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Chapter 1 Before the Advent of Database Systems

Adri enne Watt
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1Q?D HAOO AHAC=JP =J@ ?KOPHU =LLNK=?D PK @=P= 1=J=CAIAJP ?=HHA@ PDA BEHA >=0OA@ OUOPA

File-based System

-JA S=UPKGAAIEJBKNI=PEK= ?KILQPAE®KOPKMRAEJILANI=JAIJIBEHAO?KIL=JU OUOPAI=G JQI>AN
KB=LLHE?=PEXKICN=18=?KBPDAIE@AOECPAN@ELQH=BBEHRDACALLHE?=PEYKICN=ID-RAAAJ
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=J@=JELQH=RPEBBAKIIBEHARN>=JGEJCUOPARDANKCN=ISU >AQOAK@A>ER?NAGHR??KQJIP
BEJ@ PDA >=H=J?A KB =J =??KQJP =@ @ = JAS IKNPC=CA HK=J =J@ CAJAN=PA IKJPDHU OP=PAIAJPO

$ECQONA #T=ILHAKB-BEHA >=0ORN@PAIOA®>=IGOK=J=CA@=P=

Disadvantages of the file-based approach
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BERA AT=ILHAO

Data redundancy

-BPAJSEPDEJKNC=JEV=FHGEALR:L LHE?=PEKANA=PAGE EBBANAKEN=IIANBNKIR=NEK@®BL=NPIAIPO
KRANKJCANEKIEREIA2DE@=JHA=R¥ataredundancy= OEPQ=PEXE?? QN @=P=>8DNJF BEABKR @O
PK>A QL@=PA@ EJ IKNA PD=J KJA P=>HA 2DEO LN=?PE?A ?=J HA=@ PK OARAN=H LNK>HAIO 0OQ?D =
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[ 'J?KIOEOPAJ?U EJ @=P= BKNI=P

[ 2DA O=IA EJBKNI=PEKJ GAEREJ OARAN=H @EBBANAJP LH=?A0 BEHAO

[ Data inconsistency- OEPQ=PEKJ SDANA R=NEKQO ?KLEAO KB PDA O=IA @=P==NA ?KJBHE?PEJC S=0P/
OL=?A =J@ @QLHE?=PAO ABBKNP

Data isolation

Dataisolation E@ LNKLANFRE®APANIEIAAJ=J@KS?D=JCAS@A>UKIJAKLAN=PERPKIAREOEPHAPDAN
?KI?QNNATANO =J@ OUZIHAIAEOOQA K??QNO EJ = ?KI?QNNAJ?U OEPQ=PEKJ 2DEO EO = LNK>HAI >A?=QO0A

[ 'P EO @EBBE?QHP BKN JAS =LLHE?=PEKJO PK NAPNEARA PDA =LLNKLNE=PA @=P= SDE?D IECDP >A (
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Databasépproach

2DA@EBBE?QHRPENEBAKIQOERDBEHA >=0N@PAI=RANKILPABD A ARAHKLIAKB: JAS =LLNK="HE)
I=J=CEJC H=NCA =IKQJPO KB KNC=JEV=PEKJ=H EJBKdttdttalkd appitdadd PDA

"=P=>=0A0@Q@=P=>=FDIKHHKEIFFJ EILKNP=NKHAJIKOP=NA=SDANARKILQPANDIAOA@I?HQ@EJC
>QOEJAS@Q?=PEKIA@E?EIK QI@ANOPEENJ@=IAJPKB®=P=>M/OPAEASEHBPP=NPEJPNK@Q?EJC
OKIA >=0E? ?KJ?ALPO EJ PDEO =NA=



CHAPTER 1 BEFORE THE ADVENT OF DATABASESYSTEMS

Role of databases in business

#RANU>K QUAOQ=P=>FIAKIAS=U ARAEEECGQEROPKEIBKNI=PEKRKQPDABNEAXI@B=IEH2D=P
@=RECDP-ASNEPPARKSKNOPKNE® ?KILQPANJUQOEJISKN@ LNK?AQMKIN-HKNEPKQH@A O=RAR
=OLNA=@ORKBSRRARDAAOCE=UPKOPKI@=FECUQOE Hatabasenanagemensoftware 2DEEG LKSANBQH
OKBPS=NA PKKH PD=P =HHKSO UKQ PK OPKNA [=JELQH=PA =J@ NAPNEARA @=P=EJ = R=NEAPU KB

+KOPKIL=JEAGAAPN=KB?QOPKIANBKNI=PEKIOPKNEEJ= @=P=>=PBE@=R=U EJ?HQ@YOPKIANO
AILHKUAAO LNK@Q?PO KN@ANO KN =JUPDEJC AHOA PD=P =GOEDFHRERDA >QOEJAOO SEPD EPO

The meaning of data

"=P==NMAB=?PQEBBKNI=PEBQ?BOIA=OQNAIAJKDOP=PECEBKIIR>FA?RI@?KIJ?ALPBA QOARQ=PBKN
@EO?QOBEKAG-NRB="?=H?QH=PER3?=J>A= LANOKILH=?AJ ARAJRJ =?PEKN-JUKJAKB=JQI>ANKB
PDEJCO OEJCHA B=?P EO =J AHAIAJRI&B @erRenkN =

'B@=PNAJIBKNI=PER@EIBKNI=PEHGD=RBA=NAIPDAQOEJABIKNGEBEPNK@=JOP=RROASDANA
UKQ IECDP >A OPKNEJC EP "=P=?=J >A OPKNA@ EJ

[ $EHEJC ?=>EJAPO
[ 1LNA=@ODAAPO
[ $KH@ANO
[ *A@CANO
[ *EOPO

[ .EHAO KB L=LANO KJ UKQN @AOG

HHKBPDAGRAIOPKHABKNI=PEKIIGD KK KAGD =P=>=@2=QOKB°’ DA ?D=JE?I4PQKEBD=P=>=CABU
D=RAANNHEBESANK=J=CA=J@-NK?ACOAIBKNI=PEJADKH@DEQ®=JI=GA PDAJBKNI=PE{JADKQOA
1Q?D IKNA QOABQH BKN UKQN SKNG

S5EPIPDEQI@ANOP=XBEHXPSA ?=JOP=RROAPKS= PKKEEPPDA=L=?EPKOPKNAKHHA?RB@=-PI @
KNC=JERKJ@ Q?R=LE@GA=NNAPNEAKRANK?AMECDP-GA = @ EBBANRIMSSA ?=JQO@=P2DEGKKG
=J@ PDA ?D=LPANO PD=P BKHHKS =NA =HH =>KQP |=J=CEJC EJBKNI=PEKJ

Key Terms

concurrency PDA>EHKHRD&=P=>FBAHHKQHPELEAANZ?AGBPDA=IANA?KISEP DKO®RANOAHU
=BBA?PEJC PN=JO=?PEKJ LNK?AOOEJC

data element= OEJCHA B=?P KN LEA?A KB EJBKNI=PEKJ
data inconsistency= OEPQ=PEKJ SDANA R=NEKQO ?KLEAO KB PDA O=IA @=P==NA ?KJBHE?PEJC

data isolation =LNKLANFDEBAPANIESSBIFIJ@KS?D=JCAS@A>UKIAKLAN=PEKRPKIAREOEPHA
KPDAN ?KJ?QRRANO =J@ OUOPAIO

data integrity NABAR®DAEJIPAJ=J?A1@O00QN=BDAFD A =F=F @=P=>=DIRKNNAZEPKIJOEOPAJP
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data redundancy = OEPQ=MFHEXR??QNE)= @=P=>=8SD\J= BEABURA @RICAQL @=PBBXNAPD=KJA
P=>HA

database approach=HHKSO RPDACAIAJP KB H=NCA =IKQJPO KB KNC=JEV=PEKJ=H EJBKNI=PEKJ

databasemanagementsoftware =LKSANBQKBP SF¥XPD=HHK BB @PKOPKNAIELQH=BXANAPNEARA
@=P=EJ = R=NEAPU KB S=UO

file-based system=J =LLHE?=PEKJ LNKCN=I @AOECJA@ PK I=JELQH=PA @=P=BEHAO

Exercises

"EO?QOO0 A=?D KB PDA BKHHKSEJC PANIO
= @=P=
> BEAH@
? NA?KN@
@BEHA
5D=P EO @=P=NA@QJ@=J?U
"EO?QO0 PDA @EO=@R=JP=CAO KB BEHA >=OA@ OUOPAIO
#TLH=EJ PDA @EBBANAJ?A >APSAAJ @=P==J@ EJBKNI=PEKJ
30ASECQNA >AHKS PK =JOSAN PDA BKHHKSEJC MQAOPEKJO
='J PDA P=>HA DKS I=JU NA?KN@O @KAO PDA BEHA ?KJP=EJ
> &KS I=JU BEAH@O =NA PDANA LAN NA?KN@
? 5D=P LNK>HAI SKQH@ UKQ AJ?KQJPAN EB UKQ S=JPA@ PK LNK@Q?A = HEOPEJC >U ?EP
@&KS SKQH@ UKQ OKHRA PDEO LNK>HAI >U =HPANEJC PDA BEHA OPNQ?PQNA

$ECONA  2=>HA BKN ATAN?EOA >U 5=PP

Attribution

2DEQGD=LPAMDatabaseDesign EJ?HQ@EPEI=CAGQIHABODANSHRRPA@ G @ANER=-PKIRKB'=P=>=0A
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2DA BKHHKSEJC I=PANE=H S=0 SNEPPAJ >U @NEAJJA 5=PP
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Chapter 2 Fundamental Concepts

Adri enne Watt & N elson Eng

What Is a Database?

databasd= @ OD=NAKHHA? RENAH=R@ZO ABO QL LKRIPA?PERERBAGNPE? GINKINJEV=PE&I}-P=>=0A
?=J>AREASA@- NALKOE KREE D@ ABE @I @ DAI??AOCAER =NEKQOQANADDKSEJBECQNA

$ECQNA @=P=>=0A EO = NALKOEPKNU KB @=P=

Database Properties

@=P=>=0A D=0 PDA BKHHKSEJC LNKLANPEAO

[ 'P EO = NALNAOAJP=PEKJ KB OKIA =OLA?P KB PDA NA=H Sdtti¢ie s @ BKPPD ZREKNABAIPEJIC
NA=H SKNH@ EJBKNI=PEKJ
@=P=>=0A EO HKCE?=H ?KDANAJP =J@ EJPANJ=HHU ?KJOEOPAJP
@=P=>=0A EO @AOECJA@ >QEHP =J@ LKLQH=PA@ SEPD @=P=BKN = OLA?EBE? LQNLKOA
#=?D @=P= EPAI EO OPKNA@ EJ = BEAH@
?KI>EJ=PEKJ KB BEAH@O |=Gh@ @KN AT=ILHA A=?D BEAH@ EJ =J AILHKUAA P=>HA ?KJP=EJO @=P=
=>KQP =J EJ@ERE@Q=H AILHKUAA

[
[
[
[

@=P=>=0A ?KIP=B3JU P=>HARKNAT=ILHA= IAI>ANODEDUOPA{U ?KJIP=E =@ @NREEHAI@
=J EJ@QERE@Q#IN P=>HAOODKSEJSECQNA +AI>ANOKB1?EAJ?BKNH@NAJ@EREQ@QNKQRKIAO
>QOEJACOAKNLKN=PEBRIKD=RAJ=?PERN>ANODHERKL?EAJ?2KNH@AI>ANODERSI>ALQN?D=BKN
= KJA KN PSK UA=N LANEK@ =J@ PDAJ NAJASA@ BKN =JKPDAN KJA KN PSK UA=N LANEK@

'‘J SECONA +EJIEAKQOANAJASARD B=IEHWAI>ANODESEPD?EAJ?BKNH@RANUKFBEPIAI>ANODEL



CHAPTER 2 FUNDAMENTAL CON€EPTS

$ECQNA  +AI>ANODEL OUOPAI =P 1?EAJ?A 5KNH@ >U , #JC
HERAP OK@AJRJA 2DAEJ@ERE@BANO=NAE?GABKQOA-EJJEAKQOAECDPLKQOA
"KKN +KQOA 2KI +KQOA )EJC 0=P +=J +KQOA =J@ +KKOA +KQOA

Database Management System

databasemanagemensystem(DBMS) EG- ?KHHA?PREBLNKCN=IBD=RJ=>HABDANRB?NA=RPA@=EJP=EJ
@=P=>=0X@KIPNKHH??ACRKPDAI 2DALNEI=NOK=KB="+1 E®K.NKRE@MNIRENKIIAPRD=PSKPD
?KIRAJEAJIP =J@ ABBE?EAJP BKN QOANO PK NAPNEARA =J@ OPKNA EJBKNI=PEKJ

5EPD PDA @=P=>=0A =LLNK=?D SA ?=J D=RA PDA PN=@EPEKJ=H >=JGEJC OUOPAI =0 ODKSJ EJ $EC
AT=ILHA ="+1 EO QOA@ >U PDA .ANOKJJAH "AL=NPIAJP PDA ??KQJP "AL=NPIAJP =J@ PDA *K=J "AL=|
=??A00 PDA OD=NA@ ?KNLKN=PA @=P=>=0A

$ECQNA >=JG @=P=>=0A |1=J=CAIAJP OUOPAI " +1
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Key Terms

data elementsB=?PO PD=P NALNAOAJP NA=H SKNH@ EJBKNI=PEKJ
database = OD=NA@ ?KHHA?PEKJ KB NAH=PA@ @=P= QOA@ PK OQLLKNP PDA =?PEREPEAO KB = L=NPE?Q

databasemanagementsystem(DBMS) =?KHHA?REKNKCN=RD-R)=>HADARKNA=RAA@=EJP=EJ
@=P=>=0A0 =J@ ?KJPNKH =HH =??A00 PK PDAI

table = ?KI>EJ=PEKJ KB BEAH@O

Exercises

5D=P EO = @=P=>=0A [=J=CAIAJP OUOPAI " +1
5D=P =NA PDA LNKLANPEAO KB =" +1
.NKRE@A PDNAA AT=ILHAO KB = NA=H SKNH@ @=P=>=0A A C PDA HE>N=NU ?KJP=EJO = @=P=:

Attribution

2DEQGD=LPAMDatabaseDesign EJ?HQ@EBLTAAT?ALPOKPDANSHRRPA@ G @ANER=PIKRKB'=P=>=0A
1UOPAI 'KJ?ALPO,CQUAJ )EI JD HE?AJOA@ QNE@ARERA IKIIKIO PPNE>QPEKJ *E?AJOA HE?AJOA

2DA BKHHKSEJC I=PANE=H S=0 SNEPPAJ >U ,AHOKJ #JC

#T=ILHA QJ@Da&tabase Properties
YAU 2ANIO

2DA BKHHKSEJC I=PANE=H S=0 SNEPPAJ >U @NEAJJA 5=PP
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Chapter 3 Characteristics and Benefits of a Database

Adri enne Watt

+=J=CEJEJBKNI=PEK3JO P=GEXSNKBERKPD=FPRKNGBKQCG-JAE@OABBKRDAR=0&D LANBKNU

QOE3C +1  PDARJIBKNI=PBEARPKHHAZR: @ @EP@=P=>HOKHKIJCAQ>FAR??E@AIREOKNC=JEV=PEKJ
'P>A?KIAGKNA=??AOOERMEIPACN-SFEBDANAGIBKQISKNGH=J=CEJEJBKNI=PE}IEIID=P=>=BIKSO

QO PK >A?KIA OPN=PACE? QOANO KB PDA @=P= SA D=RA

5A KBPAJ JAA@ PK =??A00 =J@ NA OKNP @=P=BKN R=NEKQO QOAO 2DAOA I=U EJ?HQ@A

INA=PEJC I=EHEJC HEOPO

SNEPEJC 1=J=CAIAJP NALKNPO

%AJAN=PEJC HEOPO KB OAHA?PA@ JASO OPKNEAO
'@AJPEBUEJC R=NEKQO ?HEAJP JAA@O

— —— —

2DA LNK?AOOEJC LKSAN KB = @=P=>=0A =HHKSO EP PK I=JELQH=PA PDA @=P= EP DKQOAO OKEP ?

[ 1KNP

[ +=P?D

[ *EIG

[ CCNAC=PA
[ 1GEL BEAH@O
[ '=H?QH=PA

[ NN=JCA

A?=QOA KB PDA RANO=PEHEPU KB @=P=>=0A0 SA BEJ@ PDAI LKSANEJC =HH OKNPO KB LNKFA?PO

[ SA>OEPA PD=P EO ?=LPQNEJC NACEOPANA@ QOANO

[ ?HEAJP PN=?GEJC =LLHE?=PEKJ BKN OK?E=H OANRE?A KNC=JEV=PEKJO
[ IA@E?=H NA?KN@ OUOPAI BKN = DA=HPD ?=NA B=?EHEPU

[ 7KQN LANOKJ=H =@@NAOO >KKG EJ UKQN Al=EH ?HEAJP

[ ?KHHA?PEKJ KB SKN@ LNK?AOOA@ @K?QIAJPO

[ OUOPAI PD=P EOOQAO =ENHEJA NAOANR=PEKJO

Characteristics and Benefits of a Database

2DANANA JQI>ANKB?D=N=?PAN PORHEDPEJCPEDEP=>=0QANK=BENKIPDBEHA >=ORN@PKN-LLNK=?D
2DEO ?D=LPAN @AO?NE>AO PDA >AJABEPO =J@ BA=PQNAO KB PDA @=P=>=0A OUOPAI
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Self-describing nature of a database system

@=P=>=0BOPANABANIRK@Dself-describing>A?=Q@ZRIKPKIHPKIP=EFD AQ=P=>=ERPOAHBR-HOK
metadataSDE?[@ ABE JA@I AO?NEIME =PI GNAH=PEKJOBEEAA3=->HEMPD AR =P=>=PIAE@IBKNI=PEKJ
EQOAEPDA+1 OKBPS3\WO=P=>0PARBAAQ@AZDEOAL=N=PKBE@=P=G@EIBKNI=PELKQPD&=P=
I=GAC- @=P=>5040PRKP=KPEBBARNEKIP DRN=@EPBE#}AI>=ON@P EISDE?PD&=R®ABEJERBKNP
KB PDA =LLHE?=PEKJ LNKCN=IO

Insulation between program and data

'‘J PDBEHA >=0OR@PAYDAOPNQ?RERBA=BEHE@ABERABDALLHE?=PEYKICN=IOKEB QOAR-IPOK
?D=JCA PDA OPNQ?PQNA KB = BEHA =HH PDA LNKCN=IO PD=P =??A00 PD=P BEHA IECDP JAA@ PK >A ?D=JC/

-J PDAPDAN-J@EJPDAD=P=>=DANK=?BDAD=FIPNQ?FEINRKNEI DOUOPAEP=HKGQ&KPEJPDA
LNKCN=I2DANABKIRN?D=JCEGHRAD-FUAA@ARED=JCRDAOPNQ?RBNBEHZDEBJOQH=PERIAAIDA
LNKCN=IO =J@ @=P=EO =HOK ?=HHA@ LNKCN=| @=P= EJ@ALAJ@AJ?A

Support for multiple views of data

@=P=>WPLLKNOBPELRBASKE@=P= view EG OQ>OREPD/@=P=>=8DE?BE@ABEJA@AA@ E?-EHXNG
L=NPE?@ANEPDOUOPAQHPELBIBAKIPDAOUOPAECDM=R/EBBARENSKEPDOUOPA#=?DREAS
IECDP ?KJP=EJ KJHU PDA @=P= KB EJPANAOP PK = QOAN KN CNKQL KB QOANO

Sharing of data and multiuser system

IQNNA@=P=>,OP AR AOECBKE)HPELEAANRD=FEPDAtHHKSIU QOARRB??ATDA=IA@=P=>=0A
=FPDA=IAPEIA2DEG??ACKEB?DEARRBNK QBA=PQRABHA@ currencycontrol strategies 2DAOAPN=PACEAO
AJOQNA PD=P PDA @=P==??A00A@ =NA =HS@HP2KNRACREP@ PO+FEIP=EJA@

2DA@AOEKEK@ANIQHPEQ@HNP=>X0AOPAED CNAEILNKRAIAIBNKIPDKEIPDA=OBDE?DNAOPNE?PA@
QO=CA PK KJA LANOKJ =P = PEIA

Control of data redundancy

'J PDA@=P=>=0ANK=?B@A=HM2?D@=PEPAIECDPKNE@IHWKIALH=?EJPDA®=P=>=0QA0KIA ?=0A0
@=PNA@QJI@-OPEATHEOPKREILNKRAOUOPAIANBKNI=JZ#QFROQ?DNA@ QJ@-H@RKIPNKHHAG.LHE?=PEKJ
LNKCN=IIEJEI@ GALP PK IEJEIQI >U EJPNK@Q?EJC =O HEPPHA NA@Q@=J?U =0 LKOOE>HA SDAJ @AOECJEJ(

Data sharing

2DAEJPACN=RBKHRAD & =PBKNJ KNC=JEV=PEKRBDEQ=P=>040PA=0=JU =@R=JP=CGEN@ERHHKSO
BKI®=FED=NEIBJIC AILHKUAAO@KPDANDKD=RA??ACKPDAOUOPAIA?KICEERATIDARO A>EHERU
CAJAN=PA IKNA EJBKNI=PEKJ BNKI = CERAJ =IKQJP KB @=P= PD=J SKQH@ >A LKOOE>HA SEPDKQP PDA EJPA!
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Enforcement of integrity constraints

"=P=>=0AJ=CAIAJPOUOPAIQOR.NKRERD*>EHERD ABERAIBKN?ANP=EKIOPN=PEREDQRA-GOANO
AJPAREHEGBKNI=BEKR @-EJP=E@=R=IPACNERIdtabaseconstraintEG NAOPNE RRERHD =B E? P=PBEP
?=J>AAJPANKIKA @ EFREP=>HIQ?ECG- LKOP2K@AOEJZ? ANPHKNI=RN-@ @ EIR-HREPEIPDAEPUBEAH@

2DANANA=JU PULAKB@=P=>=TAOPN=HIR@ type BKRT=ILHA@APANIERPADKNEB@=R-ANIEPPEE
BEAHRRNRT=ILHAQI>AN®JIHWata uniquenes©Q?BCPDANEI=NGAVNIOQNRAD-K @QLHE?=RAJPANA@
IKJOPN=EJPO ?=J >A OEILHA BEAH@ >=0OA@ KN ?KILHAT LNKCN=IIEJC

Restriction of unauthorized access

,KP =HEHOAKB: @=P=>fMfOPSEHPERRDA=IA=??A00ENEREHABADT =L HAKJAQOAECDP=Rfead-
onlyaccesskE A PDA>EHERNA=EBEB®BKR=GA?D=JCAGDEHAKPDKCDP=Radandwrite privileges
SDE?B®@DA>EHERKPDNA=& @K@ EBtBEHIKNPDEA=0OKI@=P=>3QCAIAJPOUOPRAIDKQHEKRE@ A
OA?QNEPU OQ>0OUOPAI PK ?NA=PA =J@ ?KJPNKH @EBBANAJP PULAO KB QOAN =??KQJPO =J@ NAOF

Data independence

JKPDAR@R=JPKBx @=P=>=105CAIAJP OUOPAMKS ERHHKBXN=PEJ@ALAJ@AI?KPDAAKN@O
PDAOUOP&=Ra&A0?NELRBEIRD AO?NEEETIRAP=@=P=-NOAL=N=BARIPDALLHE?=PEXKCN=I@DEO
EQKOOE=AR=QCOD=JCARKPDAD=FEPNQ?RQMIFJ@HAGP DAD=P=>70J+CAIAJPOUOPAJ@=NAKP
A>A@@A@ EJ PDA LNKCN=I EPOAHB

Transaction processing

@=P=>=02=CAIAJP OUOPAQOPEJ?HQ@I?QNNAFKIPNIKH)>OUOPARLEBA=PQAFOQNRD=@=P=
NAI=EJO ?KJOEOPAJP =J@ R=HE@ @QNEJC PN=JO=?PEKJ LNK?AOOEJC ARAJ EB OARAN=H QOANO C

Provision for multiple views of data

U EPRANIFPONA +1  LANIERSIU QOARKD=RA??ACRBE P@ =P=>XR DAND ERE @KMHHHQHP=JAKQOHU
'P EO JKP EILKNP=JP BKN QOANO PK >A =S=NA KB DKS =J@ SDANA PDA @=P= PDAU =??A00 EO OPKN

Backup and recovery facilities

=?GQL=I@NA?KRANUMAPDK @RD=FHHKIIK P KLNKPAZRQED =BNKIHKOQDA@=P=>=W4OPANKRE@AO
OAL=N1mK?A@DIKIPDARB= JAPSKNG?GQBKN=?GEJZL=J@GNA?KRANEJ}PB = D=-N@NEBAEHOGPDA
@=P=>=0A OPKNA@ KJ PDA D=N@ @NERA EO JKP =??A00E>HA PDA KJHU S=U PK NA?KRAN PDA @-=
'B=?KILQPANUOPB=EHIPDAE @ @ HA= ?KILHATQOL@=PRK?ACDAA?KRABQ>OUOEMAOLKIJOBKMHA
I=GEJCOQNPDOD & =P=>HDM OPKREBINE CEQH+RPOAOANR SKKNA>AJABHBO@=P=>3QI CAIAJP
OUOPAI
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Key Terms

concurrency control strategies BA=PQNEQQ =P=>RD-HHKSARANMPANZ?AGBPDA=IA@=F=PAI
=P PDA O=IA PEIA

data type @APANIEJAO PDA OKNP KB @=P= LANIEPPA@ EJ = BEAH@ BKN AT=ILHA JQI>ANOQ KJHU
data uniquenessAJOQNAO PD=P JK @QLHE?=PAO =NA AJPANA@
database constraint= NAOPNE?PEKJ PD=P @APANIEJAO SD=P EO =HHKSA@ PK >A AJPANA@ KN A@EPA@ EJ
metadata @ABEJAO =J@ @AO?NE>AO PDA @=P=—ARBARH=ABERIEDFHDA @=P=>=0A
read and write privileges: PDA =>EHEPU PK >KPD NA=@ =J@ IK@EBU = BEHA
read-onlyaccessPDA =>EHEPU PK NA=@ = BEHA >QP JKP I=GA ?D=JCAO

self-describing = @=P=><M4/OPEMIABANRIK@OAHB @AO?NEZEQEAKKIHIKIP=EPOA=P=
EPOAHBRHAKP=@=BBE?@ABEFQ@DAO?NEDD=-PI@NAH=PEKJORESAARI->HEP DA =P=

view = OQ>0AP KB PDA @=P=>=0A

Exercises

&KS EO =" +1 @EOPEJCQEODA@ BNKI = BEHA >=OA@ OUOPAI
5D=P EO @=P= EJ@ALAJ@AJ?A =J@ SDU EO EP EILKNP=JP

5D=P EO PDA LQNLKOA KB |1=J=CEJC EJBKNI=PEKJ

"EO?QO0O PDA QOAO KB @=P=>=0A0 EJ = >QOEJAOO AJRENKJIAJP
5D=P EO IAP=@=P=

Attribution

2DEQ@D=LPAK®DatabaseDesighEG @ANER=PHRKB=P=>=0CRUOPAIKJ?ALPSU,CQUAJEI JD HE?AJOA@
QJ@ANA=PERA KIIKJO PPNE>QPEKJ*E?AJOA HE?AJOA

2DA BKHHKSEJC I=PANE=H S=0 SNEPPAJ >U @NEAJJA 5=PP

'JPNK@Q?PEKJ
)JAU 2ANIO
#TAN?EOAO



Chapter 4 Types of Data Models

Adri enne Watt & N elson Eng

High-level ConceptuahtaModels

&ECD HARKBPALPQ@HRK@AHONKRE@A?ALIBXNNACAIPEHFEIS=U®PD=-NAHKGAKPDS=ULAKLHA
LAN?AERAP= PULE?AR-ILHA®DAJPERBH=PEKJRCRAISDE?QOAEEJ] ?KI?ALMHEGNPEPERBNE>QPAO
=J@ANAH=PEKJODEAIPERBLNAOANIGH SKKHEATQ?EC-J AILHKUARN-LNKFA2BAAJPEREGPPNE>QPAO
PDaIRALNAGAIRLANREQTEG-JAILHKUAAGOA =@ @NAGBENPD@=RAH=PEKJDRBRAOAIROOK?E=PEKJ
=IKJC AJPEPBXRIT=ILHA=J AILHKUASKNGIQJ I=JU LNKFA?POIAH=PEKJOEHMEAPSAARDAILHKUAAI@
A=?D LNKFA?P

Record-based LogiddtaModels

0A?KN@ >=OK@E@HRK@AHNKREZKA?ALRIDAREIQIJ@ANOPQRNAKFPKIB=BNKIPDA=U@=F=0
OPKNABDAKILQPARDNABAHH GIK&I=RK@AHEP DEWLANAAH=PE /K @AHOQAPSKNG=-RK@AHO
=J@ DEAN=N?DE?=H @=P=IK@AHO

[ 2DArelational modeNALNAOAJPO @klersXNP=>HAO $KN AT=ILHA EJ PDA IAI>ANODEL OUOPAI :
1?EAJ?A 5KNH@ A=7?D IAI>ANODEL D=0 I=JU IAI>SANO OAA $ECOQNA EJ!D=LPAN 2DA IAI>AN
E@AJPEBEAN ATLENU @=PA =J@ =@@NAOO EJBKNI=PEKJ =NA BEAH@O EJ PDA IAI>ANODEL
0Q?D =0 +E?GAU +EJJEA +ECDPU "KKN 2KI )EJC +=J=J@ +KKOA #=?D NA?KN@ EO O=E@ F
instanceKB PDA IAI>ANODEL P=>HA

[ 2DAnetwork modeNALNAOAJPO @=P==0 NA?KN@ PULAO 2DEO IK@AH =HOK NALNAOAJPO =H
I=JU NAH=PEKJODEL Zstitypé&=© ODKSJ EJ SECQNA

[ 2DAhierarchical modeNALNAOAJPG@EH=AN=N?DE?=H PNAA OPNQ2DCINKBABEBBN=N?DU
NALNAOAJPO = JQI>AN KB NAH=PA@ NA?KN@O $ECQNA ODKSO PDEO O?DAI= EJ DEAN=N?

