NMFIATIEINAaNSENUBARAUIgIUTYaaINN SR ULUARYAT L I1Y09AINABIN LA

Handu

WIBNG BN LAULREEN

unAngauasuiiudoyaatuiinvaineinusaauntnisfing 2554 liusnisluadatdyaign (CUIR)
\uuitudoyavestidndwoivendnus Ndsnunadudningidy
The abstract and full text of theses from the academic year 2011 in Chulalongkormn University Intellectual Repository (CUIR)

are the thesis authors' files submitted through the University Graduate School.

'31/|mﬁwuéﬁtﬂud'swﬁwmmiﬁﬂmmwé’ﬂqmﬂ%wmﬁwmmammmﬁmeﬁm
FNUNVNIAINTINYBNAUIS NPTV IAINTINABNNILADS
ARIEIAINTIUAIANT JRIAINTAUUNINESY
UnsAnwl 2560

AUANSIRIPIAINTAIININGHY



Impact Analysis on Database Instance from Functional Requirements’ Input Changes

Mr. Kritsada Kanchaliao

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science Program in Software Engineering
Department of Computer Engineering
Faculty of Engineering
Chulalongkorn University
Academic Year 2017

Copyright of Chulalongkorn University



v

Wtengnfinug N153LAT1IERNANTENUBUALAUD§IUTOYAINNIT
Wasuwlasdeyaiidnuesnnudeansideiledduy

lng WING BN wAURREN

GREMRY APINTTUYONAUIT

Ca [

21FINUSNWINGANUSHEN  TOIANEATIANTE AT.51517NE dITTUFERNS

q

ANZIAINTIUAENS PIaINTaluMINends eulRliiuinendnusatuiiludi

nilavasnsAnuinunangn s Uadin

AMUAAMLAFINTSUAIENT

(504AN@0519138) A3.gNAY LNYITFUANR)

ARIENTIUNTADUANGIRNUS
Use51UNTTUNT

cal =2 a a s %
8191589NUINYNINYIUNUTHRAN

(599A1E01519758 AT.51919NE FITTUAENS)

A3IUNTT

NFINNTT

NTTUNITAYUDNUNINEAY

(H9emans19158 a5ty adnlsadied)



NOWy1 wiWRAEY | NTIATIEYRANTENUBUARAUDFIUTRYAIINNITIURB LU AY
Toyatnd1v99A1UABIN1TI TN (Impact Analysis on Database Instance
from Functional Requirements’ Input Changes) 8.1USnw13Ng 1 dNUsHan: 6.

M3.5151NE @ISR, 127 Wi,

ANADINITReanTugnianmruaanfun15919 Y0 we NALIS T9AIY
ABaNIRINaIENNsinnsAsuLUaslanYIsvaIn sigenanas uslesiduduiug

gutaya mndeyatidivesilanduianisasuwlaszdamansenuludafungiudeoys

a 4

idleafngudeyalisuransenueazianansenuivduaunudgudeyarme Tun1snaasy

A 9

ladduiineadesiugiudeya nidineaeuasgnasisulaedsienisdeyatndnduluniu

o

Handu warliAdeyanaaounuIAINBUALAUTFIUTIYA UALAIT1IN1TANTEEEYNIUNTY
WaUaNAINFURUSTENINIAINADINTITINIATUAUNSUNAFOU FetuiloLinnis
= P °o v v v a fu = o & Y A '3 ' a
WaguuUastayatiintesnnudeinsideailandu edndudediinsgrinansenusioadsn
gudeyn duaunudgIutela ANUABINISENITY NSRNAABY KALAITINTAUTOEAIY

A99N1S

MTINUTINAUDTITNTIATIEINANTENUARARNIFIUTBYA DuaLAudgIuToYn

ANUADINITLRIHINTU NSANAFDU BAZAISIINITAIUTDEAINUADINITALAALINAIS

1%

WaguuUastayatd1vesanudenisideilendu 3 Ysennde win au wily laggidula

WawAIRsloatualuNITIATITANaNTENUALNtEaLe Tnswnssdiadnuaiuisatig,

a v ! a

TayaiiingITedng q anvielddanansaiesvaiufguniasdayaiid1reiniunenIsid
ity FaeTodleananIndnTginansEnuMIAnTuINNSUABULUaIRINEILAZa1U 15D

UFulsadannsenulaegadnlud® aavieinIesilagninlunegeuniugnaesiunstifinyii
1 [ ) U saly v « IS a L4 [
wiinsnaaeueendu 4 nsdl Fwaansnlareinsestieannsniinmeinansenularysuls

aanlasunansenulaegiegndies

=

AR AFINTTUABURUADS aneilavolan

AUV AFINTTUTDNAWIS aeila¥e 8.MUSnwMEan

UnsAnw 2560



# # 5870111621 : MAJOR SOFTWARE ENGINEERING

KEYWORDS: IMPACT ANALYSIS / FUNCTIONAL REQUIREMENTS / DATABASE SCHEMA /

DATABASE INSTANCES / TEST CASES
KRITSADA KANCHALIAO: Impact Analysis on Database Instance from Functional
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Functional requirements are used for specifying software functions. These
functions can be changed during the software development. Some functions are
associated with a database. If inputs of functional requirements are changed, the
database schema must be affected. When the database schema is affected, database
instances which are generated from database schema must be affected as well. To
test functions which are associated with databases, test cases will be created by
functional requirement inputs and test data come from database instances. In addition,
the requirement traceability matrix is used for tracking between functional
requirements and test cases. When inputs of the functional requirement are changed,
database schema, database instances, functional requirements, test cases, and

requirement traceability matrix must be analyzed to find the impact.

This thesis proposes an approach to analyze the impact to the database
schema, database instances, functional requirements, test cases, and requirement
traceability matrix from functional requirements’ input changes: add, delete and edit.
This thesis also presents the development of a supporting tool for impact analysis.
This tool allows users to import relevant data, and create change requests. In addition,
the supporting tool can automatically analyze the impact and update items which are
affected. Lastly, the supporting tool is validated through a case study that divided
testing cases into four cases and the result shows that the supporting tool is able to

analyze the impact and update items which are affected correctly.
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WNgatesiunisdanisiundanuteya EULLUUIﬂNa%’N%’mﬁU%’aga WU WUULS IR
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2) 9¥AULUIAA (Conceptual Level) Tuszaunulfn azdaAniLulIAn
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a

1. Ui (Entity) ¥llndoya
2. ANFIUS (Relationship) s¥Wingtouiin
3. ReulvdsAu (Constraint)

3) sgiunteuen (External Level) lusgiuntsuenasiiafniniguen
(External Schema) \Hugunerefld lngafuiszdunisuenfounsdiureadniseeu

wnfa Fadunsihdeyauisdluafunssiviwfeunansmudeyanyldfenis

2.1.2  wuudaeeoyailieduius (Relational Data Model) [3]

6 a

wuudaeteyaeduiusae dddeiurganuisedununanvesgiudoyali

Y
[

dunius Tngazasueguteyadunguuadtiadu (Relation) W30r1314 (Table) unuleuiii &9
lunsiazaadul (Column) unulenn3dag (Attribute) vSefanvedieuis lngdayausazund

3en31 illa (Tuple) vive L3AABSA (Records) BslundazyUarvlsznaunigAveinaauias
JUN 2-1



Tuples

PTARNN

Attributes

Relat\on Name
STUDENT ‘// \\

Name Home_phone Address Office_phone |Age | Gpa
Benjamin Bayer | 305-61-2435 | (817)373-1616 | 2918 Bluebonnet Lane | NULL 19 |3.21
Chung-cha Kim | 381-62-1245 | (817)375-4409 | 125 Kirby Road NULL 18 | 2.89
Dick Davidson | 422-11-2320 | NULL 3452 Elgin Road (817)749-1253 | 25 | 3.563
Rohan Panchal | 489-22-1100 | (817)376-9821 | 265 Lark Lane (817)749-6492 | 28 |3.93
Barbara Benson | 533-698-1238 | (817)839-8461 | 7384 Fontana Lane NULL 19 |3.25

§Ui 2-1 faeehesiasiy STUDENT

wuudaestoyaidedunius wuslauludsAu (Relational Model Constraint)

oy 3 Uszunneadl

1)

HeoulvdsAuuszdnmvesuuuitgaes (Model-based constraint) 1guyila

In 9 luSatu avdealddriu (Wudu

2)

WeulvlaRunaursaszyasafuIguteyalalngnse (Schema-based

constraint) Usznaulumemauludsrusanaluil

- Houlvtssuradlanu (Domain constraint) ANUBILARLLEANSUIAL

faaduaien (Atomic Value) taziduluaiulay Inslulauae
Usznousiede yiadeya WoulvUsdu 1u tnwu GPA Avzdondu
Mmiawnailey nedivisdeyanius 0 - 4 Wuduy

