NN7A59N17RAAN AN FEINTTAe TEN 1T AL IR LA N AR L

a a A
UNAIANEL NIAT

Ingrinusiiiudauniiaaasnasdnanuangneio 13 neFan NN TR
ANUNNTINLVFIRATAANNILADT  NIAITNIFINITHADNNILADT
AMMEIAINIINANGRT AaINTINUINENAE

fnngdnmn 2549

A1ANDUR9YIN AN TINMNINENAE



ESTABLISHMENT OF REQUIREMENTS TRACEABILITY
USING TERM SIMALARITY COMPUTATION

Miss. Sayphin Taweesri

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master-of Science Program in Computer Science
Department of Computer Engineering
Faculty of Engineering
Chulalongkorn University
Academic Year 2006
Copyright of Chulalongkom University



Wdadneinwug nrafansRnruA NFaIn s ies M n1rA I e ipgy

AR
Tne UNABILA WIAT
117717 eAanfreuRIReT
8193t N $09ANAMINRT3E A7 NIPT M laeeF

e ol - - L - L3 - 3
AMEAANISHAART PRAINTRINUTaNEaY oylR TLAne tinugaliull

4 - g L T
ilugaunilsrnansAnmaaundngas oy o asvninma

FUe—  —mm— - .
AMURARNEIAINTTUANART

R R R R e T T

(PN@aRs19778 A7 AN AT LERT)
ATLENITUNITABLANEUNUT

') .‘\".":«‘?‘2( ....... ﬂl‘.{! N"‘i’( ..................... Usesunssunig

(fdrumransiaistl ag.s157ineg gossumnans)

I
-
“"’“’”“44""” g inmn

-
(seMaRTIase ms.weAT wilulaed)

.......................... eaar ol s ot oo deaa s MERHANT

(Hirumanmanst ae 3TRT dRiugm)

- _
.................................................. nITunIg

(19nstfunsiing wieuwa)



wNaMaefind vaAT - nisafanisiesuAuseanisirelEnsAuatunail

ATNARTENY. (ESTABLISHMENT OF REQUIREMENTS TRACEABILITY USING
- - - .

TERM SIMILARITY COMPUTATION) &. fitlinw: sA. 3. wids wiulauss, 132

3
wun.

= = e # i = & r
mentnwusaTuiinanianasaiansiisn A ussan s iaa N1 A ua uns
- -‘ - - o= -
ANARIEiY TATUNIANUANUN T AR AIINABINITUTAN1IAARINAIINANRUS
|3 _— -
FEUINTUATUIEITENALS F LU s U 1R NI AT AN TN ABINITULASNITRRNLLY
s flaudnlulf ivelstlunilunisguadanispaiusdeanisianisszifiung
-q; - ‘ -ll. - lllI i I‘ sy L - - &
nrzvunatai aAtuNetp UG uETaINNIBNAYINADINTS AUSEI WA NNTNaR

AldEsuazaa luNgEUnAs B T aN AL

mAdiilfeanuun iumeuissnglunsed nasmdniugdniunishineang
freannsfiutugousing o smendiuad lnsdanlfinaliansAanin 2 wwufe nsianTn
andupudiusTnssnitanisiassnindsasainefie Amduauduiuiie N
sieluusunn uasRarsnaasndiiugaandedivngluusasununm Jadiesa iy
maliansAuAuieAemIRIR AR TR E M LN saFaNsRARLPIFRINTS Tu
st npllAgAEs s AR TREULIRRIs AN AAR N ANA NS 2 sAy
Aansna AR LEsALTAN LaENsRRRL A AT LS AU TIAS ANt
namLAesTEeaTuayuTuRsuLazNgNTAiINsRAR A LABINITAINATY
dhuduendedudomatuladiseaiaaniin endduliinmassusiesdlan
nedidn 2 R nudnlalasilaanifsouansnsudigauiuntsianaldgniasts
2 nacinsAsniuianas 100 uasingeuN EAATREANd Ay redAT N ABIN T e
AN TS I TN A Atyassaom Ao anis Ui udausng LR CNEGERTTbY
pailaasminasAuAuldgniesia 2 nedine wananiléiantsialszaniam

‘d ' ] a L ] [] [ .,
YaATEINEINANTERNUATATANLENEN IAA WAL 1 AadluSesar 100

i od
NPT, ARanssuAaNAIAST . atniledatan. . B4R kT

- e ] J i ..-II---.
AT, ANEAaRsReNRRes. . arpilatentansti g, &Y. s e~
UnsAnmn. 2549



#H 4771455321 : MAJOR COMPUTER SCIENCE
KEY WORD: ESTABLISHMENT / REQUIREMENTS / TRACEABILITY / TERM SIMILARITY
COMPUTATION

SAYPHIN TAWEESRI: ESTABLISHMENT OF REQUIREMENTS TRACEABILITY
USING TERM SIMILARITY COMPUTATION. THESIS ADVISOR: ASSOCIATE
PROFESSOR PORNSIRI MUENCHAISRI, PH.D., 132 pp.

This thesis describes an establishment of requirements traceability using terms
similarity computation”which promotes the automatic of traceability links between
artifacts in software’ reqwrement ana.f',_rsl-s phase and software design phase to support
change impact analysis. As ‘a result, it significantly reduces time and cost in the

software development process.

In this research, steps and ruleéffn:r the traceability are designed by selected 2
traceability techniques. Qne is cunaideﬁd ‘frnrn- the relationship between artifacts that
occurs on graphical medel, Ancther .is:?;ﬁngidemﬂ from the relationship of name in
each graphical model whigh_-naeds ta us:&gtlrr]{qr!'naiiun retrieval techniques to calculate
parameters values of similarity. This method creates Iraceability by using vector space
model techniquethat separates relationship into 2 levels;artifact level and model level.
The web application which includes procedures and relation rules is also implemented
using ASP.NET and has been tested by 2 case studies. The result shows that the
application"\expresses relationship/ for- the related traceability with 100 percent
accuracy in both case studies. In addition, the application has been tested to retrieve
relationships bétween rrequifements keywords and software artifacts- The results are
correct in both case studies. Moreover, the application efficiency is evaluated by using
the recall value and the precision value. Both values are 1 which means 100 percent

accuracy.
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2.1.2.2 ununwmana (Class Diagram)
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aneidu (Signature) witeusunanausiasleieslss (Override) Teiwlefisdiiu
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6. muduiusuuuaannddu (Composition)  luAruduiusgdnilaaes
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2.1.2.3 ununwamaud (Sequence Diagram)
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|
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31U 2.4 faetiaiinndieeudessiiinisaaslsuss [3]
2.1.3 anmdndiduuan (XML: Extensible Markup Language) [7]
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dszunanaenanailuliinadrauarlianiunazfasandauysdinafinonuianans tnld
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2.1.4 dndidule (XMI: XML Metadata Interchange) [20]
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2. DOM (Document Object Model)
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[nput