$ECQNA  &EAN=N?DE?=H IK@AH @E=CN-=I

13
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$ECQNA  ,APSKNG IK@AH @E=CN=I

Key Terms

hierarchical model NALNAOAJPO @=P= =0 = DEAN=N?DE?=H PNAA OPNQ?PQNA
instance = NA?KN@ SEPDEJ = P=>HA

network model NALNAOAJPO @=P= =0 NA?KN@ PULAO

relation =JKPDAN PANI BKN P=>HA

relational model NALNAOAJPO @=P= =0 NAH=PEKJO KN P=>HAO

set type = HEIEPA@ PULA KB KJA PK 1=JU NAH=PEKJODEL

Exercises

5D=P EO = @=P= IK@AH

5D=P EO = DECD HARAH ?KJ?ALPQ=H @=P= IK@AH
5D=P EO =J AJPEPU J=PPNE>QPA NAH=PEKJODEL
*EOP =J@ >NEABHU @AO?NE>A PDA ?KIIKJI NA?KN@ >=0A@ HKCE?=H @=P= IK@AHO




CHAPTER 4 TYPES OF DATA M@DELS

Attribution

2DEQ@D=LPAKEDatabaseDesighEG @ANER=PHRKB=P=>=0LJOPAIKJ?ALPOU,CQUAJEI JD HE?AJOA@
QJ@ANA=PERA KIIKJO PPNE>QPEKJ*E?AJOA HE?AJOA

2DA BKHHKSEJC I=PANE=H S=0 SNEPPAJ >U @NEAJJA 5=PP

)AU 2ANIO
#TAN?EOAO



Chapter 5 Data Modelling

Adri enne Watt

Data modellingE®DABENOPAEIPDANK?ARBR =P=>@A0ECZDEOPAE@KIAPEIAZKIJOE @ AN&&- DECD
HARAH =J@ =>0OPN=?P @AGEKINABANNA@ PK =0 ?KJ?A2PQ=HI@BOEED LDRRARO?NE>A

[ 2DA@=P= ?KJP=EJA@ EJ PDA @=P=>=0A AC AJPEPEAO OPQ@AJPO HA?PQNANO ?KQNOAO OQ>F
[ 2DA NAH=PEKJODELO >APSAAJ @=P= EPAIO AC OPQ@AJPO =NA OQLANREOA@ >U HA?PQNANO HA
[ 2DA ?KJOPN=EJPO KJ @=P= AC OPQ@AJP JQI>ANGECERT:2PEQARCBER-CEBEON KB

?NA@EP KJHU

'‘J PDOA?KIGPARPDA®=EPAIGDANAH=PEKJSDERMAKIOPN=ENABANTLNAOQOBRDAKI?ALROKRE@QA@
>UPDAECD HARARK@AHA?=QORDACKJI?IALP@KIKPEJ?HQ@VEILHAIAIP=PERAP=HHIANAO QHEP
PDAR=AK@AHHENK?ABG OAIE BKNI=NALNAOAJPKPEEZ& =P=>=0ANQ?PZINENAO @IAQERAOBK
QJ@ANOP=J@ OK EP EO QOA@ =0 NABANAJ?A PK I=GA OQNA PD=P =HH PDA QOANcO NAMQENAIAJPO =NA IA

2DAPDEN@AE@ =P=>AOETCINEJEDEIPABAIECDP=RRSKOQ> OPALIN?=HHA&abasdogical design
SDE?@ABE@-P=>HIJA@=-RK@AKB-OLA?EBE2 =J@JKPDANHHA&@=abasehysicaldesign SDE?D
@ABEJADEJPANIBHP=>=OPKN-CANQ?PRERANC=JEV=REBEJ@QATERL?DIJEMQBRBORSKOQ> OPANA
@=P=>=0A EILHAIAJP=PEKJ =J@ KLAN=PEKJO QOAN EJPANB=?A0 >QEH@EJC OPALO

'J PDAA=P=>5@A0HIIOAQ@=P-NAALNAOCAIPORIC?ANP=BF-RK@AHDAdata model EG ?KHHA?REKJ
?KI?ALRDIKP=PERIA® AO?NEEEIRE =MNAH=PEKJODEREAI=IPE20@0 =K JOPN=EJRORO=RK@AHO
=HOK EJ?HQ@A = OAP KB >=0E? KLAN=PEKJO BKN I=JELQH=PEJC @=P= EJ PDA @=P=>=0A

Degrees of Data Abstraction

'‘J PDEDA?PEBA SEHHKKEPPDAQD=P=>=@AOHEHMK?AEGJIPANIBBOLA?EBE?ERPBO-JU@AOECR=NHD
DECBARABI@ NK?AARBSI ARAN EJ?NAHDIRIEBG AP-BKRD KAQ=P=>=@A0OESKINAT=ILHASDAJ>QEH@EJC
=DKIA UK@P=8PPDKSI=JU >A@NKK{JI@=PDNKKRDMAKIA SEHBEFRASDAPDEBEHHAKJIKIJAHARKN
IQHPELHARAHWPR2DAIATROPAE®KCARJI =N?DEFAGRAOETIRKIA BNKEIKNAOPNQ?POQAN@LA? PHBEO
HARSARKNA@AP=E-ERBIAOLAR?PQNKKIOEVAIKSPDRAKIA SEHHASENAGDANRDAHQI>EIJIBETPQNAO
SEHHLH=?AEP 2DAH=OP AECKDENA?KIPN=?PKMIEHRDPKIA 2D=PddKKGESB*D&AOBENKI=DECD
HARAH KB =>OPN=?PEKJ PK HARANSEP=HE

2DA@=P=>=@AOEERANID?D HEG?D=P OP=NFEP QOANK®AJPEBRIEAQOEJAOTHADAPDAD=P=>=0A
@AOECAEI=HUORA=PR & =P=>80A0EEIG@ DABDA=P=>=GNEJEOPNEIRKNIAJPED & AOEQOEJC

="+1

2DA BKHHKSEJC OQ>0A?PEKJO OQII=NEVA PDA IK@AHO EJ KN@ANKBNG@AWEKI-OEJC HARAH KB

16
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External models

[ OALNAOAJP PDA QOANCcO REAS KB PDA @=P=>=0A
[ 'KIP=EJIQHPELHA @EBBANAJP ATPANJ=H REASO
[ NA?HKOAHU NAH=PA@ PK PDA NA=H SKNH@ =0 LAN?AERA@ >U A=?D QOAN

Conceptual models

[ .NKRE@A BHATE>HA @=P= OPNQ?PQNEJC ?=L=>EHEPEAO
[ .NAOAJP = ?KIIQJEPU REASa PDA HKCE?=H OPNQ?PQNA KB PDA AJPENA @=P=>=0A
[ IKIP=EJ @=P= OPKNA@ EJ PDA @=P=>=0A
[ 1DKS NAH=PEKJODELO =IKJC @=P= EJ?HQ@EJC
IKJOPN=EJPO
1AI=JPE? EJBKNI=PEKJ AC >QOEJAOO NQHAO
1A?QNEPUEIRACNEPU EJBKNI=PEKJ
[ 'KIOE@AN = @=P=>=0A =0 = ?KHHA?PEKJ KB AJPEPEAO K>FA?PO KB R=NEKQO GEJ@O
[ NAPDA >=0EO BKN E@AJPEBE?=PEKJ =J@ DECD HARAH @AO?NELPEKJ KB I=EJ @=P= K>FA?
[ NA @=P=>=0A EJ@ALAJ@AJIP NAC=N@HAOO KB PDA @=P=>=0A UKQ SEHH >A QOEJC

Internal models

2DAPDNAAOP GJKEI@ AHKEP DEREJ@NARDNAH=PE K @AHPDAAPSKNG=RK@AHJ@DREAN=N?DE?=H
@=P=IK@AH 2DAOA EJPANJ=H IK@AHO

[ 'KIOE@AN = @=P=>=0A =0 = ?KHHA?PEKJ KB BETA@ OEVA NA?KN@O

[ NA?HKOAN PK PDA LDUOE?=H HARAH KN BEHA OPNQ?PQNA

[ NA=NALNAOAJP=PEKJ KB PDA @=P=>=0A =0 OAAJ >U PDA " +1

[ OAMQENA PDA @AOECJAN PK I1=P?D PDA ?KJ?ALPQ=H IK@AHcO ?D=N=?PANEOPE?0 =J@ ?KJ(
OAHA?PA@ EILHAIAJP=PEKJ IK@AH

[ 'JRKHRA I=LLEJC PDA AJPEPEAO EJ PDA ?KJ?ALPQ=H IK@AH PK PDA P=>HAO EJ PDA NAH=PE!

Physical models

[ NAPDA LDUOE?=H NALNAOAJP=PEKJ KB PDA @=P=>=0A
[ &=RA PDA HKSAOP HARAH KB =>0OPN=?PEKJO
[ NADKS PDA @=P=EO OPKNA@ PDAU @A=H SEPD
0QJ PEIA LANBKNI=J?A
1PKN=CA QPEHEV=EKNAOQ@EKJ
$EHA KNC=JEV=PERJIAOQ@ IAPDK@O
"=P=AJ?NULPEKJ
[ NAPDA LDUOE?=H HARAH " I-RB@peating systerfOS)
[ .NKRE@A ?KJ?ALPO PD=P @AO?NE>A PDA @AP=EHO KB DKS @=P==NA OPKNA@ EJ PDA ?KIL
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Data Abstraction Layer

'J = LE?PKNEEANSUK@=JOARKSPD & EBBANA@RHEKN®KCAPDARCEBKKEFPDENKIPDAECDADIRAH
PDA ATPANJ=H IK@AH

2DAATPANJKB ARG DAJ@OANRPAKBP DA =P2ULE?=HH@=P=>+EA AJPANLNEOBP RD-CANRRDA
JAA@E QHPELEML=NPIABISARAKIA@AL=NPIABKFEJPANAGEAGAEIPDAMAL=NPIAJBGPA C
PDRQI=INAOKQN&AO @AL=NPIAARAIBP?=-NRKREASL DAO=HAIAL=NPIAJB:P2DANABKRNINQOMAREAS
SEHH @EBBAN BNKI =JKPDAN

2DAATPANJIXI® AHNAMQERBEPD AQ AOECTAN @ ERE@NRBNAMQENAIAIRZPKIJOPN=EIF®BQJ?PEKJ=H
IK@QHAO PD=P ?=J >A AT=IEJA@ SEPDEJ PDA BN=IASKNG KB PDAEN ATPANJ=H IK@AHO A C DQI=J NAOKQON

O = @=R® AOECIMPAA@KQI@ANOPRHRD & =FHPDAPKQP=J>QEHF@AIPANLNEOABERZA=-CAA®J
PDA JAA@O KB R=NEKQO @AL=NPIAJPO PDA ?KJ?ALPQ=H IK@AH EO PDA BENOP IK@AH ?NA=PA@

P PDEIP=CRDAKJI?ALPQKEBAREGIJQ@ALAIJGBIRPDKBPS=NAD=-N@S=R& KAIBRDALAKIPDA+1
OKBPS-ODRABEILHAIAJIPDK @AHP @KAIBROALAKIPDR=N@ SEAARIPDEILHAIAIP=PEP DK @AH
ID=JCAO EJ AEPDAN D=N@S=NA KN " +1 OKBPS=NA D=RA JK ABBA?P KJ PDA @=P=>=0A @AOECJ =P PDA ?KJ?

-J?A =" +1  E@AHA?RAG@P=JPDAEILHAIAJEEP2DEEG®DAJIPANIKE AFRANAIKPNA=RANRDAR=>HAO
?KIJOPN=EJPO GAUO NITHACEARKBPAJ NABANNB@caKdeSIgtDA

2DALDUOE @A ®EILHBDA=UP DA =FE@PKNAER ECE ?D@=P=>=0%W @ KN EPKSJ S=UKBOPKNEJC
PDA @=P=

$ECQONA  "=P==>0PN=?PEKJ H=UANO

Schemas

schemaE&J KRAN=EKHO?NELRBEK@ =P=>=A0E E@OQ=HNALNAOAIRARD Antity relationshipdiagram
(ERD) 2DANANA=JU OQ>0O?DAIRDO=RALNAOATPANJIKE® AHE) @PDQ@EOLAIPANREASKBPDARD=P=
AHKS EO = HEOP KB EPAIO PK ?KIJIOE@AN @QNEJC PDA @AOECJ LNK?AOO KB = @=P=>=0A

[ #TPANJ=H O?DAI=O PDANA =NA IQHPELHA
[ +QHPELHA OQ>0?DAI=O PDAOA @EOLH=U IQHPELHA ATPANJ=H REASO KB PDA @=P=
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[ 'KI?ALPQ=H O?DAI= PDANA EO KJHU KJA 2DEO O?DAI= EJ?HQ@AO @=P2EFMNN=RAPOPEKHEO
NALNAOAJPA@ EJ =J #0"
[ .DUOE?=H O?DAI= PDANA EO KJHU KJA

Logical and Physical Data Independence

Data independenc&lABARKODAIIQJEPWKBROANLHE?=PEKID=JCAS@AEIPDAABEJERHBINC=JEV=PEKJ
KB@=P=P==>0OPN=?PERJKCKIHBDKE AI®D=-NAILKNP=BR_LANPEJREPDQOANKILHATEPEDE@ @AJ
BNKI PDA @=P=>=0A QOAN

"=P=EJ@ALAI@AI@LAN=PEI®ALAI@ RKBAP BKNIPDAA=PQN®=P—=>0PN=?PHXANANAR SKPULAO
KB @=P=EJ@ALAJ@AJ?A HKCE?=H =J@ LDUOE?=H

Logical data independence

logical schemaEG ?KJI?ALPQ@AOBECBPDAD=P=>=@KJIKJ L=LAKN= SDEPA>K=IQ@D HEGAN?DEPA?PQN=H
@N=SEJBKY DKQOADA=>EHEM?D=JCRDAIKCESPDAI=SEPDKQP=JCEJD /Axternal schemaKNQOAN
REASEC=HHAg@ical data independence$KNAT=ILHAPDA @ @ EREYNAIKR=KBJAS AJPEPEAR®NE>EGIRAO
NAH=PEKJ®BHLBONCceptuaschemaODKQHAN KOOEGER DKRPREFK?D=JCATEOPRIPANSEPDAI=GN
NASNEPA ATEOPEJC =LLHE?=PEKJ LNKCN=IO

'J KPDAXN @ =JCABPDAKCEBTDAI=A C =HPAN=FEHRIIDPNQ?KERA& =P =>HHEGAD) @ EITKHQIJ
KN KPDAN P=>HAO ODKQH@ JKP =BBA?P PDA BQJ?PEKJ KB PDA =LLHE?=PEKJ ATPANJ=H REASO

Physical data independence

Physicaldata independenc& ABARKPD AIIQJEPIKBPDAJPANJIKI AP K?D=JCAEJPDADUOEMK®AHDA
HKCEBPDAI-OP=I?D=JCARAPDKQCD=JCAINA=@APKBEHMN C=JEV=RKBERPKN=CRPNQ?P @NXDI=CA
@ARE?AO KN EJ@ATEJC OPN=PACU

_DUOE?@=PEJ@ALA)@ AT 3BPIDE @ EPOAD AP=KBBDAPKN=0RNQ?FENNAQOAN L HE ?=PERDA
=LLHE?=P EXJIOQBH@AE JRKHFRSE® PDAEGA O QDB 7PDARAK @ EBBANBFDAL AN=PRKBINBAERC=EJOP
PDA @=P=

Key Terms

conceptual model PDA HKCE?=H OPNQ?PQNA KB PDA AJPENA @=P=>=0A
conceptual schema=JKPDAN PANI BKN HKCE?=H O?DAI=

data independence PDAIQJEPWKBQOAN L HE?=PEK3ID=JCAS@AEJPDADABEJEREBKINC=JEV=PEKJ
KB @=P=

data model =?KHHA?RBREJ?ALKDIKP=PE BRI AO?N EE=Ra) =NAH=PEKIJGDEREAI=IPE20@
@=P=?KJOPN=EJPO
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data modelling PDA BENOP OPAL EJ PDA LNK?AOO KB @=P=>=0A @AOECJ
database logical design @ABEJAO = @=P=>=0A EJ = @=P= IK@AH KB = OLA?EBE? @=P=>=0A|I=J=CAIAJP OUO

database physical design @ABEJAQEJIPANJIEHEP=>-0RPKN=CRNQ?PBEAMNC=JEV=NEI@ATEJC
PA?DJEMQAO

entity relationship diagram (ERD) = @=RAK@AAO?NEPEID=P=>=QRKSEFR>=->HAPPNE>QP@O
NAH=PEKJODELO

external model NALNAOAJPO PDA QOANcO REAS KB PDA @=P=>=0A
external schemaQOAN REAS

internal model: = NALNAOAJP=PEKJ KB PDA @=P=>=0A =0 OAAJ >U PDA " +1
logical data independencePDA =>EHEPU PK ?D=JCA PDA HKCE?=H O?DAI= SEPDKQP ?D=JCEJC PDA ATPANJ=F
logical design SDANA UKQ ?NA=PA =HH PDA P=>HAO ?KJOPN=EJPO GAUO NQHAO AP?

logical schema =?KJ?ALPQ@AOBMEPD A =P=>=@KIKJIL=LANN- SDEPA>K-IQ@> HEGAI?DEPA?PQN=H
@N=SEJCO BKN = DKQOA

operating system (OS)I=J=CAO PDA LDUOE?=H HARAH KB PDA LDUOE?=H IK@AH
physical data independencePDA EIIQJEPU KB PDA EJPANJ=H IK@AH PK ?D=JCAO EJ PDA LDUQE?=H IK@AH
physical model PDA LDUOE?=H NALNAOAJP=PEKJ KB PDA @=P=>=0A

schema=J KRAN=HH @AO?NELPEKJ KB = @=P=>=0A

Exercises

"AO?NE>A PDA LONLKOA KB = ?KJ?ALPQ=H @AOECJ
&KS EO = ?KJ?ALPQ=H @AOECJ @EBBANAJP BNKI = HKCE?=H @AOECJ
5D=P EO =J ATPANJ=H IK@AH
5D=P EO = ?KJ?ALPQ=H IK@AH
5D=P EO =J EJPANJ=H IK@AH
5D=P EO = LDUOE?=H IK@AH
5DE?D IK@AH @KAO PDA @=P=>=0A =@IEJEOPN=PKN SKNG SEPD
5DE?D IK@AH @KAO PDA AJ@ QOAN SKNG SEPD
5D=P EO HKCE?=H @=P= EJ@ALAJ@AJ?A
5D=P EO LDUOE?=H @=P= EJ@ALAJ@AJ?A
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HOK OAdpendix A: University Registration Data Model Example

Attribution

2DEQ®D=LPAKEDatabaseDesighEG @ANER=PHRKB=P=>=0LJOPAIKJ?ALPOU,CQUAJEI JD HE?AJOA@
QJ@ANA=PERA KIIKJO PPNE>QPEKJ*E?AJOA HE?AJOA

2DA BKHHKSEJC I=PANE=H S=0 SNEPPAJ >U @NEAJJA 5=PP

[ 1KIA KN =HH KB PDA EJPNK@Q?PEKJ @ACNAAO KB @=P= =>0OPN=?PEKJ @=P==>0OPN=?PEK.
[ )AU 2ANIO
[ #TAN?EOAO
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Adri enne Watt

"=P=>=0AJ=CAIAJPOUOPA?8I>A?H=0OEBEAEI OARANRKEPARBR?ECP DA =AK@AHOAIQI>ANCI@
@=P=>=0A @EOPNE>QPEKJ =HH @AO?NE>A@ >AHKS

Classification Based oatBModel

2DAIKOPLKLQH@-PK@AHEJIQORK@BMPDANAH=PE@=-AK@AHAHH GJKSJ+10 HEGAN=?HA+1

1/ 1ANRAN =J@Ul/* OQLLKRPHR@AHPDARN=@EPBKIAHOQ?BCDEAN=N?0@2RH@AHI@
JAPSKN@=RK@AHEN/OPEHPABKIEJ@QORNIHWKJI I=EJBN=IA H=PBKNSBSARARDAENAKP?KIIKJHU
QOA@QRKPDAEKILHATERADAOANAHNABANRK@raditional models>A?=Q@DAUNA?A@ABNAH=PEKJ=H
IK@AH

'‘J NA?AJPA=NODAASANbject-orienteddata modelsSANAJIJPNK@QZREIK @AHEG: @=P=>182=CAIAJP
OUOPEUSDE?BJBKNI=PEMALNAOCAIBRIORKNIKBEK>FA?BADOARIK>FA?P KNEANMTI=IIEJC>FA?P
KNEAJP@E@P=>=GARQ EBBARAKI NAH=PEK@=R=>=C2ME?ENA=>HA KNEAIJPR®@P KNEAJ@A@=>=0A
I=J=CAIAJP OUOPAI®" +1 ?KI>EJA@=P=>=0A =>EHEBEROX>FA?P KNEAURK@N=IIEJEI=JCQ=CA
?=L=>EHEPEAO

2DAK>FA?P KNEAKEBM@D:=RAKP=QCHRB=ATLA?PAENAKFEISE@AOLNIO@KIA AT=ILHAREK>FA?P
KNEAJPA@ " +10 =NA - ->FA?P1PKNA =)@ (=OIEJA

Classification Basauh User Numbers

"+1  ?=J>A?H=0OO0EBE 2=\ PDAQI>ANKBQOAR®QLLKNPQ®=J>A=single-userdatabasesystem
SDE?D OQLLKNPO KJA QOAN =PmuRibseriidtabase systeBDE?D OQLLKNPO IQHPELHA QOANO ?KJ?QNNAJPHU

Classification Based on Database Distribution

2DANANBKQNREJ @EOPNEXQPERABRID =P=>M/OPAHI@ DAGAIPQN3=J>AQO A H=0OOEBA+1

Centralized systems

S5EPD:centralizeddatabasesystemPDA+1  =J@@=P=>=0UOPKNABOEJCHEPOFRQOAMOARANEDAN
OUOPAIO PKK 2DEO EO EHHQOPN=PA@ EJ SECQNA

'‘J PDA=NHUO |=JU =J=@E=BIE>N=NEDLOBDA0# ! PK?KIRANFDAEN Q=H?=N@=P=HKC®KO

I=?DEJA NA=@=2ARN=HBEAAREHKCQUOPAIB=?D>KKE=P=HKUQAG: >=N?K@EAKE&IEHAKPDKQOA
OQLANI=NGAP LNK@Q?PO

22
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$ECQONA  #T=ILHA KB = ?2AJPN=HEVA@ @=P=>=0A OUOPAI

Distributed database system

'J =distributeddatabasesystemPDA?PQ@EP=>=0@GPDA+1 OKBPS=NX®EOPNEBQRIRaNEKQEPRD=P
=NA ?KJJA?PA@ >U = ?KILQPAN JAPSKNG =0 ODKSJ EJ $ECQNA

$ECQONA  #T=ILHA KB = @EOPNE>QPA@ @=P=>=0A OUOPAI

Homogeneous distributed database systems

Homogeneouslistributed databasesystemQO/RDAO=IA" +1 OKBPS=BMKIIQHPELBEPASP=AT?D=JCA
>APSAADAGENEKQEPAL) >AD=J@HATDEKNAT=ILHAHE>NNBKNI=PEXJOPAXOPDAO=IARAJ@KN
O0Q?BONA=PKILQPANKNLKN=PERORD®=IA" +1 OKBPS=3DE?BHHK2G0@=RT?D=JCMAPSAAIDA

R=NEKQO %A=? HE>N=NU OEPAO

Heterogeneous distributed database systems

'J = heterogeneoudistributed databasesystem @ EBBAREMETDR)OAEBBANAIP OKBPS=RARPDANZD
—@@EPEKIEH OKBPSFNAQLLKERRAT ?D=JCAPSARDAQEPARMT=ILHAPDR=NEKGE>N@tP=>=0A
OUOPAIO QOA PDA O=IA I=?DEJA NA=@=>HA ?=P=HKCQEJC + 0! BKNI=P PK OQLLKNP HE>N=NU NA?K
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Key Terms

centralized databasesystem:PDA+1  =J@2=P=>=DKOPKNAREIOEJCAEPAH=HFQOARDOARAMFEDAN
OUOPAIO PKK

distributed databasesystem PDA?PQ@P=>=0@°DA+1 OKBPS=WEOPNEBRRIKRGNEKQEPAQD
PD=P =NA ?KJJA?PA@ >U = ?KILQPAN JAPSKNG

heterogeneoudlistributed databasesystem @EBBARNAFEKCTDR)OAEBBANATIP OKBPS=NAPDANA
EO =@ @EPEKB3IH OKBPS=NA PK OQLLKNP @=P= AT?D=JCA >APSAAJ PDAOA OEPAO

homogeneous distributed database systen@OA PDA O=IA" +1 OKBPS=NA =P IQHPELHA OEPAO
multiuser database system= @=P=>=0A |=J=CAIAJP C&IH?A OQLLKNPO IQHPELHA QOANO ?KJ?QNNAJPHU

object-orienteddata model = @=P=>3€xCAIAJPOUOPEISDE?BJBKNI=PBENALNAOAHIRBGRKNI
KB K>FA?PO =0 QOA@ EJ K>FA?P KNEAJPA@ LNKCN=IIEJC

single-user database systemr @=P=>=0A |=J=CAIAJP OUOPAI SDE?D OQLLKNPO KJA QOAN =P|= PEIA

traditional models @=P= IK@RBEP LNA?A@A@ PDA NAH=PEKJ=H IK@AH

Exercises

.NKRE@A PDNAA AT=ILHAO KB PDA IKOP LKLQH=N NAH=PEKJ=H @=P=>=0A0 QQA@

5D=P EO PDA @EBBANAJ?A >APSAAJ ?AJPN=HEVA@ =J@ @EOPNE>QPA@ @=P=>=0A OUOPAIO

5D=P EO PDA @EBBANAJ?A >APSAAJ DKIKCAJKQO @EOPNE>QPA@ @=P=>=0A QUOPAIO =J@ DA
@EOPNE>QPA@ @=P=>=0A OUOPAIO

Attribution

2DEQGD=LPAMDatabaseDesign EJ?HQ@EBLAAT?ALPOKPDANSHRRPA@ G @ANER=PIKRKB'=P=>=0A
1UOPAI 'KJ?ALPO,CQUAJ )EI JD HE?AJOA@ MNEARRA IKIIKIO PPNE>QPEKJ *E?AJOA  HE?AJOA

2DA BKHHKSEJC I=PANE=H S=0 SNEPPAJ >U @NEAJJA 5=PP

)AU 2ANIO
#TAN?EOAO
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Adri enne Watt

2DA NAH=PEKJ=H @=P= IKIPNKEX?A@ >U! $ [K@@ EJ !QNNAJPHU EP EO PDA IKOP SE@AHU QO.