WoulvUsAuaesAduagA1919 (Key constraint and Constraint on

%4

NULL Value) Aflagaasanunsaszuiadalusiadulaiiomiagia &

a 6 ¥ aa ¥ & a 1 a6

ATEINITAUTENOUAIYNAY § WEANIDIALA NI0138AINATUTENDY

(Composite key) wazidoulutsduveinennitadaiuisassyleain
[y 1 1 Gl év v

gauSUAINansalunla

WaulvUaduaiungaiiunsanInye e uiis (Entity integrity

constraint) AeAuasAguan (Primary Key) laaunsaiduaringda

ReulydiAUAINNHAILAIENINYDIN1TD19D4 (Referential integrity

i &

constraint) LaaN30IANLTUASUDN (Foreign Key) 9gfosfilaiuy

a ) aa fad @ A6 o dAace & v = i e
Wearuiukenn3Uinmdufdvan nAduentiudeds wagAvesAduen
sgdoaduafiunngluwenvitadfiuddudn Aadusntudeimde

1ue1ng



3)  Reulviluaiunsaseyasiuafuigiudeyalalnenss (Application-based

constraint) {WuReuludeduiiszyluweundindunialusunsy
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1) e wiseandu 2 silafe

- fevdiuiudin aunsauusnugsteyald 2 vilnfe INTEGER wse
INT ez SMALLINT unuzfindayadiaudiuiuiy 39 INTEGER fi999

doyafini1anin SMALLINT

- Aarduindsmitenaliey aunsasumuTuIunanvesteyals 2
yiinAe FLOAT w38 REAL Lay DOUBLE PRECISION LUy uunuae
DECIMAL (i, j) #38 DEC(i ,j) 38 NUMERIC (i, ) Tnefl i wnusiumu
wdn uag j I1urugenailoy 9 DOUBLE PRECISION fid1uaundni

1111171 FLOAT
2)  dnvuszuuseanidu 2 ¥linme

- 9NVTTWBUUAINNYIIAGT (Character) LW WgULNUAIY CHAR(N) %58

CHARACTER(N) unuiindayadnuseniainuen N f38nuse



- 9nUTTWUUAIILNE12LUAT (Character Varying) LU8ULNUAIY

VARCHAR(N) unuiladayasnuseiilaiugivoya N fidnuse

3)  onvsedn (Bit-string) wuseanidu 2 viinfe

(%

- gnvszdauuuduiuiensilguunueniy BITIN) wiuvilateyasnuse

andduIudngsan N da

[t}

[3

- 9nusEUawuUINUILTa llA@euwnUAI8 BIT VARYING(N) wiuasiin

ayadnysrinniduiu N Un

e

a

4)  ydu (Boolean) Lquﬂjﬁm%'aagammmﬁwwmiﬂﬂéfm 959 (True) way
119 (False) Tneluwaadiueaninidua NULL azdeinartiuduan UNKNOWN

]
o =

5 Juil Weuunueie DATE Usznaumedeya U ey wavdiu luguuuy

YYYY-MM-DD

6) 381 WeuunuaIY TIME Usenaumedaya 93lus undl 3wt uansly

JULUY HH:MM:SS

v =

7)  Juiiniaan (Timestamp) Wewknuaig TIMESTAMP Usgnauniedaya
Tuil waziian Inendeyaiuiviannsaiiyanateuls 6 vdn 1w 2014-09-

27 09:12:47.648302’

2.1.5 nstivedau [4]

[

nIineaay Aeyndeyanadeuilddmiunaaougenduis lnedusgiu
Y] % a v a a . . = = o
IMOUITAIAYDITEUUNTOAIUADINITLYIGIND (Business Requirement) 4N TUNAdD Ul
druusznaunanlaun nuneaunsdinagaey (Test case ID) Yoyaundnldnaaeu (Test

input) wazkadnETirawi (Expected output)

[

UTnQUITaIAYeINITAEDU

9

nstvegeuansalizuuuulavainuate Jued
- D = % = = = = v
el dulumuunuiineld nsdinaaeunldlunisvegeuenvrsiseaziBuaunnaieiuniy
Uszianveanageuiiieiiinadudandu Jusdiuinnaaeu (Tester) 9onLUUATY

TrgusvasAvaalUsinIunsessuy
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2.1.6  AMUABINSHTAHINTY [5, 6]

= L4

ANNABINTASATY ABAIINABINITTUBNTIAINAINITINITINIUYDY
JEUUNS08IAUTENDUVRITEULTIRgABdaunTavile ielvldvihnuussaniuaudedns

195319
2.1.7  eITNNITAIUTOYAUABINIT (Requirements Traceability Matrix)

A1919N15A1LTOEANUS0IN1S [6, 7] 1WudsildnnusosauEeen1TAU
psAUsznaUdY 9 vessru Tnsmnuduiuslumsanismusesanudeinisasazgniivua
Tneffimnzaunamiilulasenig Wy anuduiusseninaganatiuiuainudesnisds
HanduaggnimunlaginiasiznaiIufenis (Requirement analyst) %30 AUFURUS
sgwihseadesnmadsilsidutunsdineasuazgnimunlastinnagey feuvilvianunsosle
Tusazanudesaistesiunsdmaseulathe aunsathluidudeyadmiviaseids

A o a
NansEnULlaiNIsiUaguLUag

A7 2-1 FIBE19M1519NNSHNUTDYAIUADINITLAAIANUFUNUSTVTLNINIANUADINT

WJeandununsiinaaeu

NUULAY MN’]‘EJL@“UﬂiifWIG]ﬂ@U
ANFDINITITIRATY | TC-01 TC-02 TC-03 TC-04 TC-05
FR-01 X X
FR-02 X
FR-03 X
FR-04 X

22 UIENNYIVDY

2.2.1 U398 “Impact Analysis to Database Schema and Test Case From Inputs

Functional Requirement Changes” [1]

[
v A o

NuATeiEueITNTIATIEINIRaNTENURRaRANNg UToYa WaENTAINAFOU
PnMalauklasdeyatidivesnnuasinsidaileaidy Tngdidienansniudenisid

Hendu waghldidsunvasteyaindivesanudesnsideailanduluseuy anntuagyiinig
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a v U ! a v o o A
NnAdeRananiitedninde
1) FBnssenanlisessunisieneinansenudoduaunudgutoya

a 6

2) WBMTAsziliainnsadiassinansenunaAugIuteyaludIuves
AERLLTINE TR UAE
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AAEILRAAILIANES1991N 5 NsH T ldaunsansEyinlneg199n Ul

'
[

%
y
ARINTLYNTazAI&a

[
1Y a

AeugIdedlairnuidedendnt simuiudsludueesnsiieee
HaNFEVUsieduaLAudgIutays niounwihliaieiesessumsuilvafungiudeyatudiy

v ¢ a ¥ v a6 a L QJ = LY 1 1 ! 1 |io’
YpeppdNLAgITeInuAd Bnnsdeseusumsunlateulvdiruludiuvesarinawazanlign

Faunlegudeyaaunsavilaegrednluindnce
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name varchar(50) name varchar(50) sale "
User
default nvarchar(200
testData nvarchar(200) 3 tableName | varchar(50) (200)
PK email i varchar(60) ;
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dataType varchar30) proj *‘} - FK tcimpactld int
. FK changeFrid int ™~
length int ™ Recordimpact name varchar(50)
- . no varchar(10)
precision int FO( PK id int testDataOld nvarchar(200)
scale int £ crld int testDataNew | nvarchar(200)
default nvarchar(200;
(200) FRInputimpact tableName Varchar(s0) fr———————
nullable char(1) PK id int I Instancelmpact
unique char(1) K crld int PkRecord PK id int
min int name Varchar(50) PKid int FK recimpactld int
max int tableName Varchar(50) FK reclmpactld int columnName varchar(50)
tableName varchar(50) columnName | Varchar(50) columnName varchar(50) newValue nvarchar(200)
columnName | varchar(50) changeType Char(3) value nvarchar(200) oldValue nvarchar(200)
RTMImpact
PK id int
FK crid int
frNo i varchar(10)
tcNo i varchar(10)
changeType char(3)

JUT 4-25 upunImdeIsvednsedie
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4.2 msiaueIesaiuayy
42.1 ANNLINADUNLTIUNNTHAIL AT
1) 81959235 (Hardware)

- LATRIARUNILABSHUUNANT NUI8UTLUIANADULNAADST LD

\Liu 2.50 Anzidsnd (Intel Core i7 2.50GHz)
- whganudman (Ram) 16.0 Anglus (16 GB)
- g9afan (Hard disk) 512 Anzlud (512 GB)
2) «eNdLI3 (Software)
- 5zuuUfjURAnng (Operating System) MacOS High Sierra

- Visual Studio Code @11SUNISWAUTHAAUKUU (Source

Code)
- jrudoyaeamiunea W@ies L3t 2016 vy Docker

- fYNaesdnInInaeL Docker Community Edition 18.05.0-

ce-mac6’

4.2.2 lassaswdiuseusvauiugly

lAssadediIuayUsza13v A3l Rl uaARUNITIATIZYINANNTEN UMD
duawaudgudeyainnisdsunuasdoyatnidnveninufeansiaileandu esungeie
WNUNIWIUTAILUANTY (Window Navigation) &auanifeainuduiusszninsdiuselszay

ugly ﬁqgﬂﬁ 4-26 UsenNaumeninmearanlawn
1. wihsadgseuy
2. RUIRNUEN
3. RUIANGLATINNG