ML

DOM Parser

Documents

37 2.7 38navdindediaayalaeina DOM Parser

2.1.6 nsduruansaumna (Information Retrieval) [8]
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1. Linear Lists
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3. Indexed Files
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Juwnumaniudeyavizeridanaula (TOPICS) iuunusaclunisiiansun semseh 1 uas
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AN 2.2 ANANRUSLUURUNe TR A T A

Information items
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2.1.7 wrmasaulsluna (Vector Space Model) [8]
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Common Language Runtime (CLR)
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2.2.3 Poirot: TraceMaker: A Tool for Dynamically Retrieving Traceability Links [21]
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TERM VECTOR MODEL BASED ON w, =tf, * IDF,

Query, Q: “gold silver truck”

D1 “Shipment of gold damaged in a fire”

D2: “Delivery of silver arrived in a silver truck”
D3: “Shipment of gold arrived in a truck”
D=3, IDF =log(D/df,)

Counts, tf, Weights, w, =tf, * IDF,
Terms | Q| p1|p2| b3 |df | D/di | IDFR | Q | p1 | p2 | D3
Arrived 007 L1 |2 |32=15|01761| O 0 [0.17610.1761
Damaged (0| 1| O [ 0 | 1 | 3/1=3 (04771 0 |04771| O 0
Delivery | 0| 0| 1 (0 | 1 | 31=3 04771 0 0 (04771 0
Fire 01700 |1 ]| 31=3 |0477L| 0 |04771| O 0
Gold 1)1 00 1 |2 {32=15|01761/01761(0.1761| 0 |0.1761
Silver 11020 | 1| 31=3 [04770)04771| 0 (0942 0
Shipment | 0| 1 | 0 | 1 | 2 [3R2=15(01761| 0 |01761| 0O |0.1761
Truck 1101 1 | 2 |32=15|01761/01761| 0 |0.1761|0.1761

dl 1 o/ 4 o/ o/ 1 zsl
ANTINN 38 AT INNITANTSALAITNARNIENUINNATIREUINN 2

Fudauwaq Fudauaag ANSEALIAIN lasidusfnszaw
danmwas (D) danmuas (D) ARNENY ANARIEINY

D1 D2 0 0

D1 D3 0.2449 24.49%

D2 D1 0 0

D2 D3 0.2449 24.49%

D3 D1 0.2449 24.49%

D3 D2 0.2449 24.49%

Q D1 0.0801 8%

Q D2 0.8246 82%

Q D3 0.3271 32%
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Fnading | psnefi MAuEudaus e duneadluing
Assatl | danan 1inlaya | ANAELNY
PK | ProjectCode nvarchar | sviatisian
FK | ParentiD archar | swagugauiianeds
PK | ModellD nvarchar | swaluina
ModeName wvarchar | deliuna
typedElementID narchar | siasfinzestudou
typedElementype mvarchar | silanestudou
pnsnaft 4.3 neiaidnueenna @ AL
Famsns | Element Element
Fnasine | misad i Sudiuiauavesdiiae
Assil | daian 1ipdaya | A1aEUNY
PK" * [ ProjectCode nvarchar | svialilsian
FK | ParentiD varchar | swagugauiidnads
PK | ElementlD nvarchar | svfaluima
ElementName warchar | feluina
typedElementlD narchar | sviaiinvesdudou
typedElementype marchar | efinveddudan
Levels nvarchar | énduduanlunnsuanssa
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Famsns | Element Actor
Fnasung | aedldiiuiudiureuenines
Assatl | davan 1iataya | A1aELNY
PK | ProjectCode nvarchar | svialisian
FK | ParentiD nvarchar | sviafugaufignsde
PK [ ActorlD nvarchar | swauanimes
ActorName nvarchar | deuenines
typedElement|D varchar | ssiasfinzesTudau
typedElementype nvarchar | ailazesTudan
peait 45 seazidpuesmneains
Fam1sns | Element UseCase
Aadine | prsadild Lﬁu%umwumgmm
Assatl | danan 1dATayA | A1RELNY
PK | ProjectCode nvarchar | sviaTisian
FK ParentlD nvarchar | swadudouidnsds
PK | UseCaselD nvarchar | sviagaing
UseCaseName varchar | fegaina
typedElement!D varchar | sviaiinaeddudou
typedElementype nvarchar | aiavesdudan
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Famsns | Element Class
FaBung | prssildifugudiuaesnand
Assal | danan 1iataya | A1aELNY
PK | ProjectCode nvarchar | svialisian
FK | ParentiD nvarchar | sviafugdaufignsde
PK | ClassID nvarchar | swiamang
ClassName nvarchar | fanana
typedElementID nvarchar | sviaiinvestudou
typedElementype mvarchar | aflnveddudan

a - a -
A191997 4.7 :eaziagadeaansNauaasina

Famsns | Element Interface
Fnasune | aaeildifiuaudiuesumnesing
Assatl | danan 1HipTaya | ANaELNY
PK | ProjectCode nvarchar | svalilsian
FK Parent/D nvarchar | sviingouiansds
PK | InterfacelD nvarchar | siadwmadina
InterfaceName varchar | Giedwimesinla
typedElementlD nvarchar | svidaiinuestudou
typedElementype nvarchar | sfinvedgudan