2DA NAH=PEKJ=H IK@AH D=0 LNKRE@A@ PDA >=0OEO BKN

[ 0AOA=N?D KJ PDA PDAKNU KB @=P= NAH=PEKJODEL ?KJOPN=EJP
[ ,QIANKQO @=P=>=0A @AOECJ IAPDK@KHKCEAO

[ 2DA OP=J@=N@ @=P=>=0A =??A00 HtrICQreGARetytth@uaye (SQL)
[ HIKOP =HH IK@ANJ ?KIIAN?E=H @=P=>=0A |=J=CAIAJP OUOPAIO

2DA NAH=PEKJ=H @=P= IK@AH @AO?NE>AO PDA SKNH@ =0 "= ?KHHA?PEKJ KB EJPAN NAH=PA@ NA}
Fundamental Concepts in the Relational Data Model

Relation

relation, =HOBJIKSJ=C-table KNile EG OQ>OREPDA-NPAOH-ANK @ R HERB@KI=EJZD=N=?PANBVA@
J=IA J@ SEPDEP=>HA=?INKINALNAOAIBK (XBNAH=RA@R=HQAGCrow KNNA?KN&RHOBIKSI=C=
tuple 2DA?KHQIJEJ= P=>HZG BEAHEEE GHOKABANRK@-J =PPNE>0RA?=J=HORDEXBEPDEZU =J
=PPNE>QPA EO QOA@ PK @ABEJA PDA NA?KN@ =J@ = NA?KN@ ?KJP=EJO = OAP KB =PPNE>QPAO

2DA OPALO >AHKS KQPHEJA PDA HKCE? >APSAAJ = NAH=PEKJ =J@ EPO @KI=EJO

%BERAV@KI=EJIENAAIKPA@ >U" " \"J
J@ r EO = NAH=PEKJ @ABEJA@ KJ PDAOA @KI=EJO
2DAJN "e"e\e"J

Table

@=P=>FDKILKOAB®BQHPELPA>HATGA=?P=>HIXH@D@=P$ECQNA ODKSO@=P=>-RD&EPKIP=EJO
PDNAA P=>HAO

Column

@=P=>=0PKNAA?AGEIBKNI=PEMNB=?FEI=J KNC=JE\@@ 3J@ANOP=J@ESCKQOAJ@CAPDIKOP
KQP KB @=P=>=0A0 NAMQENAO QO PK QI@ANOP=J@ PD=P IAPDK@ KB KNC=JEV=PEKJ

2DALNEJ?EIGIPKN=-Q@X PO A=HHA@MnsKNields KNattributes 2DAOBKQUOMA=OFKILKIJAIPRB@=F=IPK
SDE?DKQRKIPAIRI>A>NKGA@KSIHEDAJ @A?EQFIE?BEAHGBNA=RAKFAA@KPDEICAIJANE?=HKQP

25
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$ECQONA  "=P=>=0A SEPD PDNAA P=>HAO

UKQEJBKNI=PEHBKNRT=ILHA@N=SEKQPDAKIIKI ?KILKJAJPRBPDAJBKNI=PEIHPKFEHBPKEAPDA
@=P=>=0A =J@ =RKE@EJC PDA OLA?EBE?0O PD=P @EOPEJCQEOD KJA EPAI BNKI =JKPDAN

*KKG =P PDA AT=ILHA KB =3 " ?=N@ EJ $ECQONA PK OAA PDA NAH=PEKJODEL >APSAAJ BEAH@O =J@ PDAEN

$ECQNA  #T=ILHAKB=J"7?=N@ >U 5=PP

Domain

domainE@DKNECECARB-PKIER=HQROARIK@AIR=PL) atomicvalue SAIA=] PD==?R=HEAPDA
@KI=EJ EO EJ@EREOE>HA =0 B=N =0 PDA NAH=PEKJ=H IK@AH EO ?KJ?ANJA@ $KN AT=ILHA

2DA @KI=EJ KB +=NEP=H 1P=PQO D=0 = OAPBINEDQEAEIEREABRKN?A@

2DA @KI=EJ KB 1DEBP D=0 PDA OAP KB =HH LKOOE>HA @=UO W+KJ 2QA 5A@\Y

2DA @KI=EJ KB 1=H=NU EO PDA OAP KB =HH BHK=PEJC LKEJP JQI>ANO CNA=PAN PD=J =J@ HAOO PLC
2DA @KI=EJ KB $ENOP ,=IA EO PDA OAP KB ?D=N=?PAN OPNEJCO PD=P NALNAOAJPO J=IAO KB LAKLH;

— ———

'J OQII=NU = @KI=EEG OARB=??ALP=>RIAHQRO=—P?KHQIEGHHKSREKIP=EADEEO=0AKI R=NEKQO
LNKLANPEAO =J@ PDA @=P= PULA BKN PDA ?KHQIJ 5A SEHH @EO?QO0 @=P= PULAO EJ =JKPDAN ?D=LPAN
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Records

(QOECPDAKIPAMB=JUKIJA@K?QIAKNEPAIAA@RISA>NKG AR KS EJPEPZTXJOPEPQEBRBD =BKIRPKN=CA
EJPDREAHRIINEJGAPSARDAIFHQKA @GRBe A-R=EH=IHAD D AR:J>ANA?KIJOPE EQPRIEAENKHBKNI
0A?KN@BHKSWP K@ K DERecords?KIP=RBEAHDOENAAH=PA@?BC= ?QOPKIAN:=J AILHKUAAD JKPA@
A=NHEAN = PQLHA EO =JKPDAN PANI QOA@ BKN NA?KN@

0A?KN@0aB EAHERO IPDA=OBB-HE@=P=>=0A0EILHR=>HBERATIP DAHA=NADFP QREDKSNA?KNGQ @
BEAH@O SKNG PKCAPERSNEIA OPKN=CA LNKFA?P

$ECQNA  #T=ILHA KB = OEILHA P=>HA >U 5=PP

2DAOEILHR=>HW =ILHAJBECQNA ODKSQMKSBEAHEIDKHEN=JCKRBQ EBBARKIRBRD =P2DERJAD=0

[ OA?KN@ " BEAH@ PDEO EO =J KN@EJ=H JQI>AN EPO @=P=PULA EO =J EJPACAN

[ .Q>"=PABEAH@ PDEO EO @EOLH=UA@ =0 @=U IKJPD UA=N EPO @=P=PULA EO @=PA
[ J QPDKN BEAH@ PDEO EO @QHEPH+HUA@NISIA EPO @=P=PULA EO PATP

[ 2EPHABEAH@ PATP BNAA PATP ?=J >A AJPANA@ DANA

7KQ?=J?KlI=J@ PDAD=P=>-RKOEBPNKQERQ=P=J@KNC=JEFMEJ= L=NPE?@+NSKNAT=ILHAUK@=J
NAMQADRPOAHA?PEBNA?KN@BIEIEPAQ@@=PA =HHABKNACERA@=PA =HEBPANCERA@=RMN =HH
>APSAASKCERA@=PAEIEH=NHY =] ?DKKAAD=RAA?KNGINPAGD=PA?=QORDBEAH@NA?KN@
?KIP=EIRO&=-FEOAQL=C-"=PABEAHRD & =P=>30%@OEJIBKNI=PEIIE DA-PABEABKIFQGRIQI>ANO
OAL=N=PA@ >U OH=0ODAO >QP N=PDANP=-AG@ENGVINRAIE-R??KN@EJC PK = ?=HAJ@=N OUOPAI

Degree

2DAdegreeEO PDA JQI>AN KB =PPNE>QPAO EJ = P=>HA 'J KQN AT=ILHA EJ SECQNA PDA @ACNAA EC

Properties of a Table

[ P=>HA D=0 =J=IA PD=P EO @EOPEJ?P BNKI =HH KPDAN P=>HAO EJ PDA @=P=>=0A
[ 2DANA =NA JK @QLHE?=PA NKSO A=?D NKS EO @EOPEJ?P
[ #IJPNEAO EJ ?KHQIJO =NA =PKIE? @RAIRRZHAP=EJ NALA=PEJC CNKQLO KN IQHPER=HQA@ =P
[ #JPNEAO BNKI ?KHQIJO =NA BNKI PDA O=IA @KI=EJ >=0A@ KIMPYERI@=P= PULA
JQI>AN JQIANE? EJPACAN BHK=P OI=HHEJP\
?D=N=?PAN OPNEJC
@=PA
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HKCE?=H PNQA KN B=HOA
-LAN=PEKJO ?KI>EJEJC @EBBANAJP @=P=PULAO =NA @EO=HHKSA@
#=?D =PPNE>QPA D=0 = @EOPEJ?P J=IA
2DA OAMQAJ?A KB ?KHQIJO EO EJOECJEBE?=JP
2DA OAMQAJ?A KB NKSO EO EJOECJEBE?=JP

— —— —

Key Terms

atomic value A=?D R=HQA EJ PDA @KI=EJ EO EJ@EREOE>HA =0 B=N =0 PDA NAH=PEKJ=H IK@AH EO ?KJ?Al
attribute LNEJ?ELHA OPKN=CA QJEP EJ = @=P=>=0A
column: OAAttribute

degree JQI>AN KB =PPNE>QPAO EJ = P=>HA

domain PDKNECEGAR®B-PKIER=HQRAOARKK@AKD=P=0ARB=??ALP=>RFHQRO=P?KHQIEO
=HHKSA@ PK ?KJP=EJ

field OAAttribute
file OAfelation
record ?KJP=EJO BEAH@O PD=PsedAupleH=PA@

relation =0Q>OKRBPDA-NPAOH-NK@@HR: HERB@KI=EJZD=N=?PANBVARIA PDRA?DJIEPANI
BKN P=>HA KN BEHA

row see tuple
structured query language (SQL) PDA OP=J@=N@ @=P=>=0A =??A00 H=JCQ=CA
table: OAfelation

tuple =PA?DJE?=H PANI BKN NKS KN NA?KN@

Terminology Key

1ARANKBPDRANIQOARIPDED=LPANAOUJIKIUIKQOD =@ @EFERDAU 2ANIO=>KRA.HA=ORBAN
PK2=>HA >AHKS 2DA PANIO EJ PDA HPANJ=PERA ?KHQIJ =NA IKOP ?KIIKJHU QOA@
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2=>HA 2ANIO =J@ PDAEN OUJKJUIO >U 5=PP

Exercises

Use Table 7.2 to answer questions 1-4.

30EJC ?KNNA?P PANIEJKHKCU E@AJPEBU =J@ @AO?NE3IR=+HHAPDA ?KILKIAIPO
5D=P EO PDA LKOOE>HA @KI=EJ BKN BEAH@ #IL(K>IK@A
&KS 1=JU NA?KN@O =NA ODKSJ

&KS |=JU =PPNE>QPAO =NA ODKSJ

*EOP PDA LNKLANPEAO KB = P=>HA

2=>HA 2=>HA BKN ATAN?EOA MQAOPEKJO >U 5=PP

Attribution

2DEQ@D=LPAEDatabaseDesign EJ?HQ@EBKTAAT?ALFCKPDANSHEKPA @G @ ANER=PKRKBAH=PEKJ=H
"AOECJ 2DAKNCQUAJ )EI JD HE?AJOA@ OINEAERA IKIIKJIO PPNE>QPEKJ *E?AJOA HE?AJOA

2DA BKHHKSEJC I=PANE=H S=0 SNEPPAJ >U @NEAJJA 5=PP

HH KN L=NP KB PDA OA?PEKJO KJ NAH=PEKJO P=>HAO ?KHQIJO =J@ @ACNAA
)JAU 2ANIO
#TAN?EOAO
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Adri enne Watt

2DAentity relationship(ER) data model D=GATEOFBY@RAN UA=NBEGAHBQEPRA@® =RK@AHHEKIQOA
SEP@=P=>=0ABG-QEEB=ENHOPN=3BEQ-OBKQEO?QUEATLH=ED IK@AHINAA=Q@PNEJOHHHKA@
NAH=PERUGKX@AHGHOK ?=HHA@ =J #0 CGNDANALNAOCAJPA@ >U #0 @E=CN=I10

#0 IK@AHHEJC EO >=0A@ KJ PSK ?KJ?ALPO

[ #JPEPEB@ABEJA@ =0 P=>HAO PD=P DKH@ OLA?EBE? EJBKNI=PEKJ @=P=
[ Relationships@ABEJA@ =0 PDA =OOK?E=PEKJO KN EJPAN=?PEKJO >APSAAJ AJPEPEAO

&ANAEGJIAT=ILHABDKSPDA®SK?KI?ALRECDPA?KISEJA@J=J #0 @=RK@AHNKB = AJPEPRA=?DAO
NAH=PEKJEGDAL'=P=>=0A 1UCQRAINOA AJPEPU

$SKNPDAAGEPDED=LPAN SEHPOAO=ILHA=P=>=CGAHRQ@A+. ,7 @=P=>F3BHHQOPRARA?ALPO
KBPDAO IK@ARDE@=P=>=BAP=EEIBKNI=PELRKQRILHKUAA@AL=NPIAZB@NKFA?RBNP=JBPKEJPO
PK JKPA EJ?HQ@A

[ 2DANA =NA OARAN=H @AL=NPIAJPO EJ PDA ?KIL=JU #=?D @AL=NPIAJP D=0 = QJEMQA E@AJPEBE?=F
HK?=PEKJ KB PDA KBBE?A =J@ = L=NPE?QH=N AILHKUAA SDK |I=J=CAO PDA @AL=NPIAJP

[ @AL=NPIAJP ?KIPNKHO = JQI>AN KB LNKFA?PO A=?D KB SDE?D D=0 = QJEMQA J=IA = QJEMQA JQI>/
=>Q@CAP

[ #=?D AILHKUAA D=0 = J=IA E@AJPEBE?=PEKJ JQI>AN =@@NAOO O=H=NU =J@ >ENPD@=PA JAILHK
PK KJA @AL=NPIAJP >QP ?=J FKEJ EJ OARAN=H LNKFA?PO 5A JAA@ PK NA?KN@ PDA OP=NP @=PA KE
A=?D LNKFA?P 5A =HOK JAA@ PK GJKS PDA @ENA?P OQLANREOKN KB A=?D AILHKUAA

[ 5A S=JP PK GAAL PN=?G KB PDA @ALAJ@AJPO BKN A=?D AILHKUAA #=?D @ALAJ@AJP D=0 =J=IA >EN
NAH=PEKJODEL SEPD PDA AILHKUAA

Entity, Entity Set and Entity Type

J entity EGJK>FATIPDAA-SKNHEEPBJ EJ@ALAJGMHOPAPPAPR-J>A@EBBANAJBEKIED AN FA?PO
J AJPEPU IECDP >A

[ JK>FA?P SEPD LDUOE?=H AAEBORAHRAPQNAN = OPQ@AJP =?=N
[ JK>FA?P SEPD ?KJ?ALPQ=H AREORAIANOA = FK> = LKOEPEKJ

#JPEPEAO ?7=J >A ?H=0O0OEBEA@ >=0OA@ KJ PDAEN OPNAJCPD JAJPEPU EO ?KJOE@ANA@ SA=G EB EPO P=>

[ 2D=P EO EP ?=JJKP ATEOP SEPDKQP = NAH=PEKJODEL SEPD =JKPDAN AJPEPU
[ 'PO LNEI=NU GAU EO @ANERA@ BNKI PDA LNEI=NU GAU KB PDA L=NAJP AJPEPU
2DA 1LKQOA P=>HA EJ PDA !-+. 7 @=P=>=0A EO = SA=G AJPEPU >A?=QOA EPO LNEI=NU GAU |

30
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@ALAJ@AJIP KJ PDA #ILHKUAA P=>HA 5EPDKQP = ?KNNAOLKJ@EJC AILHKUAA NA?KN(
SKQH@ JKP ATEOP

J AJPEPU EO ?KIOE@ANA@ OPNKJC EB EP ?=J ATEOP =L=NP BNKI =HH KB EPO NAH=PA@ AJPEPEAO

[ JANJAHO =NA OPNKJC AJPEPEAO
[ P=>HA SEPDKQP = BKNAECJ GAU KN = P=>HA PD=P ?KJP2EJOKIBKEAdGEHESAUHNISE AJPEPU

JKPDAN PANI PK GJKStECOYpeSDE?D @ABEJAO = ?KHHA?PEKJ KB OEIEH=N AJPEPEAO

J entitysetEG ?KHHA?RERIPEPEBOI AJPEPULAR-L=NPE?QKENRBPEIA'J =JAJPERBH=PEKJ®BECN=I
#0" =JAJPEPULEMIALNAOAIRKG-IA EF>KT $SKMT=ILHAEECQNA PDAJPEPULBG@+.*-7##

$ECQNA  #0" SEPD AJPEPU PULA #+.*-7##

Existence dependency

J AJPEPUTEOPAEALAI@KIFPDATEOPAKBRDANAH=PAIBEPB ECATEOPAJ?A @ALAKRRIG-
I=J@=PKNBKNABGALE A = BKNAEGAFPPNERIRR-JIKBAJQHHKNAT=ILHAEIJPDA+. ,7 @=P=>=0A
= 1LKQOA AJPEPU EO ATEOPAJ?A @ALAJ@AJAIBEMA #ILHKUAA

Kinds of Entities

7KQODKQH@DKAB=IEHESHP @ EBBARAIRKXBAIPEPEATHQ @EIJQALAIQNIHEPEASLAI@AIPEPEA®
?D=N=?PANEOPE? AJPEPEAO 2DAOA =NA @AO?NE>A@ >AHKS

Independent entities

Independenentities =HOKABANRK@GANIJABNA D A=?G>KIABP DAY =P=>=PIDAUNSD=KPDAN->HANA
>=0A@ KernelsD=RA PDA BKHHKSEJC ?D=N=?PANEOPE?0O

2DAU =NA PDA >QEH@EJC >HK?GO KB = @=P=>=0A

2DA LNEI=NU GAU I=U >A OEILHA KN ?KILKOEPA

2DA LNEI=NU GAU EO JKP = BKNAECJ GAU

2DAU @K JKP @ALAJ@ KJ =JKPDAN AJPEPU BKN PDAEN ATEOPAJ?A

— —— —

'B SA NABAN?GPKKQNH+. ,7 @=P=>=@A=ILHABB=J EJ@ALAJ@NFERI?HQ@BPAQOPKIAR=>HA
#ILHKUAA P=>HA KN .NK@Q?P P=>HA
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Dependent entities

Dependenentities =HOKABANRK@lerivedentities @ ALAK@KPDAN>HBRRDAERNYJEJC2DAOAIPEPBARA
PDA BKHHKSEJC ?D=N=?PANEOPE?0O

"ALAJ@AJIP AJPEPEAO =NA QOA@ PK ?KJJA?P PSK GANJAHO PKCAPDAN
2DAU =NA O=E@ PK >A ATEOPAJ?A @ALAJ@AJP KJ PSK KN IKNA P=>HAO
+=JU PK [=JU NAH=PEKJODELO >A?KIA =OOK?E=PERA P=>HAO SEPD =P HA=0OP PSK BKNAECJ GAUO
2DAU I=U ?KJP=EJ KPDAN =PPNE>QPAO
2DA BKNAECJ GAU E@QAJPEBEAO A=?D =O0OK?E=PA@ P=>HA
2DANA =NA PDNAA KLPEKJO BKN PDA LNEI=NU GAU
30A = ?KILKOEPA KB BKNAECJ GAUO KB =OOK?E=PA@ P=>HAO EB QJEMQA
30A = ?KILKOEPA KB BKNAECJ GAUO =J@ = MQ=HEBUEJC ?KHQIJ
INA=PA = JAS OEILHA LNEI=NU GAU

— r— ——— —

Characteristic entities

Characteristic entities LNKRE@MNA EJBKNI=PEKIKQR-JKPDARE>HAZDAOMIPEPHZRAPDABKHHKSEJC
?D=N=?PANEOPE?0O

2DAU NALNAOAJP IQHPER=HQA@ =PPNE>QPAO
2DAU @AO?NE>A KPDAN AJPEPEAO
2DAU PULE?=HHU D=RA = KJA PK I=JU NAH=PEKJODEL
2DA BKNAECJ GAU EO QOA@ PK BQNPDAN E@AJPEBU PDA ?D=N=?PANEVA@ P=>HA
-LPEKJO BKN LNEI=NU GAU =NA =0 BKHHKSO
30A = ?KILKOEPA KB BKNAECJ GAU LHQO = MQ=HEBUEJC ?KHQIJ
INA=PA = JAS OEILHA LNEI=NILPGAU-+. ,7 @=P=>=0A PDAOA IECDP EJ?HQ@A
#ILHKUAAE" _ =IA @@NAOO CA 1=H=NU " #" EO PDA OEILHA LNEI=NU GAU
#ILHKUAA.DKJA™ .DKJA "#" EO L=NP KB = ?KILKOEPA LNEI=NU GAU &ANA #" EO
=HOK = BKNAECJ GAU

— r——— —

Attributes
#=?D AJPEPU EO @AO?NE>A@ >U = QAR KB ERRUEAQPA® @@NABNPD@=PA CAH=NU

#=?D=PPNEHEAI=IA =J@ECGOOK?E-FABI AJPERIEG @KI=EKBHACR+HQABSARARDEJIBKNI=PEKJ
=>KQP =PPNE>QPA @KI=EJ EO JKP LNAOAJPA@ KJ PDA #0"

'J PDA AJPEPU NAH=PEKJODEL @E=CN=I ODKSJ EJ $ECQNA  A=?D =PPNE>QPA EO NALNAOAJPA@ >U =J KR

Types of Attributes

2DANANA BASPULAM-PPNE>QREDA®@K-AB=IEHESEPDKIA KEPDAGARKAHABREC-QRKIAJAA@K
>A=@FQOPYB@?EHERAPNAOAJPEBHBAIAH=PEKI@IAFR2DEBENOR?PEREHE EO?QDRULAMB-PPNE>QPAO
*=PAN KJ SA SEHH @EO?QOO BETEJC PDA =PPNE>QPAO PK BEP ?KNNA?PHU EJPK PDA NAH=PEKJ=H IK@AH
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$ECQNA  &KS =PPNE>QPAO =NA NALNAOAJPA@ EJ =J #0"
Simple attributes

Simpleattributes=NRDKG@N=BNKIPDAPKIER=HQRKI=EJ®DAINAHOK-HHAI@yle-valuedattributes 'J
PDA I-+. 7 @=P=>=0A =J AT=ILHA KB PDEO SKQHA@WKDJY CA W Y

Composite attributes
Compositeattributes=N/ARDK®D=PK JOEKE: DEAN=NRBtPPNE>@REI& QM =P=>7T~ILHA=J@DKSEJ

$SECONA @@NABO ?KJOERRQI>AN 1PNAARGLQ>QN:K PDESKQHEASNEPPATY @@NAOW/
b+AAG 1PNAAPc b)EJCOBKN@cY

$ECQONA  J AT=ILHA KB ?KILKOEPA =PPNE>QPAO

Multivalued attributes

Multivaluedattributes=NAPPNE>QPAR-RA OARER=HQBRN=?AJPEPU AT=ILHAB=IQHPER=HEFRRE>QPA
BNKI PDA I-+. ,7 @=P=>=0A0 OAAJ EJ $SECQNA =NA PDA @ACNAAO KB =J AILHKUAA 1? +2 .D"