4. wNRN9ANSa9venIsUAsULUAY
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<< Window >> Click
i Functional
Functional . i . << Window >
i equriemen
Requirement q Projectiain
Button << Button >>
<< Button >>
Functional
Save .
Click Requirement
Test Case
<< Form >> Button << Button >> << Button >> << Button >>
TC Upload Test Case Basic Information Database
<< Button >>
Save Click
Requirement Traceability Matrix Button| << Button >> << Button >>
<< Form >> N Requirement Delete Project
RTM Upload << Button >> Traceability Click GO Button
Change Request Matrix | << Window >>
<< Button >> History Click Delete Button Create Project
Save Y
ik << Button >>
Click Project Button Click Save Button Save
<< Window >> f
. T
LoginPage <<Window >>  Click Create a new Project Button
Click Sign In Button MamPage << Window >>
<< Button >> N
Sign In P << Button >> << Button >> L << Button >> Click Project Select
Click Sign Out Sign Out New Change Request Create a new Project My project
Butt
Button Button << Button >>
— Go
<< Window >> Click More Button << Button >> << Button >> << Button >>
Impact Result More ChangeRequest History My Project
<< Button >>
Project Click ChangeRequest History Button Click New Change Request Button
A
Click ChangeRequest History Button AN e
New Change Request Page
Click Submit Change RequestButton << Button >>
Submit Change
A A << Window >>
Request
Click More Button << Window >> << Window >> Change Input Detail
ChangeRequest List ChangeRequest Project Click Add Button
<< Button >> >
Select << Button >>
Add new input
1 r submit
<< Button >>  Click Go Button gytton >>
f—|

<< Button >>

More ‘ Go Click Edit Button

Edit

<< Button >>

Cancel

[a)

<< Button >> ick Delete Button

Delete

JUT 4-26 wnunmuladiaintuveansosdeaiuayunsinsiginan senuduaumid

FIUTBYaVINM UGGV UAITYAUTIV0IA 1A 16T T

1) NUP9a9T0LN LY

v A P v v a v A ~ A P P ~

nR19a930s g I untsusuduveaAsegilaia v taed

drudseneume naestennudmiunsendiaveldanu naesdeaiudmiunsensiaru
Yo ldau Ju “Login” iiaidnldauinIesile Yu “Sign Up” dmivadasldeau uazdy

“Forget Your Password” dwiSuilaeusitasu aaguin 4-27
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Login

E-Mail Address

Password

Remember Me

Forgot Your Password?
U9 4-27 mhaasteitnld

2)  WTANIUEN

wihsaandumisneusnivsnguaannasterdldnudnisauanadsgy

7 4-28 Usenaumeadnlsenaunan 2 89aUsenaume d@i1ur (Header) wagdiuiionn

~ Change Request ~ el T
Recent Change Request
Id  Project Name Change Functional Requirement No Stotus Action
14 Cor-Rentol CR-FR-3 success

Content

U 4-28 vieiavan

(1) @ (Header) \Juduuugavemiieng Ussnause

- wydanislasents Usenauniuiyges 2 $18n15A0 Lyasie
1asen1slugd “New project” uagiuygioyadignvaiisiay

TA53aM3 “My project” fagudl 4-29
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Project ¥ Change Re

<+ New project
i= My project

U7 4-29 wiyinnslasings

- wydanisA1Sevelldrunluaitayainldnre9AIINABINTIBN
#efdu Usznoumigiydes 2 s18n13Ae wWyaied1feslng
“New Change Request” ugusziAsonisAnTasasuiazlasag

n13 “Change Request History” ﬁﬂgﬂﬁ 4-30

v Change Request ¥

<4 New Change Request

i= Change Request History
U 4-30 wiydnnIsarsesvelUdguuasdoyarindnvesniunean 53Nty

- yasveeen wuyilizuansweRmiinldiu Fuuysinaniiuyges

Ao ageeen “Logout” Aaguil 4-31

kritsada kanchalew ¥

Logout

U7 4-31 Luyastoosn
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(2) dmdlem (Content) Wuduilduanaion dmiunimanazuans
ensTesveilisunlaideyaiidivesaiunein sty Tny

Tudullennazsivdsuwdadlumumynldiion

3)  WANAS9lASINIS Al

U

nisaelasanisivg wanegui 4-32 lunsafalasenisinyldasdas

52U%0lATINT “Project Name” Ag/alasenis “Prefix” ¥og1udoua “Database Name” ¥

\Wiliesvesgudeya “Database Server” vianglavyennivesgiudeya “Database Port”

Yol warsviaudmuveuseguteya

Create a new project

Project Name Prefix
e.g. HS, OR
Database Name
Database Server Database Port
e.g. localhost 1433
Database Username Database Password

Database Type
© Sql Server MySql (disabled)

Save

U 4-32 mhweasialasingsivl

4)  NTANBEBNIATINIG

degldidenuyndeuadgauadusazlasensasusingrtsiuien
1A59M13 agUR 4-33 Wedidens1edelasanis uazaandu “Go” azthludwmtsinteya

a1anvdlATING

My project

Car-Rental : ﬂ

JUT 4-33 wiheadenlasings
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5 nihideyaaigavedlasinis

intedaa1gnradlATINITHARIReIUR 4-34 Usenausmie 2

peRUsENOUNENAD WyYedlAsINTg (Project-Menu) wagiileyvedlasanis (Project-Content)

lngiilomlassnsaziudeulumumylasinisigldiion Fauylassnisusenausie 7 wiyeail

Menu Project-Menu Car-Rental Project-Content
£ Database -
iq:;‘;;:‘;‘ Database Nome
e Car_Rental
& Requirement localhast 1433
Traceability Matrix
9 Change Request Database Username Datobase Possward
Histoy | |  s= | eessessesies
) Database Type
W Delete This Project J ©5alServer  MySql (disobled)
Save
JUT 4-34 mirideyaargnvedlnsins
(1) wydeyaiiugiu “Basic Information” (agldideniuuil dauiien
v & = D B v
veslaTin1suansteyanugiuveslasin1sigldnsenluminasie
1A39713 AIUN 4-34
(2) wygteya “Database” Waldidonuyil diullenvedlasanis
szuansdoyavesgiudoyalansazuanudusionisveanisislu
Fudeya AeguN 4-35 Feurazn1319asUsenaunig 2 asAUsenay
AD LUYYDINT519 (Table-Menu) Lagliian1v94n1514 (Table-
Content) lneiilefiuansazUdsulumuuuneigldiaen
Rent_Queue Table-Content Table-Menu
Column Name DataType Length Precision Scale Default Nullable Unique Min Max
id 3 int N Y
start_date date Y N
rent_day_total int Y N 2 5
user_passport (53 varchar 4 Y N

JUT 4-35 iilomuanivoyavesgiutoya
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AMSULYVRIANTNUTENBUAIY 3 LY AB LuyAawl “Column”

wyeuludady “Contraint” wagiuyduaunud “Instance” Faguil 4-36 lnoililloniiag

wanan g ldidendsialudl

® Column ~

Column

Constraint

Instance
guﬁ' 4-36 LYY 75N

a v A v oy " & o &
- Luam%La@ﬂLuEﬂ@aNu Column” AZLEAILUDNIVDIADANU

IngazuanulusenisvesmesuilunswazseaziBunvesnosuinagui 4-37

Rent_Queue
Column Name DataType Length Precision Scale Default Nullable Unique Min Max

id @3 int N Y

start_date date Y N

rent_day_total int Y N 2 5
user_passport {3 varchar 4 Y N

U7 4-37 ilomvesneauil

P v A 44' DR .y & Y
- LN@@%La@ﬂL@JHLQQUIGUUQﬂU Constraint %LLG@QLH@M’]L&@UI%

JaAuveannse wenauussinneuludsdu degun 4-38



62

Rent_Queue ® Constraint ~

Primary Key
Columns: [
Foreign Keys [}

FK__Rent_Queu__user___3B75D760

Referencing Table Column

Rent_Queue user_passport Rent_User passport_no

Check Constraints

Rent_Queue_rent_day_total_CHECK

Column Min Max

rent_day._total 2 5

JUT 4-38 iilankioulyUsauyednisn

P v a ¢« » & a ¢
- LN@@%LaaﬂLNH@uaLLmu% Instance” ALLANILUDAIDUALLH UY

gudeya lnevswanadusenissanein Ui 4-39

_ Sttt e

1 2018-04-19 2 zp4d
2 2018-05-01 5 zp4
3 2018-04-15 4 RTpB

FUT 4-39 ilomduaunidgiudoya

(3) LyAMUABINSBelendY “Functional Requirement” ileglyiden

Wyl LaM1989lATINITITRAAITIENITAIINABINT LT AT

[

mgﬂﬁ 4-40 uRneY
AAsulvanlug dsgud a-a1

Y

1Y q./\*leﬁJ ¥

a ¢ v s 14
NN?J@;J‘J@F’]’J']NM@QﬂﬁﬁL‘UﬂﬁQﬂ%UﬂSLLﬁﬂﬂW@imlﬂ

=)
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i= Car-Rental

Add a New Rent Queue

Name DataType Length Precision Scale Default Nullable Unique Min Max Table name Column name
1 id int N Y Rent_Queue id
2 userPassport varchar 4 Y N Rent_Queue user_passport
3 startDate date Y N Rent_Queue start_date
4 rentDayTotal int Y N 2 5 Rent_Queue rent_day_tetal
5  year int Y N Car year

