBITeglusUluuesy mlifitmaans
duflunmsnaaeu laenslifidmaassfiansunaudnvas audeansild udrseyin
wnunladoununimiignies uasununinlafeununmisidefanain wiouiszy
fofiamanatiu
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15 13
11 12 12
10 8
7 7 6
5 l
0
Task 1 Task 2 Task 3 Task 4
M Participant - Correct Participant - Incorrect

AMNUSLNBU 3.7 WANISATINFBULUDIAU — NSEINAFBUN 1

20 15
15 12 12 13
10 7 7
4 6
; N
0
Task 1 Task 2 Task 3 Task 4
M Participant - Correct Participant - Incorrect

AMNUTLNBU 3.8 WANISATIVFBULUBIAU — NSEUNAFDUN 2

M19197 3.1 YsednSamlunismdeiananluganavesiinsiuneaes

- Accuracy Performance Rate
NIUNAFADU S
Task 1 | Task 2 | Task 3 | Task 4 1Ry
nItvAEBY 1 42% | 39% | 63% | 68% 53%
NSUNAADY 2 39% 79% 39% 68% 56%

9INN1SVAABIANTINa 1T IR ALU13IUNARDIAINITOUENUEZ LA
smmawmaﬁmwmmaaﬂmﬂLLmumwaamammmawaqm 2 ﬂﬁmmamlmaaa 53% LAy
569% puaTU Fananslanuninlszneu 3.7 AmUszneu 3.8 wazans1ad 3.1 demndu
svuuiitienududouninninnsdineaeusisaensad danuduldldieraidenanainly
LHUANgALAATIEINReN15A5I9TU wiagdndunislaedindinszissuuiinnuiuas

Uszaunsalinninglinsiunaaes
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3.2 ﬂi@‘Uﬂ’ﬁ‘ﬁqQWNiUﬂ’]iﬂi')'ilﬁi]Uﬂ’NNgﬂﬁﬂﬂl'ﬂﬂgﬁmﬁ

Mningusrasdvesnuideluund 1 wazanmsesnaeuidessuiildinaue
Tudradiu muadedinaueinisasaaouainugniostesuudiassgaiaa lnsisnis
asansdivaaouiiion1sseuiviiuin 2 ga feiBnsaiidasiiniinmeissuy gausnading
Tngl#teyaainanudosniaideiladdu (Functional Requirements) wasszuudaldunis
M332@0UIINUNTLATIENTEUULEITITANYNADY Uazdnynaiiclaeglddayaainenans
Meduvgaad (Use Case Description) fidninsnzaiszunadnety ntu Yinsdnedeu
dien1sseniusia 2 g wiUSeuiileuty dnsdnadeuiis 2 ga Snadwsitliaonadosiulu
anun1sallieliu viienstinegeuanyanalinsounguNTNNAAUIINAINABINITITY
ity AazagUlduvuaesanatuiidoionarnistu duandunwlsznay 3.9

Specify > Generate Test Cases

Requirements from Requirements I

Validate Use Case
Model

Create Use Case VIR Create Use Case Generate Test Cases |
Diagram Descriptions from Use Cases

Andsenau 3.9 ﬂSEJ‘Uﬂﬂiﬁ?ﬂ’]ﬂﬂ’ﬁ(ﬂS’J‘Oﬁ@Uﬂ’JW@JQﬂﬁ@Q%@QQﬁLﬂﬁ

3.3 %’umaumsmwaaumqugnﬁaeﬁuaagama

n19MTIaaRUAINgNADITasgaaadsznaulfay 5 Junoundn Ao
1) Sudeyanudesnisifisilandu 2) Sudeyareiuivgaina 3)  ad1ranisedndula
4) Wiguiigumseanduls uaz 5) wWiguinsuainuduius laelisigazidenveg
uazdumaudaelul

3.3.1  mssudayannusasnisneleiduy

TUABUNTIFYAMAN¥EANGBINTIUFUNUUNaTud S Uwsaslan dusu
99INs dvazidunsail



55

3.3.1.1 MvuaAuMdnyMzANGamnIsTugUwuunasy

3

UndtAsignszuuvseylyssunudnyaeaudeIn1slusluuunesy

¢ Db

[

a s A 29 v & X o @ v o sao &
warndanuduiusiuileaidudug Alrssylulutuneulseinduaiuduiusndniu
(Require)  AUFNWUSLALLAN (Additional) wiAuduRuSLUULaanlTgIU 1 Hendu

(Choose one)

3.3.1.2 szynaansnaInndsvasianduniaussyainl1ugnievag

A07UNTITIUY

U a 6 [ &l [ & v = < 6 .
UnAsighsyuussyNaansimanlesilendu daduaniunisal (Scenario)
mdululanimuaainnisdndunisileiduty niouniszumaiiugnsies (Validity)  ves
] 1 ¢l 1% . = ' 1Y .
wiazganumsaiiluanunsaingnees (Valid) seligneias (invalid)

3.3.1.3 szyviiadayauazarilululdvasdayaindn

Undasigiszuuszyriinvesiaulsuiazdn Joumdululivesusday

[

¥ ] ¥ a a dy
VBUAUNYT UNYATLBYARIU

(3

1) wiladeyauseiandnay  (Number) Undiasigvsyuuszyatoyad

(Relational Operators) 1u >MIN, <MAX ﬁ'mwiawh@haLﬂ‘%ammaﬁgamﬂ (,)

Y v

2) ylladeyauszinniidnysvseteniis (Character or String) 14Uy

)]

D

fanmUululandululaiies 1 a1 Tiindwmsieiszuussyartduld 1 a1 drdeyaiiand

'
1 = =]

Jululduinnan 1 A adndesigiszuussyadeyailululanamundudasnes vie

U
v Y a Yy v a1 A d Y ' 1 <& v
VBATMUAUAIYLATDINNIYYANA ( , )ﬂ’]%a%aﬂﬂqml,ﬂulﬂlﬂll’]ﬂﬂ?’] 1 A1 wagtduvaua

Y
Id

d' o 1 o Y a '3 1 U c{' < vgj
Mdudenmsvinuvesssuy iindeseissuadeyandululanmun
3) wiindoyausznnnssng (Boolean) IA7lululdiiis 2 og1e Ao true

=1 1 gj
199 false [WUU

3.3.2  mssudeyariasunegdias

[

Juneunsiumesungyaina dvasiaunnall
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3.3.2.1 nMvuaAesuIBgaAgalugULuUNa Ty

[

Undasenszuuszumeiuigganalugvuuunesy wagmindainuduiug

9
£

1 @6 ¥ & I [y v ¢ 1 14
seninganantiseylulutuneull Ussinnvesnnuduiussenitganalsenaudieg

Associate, Include, Extend, Laz Generalization

3.3.2.2 szuidunanielugaing

UnIATIERTEUUTEYEUNIG (Path) Mglugaina Nadun1avean (Main Path)
wazidunLiaFia (Additional Path) wieumsszurimugnaas (Validity) Yadusasidunia
& 1% a v sa v . =~ ' v . v A a o
Iludunsiinadnsngnees (Valid) vseligndes (nvalid) Inglunisssyidunaiiiuiy
Unipssidesszyinduduniafiuenssninandunide Tutussula

'
1A

3.3.2.3 szyviiadoyauazarilululdvasdayaindn

[ a

Uninseszuussysiavesiulsusarin Jeuailululsvesdayaind

]
(%
Y P

LAATF US18ALLDUARNIL

'
1 ¥

1) vliadoyaussiandiay  (Number)  UndiasiesissuussyAtoys

9

=b

Y
Dulule drdeyasglugvuvudisresdeya Indeulaslddidndunisduius
(Relational Operators) 1u >MIN, <MAX ﬁ'mwiawh@haLﬂ‘%ammaﬁgamﬂ (,)

2) yiladayauszinniidnyivietendny (Character or String) anvaya

fendulvlamdululaiies 1 A1 Wdndmsiziszuussuatiull 1 an ddeyaiiann

1 I

Juldldunnndn 1 A Widndesigissuussyadoyaduldlivionun udidnusvie

Y
v Y a Yy v a1 A d Y ' 1 <& v
Foaruduigiaseaunegania (, ) ddeyafiafidululiuinndt 1 a1 wasdudeya

<

andusemsinuvessyuu Wiindesizissymdoyaiiduldlavamue
3) vlladoyauszinnnsang (Boolean) Aaddululiiiies 2 agns Ao true
30 false iy

3.3.3  A1sasemseangula

Tutumeud szuvazaiemsnindulanndeyatiid nadwsiiananis uas
Gums Aldnnludunoud 1 uazdupoud 2 dudumslasiduanimusgnvesdeyatii
wiazd Piy, = {p1, D2 ...,pﬁ}Imﬁ Pi;, wnudeyaundn wag py wnua i dulule
vosdeyathudndadu :ntu musguaiideu (Cartesian Product) weiwn Piy, Wi
uaziAunadnsliiion C dsaunns

C = Piy X Piy X ... X Pij,
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Tnefiusazaundnniely ¢ Aeaniunisal (Scenario) Tumsreindule anntu IdnAnss
JEUUTBYIMARL amumsmﬂaamummwmmuiumaawammmmmimammawmv
ANUABINTS ‘mammsuuiuLaumqmimmuimmmaﬁmasJama Taglunsadramsng
mauiﬁmmimﬁmmﬂuﬂwmmaﬂwmummmaami LarAOSUBYELAR LU AINNTE
9819 Simple Box-Office 1uﬂﬂﬂ%u Buy Tickets mauamm 3 6 A performance,
count, way seats lneilwadnifinaniadoanduniss 3.2 wasilaimduldldseludl

performance: Pi; = {available, unavailable }

< available seats,
count: Pi, = {= available seats,
> available seats

seats: Pi; = {free, taken}

A19199 3.2 HaaNSNAIAWIsURINentu Simple Box-office

NAANSNAIANIS

A customer has done a successful transaction.

A selected show is not available.

A selected show has not enough seats

The selected seats were taken

o v o v/ gj Y ca . . .
UILGAVDIVDUAUILVINN 3 AITITNAAUATIVILTE UUDI Pi, Pi, way Piz Uy
o = < Y
‘Lﬂll’]L?JEJUL‘LJUGH?NI@@W]’WN 3.3

A1919% 3.3 snsdndulavesilsddu Simple Box-office

performance count seats
available <available seats free
available <available seats taken
unavailable <available seats free
unavailable <available seats taken
available =available seats free
available =available seats taken
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A19199 3.3 Mm5dnaulavesileidu Simple Box-office (5i0)

performance count seats
unavailable =available seats free
unavailable =available seats taken
available >available seats free
available >available seats taken
unavailable >available seats free
unavailable >available seats taken

1N sEUdwAazan N TalARan U sl Ll unadnE A AN Ian sl
TnvesnnaNvuEANABINT Akandlunisng 3.4

A15199 3.4 HaanshAnrislazas1einaulavesilentu Simple Box-office

HAANS TN performance | count seats
A customer has done a successful available <available seats free
transaction available =available seats free
unavailable <available seats free
unavailable <available seats taken
A selected show is not available unavailable =available seats free
unavailable =available seats taken
unavailable >available seats free
unavailable >available seats taken
A selected show has not enough seats available >available seats free
available >available seats taken
available <available seats taken
The selected seats were taken
available =available seats taken
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3.3.4 nsilSeuiisunisennaula

Tutupeudl thinneissuuasiestugaadnsazeudenisdfugana
flaanadoau andu fvuaien S uazien T Jusn lasflasndnvesen S Aewwmued
ANENYALAIUADINTT UazatnTnvaden T AolynvedA1asuIeyaind LagaAuYesauian
T Gewudaudnvusiiaonndosiulu S azléin wmaudnvuzaudesnsie
S ={F, F,, .., Fp} waglgnvasmodurgganade T = {U;, Uy, ..., Up} wasdladusy
Anuduiusszmausnyarrudeanstiveaiadu (Fy, Uy), (Fy, Uy), ..., (Fp, Up)

dmfuusiar Fy €S Anuaianvosuiazaudnwas d9ilauidnfe
Ry, Ry, Ry Y0®il R, ﬁaLsmsuawaé’wéﬁmwi’wammé’ﬂwmzmmﬁaamsﬁ?u
luusiag Ry, Mvuaavesudastoyatind Iy, I, .., I, Tned I, Aowwnvasadidululdves
Foyaindusazsluaoumsnitu feaunis

Fb = {Rl, R2, ,Rm}
Rp={l,L, .., 1,}

dmivwsiag U, € T Myualwnvedusazyaing 9ilaudnae Py, Py, ..., Py
lagh B, Aolgnvouduniineluganaiy luudas P, Muualwnvesudazdayaiind,
JiJar i Jq Youdl J, downvasridululdvesdoyaindiunazdiluaaiunisaliu 7

aunIg
Uy, = {P,P,, ..., Py}

Pm = {]1)]21 ""]q}

v

WU ANMBEelumT 2.1 - 2.3 auenveinmuanvurANReINTlanall
Fi = {R1, Ry, R3, Ry}
Ry ={I, I}
I, = {available, < available seats, free}

I, = {available, = available seats, free}

ntfu Wisuiisumsisiadulalaenisdianves I, luusaznadnsi
MANIS R,, 17 Intersection fiulwnvainanuaiifsuvesiesueyaina C flosann € Ao
aawumizﬁﬁLﬂulﬂlﬁﬁgﬂwmmaagama Fatu wan Intersect  Aundaldnadndivinfu I,
v fanuntsaifiertuietu felunudnvageudoinis uarlufedusyaias
lunienduiu wn Intersect  wanlaradnslaiwindu I, wanairludredursgaimalaidl
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anumsaliliindu vieanumsalilfsduilenuuandisldanaadnuuzanudonis Is
ayUldiiteriananaifniuludesuisgainai

3.3.5 nsslSguiisuanusunus

Tudunoui Junisnmaaeuanudusiusaisluyuuesgaiaa 1iesain
nMswnuauduRusAanluandinasandy avdmadenisiaulaesiuvesssuuld Tnely
Hesunesgaiaa fanuduius 3 Useian Ae “include” “extend” Wag “generalization”
TureiluflinuinuusanudosnistuldlddsmdnildszylTodrsdaaumionluls
uunpsgaaa ety Tunuidvatuiiarldiin “require” “additional” uag “choose one”
uwnueuduiuslulenadnungainudeans g “require”agldlunsdilunsviinuues
flafduniladosnisliinisdenlddnileddu diu “additional” Mlunsdfflsdduniadinng
Fausaufudniledduld unnsneiu “require” nafl “additional” 819asiin1senld
Snilartunilonioldfifld way “choose one” Wlunsdiifladduiinudurussuiladdudu
wnndn 1 ey wilumsiaouiinisSenldidies 1 faidusic