$ECQNA  #T=ILHA KB = IQHPER=HQA@ =PPNE>QPA
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Derived attributes

Derived attributes=NAPPNE>@PABKJP=R=HQAEH?QH=BRI@KPDANPNE>QPAST=ILHABPDERJ >A
OAAEJSECQONA CA ?=J>A@ANERARIPDAPPNE>ERRD@=PRDEIEPQ=PEKIPD@EP¥:HHA@Ored
attribute, SDE?D EO LDUOE?=HHU O=RA@ PK PDA @=P=>=0A

$ECQONA  #T=ILHA KB = @QANERA@ =PPNE>QPA

Keys

J EILKNP=2RJOPN=&IR AJPEE®DSAWRDAKeYEGI =PPNEXDRENKMHB-PPNE>QBKOR=HQALI>A
QOA@ PK QIEMQAHU E@AJPEBU =J EJ@ERE@Q=H AJPEPU EJ =J AJPEPU OAP

Types of Keys

2DANA =NA OARAN=H PULAO KB GAUO 2DAOA =NA @AO?NE>A@ >AHKS

Candidate key

candidatekeyEG OEILHANKILKOE A PD-HFQJIEM@AIEJIEI=H 'PEQJIEMBA?=QORPSKNKSBJFP=>HA
I=U D=RRDA=IAR=HGR=JUPEIA'PECEJEI=H>A?=Q@RANIKHQIEOA?AOOENKN@RK-PP=QIEMQAJAOO

SNKI KQNH. |7 @=P=>70AILHAEBPDAJPEE@Employee#" S$ENORA *=OR=IA SIN @@NAOO
.DKJA ENPD"=PA 1=H=NU "AL=NPIAJP" LKOOE>HA ?=J@QE@=PA GAUO =NA

[ #III 1I,
[ $ENOP ,=IA =J@ *=OP ,=IA* =O0QIEJC PDANA EO JK KJA AHOA EJ PDA ?KIL=JU SEPD PDA O=IA J=IA

[ *=OP ,=IA =J@ "AL=NPIAJP" * =OOQIEJC PSK LAKLHA SEPD PDA O=IA H=0P J=IA @KJcP SKNG EJ PDA O:
@AL=NPIAJP

Composite key

composite keffO ?KILKOA@ KB PSK KN IKNA =PPNE>QPAO >QP EP IQOP >A IEJEI=H

30EJC PDA AT=ILHA BNKI PDA ?=J@E@=PA GAU OA?PEKJAACENAA ?KILKOEPA
[ $ENOP ,=IA =J@ *=OP ,=IA " =O0QIEJC PDANA EO JK KJA AHOA EJ PDA ?KIL=JU SEPD PDA O=IA J=IA
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[ *=OP ,=IA =J@ "AL=NPIAJP " * =O0QIEJC PSK LAKLHA SEPD PDA O=IA H=0OP J=IA @KJcP SKNG E
@AL=NPIAJP

Primary key

2DALNEI=NGAEG ?=J@EQGREZD-FOAHA?PHRD & =P=>F@A0ERBKMQOAM@JE@AIPEBBEDSIEOI
BKRDSDKHAJPERAFP IQORQJEMQARAIPERUHEES: P=>HA@KP-AJQHBDALNEI=NGAEEGJ@E?=-PA@
PDA #0 IK@AH >U QJ@ANHEJEJC PDA =PPNE>QPA

[ ?=J@E@=PA GAU EO OAHA?PAG\NPROIPEMQEII E@AJPEBU PQLHAO EJ = P=>HA 'P IQOP JI

[ GAU EO ?DKOAJ >U PDA @=P=>=0A @AOECJAN PK >A QOA@ =0 =J E@AJPEBUEJC IA?D=JEO
OARDEO EO NABANNA@ PK =O PDA LNEI=NU GAU 2DEO GAU EO EJ@E?=PA@ >U QJ@ANHEJ!
IK@AH

'J PDA BKHHKSEJC AT=ILHA #" EO PDA LNEI=NU GAU

Employee#" $ENOP ,=IA *=OP ,=IA 1, @@NAOO .DKJA ENPD"=PA 1=H=NU "AL=NPIAJP™

Secondary key
secondankeyEGJ=PPNEXQBPAGPNE BMNAPNEARKHKORZE) >A?KILKOEPBKNT=ILHADKJA=J@=0P
=IA

Alternate key

Alternate keysNA =HH ?=J@E@=PA GAUO JKP ?DKOAJ =0 PDA LNEI=NU GAU

Foreign key

foreignkey(FK) EGJ=PPNEEIPR=>HOIRABANAIPBENEI=NCGAEFIKPDRN>HA ER=J>AJQHHKPD
BKNAECJ =J@ LNEI=NU GAUO IQOP >A KB PDA O=IA @=P=PULA

'J PDA I-+. ;7 @=P=>=0A AT=ILHA >AHKS "AL=NPIAJP" EO PDA BKNAECJ GAU

Employee#" $ENOP ,=IA *=OP =IA 1', @@NAOO .DKJA ENPD"=PA 1=H=NU "AL=NPIAJP"

Nulls

null E@G OLA?ESHI>KHEJ@ALAJ @BHI=-FRULASDE?DA=JOAEPDAMNG JIKSKNEJ=LLHE?="F@BKAIBRA=J]
VANK KN >H=JG $A=PQNAO KB JQHH EJ?HQ@A

K @=P= AJPNU
,KP LANIEPPA@ EJ PDA LNEI=NU GAU
1DKQH@ >A =RKE@A@ EJ KPDAN =PPNE>QPAO
1=J NALNAOAJP
J QJGJIKSJI =PPNE>QPA R=HQA

— ———
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GJKSJ >QP [EOOEJC =PPNE>QPA R=HQA

“JKP =LLHE?=>HAa ?KJ@EPEKJ
[ 1=J ?NA=PA LNK>HAIO SDAJ BQJ?PEKJO OQ?D =0 1-3,2 4#0 %# =J@ 13+ =NA QOA@
[ 1=J ?2NA=PA HKCE?=H LNK>HAIO SDAJ NAH=PEKJ=H P=>HAO =NA HEJGA@

-2# 2DANAOQEHER ?KIL=NEOKLAN=PEHUQHEDAJAEPDANCQIAJPAQHRDANAOQH2J =NEPDIAPE?
KLAN=PEKJ EO JQHH SDAJ AEPDAN =NCQIAJP EO JQHHERTRALL EPBIIBEKIO PD=P

Example of how null can be used

30A PDA 1=H=NU P=>HA 1=H=NU<P>H EJ$ECQNA PK BKHHKS =J AT=ILHA KB DKS JQHH ?=J >A QOA@

$ECQONA  1=H=NU P=>HA BKN JQHH AT=ILHA >U 5=PP

2K>ACEBEJ@HAILHKUAADIL EJN=HAQJ@ANDEK>,=IA ?KHQIJSDKOA=H=NHQZKIIEOOEKNAENA=PAN
PD=J

[ 1##12 AIL $0-+ 1=H=NU<P>H
[ 5&#0# FK>=IA 1=HAO /'
[ ?KIEOOEKJ O=H=NU NSO #

2DESAO@BIRAIKFE J?HQ@B A >A?=QG#EPDAQHREH@ PDAKIIEOOEKZKHQII2K AJOQRAIPDAKSSEPD
PDAQHREH@E J?HQ @@ AA@KHKKEPDEJ@ERE BEMHEG-@ @ R2KIIEOOEKII @=H=RKINILHKUAA
# PDANAOQHP SEHH >A = JQHH R=HQA 2DA OKHQPEKJ EO ODKSJ >AHKS

[ 1##12 AIL $0-+ 1=H=NU<P>H

[ 5&#0# FK>=IA 1=HAO ,"

[ ?KIEOOEKJ -0

[ O=H=NU -0

[ ?KIEOOEKJ O=H=NU /"# =J@# =J@#

Relationships

Relationships=NADAHQRD=DKH@OR=>HRECAPDZDAUNAQOARK?KJJA?RAH=FAIBKNI=PEHPSAAJ
P=>HAO

RelationshipstrengthEG=0AKI DKSPDANEI=NGAWB= NAH=RPIBEEUD ABEJA@A=GKNIKJ E@AJPEBUEJC
NAH=PEKJOEHP®DANEI=NGAWKEP DAAH=RPIEE RKAIKP?KIP=ELNEI=NGALPKILKIJAIJKBPDA=NAJP
AJPEPU IKIL=JU @=P=>=0A AT=ILHAO EJ?HQ@A
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[ 'QOPKIARustID !QOP,=IA
[ -N@A@rderlD !QOP™ "=PA

OPNKINE@AJPEBNRAM-PEKJISOTHEDEDAIPDANEI=NGAWKBPDAAH=PAIBERPKIP=ERDANEI=NGAU
?KILKJAJP KB PDA L=NAJP AJPEPU #T=ILHAO EJ?HQ@A

[ 'KQNO@rsCode "ALPIK@A "AO?NELPEKJ
[ 'H=0OQ@rsCode, Section!H=002EIA\

Types of Relationships

AHKS =NA @AO?NELPEKJO KB PDA R=NEKQO PULAO KB NAH=PEKJODELO

One to manfi:M) relationship

KIAPK=JU + NAH=PEKJODXQRHAPDAKNI EFFJUNAH=PERPE>@AOEQGEBKQJIE-HNAH=PEKJ=H
@=P=>70RENKJIIAIBOMT=ILHAKIA@AL=NPIAHD=JU AILHKUAARECQNA ODKSPDANAH=PEKJERFA
KB PDAOA AILHKUAAO PK PDA @AL=NPIAJP

$ECQNA  #T=ILHA KB = KJA PK I=JU NAH=PEKJODEL

One to ongl:1) relationship

KIAPKKIA NAH=PEKIBBPEBAAH=PEK XKIREAAIPEPKIHHIAKPDANPERU@GRE?RANOCRODKQH&
N=NA EJ =JU NAH=PEKJ=H @=P=>=0A @AOECJ 'J B=?P EP ?KQH@ EJ@E?=PA PD=P PSK AJPEPEAO =

J AT=ILHANKIPDA+. ,7 @=P=>=IKIAAILHKUABRG-OOK?E=FBRIB.JAOLKQCAI@KJAOLKQE&D
=0O0OK?E=PA@ SEPD KJA AILHKUAA

Many to manfM:N) relationships

$KN = [=JU PK 1=JU NAH=PEKJODEL ?KJOE@AN PDA BKHHKSEJC LKEJPO

[ 'P ?=JIKP >A EILHAIAJPA@ =0 OQ?D EJ PDA NAH=PEKJ=H IK@AH

[ 'P?=J>A7?D=JCA@ EJPK PSK + NAH=PEKJODELO

[ 'P?=J>AEILHAIAJPA@ >U >NA=GEJC QL PK LNK@Q?A = OAP KB + NAH=PEKJODELO
[ 'P EJRKHRAGIRBAIAJP=PEKJ KB = ?KILKOEPA AJPEPU

[ INA=PAO PSK KN IKNA + NAH=PEKJODELO
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— ———

2DA ?KILKOEPA AJPEPU P=>HA IQOP ?KJP=EJ =P HA=OP PDA LNEI=NU GAUO KB PDA KNECEJ=H P=>HA
2DA HEJGEJC P=>HA ?KJP=EJO IQHPELHA K??QNNAJ?AO KB PDA BKNAECJ GAU R=HQAO
@@EPEKJ=H =PPNE>QPAO I=U >A =OOECJA@ =0 JAA@A@

'P ?=J =RKE@ LNK>HAIO EJDANABIAH3RPEKJODEL >U ?NA=PEJC = ?KILKOEPA AJPEPU KN >NE@CA AJPE
AT=ILHA =J AILHKUAA ?=J SKNG KJ I=JU LNKFA?PO -0 = LNKFA?P ?=J D=RA 1=JU AILHKUAAO SKNGEJC |
@ALAJ@EJC KJ PDA >QOEJACONCHAAIPN=J D=RA 1=JU ?H=00A0 =J@ = ?H=00 ?=J DKH@ I=JU OPQC(

$ECQNA ODKSEQIKPDANKPDARLAMBPDA , NAH=PEKJEINAJ AILHKUAB=CQ EBBARDRIGR-PRE&N
@EBBANAJP LNKPAAKEKXKNA SA JAA@ = (-, P=>HA PD=P ?KJP=EJO PDA #" 'K@A =J@ 1P=NP"=PA

$ECQNA #T=ILHASDANAILHKUAB~-@ EBBANR3ER-PBRI®EBBANAJIP
LNKFA?PO

Example of mappingan M:N binary relationship type

$KN A=?D +, >EJ=NU NAH=PEKJODEL E@AJPEBU PSK NAH=PEKJO
=J@ NALNAOAJP PSK AJPEPU PULAO L=NPE?EL=PEJCEJO
INA=PA = JAS NAH=PEKJ 1 PK NALNAOAJP 0
1 JAA@O PK ?KIP=EJ PDA .)OKB =J@ 2DAOA PKCAPDAN ?=J>A PDA .) EJ PDA 1 P=>HA -0 PDAOA PKC
SEPD =JKPDAN OEILHA =PPNE>QPA EJ PDA JAS P=>HA 0 ?=J >A PDA .)
2DA ?KI>EJ=PEKJ KB PDA LNEI=NU GAUO =J@ SEHH I=GA PDA LNEI=NU GAU KB 1

Unary relationship (recursive)

unary relationship, =HOR=HHA@ursive, EKJAEJSDE?B> NAH=PEKJAOTHEDPAPSAAL??QNNAJRBBDA
O=IAAJPERAP] PDEQAH=PEKJODREINEI=NHI@GBKNAEGAUENADDO=IA >QFPDANALNAORIRAIPEPEAQO
SEP@EBBANAJP NKHAO 1AA $ECQNA BKN =J AT=ILHA

$KNOKIAAIPEPEA® J=NNAH=PEKJOOEL=NRAMQIFP=I>A?NA=PRIEZPABANODANEI=NGAKBEDA=IA
AJPEPU OAP

Ternary Relationships

ternary relationshifeO = NAH=PEKJODEL PULA PD=P EJRKHRAO |=JU PK 1=JU NAH=PEKJODELO >APSAAJ PDNA,

OABARISECQNA BKNJAT=ILHAB=LLEJC=PANJ=NAH=PEKJODEAKPAn-ary IA=JOIQHPELPA>HEQ®-
NAH=PEKJODEL OAIAI>AN , |=JU
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$ECQNA  #T=ILHA KB = QJ=NU NAH=PEKJODEL

[ $KN A=?D J=NU NAH=PEKJODEL ?NA=PA = JAS NAH=PEKJ PK NALNAOAJP PDA NAH=PEKJO

[ 2DA LNEI=NU GAU KB PDA JAS NAH=PEKJ EO = ?KI>EJ=PEKJ KB PDA LNEI=NU GAUO KB PDA L=
DKH@ PDA, 1=JU OE@A

[ 'JIKOP ?=0A0 KB =J J =NU NAH=PEKJODEL =HH PDA L=NPEfEmREB@AIJPEPEAO DKH@ =

$ECQONA  #T=ILHA KB = PANJ=NU NAH=PEKJODEL

Key Terms

alternate key =HH ?=J@E@=PA GAUO JKP ?DKOAJ =0 PDA LNEI=NU GAU

candidate key = OEILHRN?KILKOERAWPDAFQIEMQK PSKNKS@J= P=>HAU D=RRDA=IAR=HQA
=J@ IEJEI=H ARANU ?KHQIJ EO JA?AOO=NU

characteristic entities AJPEPEAO PD=P LNKRE@A IKNA EJBKNI=PEKJ =>KQP =JKPDAN P=>HA
composite attributes =PPNE>QPAO PD=P ?KJOEOP KB = DEAN=N?DU KB =PPNE>QPAO
composite key ?KILKOA@ KB PSK KN IKNA =PPNE>QPAO >QP EP IQOP >A IEJEI=H

dependent entitiesPDAOA AJPEPEAO @ALAJ@ KJ KPDAN P=>HAO BKN PDAEN IA=JEJC
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derived attributes =PPNE>QPAO PD=P ?KJP=EJ R=HQAO ?=H?QH=PA@ BNKI KPDAN =PPNE>QPAO
derived entities OAAdependent entities
EID AILHKUAA E@AJPEBE?=PEKJ "

entity =PDEJONK>FATRPDANA-SKNHEEPBJEJ@ALAJGHHEOPABDAR-J>A@EBBANAJBEXIKRDAN
K>FA?PO

entity relationship (ER) data model =HOR=HHA@H#0 O?DAI==NAALNAOCARMND @E=CN=RDAOA
=NASAHH OQEPA@ PK @=P=IK@AHHEJC BKN QOA SEPD @=P=>=0A0

entity relationship schema OAAntity relationship data model

entity set = ?KHHA?PEKJ KB AJPEPEAO KB =J AJPEPU PULA =P = LKEJP KB PEIA
entity type = ?KHHA?PEKJ KB OEIEH=N AJPEPEAO

foreign key (FK) =J =PPNE>QPA EJ = P=>HA PD=P NABANAJ?AO PDA LNEI=NEBRBAL]) EABHDAN P=>HA
independent entity =O PDA >QEH@EJC >HK?GO KB = @=P=>=0A PDAOA AJPEPEAO =NA SD=P KPDAN P=>HAC
kernel OAMdependent entity

key =J=PPNE3QEAKQNB=PPNE>SPKOR=HQAEI>AQOABQIEMQARAIPERL] @ ERE QIPEEU
=J AJPEPU OAP

multivalued attributes =PPNE>QPAO PD=P D=RA = OAP KB R=HQAO BKN A=?D AJPEPU
n-ary IQHPELHA P=>HAO EJ = NAH=PEKJODEL

null = OLA?ESHI>KHEJ@ALAJ@GER=-FRULASDE?A=JOAEPDAJGIKSKNEJ=LLHE?=ERBKAIKP
IA=J VANK KN >H=JG

recursive relationship OAAnary relationship

relationships PDAOOK?E=PEEIDAN=?PEXBSAANPEPEXOANBCKIIJA?RAH=FAEKNI=PEKRPSAAJ
P=>HAO

relationship strength >=OA@ KJ DKS PDA LNEI=NU GAU KB = NAH=PA@ AJPEPU EO @ABEJA@
secondary key=J =PPNE>QPA QOA@ OPNE?PHU BKN NAPNEAR=H LQNLKOAO
simple attributes @N=SJ BNKI PDA =PKIE? R=HQA @KI=EJO

SIN OK?E=H EJOQN=J?A JQI>AN

single-valued attributes OA&imple attributes

stored attribute O=RA@ LDUOE?=HHU PK PDA @=P=>=0A
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ternary relationship = NAH=PEKJODEL PULA PD=P EJRKHRAO I=JU PK I1=JU NAH=PEKJODELO|[>APSAA

unary relationship KJA EJ SDE?D = NAH=PEKJODEL ATEOPO >APSAAJ K??QNNAJ?AO KB PDA O=IA AJ

Exercises

5D=P PSK ?KJ?ALPO =NA #0 IK@AHHEJC >=0A@ KJ
2DA @=P=>=0OA EJ$ECQNA EO ?KILKOA@ KB PSK P=>HAO 30A PDEO BECQNA PK =JO:!
PK

$ECQNA  "ENA?PKN =J@ .H=BKN-MOMDPEKJ >U 5=PP

'@AJPEBU PDA LNEI=NU GAU BKN A=?D P=>HA
'@AJPEBU PDA BKNAECJ GAU EJ PDA .* 7 P=>HA
? '@AJPEBU PDA ?=J@E@=PA GAUO EJ >KPD P=>HAO
@"N=S PDA #0 IK@AH
A "KAO PDA .* 7 P=>HA ATDE>EP NABANAJPE=H EJPACNEPU 5DU KN SDU JKP
"ABEJA PDA BKHHKSEJC PANIO UKQ I=U JAA@ PK QOA PDA 'JPANJAP BKN OKIA KB PDAO
O?DAI=
DKOP H=JCQ=CA
@=P= 0OQ>H=JCQ=CA
@=P= @ABEJEPEKJ H=JCQ=CA
QJ=NU NAH=PEKJ

\
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BKNAECJ GAU

RENPQ=H NAH=PEKJ

?KJIJA?PEREPU

?KILKOEPA GAU

HEJGEJC P=>HA
2DA 00# 2NQ?GEJC KIL=JU @=P=>=0A EJ?HQ@AO PEA $IBDNWP=>BAA SECQNA
PK =JOSAN MQAOPEKJO PK

$ECQNA  2NQ?G =0OA =J@ 2ULA P=>HAO BKN MQAOPEKJ >U 5=PP

= '@AJPEBU PDA LNEI=NU =J@ BKNAECJ GAU O BKN A=?D P=>HA
> "KAO PDA 203!) P=>HA ATDE>EP AJPEPU =J@ NABANAJPE=H EJPACNEPU
#TLH=EJ UKQN =JOSAN

@&KS 1=JU AJPEPEAO @KAO PDA 203!) P=>HA ?KJP=EJ

A ‘@AJPEBU PDA 203!) P=>HA ?=J@E@=PA GAU O
1QLLKOA UKQ =NA QOEJC PDBIGERON®A ?KILKOA@ KB PDA PSIORSECONA
PK =JOSAN MQAOPEKJO PK

= '@AJPEBU PDA LNEI=NU GAU EJ A=?D P=>HA

> '@AJPEBU PDA BKNAECJ GAU EJ PDA KKG-N@ANO P=>HA

2 NA PDANA =JU ?=J@E@=PA GAUO EJ AEPDAN P=>HA

@"N=S PDA #0 IK@AH

@=P=
*KKGEJC =P PDA OPQ@AJP P=>HA EJ SECQNA HEOP =HH PDA LKOOE>HA ?=J
OAHA?P PDAOA

5DU KN SDU JKF

? 5D=P GEJ@ KB NAH=PEKJODEL ATEOPO >APSAAJ PDA 203!) =J@ 1# P=>HAO

A "KAO PDA KKG-N@ANO P=>HA ATDE>EP NABANAJPE=H EJPACNEPU 5Dy KN SDU JKP
B"K PDA P=>HAO ?KJP=EJ NA@QJ@=JP @=P= 'B OK SDE?D P=>HA O =J@ $D=P EO PDA NA(

DE@=PA GAUO '
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$ECQONA  IQOPKIAN =J@ KKG-N@ANO P=>HAO BKN MQAOPEKJ >U 5=PP

$ECQNA 1PQ@A3RHBKNIQAOPEKJ
>U 5=PP

30A PDA #0KB = O?DKKH @=P=>=0A EJ $ECQNA  PK =JOSAN MQAOPEKJO PK
'@AJPEPU =HH PDA GANJAHO =J@ @ALAJ@AJP =J@ ?D=N=?PANEOPE? AJPEPEA
5DE?D KB PDA P=>HAO ?KJPNE>QPA PK SA=G NAH=PEKJODELO 1PNKJC NAH=PE
*KKGEJC =P A=?D KB PDA P=>HAO EJ PDA O?DKKH @=P=>=0A EJ $ECQNA  SD}
,3** R=HQA 5DU
5DE?D KB PDA P=>HAO SANA ?NA=PA@ =0 = NAOQHP KB I=JU PK I1=JU NAH=PEK

Also seeAppendix B: Sample ERD Exercises

OEJPD
FKJODEL
£2D =PPI

JODELO
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$ECQNA #0" KB O?DKKH @=P=>=0A BKN MQAOPEKJO >U 5=PP
Attribution

2DEOD=LPAtDatabaseDesign EJ?HQ@EICAOAT?ALPOKPDANSEIPA @G @ANER=PERMKB=P=

+K@AHE3OEJ@JIPEPU 0AH=PEKJIO®DEXJ,CQUAJEI JD HE?AJOAI@ANA=PERAIKIO PPNE>QPEKJ
*E?AJOA  HE?AJOA

2DA BKHHKSEJC I=PANE=H S=0 SNEPPAJ >U @NEAJJA 5=PP

,QHHO OA?PEKJ =J@ AT=ILHA
)AU 2ANIO
#TAN?EOAO
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IKJIOPN=E3N&= RANBILKNP=BA=PQRIx NAH=PEKK@AHJ B=?FPDAIAH=PEKIG@ADQLLKNFDSAHH
@ABEJABKNB?’KJOPN=KJROPNE>KQNAS HAQIOPN=E3R®OABEAP=QCPALHHKS@ AOECBKDLA?EBU
PD®AI=JPERB@=F=IPDA=P=>=0d@nstraints=NRDAQHRO=PBKN?A-10 PK’DA?EGD=-B=F3=PEOBBAO
OAI=JPE?0O

Domain Integrity

"KI=EJ NAOPNEDRSHQKB:-PPNE>QIMMINAH=PEKZE G ?KIJOPNHEDANAH=PEKI@ARKKSARARDANNA
NA=H SKdA&JPEBRBI®=FRD=-P-JJKBAOLA?EBER@AQ@HSEP@KI=EZKIJOPN=EEWR OAA@KNAOLA?EBE?
S=UKOP=BR=R=R=HQARNAN=-NAKP-HHKS A@ESDE?BKNI=E@QEP=BKKJ =PPNE>GRMAT=ILHA
PDAILHKUAA #" IQOP-AQJEMBAPDAILHKUAANPD @ERBAIPDA=JCH(=J (=J :1Q7?D
EJBKNI=PEKJ EO LNKRE@A@ EJ HKCE?=HiQeghpuiRr®dHA@

2DANA =NA OARAN=H GEJ@O KB EJPACNEPU ?KJOPN=EJPO @AO?NE>A@ >AHKS

Entity integrity

2K AJOQIeAtity integrity EFEONAMQERB@RRANRE>HA=RA LNEI=NGAU,AEPDAMDA) JKN=JUL=NRBEP
?=J?KIP=EBHRFHQADEBCA?=QUAHRFHQRRRDANEI=NGAUA=J SA?=JIKE@AJPERIANKSCEKN
AT=ILHA EJ PDA #+*-7##P=>HA .DKJA ?=JJKP >A = LNEI=NU GAU OEJ?A OKIA LAKLHA |=U JKP D=RA =F

Referential integrity

Referentiaintegrity NAMQENXSBKNABREAUQOM=RA I=P?DEJCNEI=NGABKNERQOP-AJQHRDE GKJOPN=EJP
EQLA?EBEARBAARISKP=>HAGNAJIRI@DEH@P-EJP=EFDAKNNAOLKIJ@NPBAAIKSEBIPDACGA>HAP
IA=JO PDA NABANAJ?A BNKI = NKS EJ KJA P=>HA PK =JKPDAN P=>HA IQOP >A R=HE@