dl al aa &
ANTINN 48 TIHRZERLUALBIATITINELANTUIL

55

Fam1sns | Element Attribute
FeB1NE | paneiildiALEudausesueviidas
Assal | danan 1iataya | A1aELNY
PK | ProjectCode nvarchar | svialisian
FK | ParentiD nvarchar | swadudauiignsds
PK | AttributelD nvarchar | ssauwavisdag
AttributeName nvarchar | seweyiost
typedElementID nvarchar | sviaiinvestudou
typedElementype nvarchar | alaaesTudan
m99i 4.9 meaziBuagesasislewnlesisi
Fams1a | Element_Operation
FeB1NE | paneiildiAviudousesteilafiedy
Assatl | danan 1HpTaya | A1RELNY
PK | ProjectCode nvarchar | swalilsian
FK | ParentiD nvarchar | ssagudouignade
PK | OperationID nvarchar | salewlesisdu
OperationName nvarchar | delewlefisdu
typedElementiD nvarchar | swasfinzesdudou
typedElementype nvarchar | afinwedguday
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Famsns | Element Package
FaBung | prselfifuEudauaesunnina
Assal | danan 1iataya | A1aELNY
PK | ProjectCode nvarchar | svialisian
FK | ParentiD nvarchar | sviafugdaufignsde
PK | PackagelD nvarchar | sWauwnina
PackageName nvarchar | feunnina
typedElementID nvarchar | sviaiinvestudou
typedElementype nvarchar | alaaesTudan

a - a e
A19197 4.11 s1eaz18am199m19 9N ALAe S

Fams1a | Element_Parameter

Aadine | meedildifiudonasnimes

Assatl | danan diptaya | AagLe

PK | ProjectCode nvarchar | ssfalilsian

FK ParentID nvarchar | ssaudauiansas

PK Parameter|D nvarchar | sWamnsfimes
ParameterName varchar | Fewnsfiimes
kind nvarchar = | atipre9nnsAuAInIRmes
typedElementID narchar | swasiinvestugou
typedElementype nvarchar | afinvesiudon
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Fam1sns | Element Datatype
FaBung | prssildiuTudiuaesandnlni
Assal | danan 1iataya | A1aELNY
PK | ProjectCode nvarchar | svialisian
FK | ParentlD nvarchar | sviafugdaufignsde
PK | DatatypelD nvarchar | swamnsinlng
DatatypeName nvarchar | emnsnlngd
typedElementID nvarchar | sviaiinvestudou
typedElementype nvarchar | alaaesTudan
pns1ad 4.13 ;enziBanmesnanadudani
Fam1sns | Element Subsystem
Fasune | maed i iuiudiumeduTai
Assatl | danan 1HpTaya | A1RELNY
PK | ProjectCode nvarchar | swalilsian
FK Parent/D nvarchar | sviaingouiansds
PK | SubsystemID nvarchar | ssfadudasi
SubsystemName nvarchar | dedudaisi
typedElementiD nvarchar | swasfinzesdudou
typedElementype nvarchar | afinwedguday
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Famsns | Element Stereotype
Fadung | prseilfifiuudouaessineilelnd
Assal | danan 1iataya | ANRELNY
PK | ProjectCode nvarchar | svialisian
FK | ParentlD marchar | swaiudouiigneds
PK | SubsystemID nvarchar sWaaLAastalin
SubsystemName nvarchar deqineslelni]
BaseClass nvarchar AAAATTUR A BV R NULALT
typedElementiD nvarchar | swaefinvestudou
typedElementype nvarchar ilpresTudan

dl a a c
A19197 4.15 seazifanae9nn KL mI N

Famsns | Element Matrix
Fasung | maned 9iuTudouteinissianINAaNLEeanIs
st | daWan 1iataya | AaEuNY
PK | ProjectCode nvarchar | svalisian
FK | ParentiD varchar | sWagudauiignsds
PK | FeaturelD varchar | swautinfivesssuy
FeatureName nvarchar Seviesiuazidunuemiifiszuy
typedElementlD marchar | sviasilagesiugan
typedElementype nvarchar wilatesTudan
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Fams1a | Element_Seq_Collahoration
Aadne | el AT udILT9IA0aa LIaLT
Assal | danan 1ialaya | ABELNE
PK | ProjectCode nvarchar | swaltlsian
FK | ParentlD nvarchar | swadiudnnuiigneds
PK | CollaborationID nvarchar | ssiareaauaisdis
CollaborationName nvarchar | demeaanuesdis
typedElementlD nvarchar | sviaiinaestudou
typedElementype nvarchar | aflnwecdudan
ansnadt 4.17 meazifuatesnneduine fanduy
Fams1a | Element_Seq Interaction
Aading | meefidATudouansauReuands
Assatl | danan 1iptaya | ABELNE
PK | ProjectCode nvarchar | swaltlsian
FK ParentID nvarchar | svisgugouiignsda
PK InteractionID nvarchar | svigawimasuandu
InteractionName varchar | Feawmesuendy
typedElementlD mvarchar | svisainvesdudou
typedElementype marchar | afinwesdudan
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Famsna | Element_Seq_Lifeline

Fnasune | msedldiuiudiuredlalag

st | FaWAR latays | AasLNY

PK | ProjectCode nvarchar | svialisian

FK | ParentiD nvarchar | sviafugauignsde

PK | LifelinelD nvarchar | swialaWlasl
LifelineName nvarchar | dielalay]
RepresentID varchar | sviaaesesiinsigndds
typedElementiD mvarchar | sviasiinvedtudou
typedElementype warchar | aflnveddudan

pns1ad 4.19 senz1BanaseansmaLEa

Fams1a | Element Seq_Message

Fnasune | msed 9 iuiudoureaiga

Assatl | danan 1iataya | AaELNg

PK | ProjectCode nvarchar | svialusian

FK | ParentiD narchar | siigdugdauiignsde

PK | MessagelD nvarchar | sWaiaias
MessageName nvarchar | Tewdiaa
MessageSort nvarchar | afinaasnis@enldiuaias
StereotypelD nvarchar |~ | swaneseetlasiitunssie
OperationID nvarchar | swalawlefisfuiignds
SendEvent/D nvarchar | sWaresaniunsainfsdanaias
ReceiveEventlD nvarchar | sWaresaniunsainisiuLaLaa
typedElementID nvarchar | sviaiinvedtudou
typedElementype marchar | efinveddudan
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Fams1a | Element_Seq_Flagment