U9 4-40 1Tom1A1 189N 1T e Ty

i= Car-Rental

Choose file .xlsx Browse

U7 4-41 Wosugmsusulvanlnd

1%

(@) wynsainaaey “Test Case” Wiegldidoniuyil Wemvedasanisie

LARIIIBNIINTUNAADUAITUT 4-42 weinliideyansainaaeuay

wansnasulvoUlnanlng

Car-Rental

CRTC-L CR-TC-2 D
opscnane oas
id 1 id hsxs
name honda civic name toyota fortuner
color black color white
licenseNo AD2912 licenseNo DE8932
CR-TC-3 CR-TC-5

passortNo. 2pd id 2

name Benedix passortNo 2pd

phone 0921442253 startDate 2018-05-01
rentDayTotal 5
year 523714

U 4-42 ilevinsalnaaeu
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(5) Lm&ms’mmimuiaElmméfaﬂﬂ’lﬁ “Requirement Traceability
Matrix” Lilogldiaaniuyil Wen1vedlaTin1sauandsignIsny

duituseninsanuisanslsilinduiunsainaaey fagui 4-43

@ Car-Rental
CR-FR-1 CR-TC-1|CR-TC-2
CR-FR-2 CR-TC-3 | CR-TC-5
JUT 4-43 (on1Au8090 15 B9IarI T
(6) WyUsziAn13TeveiUdgunlaitayatlid1vedadIunoInIsiae
#9ATU “Change Request History” tilon1vodlasinisazuaniusein
A9 AU 4-44 Warldnadu “More” zuanantiseseaziden
AN309 LASNANIZNUTILANTU
‘D Car-Rental
Id Change Functional Requirement No Status Action
1 4 CR-FR-3 success

U 4-44 idem sy amTesveiUaeuuadoyaind1veinnunoan 1 sdeianti

(1) wyaulasens Wegldidenuyiiazuanwmiiiisdmiviudu degld

naduguduagyimsaulasenisisiu wazagnauluivtvan
6)  vthisasieAToding

Wegldiaenuyaiisisedmiazusinguidsaisaneslual uansdisgy
1 4-45 ilegldidenlasanis uazaudean1siBeailiidu azuanesienisteyaiiiivesainy

AoaMBilanty Inensidsunasdeyatiinvesninudeanisileilendurinlanal
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(13) Miiiudayatndn adnUu “Add new input” azUsinguesudmsu

'
a v o

Windeyadndnlndegun 4-46 Feldaghesszytoyane vedoya

v a ¥ a =

NV YUAVBYA AINETT NAUL %amiwLLazﬂaé’mﬂugmsﬁayja

=

LY Y o 1 1

wsiuteyaundn dwelaguSens A1 Alidg) Agegauazen

Y

ge

i
OI ¥ A (B ¥ o ¥ a v ¥
agaldaiuisaseynseldila ndsainsseydeyaiseuiosuad
AanYu “Submit” teduiinn1sldsuiyatadlumisne Change

Request List

(14) n1saudeyatndy adndu “Delete” nsstayaundnfdesnisazau
pUsIngUoaududu mgldaindu “Submit” Yayatndnidenis
au%%mgium%w Change Request List

(15) nsunludeyadndr adndy “Edit” assloyatdndfidesnisuily ag
UsngnesudmivuiluseaziBenvastayatnd1fiagun 4-47 e

Aldnady “Submit” s1eavideanisuilyazgnduiinaslumisis

Change Request List

New Change Request

Project Functional Requirement

Car-Rental 3 CR-FR-2

Length Precision Scale Default Nullable Unique Min Mox Table name Column name Add new input

1 passortNo varchar 4 N ¥ Rent_User passport_ne Edit
2 name varchar % Y N Rent_User name Edit
3 phone char 10 Y N Rent_User phene Edit
Change Request List
Name DataType Length Precision Scole Default Nullable Unigue Min Max Table name Column name ChangeType
1 Year int Y N Rent_User year [0dd ] l

U7 4-45 miweasieaisealna



Add new input

Name

Data float
Type

Precision

Default

Nullable Unique
Min
Max
Table

Column

U 4-46 Wosugmsuiiutayandrlni

Edit passortNo

Name passortNo
Data varchar =
Type
Length 4
Default
I Nullable @ Unique

Table Rent_User

Column  passport_no

U 4-47 Wosusdmsuunlysgazidenvedoyaing
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PUIANNTIUALLDEAANS DY LATNANTENU

niinsilazuansseazidenffosvelUdsullasoyainid1nuaaInis

£
a = [

Weilandu waznansenuintu fguil 4-48 Usenaume 2 asAUsEnay

v v

PANAIN

(3) @uiloniA1$es “ChangeRequest-Content” #93zlanIs18aZLDYN

s Ay

AN509 tawn ¥a1ATINIT NUIELATYAIUADINISETININTUNS 09U
Waguulas anuzAies (Status) warsenmadisuudasdeyaund

YDIANUADINITLTIH AT

(@) d@rullonnanssnuiAndu “Impact-Content” Usznauluie 2

29AUTENOUYRAD WU MTUANANTENY “Impact-Menu” Waz

& = A « "
LUBWIVDINGNIENUN LLﬁﬂQC‘nQJLNHW BN “Im pact—Men u-Content

Impact Result

Change Request Id : 4
Status : success

Chonge Request Input List

1 carld
2 userPusspart

3 year

Project Name : Car-Rental
Change Functional Requirement No : CR-FR-3

ChangeRequest-Content

Scale Default Nullable Unique n x jumn nome ChangeType

Impact Information

Impact-Content

EIIGECIT ISP Wl Dotcbase Schema 3 Datobaselnstance 3 TestCases 3 Requirement Traceability Matrix 2 Impact-Menu

CR-FR-3E

Impact-Menu-Content

Table nome ChangeType

Rent Queus car.id cm
Rent Queue user_passpart i
[= e [ ocd]

JUT 4-48 wileiNTIgasdenaIed uaskanssny

dnsuuildanansenulsenauluime 5wyl

¥
a

5. wuaNansgnuReaudeIn1silsileidu Werldideniuyilaz
WARHLETT HANTENULTUIIENITAIUADINITHBINTHTIH N T

Ingluudazsensasuanmansenusiatoyadninfsguin 4-49
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Impact Information

Functional Requirements [ ISEECEEERES LU EIE] Databose Instonce 3 Test Cases 3 Requirement Traceability Matrix 2

CRFR-3@
Name Table nome Column name ChangeType
1 carld Rent_Queue cor_id
2 userPossport Rent_Queue user_possport et
3 year Car year e
CR-FR-2

ChangeType

passpert_no et

U 4-49 LilonHansenUnonIugeInIsiTalendu
6. WuaNansznusieanugIuleya Wekldifenuyliazianaiiion

1d AV Yo 1
Nﬁﬂi%‘WULﬂuiﬂ&]ﬂ'ﬁm’]iqﬁ‘lﬂlﬂiUNaﬂiSV]U lagluliaznisnaay

WARINaNTENUABABALIATFUN 4-50

Impact Information

Functional Requirements 2 [EPCECEESECUSNET s [l Dotobase Instance 3 TestCases 3 Requirement Traceability Matrix 2

v N el
2 passport 4 wan
Rent User @)
Column Name DataType Length Precision Scale Default Nullable Unique Min Max ChangeType
1 passport_no a it

FUT 4-50 iilonIsansenuseanug LYoy

7. wygransenuseduaunudguteya Wegldideniuyliavuans
Wenmansgnuilusieniiniss lnsluwdazn1s19azuans

15ARRSATIIATUNANTENY Uavnsenuwuule dagui 4-51
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Functional Requirements 2 Datobose Sehema 3 [EREIRCREJUERISS S [l Tect Coses 3 Requirement Traceability Matrix 2

M Add Edit [l Delete

Rent_Queue @

_ S Ensearel
1 2016-04-19 2 1234567890123 © 2p4 1

2 2018-05-01 5 1234567880123 © zpd 2

3 2018-04-15 4 1234567830124 © RIpE E]

frent_User )

_

Benedix 0921442253 1234567830123 © 2p4

Rafael 0991992999 1234567890124 © RTpB

car@®
_
1 hondo civic black AD2912 523714

2 toyeto fortuner white DEAA32 671394

3 nissan march black HM1354 530446

U 4-51 (lompanssnunoauaun gy 1 T0ya

8. wuaNanI¥NUARNItinaaey Leyldideniuyilazuandilon

kY Y

NANSENUADNSAINAAY Lasnsamdun1suily aznansal

nageuiiuaglvivestoyanasey fsgun 4-52

Impact Information

Functional Requirements 2 Databose Schema 3 Database Instance 3 Requirement Traceability Matrix 2