#T=ILHAO KB NABANAJPE=H EJPACNEPU ?KJOPN=EJP EJ PDA !QOPKIAN -N@AN @=P=>=0A KB PDA IKI

[ IQOPKIARustID !QOP,=IA
[ -N@AQrderID 'QOP" -N@AN"=PA

2KAJOQRADANAAKKNLD=NA?KNERIAA@KAIBKNRABANAIRIPACNHEPOrphanrecord EBIJASDKOA
BKNAEGAW) R=H@EIKBKQJEIPDAKNNAOLKI@HIEPWPDAIPEBDANRDA EMK?=PA@E?=HPD=P
PULE?=H FKEJ EO >APSAAJ =.) =J@ $)

2DANABANAIRIPACNER O PNERPHADIFDAQOPKIAN IQOP™ EPDAN@AR>HBOR=P?D=R=HEGDP"
EJPDAQOPKIAR=>HAKOMNAH=PEIQ=P=>=0ARAD A?H=N=REBANAJIPHPALNBPKPDAKN@SDAJPDA
P=>HAO =NA ?NA=PA@ PDA NABANAJPE=H EJPACNEPU ?KJOPN=EJPO =NA OAP QL

45
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&ANA EO =JKPDAN AT=ILHA BNKI = IKQNOA 'H=00 @=P=>=0A

[ 'KQNO@rsCode "ALPIK@A "AO?NELPEKJ
[ 'H=0OQ@rsCode, Section!H=002EIA

2DANABANAIRIACNEROPN=BEEEFADHR O!K@EJJPDAI=00=>HBOR=P?D= R=HHWW!K @EJPDAKQNOA
P=>HA PDEIEPQ=FEHKRIBIKQCED-FDANO'K@AIALA?PEEIPDAH=0L=>HAGAQLPDA SAIQOR-HOK
AJBKN?A NABANAJPE=H EJPACNEPU

5DAJ OAPPRIGIABANAIRIPACNHEE I LKNP=PDFFDA =J@) D=RRDA=IA@=FRULAJ@KIA BNKIPDA
O=IA@KI=EXPDANSEDAAH=PE&IPE>3EICAIAJPOUOPAI" +1 SEHKPHHKEDRKED" +1 EG

LKLQH@P=>DJOPRD-3=0AK PDNAH=PEKI2IABIPNK @ QA@ 'K@ @B +cO 1=J(KOAAOA=N?D
*=>KN=PKNU O0AH=PEKJ=H @=P=>=0A OUOPAIO =NA A=OEAN PK QOA =J@ QJ@ANOP=J@ PD=J KPDAN @=P=>

Referential integrity in Microsoft Access

'J +E?NKOKBP ??A0OONABANAIPIEACNERARL>UFKEJ®PDA EJPDAQOPKIAR=>HAPDAQOP™EJ
PDA -N@AN P=>HA 1AA $ECQNA BKN = REAS KB DKS PDEO EO @KJA KJ PDA #@EP 0AH=PEKJODELO O?NAA

$ECQNA  OABANAJPE=H =??A00 EJ +1 ??A00 >U 5=PP

Referential integrity using Transact-SQL (MS SQL Server)

5DAJ QOEXRN=JO=?P 1//PDNABANAIRIEACNERUBDAI?’NA=PERICAN @ AR>HSEPBDA) *EOPA@HKS
=NA PDA OP=PAIAJPO ODKSEJC PDA $) EJ PDA -N@AN P=>HA NABANAJ?EJC PDA .) EJ PDA |QOPKIAN P=>HA

10# 2# 2 *# IQOPKIAN
IQOP™ ', 2#%#0 .0'+ 07 )#7
IQOP,=IA 1& 0

10# 2# 2 *# -N@ANO
-N@AN" ', 2#%#0 .0+ 07 )#7
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IQOP™ ', 2#%#0 0#$#0#,'#1 1QOPKIAN !QOP™
-N@AN"=PA " 2#2'+#

Foreign key rules

@ @EPERKHAEKEAQHKO >A-@ @ALRAJOAPPRABANAIRIPACNERIECSD=PKA ISEPBDADEHN®RSO
EJPDAN@ARS>HBDAPDNA?KISEPPDA L=NRB°PDA=NAJROPKIANE@AHARKR@®=JCAQ@L@=PAR&N
AT=ILHAPDA@HRAH=PEKJOBEI@KE}*1 ??A00C0ASECQNA ODKSPSK-@ @EPH{.PEKBBN) NQHAO
1=0?7=@A.@=PA@-0?=@AHAPB PDAGANAKFOAHA?HFAE@®UOPSEHHINARABP & AHAREIQL @=RRB)
R=HQEMPDA=NAJP=->HQOPKIAR=>HEB- ?DEHNA?KM@EORDA?DEHNA?KN@JUNA?KI$&PB1=P?DEJC
)

'J OKIA@=P=>=GA6@ @ EPBE{RHEAT ECFDAJOAHA?FHIBAHARAL PERFHHAGPKQHHJ PDEEPDKOAJ
PDA) NKSE@MAHAPA@PDA) EJPDADEH®>HAMAPK3**  2DKQCBDEMNA=PADKNLD=NKS EREO
=??ALP=>HA

Enterprise Constraints

#JPANLNERFJOPN=EJBRIAPEIANABANRKGOAI=JPEZKIJOPN=EJMNZ @ @ EP IXQHA0OA?EBEB@OAKT
@=P=>=0A =@I|EJEGPE-PKING >=0A@ KJ IQHPELHA P=>HAO

&ANA =NA OKIA AT=ILHAO

[ ?H=00 ?=J D=RA =I=TEIQI KB OPQ@AJPO

[ PA=?DAN ?=J PA=?D = I=TEIQI KBIBXQMAO LAN OAIAOPAN

[ JAILHKUAA ?=JJKP P=GA L=NP EJ IKNALNKRABZERA

[ 2DA O=H=NU KB =J AILHKUAA ?=JJKP AT?AA@ PDA O=H=NU KB PDA AILHKUAACcO I=J=CAN

Business Rules

Businessules =NA>P=EJBEKIQOAISDAIC=PDANEMMQENAIAIPANAMQENAIAIPO C=PRKREGIRANU
EILKNP=J8 @ PRAOQEPRQHER AN EBESRD O AMBK D =P =>=@A0 I3 QEHPPDAQOEJATIHAIDA
EJ?KNNATH® AOESEHAE J?KNNAJEDHPE|=PREIAL L HE ?=PEXEEEHIKFBQJ?PEXGA TLA?PAGPDAOANO

1KIA AT=ILHAO KB >QOEJAOO NQHAO =NA

[ PA=?DAN ?=J PA=?D I=JU OPQ@AJPO

[ ?H=00 ?=JD=RA=I=TEIQIKB OPQ@AJPO

[ ?KQNOA ?=J >A P=QCDP I=JU PEIAO >QP >U KJHU KJA EJOPNQ?PKN
[ ,KP =HH PA=?DANO PA=?D ?H=00AO0O

Cardinality and connectivity

QOEJACIQHARNAQOARK®APANIEZAN @ EJ=HEBKIJA?PERERMInality @ AO?NERIAAH=PEK JOTHIAAJ
PSK@=PR=>HAO ATLNAOOEDAEJEIQI =J@=TEIQI JQI>ANKBAJPERZ?QNNAJZ2R0OK?E=BBRBJA



48 ¥ DATABASE DESIGN - 2ND EDITION

K??QNNABBA NAH=RI@EPUSECQNA UKQ@=JOARD=P-N@EJ=HBRAUNAOCAFRIRBDEIIANIKDENGEICO
KJ PDA NAH=PEKJODEL OUI>KH 'J PDEO BECQNA PDA ?=N@EJ=HEPU EO VANK KJPDA NECDP =J@ KJA K

$ECQNA . KOEPEKB?KJJA?PERER®?=N@EJ=KBERUNAH=PEKJODEL
OUI>KH >U 5=PP

2DAKQPANIKQPI>KHBPDAAH=PEKJODIEKHKJ PDAKPDAN-JGNALNAORIPRKJIA?PERERSAARDRSK
P=>HASDNnnectivityE ®DNAH=PEK ¥NPHAARISKP=>HACC KIAPKKIAKNKIAPK=JU 2DAKJHBEIAEE®ANK
EGDAJDA) ?=J>AJQHBDAJ ERPKIAOPKH.=NPE?EL=PBERKARDNKAPEKBP&P DAAH=PEKX¥NPEAARDAOA
AJPEPEEPDANANK KJA KN=JU 'J $SECQNA BKRT=ILHAPDAKJJA?PEREPWKJIA KJPDKQPANABP
D=J@ OE@A KB PDEO HEJA =J@ 1=JU KJ PDA KQPAN NECDP D=J@ OE@A

$ECQNA ODKSO PDA OUI>KH PD=P NALNAOAJPO = KJA PK I=JU NAH=PEKJODEL

$ECQNA
'‘J $ECQNA >KPEJIJANNALNAOAJIPENE@ EJ=HHRKQPANALNAOCAJIPEIJTA?PEREMNGANINAODKS2DA

HARPE @BPDEOUI>KHEDIA=@JEJEIQI =J@=TEIQI -J PDAECDEG@HEMNA=@IEJEIQI =J@
I=TEIQI [=JU

$ECQONA

Relationship Types
2DAHEJRD-KJJA?HSKP=>HAI-J#0" EJ@E?-F@lationshiptype>APSAARDR=>HAKEPDA®RAIPEBNEIC
JKJ E@AJPEBUEIHentifyingrelationshipSEHPRAOKHB&IADANRDA ?KJP=ERDS) non-identifying

relationshp EGJ@E?=PU@NKGAIEIAI @@ KAIKP?KIP=IRDA) EJPDA 1AAPDAA?PHKID=LPANPD=P
@EO?QOOAO SA=G =J@ OPNKJC NAH=PEKJODELO BKN IKNA ATLH=J=PEKJ

Optional relationships

'‘J =J optional relationship PD&) ?=J>AJQHKNPDA=NAJP=>HAKAIKPJIAA@KD=RA ?KNNAOLKJ@EBEHE @
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$ECQNA '@AJPEBUEJC =J@ JKJ E@AJPEBUEJC NAH=PEKJODEL >U 5=PP

P=>H@?QNNAZZIBAOUI>KHODKSEJ$SECQNA EHHQOPKAAN SEPB VANKI@PDNAANKICBI@E?=PEJC
I=JU SDE?D EO EJPANLNAPA@ =0 VANK -0 I=JU

$ECQNA

SKMT=ILHAEBKGKKEPDAN@ARE>HA PDNECDP DEH@BFECQNA UKQCHPEPDO=-F?QOPKIADKAOJICP
JAA@ PK LH=?A =J KN@AN PK >A = 2QOPKIAN 'J KD NI GG FEBA-H

$ECQNA #T=ILHAQO=CB-VANRK=JU KLPEKIXNAH=PEKJOUIEKH
>U 5=PP

2DA NAH=PEKJODEL OUI>KH EJ $ECQNA  ?=J =HOK >A NA=@ =0 BKHHKSO
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[ *ABP OEZDA KN@AN AJPEPU IQOP ?KJP=EJ = IEJEIQI KB KJA NAH=PA@ AJPEPU EJ PDA !QOPKIAN P=>}
I=TEIQI KB KIANAH=PA@ AJPEPU
[ OECDP OE@A ?QOPKIAN-?AJEJEIQI KB VANK KN@ANO KN = I=TEIQI KB I=JU KN@ANO

$ECONA ODKSQIKPDARVLKBKLPEKIJNAH=PEKJODEKISEPB VANKI@KJA IA=JEJCVANKO KJA 2DA
onesideEO KLPEKJ=H

$ECQNA

$ECQNA CERAO =J AT=ILHA KB DKS = VANK PK KJA OUI>KH IECDP >A QOA@

$ECQNA #T=ILHAQO=0¢#B= VANRKKIAKLPEKJINAH=PEKJODIEKH
>U 5=PP

Mandatoryelationships

'‘J =mandatoryrelationship KIAAJPERB?QNNABRMQENAMDINAOLKIAERERZ?QNNAPIAMAOUI>KIBKRDEO
NAH=PEKJODELoo®&i&Donly oneO ODKSJ EJ $ECQNADA KJA OE@A EO I=J@=PKNU

$ECQONA
1AA SECQNA BKN =J AT=ILHA KB DKS PDA KJA =J@ KJHU KJA I=J@=PKNU OUI>KH EO QOA@

$ECQNA EHHQOPN=PAO SD=P = KJA PK |=JU NAH=PEKJODEL OUIxHhi K EIB0H EGA-STKANA PDA

$ECQNA
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$ECQNA  #T=ILHAKB= KJA=J@KJIHWKJIAI=J@=PKNUAH=PEKJODEL
OUI>KH >U 5=PP

OABAN PK $SECQNA  BKN =J AT=ILHA KB DKS PDA KJA PK |=JU OUI>KH I=U >A QOA@

$ECQNA #T=ILHAKB=KJAPK=JU |=J@=PKMAH=PEK JOIEKH-U
5=PP

1KB=SAD=RAOAABDIPDAIIANIKQHEBR-NAH=PEKJODEKHJ PDANABP OERBAOUI>KEISECQNA
?=JD=RA VANK=N@EJ=HERPKIIJA?PERERLIU ODKSKJPDANECDP GCHE®OUI>KHEIJSECQNA
KN KJA JKP ODKSJ

$ECQNA

&KSARANEP ?=JJKP D=RA = ?KJJA?PEREPU KB VANK =0 @EOLH=UA@ EJ$ECQNA  2DA ?KJJA?PEI

$ECQNA

2DA?KJIJA?PERBRPUKHODKS-TEIQIO 1KEBRK@EPDEISKQPPIKCE?=HBPDAKIJA?PERBPUKIKIPDAABP
OE@A ODKSO VANK PDAJPDANA SKQH@ >A JK ?KJJA?PEKJ >APSAAJ PDA P=>HAO



52 ¥ DATABASE DESIGN - 2ND EDITION

2DA S=U PK NANAH=PEKJODEL OUI>KH OQ?D =0 PDA KJEBJFEEBKHAKSO

[ 2DA!QOP™ EJ PDA -N@AN P==HOKOBKQJ@ EJ PDA IQOPKIAN P=>HA = |IEJEIQI KB =J@ = I=TEIQI
KB PEIAO
[ 2DA 1A=JO PD=P PDA !QOP™ EJ PDA -N@AN P=>HA I=U >A JQHH
[ 2DAHABP IKOP NECDP >ABKNA PDA NALNAOAJPEJC ?KJJA?PEREPU O=UO PD=P EB PDANA EO =1Q
P=>HA EP ?=J KJHU >A EJ PDA IQOPKIAN P=>HA KJ?A
[ 5DAJ UKQ OAA PDA OUI>KH BKN ?=N@EJ=HEPU UKQ ?=J =O0QIA PSK PDEJCO 2
PDA $) EJ PDA -N@AN P=>HA =HHKSO JQHHO =J@
PDA $) EO JKP L=NP KB PDA .) OEJ?A .)O IQOP JKP ?KJP=EJ JQHH R=HQAO

$ECQONA  2DANAH=PEKJOEHIAAY |QOPKIAR=>HAI@=J -N@AN
P=>HA >U 5=PP

Key Terms

business rulesk>P=EJA@ BNKI QOANO SDAJ C=PDANEJC NAMQENAIAJPO =J@ =NA QOA@ PK @APANIEJA ?=

cardinality ATLNAO®@SAEJEIQI =J@=TEIQI JQI>ANKBAJPERZ2?QNNAJ2A0K?E=BERIKIA
K??QNNAJ?A KB = NAH=PA@ AJPEPU

connectivity PDA NAH=PEKJODEL >APSAAJ PSK P=>HAO A C KJA PK KJA KN KJA PK |=JU
constraints PDA NQHAO PD=P BKN?A " +10 PK ?DA?G PD=P @=P= O=PEOBEAO PDA OAI=JPH?O

entity integrity NAMQBERZ@ERANGE>HI-RA LNEI=NGAWAEPDADNANEI=NGAWKN-JUL=NREEP?=]
?KIP=EJ JQHHQAO

identifying relationship SDANRDANEI=NGALPKIP=EPOBKNAEGAUEJ@E?=B&D#0" >U=OKHE@
HEJA

integrity constraints HKCEBFEPAIAFBBOP=BBR=RD)=HR=HQARNKN-NAKR-HHKSAGESDE?BKNI=P
EO OQEP=>HA BKN =J =PPNE>QPA
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mandatory relationship KJA AJPEPU K??QNNAJ?A NAMQENAO = ?KNNAOLKJ@EJC AJPEPU K7

non-identifying relationship @KABP?KIP=RPDRKNABEAIEIJPDANEI=NGAUVEJ@E?=BX@#0" >U
= @KPPA@ HEJA

optional relationship MA$) ?=J>AJQHKNPDA=NAJP=>HAKAIKRIAA@KD=RA ?KNNAOLKJ@BEBd
P=>HP?QNNAJ?A

orphan record =NA?KIS@KOBKNAEEAR=HEOKMBKQJIEIP DAKNNAOLKJE@REPWPDAJPEBDANA
PDA LNEI=NU GAU EO HK?=PA@

2QNNAJ

referential integrity NAMQENAO PD=P = BKNAECJ GAU IQOP D=RA = |=P?DEJC LNEI=NU GAU KN EP 1Q

relational databasemanagementsystem(RDBMS) = LKLQH®@®EP=>=QUB0OPAEOAK) PDAAH=PEKJ
IK@QAH EJPNK@Q?A@ >U # $ K@@ KB ' +cO 1=J (KOA 0AOA=N?D *=>KN=PKNU

relationship type PDARULABNAH=PEKJSAERAABSKP=>HAD=J #0" AEPDAAIJPEBKHNJIK]

E@AJPEBUEJC PDEO NAH=PEKJODEL EO EJ@QE?=PA@ >U = HEJA @N=SJ >APSAAJ PDA P$

Exercises

Read the following description and then answer questions 1-5 at the end.

2DAOSEI ?HQ®@=P=>=RIBECQNA D=C-AAJ@AOECIHPKHE&IBKNI=PEXKQPPQ@ASBR=NA
AINKHHAI@SE| ?H=002ADABKHHKSEIBKNI=PEWMPKNAR Q@AMRBNKHHIATGSEI ?H=00RKKHO
SDANAH=OGABMAHB®JOPNQ?BKINDAH=0OATER=NEKQARAKEDSE| 7?H=003QASECQNA PK
=JOSAN MQAOPEKJO PK

2DA LNEI=NU GAUO =NA E@QAJPEBEA@ >AHKS 2DA BKHHKSEJC @=P= PULAO =NA @ABEJA

tblLevels
*ARAH " '@AJPEPU )
IH=00,=IA" PATP " JQHHO =NA JKP =HHKSA@

tblPool

KKH""@AJPEPU .)

.KKH,=IA"PATP ~JQHHO =NA JKP =HHKSA@
*K?=PEKJ * PATP

tbIStaff

1P=BB" " '@AJPEPU .)
$ENOP,=IA ~ PATP
+E@@HA'JEPE=H " PATP
*=OP,=IA " PATP

1QBBET " PATP

H

bK P=>H/

\@ EJ PL
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$ECQNA  #0"BKN MQAOPEKJO  "E=CN=I>U 5=PP

1=H=NEA@ "~ EP
=U IKQJP " IKJAU

tbiClasses

*AOOKJJ@AT N '@AJPEPU ))
*ARAH ~ 'JPACAN $)
1A?PEKJ™ ~'JPACAN
1AIAOPAN ~ 2EJU'JP

"=UO N PATP

2EIA* @=PAPEIA BKNI=PPA@ BKN PEIA
.KKH ~'JPACAN 3$)
'JOPNQ?PKN ~ 'JPACAN $)
*EIEP ~ 2EJU'JP

#INKHHA@ ~ 2EJU'JP

.NE?A " IKJAU

tblEnrollment

*AOOKJ'J@AT ~ 'JPACAN $)

1" ~'JPACAN $) *AOOKJJ@AT =J@ 1" .NEI=NU )AU
1P=PQO " PATP

ID=NCA@ " >EP

IKQJP.=E@ " IKJAU

"=PA#IJNKHHA@ " @=PAPEIA

tbIStudents
1" N@AJPEPU )
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$ENOP,=IA " PATP
+E@@HA'JEPE=H " PATP
*=OP,=IA " PATP

1QBBET " PATP
ENPD@=U " @=PAPEIA
*K?=H1PNAAP " PATP
*K?=H!EPU * PATP
*K?=H.KOP=H!K@A " PATP
*K?=H.DKJA * PATP

'ILHAIAJP PDEOYDAI=EJL/*  1ANRAMN=-??A0O0KGBEHMA@KLE?GKIL=N=>HA=FRULAQ Q>IEP-
O?NAAJODKP KB UKQN #0" EJ PDA @=P=>=0A

#TLH=EJ PDA NAH=PEKJODEL NQHAO BKN A=72>NAINREKITIPELI @ e>H1PQ@AJRO
OPQ@AJP ?=J AJNKHH EJ I=JU ?H=00AO

'@AJPEBU ?=N@EJ=HEPU BKN A=2DNAHERERDABKIHHKSEJC NQHAO

g LKKHI=U KN I=U JKP ARAN D=RA = ?H=00

2DA HARAHO P=>HA IQOP =HS=UO >A =OOK?E=PA@ SEPD =P HA=0OP KJA ?iH=00
2DA OP=BB P=>HA I=U JKP D=RA ARAN P=QCDP = ?H=00
HH OPQ@AJPO IQOP >A AINKHHA@ EJ =P HA=OP KJA ?H=00
2DA ?H=00 IQOP D=RA OPQ@AJPO AINKHHA@ EJ EP
2DA ?H=00 IQOP D=RA = R=HE@ LKKH
2DA ?H=00 I=U JKP D=RA =J EJOPNQ?PKN =OOECJA@
2DA ?H=00 IQOP =HS=UO >A =OOK?E=PA@ SEPD =J ATEOPEJC HARAH
5DE?D P=>HAO =NA SA=G =J@ SDE?D P=>HAO =NA OPNKJC ?KRANA@ EJ =J A=NHEAN ?L
5DE?D KB PDA P=>HAO =NA JKJ E@AJPEBUEJC =J@ SDE?D =NA E@AJPEBUEJC

Q Q© © @ @ @ @«

Image Attributions

$ECQNAO =J@ >U 5=PP
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Adri enne Watt

-JA EILKNP=PPDAKIRARAHKBKBDAJPERBH=PEHKI=HK@AEJRKHRIBKPEKEBQJ?PEK@ALAI@AJ?U
$"  2DA=El KBOPQ@ UFDEEPKEILNKRAKQNJ@ANOP=XBEAE=PEKJGHE00@=P=J @ KC=EAIKQCD
BKNI=HEOI PK =OOEOP SEPD LN=?PE?=H @=P=>=0A @AOECJ

*EGAKJIOPN=EIPO-NAN=NKPDAAI=JPEREB°DALLHE?=R@KI-EXOOAJPE=tdhitlionaldependencies
@AO?NBKSEJ@ERE@RPNE>ORABDH=PE@ =NA GEJEB?’KJOPN=—HBBC =PPNE>QERDENAH=PEK®
?KIJPNE>QPA PK = CKK@ NAH=PEKJ=H O?DAI= @AOECJ 'J PDEO ?D=LPAN SA SEHH HKKG =P

[ 2DA >=0OE? PDAKNU =J@ @ABEJEPEKJ KB BQJ?PEKJ=H @ALAJ@AJ?U
[ 2DA IAPDK@KHKCU BKN EILNKREGAOHDAE =HOK ?=HHA@ JKNI=HEV=PEKJ

Relational Design and Redundancy

%AJAN=HHEKK ®AH=PE&IP=>@A0OHQDOP=LPQNAKBE’DAA?AOO=RBNE>QRAOOK?E=PERBA@AOEC]
ODKQH@ @K PDEO SEPD = IEJEI=H =IKQJP KB ORKISNGNAIBKNERER =P=

'J @=P=>=@A0ENA@QJ@HEBAIJAN=IKH@AOEN=-PHQER=-QOANK>HAISEJP=EJEIRIJOEOPABRAN
QL@=PARSARANA@QJ@=3ADKIAPEIABA=RK.ANBKNI=JEANKRAIABCBKRT=ILHASDAINA@QJ@=J?U
?=J>AQOARILH=?KB- join PK?ZKJJA?@=P= join EQOASDAJUKQAA@KK>P=EUBKNI=PEXDAKD PSK
NAH=PA@ P=>HAO

IKJIOE@SRECQNA ?QOPKIAN E@ EOLH=RBERAI?ABKN??KQIK =J@C=EBKN??KQJP

'J PDEROAPDARQOPKIARI>ANEQKMNA@QJ@=HIPDK RIDANAIAD AHAPEKI=HEASEPPDAR=>HA
&=REJEOAL=N=ZRYOPKIAN>FHKQHGKHROHEDK>HARKSARARB >N=J?B@ @NBAXDRK?D=JCABKQH@
D=RRICAQL@=PRERHPELHA=?AB PDRQOPKIARI>ANS=CHAERPDR=>HAECPDAUKGKQH@JERA.@
>N=J?D P=>HA =J@ JK FKEJ SKQH@ >A NAMQENA@ =J@ LANBKNI=J?A EO EILNKRA@

$ECQONA J AT=ILHAKBNA@QI@=QBABEPD=JG=??KQJRO@
>N=J?DAO

56
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Insertion Anomaly

J insertionanomalyK??QNDAJUKGENAJOANPEIZKIJOEORABRNI=PEKP K P=>H2DAJ SA EJOANPAS
NA?KNGER ?B0=??KQJK EJECQNA SAJAA@KDA?BDAPDAN=J?@=FEQOKIJOEOREIPBTEOPEJC

NKSO

$ECONA  #T=ILHA KB =J EJOANPEKJ =JKI=HU

Update Anomaly

'B=>N=J?RD=JCAR @NAOPECPDAKQJ@EHMN=J?BISECQNA SAJAA@KQL@=PANKS®ABANNIKIC
PD=P >N=J?D !D=JCEJC ATEOPEHK EaBRNNAEZPRtHHA@dale anomaly

$ECQNA  #T=ILHA KB =J QL@=PA =JKI=HU

Deletion Anomaly

deletionanomalyK??QN&EDAJUKQ@AHAPRA?KNR®=RU ?KJP=EPPNE>@PABDKQH@2®AHARKE®
EJOP=JH5A NAIKRAJBKNI=PEKRKQPDA =GP ?KQJP=>N=J?0DQ?B0O="?KQJIP =PPDAKSJIPKSJ
>N=J?D EJ $SECQNA =HH KB PDA >N=J?D EJBKNI=PEKJ @EO=LLA=NO