1Y

] =) = v v ¢ a a dy
YUNDUNTUIY UMY UAMUFUNUS UTIUATLUARIU

3.3.5.1 NN5A319ANSANUFUNUS

Tudunouil 58UUIzadIanITINANFUNUSVOIANSNYAUEAINABINIS
LW@iuU‘Wﬂﬂ‘U‘U‘Vlaﬂ ‘quummsaﬂh wazAuFuRuslugUkuy {fl,r],fk} lay f; A
flafdumen 1 FeauduiussznIndleity uag fi ﬂaﬁqﬂ%ummsaﬂ‘m NUU mmum'ﬁ
ludnwagiieriudvgana lnvaiieniseanuduiusussyaindg Lwaswqmauaﬂ e
gnisentd weauduius Tugduuy {u;, q;,w} e u; Aegawmandn q; Aeaduduiius
Y Y \ U
JEVINYARE Uar w,  ArgaLAagnientd wu annnsddedddunmyseneu 3.1 1w
A5719915°9ANUAUNUS AP AN UA1SIa 3.5

A519% 3.5 F19819N15AS19RNT1IANUFUNUS

Wangunan AMUFUNUS Hadduiignizenld
Buy Tickets Require Make Charges
Make Charges Choose One By Cash
Make Charges Choose One By Credit Card
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3.3.5.2 NM5iUS8ULBUMISI9ANUALNUS

Tudunouil svvuaniUsudisuauduiusvesnudnuazaudonsi
yawna lngldanndnunsuaryanafiduiussumuildugliudlutuneud 4 ufinnsan
asduiusiu Tnedideruundsd f1andnvazaudosnsiauduiuiidu “require”
gaLaasollanuduiusidu “include” draudnvazaiufesnisiauduiusidu
“additional” gaipasosiaiuduiusilu “extend” wasdinudnyMLAIINABINIT
finuduiusidu “choose  one” gawnasosdianuduiusidu “generalization” 61
auduitustesdnudnvaziasgandlaliidulunudetinuad 3 4ot fedganaiiud
AruAnunARndy wWu Mnnsdifegndlunimuszney 3.4 thunademsnsauduiusliss

wARIlUA1S9 3.6

A15199 3.6 Fg1NSUSaUBUANUAUNUS

geLAGNEn AUFUNUS ganangnisenld
Buy Tickets Extend Make Charges
Make Charges Generalize By Cash
Make Charges Generalize By Credit Card

leti1nn9197 3.5 war 3.6 unUIsULiBuAY NUdn AAuduius
{Buy Tickets, Extend, Make charges} tu LiaenpdasiuamuduiusveInudnyuzaIY
#eams Ae {Buy Tickets, Require, Make charges} flatju Fsaguladmnuduiiussening
gelme Buy Tickets Laggalad Make Charges fdoRawanauinty
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U 4

N199DNUUULATNAIUITZUY

Lﬁ@%ﬂiuuwﬁﬂdwa5&miaaﬂLLUULLa3W¢umizwmmaaummgﬂé{awm
gaaadnsunIsimugeniuIsideingieeduuea (Use Case Validation for Object-
Oriented Software Development with UML) Iagaznanafenisesnuuusuneuds
nseenuUUTEUUlRETI n3eseldiaussu warnswmussu

4.1 N159DNLUUIUNBUITEINSUNITATIAIUVIRANAN

INNFIATIZNTLUUIUUNT 3 @IUNT0DBNWUVTUABUIDANNSUNITASIVIY

Jonanainlanswanslusiaiion (Pseudo Code) ¥a9szUUIbansluNINUsENaU 4.1

asunsinaulagasuhe

'
o v =

1) Sutayandndudnuluszuu wazasrmisrednaulaainaimduldlduss

Y

¥ o

foyaundifiednisnnaguanifidou Tnsadretemiseiadulaninaudnyugaii
ABINTT WAIINANBTUILLALAA

2) waruAsnaaienaintulundazanunsalvesiladdy Tnonsldusas
anunsallunudnyuraIudesnIsIIRTU I e dulaainAietuisganad
aonunsaliintunsels  Ineavanunsavenldinudazaniunisalidethaunfiansanudale
nadnsiduegnsls

3) wanuAanaiaienadetulupuduiussewineilasdy Taonisiiansan
AduRuANNFTUSTEINAMaN YEANLABINTT WisuBUTUgBuAUANUFUTUSTEVIng
yaLAaTdLTLS Y

9 denanduluudedld dnfideRanarninduluaniunisalla viedl

JaRanatanTuluANLFUNUs AT ol



Algorithm 1 Algorithm for validating use case

Input: expected results, inputs, specification’s relation, use

case’s relation

Output: Use case validating results
1: Get expected results as F,

tad -3

12:
13:

14:
15:
l6:
17:
18:
19:
20:
21:
22:
23:
24:
25:

26:
27:

28:
29:

ld  lad e sl Led
E o a2

e A

Get inputs from requirements as Fiy,
repeat
Get possible values of each input as p,
until No more possible values.
Get inputs from use cases as Pi,,
repeat
Get possible values of each input as p,
until No more possible values.
Do Cartesian Product of every Fi,, as C,
O, = (1,1, is the set of possible values of scenario )

: Do Cartesian Product of every Pi,, as C,,

Cy = ( Jyw 1 Jy is the set of possible values of scenario )
repeat

Define which I, belongs to each R,
until No more I, that doesn’t belong to any F,
repeat

Let '=1,nNC,

it T" < I, then

“Scenario [, in Expected result i, = Warning™
else
“Scenario [, in Expected result 7, = Passed”

end if
until No more expected result.
Get specification’s relation.
Get use case’s relation.
if specification’s relation = "Require™ & use case’s relation
# “Include” then

“Relation Defected”
else if specification’s relation = “Additional” & use case’s
relation # “Extend” then

“Relation Defected”
else if specification’s relation = "Choose one” & use case’s
relation # “Generalization™ then

“Relation Defected”

. else

“Relation Passed”

- end if

return Use case validating results.

AMNUSLNBU 4.1 SWaLNgUURITEUY
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4.2 nseanuUUsEUUlagsIN

[
A

nseonuuuszuulagsan luiitdiledmuasuuuvlunsfmuniniosile
atffuayunisnsradutefanaianiudunoudldinausuuida Fendudsslon
semasiiuiilunssuiumsimnssurenlduaifannsahluufiiaezald anmsiesed
syuvluunil 3 anunsaeenuuuianssy andlnenssu grudeya wazdrudasefugld
YD3TEUUNTIIADUATINgNFDITasyaLAaLFRsa LU

€

4.2.1 AMUFUNUSHALAINTTUVDITLUU

JYUUATIAADUANUYNADIVRARaI eIt vun 2 fe  Aoyly way
1nIATIZYTEUU BaifanTsutarAmNdNRUSAee) serninsdudaanslanunindszneu 4.2
wazilsgazidenvaufazgananiAosuIelunseg 4.1 fam15en 4.6

Use Case Validation system

Validate use case

Get requirement o
specification Get use case description

<<include>> <<includes>>

Generate decision table
From specification

User

System Analyst

Andsenau 4.2 ULNUNTNYEALATVDITSUY
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M15199 4.1 AeSutenanssy Validate Use Case

%o Validate use case

e WieliniinsgiszuunvaeumNgnfinsveaLAa

Heiung INLATIZAIZUU (System Analyst)

MsAniung fniaseissuuriinsssygalnaiiaginninsavaey 10t
FPUUILATIUNINTIRARULALLARIHAT HEDBNIN

FoulwvFedesniiu | Feslimmedindulavesnudnuazaudesnsazassindula
YosgaLAaTILiD osion13ATIEDY

HASNS HANIATIAABUANUYNADY

A ¢ o v o Y Aay a
%aﬁﬁﬂ%uuagmaﬂﬂlau’]LGU’WDJSUQNWWHWW

ANMUFUNUSNTTDRANAA

A13197 4.2 A195U18AINTIN Get Requirement Specification

%0 Get requirement specification

Wy dielilideunadnvazanudosnisidlulussuy

AATiung Wl (User)

NSRS féfazdeadounndnvaranudosnsitiluluiuuesuiissuu
w3oul3l wiewslidoyaneandeatoyatiniiuasnadnsi
AINTIvaLiasflanduII

foulwiedosniu | -

HAGNG AEnYarANUREINsusUkuuasy

A13197 4.3 A195U18AINTIN Get Use Case Description

i) Get use case description

e deliiniiasgiszuutlaudesusgaatilulusyuy

AANunNTg UNILATIZRTZUU (System Analyst)

NsAuNT tinlinseiszuvazdesdeumesuisgainadnluluuuuresud
szvunIonlil wienisliteyaoanBondoyatnduay
LUV TYINUYRILELAT

Foulwndedesniiu | -

HATNG masusganalusUwuulasy
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M15199 4.4 AaSU1eNaNTSU Generate Decision Table

%9 Generate decision table

e \oadramsesnaule

AAiuNg A9N35U Get requirement specification WarAaNTsy Get use
case description

ASALTIUNT SYUULISENIUNANTIU From specification %58 From use case
m’mLL@%’agaﬁcﬂﬁszuuﬁauLﬁﬂm

Goulwdedeouniu | -

HAGNGS A5198naule

A1997 4.5 A195U18AINTIU From Specification

%0 From specification

Whnaneg iieairenssindulannaudnuuaudeins

HANTuNTg NaN33u Generate decision table

M3 ndung szuvazasnssinaulanndeyafiatnuianaudnuuse
Ao3N3lagdnluia

Foulwdedesniiu | fliteudeyanmdnvazaudosmnsidianlusyuy

HASNS M3esnaEUla

15199 4.6 A1aSUTENANTSU From Use Case

Po From use case

Wwisng dieasamsnedadulanindiosuisgaing

AANunNTg naNs54 Generate decision table

MSANIUNTT sruvazaisinaulanndoyaiiainunaindesuegaina
Lagdnlulla

Foulwsedesniiu | dnliesissiszuuteudoyadesusganadnunluszuy

HATNG mRnaula
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4.2.2 @01Un8NSIUVDITTUU

iwumaﬁ]aaummgﬂﬁawaqqamaﬁaﬂﬁﬂﬁzﬂauLﬁaiaﬁumsﬂawﬁa%a
Qmé’ﬂwmzmmé’aqmmazﬁﬂa%maqama n1sasemseandaula saueniTnsIvdeu
mmgﬂéfawmgama Feaunsanansannenssuvesszuulamunmussnou 4.3 uaz
Awdsenau 4.4

Specify
o requirements
m User specifications

Y

Generate decision
tables from
specifications

Extracting data

Generate decision
Database tables from use case

Extracting data

Validate use case

. | Specify use cases
O > I
@System Analyst descriptions

AMUsENaU 4.3 aUnenIsuYndsEuu

User System Analyst

Initialize
System

// L_\

specify Specify
Requirements
sp:ciﬁcations Generate Generate d Use;a;es
decision tables decision tables |4 escriptions
from spec from usecase
Validate
Usecase

ANUILNDU 4.4 LNUNINAINTTUVDITEUY
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FEUUATIVADUAIINYNADIUDILAAAUTENDUAILBIAUTENBUNANTNINLA
4 @ Fads18azdunveInN1Telun1Saall

4.2.2.1 d?ﬂﬁli?ﬁ]ﬁﬂUﬂ’NﬁJQﬂﬁ@\i‘dﬂ\‘l&quﬂmﬁ

drunsiadeuAUgNABIvesyalAd (Use  Case  Validation Module)
Wuilsddunsianuiidudminendnvesszuu Aensasaaouaiugniesedgaina
Felunsinuresilsdtuiifesnismmeinaulaiildandoyaiiflduasintinmevissuy
Uowdnluluszuy

4.2.2.2 dqudd1ennsiennaula

druasrans1ednaula (Decision Table Generation Module) tHuilaniaiy
A15v9uNlTdnsuasienisedeaula lnswussanidu 2 Heddudas A Wadduasia
M3AndulInAMENYAEANRBINTT wasiliituasnsidndulanndesueyana

4.2.2.3 duSUAMENYMZAINABINTT

dau%uqmﬁﬂwmxﬂﬂﬁuﬁadﬂﬂﬁ (Requirements  Specification  Creation
Module) Huileiduiildfunadnuuzainudoinisaindldlugluuuresunaziuiarie
teyanszuvagldlunisasiemisnedndula

4.2.2.4 gruSuAnasungaiad

diusuAteSunegaad (Use  Case Description  Creation  Module)
Huiladduildiudesursgamaaniniiesizsissuuluguuvuesunazinadaendoya
fszuvagldlunisadnamsnsinaula

4.2.3 gm%’agmaﬁz‘uu

N1500NLUUFIUTONAVDITEUUILFUNUS AULHUAINYALAAYDITEUY
MIIVHOUAINUYNADIVOILALAT LABULAAILATIATINFIUTOUANIGUNUNIND -85
(Entity-Relationship Diagram : E-R Diagram) lagsnmidsgneu 4.5

= ¢ = v Y a o o ¢ .
INUHUNINE-015 Fauanelaseasagiudoyaidaduiius (Relation Database
Structure) @1u15akUaRdULUULKULTEUNUS (Relation Schema) §iail

RegSpec(Spec_ID, Spec_Namee, Source, Destination, Require, PreCon, PostCon,

Description)

Spec_Input(Spec_ID, Variable ID, Variable Name, Variable Possible, Variable Type)

Spec_Possible(Possible ID, Spec D, Variable ID, Value, Validity, Result)



Spec Result(Spec_ID, Result_ID, Value, Validity)

Spec_Relation(Spec ID, Sub_ID, Relation)

Spec_Decision(Spec_ID, RowNo, ColNo, CellValue)

Usecase(Usecase ID, Usecase Name, Actor, Trigger, Stakeholder, Description)

Usecase Input(Usecase ID, Variable ID, Variable Name, Variable Possible,

Variable Type)

Usecase Possible(Possible ID, Usecase ID, Variable ID, Value, Validity)

Main_Path(Usecase ID, Step, Activity)

Extension_Path(Usecase ID, Step, Activity, Reference_Step, Sequence)

Usecase Decision(Usecase ID, RowNo, ColNo, CellValue)

Extension_Path

Usecase_ID
Step

Activity
Reference_Step
Sequence

Usecase_Relation

Super_ID
Sub_ID
Relation

Usecase_Input

’3‘. Usecase_ID
Variable_ID

,PK Possible_ID

Spec_Result Main_Path
has
e
'F( Spec_ID Usecase_ID
© Result_ID Step
Activity
Spec_Relation Value
Validity
Spec_ID
Sub_ID hi|iS has
Relation ES/
has | /
ReqgSpec Usecase
Spec_Input
?F(‘ Spec_ID '3-‘ Usecase_ID
? Spec_ID
" Variable_ID h Spec_Name Usecase_Name
as Source actor \haS__\
Variable_Name Uil Usecase_Trigger
Variahle:Possible Eeqcuire Stakeholder
Variable_Type P:tg:n Description
T Description
has |
.
has
Spec_Possible has