CR-TC-4 CR-TC-3 g CR-TC-5 (77
id 2 pussortho 1234567890123 © zpd id 2
userPossport 1234567890123 name Benedix passorto 7pd
carld 1 phane 0921442253 startDate 2018-05-01
startDate 2018-05-01 rentDayTotol 5
rentDayTotol 5 year 523714

U 4-52 idemmansenunonsannaey

9. WUANANIENUABAITINTAUTOLANNABINT LiloldiFeniuyil

WUANULDWINANTEADNITINNITIOIAIIUABINTT LABAZUARY



[y

WWus1en15ANNENRUSSErI19AUd RN Tl Tuiunsal

nAFey AIFUN 4-53

Impact Information

Functional Requirements 2 Database Schema 3 Database Instance 3 Test Cases 3 Requirement Traceability Matrix

Functional Requirement No Test Case No Change Type
1 CR-FR-3 R CR-TC-4
2 CR-FR-3 & CR-TC-5 [ add |

U9 4-53 1denINANTEADRNI1TINNITTOEAIIUABINIT



unil 5

A o
NN1INANEDULATDIUD

51  nsalEnw

nsfiAnwsruvrudsienuiiy Aessuvasaunanlddmiuianisteyanisvuds
inenldlunsiseu Insiitoyansdulsenaume ANUABINISITTRATY 4 AMUABINTT N6
NAADU 6 NiiNAaY (SeazBungNnianwln v) lgazinsdlfnwaldnegeuinsecie

Panun 4 nsneasunaselUll
52  ANSNAEOUN 1

e 44' - > ¢ a %
mwmaa‘uumumaaumiamaﬂumiamewmaﬂiwumﬂmimaamwawaaﬂa
o v v a ' ¥ o v w | v Y A ¥ 1Y) o ea
P 91999ANUADINSBINeNTUYsELANWA LY Immagammmnmﬂaﬂ,mmmmmﬂumamw
JuRdndnuiefdses Inensuiledeyatndi tname (Fuiusiuaeduil last_name n1379

Staff) wag salary (@uWusiumeaut salary #1319 Staff) Aam1571991 5-1

Ql' a ™ v o v v a ¢ o
M1 9N 5-1 3']8@3L@S@ﬂ’]ﬁLﬂﬁSULLﬂaﬁmaﬂﬂauqLSU']GUQQQ'J’]MG]@Qﬂ']ﬁLGUQ:WQﬂSUUMlI']EJLaSU

GM-FR-2

NUYLAVAINURDINITLVINIATY | GM-FR-2

fi¥osvaiUdsunlas
%aﬁz’iamgﬁ%%'ﬂ UsstannsiAsuuuas | sasiBeanisidsunuas
lname WAk Datatype (‘varchar’, ‘char’)
Length (‘25’, ‘307)
Nullable (Y’, ‘N’)
Unique (‘N’, Y”)
salary wAle Default(‘’, 20000”)
Min (*’, “20000°)
Max(‘’, ‘450007)
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asunansenuiiavus s lud

1. \iaNansenuiaufeinsidaleidy GM-FR-1 meillasainildeyatdide (name

uag salary Willouiu GM-FR-2
2. AANANSENUAUNSUVAABUAD

2.1 fnsdiveaeu GM-TC-1 Wagurdeyanaasuvesioyaiid1¥e salary 31

“15000” vu 31770’

2.2 Nnsdveaeu GM-TC-2 Wagurdayanaaeuvesioyainid1¥e identld 310

“1539900112489111" 1Ju ‘YG5ACpr7RWcOEAZPKfRHWkw7dzFj’

2.3 finstiveaeu GM-TC-3 Wagueayanaasuvesioyaiid1¥e salary 31

“150000” U 30000’

2.4 nsdinaaeu GM-TC-4 Whguateyanaaeuvesteyaiid1¥e salary 910

“15000” 1u 31770’

3. Apaull last_name wag salary lum1s1e Staff gaudlusiunisidgundastaya

Y NU1UDIANUADINTITIHINTU

4. Buaunudgiuteyail m1319 Staff innansznuAuADdNL salary lUABUAIDIN
15000’ 18y ‘31770’ wag *50000° 1 ‘26196 Faguil 5-1

5. 1ijpsannldiinisasranseaunstineasusstuliiinnansznuiun1s19nNISAIuTae

ANMUADINTS
Staff B
M|
1539900662989 Surasak lbroham 15000 £ 31710
1539900123567 Kritsada Kaenchaliao 50000 " 26196

U 5-1 nansenumoduaunudgINYeyanInnIsnaaeui 1
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53  ANSNAEUN 2

S a4 A a I3 = v
n1snaaeuiilunageuiniesilelunisiinsigrinansenuannisivfsundasdeya
ndnvesmufeanisldeilindulssianudly lnedoyaundasineidesiuaeduindudd
v A a 6 o a ¥ ¥ -] ¥ IS =
nanussAdses lagvinnsuilyviindeyavesteyaindi sentld lnelisieazidennns

LAY ULUAILEAINIAITIN 5-2

M1397 5-2 T1gazideani1sildsuniasdeyatiinresniiunesn1sideileidunineasy

GM-FR-3 dmSunisnnaeuii 2

NUYLAVAIUADINTHIINIATY | GM-FR-3

N3osvalasunlag

A v o w a a a

VUBNGUILYN Usennisidagundas | sreasidganisidagutdag
sentld WAl Datatype (‘int, ‘varchar’)

Length (7, “15°)

asunansznuiiadudasalul

1. ldifanansgnuiuanunena@eilendudu 9 iWesaindeyadnd sentld Using

aEUUAINABIN LTI AF R T

2. \ianansenuivaduigudeya 3 aeauide (1) 91319 SentOrder gy id (2)
M1 SentStaff ABAN sent_id waz (3) m15719 OrderDetail a1 sent id lne

74 3 Aadutignudluain int Wu varchar(15)

3. ABuaLAUGYeINY 3 AduY fn1susuuzaaan ‘1 lu v uag 2 1w ‘0’
o nABdNY sent_id 9191579 SentStaff Lazm1319 OrderDetail 919fsnau id

Tuss1e SentOrder faguil 5-2 s 5-4

4, vLﬁLﬁ@Nﬁﬂi%VlUﬁUﬂiﬂle@ﬁ@U LAZAITINNITANUTOYAIIUADINT



SentOrder [E)
1 2018-05-25 5.0000001E-2 170
1 2018-06-01 0.1 20V
2 2018-07-02 0.15000001 305

JUT 5-2 Hansen U duaunudgIuYeyanInnIsnae Uy 2 #1399 SentOrder

SentStaff E)
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SNUALLDYAPANE

<<boundary>>

LoginUI

+ login() : void

Ui n-1 $188z8emAaIa Ul

<<boundary>>

HomeUIl

- accessToken

+ getRecentChange()

+ logout() : void

g7l n-2 998adennaIa HomeUl

<<boundary>>

ProjectUl

- accessToken

+ createProject() : void

+ getinfo() : void

Uil n-3 $19az1de9na1d ProjectUl
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<<boundary>>

ChangeRequestUI

- projectName

- accessToken

+ addChangeRequest() : void
+ submitChangeRequest() : request

+ getinfo() : void

gi/ﬁi n-4 TIgazidenAaIa ChangeRequestU

<<control>>

LoginController

+ getView( url ) : View
+ index() : View

+ authenticate()

+ logout()

Ui -5 1882188mAa1 LoginController

<<control>>

HomeController

+ getView( url ) : View

+ index() : View

3‘1]77 n-6 T18adgnRa1d HomeController
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<<control>>

ProjectController

+ getView( url ) : View
+ index() : view
+ show(projectName) : View

+ create() : view

JUil n-7 718a21889AA1F ProjectController

<<control>>

ChangeRequestController

+ getView( url ) : View

+ index() : view

+ list(projectName) : View
+ create() : view

+ show(projectName, changeRequestld) : View

g‘l/ﬁi n-8 TI8azLdenAaIa ChangeRequestController

<<control>>

ProjectController

+ index(request) : json

+ store(request) : json

+ show(request, name) : json
+ update(request, name) : json

+ destroy(request, name) : json

g‘lfﬁi n-9 s18asdenAaIa ProjectController (api)
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<<control>>

FunctionalRequirementController

+ index(request, projectName) : json

+ store(request, projectName) : json

3“1/77/ n-10 $1882demAaIa FunctionalRequirementContoller (api)

<<control>>

TestCaseController

+ index(request, projectName) : json

+ store(request, projectName) : json

g‘l]ﬁl n-11 $188s4d8ARaIa TestCaseController (api)

<<control>>
RTMController

+ index(request, projectName) : json

+ store(request, projectName) : json

gz/f'/ n-12 s18azidemnaId RtmController (api)

<<control>>

DatabaseController

+ index(request, projectName) : json

3“1]17' n-13 $1gazLdenAaIa DatabaseController (api)