2DALNK>HASEP@®AHAPEDA NKSEGA @KICRIKSSDANRDAKSIPKSJI>N=J?EMK?=PAZESA HKOA
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$ECQNA  #T=ILHA KB = @AHAPEKJ =JKI=HU

=HHJBKNI=PEYAC=N@XJOPKIAN 2K =RKEBDAWEI@BQL@=RN@AHAPEYK>HAIGA JAA@K
@A?KILKOA PDA KNECEJ=H P=>HA EJPK OARAN=H OI=HHAN P=>HAO SDANA A=?D P=>HA D=0 IEJEI=H KRANH:-

#=7D>=JG=??KQIP=>HAOP?’KIP=HIIBKNI=PEXRKQRIAAIPERUHUOQ?BOPDAN=J?DKNQOPKIAN-O
@EOLH=UA@ EJ $SECQNA

$ECQONA  #T=ILHABB>=JG=??KQIP->HRD=-KIP=KIAAIPERE?D
>U 5=PP

$SKHHKSHIDHDI=?PERHNOQRA-FDAI>N=J?BIBKNI=PHA@ @ K@) L @=PRABEHIHEBBARBANA?KN@

1K SDAJ?QOPKIANBKNI=PEHG @ @ K& AHARAZN=J?BJBKNI=PEBE&HHKP>A=??E@AJPH{HBIEBEKID
EJ?KNNA?PHU NA?KN@A@

Example: employee project table and anomalies
$ECQNA  ODKSO =J AT=ILHA KB =J AILHKUAA LNRQFES-PHAHA SA ?=] =OOQIA PD=P

#IL™ =J@ .NKFA?P™ =NA = ?KILKOEPA )
.NKFA?P "™ @APANIEJAO @@CAKFA?P . D=0 =>Q@CAP KB DKQNO

LATP HAPcO HKKG =P OKAA KIXDEHIAGP IECDP K??QN SEPD PDEO P=>HA @QNEJC PDA BKHHKSEJC OPALO

?PEKI@@ NKSW1 . Y

.NK>HAI 2DANA =NA PSK PQLHAO SEPD ?KJBHE?PEJC >Q@CAPO
?PEKJ'AHAPA PQLHA W1 Y

.NK>HAI1IPAL @AHAPAO PDA >Q@CAP BKN LNKFA?P .
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$ECQNA  #T=ILHA KB =J AILHKUAA LNKFA?P P=>HA >U 5=PP

?PEKJI3L@=PA PQLHA W1 . YPKW1 Y
.NK>HAI1PAL ?NA=F78K PQLHAO SEPD @EBBANAJP R=HQAO BKN LNKFA?P . cO >Q@CAP
1KHQPEKJ INA=PA = OAL=N=PA P=>HA A=?D BKN .NKFA?PO =J@ #ILHKUAAO =0 ODKSJEJ

$ECQNA  1KHQPERAL=N=P#AHBRNNKFA2R@ILHKUAA>U
5=PP

How to Avoid Anomalies
2DA>AOBLLNK=?PK?NA=PEE>HSEPDKEIKI=HEABIPKAJOQNPD=PDA=>HANAIKNI=HEVAQ@@PD=PcO

=??KILHEODAIQJ@ANOP=EQHIREKEALAI@AJZEAQIOQNADFHEPPNE>QBAS>EAHK L DFR=>HA
'J KPDAN SKN@O EP SEHH AHEIEJ=PA NA@QJ@=J?EAO =J@ =JKI=HEAO

Example: separate Project and Employee tables

$ECQNA  1AL=N=PA .NKFA?P =J@ #ILHKUAA P=>HAO SEPD @=P= >U 5=PP
U GAALEJC @=P= OAL=N=PA QOEJC EJ@ERE@Q=H .NKFA?P =J@ #ILHKUAA P=>HAO

,K =JKI=HEAO SEHH >A ?NA=PA@ EB =>Q@CAP EO ?D=JCA@
K @QIIU R=HQAO =NA JAA@A@ BKN LNKFA?PO PD=P D=RA JK AILHKUAAO =OOECJA@
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'B =J AILHKUAACcO ?KJPNE>QPEKJ EO @AHAPA@ JK EILKNP=JP @=P=EO HKOP
,K =JKI=HEAO =NA ?NA=PA@ EB =J AILHKUAACO ?KJPNE>QPEKJ EO =@ @A@

Key Terms

deletion anomaly K??QNO SDAJ UKQ @AHAPA = NA?KN@ PD=P |=U ?KJP=EJ =PPNE>QPAO PD=P ODKQH@JcP
functional dependency (FD) @AO?NE>AO DKS EJ@ERE@Q=H =PPNE>QPAO =NA NAH=PA@
insertion anomaly K??QNO SDAJ UKQ =NA EJOANPEJC EJ?KJOEOPAJP EJBKNI=PEKJ EJPK = P=>HA
join QOA@ SDAJ UKQ JAA@ PK K>P=EJ EJBKNI=PEKJ >=0A@ KJ PSK NAH=PA@ P=>HAO

update anomaly ?D=JCEJC ATEOPEJC EJBKNI=PEKJ EJ?KNNA?PHU

Exercises

,KNI=HEVA $ECQNA

$ECQNA  2=>HA BKN MQAOPEKJ >U 5=PP

INA=PA = HKCE?=H #0" BKN =J KJHEJA IKREA NAJP=H OANRE?A JK I=JU PK I=JU NAH=PEKJODELO
PDA BKHHKSEJC @AO?NELPEKJ KB KLAN=PEKJO KJ SDE?D UKQN >QOEKAEINQHAO IQOP >A >=0/
IKREA NAJP=H OANRE®EBEAO IKREA PEPHAO =??KN@EJC PK PDAEN PULA ?KIA@U SAOPANJ ?H-
O?EAJ?A BE?PEKJ ?=NPKKJ =?PEKJ IQOE?=H =J@ JAS NAHA=0A #=?D PULA ?KJR=EJO I=JU LKOO
=J@ IKOP PEPHAO SEPDEJ = PULA =NA =R=EH=>HA EJ IQHPELHA ?KLEAO $KN AT=|LHA JKPA PDAE
OQII=NU 27 # 2'2*#
+QOE?=H +U $=EN *=@U KLU
+U $=EN *=@U KLU
-GH=DKI= KLU
-GH=DKI= KLU
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-GH=DKI= KLU
AP?

5D=P PDNAA @=P= =JKI=HEAO =NA HEGAHU PK >A PDA NAOQHP KB @=P=NA@QJ@=J?U
=JKI=HEAO >A AHEIEJ=PA@

Also see Appendix B: Sample ERD Exercises

Attribution

2DE@D=LPAKHDatabaseDesign EJ?HQ@EBTAAT?ALECKPDANSHRPA@ G @ ANER=PHRKBAH=PEKJ=H
"AOECJ 2DAKNCQUAJ )EI JD HE?AJOA@ OINEAEERA IKIIKIO PPNE>QPEKJ *E?AJOA HE?AJOA

2DA BKHHKSEJC I=PANE=H S=0 SNEPPAJ >U @NEAJJA 5=PP

#T=ILHA AILHKUAA LNKFA?P P=>HA =J@ =JKI=HEAO
&KS PK RKE@ JKI=HEAO

)AU 2ANIO

#TAN?EOAO
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Adri enne Watt

functionaldependencys” E@NAH=PEKJIAPEAAISK=PPNE>GRAG?=HARSARDA =J@XPDAKJ GAU
=PPNE>QPRDEP=>HPKN-JUNAH=PEKIPPNEQPBQJ?PEKJ@AMIAI@RIRPPNESQROQ=HIIIA EB
BKNRANREHEE@OP=JRB5 PD=R=HQE5 QJEMQABWPANIEPAR=HQE’ 2DEGAH=PEKIBREDE?=PL@
PDA NALNAOAJP=PEKJ >AHKS

X NNRKD> Y

2DAHARME @BAPDA>KRA" @E=CNE?=HHR@A4eterminant=J@DANECDE @®DAependent&ANANABAS
AT=ILHAO

'J PDRENORILHA-AHKS', @APANIEJA® @@NAS@ENPD@2FERAL, SA?=J@APANIEINKBPDA
KPDAN =PPNE>QPAO SEPDEJ PDA P=>HA

SIN NNN-> Name, Address, Birthdate

SKNPDAOA?KIET=ILHAL', =J@KQNO&APANIRIA®=PXILHAPAGPA!KILHAPA@DE@ORP-HOBKNBKN
= ?KILKOEPA .)

SIN, Course NNN> DateCompleted

2DA PDEN@ AT=ILHA EJ@EPEPRBHPIAO 2EPHA

ISBN NNND> Title

Rules of Functional Dependencies
IKJOE@AN PDA BKHHKSEJC P=>HA KB @=P=N 0 KB PDA NAH=PEKJ O?DAI=0 !"# ODKSJEJ 2=>HA

O UKMKKEPDEE>HAOGKQNOAMHTRtkind of dependenciesanwe observeamongtheattributesin TableR?
1EJ?A PDA R=HQAO KB =NA QJEMQA = = =KSPBNKPBBAHE' @ABEJEPEKJ PD=P

f fl f" f#

[ 'P =HOK BKHHKS®!PD=P KN =JU KPDAN OQ>0AP KB !"#
[ 2DEO ?=J >A OQII=NEVA@!'+O
[ $NKI KON QI@ANOP=J@EJC KB LNEI=NU GAUO EO = LNEI=NU GAU
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2=>HA $QI?PEKIBALAI@AI?U
AT=ILHA >U 5=PP

1EJ?A PDA R=HQAO KB # =I®DAHBHAGHH A EBGKKER
f# f# IT# " #

&KSARABA?=JIKEAJAN=DIQU=NEVRDA>KRAEPD!" f # >A?=QCAICAJAN=Hf # f #
f#

-PDAN K>OANR=PEKJO

IKI>EJ=PEKJO KB ! =NA QJEMQA PDANABKNA
IKI>EJ=PEKJO KB " =NA QJEMQA PDANABKNA
‘B! R=HQAO I=P?D OK @K " R=HQAO
= 2DANABKNA
> &KSARAN " R=HQAO @KJcP @APANIEJA ! R=HQAO
? 1K! @KAO JKP @APANIEJA" =J@ " @KAO JKP @APANIEJA!

*KKGEJC =P =?PQ=H @=P= ?=J DAHL ?H=NEBU SDE?D =PPNE>QPAO =NA @ALAJ@AJP =J@ SDE?D =NA

Inference Rules

ArmstrongGaxioms=NA OAREE JBANANDHAO ABE JBAKPDRQJI?PEKGALAI@AJRHEARNAH=PE@H=PE>=0A
2DASANAARAHKEWBEHHEH NIOPNKJ@DABKHHKSEISO?NEBRMIS EHFAQOABIPANIBBIKP=PEKJ
PK ATLH=EJ PDAOA =TEKIO

*APO 3 >A=NAH=PBRDAIXRARDAARB-PPNE>Q P30 SEHBORDAAPPAND 8 PKNALNAGCAIFOQ>0OAP
=J@ BKN ODKNP PDA QJEKJ KB PSK OAPO KB =PPNE>QBAT EJOPA=@ KB PDA QOQ=H

Axiom of reflexivity

2DEO =TEKI O=UO EB 7 EO = OQ>0OAP KB 6 PDAJ 6 @APANIEJAO 7 OAA SECQNA
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$ECQNA  #MQ=PEKJ BKN =TEKI KB NABHATEREPU

$KNAT=ILHAPartNo N> NT123 SDANA .=NP,K ECQKILKOA@BIKNAPD=KJALEA?KBEJBKNI=PERXA
7 ,2 =J@ L=NP™

Axiom of augmentation

2DA=TEKIKB=QCIAJP=PEXHOBIKSI=C- L=NPE2ALAJQATUEB @APANIEJAGDAGBS @APANIEJBO
BKN =JU 8 OAA SECQNA

$ECONA  #MQ=PEKJ BKN =TEKI KB =QCIAJP=PEKJ

2DA=TEKIKB=QCIAJP=PEXURD=ARANIKJ GAGPPNE3QRARABQHEALAJ@KJIPDA 'J PDAT=ILHA
ODKS3AHKSPQ@AJP =140 @NAEPU.NKR=J@'! LKOP2H@ANAKIHB@ALAJ@KIPDAPQ@AJPJIKP
KJ PDA 1IPQ@AJP.K =J@ %N=@A

1IPQ@AJP,KKQNOA _ 1PQ@AJP,=IA @@NAOO !EPU .NKR .! %N=@A "=PAIKILHAPA@

2DE@EPQ=PERKP@AOEN=APAQOMRANIKJI GAU-PPNEXRRK>ABQHKRALAI@AKIPPDA) 'J PDEO
OEPQ3IPERQ@AJP EJBKNI=BRHKIENRE=HHU @ALAJ@AJP KJ PDA .) 1IPQ@AJP K

2K BET PDEO LNK>HAI SA JAA@PK KNEEGI=H BHEIPKRSK =0 BKHHKSO

[ 2=>HA 1PQ@AJP K KQHRAQA "=PAIKILHAPA@
[ 2=>HA 1PQ@AJP.K 1IPQ@AJP,=IA @@NAOO !EPU .NKR .!

Axiom of transitivity

2DA=TEKIKBPN=JOEPEREP® @APANIEJASJ@ @APANIESARPDAB IQOP-HOBAPANIBIAOASECQNA

$ECQNA  #MQ=PEKJ BKN =TEKI KB PN=JOEPEREPU

2DAP=>HMHK®=CIBKNI=PEKP@ENATRANEFAG®DOPQ@ARKEIOP=J?NKCN=I" =J@NKCN=I,=IA
ODKQH@ D=RA = P=>HA KB EPO KSJ .NKCN=I,=IA EO JKP @ALAJ@AJP KJ 1IPQ@AJP,K EPcO @ALAJ@AJP KJ .N

1IPQ@AJP.K 1PQ@AJP=IA @@NAOO !EPU .NKR .! .NKCN=I" .NKCN=I,=IA

2DEQEPQ=REBKP@AOEN=ARAQGAIKJ GAFPPNE>QALN=I,=IA @ALAJED-IJKPDAKJI GAGPPNE>QPA
NKCN=I"
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2K BEPDHEOIK>HASAJAA@KNA=RDBE>HAIPRSKKJAP KDKHEIBKNI=PEXKQPDAPQ@AIB? DKPD AN
DKH@ EJBKNI=PEKJ =>KQP PDA LNKCN=I

[ 2=>HA 1PQ@AJP,K_ 1PQ@AJP,=IA @@NAOO !EPU .NKR .! .NKCN=I"
[ 2=>HA .NKCN=I"_ .NKCN=I,=IA

&KSARASA OPEHA@KHA=RAI $) EJPDAOPQ@RIPHAKPD=-PA ?=JE@AJPEBH?DNKCN=FDOPQ@EIP
AINKHHA@ EJ

Union

2DEQGQHIQCCAPPEPP SKP=>HARDAL=N=PA@PDA EPDMA=IA UKQ=U S=JPPK?’KJOE@QRPERDAI
PKCAPDROP=FATHEB @APANIEIAO@ @APANIESARDAS IQOP-HORAPANIZIAI@ OASECQNA

$ECQNA  #MQ=PEKJ BKN PDA 3JEKJ NQHA

$KN AT=ILHA EB

[ 1, #L=IA
[ 1, 1LKQOA,=IA

7KQ 1=U S=JP PK FKEJ PDAOA PSK P=>HAO EJPK KJA =O BKHHKSO
1, ™ #IL,=IA 1LKQOA=IA
1KIA @=P=>=@NEJEOPN=PBNCECDRPDKKGAGAAPDACA>HAABL=N=BK&E?KQLHENA=OKIIA A=7?D

P=>HAAO?NEXREBBANIBERKDAJPEPERBQMHABALPL=NRSK EBLKQOA,=IAEPK-AHABP* IKOP
KB PDA PEIA PDANA EO JK JAA@ PK EJ?HQ@A EP EJ PDA O=IA P=>HA =0 #IL,=IA

Decomposition
"A?KILKOEPER®DAIARANMGRDAJEKINQHA UK@=RA P=>HD=FLLA=NGX?KIP=FISKAJPEPERSFNA

@APANIEZABDA=IA)) ?KIOE@ANR=GEBAIQLEJPRSKP=>HADEGQHI}°=FADHEDB @APANIEJAL@
8 PDAJ 6 @APANIEJAO 7 =J@ 6 @APANIEJAO 8 OAL=N=PAHU OAA $ECQNA

$ECQONA  #MQ=PEKJ BKN @A?KILAJO=PEKJ NQHA

Dependency Diagram

@ALAJ@ABRE=-CNODKSEJSECQNA EHHQOPRBARMDMEK@ALAIJ@AJHDNECDPTE@R= non-
normalized table JKJ JKNI=HEVA@ P=>HA EO KJA PD=P D=0 @=P=NA@QJ@=J?U EJ EP

2DA BKHHKSEJC @ALAJ@AJ?EAO =NA E@QAJPEBEA@ EJ PDEO P=>HA
[ .NKFA?P,K=J@ #IL,K ?KI>EJA@ =NA PDA .)
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$ECQNA  "ALAJ@AJ?U @E=CN-=I

[ .=NPE=H"ALAJ@AJ?EAO
.NKFA?P,K _ .NKF,=IA
#IL,K _ #IL,=IA "ALP,K
.NKFA?P,K #IL,K_ &NO5KNG
[ 2N=JOEPERA"ALAJ@AJ?U
"ALP,K_ "ALP,=IA

Key Terms

ArmstrongOsaxioms = OARBEJBANA KGHAOABKE JBANMADABQJI?PEKEALAI@AIKEBAMNAH=PEKJ
@=P=>=0A

1T
T

DBA @=P=>=0A =@IEJEOPN=PKN

decomposition = NQHAD=PQCCAEGBIKQD=RA= P=>HRD=BLLA=NRK?KIP=EH3ISKAJPEPPA2ENA
@APANIEJA@ >U PDA O=IA.) ?KIJIOE@AN >NA=GEJC PDAI QL EJPK PSK P=>HAO

dependent PDA NECDP OE@A KB PDA BQJ?PEKIEH@ILAI@AJI?U
determinant PDA HABP OE@A KB PDA BQJ?PEKJ=H @ALAJ@AJ?U @E=CN-=I

functional dependency(FD): = NAH=PEKJAHIAABSK=PPNE>QRA® ?=HAPSAABDA =J@KPDAN
JKJ GAU =PPNE>QPAO SEPDEJ = P=>HA

non-normalized table = P=>HA PD=P D=0 @=P= NA@QJ@=J?U EJ EP

Union = NQHZD=PQCCABBEPP SKP=>HANDOAL=N=PXaPDA E®DMA=IA ?KIOEQARPEIDAI
PKCAPDAN

Exercises

1AA ID=LPAN

Attributions

2DE@D=LPKMDatabaseDesign EJ?HQ@ECAT?ALRKPDANSHUPA@C @ ANER=RHRKBNIOPNKJCcO
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=TEKIGU S5EGELA@EBANAAI?U?HKLAGE?AJOQEDANIA=PERKIIKIO  PPNE>QPEKJ 1D=NA HEGA
3JLKNPA@

2DA BKHHKSEJC I=PANE=H S=0 SNEPPAJ >U @NEAJJA 5=PP

OKIA KB 0QHAO KB $QJ?PEKJ=H "ALAJ@AJ?EAO
JAU 2ANIO



Chapter 12 Normalization

Adri enne Watt

,KNI=HEV=PEXIKQF&D=NRBPDAR=P=>@0A0OHMNK ?AGEBKSARAKE EB B E?KIE =NFHDMKNI=HEV=PEKJ
LNK?AOO BNKI PDA #0 IK@AHHEJC LNK?AOO OK PDA PSK PA?DJEMQAO ODKQH@ >A QOA@ ?KJ?QNNAJPHU

30A=J AJPEMNAH=PEBE=CN=#0" PKLNKRE®BAECQE?PQNAI=?NK REASKB=J KNC=JEV=PERIT
NAMQENAIAJRRLAN=PERDEEONA=PRONKQEIEPAN=RERRAGD-RIRKHRA@DAIPEBVKHERAIJIPEPEAO
PDAEN =PPNE>QPAO =J@ PDAEN NAH=PEKJODELO

,KNI=HEV=PERK?A@@NAQOKD?D=N=?PANKBRE2QEBEPEPEAGNALNAORIPAE?NKREAKBAIJPEPEAO
SEPDEJ PDA #0"

What Is Normalization?

NormalizationE®@DAN=J?RBENAH=PERDAKRD=IENKRE @D HEIDECCPBP DANK?ARB APANIEJBBS
1Q?D NA@QJ@=J?U ATEOPO EJ = P=>HA 2DA CK=HO KB JKNI=HEV=PEKJ =NA PK

[ A=>HA PK ?D=N=?PANEVA PDA HARAH KB NA@QJ@=J?U EJ = NAH=PEKJ=H O?DAI=
[ .NKRE@A IA?D=JEOIO BKN PN=JOBKNIEJC O?DAI=0 EJ KN@AN PK NAIKRA NA@QJ@=J?U

,KNI=HEV=PERIJAKNMON=30A=REKUPDARDAKNKBBQJ?PEK@EM_AJ@AJ?KNG-HEV=PEIAKNVABE JAEOT
JKNI=HBKNIO$  #=?DJIKNI=HBKNIEJRKHRAOARB@ALAJ@AINKLANPHEAEP O?DAIHQOPO=PEGB@
A=?DKNI=HBKNICERAD=N=JPAAIPDANAOAIRKKN->OAIHBOL@=PIKI=HEAZDEG\=JOPD-PECDAN
JKNI=H BKNIO D=RA HAOO NA@QJ@=J?U =J@ =0 = NAOQHP BASAN QL@=PA LNK>HAIO

Normal Forms

HHPDR=>HEEGJU@=P=>=284>AEXKJIAKBPDAKNI=HBKNISGA SEH&E EO?QOIP' @ A=HERKJHS=JREJEI=H
NA@QJ@ERN PKs) #RANUPDABIGRDKQH&D ANEBANEIKPDAN>HAZDANANDEIKNI=HBKNIC-QBA
SEHH KJHU HKKG =P PDA BENOP BKQN SDE?D =NA

[ $ENORNI=H BKNI ,$

[ 1A?KJ@KNI=H BKNI ,$

[ 2DEN@ JKNI=H BKNI ,$

[ KU?AK@@ JKNI=H BKNI 1,$

1,3 EO N=NAHU QOA@

68
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First Normal Form (1NF)

'J PDArst normalform KIHOEJCRAHQARNAANIEPPARDAIJPANOANERAKCPINKS=J@KHQIIDAJ?APDANA
=NA JK NALA=PEJC CNKQLO

2K JKNI=HEVA = NAH=PEKJ PD=P ?KJP=EJO = NALA=PEJC CNKQL NAIKRA PDA NALA=PEJC CNKQL =J@

2DA)) KBPDAAS NAH=PERJ?KI>EJ=PEKBPDA KBPDANECEJAH=PEKQS] =PPNEENAPDAASHU
?NA=PA@ NAH=PEKJ BKN QJEMQA E@AJPEBE?=PEKJ

Process for 1NF

5A SEHEOADAtudent_Grade Repot P=>HAAHKBNKI= 1?DKK@®=P=>=6BKQMT=ILHAPKATLH=RDA
LNK?AOO BKN ,$

Student_Grade_Report IPQ@AJP,K 1IPQ@AJP,=IA +=FKN !IKQNOA,K 'KQNOA,=IA 'JOPNQ?PKN,K
'‘JOPNQ?PKN,=IA 'JOPNQ?PKN*K?=PEKJ %N=@A

[ 'JPDA 1IPQ@AJP %N=@A OALKNP P=>HA PDA NALA=PEJC CNKQL EO PDA ?KQNOA EJBKNI=PEI
I=JU ?KQNOAO

OAIKRA PDA NALA=PEJC CNKQL 'J PDEO ?=0A EPcO PDA ?KQNOA EJBKNI=PEKJ BKN A=?D OP(
'@AJPEBU PDA ) BKN UKQN JAS P=>HA

2DA ) IQOP QJEMQAHU E@AJPEBU PDA =PPNE>QPA R=HQA 1PQ@AJP,K =J@ 'KQNOA K

BPAN NAIKREJC =HH PDA =PPNE>QPAO NAH=PA@ PK PDA ?KQNOA =J@ OPQ@AJP UKQ =NA |
P=>Ha&tudentCourse

[ 2DA 1PQ@AJP Fstudént EQKS EJ BENOP JKNI=H BKNI SEPD PDA NALA=PEJC CNKQL NAIKRA@

[ 2DA PSK JAS P=>HAO =NA ODKSJ >AHKS

— ———

Student 1IPQ@AJPIRQ@AJIP,=IA +=FKN

StudentCourse 1PQ@AJP K 'KONOKBNOA,=IA 'JOPNQ?PKN,K 'JOPNQ?PKN,=IA 'JOPNQ?PKN*K?=PEI
%N=@A

How to update 1NF anomalies

StudentCourse 1PQ@AJP.K IKONOK®NOA,=IA 'JOPNQ?PKN,K 'JOPNQ?PKN,=IA 'JOPNQ?PKN*K?=PEKJ

[ 2K=@@ = JAS ?KQNOA SA JAA@ = OPQ@AJP
[ 5DAJ ?KQNOA EJBKNI=PEKJ JAA@O PK >A QL@=PA@ SA I=U D=RA EJ?KJOEOPAJ?EAO
[ 2K @AHAB#RIdentSA IECDP =HOK @AHAPA ?NEPE?=H EJBKNI=PEKJ =>KQP = ?KQNOA
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Second Normal Form (2NF)

$KNPDAecondhormalform PDAAH=PE}IMBENHE].$ 2DANAH=PERDPKI=PE?#IH}) EB=J@KIJHEB
PDA .) ?KILNEOAO = OEJCHA =PPNE>QPA

'BPDANAH=PEKEG ?KILKOERPA PDAA=?[KJ GABPPNE*QPR-ABQHEILLAIJ@KRIPDAIPENA =J@KRKJ
= 0Q>0AP KB PDA.) EA PDANA IQOP >A JK L=NREHDQAILRIREIPU

Process for 2NF

2K IKRA PK ,$ =P=>HA IQOP BENOP >A EJ ,$

[ 2DA 1IPQ@AJP P=>HA EO =HNA=@U EJ ,$ >A?=QOA EP D=0 = OEJCHA ?KHQIJ .)