Variable_MName
Variable_Possible
Variable_Type

T
has
1

Spec_ID
Variable_ID
Value
Validity
Result

Spec_Decision

Usecase_Decision

Usecase_Possible

’3\' Possible_ID

Spec_ID
RowNo
ColNo
CellValue

Fvalidate

Usecase_|D
RowNo
ColNo
CellValue

Usecase_ID
Variable_ID
Value
Validity

AMNUSENBU 4.5 ULHUNIND-015VegUTBYATEUY

69



70

4.2.4  dwupnseiugly

N19ANTUIIULALNITHANINAVDITLUUATITABUAIINYNADIVBIYALAE
Tasun1swaL AN aATusaesunisttauaunteeantkuulIt19eu Tnelisneazidunvaadiuy
A199 Aara Ul

4.2.4.1 msdounadnvazanudanisdilulussuu

Tudauilldazdesdoudoyanaudnvurainudesnisaslulunvusosy
fszuudalild Tnoguuuunesudlisnsdauaziauuamnaingluuuyes lan  Somenille
(Somerville, 2011) Ingludruiidosszynadnéfinanis  Fléasdosszyarnugnies
vosnadnsiudieindunadnifigndos (valid)  wdeligndes (nvalid) iiletleudaya
quasuud Wildnaty “Set” ilevimstiufindeya wansfanmusznou 4.6 uazuuuwosy
fldszyrnuduiusszmininudnuareudenis Aldseyiusasilsitunuiianuduiug
fuladtusiudug Tugvuuulathe Tagligldiden D vesfladtundn waziladdudian
Aendaakaeain Drop Down List a1ntu densuuuuamudusiusinduwuusndusiod
(Require)  \fianAn (Additional) 38 \@enldaiu 1 flsfdu (Choose one) @ nia
Radio Button 910t naty “Add” iilevimstuiindea wansfaniwuszney 4.7

Spec ID: Requires:
| XHNKX | | HXXXK |
Spec Name: Pre-Conditions:
| XHNKX | | AXKX |
Brief Description: Post-Conditions:
| o— | | XXXXX |
Sources:
Inputs:
| HXXXK |
XXXKX
X000
XXX Destinations:

| HHAXX |

Expected Results:

HHKAK -—-Select Validity-—- |V
HHKKK -—-Select Validity-—-  |v|
XANKK -—-Select Validity-—-  [v|

Set

MwUsEnav 4.6 Luunesusudeyamiluvesnmuanumuzaufenis
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‘ Select Function ‘ v‘
‘ Relate with ‘ v‘
Q) Require

@) Additional

0) Choose one

AWUIENBY 4.7 LUUnoTUTUANUENNUGURIAMAN YL AUADINIT

4.2.4.2 nsimuaTgadenvastayatid

Tudniifunsdimuauasszyeazidonvesdoyaindurasdigld
Igdeudanlunuuriesusuaudnuaranudenis Tnsazdesszysiauazadidulule
yosteyatndudazii WoszyswazBunvesteyatinirounsuiundlisuiunsdely
Tnemsnata “Set” ilea¥ammeindulavesnadnuaranudesnisiu Tnseuudugily
nsnTRdeUATIgNFeeIgAnaTrTuagfuANgnia st EaBuatisryiludunoud
\unén

Tnenisinuaseazdonvesdeyaindiisdoyatiiivosnmsnvmy
Anudsnsar oy esiesusganaiuaiisULuuosudnvasAeaty e szuy
wadanssiadulalinuudalugfandeyatindn andugléazdoniinisssyiiuday
anunsaflumasindulaty dtustunadnsiaandalunsdiiadanandnuaeeani
Feanns vieduiusiudunslalunsdfiaiianndiesuieyaina uansfanimuszneu 4.8
waznIndsznou 4.9

[ select Specification v

| Input Type Possible Values set
WO00E —-Select Type--- | 000
prates —Select Type— v oo
XHRHAK —Select Type— | xxxxx

[ input [ input [ tnput Result | Generate Decision
XHHKK XKHHK XA —Select Result—  |v Table
00K XA 000K -—-Select Result-— |«
H00K XHXHK 000K -—-5elect Result-—- |«

AWUsENaU 4.8 LUUNaTUTUT Az BsATaLAt I URIAMENYEAIINABINTS
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| Select Use case

Input

Type

Possible Values

JOOOK

---Select Type--—-

OO

OO

-—-Select Type-—-

OO

OO

-—-Select Type-—

JOOK

Input

Input

Input

Path ‘

OO0

000K

OO0

—Select Path—- v

JOOOCK

HHXXK

HURXRX

-—-Select Path—-

<

JOOOCK

HHXXK

HURXRX

---Select Path—- v

Generate Decision
Table

MwusEnav 4.9 uuunesusuneazideadeyatidivesdieiungyaing

4.2.4.3 MSUEAINANIS19ARAUTD

Tudrutlaznanannsrednaulanssuvas1ilagdnludd lnetdanann 1D ¥a9

o v = oy = o
AMANYEUEAINUABINTT %38 ID VDIYALATVINDINTTITLILNG LAAIAININUSENBU 4.10

Select Specification

Variable 1

Variable 2

Variable N

Expected Result

HKAXXK

0K

0K

KAXXX

HUXXK

petosy

petosy

XUXXX

HUAXX

JOOOEK

JOOOEK

HURXX

4.2.4.4 mstaudasuegaadluluszuy

AMNUSENBU 4.10 dULaEnINanIs19inaula

ludruildniieneiszuvagdesleudoyadeiuisgainaasiylunuunlesy

DIZUVIANIA LAAIPININUSLNDU 4.11 aznnUsenau 4.12

4.2.4.5 msmnaaumwgné'iawaegama

TudmiinInseiszuuaIsanTIaeUANNQNABIYRILALAd LAEN1TTEY
D YRIRNANBMEANNABINITIAY ID VBILAAATII¥YINN1TATIAEBUIIN Drop Down List
NUU TLUUITUAAITIENTANGNBUZAINADINTTULATgAaIAaNTlAudNTuSiY 1D

mindiesgriszuuiden UNIAT18YTEUUALABITUR ID YeIRuaNYMEANABINISIINAY ID

Yosgananduiusiu lnenisiden ID anlusensiuanuainay “Pair” lngseuuazuans
518115 1D lduguas Wedudauasunn ID uad Wiindwsenszuunadu “Validate” Lite
MMsesIvdeu lagmnasuilunisduganansavinlalagnisnay “Reset”
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Usecase ID:

Usecase Name:

| OO

| HOMKNX

Primary Actor:

Trigger:

| HIOOOK

| KXHNK

Stakeholders:

Brief Description:

| HHK

| KEEXK

Association:

Include:

KHXXX

HXHAX

KHXXX

HXHAX

Generalization:

Extend:

HHOOOK

JOOENX

HIOOOK

HXXNX

Set

MwusEnav 4.11 wuuesuiuteyaniluvesdesuieyawna

| Select usecase

Normal Flow of Events

| Step

Activity

1

HHKXX

2

KKK

Alternate/Exceptional Flow

| Branched from step

M

| Step | Activity

1

HHKXX

2

KKK

[ Set H Clear ]

[ set | [ clear |

mMwusEnav 4.12 uuurleusuteyaidunivesdesuneyains

Nﬁ”ﬂ@ﬁﬂ'ﬁﬁ]i'ﬂ‘\]ﬁ@Uﬂ’NNQﬂé]j@QﬁlgLLﬁ@ﬂu 3 579119 5189ASUINAD

“Defects in Scenario” h@A4AIURANAIAYBIANTUNTAVDIUAALYAAH LYW HANITYINY

LansafuaudnsagAI1udeIns vsedunaniunisaiivinmield winldiivedanain

FPUVILLENITBAU “All Scenario Passed!” 5780159 2 A9 “Defects in Relationships”
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uaneANEANAIAtuANNFNTUSIEINgaAa Mnliddelianainsyuuazuansteniny “All

Relation  Passed!” wags18n1391 3 Ao “Missing  Usecase”  WaAR9318N1TAMSN WY

% AV o1 ) Ay a v «
AuRRInskidyainaunsessy mnlulideranainssuvavianstonny “All Usecase
Present!” sawandluninusenau 4.13

| Select Spec ‘v‘ Defects in Scenarioes

X0
| Select Usecase ‘v‘

00K
peseiy

XXX
Specification Usecase

Pair
XXXKX XXXXX

XXXKX KXXXX

XXXKX KXXXX

Spec-Usecase pair Defects in Relations

Missing Usecase

XXX KXXXX

peseiy HAXXX
ps sy HXXAX KEXXX XXXKX

KK KXXXX
KXXXX XXX

Validate ] [ Reset

AMWUTENBY 4.13 WUUNDTUATIAABUAIINYNADIVBILALAA

4.3 1A399llaUaNALITN IINRUISZUU

LA30eden1eq NFluNITTANITEUUATINADUAIINYNADIVDILALAF
Usznausng

1) Microsoft Windows 7 dwsuiduszuuufjifinig

2) Microsoft Visual Studio 2013 dwsuiludesile IDE (ntegrated
Development Environment) Tunsiaiunssuu
3) Microsoft SQL Server 2012 dwiulddnnisgrutoyaideduiug

4) Visual C# 1Jun1w1n1stuswnsunlgluniswaunssuy

4.4 AISNRAIUITSUU

INNTSALATATIENUALDDNUUUTEUUATIVABUAINYNADIVDIYA LA
A111501U0INRILTEUUTA B LENNITIINUTDITEUUDNTUAANE Faanusauandlasiasia
HaNMMUSENOU 4.14 @1U15093UN8NISYINULRazAaalARall
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1) UseCaseValidation

Wuaaradmiunsiaaeuainugnaesvetgang laen1sasdoyasin
masdndulafiaialfnduiuns wansvhanudu 2 wien fio validateScenario() d1w3u
nyrvdeumansalanglugang way validateRelation)  dwiunsisaeunduduiug
TENINYALAH

2) GenerateDecisionTable

< o [ [ v a 1 o < < A
Wuaatadmsvasiamissdadula wusnisvirawdu 2 wsen Ao
setTestTable() dm3vasnans1aindula way setHeader() d@miuasieiinisedinauls
Ihdugevesoyatdi lnefinanagesfie GeneratefromSpec dmsuasisnisssindulaain
ANNYEAILABINTT kaE GeneratefromUsecase dmsuasamnsidndulaaindeduiy
galAd
Y

3) GetSpecification
) o [V Y [y v a I 4 1
Jueanadimiuiunaanuaeaiudein1siideueglusuiuunesuaingly
1 o [ < A ° v v Y ) ] [ ) LY
wUan3viheudu 3 wien fie getinfo() dwsusudeyaiily getResult) dwiusunadns
1A1AnTe wae getinput() dmsuuteyaininuassgasidenvestoyaiidiuiazi

4) GetUsecase

Juaanadmiuiumesuieganaaninimuissuy wianisviianndu 3
\wEen fe getinfo() dmsusuteyamily getPath() dwsusuidumanisinunislugaina
wag getinput() dwsusudeyatidwasuaziBunvadayatidiusiage

UseCaseValidation

—usecaselD
-spcelD

-validateScenariol)
-validateRelation()

GenerateDecisionTable

~matrix[] - array of string
-decision : datatable
+setTestTable(ID)
+setHeader(ID)

B
| |

GeneratefromSpec GeneratefromUsecase

-speclD -usecaselD

[ A

GetSpecification GetUsecase

-0 -iD

-Name -Name
-Input -Input
-validity -validity
-getinfo() -getinfof)
-getResult() -getPath()
-getinput() -getinput()

AMNUTLNBU 4.14 LHUNNARNFVDITTUY
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unN 5

N15USLUUUSLANS AN

[

& & a a a a = o o a
Lu@ﬂWIUUWUﬂaqﬁﬂ\iﬂ’ﬁﬂigLllu‘l.lﬁgﬁ‘l/lﬁﬂqwmaqfl’]u’]ﬂ]ﬁl FIUNIIANUUNIT

waznan1sUsziusasnalul

5.1 A1592NLUUNITUITSLEUITZUY

aureulAnITedinsiuiiuns 2 dumeundn fe nsadensdveden
IMNAUFNYULANUADINTUALANBTUIYYALAG La¥NITATIADUAINYNABIVDIYALAT i
Tunsuseidfiussuy nefAsededndufesssiliuyszaninmvaais 2 funaudy
lngagUseiliuainunsuaiuanysal (Completeness)  U0INIANAHBY WAT AIINYNADY
(Correctness)  ween1sasraduaIugnievesgaina fenisldnsdinuduiugiu
(Based-Line  Case  Study) JuddSeuiiisunisiaussninadidnsiudseiiiu
wazmsdndumslassruuiiiaundy weginstunaiddifsdssiulilunisadhansd
nageusiieanudslunsduiiung (Time) Tnenauinnsussiussuuasaldihuuuyssidiu
fasretuluuszidududulaennassiisesfudndnwseduusgayiln wazdnAne
S¥AUUTYEYILON VBINIATTINGINITABUNIUADS NNIINYIRYAIVATUATUNT T1UIU 4 AU

noutnlUUseiussuunuddelvalutudaly

U o

511  n1sUssiiuysEANSAINYaINISATINERUANYNADY
Iua']u%ﬁaﬁlé’ﬂszLﬁmJwﬁwﬁmwmaqmimaaaaummgﬂéfawaqgama
lnggidnsuuszdiu InensladiinsiysediuiiansandefruannudesnisuazAesung
gaLAd LLazszqsﬁaﬁﬂwafmiuﬁﬂa%magamaﬁu WWUTHUNBUAURANITATIADUAIINYNABY

YosgamalneszuUNtmudL WeldunsiSeuisulssansamlunisnsiaaeuninugnies

a o

vosgalad s¥nindldIsinUssiiiufuszuuianiiunisaledsnisiduaus lagssuui

[

Waguudn1saniunisnsiageualugniedvedganalay SuteyanuanymeAy

Y 9

éfaqmiLLazﬁW@%magamaLﬁaﬁwma%’wLﬁumiwﬁmﬁu’h} wazu1m1519enaulanasn9ann

L% U

AuANBUEANNRBIN IS EUgUAumssinaulanasenAesusgana lng dnluld@

\ievnmanisalngalaalineuausdsien1ufeIns vsevihauialuanANuenIs
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N13TIdURIUS e UL UUTEANTANTUNITATIIABUAIINYNADIYEY

gawnd truanzkuuandwudeiianatndu 1 azuuudesienisteianain dmsu

nsglfivegesruUlUsNsEN-Au AsgnimusmzkuwretdaslandunulafniTen 5.1

M19197 5.1 AzluuveIusiazileituuveInsiinageunugnees

Check . Hold .
ATUUU Check in | Renew . Fine
out item 594 (AZLLUL)
VB9 (Azuw) | (AZHU) (AZLU)
‘o (AZLUY) (AZLUL)
Wandu
2 1 0 2 1 6