Fnading | prsnef I ivtudouaesannunisallunsdenldiuasa

Assal | danan 1ialaya | A1aELNY

PK | ProjectCode nvarchar | svialisian

FK | ParentiD varchar - | swagiudauiignsds

PK | EventlD nvarchar | ssiganiunnsad
EventName nvarchar | Gesnaunisnl
FlagmentType nvarchar | atinaasanunisnl
CoverLifelinelD varchar | svaedlalauitunsede
SendMessagelD nvarchar | swasesinaiaaiignsdelunisds
ReceiveMessagelD | nvarchar | sviaueaimaiaaiignegelunisiu
ReceiveEventD nvarchar | ssiazesan1unisainsfuiuaias
StartExecOccurlD | nvarchar | svisgnmnisaifzunslszanans
FinishExecOccurlD | nvarchar | swaannunisafiaaduntstszanana
StartEventOccurlD | nvarchar | ssiaanunnsafizuniskesee
FinishEventOccurlD | nvarchar | ssiaganunnsoffiasadunisiesas
typedElementID nvarchar | sasfinzesgudan
typedElementype | nvarchar | afiavesdudau
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Famnana | Trace_Generalization
Fnading | pnsnef M ALEudiures P AL ILL IR Be A lad
Assal | danan 1iataya | AMaELNY
PK | ProjectCode nvarchar | svialisian
FK ParentID nvarchar | svaeed indnauassie
PK | GeneralizelD nvarchar | swamauduiug
ChildID varchar | siigeed inAnaunsiseteiugou
an
typedElementype mvarchar | afinvesdudau

dl a [ o ' = c [ %
A191997 4.22 128 21880199A19 19PN N AN RUS LU B A lad 1md

Fansg Element_Seq_Interaction
ANBBLNE psR L TudauT e A ARSI G ladiadi
LT 47! TaWan iplaya | A1aELNY
PK ProjectCode nvarchar | svialilsian
FK AbstractioniD nvarchar | swiamansdwsiug
PK StereotypelD varchar | siaeedlSndfitunsasie
ClientlD nvarchar | sviaeedl§nddunsese
SupplieriD mvarchar | swaeerliSnsfitunsasie
typedElementype | nvarchar | afiavesiudou
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51197197 4.23 318az188A289A1919ANNANRUS LLLEUA A

Famsns | Trace_Include
AaBune | asaildiiuiudauaes ANANTUTULLBUAR
Assal | danan 1iataya | AagLe
PK | ProjectCode nvarchar | svalusian
FK | IncludelD nvarchar | sviamanuduiiug
PK | AdditionID varchar | swaeedlinsvitunsesieisiia
BaselD nvarchar | swaeehinsvitumsasiadau
ﬁugm
typedElementype nvarchar | silpnesdudou

719197 4.24 912821980 989871999AN N A NN US LS N I

Famsns | Trace Extend
Fnad1ng | pnsnefi LT U sA AL AN s
Assatl | danan 1UATAYA | ANAELNE
PK | ProjectCode nvarchar | svalusian
FK | ExtendID nvarchar | sWapanudusiug
PK Extension|D nvarchar | saeer/Sns7itunsesedanaene
BaselD varchar | saeer§nsTitunsesedan
*ﬁugm
typedElementype mvarchar | aflavesiudn
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dl a [ o ' a [
719197 4.25 s1eaz188n199A19 1A NANRUS LU U LR A Tt La T

Famnana | Trace Association
FaBung | prseilfifuEudouaesrnudaiuguunuealadioq
Assal | danan 1iataya | AMaELNY
PK | ProjectCode nvarchar | svialisian
PK | AssociationID nvarchar | swapanauduiug
AssociationEndID1 nvarchar | sviapansdniusesiudouiil
AggregationEndID1 wvarchar | afinpandniusaesiudoudil
FK | ParticipantEndID1 nvarchar | sviaeeyinsnTunsssiozesgudaui
1
ElementTypeEndiD1 | nvarchar | sfinvesgudauil
AssociationEndID2 marchar | svignanndniusrestugaui2
AggregationEnd|D2 mvarchar | aflapansdniusaesdudauil
FK | ParticipantEndID2 narchar | svigeeuinsnaunswsiozesgudaui
2
ElementTypeEndID2 varchar | sfinnestudani2

dl = o ai a
7191997 4.20 12821880 199A1919AN LdRANTTUN

Fams1a | IR StopWord
FaBLNE | pnsah AL uRuIesANIRAR T R AR NN s &3 Sms NN AU
Assatl | danan 1iataya | A1aELNY
PK | ID nvarchar | swamn
StopWord varchar | An#tldfiansan
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Famsna | IR TermFrequency
Aadune | paaildifumdndny aaad dmiLaienssiinisduin
Assal | danan 1iataya | ABELNE
PK | ProjectCode nvarchar | swaltlsian
PK |ID nvarchar | swamnsnamansd
FK | ParentlD varchar | svisiudaunaumssste
FK | ElementlD nvarchar | sagugou
TermKey nvarchar | Andndy
tf decimal ANTARNEATysieLenans
Wi decimal AntimiinaesindAnysietenans
wi_power2 decimal Aiaminanings 2 Aeiendns

dl a 6 ° o o
A19797 4.28 seazidanaednnssaninnAmasAd Ay

Famsns | IR_TermComputation
Aadune | pieuildifuunenanesindiAydmiaimn s innsduin
AssTil | daWan 1ialaya | ABsLE
PK | ProjectCode nvarchar | swaltlsian
PK |ID varchar | swasnsnemanad
FK | ParentiD nvarchar | svisudnunaumssste
FK | ElementlD nvarchar | sviatiudau
ElementName nvarchar | devisesieasiBunvesiugon
VectorLength decimal ANENTBILIALAES
VectorSize decimal WNATBILIALADT
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719197 4.29 $12821880209A1919N1IANUIAN AN HARN L T BIT LA

Fams1a | IR TermSimilarity
AeB1NE | psneiildifuAanaade e sTudauiduiuE ey
Assal | danas 1ialaya | ANaELNY
PK | ProjectCode nvarchar | svialisian
PK |ID nvarchar | swamnsnemnnuAdne i
FK | ElementiD1 nvarchar | sviauudoui 1
FK | ElementiD2 nvarchar | sviisidui 2
TermKey nvarchar | AdAty
DotProduct decimal | mamnuPLRE IR TR RS
Cosine decimal HANNIATUINLANTEALIAYNARNITT
Similarity decimal | nannsAnuanuAnsTAUANARNEITL
Rank decimal | nas9psFUANNARNEITL
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Product selling on web site system has two functions that consist of
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2. Product ordering by credit card function

Once customer has ordered any products through website already, the confirmed

orders will he sent to Warehouse to process sending the products to custamer.
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Requirements Statement for Example ATM System
The AT must be able to provide the following services to the custo mer:

1. & custormer mustbe able to make a cash withdrawal from any suitable account
linked to the card, in multiples of $20.00. Approval must be obtained from the bank
before cash is disponsod,

2. A oustomer must be able to make a deposit to any account linked to the card,
consisting of cash andfor checks in an envelope. The customer will enter the amount
of the deposit info the ATM, subject o manual verification when the envelope is
removed from the machine by an operator. Approval must be obtained from the bank
before physically accepting the envelope.