[ 5DAJ AT=IEJEJC PDA 1PQ@AJP 'KQNOA P=>HA SA OAA PD=P JKP =HH PDA =PPNE>QPAO =NA BQHHU ¢
.) OLA?EBE?=HHU =HH ?KQNOA EJBKNI=PEKJ 2DA KJHU =PPNE>QPA PD=P EO BQHHU @ALAJ@AJP E(

[ '@AJPEBU PDA JAS P=>HA PD=P ?KJP=EJO PDA ?KQNOA EJBKNI=PEKJ

[ '@AJPEBU PDA .) BKN PDA JAS P=>HA

[ 2DA PDNAA JAS P=>HAO =NA ODKSJ >AHKS

Student 1IPQ@AJPIRQ@AJIP,=IA +=FKN

CourseGrade 1PO@AJP.K IKONOAM=@A

Courselnstructor 'KQNOA,KKQNOA,=IA 'JOPNQ?PKN,K 'JOPNQ?PKN,=IA 'JOPNQ?PKN*K?=PEKJ

J

How to update 2NF anomalies

[ 5DAJ=@@EJC = JAS EJOPNQ?PKN SA JAA@ = ?KQNOA
[ 3L@=PEJC ?KQNOA EJBKNI=PEKJ ?KQH@ HA=@ PK EJ?KJOEOPAJ?EAO BKN EJOPNQ?PKN EJBKNI=PE!
[ "AHAPEJC = ?KQNOA I1=U =HOK @AHAPA EJOPNQ?PKN EJBKNI=PEKJ

Third Normal Form (3NF)

2K >AEJthird normalform PDAAH=PEXIP>AEJOA?KJIZNI=HBKNI HOK=HAN=JOERERAJ@AJPRAS-A
NAIKRA@ = JKJ GAU =PPNE>QPA I=U JKP >A BQJ?PEKJ=HHU @ALAJ@AJP KJ =JKPDAN JKJ GAU =PPNE>QPA

Process for 3NF

[ #HEIEJ=PA =HH @ALAJ@AJP =PPNE>QPAO EJ PN=JOEPERA NAH=PEKJODEL O BNKI A=?D KB PDA P=>
PN=JOEPERA NAH=PEKJODEL
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[ INA=PA JAS P=>HA O SEPD NAIKRA@ @ALAJ@AJ?U

[ IDA?G JAS P=>HA O =0 SAHH =0 P=>HA O IK@EBEA@ PK I=GA OQNA PD=P A=?D P=>HA D=0 =
JK P=>HA ?KJP=EJO EJ=LLNKLNE=PA @ALAJ@AJ?EAO

[ 1AA PDA BKQN JAS P=>HAO >AHKS

Student 1IPQ@AJP,K 1PQ@AJP,=IA +=FKN

CourseGrade 1PO@AJP.K IKONOANM=@A

Course IKONOA KKQNOA,=IA 'JOPNQ?PKN,K

Instructor 'JOPNQ?PKN,K 'JOPNQ?PKN,=IA 'JOPNQ?PKN*K?=PEKJ

P PDEIP=CPADAND K QHHAIK =JKI=HEAIP DEBKMN I=HBKNI *APcEBKKEPDAALAI@AGPE-CNSECQNA
BKN PDEO AT=ILHA 2DA BENOP OPAL EO PK NAIKRA NALA=PEJC CNKQLO =0 @EO?QOO0A@ =>KRA

Student 1IPQ@AJP,K 1PQ@AJP,=IA +=FKN
StudentCourse 1PQ@AJP,K IKQNOA,K KQNOA,=IA 'JOPNQ?PKN,K 'JOPNQ?PKN,=IA 'JOPNQ?PKN*K?=P

2K NA?=L PDA JKNI=HEV=PEKJ LNK?AOO BKN PDA 1?DKKH @=P=>=0A NAREAS PDA @ALAJ@AJ?EAO

$ECQNA  "ALAJ@AJ?U @E=CN=I >U 5=PP

2DA =>>NARE=PEKJO QOA@ EJ $ECONA  =NA =0 BKHHKSO

[ ." L=NPE=H @ALAJ@AJ?U

[ 2 PN=JOEPERA @ALAJ@AJ?U

[ $" BQHH @ALAJ@AJ?U ,KPA $" PULE?=HfOcD&=I@ABKNOAJ?U 30EJC $" =0 =J =>>NARE=P
BKN BQHH @ALAJ@AJ?U EO KIJHU QOA@ EJ SECQNA

Boyce-Codd Normal Form (BCNF)

5DAJ = P=>H}xOKNAPD=KJA?=J@E@GRB=JKI=HEASU NAORRAPDKQEDANAH=PER ,$ Boyce-
Coddnormalform EG OLA?E2+DKB,$ NAH=PE&D!$ EB-J@KJHBBARAN@APANIEJEG?=J@E@=PA
GAU
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BCNF Example

IKJIOE@AN PDA BKHHKSBIQVRf>Athy

Student_id  Major Advisor
.DUOE?O1IEPD
+QOE? D=J
+=PD "K>>0
.DUOE?O5DEPA
.DUOE?0O1IEPD

2DAsemantic rules>QOEJAMQHAO =LLHEA@ PK PDA @=P=>=0A BKN PDEO P=>HA =NA

#=?D 1PQ@AJP I=U I=FKN EJ OARAN=H OQ>FA?PO

$KN A=?D +=FKN = CERAJ 1PQ@AJP D=0 KJHU KJA @REOKN
#=?D +=FKN D=0 OARAN=H @REOKNO

#=?D @REG®RE®ABU KJA +=FKN

#=?D @QREGBREQARAN=H 1PQ@AJPO EJ KJA +=FKN

2DA BQJ?PEKJ=H @ALAJ@AJ?EAO BKN PDEO P=>HA =NA HEOPA@ >AHKS 2DA BENOP KJA EO = ?=J@E@=PA (

1PQ@AJP<E@ +=FKN@REOKN
@REOKN  +=FKN

JKI=HEAO BKN PDEO P=>HA EJ?HQ@A

"AHAPAOPQ@AJP @AHAPAO =@REOKN EJBK
'JOANE= JAS =@REOKN JAA@O = OPQ@AJP
3L@=PA " EJ?KIJOEOPAJ?EAO

Note ,K OEJCHA =PPNE>QPA EO = ?=J@E@=PA GAU

) ?7=J>A IPQ@AJP<E@ KNHKN@AJP<E@ @REOKN

2K NA@Q?ASDMaj_Adv NAH=PEKJ PK 1,$ UKQ ?NA=PA PSK JAS P=>HAO

St Adv 1IPOQ@AJP<E@ @REOKN
Adv_Maj @REOKNFKN

St_Adv P=>HA
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Student_id Advisor
1IEPD
ID=J
"K>>0
5DEPA
1IEPD

Adv_Maj P=>HA

Advisor Major
1IEPD .DUOE?0O
ID=J +QOE?
"K>>0 +=PD
5DEPA .DUOE?0

BCNF Example 2

IKJOE@AN PDA BKHHKSEl€rRintéfview)

ClientNo InterviewDate InterviewTime StaffNo RoomNo

10 +=U 1% %
10 +=U 1% %
10 +=U 1% %
10 (QHU 1% %

$" ~NIHEAJP,K 'JPANREAS"=PA " 'JPANREAS2EIA 1P=BB,K)0KKI,K

$" A OP=BB,K EJPANREAS"=PA EJPANREASRHEPA ?=J@E@=PA GAU !)
$" M NKKIL,K EJPANREAS"=PA EJPANRPASEERB,K ?HEAJPIK

$" ~ OP=BB,K EJPANREAS"NRKI,K

NAH=PEKHJ !,\$ EB=J@KJHIEBARAN@APANIEJEIR ?=J@QE@GRASA JAA@K?NA=RAP=>HAD=P
EJ?KNLKN=PAO PDA BENOeCliebiNhtep/ew2 P=>HA =J@ =JKPDASE#RHAM P=>HA BKN PDA BKQNPD $"

Client_Interview2 P=>HA
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ClientNo InterviewDate InterViewTime StaffNo

10 +=U 1%
10 +=U 1%
10 +=U 1%
10 (QHU 1%

StaffRoom P=>HA

StaffNo InterviewDate RoomNo

1% +=U %
1% +=U %
1% (QHU %

Normalization and Database Design

"QNEJEDAKNI=HEV=AE¥K?ARBQ =P=>=@A0ERGA OQND=-INKLKOAFEPBXPNAMQENAEG@=HBKNI
>ABKNPA>HAPNQ?PONARNA=PAGIU NA=H SKNPHP=>=0ARAAAEILNKLANBAOECIANEDN@ AP D
=JKI=HEAEEEILNKLANH@® EBEE@NEDAKQNBAPEIA7TKQI=U >A=0GABNAQ@ACEI@K@EBATEOPEJC
@=P=>=0A0 2DEO ?=J >A = H=NCA QJ@ANP=GEJC EB PDA P=>HAO =NA JKP LNKLANHU JKNI=HEVA@

Key Terms and Abbreviations

Boyce-Codd normal form (BCNF) = OLA?E=H ?=OAKB N@ ,$

first normal form (INF): KIHOEJCRAHQANAANIEPPA®DAJIPANOAEACPINKS=J@KHQIJOK
PDANA =NA JK NALA=PEJC CNKQLO

normalization PDA LNK?AOO KB @APANIEJEJC DKS 1Q?D NA@QJ@=J?U ATEOPO EJ = P=>HA
second normal form (2NF) PDA NAH=PEKJ IQOP >A EJ ,$ =J@ PDA .) ?KILNEOAO = OEJCHA =PPNE>QPA
semantic rules >QOEJAOO NQHAO =LLHEA@ PK PDA @=P=>=0A

third normal form (3NF) PDNAH=PE}IP-AEJ,$ =J@HPN=JOERERAJQAITRBSANAIKRA@
JKJ GAU =PPNE>QPA I=U JKP >A BQJ?PEKJ=HHU @ALAJ@AJP KJ =JKPDAN JKJ GAU =PPNE}

)4

QPA

Exercises

Complete chapters 11 and 12 before doing these exercises.
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5D=P EO JKNI=HEV=PEKJ

5DAJ EO = P=>HAEJ ,$

5DAJ EO =P=>HAEJ ,$

5DAJ EO =P=>HAEJ ,$

'@AJPEBU =J@ @EO?QOO0 A=7?D KB PDA EJ@E?FPNIALANIAFITEPB-EN=| ODH
$ECQNA

$ECQONA  $KN MQAOPEKJ >U 5=PP

2K GAAL PN=?G KB OPQ@AJPO =J@ ?KQNOAO = JAS ?KHHACA QOAO PDA P=>HA
"N=S PDA @ALAJ@AJ?U @E=CN=I BKN PDEO P=>HA

$ECQNA  $KN MQAOPHKXB=PP

30EJC PDA @ALAJ@AJ?U @E=CN=I UKQ FQOP @NAS ODKS PDA P=>HAO EJ PDA
SKQH@ ?NA=PA PK BET PDA LNK>HAIO UKQ AJ?KQJPANA@ "N=S PDA @ALAJ@AJ?
P=>HA

J=CAJ?U ?=HHA@ 'JOP=JP |KRAN OQLLHEAO L=NP PEIA PAILKN=NU OP=BB PK D

HEOPO PDA PEIA OLAJP >U =CAJ?U OP=BB SKNGEJC =P R=NEKQO DKPAHO 2DA
., EO QIEMQA BKN ARANU IAI>AN KB OP=BB 30A $ECQNA PK =JOSAN MQAOPE

$ECONA  $KN MQAOPEKJ >U 5=PP

SJEJ

\ OPNQ?

\EN PDE
U @E=C

KPAHO E
J=PEKJ-
KJO = =
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= 2DEO P=>HA EO OQO?ALPE>HA PK QL@=PA =JKI=HEAO .NKRE@A AT=ILHAO KB EJOANPE

=J@ QL@=PA =JKI=HEAO

> ,KNI=HEVA PDEO P=>HA PK PDEN@ JKNI=H BKNI 1P=PA =JU =O0QILPEKJDO
$EHH EJ PDA >H=JGO

= <<<<KLKLLKLLLLLLLL<<<<< LNK@Q?AO = HKSAN JKNI=H BKNI

> JU =PPNE>QPA SDKOA R=HQA @APANIEJAO KPDAN R=HQAO SEPDEJ = NKS EO ?=HHA@ -

< LLLL L L L L L L L

? J=PPNE>QPA PD=P ?=JJKP >A BQNPDAN @ERE@A@ EO O=E@ PK @EOLH=U <<<<<<<<<<
@<<<<KKLLLLLLLL<<<<<< NABANO PK PDA HARAH KB @AP=EH NALNAOAJRA@ >U PDA R=H(

EJ = P=>HAcO NKS

A NAH=PEKJ=H P=>HA IQOP JKP ?KJP=EJ <<<<<<<<<<<<<<<<<<<< CNKQLO

Also seeAppendix B: Sample ERD Exercises

Bibliography

,CQUAJEI JD RelationalDesignTheory -LAJ1P=T,6 (QH  OAPNEARAWU  BNKIDPPL ?JT KNC

?KIPAJPO 7?7

0QOOAHIMN@HKD=LPAN" ,KNI=HEO=PHN)atabaseelLearning, @ 0APNER&U

?D DPIH

>S@ @=A?=?AA@ >

BNKI@> CNQOOAHH KNC
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Adri enne Watt

?KNAOLAMBOKBPS=AKCEJAANE@®D DO Q> @ ERBMERKID ARAHKLIANK?AGIPK OANBAR. D=0OAKN
OPALA=-?IKBSDE?BK?QOAIXJA=OLAKE DA ARAHKLIAZIPA?KHHA? RERDAQ@P AIKIDKIAPEIARABANNA@
PK=CPDAoftwaredevelopmenlife cycle (SDLC) 2DAOKBPS4MWK @ QRRACPDNKQEDH{ERA?HAOKIAPEIAO
NALA=PA&HB O|ABEJARA@ARAHIQIREHE B EJ=HHAPEBAKIQOA@DA=HAE?D D=0OBIPDNEBA?HA=J
>A ?DA?GA@ BKN ?KNNA?PJAOO >ABKNA IKREJC KJ PK PDA JATP LD=0OA

Software Development Life Cycle B Waterfall

*APQ@P=8SEPBJ KRANRBAB DAvaterfall modelOQ?BAJKGEHBEJ@IKOPOKBPSAIKEEJAANEATP>KKGO
2DEG=PANBBHEBQKMAAEISECQNA EHHQOPNERSANSHPANBHHBIAR D=PKQH@LHBK=JU?KILQPAN
OUOPAARAHKLIABP®DKSPDANK?AS0- OPNBEAMQAKBOPAISDANRDAKQPLEBKIAOPAE®D EJLQPK
PDA JATP =J@ =HH KB KJA OPAL D=0 PK >A ?KILHAPA@ >ABKNA IKREJC KJPK PDA JATP

$ECONA  5=PANB=HH IK@AH

5A ?=JQORD#vaterfall process=C= IA=JOKBE@AJPEBRIERSOCPO=-NAAMQERK@APSAERPDEILQRI@
KQPLQP BKN A=?D =?PEREPU 5D=P EO EILKNP=JP EO PDA O?KLA KB PDA =?PEREPEAQO SDE?D ?7=J >/

[ Establishing requiremenSJRKHRAO ?KJOQHP=PEKJ SEPD =J@ =CNAAIAJP =IKJC OP=GADKH@A
PDAU S=JP BNKI = OUOPAI ATLNAOOA@ =0 = OP=PAIAJP KB NAMQENAIAJPO
[ AnalysisOP=NPO >U ?KJOE@ANEJC PDA OP=PAIAJP KB NAMQENAIAJPO =J@ BEJEODAO >U LNk

a4



78 ¥ DATABASE DESIGN - 2ND EDITION

OLA?EBE?=PEKJ 2DA OLA?EBE?=PEKJ EO = BKNI=H NALNAOAJP=PEKJ KB SD=P = OUOPAI ODKQH@ @
PD=P =NA EJ@ALAJ@AJP KB DKS EP I=U >A NA=HEVA@

[ Design>ACEJO SEPD = OUOPAI OLA?EBE?=PEKJ LNK@Q?AO0 @AOECJ @K?QIAIJPO =J@ LNKRE@AO = (
@AO?NELPEKJ KB DKS = OUOPAI ODKQH@ >A ?KIJOPNQ?PA@

[ ImplementatioreO PDA ?KIJOPNQ?PEKJ KB = ?KILQPAN OUOPAI =??KN@EJC PK = CERAJ @AOECJ @K?QI.
P=GEJC EJPK =??KQJP PDA AJRENKJIAJP EJ SDE?D PDA OUOPAI SEHH >A KLAN=PEJC AC OLA?EBE?
OKBPS=NA =R=EH=>HA BKN PDA @ARAHKLIAJP 'ILHAIAJP=PEKJ I=U >A OP=CA@ QOQ=HHU SEPD =J E
PD=P ?=J >A R=HE@=PA@ =J@ PAOPA@ >ABKNA = BEJ=H OUOPAI EO NAHA=OA@ BKN QOA

[ Testing?KIL=NAO PDA EILHAIAJPA@ OUOPAI =C=EJOP PDA @AOECJ @K?QIAIJPO =J@ NAMQENAIAJPO (
=J@ LNK@Q?AO =J =??ALP=J?A NALKNP KN IKNA QOQ=HHU =HEOP KB ANNKNO =J@ >QCO PD=P NANM
=J=HUOEO @AOECJ =J@ EILHAIAJP=PEKJ LNK?AOOAO PK ?KNNA?P PAOPEJC EO QOQ=HHU PDA P=0
S=PANB=HH IK@AH EPAN=PEJC PDNKQCD PDA HEBA ?U?HA

[ MaintenanceEJRKHRAO @A=HEJC SEPD ?D=JCAO EJ PDA NAMQENAIAJPO KN PDA EILHAIAJP=PEKJ AJRI
BETEJC KN LKNPEJC KB PDA OUOPAI PK JAS AJRENKJIAJPO A C IECN=PEJC = OUOPAI BNKI = OP=J@:-
3,'6 SKNGOP=PEKJ KN = JAPSKNGA@ AJRENKJIAJP 1EJ?A I=EJPAJ=J?A EJRKHRAO PDA =J=HUOEO KB
NAMQENA@ @AOECJ KB = OKHQPEKJ EILHAIAJP=PEKJ =J@ PAOPEJC KB PD=P OKHQPEKJ KRAN PDA
I=EJP=EJA@ OKBPS=NA OUOPAI PDA S=PANB=HH HEBA ?U?HA SEHH >A NALA=PA@HU NAREOEPA@

Database Life Cycle
5A ?=JQORDA=PANB2BMHAPDA=OBKNIK@AKBA=P=>@ARAHKLIRIPER?KNLKNFRAZAOQILPEKJIO

5A ?=J OAL=N=PA PDA @ARAHKLIAJP KB = @=P=>=0A " PD=P EO OLA?EBE?=PEKJ =J@ ?NA=PEKJ KE
@ABEJA @=P=EJ = @=P=>=0A * BNKI PDA QOAN LNK?AOOAQ PD=P I=GA QOA KB PDA @=P=>=0A

5A ?=J QOA PDA PDNAA O?DAI==N?DEPA?PQNA =0 = >=0EO BKN @EOPEJCQEODEJC PDA =?PEREPI
O?DAI=

5A ?=J NALNAOAJP PDA ?KJOPN=EJPO PK AJBKN?A PDA OAI=JPE?0O KB PDA @=P= KJ?A SEPDEJ = @-
PD=J SEPDEJ ARANU QOAN LNK?AOO PD=P QOAO PDA @=P=

30EJEDAGAOQILPEKIGECQNA SA?=JOARD=PDEDE=CNNALNAOAIR@QAKBPDA?PERERHARDAEN
KQPLQPO BKN @=P=>=0A @ARAHKLIAJP 'P EO =LLHE?=>HA PK =JU ?H=00 KB " +1 JKP FQOP = NAH=PEKJ=H -

"=P=>=0CALLHE?=PERRAHKLIABPDANK?AGBK>P=EJENB=H SKNABQENAIASPHUVENBMQENAIAIPO
@AOECJEJC PDA @=P==J@ BQJ?PEKJO KB PDA OUOPAI =J@ PDAJ EILHAIAJPEJC PDA KLAN=PEKJO EJ PDA C

Requirements Gathering

2DABENOPAE®@equirementgathering "QNEJEDEIPAPDA&R =P=>=@A0OECIZNTRKEIJPANREARQOPKIANO
@=P=>-QBANDQJ@ANOPEHB KLKOA@OPAIG>P=EJ@@K?QIAFD & =PT @ QJ?PEKNANQENAIAIPO
2DA NAOQHP KB PDEO OPAL EO = @K?QIAJP PD=P EJ?HQ@AO PDA @AP=EHA@ NAMQENAIAJPO LNKRE@A@

#OP=>HEORDANIQENAIEIRBHRKOIOQHP=FERB-J@CNAAIAHKIC =HPDAOANCPKSD=RANOEOC@~H>
PDAB=JPPKOPKNAKJSEPBJ =CNAAIAFOPKPDM=JEJC=J@EJPANLNAPKBEB& =PAHAIAIPEDA@=P=
=@IEJEOPN=HPKBOGAWNKHAIPDHMIK?AGOPDAKRANRERBAQOEJABAC=T@APDEEBIO(RBEPDERDA
KNC=JEV=PEKJ PD=P EIL=?P KJ PDA @=P= NAMQENAIAJPO
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$ECQNA S=PANBH#{&AHKBPDA?PEREREE@DDAKQPLQBRKN
@=P=>=0A @ARAHKLIAJP

2DAdata requirementsdocumenE@QOARBK?KIBENYDRQJ@ANOP=XBEAMQENAISHR OANIK I=GA OQNA
PD=HREQ@A=OEQLE@ ANOPRREK QBHE>AKRANBKINI=KNDECDHAIPK @ ADA@K?QIAIPDKQBERA?KI?EOA
OQII=NUKB=HBOANDQEMQENAIAIRCPFQGP?KHHA?R{BEI @ ERE @RQAMQENAIAIRPOPD AJPAIPEM®K
@ARAHKL = OEJCHA OD=NA@ @=P=>=0A

2DANAMQENAIAIPRQBIKP@AO?NEKSPDAQD=FEGK>ALNK?AOCA@N=PDAN=FPDAQ=FEPAIGNASD=P
=PPNE>QPAO PDAU D=RA SD=P ?KJOPN=EJPO =LLHU =J@ PDA NAH=PEKJODELO PD=P DKH@ >APSA,

Analysis

"=P==J=HUOCACQEXEPBDAP=PAIABD=ANAMQENAIAIJBRDAINK @ Q2 BJI?ALPQ@HRK@AFR2DA=EI
KB=J=HU@HRK>P=EJ@AP=E@A@?N E LKEFHOKD =FRD -FE HBIQ EFO ANAM QENAI RHPO=FKPDECBI@HKS
HARANKLANPR®-PI @ DARDANAD A=BEP2DAORJ?HQENKLANREACBCPDAKOOEN+ACKER=HQAO
PD=P=J>ALANIEPPBIGYPPNE>QPBEIPDA?DKKP-P=>7T~ILHAPDAPQ@RAIRNCK@AKQNCEPHKD
?NA@EP LKEJPO

2DA?KI?ALP(BHRK@ABNKRE @20=NA&NI=NALNAOAJIPKBEHBSECAEJICKIIQIE?=PASAPSARHEAJPO
=J@QARAHKI@RNHICP=>@ARAHKLIAFFEBK?QORE DA =H=)- @=P=>=BERNAOLAMEPRARAJPQ=H
QOKBPD=@=F=IQOANNK?AOBABILHAIAIP=PEEPDAD=F=JOLA?EBEKPLQPANIRENKJIIAJRDANABKMNA
?KI?ALPQ@HRK@ABCOKJI?ANJIASEPBDM=JEIC=J@PNQ?RBEAP=QRKFSEPBDA&A AP=EBEBA?PBEKS
PDAU =NA EILHAIAJPA@

2DA?KI?ALP@HRK@ARDAEG BKNI=NALNAOAJPKBEHBIR =P=@=P=>WK QPHIP=EI @ DAKIOPN=EJPO
PDA=RQORD=PECBIEODKQHATLNAOBAANIBD=NEJQALAIJGEDRSPDAK@AKU >AEILHAIAJPA@
O = NAOQHP =J=HUOEO BK?QOAO KJ PDA MQAOPEKJO '5D=P EO NAMQENA@ a JKP "&KS EO EP =?D|



80 ¥ DATABASE DESIGN - 2ND EDITION

Logical Design

"=P=>=0O@AO0OECR=NFEPB ?KJ?ALPQ@HRAK@ARJANK@Q2A0LA?EBE?4EEKIKCEBPDAI=PDESEHH
@APANIRIZOLA?EBER KBQ=P=>£D/OPAIAPSKNSAH=PEKJI=FA?P KNEABPBAEDIAMQEMBENAH=PEKJ=H
NALNAOAJP=PEKJ EO OPEHH EJ@ALAJ@AJP KB =JU OLA?EBE? " +1 EP EO =JKPDAN ?KJ?ALPQ=H @=P= IK@AI

5A ?=JQOA NAH=PERMHNAOAIPKPERRKJI?ALPQaRAK@AHOCEJLQPKPDAIKCE @A OHMNK?ACDA
KQPL®EPDEIP=EE @AP=BWAGPERIAPEBE?-PERKCE B FDAI=KB-HPDR=>HADEPKIJOPN=BAR@AQ@
PKO=PE®B& AO?NE LK =H=IPDAKJI?ALPQ@HRK @ AHP E@ QNEROEDAOECRPEREPRSFDKE? ANA
I=@A=CPKSDE?B=>HARNAKOP=LLNKLNEBRNALNAOAJPE&-H=)= @=P=>=PIPAORDKE?MQORP=GBJPK
=??KQIR=-NEK@BOEEPANEHQ@BE®T=ILHABHATE>HBHEP3JCAKIPNKB@ QLHE?=REEIK S>AOPK
NALNACRDRKIJOPN=EBE@DR=>HAANBEJAB®DANKCETPDAIPD=-BAPANIER-FRD=PNOPKNAI@DKS
PDAU I=U >A I=JELQH=PA@ EJ PDA @=P=>=0A

"=P=>=0C@AOECBWEHESEPNAH=PEKI=P=>=05@L/* |IECDPAPAILPABKCK@ENATHEUWHAIAIP=PEKJ
=BPAPNDAD=RANK@Q?A@KI?ALPQEHPK@AH&KSARANDQ?E @ENAPR=JOBKNI=RBRDANAH=PEKJ=H
NALNAOCAJPHREK] P=>HADKAIKPIJA?AOCO=NEMUER- @=P=>=RPB=P=0C-HIPDADAOEN-LNKAL ANPEAO
?KILHAPAJABIPACNBPATE>EABBH?EASI?Z@Q0=>EHERCKK @KJ?ALPQEHPK@AHEG-J AOOAJFBENOP
OPARKS=N@@=P=>-8SEFPPDAQANKLANPEAPD=BKAIKHA=J PD=PDAENAMN=JOBKNI=PEKI P=>HAO
=QPKI=PE?3HH@ Q 2ATKK @ =P=>=PI2E BENOPASE HP?QN=PNALNAOCRDR=>HAD@?KJOPN=HAR@A@
PKO=PE®BIRKJ?ALPQ@HRK@AKD AO?NELRHEIKSEHB=PEGBRKILHAPAJAQQ@EIJPACNEAVQENAIAIPO
>QER-U >AEJBHATEKNBBAKKIQO=>EHHPABEN@ROHIPDABHATRE& I LNKRRDAMQ=HKBERD ®=P=>=0A
@AOEEIexing EG PANPD=PEJPAIAA@-LPQRADOEIQHP=JAKQAKB>AJ@EIKIAPDEBKN @EBBANAJP
LONLKOA =J@ SA=GAJEJC =OLA?PO KB EP =0 EP EO >AJP