HaN1sNAaeIUsHluUsEANT A mMAlIAINNIRTIRARUANLYNABIYRIY LA

TA8SLUUNNAIUITUY AILEASIUAISIN 5.2

M15197 5.2 NaN1IARRIUTEILUTEENSAN ANUNABIYRITTUUTITRIUITY

. » | Check | Check Hold .
HGEYA . Renew . Fine 374 o
v out in item AUNTINU
UYsziiu (AzUUW) (Azuuw) | (ASLLLW)
(AzLUY) | (ASLUY) (AZLLUU)
JEUU 2 1 0 2 1 6 100%

5.1.2 n15Ussiuvdseansnmuaen1sasiansainagau

Tunuddeiiladseidivdseansamuesnisasiensiinaaaulainganalng

Y Y v YV

AinsnUsediu lngmstigidnfiudssidiuianuasaniunisaliliaindresuiegananideu

e

aglustuuunesy uidesuisgamandeusglusuiuurasuyanediuil uadrensa
NAHBUMETEUUNNAUITY IINTUEINTANARDUNS 2 Yauvin1suseiludseaninaning
1% 4 = A = = a a % =~
AsUIUANYSalveansainaaey ieidunisiseuiisudssniamlunmsainansanaaey
ngaaa serdnegiinsinlssiliuduszuuianidunismeisnsiduaus  lagssuud
W dusninisauiunisairnsdinageulaefudeyameiuigyana Suteyatniives
gawnanfeuiaszyaidululd antuszuvazadiemnssindulasnandululdvesn

Payatinlngdnluia

A =~ ~ a a P o A
n15As19da UL USesuLNeuUszansainlunisastanisiedngula

InA1eBUBLAAE LANIMUAATLLNAINTIWINEDIUNTTAl (Scenario)  WTu 1 Avwuu

o 1

#9518115 E1USUNTARI881958UUTRUSNSEL-AY ALaNANUARLLLUYBILARETeATUIULe

Y

AIP15199 5.3
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M13197 5.3 AzluuveusazilsituuvensainegeunuAsuLIuaNYsal

AZLUUVBY | Check | Check | Renew | Hold Fine 594 (ATHUL)
da1unisal | out in (AZMUY) | item (AZUUL)
(AziuY) | (AzUUY) (AZHUW)
15 7 4 13 4 43

NanN1INAaeIUseiliudseansnmilaainnisastansainaaaulaeseuud

WY fauandlunisnan 5.4

M13199 5.4 HANTNAR0IUTHIIUUTEANSAIN ANYNABIVBISTUUTTHIMUN T

ngug | Check |Check |Renew |Hold | Fine 594 AUATINY
Usziliu | out in (Azuuw) | item (AzLUY) | (ASLLUY)

(AzHUY) | (AZKU) (AZHU)
F¥UU 54 8 4 36 4 106 100%

513  msidenngugidnsiuyseiliv
5.1.3.1 MyUssiiududu

n1sUsEiliulsEdnsainvesssuududuty giduladnifentdndnen

sEAUUTeYIY wazszAuUsgeten 91wy 4 vinu e

1) YPANa JUNSVII

UnfAinwszAudegyen MAITINEINIIABURNILADS

2) wwanlaasy fawes

€

3

[ a

NANYITEAUUTYQYION AIAITIINEINITADUNLADS

3) WIgRYyN Avlan

CY

HnAnwszaudiggv nelgIneIn1sreNiimes

4) Y9@INTNNS YUIns

[ a

nANYITEAUUTYQYIN AATITIINEINTITABUNLADS

5.1.3.2 nsusziiulaenguiidedvisy

(%
o

n13Uselulseansamvesssuulaenguiidetviyiu J3duladaden

AL TEIIYNNAIUNITIATIZRALTALITEUU WU 4 9w Laun
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1) wiegungy dunals
AinIYINIABNTIIADITUIYNITALAY AUdRNIADT SEAULAL A
= I v ) a
NsAnwEagn Ae sEAUUIIRg
2) WNANARATT AINY

& a

AunalinIgInsAeNiiames Audaouiaines seAuLayIAinITANYIgeEn

9

3) WiLgnENaY aauUsulasng

AuvdadnIvinsaeniiames gudreuiines seaulazIainIfnyIgeEn

4) UNAMSYIE WAIUNUSTY
ALNUITNIVINITABUNIADITIUNYNIT Udremaluladarsauina

ANEINYIANERS SEAULAEIAINTANIEER Ao SEauUSyyn

q

'
a val

Tudunvihnmsussdiulaengudiieiviy dgfermay 1 viunlaneusuandsy

Y aly
usilsianansadnsmvhmsussdiulfidosndgmmisiugunin fadu Tunsussdiussuy
FalfTemaansuUssdu 4 v

lumsinsgideya amvuaningausia S1 8 S4 wnudiinsiudsediuly
nauinAnwseaudsyglnuasUIgynen waglamuuavungiaesia PL 89 P4 unu

[

A TnUssiiulunguidervgylag Yoyadiudilunume o1y Fulnmasdinwvengy

=

Unfnw wazergauludunisdagduvesngudi@etvigidiindsadiussuuleans

AMMUIENBU 5.1 wagn nUsenau 5.2 #uaienu

nanunAnwIsEAUlTIn NANELdT0Y

wazisian

yilgld il
50%| f50% )
O wes RN

ANUSENBU 5.1 UHUNNNNAULANIBNTIAIUTREaY VRN TINUTHT UL LIRS
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1 4 2 3
— ||
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[
v v =2

AMNUsENAU 5.2 uruniiuvisuansenguazangauludunidagiunsetulnmasdinwves

v v 1

N3N UTELY

Y

5.2 YUABUNISNAABIUTLLAUTEUU

FUNBUNITUTEIUUTLANTNINVDITZUU LTUADUNSNVINUA 3 TUADUAD

[
Y

1) TuMBUNITUTTEIBUUUED 2) TUABUNITATIABUAINYNABIVDILALAE Uag 3) Tunou

nsasnmsindulangaiaa

YUADUN 1 NISUTTUIYUUUYD
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Fupauil 3 N1sannTdnaulangana
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[
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5.3 sesdefilHlunsuszdiuszuu
1) 5¥UUATINADUAIUYNADIVBI LA MFUN TR NALISITITRY
egLdNLea
2) Tanda@unsurinnsuseiiu
3) Wuudauy
wuvgevanlunsusziduaufianelalunisldemussuu ddddanglunis

Usziliulnenguiideiwey wiadu 3 neu fie

naun 1 diudeyaiigfudnauluuaauniy
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a ! a'
A8 ALNAY
A v ! ° ] o A o o oA,
A8 %a%aumaz%’maumummw 1 93613
ﬁ@ Nas'ﬂmﬂzLLuu‘ﬁﬁ%N@

A9 IIUIUAIDEN

2) edulesuunnsg1u (Standard Deviation)

lng  SD

]l

n

e dideuuiinggu

Ao ToyAwAarIIUIUATARIN 1 D9 §
2 ' =

Aa ALadY

AD IIUIUAIDYN

5.4 Nan15UseUUIEANSNATNUBISLUU

5.4.1

nansUsEiuszuulaenguinAnwisEauUs g InuazUsyyiien

Han1siTeuisulseaninmeesnisasiadudeianainlugaina uas

n1sasensdndulanngang WIsunguiussUUNRRILNTY @11150UEAIAIATSI9 5.5

Layre1Te 5.6

A157199 5.5 mamiﬂﬁzLﬁuﬂizam%ﬂwwmammaaummgﬂG’Tawmqama‘[mﬁfﬂﬁﬂmagé’u

UsgyeynuazUSyeyten

Ve Check Check Hold
NAUN Renew Fine 374 A4
v out in item o
dsziiu (AZLLUY) (Azuuw) | (AZLUY) | AIS9NUY
(AzLuY) | (ASLUY) (AZLLUL)
S1 2 1 0 0 0 31 50.00%
S2 1 0 0 0 0 1] 16.67%
S3 1 1 0 1 0 31 50.00%
sS4 0 0 0 0 1 1] 16.67%
ﬂ'lLQé'IEJ 1 0.5 0 0.25 0.25 2| 33.33%
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M13197 5.6 nansUssiiulsEansnmnsaensdedulannmesuieganalaegin@nwm

syauUeyglniasUSyaien
Ve Check Check Hold
NAUN Renew Fine 374 A4

v out in item o

Udseiuu (AzUUL) (AZUY) | (ASLUY) fNIINU
(AZBUY) | (AZLLUY) (AZLLUL)

S1 11 7 q 5 q 31 72.10%
S2 11 7 q 5 q 31 72.10%
S3 14 7 aq 11 q 40 93.02%
S4 14 7 q 6 q 35 81.40%
ALY 12.5 7 q 6.75 q 34.25 79.65%

Tnglunisneassuseiiuiing ol

¥ v

Y

NLUUS
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ABSTRACT

In the past decade, object-oriented software engineering (OOSE)
has gained popularity from many software developers, especially
OOSE with a unified modeling language (UML). Use case views
are often used in most systems during an analysis phase. These
views show the system functionality related to the system
stakeholders. Hence, use case views seem to be a corner stone for
a software system. The defects occurring in use case views will
affect the later designs. If these defects can be found early, it
would save time and cost in software development. Therefore, this
research proposes a technique for detecting defects in use case
views during an analysis phase or requirements engineering
process. Correct users' requirements were created as requirements
specifications in a traditional form-based style for testing
comparison. The algorithms for generating decision table from
form-based requirements and UML use case specification as well
as the algorithm for use case view validation were invented. Two
simple case studies were investigated and used as the preliminary
evaluation. The nineteen fourth-year students were selected as the
subjects for the preliminary investigation in order to compare
between manual fault detection and our automated proposed
system. They were asked to perform four tasks for each case
study. The results show that the efficiency of manual fault
detection is less than the proposed technique at 47% and 44% or
overall average as 45.5% for the two case studies. Currently, we
apply this proposed technique to more complex industrial setting
and familiar software systems to software engineers.

CCS Concepts

« Software and its engineering — Software verification and
validation — Process validation — Use cases

Keywords
Defects detection; Requirements engineering; Requirements
validation; Use case view; UML.

1. INTRODUCTION

Computer hardware and software has been evolved rapidly since
computer technologies were introduced [1]. Human needs and
users’ requirements play a key role in software construction.
Errors can be occurred any time in software engineering processes

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that
copies bear this notice and the full citation on the first page. Copyrights
for components of this work owned by others than ACM must be
honored. Abstracting with credit is permitted. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior
specific permission and/or a fee. Request permissions from
Permissions@acm.org.

ICSCA '19, February 19-21, 2019, Penang, Malaysia

© 2019 Association for Computing Machinery.

ACM ISBN 978-1-4503-6573-4/19/02...$15.00

https://doi.org/10.1145/3316615.3316631

Amnart Pohthong
Department of Computer Science
Faculty of Science, Prince of Songkla University
Hat Yai, Songkhla, Thailand

amnart.p@psu.ac.th

during software development life cycle (SDLC) such as the IEEE-
1074 standard for SDLC [2]. These SDLC processes are
employed to some software development paradigms such as a
traditional waterfall model, a spiral model, a prototyping model,
and object-oriented paradigms [2-5]. Each paradigm also employs
several techniques and methods to build a software product.
Hence, defects detection seems to be hard work and a difficult
task for software developers. Late error resolution would lead to
cost and time factors in software development, as well as
reputation of software producers. Although requirements
validation is often mentioned and suggested in several software
development paradigms and software project management
standards such as CMMI (Capability Maturity Model Integration),
it cannot guarantee that a software product will be free of errors.
Requirements validation seems to be complicated activities since
it may involve with all stakeholders along requirements
engineering process: requirements elicitation, requirements
analysis, requirements specification, requirements negotiation,
and requirements management [6]. These requirements
specification together with some system models will be used to
design more system models in the design phase. It is important to
ensure that the system models conform to its user requirements.
Defects in software processes and software products should be
detected during the early phase of software development in a
systematic way. Therefore, efficient techniques and tool supports
for defects detection and prevention are still needed for software
engineering  practice.  Especially, software  engineering
methodologies using object-oriented techniques with UML
introduce many views and diagrams for system modeling.

Although some researchers have proposed some techniques and
methods for defects detection in UML use case views during the
analysis phase [7-10], those techniques are based on formal
methods and natural language processing (NLP). These methods
seem to be complicated for most analysts and software engineers
in software practice, especially this would be obstacles for
software maintenance. Thus, defects detection in term of model
checking and validation is necessary. The validation support tools
for users are also needed.

In this work, we intend to propose a new technique together with
its support tool for defect detection of use case views using
decision and relation tables. In addition, the decision tables from
our methods can be used for generating the user acceptance test
cases.

The remainder of this paper is organized as follows. Section 2
discusses some related works. Section 3 described the proposed
technique. Section 4 presents evaluation and results. In section 5,
we conclude our work.



2. RELATED KNOWLEDGE
BACKGROUND

2.1 Object-Oriented Software Engineering

In the past decades, several new programming languages and
software development techniques have been introduced and
integrated to software development paradigms as well as
engineering principles are also employed to software development
in term of building a safety product with cost-effective solution to
practical problems [11]. Object-oriented paradigms and
programming languages were also introduced and have gained
recognition from many software developers. In design and
programming aspects, an object is an instance of abstract data
types representing a real world object in a business system. A
software system is viewed as a set of interacting objects.
Information hiding, encapsulation, and inheritance are some major
characteristics of object orientation that are expected to reduce
complexity and enhance reusability in software development [3,
12]. Nowadays, there are several object-oriented programming
languages such as C++, Java, and Python. OOSE introduces new
techniques to traditional software engineering including object-
oriented analysis, object-oriented design, object-oriented
implementation, and object-oriented testing. At the beginning era
of OOSE, there were limited techniques and support tools for
software system development. Later UML has been invented for
OOSE.

2.2 Unified Modeling Language

Software engineering takes many concepts from engineering
methods such as requirements specification, software
specification, and architectural design. Similar to engineering
construction, system modeling and design is important for
building a software system, especially for a complex system.
Hence, UML emerges as a modeling language for describing
software systems along software engineering processes. It has
been integrated most good practices of OOSE, including an object
modeling technique (OMT), object-oriented software engineering
(OOSE), and object-oriented analysis and design (OOAD) [13-
15]. Later, the Object Management Group (OMG) took
responsibility for the further development of the UML standard
[16]. UML provides three views for modeling a software system:
functional, structural, and behavioral views. In order to depict
these three views, a conceptual model of UML consists of three
kinds of following components.

Things. The UML consists of four kinds of things: structural,
behavioral, grouping, and annotation things.

Relationships. The UML consists of four kinds of relationships:
dependency, association, generalization, and realization.