<<control>>

ChangeRequestController

+ index(request, projectName) : json
+ store(request, projectName) : json

+ show(request, projectName, changeRequestld) : json

3‘1/77' n-14 T18a1d8nnaIa ChangeRequestController (api)

<<entity>>

Project

+id :int

+ userld : int

+ name : string

+ dbName : string

+ dbServer : string

+ dbPort : int

+ dbType : string

+ dbUsername : string

+ dbPassword : string

+ save() : void
+ delete() : void
+ where(condition) : void

+ first() : Project

+ get() : array

Uil n-15 $19ax1889Aa1d Project




<<entity>>

User

+id :int
+ email : string
+ password : string

+ accessToken : string

+ save() : void
+ delete() : void
+ where(condition) : void

+ first() : User

+ get() : array

N n-16 $18a21889Aa1T User

<<entity>>

FunctionalRequirement

+id :int
+ projectld : int
+ Nno : string

+ description : string

+ save() : void

+ delete() : void

+ where(condition) : void

+ first() : FunctionalRequirement

+ get() : array

31/771 n-17 18a1989Aa1a FunctionalRequirement



<<Lentity>>

FunctionalRequirementinput

+id :int

+ frid : int

+ name : string

+ tableName : string

+ columnName : string

+ save() : void
+ delete() : void
+ where(condition) : void

+ first() : FunctionalRequirementinput

+ get() : array

571/771 n-18 518AzDEAAA T FunctionalRequirementinput

<<entity>>

TestCase

+id :int

+ projectld : int
+ Nno : string

+ type : string

+ save() : void

+ delete() : void
+ where(condition) : void
+ first() : TestCase

+ get() : array

JUil 1-19 718a488mAa1a TestCase



<<entity>>

TestCaselnptut

+id :int
+ tcld : int
+ name : string

+ testData : string

+ save() : void
+ delete() : void
+ where(condition) : void

+ first() : TestCaselnput

+ get() : array

JUl 0-20 TI8azdenmaIa TestCaselnput

<<Lentity>>

RequirementTraceabilityMatrix

+ projectld : int
+ frld @ int
+ tcld :int

+ save() : void

+ delete() : void

+ where(condition) : void

+ first() : RequirementTraceabilityMartix
+ get() : array

3‘1]‘17 n-21 $18az1d89Aa1a RequirementTraceabilityMatrix
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<<entity>>

ChangeRequest

+id :int

+ projectld : int
+ no : string

+ changeFrld : int

+ status : int

+ save() : void
+ delete() : void
+ where(condition) : void

+ first() : ChangeRequest

+ get() : array

JUil n-22 T18azi88nmaIa ChangeRequest

<<entity>>
ChangeRequestinput
+id :int
+crld : int

+ frinputld : int

+ changeType : string
+ name : string

+ dataType : string
+ length : int

+ precision : int

+ scale : int

+ default : string

+ nullable : string

+ unique : string

+ min : string

+ max : string

+ tableName : string

+ columnName : string

+ save() : void

+ delete() : void

+ where(condition) : void

+ first() : ChangeRequestinput

+ get() : array

g‘z]ﬁi n-23 $1gazdemAaIa ChangeRequestinput
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<<entity>>

ChangeAnalysis

- projectld : int

- changeRequest : ChangeRequest
- changeRequestinputList : array

- schemalmpactResult : arrray

- instancelmpactResult : array

- frimpactResult : array

- tclmpactResult : array

- rtmimpactResult : array

- state : statelnterface

+ create(projectld, changeRequest, changeRequestinputList) : void

+ getChangeFrid() : int

+ getChangeRequest() : changeRequest

+ getAllChangeRequestinput() : array

+ getProjectld() : int

+ setState(state) : void

+ analyze() : void

+ addSchemalmpactResult(tableName, columnName, changeType, oldInfo, newlnfo, isPK) : void
+ addInstancelmpactResult(tableName, columnName, pkRecords, changeType, oldValues, newValues) : void
+ addFrimpactResult(frimpactResult) :void

+ addTclmpactResult( tcimpactResult) : void

+ addRtmImpactResult(rtmImpactResult)

+ getFrimpactResult() : array

+ getTclmpactResult() : array

+ getRtmimpactResult() : array

+ saveSchemalmpact() : void

+ savelnstancelmpact() : void

+ saveFrimpact() : void

+ saveTcmpact() : void

+ saveRtmRelationimpact() : void

JU1 n-24 579a¢498A81d ChangeAnalysis

<<entity>>

ConstraintFactory

+ create( detail) : Constraintinterface

JUT n-25 $18a8488AAa1a ConstraintFactory
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<<entity>>

DbTargetConnectioninterface

+ connect() : bool

+ getDBType() : string

+ getDBServer() : string

+ getDBName() : string

+ getAllTables() : array

+ getDistinctValues(tableName, columnList)

+ getAllColumnsByTableName(tableName) : array

+ getAllConstraintsBy TableName(tableName) : array

+ getPKConstraint(tableName) : PrimaryKey

+ getFkConstraints(tableName) : array

+ getCheckConstraint(tableName) : array

+ getUniqueConstraints(tableName) : array

+ getinstanceByTableName(tableName, columnList, condition)
+ getDuplicatelnstance(tableName, checkedColumns, pkColumns) : array
+ getNumRows(tableName) : int

+ updateDatabase(schemalmpacts, instancelmpacts, keylmpacts, database) : bool

g‘zfﬁ n-26 TI8azdeanaIa DbTargetConnectioninterface

<<entity>>

DatabaseBuilder

- database : Database

- dbTargetConnection : DbTargetConnectioninterface

+ create(dbTargetConnection) : void
+ setUpTablesAndColumns() : void
+ getDatabase() : Database

3‘1/77'1 n-27 s18azdgnnaIa DatabaseBuilder



<<entity>>

SqlServer

- conObject : PDO
- server : string

- port : int

- dbName : string
- username : string

- password : string

+ create(server, port, doName, username, password) : void

+ connect() : bool

+ getDBType() : string

+ getDBServer() : string

+ getDBName() : string

+ getAllTables() : array

+ getDistinctValues(tableName, columnList)

+ getAllColumnsByTableName(tableName) : array

+ getAllConstraintsByTableName(tableName) : array

+ getPKConstraint(tableName) : PrimaryKey

+ getFkConstraints(tableName) : array

+ getCheckConstraint(tableName) : array

+ getUniqueConstraints(tableName) : array

+ getinstanceByTableName(tableName, columnlList, condition)

+ getDuplicatelnstance(tableName, checkedColumns, pkColumns) : array

+ getNumRows(tableName) : int

+ updateDatabase(schemalmpacts, instancelmpacts, keylmpacts, database) : bool
- getDefaultConstraintSQL(tableName, columnName) : string

- dropConstraintSQL(tableName, constraintName) : string

- dropColumnSQL(tableName, columnName) : string

- addColumnSQL(columnDetail) : string

- getStrSglNullable(isNullable) : string

- getStrSqlDatatType(dataType, info) : string

- updateColumnSQL(columnDetail) : string

- updateColumnNameSQL(oldName, newName) : string

- addUniqueConstraintSQL(tableName, columnList, constraintName) : string
- addCheckConstraintSQL(tableName, columnName, min, max) : string

- addPrimaryKeyConstraintSQL(tableName, columnList, constraintName) : string
- addForeignKeyConstraintSQL(tableName, links, constraintName) : string

- updatelnstanceSQL(tableName, pkColumns, newInstanceColumns) : string

U n-28 71gaidennand SqlServer
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<<entity>>

Database

- name : string
- tables : array

- hashFks : array

+ create(name) : void

+ setTables(array Tables) : void

+ getTableByName(name) : Table

+ findUniqueConstraintRelated(tableName, columnName) : array
+ findCheckConstraintRelated(tableName, columnName) : array
+ findFKRelated(tableName, columnName) : array

+ createFkPaths() : void

+ isLinked(tableName, columnName) : bool

+ getHashFks() : array

+ toArray() : array

U7 7-29 518azdeanara Database

<<entity>>

Column

- name : string

- dataType : DataTypelnterface
- isNullable : bool

- deafult : string

+ create(columninfo) : void

+ getName() : string

+ setDatatType(dataTypelnterface) : void
+ getDataType() : DatatTypelnterface

+ setNullable(isNullable) : void

+ isNullable() : bool

+ setDefault(default) : void

+ getDefault() : string

U7 0-30 718azi8ennara Column
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<<entity>>
Table

- name : string

- columns : array

- primaryKey : PrimaryKey
- foreignKeys : array

- uniqueConstraints : array
- checkContraints : array

- instance : array

+ create(name) : void

+ getName() : string

+ setColumns(columns) : void

+ getAllColumns() : array

+ getColumnByName(name) : Column

+ setinstance(instance) : void

+ getinstance() : array

+ setPK(primaryKey) : void

+ getPK() : PrimaryKey

+ setFk(foreignKeys) : void

+ getFKs() : array

+ getFkByName(name) : ForeignKey

+ getAlFK() : array

+ getFkByColumnName(columnName) : ForeignKey
+ isPK(columnName) : bool

+ isFK(columnName) : bool

+ isUnique(columnName) : bool

+ getMin(columnName) : string

+ getMax(columnName) : string

+ setUnigueConstraints(uniqueConstraints) : void
+ getUniqueConstraintByName(name) : Unique
+ getAllUniqueConstraint() : array