3. A customer must be able to make a transfer of money betwesn any two accounts
linked to the card.

4, Acustormer mustbs able to make a balance inguiry of any account linked fo the
card.

& rustnmer most be 2hle tn ahoet a fransaction in prngress by pressing the Canrel key
instead of responding to a request fram the machine.

The AT will communicate each transaction to the bank and obtain verification that it
was allowed by the bank. Ordinarily, a transaction will be considered complete by the bank
once it has been aspproved, In the case of & deposit, & second message will be sent to the
bank indicating that the customer has deposited the enwelope. (If the customer fails to
deposit the envelope within the timeout period, or presses cancel instead, no second
mrssanr will he st the bank Aand the deposit will not be rredited o the nostomer.)

It the bank determines that the customer's PIN is invalid, the customer will be required fo
rr-pnter the PTH hefire A fransaction can proreed. 1f the nostnmer s nahle oo srress il

enter the PIM after three tries, the card will be permanently retained by the machine, and the
customer will have to contact the bank 1o get it back,

If a transaction fails for any reason other than an invalid FIN, the ATM will display an
explanation of the problem, and will then ask the customer whether he/fshe wants to do
another fransaction,

Tho 4T will provide the customor with o printed receipt for coch succossful fransaction,

showing the date, time, machine location, type of transaction, account(s), amount, and
ending and available balanceis) of the affected aocount ("o account for transters),

The ATH will have a key-operated switch that will allow an operator 1o start and stop the
servicing ot customers. Atter turning the switch 1o the "on" position, the operator will be
required to verify and enter the fotal cash on hand. The machine can only be turmed off when
it is not servicing a customer. \When the switch is moved o the "off" position, the machine
will shut down, so that the operator may remove deposit emwvelopes and reload the machine
with cash, blank receipts, efc.

The ATHM will also maintain an internal log of transactions to facilitate resolving
ambiguities arising from a hardware failure in the middle of a transaction. Entries will be
made in the log when the ATM is started up and shut down, for each message sent o the
Rank (alnng with the response hark, i nor is eeprrted), for the dispensing nf rash, and foe
the receiving of an envelope. Log enfries may contain card numbers and dollar amounts, but
for security will mevercontain a PIM.
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Feature # Feature / Function System StartUp | System Shutdown| Session| Transaction | Withdrawal
F001-1 |System is started when the switch is turned “on" X
F001-2 |System accepts initial cash amount X
F001-3 _|Connection to the bank is established X
F002-1 |System is shut down when the switch is tured "off" X
F002-2 |Connection to the bank is terminated when the system is shut down X

F003-1 |System reads a customer's ATM card X
F003-2 |System rejects and unreadable card X
F003-3 _|System accepts customer's PIN X
F003-4 |System allows customer to perform a transaction X
F003-5 |System allows mutiple transactions in one session X
F003-6 |Session ends when customer chooses not to do another transaction X
F004-1 |System handles an individual types of transaction X
F004-2  |A screen will be dispayed informing the customer of the reason for the failure of the transaction, when

transaction cancelled or fails X
F004-3 |If the bank approves the transaction, any steps needed to complete the transaction will be performed, X
F004-4 |The customer mav cancel a transaction by pressing the cancel key X
F004-5 |All message to the bank and responsees back are recorded in the ATM's log X
F004-6 |System handles an invalid PIN properly X

FO05-1 |System asks customer to choose an account to withdraw from

F005-2 _|System asks customer to choose a dollar amount to withdraw

F005-3 |System performs a logitimate withdrawal transaction properly

F005-4 |System verifies that it has sufficient cash on hand to fulfill the request

F005-5 |System verifies that customer's balance is suficient to fulfil the request

F005-6 | A withdrawal transaction can be cancelled by the customer any time prior to choosing the dollar amount

>< [><|><[><[>< [><

FO06-1 _|System asks customer to choose an account to deposit to

F006-2 |System asks customer to enter a dollar amount to deposit

F006-3 |System asks customer to insert an envelope

F006-4 |System performs a legitimate deposit transaction properly

F006-5 |A deposit transaction can be cancelled by the customer any time prior to inserting an envelope

F007-1 |System asks customer to choose an account to transfer from

F007-2 |System asks customer to choose an account to transfer to

F007-3 |System asks customer to enter a dollar amount to transfer

F007-4 |System performs a legitimate transfer transaction properly

F007-5 |A transfer transaction can be cancelled by the customer any time prior to entering dollar amount

F008-1 |System asks customer to choose an account to inguire about

F008-2 |System performs a legitimate inquiry transaction properly
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Feature and UseCase [ Project: ATM ]
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Mirwd Ardding