Diagrams. The last version of UML provides several diagrams
classified into two groups. The first group is the structure
diagrams consisting of class, object, package, composite structure,
component, deployment, and profile diagrams. The second group
is the behavioral diagrams consisting of use case, activity, state
machine, sequence, communication, timing, and interaction
overview diagrams.

In business needs, users' requirements vary from system to system
and depend on the nature of business. Software developers can
select suitable UML diagrams for their desired software systems.
Hence, OOSE with UML needs good understandings about UML
components and entities, well-organized software engineering
processes from an analysis phase to design and implementation
phases as well as well-organized change management [17].
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However, verification and validation for OOSE with UML still
needs more practical techniques and tools although some research
work has suggested new ideas for model checking and validation
as follows: The use of model checkers to verify properties of
UML activity diagrams [18], Semantics and verification of data
flow in UML 2.0 activities [19], an automatic method for the
verification of UML class diagrams with the object constraint
language [20], An approach to detect infeasible paths in UML
models [21], An approach for testing UML design models to
uncover inconsistencies among sequence diagrams and class
diagrams [22], Automatic synthesis of communication and
concurrency  for  exploring  component-based  system
implementations considering UML channel semantics [23],
Formal verification and validation of UML 2.0 sequence diagrams
using source and destination of messages [24], and controlled
experiment of manual test case derivation from UML activity
diagrams and state machine diagrams [25].

The most of them focus on activity diagrams, sequence diagrams,
state machine diagrams, and class diagrams. There are a few of
them focus on verification and validation of use case views.

Since our research framework is based on requirements specified
by use case description, we have reviewed some practical use case
descriptions as following formats [26]; Alistair Cockburn's use
case description format [27], Jan Kettenis's use case description
format [28], Tao Yue's use case description format [29], and Alan
Dennis's use case description format [30].

From above reviews of practical use case description formats, we
employ Alan Dennis's format because it seems to be simple and
up to date.

3. PROPOSED TECHNIQUE

In order to detect the invalid entity occurring during UML use
case creation, we use the users’ requirements written in a form-
based specification for comparison. When creating use case views
for any software system, a developer takes these requirements
specifications to account. These requirements specifications
represent real user requirements from an analysis phase.
Therefore, the use case views that do not conform to the analysis
requirements specifications mean some defects happening in this
process. Defects in use case models can be categorized in many
criteria [31]. However, in our preliminary investigation we focus
on two criteria: the incorrect flow between use cases and the goal
not achieved. For example, in our simple case study: simple box
office, Fig 1(a) shows the correct use case view and Fig 1(b)
shows the incorrect use case view that consists of an invalid flow

and incomplete use cases.
<<extend>>

<<include>>
Make charges Make charges
7 ¥ %

By Credit Card

@)

(b)
Figure 1. Example of defects in a use case view for the simple box
office

In our technique, we start by creating decision tables for both the
concerned requirements specification and its use case. Then we
validate a use case model by comparing these generated decision
tables to find the incompleteness of use case scenarios



corresponding to use case functionality. Then we compare the
relations appearing in the specification with the relations of use
cases to find the misuse of semantic flows occurring between use
cases in the use case model.

This proposed technique consists of five main processes: 1) Get
all of functional requirements. In this process, the system analyst
specifies a user’s requirements in a form-based specification
format for each specification [2], the relationship between the
requirements specification, the possible expected results of each
specification and their validity. Then, the possible value for each
input and its expected result are specified. 2) Get use case
descriptions. In this process, the use case description and its
possible value for each input, together with their validity are
specified. 3) Generate decision tables for all requirements
specifications and for all use case descriptions; one specification
produces one decision table and one use case description produces
one decision table. 4) Compare the corresponding decision tables.
5) Compare the corresponding relations.

Our proposed support tool was based on the above five processes.
However, each requirements specification must be manually
mapped in pair with its corresponding use case description before
generating and comparing the decision tables. Giving S is the
desired system and F represent all functional requirements
specifications in S. Giving T is a set of all use cases in the system,
S, consisting its use case elements, Uy, Us, ..., U,. The order of
corresponding elements of S and T can be written in pair as
(F,Uy), (F,,Uy), ..., (Fy, Up) for all b functional requirements.

3.1 Decision table generation

In order to generate the decision tables, we begin by constructing
a set of each input Pi;, = {p1,pa, ..., psi } Where Pi;, denote the
input of F, fiis a number of possible value of input Pi;, , and
py; is the possible value of the input. And do the same way to use
case U, by constructing a set of each inputPj;, = {p1, P2, ) Pui }
where Pj;, denote the input of Uy, ui is a number of possible
value of input Pi;, , and p,; is the possible value of the input.
Then, create a Cartesian product of every Pi;, or Pji,, called C set
as shown in equation (1), the elements of C are the corresponding
scenarios in each decision table.

C = Piy X Piy X ... X Piyy

®
If the validity of every pg; in Piy, is “Valid” then the result of
Pi;, is “Valid” else the result of Piy, is “Invalid”. For
example, Pi; = {1,2}, Pi, = {a,b}, and Pi; = {s,t,u} where
the validity of each value is as follows: 1-Valid, 2-Invalid, a-
Valid, b-Invalid, s-Valid, t-Valid, and u-Invalid, the Cartesian
product of Pi; X Pi, X Piz is as shown in Table 1. Value of
Pi,, Pi,, and Pi; in each row represents the possible value of each
input in the scenario.

Table 1. Example of Decision Table

Pi, Pi, Pi, Validity
1 a s Valid
1 a t Valid
1 a u Invalid
2 b u Invalid

3.2 Decision table comparison
In order to compare the decision tables, we begin by constructing
a set of each F,, and Up:
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3.2.1 Possible event generation for requirements
specification
From each F, € S, constructing a set of the function F,, the

elements of F, are Ry, R,, ..., R,, where R, denote expected
results of each specification and m is a number of expected

results. The elements of R, are Iy, I, vl where I, denote the
input, g is a number of inputs, and /€ Pi;,. The elements of I, are
i1,y -, L, Where i, denote the possible value of input/, in the

expected result R,,, from function F,, and x represent a number of
possible value as shown in equations (2) — (4).

Fp = {Ry, Ry, ., Rin} )
Ry ={li 1 ... 1} (3)
Iq = {il,iz,...,ix} (4)

3.2.2 Possible event generation for use case
description

From each U, € T, constructing a set of the use case Uy, the
elements of U, are Py, P,,..., B, where B, denote path of use
case and m is a number of paths. The elements of B, are
J1:J2s 1 ]q Where ], denote the input, g is a number of inputs,

and J € Py The elements of ], are jy, ja, ..., j,where j, denote

the possible values of input I, in the path B, from use
caseU,, and y represent a number of possible values as shown in
equations (5) — (7).

Ub = {P1'P2' "'er} (5)
P ={I1.J2, . Jq} (6)
]q = {f1:f2r ---:jy} (7)

Finally, the corresponding decision tables are compared by using
the intersection set of input I, and J,in every expected result R,
in every function F, as shown in equation (8).

b m 4
Z Z Z lyer NJaer

d=le=1f=1 (8)
If I[r n ] = Ir then the path F,in the use case U; covers the
expected result R, in the specification F; else, the use case U, has
the defects in the input j; of path P,. For example, the
specification F; has the expected results as shown in Table 2(a)
and the use case Uihas the paths as shown in Table 2(b). All
expected results and paths in the intersection set of I and Jare
equals to I;. This shows that all paths in the use case U; cover all
expected results in the requirements specification F; and mean no
defects in the use case functionality.

Table 2. Example of Decision Table comparing

el w [ [ [ w [ w
Input | I 1 1 1 1 2 2(a)
I, a a a,b a,b a,b
I3 s t u t,u s, t,u
Path Py P, P3 P, Ps
Input | J; 1 1 1 1 2
J2 a a a,b a,b a,b 2(b)
I3 s t u tu s, t,u




3.3 Relation table comparison

There are three main relations for the semantic flows between use
cases: “include”, “extend”, and “generalization”. In general, there
is no relationship explicitly specified in form-based functional
requirements specification, so in our research we need the system
analyst to specify them as “require”, “additional”, and “choose
one” respectively. We created the relation tables for functional
requirements from S to categorize into the main specifications, the
dependent specifications, and their relations as {fi,rj, fic} where f;
represent the main specifications, f, represent the dependent
specifications, and r; represent the relations between the
specifications. Then, we do the same way for the use case
descriptions from T as {ui, qj,uk} where u; represent the base
use cases, u; represent the included use cases or the extending use
cases or the specialize use cases, and q; represent the relations
between the use cases. Finally, we compare each pair of
specification and use case descriptions in the relation tables
{f.,u;} by the following rules: if 7; is “Require” q; must be
“Include”, if 7j is “Additional” q; must be “Extended”, and if jis
“Choose one” q; must be “Generalization”. In the other hand, if
any relationship does not follow these rules, we assume that the
relation has the defects. For example, there is a relation table for
specification and use case as shown in Table 3, Table 3(a) is a
relation table of specification and Table 3(b) is a relation table of
use case. A pair of relation in Table 3(a) and Table 3(b) does not
follow the rules, which is {Func3, Require, Func5} and
{Case3, Extend, Case5} . Hence, the relation of this specification
and use case description has defects.

Table 3. Example of Relation Table comparing

Specification | Relation Dependence
specification
Funcl Require Func2
Func2 Additional Func3 B(a)
Func2 Additional Func4
Func3 Require Func5
Use case Relation Dependence use case
Casel Include Case2
Case2 Extended Case3 3(b)
Case2 Extended Case4
Case3 Extended Caseb

4. EVALUATION OF THE STUDY

4.1 Evaluation of preliminary case studies

The empirical evaluation of preliminary case studies starts with a
ten-minute brief of form-based specification and use case model
explanation in order to remind and reduce the gap of the subjects’
knowledge background. Then the four tasks of each case study
were given to them for specifying whether the given use case
model correct or incorrect. If the model is incorrect, they must
describe the defects.

4.1.1 Evaluation setting

In our preliminary investigation, we used two simple case studies
to evaluate the performance of our proposed technique. There are
case study 1 - a very simple box office and case study 2 - a simple
box office. The Case study 1 consists of two functional
requirements, including "Buy Tickets" and "Make Charge" while
the case study 2 consists of four functional requirements,
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including "Buy Tickets", "Make Charge", "By Cash", and "By
Credit Card". Both of these two use case models were modified
from the example in UML manual [13]. In order to design an
empirical evaluation for the preliminary investigation, we
intentionally generated three defected use case models for each
case study from the correct use case model, called Task 1-4. The
defects in the incorrect use case models were created by switching
the direction of the relationship and changing the relationship
stereotype from “include” to “extend”.

Our participants acting as the analyst novice subjects are 19
senior students in the major of Computer Science, Prince of
Songkla University with GPA greater or equal to 2.5. There are 8
males and 11 females with the average age 21.42 years old. The
participants have already taken classes in the course of system
analysis and design and the course of software engineering.

4.1.2 Results

The results of our preliminary evaluation show that most of
participants are confused with the use of “include” and “extend”
relationship stereotypes, and the notations of the relationship in
use case diagrams. Thus, they found difficulty in detecting the
defects in the two simple case studies as shown in the following
charts in Figure 2 and 3 where the y-axis denotes a number of
participants and x-axis represents the given tasks. The accuracy
rates of participants performing the tasks are shown in Table 4.

20 g 1 12 12 13
. ol s B
0 [ ]
Task 1 Task 2 Task 3 Task 4

B Participant - Correct = Participant - Incorrect

Figure 2.The results performed by the subjects for the case study

20 2 P 12 13
ol .l I
0 |

Task 1 Task 2 Task 3 Task 4

B Participant - Correct & Participant - Incorrect

Figure 3. The results performed by the subjects for the case study

Table 4. Accuracy comparison

Accuracy Performance Rate

Case study

Task 1 Task 2 Task 3 Task 4 Average

Case study 1 42% 39% 63% 68% 53%

Case study 2 39% 79% 39% 68% 56%

4.2 Evaluation of the industrial setting case
study

From the results of our preliminary investigation, we currently
design the further evaluation study for the proposed technique in




more complex and familiar industrial setting system to analysts
and software engineers in terms of correctness and completeness.

5. CONCLUSION

This research proposes a technique for detecting defects in use
case views during use case creation. The proposed technique is
based on a model-based validation using form-based specification
and UML use case description. The nineteen student subjects were
selected to act as the analyst novice for the preliminary evaluation
in terms of correctness and time consumption. In addition to our
findings of defects occurring in the later designs caused by the
defects from use case views, the results from the preliminary
study show that the accuracy of manually defects detection is
much less than our proposed methods with much more time
consumption.
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LauLAENA gulddnSanazivonnuifou
OnTheFly gudSauaziiunsnenswuy

L39AU

BHGARTE gudrSauazninensiduay

RPN

puqdulala

A 1o & a Y P
EJﬂJiiJﬁ']Li"ﬂLLﬁ%?J”UE)ﬂ’NiJLG]E]U




109

HanTUIUTD: N1SAUNSWEINS (Check-in Item)

M1319% 2.1 Y munAdnwEralsituNSAUNSNEINS

Function Check in
Description 1. Jounsednnusiaunsianvemsnennsinesnsauluaes “item
Barcode”

2. nsdiidesnsasulssannsiuninens Winetu “doydnuaing
uile” sruuazuantiing login Tusn wdasUsInguineeUssnn
nsfuile login s WeldeniUdsu Check-in Type La3afinalu
“OK”

3. nsdififienuSuanmsiunsnensanglissuunansenIININeIns
Auang, sruauAUsy wardeaundniituludiuvesdung

4. ansaidensienisduas wWieudly wieanndeunusu

5. nsdifmineInssemnelavusIINynsIruiiainnass liszuu
uanstonnuiioundouisdoyaaudnfiaosunsandsiglinau

6. nadifininensidauTnudongly Tssuuufusanusaes
n¥mennstuiuazmnaundndsldlatsyausuludiuwesdmingns
TvinseniuAUsuvesandnludiurossamdnensndouisds
FomnuusuieutmetonuLasnd Ve tENTnde LazLand
JonnuudnieuliRlinsu

7. 318msw%’wmﬂsﬁﬁuﬁy’wumsLLamag”Ludama«,Lﬁu “Check-In”
8. msudanumladeRtldudomels funousedl

8.1 nsdlfinunadoud/evisdenau g dldnluntaund,
syuvazasaaeuIndumisdefignuismelinield azdviisnauany
Fodonnsdldnnisminernsmeuds naty ‘anas’ sEUULig
Wasuanuesuaudy ‘A’ wazdavininensme nstoveiidean
Aursdenimildeduiige lUAa A fuRlaus el iney sz
WUANINAANS I o UAUNLIEUNR

8.2 nsdlfideniidelndiissniy Wesnmalidefiudwnglany
vidaymioiduinlaily SsdenisderlndlAssnuny msviau
Wueatunsdiusnusanuzvesiuatazdadu L0 esanday
3399 Sl daumfsderiiuniviiluauazunsldntusuilaudone
15 winsudenudesteuundldasaufindomely udndondunsdl
8.3 nsalnielallddosnistisydu lunsdldenaduthndnuindome s