+ setCheckConstraints(checkConstraints) : void
+ getCheckConstraintByName(name) : Check

+ getAllCheckConstraint() : array

FU7 n-31 71gazi8ennara Table
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<<entity>>
Node

- tableName : string

- columnName : string
- links : array

- fkName : string

- previousNode : Node

+ create(tableName, columnName, fkname) : void
+ getTableName() : string

+ getColumnName() : string

+ getFkName() : string

+ getLinks() : array

+ addLink(node) : void

+ setPrevious(node) : void

+ getPrevious() : Node

U n-32 9719az18enAaIa Node

<<entity>>

DataTypeFactory

+ create(type, detail) : DataTypelnterface

g‘z/ﬁi n-33 T18azidennaIa DataTypeFactory

<<entity>>

DataTypelnterface

+ getType() : string
+ getLength() : int
+ getPrecision() : int

+ getScale() : int

Ui n-34 5198¢408nAaa Datatypelnterface
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<<entity>>
Char

- length @ int
- type

+ create(type) : void
+ getType() : string
+ getLength() : int

+ getPrecision() : int

+ getScale() : int

U1 n-35 $18az188AAAT Char

<<entity>>
Float

-n:int
- precision : int

- type : string

+ create(type) : void
+ getType() : string
+ getlength() : int

+ getPrecision() : int

+ getScale() : int

U 7-36 518az8e9naTa Float

<<entity>>

Decimal

- precision : int
- scale :int

- type : string

+ create(precision, scale) : void
+ getType() : string
+ getlLength() : int

+ getPrecision() : int

+ getScale() : int

gUT1 n-37 518824869 Aa18 Decimal
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<<entity>>
OtherType

- type

+ create(type) : void
+ getType() : string
+ getlength() : int

+ getPrecision() : int

+ getScale() : int

3“1/77/ N-38 718a08mAAIE OtherType

<<entity>>

Constraintinterface

+ getName() : string

+ getType() : string
+ getColumns() : array

+ getDetail() : array

JUi -39 519a¢498nAaI1a Constraintinterface

<<entity>>

PrimaryKey

- name : string

- columns : array

+ create(name, columns) : void
+ getName() : string

+ getType() : string

+ getColumns() : array

+ getDetail() : array

FUT 7-40 518824889AA7F PrimaryKey
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<<entity>>

ForeignKey

- name : string

- links : array

+ create(name, links) : void
+ getName() : string
+ getType() : string

+ getColumns() : array

+ getDetail() : array

JUi n-41 5I9a¢408nAAIT ForeignKey

<<entity>>

Statelnterface

+ analyze(changeAnalysis) : void

3‘1/771 n-42 s18aziognnala Stateinterface

<<entity>>
Check

- name : string

- columns : array
- definition : string
- min : array

- max : array

+ create(name, columns, definition) : void
+ getName() : string

+ getType() : string

+ getColumns() : array

+ getDetail() : array

- findMinMaxAUColumns() : void

- findMin(columnName) : void

- findMax(columnName) : void

- findValuesByPatterns(pattemns) : array

- extractValuesFromDefinition(pattern) : array

JU7 n-43 71¢a218ennaa Check



<<entity>>

Unique

- name : string

- columns : array

+ + create(name, columns) : void
+ getName() : string

+ getType() : string

+ getColumns() : array

+ getDetail() : array

U 7-44 518821889maa Unique

<<entity>>

AnalyzelmpactDBState

- dbTargetConnection : DbTargetConnectioninterface

- dbTarget : Database

+ create() : void

+ analyze(changeAnalysis) : void

+ validateChangeRequestinput(changeRequestinputList) : bool

+ connectTargetDb(projectld) : bool
+ getDbSchema() : void

5“1/77/ N-45 $1easdennaIa AnalyzelmpactDBState

<<entity>>

AnalyzelmpactFRState

+ create() : void

+ analyze(changeAnalysis) : void

gi]ﬁ N-46 5718a2488nAaIT AnalyzelmpactFRState
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<<entity>>

AnalyzelmpactTCState

- dbTargetConnection : DbTargetConnectioninterface

- dbTarget : Database

+ create() : void

+ analyze(changeAnalysis) : void

31/77 n-47 T18a1989AaId AnalyzelmpactTCState

<<entity>>

AnalyzelmpactRtmState

+ create() : void

+ analyze(changeAnalysis) : void

g‘lﬁ/di' n-48 T18azidennaIa AnalyzylmpactRtmState

<<Lentity>>
AbstractAnalyzeDBMethod

# changeRequestinput : ChangeRequestinput
# database : Datatabase
# dbTargetConnection : DbTargetConnectioninterface

# functionalRequirementinput : FunctionalRequirementinput

+ analyze() : array

# getFRInputByld(id) : FunctionalRequirementinput

3‘1]‘17 n-49 TIgaidennall AbstractAnalyzeDBMethod

<<entity>>
AnalyzeDBAdd

+ create(database, changeRequestinput, dbTargetConnection) : void

+ analyze() : array

§Ui 0-50 sraeidempatE AnalyzeDBAdd



<<entity>>
AnalyzeDBDel

+ create(database, changeRequestinput, dbTargetConnection) : void

+ analyze() : array

517 n-51 $19a488mAATA AnalyzeDBDel

<<entity>>

RandomContext

+ create() : void

+ getRandomData(size, dataType, info, isUnique) : array

Vﬂ/ﬁ n-52 19a88nPa 18 RandomContext

<<entity>>
AnalyzeDBEdit

- primaryColumnNode : Node

+ create(database, changeRequestinput, dbTargetConnection) : void
+ analyze() : array

- findimpactLinkedColumn() : array

- findimpactNormalColumn() : array

- findIinstancelmpactByDataType(oldDataType, newDataType) : bool
- findInstancelmpactBylL ength(oldLength, newlLength) : bool

- findInstancelmpactByPrecision(oldPrecision, newPrecision) : bool

- findInstancelmpactByScale(oldScale, newScale) : bool

- findInstancelmpactByNullable(oldNullable. newNullable) : bool

- findInstancelmpactByUnique(oldUnigue, newUnique) : bool

- findIinstancelmpactByMin(oldMin, newMin) : bool

- findInstancelmpactByMax(oldMax, newMax) : bool

- findPrimaryColumnNode() : Node

7 Uil 1-53 S1gadennatd Anal \yzeDBEdt
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<<entity>>

Randominterface

+ random(size, info, isUnique) : void

+ getRandomData () : array

U9 n-54 T9gazideanatd Randominterface

<<entity>>

RandomString

- randomData : array

+ create() : void

+ random(size, info, isUnique) : void

+ getRandomData () : array

FUM n-55 578a¢498nAa1d RandomString

<<entity>>

RandomNString

- randomData : array

+ create() : void
+ random(size, info, isUnique) : void

+ getRandomData () : array

JUil n-56 518a¢498AAa1d RandomNString

<<entity>>

RandomInteger

- randomData : array
-min : int

- max : int

+ create() : void

+ random(size, info, isUnique) : void

+ getRandomData () : array

JUM n-57 5188¢498AAa1d Randominteger
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<<entity>>

RandomFloat

- randomData : array
- min : float

- max : float

+ create() : void
+ random(size, info, isUnique) : void
+ getRandomData () : array

+ isValid(value, precision) : bool

U1 n-58 79gazideanard RandomFloat

<<entity>>

RandomDecimal

- randomData : array
- min : float

- max : float

+ create() : void
+ random(size, info, isUnique) : void

+ getRandomData () : array

+ isValid(value, precision) : bool

3“1/771 1-59 918a4d8nna1d RandomDecimal

<<entity>>

RandomDate

- randomData : array

+ create() : void

+ random(size, info, isUnique) : void

+ getRandomData () : array

JU7 0-60 71¢a188nAaIa RandomDate



115

<<entity>>

RandomDateTime

- randomData : array

+ create() : void

+ random(size, info, isUnique) : void

+ getRandomData () : array

3‘1/771 n-61 5988298mPa1d RandomDateTime

<<entity>>

Recordimpact

+id :int
+ crld : int

+ tableName : string

+ save() : void
+ delete() : void
+ where(condition) : void

+ first() : Recordimpact

+ get() : array

JUil n-62 598as488AAa1a Recordimpact

<<entity>>
PkRecord

+id :int
+ reclmpactld : int
+ columnName : string

+ value : string

+ save() : void

+ delete() : void

+ where(condition) : void
+ first() : PkRecord

+ get() : array

U 0-63 71802188AAAIT PkRecord



<<entity>>

Instancelmpact

+id :int

+ reclmpactld : int

+ columnName : string
+ oldValue : string

+ newValue : string

+ save() : void

+ delete() : void
+ where(condition) : void

+ first() : Instancelmpact

+ get() : array

FUil n-64 598a4089AAIA Instancelmpact

<<entity>>

FRInputimpact

+id :int

+ crld : int

+ changeType : string
+ name : string

+ tableName : string

+ columnName : string

+ save() : void

+ delete() : void
+ where(condition) : void
+ first() : FRInputimpact

+ get() : array

gi]ﬁ n-65 518azdeAAAIA FRInputimpact
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<<entity>>