Feature Code @ Feature [tem : UsaCase Name !
|| Inquiry v || Add
Traceabllity Metrix
Faature 1D Faatura Item MseCaseMemel | |
FOD1-2 System accepts ibial cash amount System StartUp Edit Dalete
FOD1-3 Connechion 1o the bank 15 establshed Syslem Starilp Edit Delala
- jc Bt o . Syslem '
FoO2-1 Systom is shut down when the switch is tured "pff™ BFiifdain Edit Dolete
FO02-2 conngction ta the hank |s taﬁnlﬁatﬁﬁ \)_%F' the system  System Edit Céleis
15 shul down Shuldown
FOD3-1 Syslem reads 4 customer's ATM I:dl'Ll 4 /::/ Swssn Edit Delula
FOD3-2 System rejects and unreadable card 7 Swession Edit Delete
FOO3-3 Systom accoeplscustomers PIN : Sossion Edit Dlote
FOO3-4 Systom allows cusiome 1o erFuuﬂ a lmrl-al.hun s SUSSION Edit Dlete
FOO3-5 Systom allows muliple brafisactions i ot Session Sussion Edit Dulote
FOici-e Sossion r_nndﬁﬁﬁ“ﬁ‘n CustomeT chogses not to.do anuth.-;.;ﬂqqmn Ediit Ciciate
transaction
FOD4-1 System hs i mpdual types of fransaction Transaction Edit Delete
& screen will badispayed infarmingithe customer of the
FOQa-2 reason for i n!ﬂ'm tral ‘rr'mn, whipn Transzaction Edit Dolnto
transactig edior foi s 4
If the bank spproves the Qrm;.acmn ‘any steps neaded
Frfa-3 to complnttho | r]'bfmn will i performed, and Transaction Fdit Delntn
thena re P, == ad
FOD&E=4 The cu 3 Ilr“f trafys2g Wj m;s’lnq the Transaclwon Edit Delele
cancel koy
FODs-5 ::::::1:; 5 ';mj .W'mﬂlﬂ?ﬁ!'- back g Transaction Edit Delete
FOD4-6 System handlgs v alid htﬂfhmndjﬁ" 4 Transaction Edit Delete
: System asksiEl er to chifose 20 atcount to .
FOOS-1 withdraw fiatn P >4/a ‘Withdrawal Edit Dlato
e Systam asks ru#mﬁp torhanss & d nt to : :
FODS-2 withdraw ‘j.“:‘;" ":"J’.‘«‘ withdrawal Edit Delete
FOOS-3 rsif:;:ﬂ'"?p“””"'“s s ”"“h‘ﬂm} ‘““““‘" Withdrawal Edit Dulote
‘I \-' ‘q-su.
FODS-4 System verifigs tha“‘i’lr'has "'ff":'a"t B0 ithdrawal Edit Delete
il the reguast
FODE-E E:;u thes el Custiomer's balance s sislicient to 8wl Edit Delota
& withadfawal transaction can be cancallad hy the - ;
FOOS-0 customerdny tme pror Lo choosng the dullar amount u?ﬁﬁﬁ"a' Edit Delete
= System atks customer 10 choose an sccount to deposit i -
Frifh-1 th < Doposit Edit Dnlntn
FODG-2 System asks customer to énter a dollar amount to Deposit Edit Delete
deposil
FOD6-3 Sys lum asks customer to irisgrt an leulupu Deposit Edit Delete
EnE-d ggpt:ﬂr;pmfﬁﬁl- 4 lbgitimdle dégoit lruri..aa:lu;:;l chposd Ediit Culkity
FODG-C A deposit tr_ansac_ﬁun can be cancelled By tnEEustamer Depoiit Edit Dalats
any time prior Lo nsertng an enyvelopo
Frn?= fr;:r:mn ashs cuztomuer to Liluu.gu an account to "”""ru[Tmnr.hr flit falata
FOD7-2 “FoN sskg cUstgmer tolghdoss #ndccplint to fransfery | 4, Bdit Delete
Systom asks customer 1o enter o dollar gmount to .
FOO7-3 RnEtor Transfar Fdit Delrte
FOD7-4 sSystem performs a legitimate transfer transaction Trarslor Edit Delete
properhy
Font-2 & transfor transaction can be cancelled by the P Edit Haiba

a

customer any time prior to entenng dollar amount
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Mndel Flement Fxtracted | Project: ATM |

Element Type: | ctar vl

Term Space: |accep‘temelnpe Vl
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Model Relation [ Project: ATM ]

Wiew hy: [ Tree | Matrx |

92

i [lement Name Jrlement Name _ lirace iy [irace tlement |
1 Transaclion Iriguiry Generalization L Y
7 Transaction Transfar Gergralization O eeen O
3 Transaction Deposit Generalization L2 g2
4 Transaction Withdrawal Gereralization O e=--a 2
5 Transaction IRquiry Generalization H«-»H
G Transacton Transter Generalzation B «---8
7 Transaction Dieposit Generalization H«-»H
8 Transacton Withdrawal Generalzation B x---8
4 Recaipt Balaneas ahstraction EE =
10 Withdrawal Accountinformation Abstraction B -8
11 Deposit AceauntinfarmaLinn ahstraction B:->B
12 Transfer AccountInformation Abstraction B -8
13 [Rquiry Accountlnformation Abstraction B: -8
14 Balancos mManey ) Abstraction He«-»H
15 ReceiptPrinter Recaipt Abstraction B «---8
16 Meotwork ToBank galancos Abstraction B <«->H
17 Message Balances Abstraction B «---8
18 Log Statun Abstraction He--xH
19 Metwork ToBank Mese age Abstraction B -8
21l Metwark TaBank Status ahstraction B -8B
21 Loy Iestage Abstraction B:---8
27 CustamerCansale Manay Ahstraction B:-=8
23 CardPeader card Abstraction B -8
24 Transaction gard Abstraction B «---8
28 Session Card Abstraction B <«-+H
20 Session Transacton Include L e
27 Transaction InvalidiT Extend O e O
28 ReceiptPrinter ATH Camposite B «---8
249 OperatarPans] ATH Camposite EE =
3o Bank Transaction Association e
n Custamear Eipssinn AssOCiation ;?; camn
32 Operator Systerm Shutdown Asgsociation ::l'; c==3 {3
33 Operator Syutiom Startlip Association f
34 Metwork ToRank Log Composite B <«->8
35 Envelopedcceptor Log Composite B:--=8
36 CashDisponses Log Composito He«-»H
37 ATM Log Campasite B«--8
an ATM Hetwork ToBank Compnzite =FSE =
30 ATM ErvelopeAcceptor Composite B -8
41 ATM CashDispanser Campasite B:-=8
41 ATM CustomerConsole Composite B -8
47 Session ATHM Association Be«-=8
43 Cardfeader ATH Cumposte B :--»8
44 Sessidn Transac ton Camposite B «---8
15 Transaction ATM Essociation B <«-+H

a
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Model Relation [ Project: ATM |