LERBIN13918U WWesni ke suliduainnisiesayniiiiveau
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nsEnwldld nsviuuReItunsaiand waagdnsRuW

Tuasasusu

Inputs - SYEANSNEINT

Source - fouLslAn A dulule aumsned 2.2
- figuasn

Outputs - HAWSNIAY AUAIST 2.2

Destination - auafines
- 1uteya

Requires -

Pre-condition | - Us1ngutasnisau

Post-condition

- Usngdennunaniuanisau
- whlateyaanugninenslugiutoya
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a319d 2.2 A1 inputs wag outputs AdulUlA

Inputs Types Possible value Response Output
IAANTNBINT | String Audusa WAAIIIBAITNSNINTNAY
AULATAUDDY WARIIIBAITNSNINTNAY

WioudayaauTnnves

AULLUU Book drop LAASIIBAITNSNEINTNAU

AUMTIFNLIINe LEAITIENITNTNYINTTLLIS
MeNnSouUTuUTIEn s
ey AV’

FanadnlnaPeuAuY LEAITIENITNTNYINTTLI
MeNnSouUTuUTIEn s
ey ‘Lo’

N5 RUANNTIA DL LAAISIENITNSTNEINTNLA

e MenSauUFuUTIanIUBLAL
ey ‘LO’ hayiun
Tuta$asuidu

Auntlsdoidu OnTheFly | wanss1enIsNSNeNTNAY

Auany LAAISIYANTNTNENNTNAU
N3DUKIIANUTU




WanTUIUID: NISIAUSAISTUNSNEINTHD (Renew Item)

M1319% 3.1 Ve munAndnwMsraslatunNsirusNsEunSNeInssie
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Function Renew Item

Description 1. {feNTIENNNRRINTEIe LainAYY “Renew ltem” S¥UUALUAAS
nihaelmasnindusenisla lowa n1adu OPAC wagmamiines
2. syuuuanstayaioligldBudunistuse Wedndunisadedu ezl
NNBLERINANSENsD TnauUieanidu 2 duRediuuu (FiEky) Ae
nineNINIuRed s uavduans @une) Aensnensndunslala
nioudnITEumena

Inputs - SWaaNIn AdulUle susnsan 3.2
- SREANTNYINT

Source - figuasn
- fBUUISLAR

Outputs - HAANSNSEURD MIUAITIIN 3.2

Destination - auafines
- 3uloya

. I a

Requires - AU UENTN

Pre-condition | - Us1nguiinaenisausie

Post-condition | - Usingutiaenansusedsa
- Usinguthaenanisbusioludnsa
- unludayaanusnsnensiugudeys
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A15197 3.2 A1 inputs wag outputs MIulUle

Inputs Types Possible value Response Output
SWAaNTN String dumala SIUNTNSNYINTNTURD
#59
SHANININT | String Junadusa FIUNIINTNYINTNTNGD
d5q
A 1 1o & = o Ay 1 M v
gumolidnia dauaes - | snenmsusnensndusslila

= 1 1o < [y % [y d'd 1 M v
gusalidnsa Yudwld - | s19nisnsnennsndusealale
naulaau

gumaLAulae sensnswensidusalile
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WaNFUINUT: N1TMAUSNI50INSNEINT (Hold Item)

M1319% 4.1 Y munAndnwMzroslesituNsIiusnIsImIneIns

Function Hold Item

Description 1. @onuiil “Hold” 9nnthuden “By Item” LileaaauuuianzadiaLa
Jourseaunusiansnens
2. \don “By Bibliographic” wieaesuuuliiianzasiudy Jeurdoawn
JRANITNYINT
3. ndiNeUAUANS 5ﬁsﬂﬁﬁﬁﬁw'§ﬁnﬁumﬂﬁizwLLamﬂ‘Vi‘ﬁhfﬂa Login
Fuan
4. nsdiflirnudeulveinisasinaaunne Wkansdoauwdasiouls
AlEnIy
5. AsdRdeIsENdnTIBNsIeslfidensIenisiideanis
6. naul “Cancel Hold Item(s)” MntusTUUITLEnIT oAU
MSNANNNTIBINEBATITIUILTIBNTARBINTENLEN
7. nsETPUSUNSINANNNTI0Y SEUVALENANTIINNTIDS WEBT
Muupaauznsendnduenidnnises wazinmsuiuugdiunis
DIMSNYINST IULAAESIBNT
8. nsdifAndafinnainsngg Isruuwanadeauuaufeuliglinsu
g

Inputs - SYWRENNTN Adidulule mumnsed 4.2
- Sansneang

Source - AguBsA
- fREUUISLAR

Outputs - HAANWEN15909 MIUANTINT 4.2

Destination - 9eupilnes
- J1UTBYA

Requires - AU duaandn

Pre-condition | - U311t 99n15909

Post-condition | - U311t 9aNan15981 - UsInNgTomunans
- USINUUNIBNANITENENNITID YoRANAN

- unlvdayadiiunistuly

Futaya
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A15199 4.2 @1 inputs way outputs MIulUla

Inputs Types Possible value Response Output

SVaau®n | string Huandnilanssu LEAITBYATIENITIBY
JuanFnexpire LAAIUDANULADUTDRANATA
Juaundnaaduiu WARSTOALLABUTDRANAA
Juaundngnblock LanIeAILRoUTHANAN
Huaundnlafidnsty WARSTOAULABUTDRANAA
T Puaunn WARSTOAULABUTDRANAA

SHANSNEINT | string WLAUAINU LAASTOA LA UTDRANAA
AVaDsla LAAIYBYATIENTTIBY

Avasslilatypeliulmian | wanauiiae login

LUlgluviesayawvinidu LARITOAINUHOUTDHANATA

LOWY WAASTOAULABUTDRANAA

YNLANNITIBY WAAITIUNITNITIALANNT
289

duqanslila LAAIUDAULADUTDRANAA




WINFUINUTD: N159AN15ANUSUVBIEUTN (Fine)

M1319% 5.1 Y munndnwzasilsitunsTanisAUSuvesENndn
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Function Fine

Description 1. panuiU “Debt”
2. Tuda Balance 9¢ABILaAIINUIUANUSUNIAUAT]
$15£lunsaNADINNSINSELNEIUNeEIU

8NSNABINITVITE

a S v a
singlulasasutu

NERYeIN1sEN Nl waanady “OK”
8. nsdiffeaNsiineUSy Winay “Add Debt”

10. SEUUILHAAIUIDDLANTIINITANUSUTULN

FeMsAUTY
12. Srunuiu ldanunsaduainasedanduegudle

3. ASENABINISTISEAIUSU TRdons1en1sinesn1sinsy Tutes Pay
Debt 32ADIAAIIIUIUAIUSTUNALTITE %30 ToUTIUIURUNADINNG

4. nady “OK” seUUILABIRARIAINNUEUTUNTTTITENTDUTIUARNS

5. n3ENTsEIduUIEIUTEUUEANAINTIENSIERNAUEIAU LWad
LaRIEaARUALLADTUAIUYOY Balance UBILARZIIENNT

6. WDANLEUNIITITLTIUTDLUAT TEUUALABILERIAIDINBUEUNT

7. nsinfeINsanvgouA1UTU naYl “Deduct Debt” SEUULLANS
199 “Login” ions1aaaudnsnisitnleeu annuulideudiuiukuy
Navanngou wazloumnewnvenisaaveou Fuldndusadou

9. SLUVUANINTNAE login VU LiNeRTIAdRUANENISIT LT

11. Tunsiiiusienisanusuglddnluniazdesdoununemsuosnisiiiy

- J1ulBYa

Inputs - SWaEuNTn A dulUle mumnsnadi 5.2
Source - fEIUUISLAR
- Aguasn
Outputs - HAANSATINNITATUSU AUAIS19N 5.2
Destination - auatines
- LATDINUNW
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Requires

I3 a
- AMULUUANITBN

Pre-condition

- UnnguiasnsinnisAnusu

Post-condition

- Unnguiasnanisinn1 AUy
- fsiluiaSasuitu
- wilutoyasemsmuiulugiudeys

A15197 5.2 A1 inputs wag outputs MIulUle

Inputs Types Possible value Response Output
STEENTN string 1AUTU WARITIENITATUSU
fLaen string WNAUTY WARITIENITATUSU
ALuNIg — —

anngauAIUsu LEA95I8ANSATUSU

F152ANUSUNINUAVDS
79075

ANTUNITTI5EAIUSU

F152AUSUUNEIUVDY
78015

LEAAIEDAATUSUAINA D LULLA
A¥IIUNg
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AMANUIN N.

TandUgymamiunisusziliuszuu

landdnsun1snaaadlae 1

ArdeRlineu velvididmaaesiiansaunAesulegaind (Use Case Description) vidngiad

1.1 89 vunelae 1.5 deiesiansaumansunudeninunnudnuasvasilsiduaunesuigly

AuLUUesH wavnjansyyteiinnaininuludesunsyanasialuil

d. o a
f1919N 6.1 ABEUNEYAATVILNELAY 1.1

Use Case Name

Check out

Primary Actor

WU, @3N

Stakeholders

WU, @13

Brief Description

mslsusnstuminenns Wunszuiumsiitelvianndn
AN31I0TUNTHYINTANTAUNAINTBIAYALS LABAUITN
wfonhinsaundnuagvingnsidesnstundnsetige
usnIs

Trigger

au¥NhnsaunBnuasningnsnaeen1stuunfAnsienye
Tusns

Relationships

Association: -

Include: -

Extend: AR RINTRIG]

Generalization: | -

Normal flow of events

1. Jounsaawnusiaauidnadlugae “Barcode” wnilvaya

Y
&

FU1TN TTUUILUENITIUALIDEAYBIANITNUIEIUN G ilD
2. 33‘UU%LLamﬁa;ﬂamsﬁmﬁé’ﬂﬂﬁﬁu, N15384, S19N1T
AUTU UaZTDANULIIADUAINE) VOIFUITN

3. Jounseaunusiauisianvemsnensadluges
“Barcode”

4. fdunnstundnennslrunandnndeusananssonis
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N$ne1nsneuluaIuvee “Checked-out” tWuduma

Sub Flows S-1: GuLAUENS
1. SLUVLHAAIAIONNE U UNSHULAUENT
2. u@nInLae login

Alternate/Exception 1.e1: nsdiilifideyaanTnuioandnuunety svuuazlans

Flows fornundaseulsiilinsude wioutmiuhazdoagling
annTninaiviselal? sag dlddsanmslinisiminge
Faviain

1.e5: nsdiifuaundnuslaianansadls esan gnuden
Maiuiu violiflanstu Wissuunanadonnuudafoulss
Alinsu

3.e1: nsdififiaundnviuduasminensiog Tissuuuans
Fomnuudaiounfendeyaursdinvesanndnivemineins
i

3.2: NIETBALAYS S-1 azgnnszsi

3.e3: nadiftlififoyaninensilugutoya szuvasdes
nanadenuudaeulifldmunazuansthasliiia
NINYINTUUULTIAIU (Item On The Fly) lnegldrostou
Foyaramaiudung

3.ed: nsdifivinensifandnudonsld Wezuuuiuuss
amuzremineInsinarnaindndslilddrszansulu
druvesdminensiiviniseniumusuvesaunnludiu
yoasAmineInsndouivddemuudaiouonsdamny
LAEN19BLAYDIAINTNAIEY kaERARITDAINRINHDULARLY
N3

3.e5: nydifiAndeRanatnsneg Wssuuuansonnnuuds
weulvir ldnsu




A15199 6.2 A1 inputs kay outputs MIulUla
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Inputs Types Possible value Response Path
Y a . &3 a aa Sa
INFAUIVN String Wusnnsnidnse Normal flow of events
JuauBnexpire Lel nsfinlifitoyaauBnyse
qNINUUADE
WusnTnAaduiiy Normal flow of events
& a 3 ad g a Mo
Wuangngnuasn 1.e5 nydliduannTnulyl
anunsndule
I3 a 1aa S ~a @ a U
Wuaundnlifidnsou 1.e5 nyaiiduaanTnusilal
anunsndule
Lailuaudn Lel nyfinlifitoyaauBnyse
FNTNVUABE
ENTNeINT | String AvEula Normal flow of events

a

AVElalletyperindns

a

3.2 ASUNGULAUENT

BHgNa©4 3.1 NsalndlanBnyvinudules
ninensiley

LUldluviesasaiviniiu 3.e5 nIlinUaiANaIAsIe

LOMe 3.e4 saMINeINTLTaunn
waveld

LaNLREAY 3.e5 NIUTLANTORANAINFIG

OnTheFly 3.e3 nsallaifidayaninensil
Tugrudeya

GSEGREON 3.e5 NIUTLANTORANAINFIG

dusdulalla 3.e4 NIANNTNEINTULANTN

Wty
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O Mefuiggalnagnaas O MeSugganailieinnain
ToRANAIAFD

O lanunsassyladmesuggainagniemseddeiinnain Hasainginsen1saniunig
LAY
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M13199 7.1 AedunggaLAavaneaY 1.2

Use Case Name Check in

Primary Actor L’%J’Wiﬁﬁﬁ, AU

Stakeholders L’%”mﬁﬁﬁ, AU

Brief Description msfundnens Wunszuaumssuiuninensfiaundnlad
IINNBIALN

Trigger audnihdefidulUunAulisudmiifantneswiod
Book drop

Relationships Association: -
Include: -
Extend: -
Generalization: | -

Normal flow of events | 1. ounoaunusiaunsldnvamsnensidesnisauluges
“Item Barcode”

2. nsdifideemsUasulssnnnsAundnens s-1 QN
AFFAIN

3. 518miﬁwmmﬁﬁuﬁ%wmzLLamaﬁﬂud’JuﬂJamﬁu
“Check-In”

3.1, nsdinnunilsdeudy/dondidounu s-2 QNI
3.2 nsdliidenildelndlA iy S-3 YNNI

3.3 nsdlimaenilsdemndulily desnsdiseiu s-a QN

Sub Flows S-1: WasuUsELAMAY

1. SUUAZLARIMTN90 Login T

2. nihasusngussavnisAule login K1y

3. \ileideniUdsu Check-in Type @3afnaty “OK”

5-2: wunifadeudn/onfsdeani

1. WBsuslanlumihAuudissuvasasaeuinduniden
gnudameliviseld

2. fyihsnauans ileldennsdidnnisninensmends naty
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‘Bnag’

3. syuuagyhnsasuanusfaudu AV uavdand
NINYINTUNEY

4. msgentideinAussdenhmilsdeuiveluanuislan
Wenfuiildusenelinou szuvazuanimadniiniioudy
nilsdouns