Columnimpact

+id :int

+ crld : int

+ changeType : string
+ versionType : string
+ name : string

+ tableName : string
+ dataType : string

+ length : int

+ precision : int

+ scale :int

+ default : string

+ nullable : string

+ unique : string

+ min : string

+ max : string

+ save() : void
+ delete() : void
+ where(condition) : void

+ first() : Columnimpact

+ get() : array

UM n-66 518a¢498AnaIa Columnimpact

<<entity>>

TClmpact

+id :int
+ crld @ int
+ changeType : string

+ no : string

+ save() : void

+ delete() : void

+ where(condition) : void
+ first() : Tcimpact

+ get() : array

gUT1 n-67 518az48emmata TCImpact
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<<entity>>

TCInputimpact

+id :int

+ tclmpactld : int

+ name : string

+ oldTestData : string

+ newTestData : string

+ save() : void

+ delete() : void

+ where(condition) : void
+ first() : Tclnputimpact

+ get() : array

3‘1/77 n-68 T1eazLdemAaIa TCInputimpact

<<Lentity>>

Rtmimpact

+id :int

+ crid @ int

+ frNo : string
+ tcNo : string

+ changeType : string

+ save() : void
+ delete() : void
+ where(condition) : void

+ first() : RtmImpact

+ get() : array

UM n-69 519a¢408mAaIa Rtmimpact
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<<entity>>

ImpactResult

- changeRequestld : int

+ create(changeRequestld) : void
+ getimpact(type) : array

- getSchemalmpact() : array

- getinstancelmpact() : array

- getFrimpact() : array

- getTcmpact() : array

- getRtmImpact() : array

3“1/771’ n-70 $18aLdenAaIT ImpactResult
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1. g wdeyaszuvvudsingmuiiu

Staff
PK ident_id
name
last_name
salary
£ SentOrder .
SentStaff PK id Ordengtall
PK, FK sent_id . FK cus_loc_id ) KF'K, FK sent_id .
PK, FK staff _id send_date PK, FK gas_brand_id
_ discount amount
iy
Ry
CustomerlLocation GasBrand
PK id PK id
address name

JUT 9-1 UAUNINDDITVO S UUY AT I9H 1T I

M3NT 3-1 TazBYnaRNNgIUTRLAYeITEULTLAN IR 1IUNY

Fomsng Homodun] NUALLRYA Alag | A1 | A1 | Ange | AN
viadeya | USe1e | | i | an | ége
il
Staff ident id varchar(13) - N |Y - -
Staff name varchar(25) - Y N - -
Staff last_ name varchar(25) Y N - -
Staff salary int - Y N - -




M13NT U-2 TeazBenaANIgIuteavesEuUIUdAsignuiIuY (o)

121

FJomsn Fonodutl Tgaviden | Allag | A1 | A1 | AlEe | A
viateya | Usenw [ | bi | an | dgn
%
SentStaff Sent id int - N |Y - -
SentStaff Staff id varchar(13) - N |Y - -
SentOrder Id int - N Y - -
SentOrder cus loc id int - Y N - -
SentOrder Send date date > Y N - -
SentOrder discount real = Y N - -
OrderDetail sent id Int - N Y - -
OrderDetail gas_brand id | Int S N Y - -
OrderDetail amount int - Y N 1 20
CustomerlLoc | id int = N Y - -
ation
CustomerlLoc | address varchar(300) | - Y N - -
ation
GasBrand id int - N Y - -
GasBrand name varchar(25) - Y N - -
31971 ¥-3 TaziBenduausudgiutoyansns Staff
ident id name last name salary
1539900123567 Kritsada Kaenchaliao 50000
1539900442223 John Carter 30000
1539900662989 Surasak Ibroham 15000




M131 -4 T19aEBYNBUALAUTFIUTBYARTT1Y SentStaff
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sent id staff id

1 1539900123567
1 1539900442223
2 1539900442223

a a a ¢ 9
M1F19N U-5 3’]EJagL@EJWQUﬂLL@usUi']uGUa%a@ni’m SentOrder

Id cus_loc id send date Discount

1 1 2018-05-25 0.05

2 1 2018-06-01 0.1

3 2 2018-07-02 0.15
51971 9-6 TaziBenduaunudgiudoyanisns OrderDetail

sent_id gas_brand id amount

1 1 10

1 2 15

2 1 20

2 2 1

a a a ¢ 1%
AN U-7 3'1SagLaﬂﬁauaLLWU%iquﬂ@%aGﬂiq\“l GasBrand

name

World Gas

Siam

Picnic

Uno

Uniue

N | BN

PTT




2. ANUABINTHTINIATY

M13N 9-8 g eAURBIN sl dud mTunsindayandnauln
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MNBLATAIINADINIITINATY | GM-FR-1

AND3UNE Add a new staff

EHORELLH VTR ANUFNRUSAUgIUTeYA
identld ident id Staff

name name Staff

lname last_name Staff

salary salary Staff

v o

A5 -9 Mog1eANURBINITTalsiTudmiuuTulsstayaniney

VUNYLAVAIIUADINTHTINIATU

GM-FR-2

A195UNY Update staff information

EUIRRELH I VaTkT ANNFNRUSIUTIUTYA
identld ident_id Staff

name name Staff

lname last_ name Staff

salary salary Staff

M157991 2-10 MegraaufsINadalsidudwiuiiudeyamenisdeine

PUNYLAVAIIUADINTHTINIATU

GM-FR-3

AasUNY Add a new sent order

e RELLH VTR ANuduuSiugudeya
sentld id SentOrder
cuslLocation cus_loc id SentOrder
sendDate send_date SentOrder
discount discount SentOrder
brandld gas brand id OrderDetail
amount amount OrderDetail




al

M137 9-11 Mvgranudensidalindudmiuliulssdoyanaggnen
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RUULEVAIUADINISTINIATY | GM-FR-4

A195UNY Update customer address

eHERRPLLHGIVRTRTR ANuduTusiugUTeYa

custld id CustomerlLocation

address address CustomerLocation
3. ASUVAdeU

M13T 9-12 Megransanedeud Ui ayantnauluunns

nuBlaUNIUNAFOU | GM-TC-1
NaaNSAAANTY Valid
Fotoyanaaey Alayanadey
identld 1539900112489
name Somsak

lname Thepsuthin
salary 15000

M1391 3-13 MegranstinegeudmsuiindeyantinauLuuiges

NUYLAVNTEUNAFOU | GM-TC-2
NadNSTiAAnTS Invalid
Fodoyanaaou Adayanaaey
identld 15399001124891111
name Panumas

lname Sankun

salary 25000




= o 1 = ° o o 1% o =
M990 V-14 9’1'3@8']\‘1ﬂiflJ'Vlﬂa@Uﬁq‘Vﬁ‘UﬂﬁﬂUEQm@%aWUﬂ\‘ﬂuLL‘U‘U‘WV]‘UQ

NYRINTUNAFIU | GM-TC-3
NaaNSTIAAN TS Valid
Totoyanaaey AUBYANAGDY
identld 1539900123567
name Kritsada

lname Kaenchalew
salary 150000

a 0 1 IS ) Q. U v LY N
AN U-15 G]']E]?;I’Nﬂiim/]@ﬁ@UﬂWﬁi‘UUiﬂU?ﬂJ@%aWUﬂQ’]uLLUUWﬁ@ﬂ

NUYLAVNTUNAFOU | GM-TC-4
NaaNSAAANTY Valid
Fotoyanaaey Alayanadoy
identld 1539900662989
name Surachet
lname lbroham

salary 15000

M131 3-16 MegransavegeudmIuiindeyasenisdaing

WNULINTUNAEDU | GM-TC-5
NadNSTiAAnTs Valid
Fodoyanaaou Adayanaaey
sentld q

cuslLocation 3

sendDate 2018-06-19
discount 0.15

brandld 1

amount 20

125



=

¥

M3197 2-17 fegransdiaaoudmiuvliuugsdeyatieggnin
MgAINIANAGeY | GM-TC-6
NadmEAAAMTY Valid
Totoyanaaey AUBYANAGDY
custld 1
address 55/2 m.1 t. bantig srisatchanalai

4. MITNMTANUTOUAIIUADINTT

AN U-18 FBEIIAITIINITANUTBEAINUADINITTLUUIUAIAIAIUTUY

126

NUYLAY

AUABDINITLT

Wandu

NUYLAUNTUNAGDU

GM-TC-1 | GM-TC-2

GM-TC-3

GM-TC-4

GM-TC-5

GM-TC-6

GM-FR-1

GM-FR-2

GM-FR-3

GM-FR-4
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