View by: [ Tree | Matnx | Simlanity ]
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1D [Elument Name Elurnunt Name
1 String String string He-=B s
2 5tring String string BB 100%
3 Strng Stnng stnng BB 100%
4 5tring String string He«-»B 100%
5 Stpng Stnng stnng BB 100%
B String String string Hoe--s» E 100
7 String String string B8 100%
B String String string Be-=B s
Syslem accepls . ™
9 customer's PIN P4 pin = e--2 B £7%
System accepts ™
10 Customer's FIN PIH Fin £l z--2 B 7%
Systom accepts y =) o
11 cuctomer's PIN Pl pifi ¢--x B E7%
Syslem accepls , ' ™
e stomer's PIN il Rl = > H %
= ” -
13 PIN ;;":Lw S U o nid Be-s B 5T%
14 PN gl}-':mm ACCoprs CUSFDmEI"S pln = P =) £7%
15 PIN LT 7R e BB 57%
= - 4 1 ) o
16 PIN ;J;"':“m 7 ruqtﬁTPrq pif B - I 7%
17  Boolean boolean throws CardP@l sined boolean B8 EE%
18 Boolean honlgan throws Cardretained hanlean B.«--8 55%
19 Boolean boglean throws CardRetained boalean B8 EES%
20 Boolean baolean throws CardRetained boolean B8 55%
boolzan throws '
= i
21 . ordrotained Booloan boolzan He«-xB 439
boolean throws .
22 cardretained Boglean = b‘""-'lh"m B8-«--:-8 L%
- bhaolean throws = L
P amatained Roolean -hnnlﬂan He-» B 5559
boolean throws e b
24 . rdrotainod Buolean \ - boolean B8-«--:8 EE%
) Connection to the bank s == "
25 Bank e eabiiart bank * ¢z B 48%
connzction to the bank is >
26 Bank bbb bank FesB amm
Connection to the bank = =)
27 Bank aetabliched bank £ goon 45%
- Coannection to the hank is = .
PH  Bank established hank y JP A%,
a9 connoction to the bank aank bank B eos ¥ e

i established

dl o I o % o o ° o
g'ﬂVI 528 NANITANUITUAITEALAITNANIENUIINANAN fymumslmzuu

v
o
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5.3.7 AAUALNITRAARINAINAEINIT

v
o o 4 a 4

Tun1sAuAuANdNAUSsendeATAUTUdautanfuo fiugldeuanniiuy

a

¥
° o vy A

‘Query”  arnduldandAnglunisdunu TnaluntamagauiiazldAndndnyan

@

(%
A g o o

“Transaction” 1 uAa3 N3 uAUTudauTanfuaf fesU? 5.28 dusunanisfu

b1l

]
A
AL

pNANTUSTznansAdIIuTudutensing Asgif 5.29 f 319 5.30 waznsuanspnszau

v
a a o

ANARNETUsTd AT udausan s aagtla 5.31

Trace Query [ Projuct: ATM ]

Query Type

& Frefom query [reaBacede 77 % . . . . i
I |

Oiey single artifact uwr Fry R AN\ Y | Enter 3 angle wond
& F § =——my —L L
AN:L’.I i

[ EsecutgTrace J[ Concel |

21071 5.28 wiinAdsn e lunas g uAusadn “Transaction”

a

Ouery Resull [ Project: ATM ]

=-&] Query Text : Transaction
# [ System allows customer to perform a transaction

%11 Spesinn nnds whan customar chooses not to do anothor transaction

1 1 Systom handles aoardwadual types of transacton

f- = A screen will be dispayed infarming the customer of the reason for the tadure of the transaction, when transas
#-[5) If the bank approves the trapsaction, any steps needed to complete the transaction will be performed, and th
1 £ The customer may cancel a_transacfion by pressing the cancel kay

4;'- =) Synbom ru.lrlrl.lrrrl'. e ||_:||hrr|.|h' we i ke ovendil e e et in p1|:||:||:r1',r

-i;: < A withdrawal transaction can becancelled by the customer &ny Lme prar L0 choosng the dollar amount

1- =) System performs a legitimate deposit transaction propery

J = & deposit transaction can be cancelled by the customer ani-Bfe prior 1o inserting a7 envelope

"1': =Y SystEm perfidnm s & legitimabeSteansfer rransactinn prapary

40 A bransfor ransacbion can be sandelled by dho customes dny lme prigr (o entering doflad amount

iT:- =3, System performs a legitimate inquiry transaction properly

#- = an inguiry transaction can be cancelled by the customer any time prior 1o choosing an account

¢ Transaction
EE Transaction

311 5.29 waildannisfuinlugluunlrssaresuliansdndn “Transaction”

a



Quury Rusull [ Project: ATM |

wiew by: [ Tree | Matnx | Similanty ]

MEM_M

Transaction Systom allows customor Lo porform a transaction traceTo .|
a Trancactian Seszion ends when customer chooses not 1o do another tracaTo B en B
transaction
3 Transaction System handles an mdividual types of transaction traceTo - S .|
A screan will be dispayed intormang the customer ot the
4 Transaction reason for the Faillure of the transaction, when transaction traceTo a g B
cancollod or Fwls
1f the hank approves the transaction, any steps needed tn
5 Transaction complete the ransaction will be performed, and thena recespt raceTo c==» B
will be printed,
Transaction The customer Ay cancel & trﬂmaﬂtlﬂﬂ b}' PraEGINgG the fracieTo ﬁ'l oy E]
cancel key 'y
Transaclion Systam perlorms a logitimaly mtldr‘uhl l[q.nbdl.,llurl properky traceTo Rl s B

A withdeawal transaction can be :a.nnﬂfed by ghe customer
any time prfnr tn ehansing H,ﬂ dollar amnaont

Transaction System performs adey male deposil transaction properly traceTo ] c-n B
A dapnﬂt'tr'ansagmu can h{a cancelled by the customer any
time prior Lo Inqmi'lg an ervelops

11 Transaction Systam pertm‘ﬁs a lwgrtn‘natxa tranzfer transaction properly tracaTo T [

& transw‘frar;u-;mn can be cancelled by the customer any
timeprinr tog@ntaring dollar amount

13 Transaction Syﬂ‘ém grfurms a qultimata Jnguiry trangaction properly tracaTo o= B
4 Transaction AN ;ﬂ Jﬁ h‘?ctu#l‘l can b cancelied by the customer any S &) ey B

[}

7

g8 Transaction traceTo Bl s B
Q

traceTo El <> B

10 Transaction

12 Transaction lraceTo E] - B

timiy ,jhg an '|f'|."|:I.|nt
15  Transaction ll"i'lsacgﬁn traceTo e L]
16 Transaction Traﬂsgﬁlen‘;‘# { v B “ traceTo 'E 5 B

31 5.30 N@ﬁiﬁ@ﬂﬂﬂﬁiﬁuﬁu‘lﬁiﬂLLuummwmrﬁﬁdﬁ “Transaction”

Query Result [ Peoject: ATM ] /
j‘

View h-,,r- [ Tree | Matrix | Similarity ] 757 L

m Termkey  [Trace By [Similarityl

1 transaction Transaction transaction e D 100%
A screen will be disp@Eyed |nfermmg*4h‘a l:usturrnr ’ ~

2 transaction uf the reason for the falure of the transacton, tmnui'l:;llun Ben B 38%
when transaction cancelied or fails

3 transaction Sysfem allows customer fo perform a fransaction tranﬁartlnn Eogeen B 34%
Ifthe hank JpprovVeS the transaction, any stops B

4 Aransachion nesdad to complete the transaction will be Lrarsaction B B 33%

performed, and thena receipt will be printed.