5-3; fovtfadolndlAnAy

1. MIvheuuReniu S-2 waaauraassiianazdaduy
‘LO” dhunidadeihunAuiifunuarunslanfuauiilands
weld uansudenusestlouuislansmaniiugwngls udn
dondunsal

s-a: melalddosnstnss @y

1. MIvhnuguReniu S-3 uaazdnsiasiluasasustu
S-5: watvAUsu

1. aansaidonsien1saund wewdly wieasngeua1Uiy

Alternate/Exception Lal: nsffiausuannsAunsnensany Taszuunans
Flows SIYNNSNSNYINTAUANY, INUIUANUSU haztoauTnnauly
AIUVDIFLA

o

mnaundndesn1suilunseanngour1uu S-5 axgnnseii
1.a2: nsdlindnensvizevaneiavussanynsufinudandn
299 Tfsvuuuansdonnuiftoundouisdoyaautndiaos
sl limsu

A15197 7.2 A1 inputs waz outputs MIulULE

Inputs Types Possible value Response Path
WaNTNeNT | String Auduse Normal flow of events
AuEY 1.a1 nsaififAIUSuaInNIS
AUNSNEINTENY
AULAITAUIDY 1.a2 nsdiininensnie
VINOLAVUTIYNTUTIALS]
AUTNAD




124

AULLUY Book drop S-1 WasuUszLannIsAu
AUNTIED LA S-2 WUNTNEADUAY WNilaEs
AU

o

FontladalndAgsunAY S-3 FaNUIADLNALABILAY

° a | v A A v & v vy °
N5 RUANNUIA DL S-4 wnaplulafnan1stisy
e LU

O fMeSuigganagneas O MeSugganailieinnain

YORANAINAD

O ldanunsasyylainesuisgaimagnasaviselivenanaia 1eane1nden1saniunis
MEAL
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M1319% 8.1 AeSUNgYaIAEMINYLaY 1.3

Use Case Name Renew

Primary Actor g, @undin

Stakeholders L’%”mﬁﬁﬁ, A11%N

Brief Description nsliusnsBunswennsee 1Wunszuiuniseeananisty

9 - a v va v a - 9
ninensnau@nleguluudy lnsaunBnanunsodunineins
solate 350 1119 2web OPAC uagn1sAnsayaliu3nig

Trigger am%ﬂmamiaﬁqmiﬁu%mi vise MuSn1smaiu OPAC
Relationships Association: -

Include: -

Extend: -

Generalization: | -

Normal flow of events | 1. ldens1en1siidesnsiusio wdanena “Renew ltem”
syuvazhanatnaelmasnIndunenisla lawa 119 OPAC
WAENIUANLADS

2. iz‘U‘ULLamsi’J’agaLﬁ@lﬁ;ﬁ%’%ﬁumiﬁmm

3. wanawaniseuseluduai1Ey

Sub Flows -

Alternate/Exception 3.el: nsainansnensngunslile wansludiudung niou
Flows UBNLARKE
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A5199 8.2 A1 inputs waz outputs MdulUle

Inputs Types Possible value Response Path
STEENTN String Bunale Normal flow of events
syaniwens | String Busodusa Normal flow of events

fusolidnse - Jauaes | 3.el nsdlndnswennsniuse

Taile
= | fo & Y Ada o Ay '
gumalidnsa - Tutwly | 3.e1 ns@ndnsnensnduse
noulaLnou Taile
gusoLnulAIA 3.e1 NSUNANSNYINTNEUR
Taile
O fMeSuiggalnagneas O Mesugganailieinnain

YORANAINAD

O lanunsassylaimesunegainagniewmseddeiinnain Hasainginsen1saniunig

AU
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M13197 9.1 ANBTUBALAAVINEIAY 1.4

Use Case Name Hold Item

Primary Actor i, aundn

Stakeholders L’%”mﬁﬁﬁ, AU

Brief Description nshiusnsaaminenns Wunsyuiunisasmsnensuse

YALANNITAIDINSWEINT LALNFNNITNITIDDILUULINLIIA AL
wazkuulilNzaIdnan IneNnsSwensNAeIn1590Ity

Y o a 7
ﬁ]waauamuzgﬂamlﬂmmu

Trigger am%ﬂmamiaﬁqmiﬁu%mi

Relationships Association: -
Include: -
Extend: -
Generalization: | -

Normal flow of events | 1. donudi “Hold” arntiuden “By Item” Lileaaauuy
nzasLau Jeuvseaunusianinens

2. uansdayavominennstugludessensdiuang

3. DENENN1504 S-1 Awgnisenty

Sub Flows S-1: 9NLANNI159D
1. nady “Cancel Hold Item(s)” 31ntusyUvazUena
P9AMUIUTUNITUNLANNITIDINS BUVIANUIUSIENITN

ABINITHNLAN
2. STUUILLALENTIINITIDI WIDUMININUAADIUENITUNLAN
WWusnidnnisans

3. yhnsuFudssdunisaeaninensluwsagsenis

Alternate/Exception l.al: \@en “By Bibliographic” \eassiuuliiianzasdiau Jou
Flows WIDALAUTHANI NGNS
Lel: nydinveaiudns agldliiiansadunislissuuuans

%198 Login Tuwn
1.e2: nsalfinvaranainm1ee TissuuianidonuLiaionu




A157199 9.2 A1 inputs way outputs MIUlULE
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Inputs Types Possible value Response Path
LY a . I A aa Sa
IRFAUIVN string Wugunani@nseu Normal flow of events
JuaunTnexpire 1.e2 ns@imindeinnain
$IN9€)
Juaundnaaduiu 1.e2 nsilindeRanaln
FIN9e)
\uaunBngnblock 1.e2 nstlTinTaRANaA
$I19€)
I a 1aa Sa ANa a Y a
Juaandnlufidnsd 1.e2 nslillinvaranann
$I19€)
T Buaundn 1.e2 nstlTAnTaRANAA
FIN9e)
SRANTNINT | string AVassla Normal flow of events

a

Avaaslallatypesiuans

a

1.el NSUNIDUAUAND

LUl esasmuviniu 1.e2 nsdifiindoRinnain
$I19€)

LOWY 1.e2 nsdifiindofionann
FIN99)

Suqaadile 1.e2 nsdifiindoiionann

$I19€)
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O Mefuiggalnagnaas O MeSugganailieinnain
ToRANAIAFD

[

O lanwnsassyldimesuneganagniewmsedtelinnain esainginsien1saniunig
AU



M1519% 10.1 AreSunegaAaaNeaY 1.5

130

Use Case Name

Fine

Primary Actor

WU, @3N

Stakeholders

WU, @3N

Brief Description

N139ANTSANUSUVDIaLNTN WUNTEUIUNITURINITTNTE
wAlY 8AU wazNSRLAIUSUYDIELITN

Trigger AUNBNUAAABTIALAUTNNT
Relationships Association: -
Include: -
Extend: asdaunldy
Generalization: | -

Normal flow of events

1. AanwAYU “Debt”

2. luties Balance afosuanssiuiumUsurauaial
3, Tunsdifigeenistnsedu -1 wONNTLIN

4. Tunsdifidesnisanngaumudu -2 wONNTLIN

Sub Flows

S-1: 198U

1. ensemsiiFiosnistnse

2. lutea Pay Debt azfiasuanssnuiumusufivsdnsy

3. lunsdlfifesnistsAuiuunsdiu S-1al azgnnsesi
4. anilunsdnse

5. lunsdlfifeansfissilutaiasuiiu S-4 azgnnszin
S-2: anngauA1UTy

1. nadsl “Deduct Debt”

2. SEULILLERIINAD “Login”\ilensiaaoudnsnisidnly
Y

3. Youduliuilazanvdeu wazlouvsneimnyeanis
anvidou Feflisdusosdoumnemnvesnseniiull

4. aayu “OK”

S-3: LAy

1. AUy “Add Debt”
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2. SEUULEAINTNTD login Fuun ilons1eaevans

3. SYUURTLARITIa LIS I8NSAUSUT U

a. lunsifiwsiensadsuglasndufiasdosdounsneims
YoensLfinsiensauiy

S-4: PURLULESATURY

1. fuiluiaSasutusenmansosiiss

Alternate/Exception

Flows

aa o 1

S-1al: ATUNYI5EANUSUUNAIUVBITIENTT UBUINUIURUN

Y o

ABINNSTNTE FAYBATITLANNIIENITTABNAIUAINU WAL
LANILDAAILANAD

A1519t 10.2 A1 inputs waz outputs Thiululg

Inputs Types Possible value Response Path
IHAANNTN string LAUAAUAES Normal flow of events
PUIADINY Normal flow of events
niladednyn Normal flow of events
ALaen string WNAIUSY S-3 [NATUSY
ALiiunig —— ——
aRNYBUAIUTU S-2 anneauAIUsU
4152 AIUSUNINUAVDY S-1 F1588U
18015
15 AUSUUIETUY D S-1al NSEUNTIFEAIUSU
519015 YNAIUVDITIUANS
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O Mefuiggalnagnaas O MeSugganailieinnain
ToRANAIAFD

[

O lanwnsassyldimesuneganagniewmsedtelinnain esainginsien1saniunig
AU
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landd1unsun1snaaneive 2

Ardeniiu velviidmeassiansanmeiuisyainaninglay 2.1 Saineiay 2.5 way
nyaszyanunisal (Scenario) Milululdluusaznsdiaslunseniuemeouil

M13197 11.1 MeSusgalavinglay 2.1

Use Case Name Check out

Primary Actor @i, aundn

Stakeholders ST, @undn

Brief Description mslusmsBunsnenns Wunszurunisiiielwaundn

aunsaduninensansaumeINiotayala Lagaundn
ARNNUNTANNTNUALNINEINTNABINTTLLARGDNYN
Tusns

Trigger g N insaundnuasning nsiaeenstuunAnsenye
Tusnis

Relationships Association: -

Include: -

Extend: ARG RINTRIG]

Generalization: | -

Normal flow of events | 1. Jeunseaunusiaaundnasluges “Barcode” vnilteya
FU1TN TTUUILUENITIUaLIDEAYBIENTNUNEIUNIE8ile
2. szw%LLamaﬁagaﬂwsﬁuﬁﬁqlﬂé’ﬁu, N15994, 518015
AUSU UaZUDANULIIADUAILE) VOIFUNTN

3. Jounseaunusiauisianvamsnensadluges
“Barcode”

4. fdunistundnennslrunaundnndeusauanssionis
ninensfituludunes “Checked-out” Wudung

Sub Flows S-1: HuLAuaNS
1. SLUVILLAANIAIDINTUTUNNSULAWANT
2. UAAINLI99 login
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Alternate/Exception

Flows

1.el: nsdifilsifitoyaanTnvSoandanuaey szuvazuany
fornundaseulsiilinaude wioutniuhazdosgling
dundnlndnisll? sae dlidesnislavinnisansvmtnge
Harmun

1.e2: nsdifiandniisnensmeausu, Ssemslisu
ninennsinewseiidonnudifaysiieg Issuuuandeniny
udadouliglinsy niewidlitoruuuuiviuduiung
1.e5: nsdiniduandnudlsianunsaduld iesain gauden
Faiuiu wieldfiavsty Tsvuuuanderuudafouls
Al

3.e1: nsdififianndnviuduassminensiog Tissuuuans
GﬁammLL%’QLﬁauw%'am%'mﬂamaﬁaummam%ﬂﬁﬁ]aw%’wmm
i3.e2: nadifiaivans s-1 wYNNTLIN

3.e3: nadiftlififoyaninensilugutoys szuvasies
nanadonuudaeulifldmuuazuansthasliiia
NININTUUULTIAIU (Item On The Fly) Tnegldrosdou
sﬁagaﬁwmﬁlﬂuﬁum

3.ed: nsdifivinensifanndnuioneld Wssuuuiuuge
anuzvomneInsauarmnandndslllddrseauiuly
druvasrmsnensivinnseniiuA U uresaunTnlugdiu
gesmninenndeuddamuus aiouemeteniny
LAENBIAYRIENITNGIY WazlanitanuuIusaully
N91U3.e5: ndiTiAndeRana1nsng Tszuuuansdoniny
wdaeuligldnsu

3.a1: nadiffuuauidunineinsdrses asuananiinael
;:ﬂ%’mwiwLﬂuw%’wmﬂiﬁﬁaﬂﬁﬁmﬁﬁ

AN5199 11.2 f inputs uag paths Mdulule

Inputs Types

Possible value Response Path

SWEEUTN String

Wuaudniiansou Normal flow of events

JuaunInexpire Lel nsdiilyifidoyaaudnuse
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fNTNVUABE

& a a 1%
WUaNINUTIBNITANY

1.e2 NSUNANTNTSIUNITAN

AUSUnIONTOAIM AUsY, Bemstusuninenns
AARYFae) NpanselivonudrAgmige
[ a 3 aa & a M o
Wuangngnuaan 1.e5 nydliduanndnuslyl

aunsadule

I a s Sa
Wuaundnlufiansoy

1.e5 nsgimduanndnusly

awsadule
Liluaundn 1.el nydlnlifivoyaaudnvise
fNInvuneIey
sWanineIns | String AVEla Normal flow of events

a

AVElalletypeingn®

a

3.2 NSANTUAUENT

BHgN84 3.e1 NSUNLFUITNNNUDIUID
ningnsiloy

LUldludesayawindy | 3.e5 nsdliindaianannsiigg

LOW8 3.e4 NSANNSWYINTULALTN
w3l

oA Y Ad a Y a |

LAULAEINU 3.e5 NTUNAATORANAINAIN

OnTheFly 3.3 nssnluidiveyaninensil
lugudeya

GIGRRGN 3.al nsaindusaudu

NSNYINTANTDY

duadulala

3.e5 NIULAATORANAINAIN




M19197 11.3 ;5edindulavesgaina Checkout

136

Path

Input

SHEENITN

SHANSNYINT

Normal flow of events

a a

S-1: ULAUAND

Lel: LifidayaaunTnuse
NV HIRRE

1.e2: @UNTNISIUN1TAN
AU

1.e5: nsamduaunBnusly
aunsadule

3.e1: @UNYNVINUDUIDY
ninensileg

a

3.e2: GUNUEANT

3.e3: Wifivoyaninensil
lugudeya

3.ed: NSNYINTULANTN
wa9vely

3.e5: IAnUaRANAINFIe

3.al: Budaudu
NSNYINTEI5D9
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M15197 12.1 MeSunggalAaninglay 2.2

Use Case Name Check in

Primary Actor L’%J’Wiﬁﬁﬁ, AU

Stakeholders L’%”mﬁﬁﬁ, AU

Brief Description msfundnens Wunszuaumssuiuninensfiaundnlad
IINNBIALN

Trigger audnihdefidulUunAulisudmiifantneswiod
Book drop

Relationships Association: -
Include: -
Extend: -
Generalization: | -

Normal flow of events | 1. ounoaunusiaunsldnvamsnensidesnisauluges
“Item Barcode”