£ teancaction Syslem perlorms 2 legilimate ranslher ransachion transactian s B e
propery

&  tronsaction System pedbnis 2 legitinate deposit transachion traneaction @ oenns B Fer
properly

T teancaction Byslem perlormrs 2 egilrmate mguey bransaction Farkactlbn s B Fere
properiy

8  tronsaction System performs 2 [Ogitmate withdrawal traneaction o ens B 0%
transaction propery

a9 __transagtion Sy=rem handles an individual types of transaction transaction o [B) 0%,

| Sogaon onds whon custome chopsgynot ta do ; ; =
104 transagtion A tHR b tih transaction [ 26
! . Arnguary brarsaction con be cancolled by the . & e ) i

1L Ypnsaction customar any tme prior to choosing an sccount transaction b 2
& withdrowal transacton con be concelled by the B

12 transachion customer any tme prior to choosing the dollar transaction B og-an B 243
amaunt

13 trancaction A deposit trans_at.tlon_ can I:!a I:ar!:allad by the transactian ®oonns B e
customer any time prior to inserting an envelope

14  tromsaction A transber transaction can be cancelled by the traneaction @ oenns B Ty

customer any time prior to entering dollar amount

1E  trancaction The c_ustumar may cancel a transaction by transactian ®oonns B T
pressing the cancel key
16 transachion Transaction transaction G oe--> B 13%

51171 5.31 nan1sAwanAszAuANARaTuIesEudautuAd Ay “Transaction”
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tardansninaasipzaeiaanerszantawingy 1 Asflufesay 100 uazAa s 1e

winidu 1 AsfluFasay 100 suntingsaasnanldvanimesay

HUnImsvi|szun afoil addiey/ adiday/ [Tawasisieas| uwnuandls [Inuandis] wuangs | A1ssdn | aienau
szUU Hudruaas dudruuag visuuafidudu | Agndacil | Agndasieuna | (2)/(3) | wiutn
adaneurs adaneurs e Audule Tugrudaya )/(1)
@ @ 3)

SA1 ATM 1 [AT™M 7 7 7 1.00 1.00

2 |Transaction 16 16 17 0.94 1.00

3 |Deposit 6 6 6 1.00 1.00

4 |Amount 10 10 10 1.00 1.00

5 [Individual 1 1 1 1.00 1.00

6 |ATM Card AND 2 2 2 1.00 1.00

7 |Transaction Cancelled AND 5 5 5 1.00 1.00

8 |Account Transaction OR 21 21 21 1.00 1.00

9 [Connection Print OR 2 2 2 1.00 1.00

10 |Account Transaction NOT 5 5 5 1.00 1.00

Websale 1 |Order 2 2 2 1.00 1.00

2 |Product 2 2 2 1.00 1.00

3 |Customer ) 5 5 1.00 1.00

4 |Password d, 1 1 1.00 1.00

5 |ProductCode 2 2 2 1.00 1.00

6 |ProductName Build AND 0 0 0 0.00 0.00

7 |wherehouse phoneno OR 2 2 2 1.00 1.00

8 |Position empno OR s 1 1 1.00 1.00

9 |Product Bank NOT 2 2 2 1.00 1.00

10 |Address Password AND 0 0 0 0.00 0.00

SA 2 ATM 1 |Operator p 1 1 1.00 1.00

2 |Complete 1 1 1 1.00 1.00

3 |Pin 6 6 6 1.00 1.00

4 |Connection R 2 2 1.00 1.00

5 |Account 6 6 6 1.00 1.00

6 |Amount Withdrawal AND 3 3 3 1.00 1.00

7 |Connection Accepts AND 0 0 0 0.00 0.00

8 |Deposit Invalid NOT 6 6 6 1.00 1.00

9 |Complete Customer AND 0 0 0 0.00 0.00

10 |Operator Transaction OR 15/ 17 17 1.00 1.00

Websale 1 |customer build 6 6 6 1.00 1.00

2 |OrderRepository 1 1 1 1.00 1.00

3 |productQty 3 3 3 1.00 1.00

4 |productPrice 2, 2 2 1.00 1.00

5 |productPrice 1 1 1 1.00 1.00

6 |wherehouse productPrice AND X 1 1 1.00 1.00

7 |OrderRepository  |productQty AND 1 1 1 1.00 1.00

8 |productPrice productPrice OR 2 2 2 1.00 1.00

9 |view Build OR 5 5 5 1.00 1.00

10 |orderNo Customer NOT iy 1 1 1.00 1.00

SA3 ATM 1 |dollar 5 b 5 1.00 1.00

2 |balance 2 2 2 1.00 1.00

3 |envelope “ 2 2 1.00 1.00

4 |session 5 5 5 1.00 1.00

5 |Choose 6 6 6 1.00 1.00

6 fcard established AND 0 0 0 0.00 0.00

7 |atm cash AND 0 0 0 0.00 0.00

8 |customer atm OR 27 27 27 1.00 1.00

9 |individual cancelled OR 11 11 11 1.00 1.00

10 |receipt key NOT 3 3 3 1.00 1.00

Websale 1 |ConfirmProduct 3 3 3 1.00 1.00

2 |Employee 1 1 1 1.00 1.00

3 |Wherehouse X 1 1 1.00 1.00

4 |ProductCode 2 2 2 1.00 1.00

5 |string 1 1 1 1.00 1.00

6 |employee placeorder AND 0 0 0 0.00 0.00

7 |externalcustomer [choose AND 0 0 0 0.00 0.00

8 |wherehouse order OR 3 3 3 1.00 1.00

9 |checkcredit placeorder OR 4 4 4 1.00 1.00

10 |deliveryorder customer NOT 2 2 2 1.00 1.00
51.94 52.00

Average| 1.00 1.00

9117 5.32 HANNINAAILNIIAUAUBAILATDINS
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