2. nydififeensUasuUsEnnsAaunsneIns S-1 Wasy
Uszanmsau azgnnsesin

3. 518miﬁwmmﬁﬁuﬁ%wmzLLamaﬁvﬂud’JuﬂJauLﬁU
“Check-In”

3.1, nsdinnunilsdeudy/dondidoundu 5-2 QNI
3.2 nsdliidenildelndlA iy S-3 YNNI

3.3 nsdlimaenilsdemndulily desnsdiseiu s-a QN

Sub Flows S-1: WasuUsELAMAY

1. SUUAZLARIMTN90 Login T

2. nihasusngussavnisaule login K1y

3. \ileideniUdsu Check-in Type @3afnaty “OK”

5-2: wunifadeudn/onfsdeani

1. WBsuslanlumihAuudissuvasasaeuinduniden
gnudameliviseld

2. Inthenauand wendan1snsneinsmewainaly ‘anay’
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3. szuvarvnsasuanuzinandu AV wazsani
NINYINTWY

4. msgentideinAussdenhmilsdeuiveluanuislan
Renfuiildusanelitou szuvazuanwadnimiioufy
nisdaUns

5-3; fovtfadolndlAnAy

1. MsvhuuRentu S-2 uraanuzvesiauazdadu
‘L0 dhumidadofihunduiilunuazunslanfuiauilands
weld uansudenusestlouuislansmaniiugwngls udn
Bonidunsdis-a: ielilddeanistsetu

1. MIvhuuReniu S-3 waaginsiuiluiasasusy
S-5: anngauA1Usu

1. anansaidonsien1sauns ewdly wieasnteuaIuiu

Alternate/Exception

Flows

1L.al: nsdififmusuannsiundnennsanslissuunans
S1UNTNSNEINTAUAY, SIUIUAUSU wasTeanTniitaly
ATUVDIEUAY

MINAUNTNADINTWA IUS BAaRNERUATUSU S-5 anvgau
AUTU 2zgnnIeIi

1.a2: nsdlindnensvizevaneiavussanynsufinudandn
999 Iﬁizwme%mmLaauw%famﬁgasﬁa;ﬂaam%ﬂﬁﬂm
el limsu

a5197t 12.2 A1 inputs waz paths AdulUle

Inputs Types

Possible value Response Path

IENIWeINT | String

AudSe Normal flow of events

AULAILAUIDY 1.a2 NSMANSNEINTHSD

a

MUNYLAVUTINUYNTUTNAUL
HUNTND

AULLUU Book drop S-1 WasuuszLannIsAu

AUNTIADNLL NG S-2 WUNUIEDLAY/WONTIED

&
ENMIGYP]
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dy v A Y =
FontldelnalAganAu

S-3 YUtlaAD lNALALIUIAL

FNSLRUANTIA DI
el

Syaalilafainisdise 4
LY

AnNEDUAIUSU

S-5 anngauA1usu

Auntledeidu OnTheFly

Normal flow of events

A15197 12.3 miwéfm?miﬁmaﬂqama Check in

Path

Input

SHANSWEINT

Normal flow of events

S-1: WasuUsELNNNISAY

S-2: WUNUIEDLAITDNUIFDUNAL/

S-3: YaUNIABLNALALIUIAL

S-4: maplilaReIn1svnse Ry

S-5: anvigauA1Uusu

1.al: AUNSNWEINTEY

1.a2: NINLINTVTONUILLAVUTTANUYNTUT
AUALTNIBY

1.a3: n¥nenstifiaundnwdangld
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A1519% 13.1 AaSUnggaAaaNeaY 2.3

Use Case Name Renew

Primary Actor g, @undin

Stakeholders L’%”mﬁﬁﬁ, A11%N

Brief Description nsliusn1sBunswennsee 1Wunszuiuniseeananisty

9 - a v va v a - 9
ninensnau@nleguluudy lnsaunBnanunsodunineins
solate 350 1119 2web OPAC uagn1sAnsayaliu3nig

Trigger am%ﬂmamiaﬁqmiﬁu%mi vise MuSn1smaiu OPAC
Relationships Association: -

Include: -

Extend: -

Generalization: | -

Normal flow of events | 1. ldens1en1siidesnsiusio wdanena “Renew ltem”
syuvazhanatnaelmasnIndunenisla lawa 119 OPAC
WAENIUANLADS

2. iz‘U‘ULLamsi’J’agaLﬁ@lﬁ;ﬁ%’%ﬁumiﬁmm

3. wanawaniseuseluduai1Ey

Sub Flows -

Alternate/Exception 3.el: nsainansnensngunslile wansludiudung niou
Flows UBNLARKE
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A15199 13.2 @1 inputs waz paths Adulule

Inputs Types Possible value Response Path
STEENTN String Bunale Normal flow of events
Syaniwens | String Busodusa Normal flow of events

fusolidnse - Jauaes | 3.el nsdlndnswennsniuse

aila
Sustolidnse - Yudwly | 3.el nsdifidindnennsiduse
foulamou Tailat
gunaLiulaIe 3.e1 NyEITEMSNENSTIoUA
laila

A15199 13.3 G]’]i’]ﬂﬁ@]%ﬂiﬁ]%@ﬂ%&ﬂﬁ Renew

Input
Path

SHEENITN SHANSNYINS

Normal flow of events

3.el: InsSnennsngume

Lailgl
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M1519% 14.1 FeSulggananingay 2.4

Use Case Name Hold Item

Primary Actor g, @undin

Stakeholders L’%”mﬁ’lﬁ, A1%N

Brief Description nshiusnsaaminenns Wunsruiunsaemsnensuse

YALANNITADINSWYINT LALNFNITNIIIDIL VUL IR LAY
wazwuuliianzaasay Tnenswensnandn1saedtu

Y a ]
%maauamuzgﬂamlﬂmmu

Trigger AUNTNURAADTIALAUTNNG
Relationships Association: -
Include: -
Extend: astauly
Generalization: | -

Normal flow of events | 1. idenufiu “Hold” anduden “By ltem” iiieaesuuy
Lzasslan Uounsoannusianineins

2. LLam%’aﬁ,ﬂa%QQM§W81ﬂ35uﬂ1uﬁaaiﬂamiﬁma'w

3. DENENN504 S-1 Awgnisenty

Sub Flows S-1: ALENNISBY
1. naYy “Cancel Hold Item(s)” 31ntusyuUazLana
JOANUTUTUNITYNLANNITIDINS DUNITNUIUIIEANTT

ABINTTYNLAN
2. S3UUILHNLANTILNNTIDT WDUTIANUAFD UL NITUNLAN
Wusnidnnisans

3. YIMSUSUUTIARUNTIRmSneINslusiags1en1s

Alternate/Exception 1.al: 1@en “By Bibliographic” Lieassiuuliiianzasdian Jou
Flows PIOALAUTHANSNEINT
Lel: ndinveaiudns agldliiiansaidunislissuuuans

%198 Login T
1.e2: nsdAnvaRANAINAN9Y sz UULANITEAULIILFDY
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Inputs Types Possible value Response Path
LY a . I A aa Sa

IRFAUIVN string Wugunani@nseu Normal flow of events
JuaunTnexpire 1.e2 nseifindaRanain
Juaundniaduiu 1.e2 nseifindaRanain
Juaundngnblock 1.e2 nsailindaranain
I3 a aa Q‘d dd’ a Y a
uaandnlufidns 1.e2 nsuiilindaRanann
Tt Juaun®n 1.e2 nsailindaranaln

SHANSNYINT | string DAAUALINY 1.e2 nstlvindaRaNa A
AVaadla Normal flow of events

Avasslilatypeliulaagn

a

1.el NSUNIDUAUAND

LUTgluviesayawvinidu

1.e2 NSAIMAAYBRANAN

LOMe

1.e2 NSAIMAAYBRANAN

dueslile

1.e2 NSAIMAAYBRANAN
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Path

Input

SHEENITN

SHANSNYINT

Normal flow of events

S-1: gALANATTIDY

1.a1: 9p9uuliianzaesia

bad

a

1.el: 99UAUENT

1.e2: LAnUaRANAINF9Y
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Use Case Name

Fine

Primary Actor

WU, @3N

Stakeholders

WU, @3N

Brief Description

N139ANTSANUSUVDIaLNTN WUNTEUIUNITURINITTNTE
wAlY 8AU wazNSRLAIUSUYDIELITN

Trigger AUNBNUAAABTIALAUTNNT
Relationships Association: -
Include: -
Extend: asdaunldy
Generalization: | -

Normal flow of events

1. AANuIY “Debt”

2. lueq Balance azfpsuanssuiuasuiamniia
3. lunsdliifiosn1stnseiiu S-1 azgnnsesh

a. Tunsdlidiesnsanngeuuiu S-2 azgnnszsi

5. lunsdlfifeansifinenusu S-3 azgnnsein

Sub Flows

S-1: P198u

1. Bensnensiidesnistise

2. lutea Pay Debt azfiasuanssnuiumusufivsdnsy

3. lunsdifigesnistrszauuuisdu S-1al wQNNTLIN
4. aLtuN1ITITE

5. lunsdlfifeansfissilutaiasuiiu S-4 azgnnszin
S-2: anvgauAIUTy

1. nady “Deduct Debt”

2. SEULILLERIINAD “Login”\ilensiadeudnsnisidnly
U

3. Joudnnuiuiiazanvdeu uaztloumnemaueanis
anvidou Feflisdusosdoumnemnvesnseniiull

4. nady “OK”

S-3: AU
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1. navu “Add Debt”

2. syuULEnmTge login Tusn Wiensiadeuavsnsdnly
U

3. sEUVITLERnTT R aLiNs B SANUSUT N

4. Tumsiinenmsasugldsniuiazdestounsnoime
YBINMIANTIBNTATUS

S-4: Ruluiasasusdu

1. finrluiaSasuiiueenniaedeafiun

Alternate/Exception

Flows

T
aa o 1

S-1al: nsUNgIsEAUSUUNEILURITIUNS Uauduiukudi

ABINNSTNTE FAYBATITLANNIIENITTABNAIUAINU WAL

LEAANILDAAILNAD

A1519t 15.2 #1 inputs waz path AdulUls

Inputs Types Possible value Response Path

IAAAUTN string LAUAIRUAES Normal flow of events
PUIADINY Normal flow of events
niladetin Normal flow of events

o A . a ' [y a | [

AILEDN string LWHAUSU S-3 1WuAUsu

ALiiunig — —
anunegauAIusU S-2 anngauUAIUSU

F152ANUSUTNUAVDS
18115

S-1 Y15eU

F5rAUSUUNEIUTDY
79075

S-1al AsaINTEIsEAUSU
U19@IUYDI518NS
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Path

Input

SHEENITN

ALABNAIUNS

Normal flow of events

S-1: F1588U

S-2: anvtgauA1Usu

S-3: WiuAUSU

S-4: fuluasasudu

)

S-1al: NSEUNTI5Y

ANUTUUNEIUTDITIUNTT
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A15USBINT5LU13 U USERUTTUU

TUIAT DB crrvvrvveveeeeerrereeeeeee s
BIMUTILE oot

PIUTEITU/BGIIBN oo e e e e e et e e e e e e e s e e s e e e e

Y83U789797 AU UTEEUTTUUNITATINABUANIUYNABIVBIYALARAMTUNIS

WawwendwIsBeingiegduies




o &
ATYLLAN

UNAADIIVYLTD4:

ANTEUNI5IY:

e

o/

NUALAMUAIALY:

[
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AMANUIN .

BUUUsEEiUAUNIND 1Y

NMIRTINERUANINGNFBITBITAARA UM ST NALISITIINg
MYELaULEa

weUsaly WUl

[ 12

UaqUu meiaugenduisideingiegduuealdsuainuilonuin

Y

lngiamzunuangainadngnldlunisitasignilanduvesssuy
gonduasTarataty fudu ununnganadaduasaumaiiddy
Fadaaludansiinseiuaresnuuulunszuiunisaniusudie
qﬁmaah%’umauﬁﬂlﬂ WU WHUAINAINTTY (Activity  Diagram)
WHUAINETNU (Sequence  Diagram)  waglhiunwAana (Class
Diagram) éhmmij mﬂqamaﬁﬂmﬁ%ﬁamammﬁmwmmmulﬂé’w
el lunssuIunsImnTsumNLEeINSaIsnBNLULNSEIAdeU

lomusiasrereduneyans

LLUUﬂi%LﬁULLﬂ\‘]U‘ju 2 AOU AD

1. Jeyanenugly

2. WUUUSEIUAINURNaND L lUNS LY IUS L UULAL U DL AU UY

nawil 1 Yeyainednugly

1.1 LW

O 9y O e MW R

a

1.2 swsumsfinwgegn O USyyes O Usqygyiln

1.3 3IN5ANIEER (WY .U.AdRFan3)
1.4 FaUUILU / AAIVINEINA

1.5 sudeutagduy

O USQUEUION T AU TEUeeeeereccennnereesesess s

'
Y

1.6 21gUluurdata . e LY S o
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Rawd 2 wuuUseliuanuianelaveld

nsanldinseany v adlutesiviuinlndifesiunnuaianniian Tnsiiinasinisldavuuy

1Y

&
NU

sgAuAmNianels 5= Aun 4=5 3=vwnan 2 =wnold 1 = USuuss
a/ =
Y - SLAUAUNIND TR
) 578n15UsBIUNA

5 4 3 2 1

1 | AIUNISTINIIUVDISTEUU

1.1 ﬂ??ﬂgﬂﬁ@ﬁ%@ﬁﬂ?iﬁ’]ﬁ’m

1.2 AUANYTAUVBIHATNG

1.3 ﬂ’J']iJL%’ﬂUﬂ’]’iUimJ’JaNﬁ

1.4 panEnsalunisUesiuaiuiianainaingly

ANUAR L‘ﬁ‘uLLﬁZ‘ﬁi’) LEUBLLUS

Y - sEAUANUNIND TR
D) s18n15Useiliuna
5 q 3 2 1

2 | drunshnseiudldanu

2.1 nsldaudrguasiduiinsiugld wu n1sdndidv
Joyauuninge

2.2 AuRneadlun1519AN AU IDIAUTENOUUULI
29

2.3 ANUTALULUNITAD AT IUNLNBVDIAIUANNE

2.4 TunsaliiideRanainiin1suansliiusg1ataiay

2.5 ANUAILNUYDINITHAAINAUUNLNDD WY AT b
AMIDUVUINUDIAIONYST
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U s1gn15UsZIIUNE

[ =
STAUANUNIND TR

4

3

2

3 | AIUANAIYDITEUY

3.1 szhaaﬂnaﬂ,umimmaaummgﬂéfawmgama

3.2 GzhEJLﬁmmmgﬂéfaa wluen Tun15RSI9d@UAINY

QNABIYRILALAG

AMUAALAULAZTDLEUBLUL

vauRudusaziia lunsnaukuuUTEdiu
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