$ECQNA OQII=NEVADAPAN=FER/N=PARAIEIRKHRAI@=P=>@A0OEEIOAIK) PDKRANREBERAPO
I=EJ LONLKE&» K@ EOPEJRIEOMIANEB ORBSD=P=>HADK QK& OABNKIPDA AP=E@ABEJERBRDA
?KIOPEPQANRMBA=?P=>HMADACA>HARARKIOE @ ANAER- PEIA=HPDKPTIAENAKFEJ@ALAI @8R ?D
KPDA#E?DEPAN=FE<PIRKHRA\REOKEID R=>HARQHEA=B- JAS @ AOECKHHA?P HFOMHN QOQ=HHU
NABANNA@&tor@cut designARAJ EB PDA LNK?AOO EPAN=PAO BKN IKNA PD=J = OEJCHA HKKL

$ECQNA OQII=NWKBPDEPAN=RERMEORKHRAI@=P=>@A0ECJ

SENGKNCERARKJI?ALP(BHRK@AHEEOKRA?AOCOFNIHHPDQOANMMQENAIERA NAOANIBPEOBEA@
=OEJCE@AXP=—>=2I}ANZ2=J>AR=NEKQE-OKBRRD A ARAHKLIKBKNAPD=KJA@=P=>=0Q7?ECPDAAA@KN
EJ@ALAIGANN=PIBEIG®EBBANKIRPEKB@AL=NPIAJACHP NKRANP DAE@sP&KSARARBDAKHHA? K]
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@=P=>=QRAIP=E@QLHE? AR GQOANA@I=??A0@=-F=IIKNAPD=KJA@=P=>=PDABDANAAKOOE>HA
NA=OKPO=RIA@=P=>=8 O=PECBHPELNAMQENAIAIRED O QH =A@ =RAYALHE?=PEE® EOPNE>QPEKJ
JAA@ PK >A AT=IEJA@

1A?KI@KIAKBPDAOOQILPEKIRQB® =P=>%®ARAHKLIAIPD=-PA ?=JOAL=NFIMDARAHKLIKER @=P=>=0A
BNKPD&®ARAHKLIKEROANK?AOBRORGAQOKEERDEEC=0A@PDATLA?P=PEBIRI?A- @=P=>H30
>AAEILHAIAJPAGHB =INAMQENATNNAJPEXIPEQBDAGIK?AOCOARAAAID ABEJAI@=J>A=??A00A@
>QBA=HOKAMQBNATE>HEHERHKSPKAAPBQPQNAMQENAIARIROCAD @ARAHKLEHIGP=>-HKDKIA
=LLHE?=PHKBQ >ALKOOEPHANA@PERRKIIKI NAMQARIPSEHHALNAOAIPAZD ®=P=>=0Q@DKSA?=]
KLPEIEVA KQN @AOECJ BKN PDA IKOP ?KIIKI NAMQAOPO

2DEN@P=- @AP=EHARANHIU =0OLA?RB@=P=>=@AOECIGEILHAIAJP=PERALAXD PDA=NPE?QHZN
>AEJQOA@PDADKEMB' +1 EGETAMI=@ALNEKNPDA&AOBZIOBD=FDKE?AJ>AQOARK@APANIEJA
@AOETNEPANERDRN=$=EPEJQUPBEH HAIAIJP=PERD=FECEEQKOOEFHAI?KNLKNEAO EQA?EOBKID
OLA?EBE? " +1 N=PDAN PD=J LNK@Q?A = CAJANE? @AOECJ =J@ PDAJ P=EHKN EP PK PDA " +1 @QNE.

'PEQKRQJI?KIIKI PKBEJ@D=POEJCEHMOEGIIKPEIQHP=JAKQEFESBBDANKLANRERCKK@=P=>=0A
1KEEEGILKNP=PB D& AOEIABNEKNERVAGNKLANPEAQ=HIME EJBKNI=PBNKIPDAAMQENAIAJPO
OLA?EBE?=FHHMAT=ILHAPK@A?EEHRIPACNERMNAEILKNP=FD=ABBE?EAJRGE DAP D AD=>E HERNA
EILKNP=JP PD=J BHATE>EHEPU EJ = CERAJ @ARAHKLIAJP

P PDAJ@KBKONDAOEGCP=CRDAIKCEWPDAISSEHHAOLA?EBERN@* @=P@ABEJEPEKRCQ=CA
OP=PAIAJPO SDE?D @AO?NE>A PDA @=P=>=0A PD=P JAA@O PK >A EILHAIAJPA@ PK IAAP PDA QOAN

Implementation

'ILHAIAJP=PEKRIRKHRADRKIOPNQ?RBKI) =P=>=RKN@ PKP DO LA?EBE?3HEKIKCEBPDAI=2DEO
SEHEI?HQRIMLA?EBE?4IEKR FLLNKLNESPAN=CZ2DAI=OA?QNEFRKN?AIAFT PANBPDAI=J@KKJ
'ILHAIAJP=PEEDA=-REEHIBHQAJZBRDADKE¥B-R=EH=>HPO @=P=>FRIKHOAKLAN=PRIRENKJIIAIP
2DANANA@ @EPERGBEAUKJIQEILHINA=PEI@=P=>MDAI=J@EILHAIAJPERDAKIJOPN=EJRERQOP
>AAIJPANEAIPRDR=>HAD O MH=PERCD QOANIDAD OANIK?AOC QAR K>A=@ @NAGIERD A~J=CAIAIP
=?PERERBAB?E-FARIBE @ ADLA?RB?KNLKNRAA=J=CAIAJPJAA@K>AOQLLKNPAG@AALEEBEPPDA
"+1 =LLNK=?BAS=JP=0=JU KBPDACQKJ?ANJOLKOOEHAA=@ @NAGER@PDA+1 5A HKKEP
OKIA KB PDAOA ?KJ?ANJO >NEABHU JKS

'J LN=?PEEA_HAIAJP=PBKBPDAIKCEGPDAIZEJ= CERAJ+1 NAMQENRAN@GAP=-EGNDBHAQKBPDA
OLA?EBA>PQNA@B="EHEPEAPDA+1 D=@KKBBAB =J E@ASKNH@@EJGAALEBEPOKK@KBPS=NA
AJCEJAANENE?PEPRBENOP-GBEILHAIAIP=PEKQHEIRKHRA?DEJED A AOBTAMQENAISERPDA
>AOCFR=EH=EHAIAIAJPERKKHOG@ DAQOERDK®XKBBIRDAILHAIAJP=PEKRJ@=P=>F3NI10°DEECDP
EJRKHRAKKOERBI@KNK@Q3EeD+1 =J@/* R=NE=JROFOQERA@DA=P=>S2IAA@KEILHAIAIP
&KSARASA @KIAPERAI=J E@ASKNH@@KNAKBPAD=JKPD=N@ S=NDXE?2A @@ A?EOBXAC-N@HIL

"+1 SEHPFRAAAI-@ASAHHF@R=JRE’KIJOE@ANKBEBA =P=>@A0OEBIOAMQAJHHILHAIAIP=PEKJ
?=J EJRKHRA =@@EPEKJ=H BHATEJC KB PDA @AOECJ PK KRAN?KIA =JU OKBPS=NA KN D=N@S=NA H

Realizing the Design

BPARDAKCER®AOHTICAAPNA=PSRIAARQND=P=>FRKAA?NA=PABKN @ PIDA& ABEJEFEKDERA
LNK@Q?AKN=-J EILHAIAIJP=PESEPB NAH=PEK3J}4H PDESEHENK>=>HIRKHRBRAQOKBL/* PK?NA=PA
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P=>HAOG?KJOPN=PIP®=-PECBMKCEBPDAIZ® AO?NELREKRDADKE #B=-LLNKLNESPKN=C2DAI=EB
PDA ™" +1 LANIEPO PD=P HARAH KB ?KJPNKH

-JA S=UPI=?DEARBHETPKSNEPDALLNKLNEEPA™*  OP=PAIAIRBKBERD=P-J>AATA?QPAB®" +1
OKPD=IPDANEJ EJ@ALAIONNIKNKPATBPEHABPDA/*  OP=PAIAIRBBEJPIZR=P=>=0KPDAMPDK@&O
PKSKNE&JPAN=?PERMEILQ@=P=>-RKKHEGA 1ANRANJI=CAIAIPLPQ@EK+E?NKOKBFAOCSD=PARAN
IA?D=JEOIE@OARKEILHAIAJFPPDAIKCEBPDAI=PDAIAOEHIPD—P @=P=>=CBPP=>HAQ@?KJOPN=EEO
@ABEJA@ >QP SEHH ?KJP=EJ JK @=P=BKN PDA QOAN LNK?AOOAO

Populating the Database

BPAN @=P=>FBBAAPNA=PRBANNRSKS=UKB. KLQH=PEDIR=>HABGEPDBNKIATEOPEFHNDNKQCD
PDA QOA KB PDA QOAN =LLHE?=PEKJO @ARAHKLA@ BKN PDA @=P=>=0A

SKNOKIAP=>HARDANAU >AATEOPEIEBNKI=JKPDABEP=>KM=FBEHABNAT=ILHAEJAOP=>HEGDEJC
@=P=>EINDKOLERHLBIKQHAT LAFFDFDANNAHNA=QGIANA?KNKBEHPDOP=BB-P-RRICAEJ?HQ@A@
EPDA=P=>=GR=IECDRHOKA>NKQCEIBNKFJKQPOE@AI?+@ @NABCREIBNAMQAIRKIQ CEIBNKI
ATPANPHHL=JEAKN-NK@QTB@NEIE-N@=P<IPNRFOCKIRANPBICI@ ?KEUQ=HNA?KNEIPRKILQPAN
BEHAQ>A@KJIAU= @=REPNA{CAJ?UJ OQ?DEPQ=PERIDEILHAAR NK=HFK KLQHIPB&=P=>HHQOA
PDA EILKNP =J@ ATLKNP B=?EHEPEAO BKQJ@ EJ PDA " +1

$=?EHEPERAOKNRI @\ TLKNP=F=R=NEKQ=] @ BN& =PO® OQ=EREEH= DA BQ J?PEKNZEHOBIKSJ
EJOKIAOUOPAOHK =@ EIERJHK=@ B}PLKNPEJBI=>HABEHEQ =R A?KL EA@ENATERIRE P=>HA
5DAJ @=P=NDAHE)= BEHBKNI=PD=POKP=LLNKLNEBRR)OERDAILKNBQJI?PERDAEEQJA?AOOFNU
LNAL=NA=LLHE?=PEXKCN=?D=IRA=@IPDKH@=PEN=JOBKRIAI=QJA?A00=NG DAEJOANPRIEJPK
PD@=P=>REI ?K@BLA?EBE2NK@QBY®DAFNLKDAPN=JORBN=-NGIQ=JPERBATEOPE}EP=
EJPK @=P=>=NABANRK@-= bulk load QHGHK=@KED=R=U EJRKHRANH=NGAQ=JPERBERP-AEJC
HK=@AX@\P=>HR= PEI/OKUKQ=U BEJEDIFDANNA+1 B=?EHEPEKOPLK2KJOPN-TER?GEQIPEDA
AJ@ KB PDA >QHG HK=@EJC

Guidelines for Developing an ER Diagram

Note: 2DAOANAAIJANERE@AHEDARE HHO O I ARAHKI:HIENKIEOEBKRDA?PQ@=P=>=@0A0ELDA
HKCE?=H IK@AH

"K?QIAJP =HH AJPEPEAO @EO?KRANA@ @QNEJC PDA EJBKNI=PEKJ C=PDANEJC OP=CA

"K?QIAJP =HH =PPNE>QPAO PD=P >AHKJC PK A=?D AJPEPU 1AHA?P ?=J@E@=PA =J@ LNEI=NU GAU
JKJ GAU =PPNE>QPAO BKN A=?D AJPEPU =NA BQHH BQJ?PEKJ=HHU @ALAJ@AJP KJ PDA LNEI=NU GAl

"ARAHKL =J EJEPE=H #0 @E=CN=I1 =J@ NAREAS EP SEPD =LLNKLNE=PA LANOKJJAH OAIAI>AN PD=P
EPAN=PERA LNK?AQOO

INA=PA JAS AJPEPEAO P=>HAO BKN IQHPER=HQA®@ =PPNE>QPAO =J@ NALA=PEJC CNKQLO 'J?KNL
AJPEPEAO P=>HAO EJ PDA #0 @E=CN=| OAREAS SEPD =LLNKLNE=PA LANOKJJAH

4ANEBU #0 IK@AHEJC >U JKNI=HEVEJC P=>HAO
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Key Terms

analysis OP=NPO ?KJOE@ANHILOP=PAIAKB NAMQENAIASR@BEJEODADLNK@Q?EIOUOPAI
OLA?EBE?=PEKJ

bulk load PDA PN=JOBAN KB H=NCA MQ=JPEPEAO KB ATEOPEJC @=P=EJPK = @=P=>=0A

data requirements document QOA@ PK ?KJBENI PDA QJ@ANOP=J@EJC KB NAMQENAIAJPO SEPD PDA

design >ACEREPB OUOPAILA?EBE?=PEK@® Q @A0EQK?QIAJR0@ NKRE@AAP=EBA@?NELPEKJ

KB DKS = OUOPAI ODKQH@ >A ?KJOPNQ?PA@

establishingrequirements EJRKHRAQOQHP-FERB:-J@CNAAIAHKIC OP=GADKHEGASO=PDAU
S=JP BNKI = OUOPAI ATLNAOOA@ =0 = OP=PAIAJP KB NAMQENAIAJPO

flexing = PANIPD=P=LPQNRDAOEIQHP=JAE@AKB>AJ@EJIKIAPDEEKN @EBBANANLKGA@
SA=GAJEJC =OLA?PO KB EP =0 EP EO >AJP

implementation PDA ?KJOPNQ?PEKJ KB = ?KILQPAN OUOPAI =??KN@EJC PK = CERAJ @AOE

maintenance EJRKHR2A=HEEPDRD=JCALJIPDAAMQENAIANPO AILHAIAIP=PEKIRENKJIAIQC
BETEJC KN LKNPEJC KB PDA OUOPAI PK JAS AJRENKJIAJPO

requirements gathering = LNK?AG@IONESDE?PDAD=P=>=@A0OECHARANRERBE =P=>=QBARK

CJ @K?C

QIJ@ANOP=J@ PDA LNKLKOA@ OUOPAI =J@ K>P=EJ =J@ @K?QIAJP PDA @=P==J@ BQJ?HEKJ=H N

second-cutdesigns PDAKHHA? MEEP AN=PER3®=?[EJRKHRAREOERID R=>HRO=RA=R= JAS
@AOECJ

software development life cycle (SDLC)PD®ANEAO KB OPALO EJRKHRA®@ EJ PDA @=P=>=0A (@

testing ?KIL=NABDEILHAIAJPA@OPAC=EJPP&AOEBK?QIAJRBOGNAMQENAIQIFQEBE?=RKEKXJ
LNK@Q?AO =J =??ALP=J?A NALKNP

waterfall model ODKSPD&=P=>%@ARAHKLIAK?AS60- OPNBAMQAKBOPAISDANRDKQPL®B
KJA OPAL EO PDA EJLQP PK PDA JATP

waterfall process = 1A=JO KBE@AJPEBREEGOBGBMQERKI@=P=>-@ARAHKLIABRCAPARBDA
EJLQP =J@ KQPLQP BKN A=?D vRR&RHRPhb@@HA

Exercises

"AO?NE>A PDA S=PANB=HH IK@AH *EOP PDA OPALO
5D=P @KAO PDA =?NKJUI 1"*! |A=J =J@ SD=P @KAO =J 1"*! LKNPN=U

DARAHKI
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5D=P JAA@O PK >A IK@EBEA@ EJ PDA S=PANB=HH IK@AH PK =??KIIK@=PA @=PF>=0A @AOECJ
.NKRE@A PDA EPAN=PERA OPALO EJRKHRA@ EJ @=P=>=0A @AOECJ

Attribution

2DEOD=LPAMDatabaseDesign EJ?HQ@EBEI=CACAT?ALPOKPDANSHRPA@ G @ANER=PERAB2DA
"=P=>=0AARAHKLIAJPEBAU?HA >U PDALAJ 3JERANOEHFIAJOAEDANA=PERAIIKIO PPNE>QPEKJ
,KJIKIIAN?E=H 1D=NA HEGA *E?AJOA

2DA BKHHKSEJC I=PANE=H S=0 SNEPPAJ >U @NEAJJA 5=PP

)AU 2ANIO
#TAN?EOAO



Chapter 14 Database Users

Adri enne Watt

End Users

#J@ QOANO =NA PDSDKRIAHAMSAMQENA =??A00 PK = @=P=>=0A BKN MQANUEJC QL@=PEJC =J@ CA

Application user

2DA =LLHE?=PEKJ QOAN EO OKIAKJA SDK =??A00A0 =J ATEOPEJC =LLHE?=PEKJ LNKCN=I PK LANBKN

Sophisticated user
1KLDEOPE?9PABNARDKEDKD=RRDAKRSJ S=UKB=??A00RILR =P=>=2BEM=JO PDA@KKFRQORDA
=LLHE?=PE¥KICN+INKRE @D OUOPAIOPA=EDAIFCDRD ABERBAKRJ =L LHE?=PEK@ AO?NEDAENA@

@ENAZRIMMDEMQANFICQ=C2DA0A A?E=HEYA@NEIP=EBDAEANOKIgHP=>=0BQOEJNA=@U I=@A
LNKCN=I L=2G=CAO PD=P LNKRE@A A=0U PK QOA IAJQ @NERAJ ?KII=J@0 0Q?D =0 +1 ??A00

Application Programmers

2DAOAOAND HAIAJFOLA?EBERHE?=PBEKKCN=IRK=??ACRDOPKN@@2P2DAUQOP>AB=IEHESEPPDA
" +10 PK =??KILHEOD PDAEN P=0G

Database Administrators (DBA)

2DEGU >AKJALANOKN- CNKQHB_AKLHAFJ KNC=JEV=REQLKJOBKHQPDKNEVYZEISGBP DA =P=>=0A
IKJEPKNEJC EPO QOA =J@ I1=J=CEJC =HH KB PDA NAOKQN?AO PK OQLLKNP PDA QOA KB PDA AJPENA

Key Terms

application programmer QOAN SEKHAIAJPO OLA?EBE? =LLHE?=PEKJ LNKCN=I0 PK =??A00 PDA OPK
application user =??A00A0 =J ATEOPEJC =LLHE?=PEKJ LNKCN=I PK LANBKNI @=EHU P=0GQ

databaseadministrator (DBA) NAOLKJOBKHQPDKNEYZEJARXP DA =P=>=[BAEPKNEEEQOAI@
I=J=CEJC =HH PDA NAOKQN?AO PK OQLLKNP PDA QOA KB PDA AJPENA @=P=>=0A OUOPA|

end user LAKLHA SDKOA FK>0 NAMQENA =??A00 PK = @=P=>=0A BKN MQANUEJC QL@=PEJC =J@

sophisticateduser PDKGBDKQOKPDAAPDK@KPDAD=PDALLHE?=ABKICN=PI=??AGD & =P=>=0A
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2DANA =NA JK ATAN?EOAO LNKRE@A@ BKN PDEO ?D=LPAN
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Adri enne Watt & N elson Eng

StructuredQueryLanguagel/* EG @=P=>3DACQ=@RNOECBK®J=CEJ@=A3AHE}= NAH=PEKI=PE>=0A
I=J=CAIAJPOUOPAI* S=CEJEPE®IARAHK:A@ EJFPDA=NHUO "=PA 2DAEJEPRANOERHHA@
SEQUEL 1PNQ?PQMIGEHECDANU=JCQ=CAS=0@AOECHKBIELQH=PA@NAPNEGRACPKNE®+cO
MQ=0OE NAH=EERFQICAIAJIPOUOPAIUOPAD 2DAJEJPDA=PAO O0OAH=PEKIKBPS=NA SDE?BO
JKS -N=?HAKNLKN=PEEKIPNK @ PTHEENDRIAN?E=HHR=EH=EHAAIAIJP=PH&L/* -N=?HA BKM 6
?KILQPANO

+=JU KBPDAQNNAJBREEH=NMI=PEK3dI® OQ?BO-N=?HA=P=>=0AE?NKOKEBP 1ANRAGDKSZEJ
$ECQNA +UL/* "+ "+ 'IBKNIET =J@ +E?NKOKBP ??A00 QOA 1/*

$ECQNA  #T=ILHA KB +E?NKOKBP 1/* 1ANRAN >U 5=PP
'J="+1 PDA 1/* @=P=>=0A H=JCQ=CA EO QOA@ PK

[ 'NA=PA PDA @=P=>=0A =J@ P=>HA OPNQ?PQNAO
[ .ANBKNI >=0OE? @=P= I=J=CAIAJP ?DKNAO =@@ @AHAPA =J@ IK@EBU
[ .ANBKNI ?KILHAT MQANEAO PK PN=JOBKNI N=S @=P= EJPK QOABQH EJBKNI=PEKJ

'] PDED=LP/SASEHBK?QQU QOEI* PINA=PRE=P=>=0@=>H2PNQ?PCNAEDOEI* =C- @=P=

@ABEJEREBOQ=ODL 'J ID=LPAN SASEHROA* =C-@=F=JELQH=PHESICQ=OML PKEJOAKIAHAPA
OAHA?P =J@ QL@=PA @=P= SEPDEJ PDA @=P=>=0A P=>HAO
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Create Database

2DAI=FKNL/* " OP=PAIAJRNDAO# 2# "2 1# =J@O0o# 2# "0-. *2#0 2 *# 2DA1/*
OP=PAIAJP 10# 2# EO QOA@ PK ?NA=PA PDA @=P=>=0A =J@ P=>HA OPNQ?PQNAO

Example: CREATE DATABASE SW

JAS @=P=>=BM@SW ECQNA=PAEGPDA/* OP=PAIAIR 2# "2 1# 15 -J?A PDAQ=P=>=IA
?NA=PA@ PDA JATP OPAL EO PK ?NA=PA PDA @=P=>=0A P=>HAO

2DA CAJAN=H BKNI=P BKN PDA !0# 2# 2 *# ?KlI=J@ EO

10# 2# 2 *# P=>HAJ=IA

IKHQIJ,=IA "=P=PULA -LPEKJ=H !KHQIJ IKJOPN=EJP
IKHQIJ,=IA "=P=PULA -LPEKJ=H !KHQIJ |KJOPN=EJP
-LPEKJ=H P=>HA IKJOPN=EJPO

L

2=>HAJ=IEPDA-IA KEPDAR=P=>F4HIQ?BCEMployee #=?DBEAB@DN# 2# 2 *# D=@GDNAANPO
OAA =>KRA

IKHQIJ,=IA
"=P= PULA
-LPEKJ=H IKHQIJ IKJOPN=EJP

ColumnName

2DAKKHQIJ,=IA 1QOP-AQIJEMGEPDEDR=>HEKIA AT=ILHAKBKHQIJ,=IAO =NAENOP,=IAJ@=0P,=IA

Data Type

2DA@=FRULAQDAO?’NEAHRSQOPA= OUOPA=FRULKN- QOAN @AB@3RJLA=JU KBPDA&=FRULAO
D=RA=0EVAOQ?D=01!&0 KN ,QIANE?

Bit BPJPACAN @=P= SEPD AEPDAN = KN R=HQA

Int BIPACAN SDKHA JQI>AN @=P=BNKI ; PDNKQCD ; *

Smallint BJPACAN @=P=BNKI ; PDNKQCD ; #

Tinyint BJPACAN @=P=BNKI PDNKQCD

Decimal BBETA@ LNA?EOEKJ =J@ O?=HA JQIANE? @=P=BNKI ; PDNKQCD ;

Numeric ® OUJKJUI BKNecimal
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Timestamp b @=P=>=0A SE@A QJEMQA JQI>AN
Uniqueidentifier B CHK>=HHU QJEMQA E@AJPEBEAN %3™

Money * +KJAP=NU@=P=R=HQAGNKI ; PDNKQCD A
SEPD =??QN=?U PK KJA PAJ PDKQO=J@PD KB = IKJAP=NU QJEP

Smallmoney B+KIJAP=N@=PR=HQADIKI PDNKQCD SEPBE??QN=RKKJA PAJ
PDKQO=J@PD KB = IKJAP=NU QJEP

Float BBHK=PEJC LNA?EOEKJ JQI>AN @=P=BNKI # PDNKQCD #
Real BBHK=PEJC LNA?EOEKJ JQI>AN @=P=BNKI # PDNKQCD #

Datetime B'=PA=J@PEIA@=PBNKI(=JQ=NU PK'A?AI>AN SEPBJ =?7QN=MBKJA PDNAA
DQJ@NA@PDO KB = OA?KIJ@ KN IEHHEOA?KJ@O

Smalldatetime B=PA =J@ PEIA @=P= BNKI (=JQ=NU PDNKQCD (QJA SEPD =J =??QN=?U KB KJA |
Char BBETA@ HAJCPD JKJ 3JE?K@A ?D=N=?PAN @=P= SEPD = I=TEIQI HAJCPD KB  ?D=N=?PANO
Varchar &4=NE=>HA HAJCPD JKJ 3JE?K@A @=P=SEPD = I=TEIQIKB  ?D=N=?PANO

Text A=NE=>HA HAJCPD JKJ 3JE?K@A @=P= SEPD = I=TEIQI HAJCPDKB ; * ?D=N=?PANO
Binary BSETA@ HAJCPD >EJ=NU @=P= SEPD = I=TEIQI HAJCPDKB  >UPAO

Varbinary B4=NE=>HA HAJCPD >EJ=NU @=P= SEPD = I=TEIQI HAJCPD KB  >UPAO

Image B4=NE=>HA HAJCPD >EJ=NU @=P= SEPD = I=TEIQI HAJCPD KB ; * >UPAO

Optional Column Constraints

2DA-LPEKJ=HHQIJIKJOPN=E3R@A3** -2 ,3**  3,/3# .0'+ 07 W7 =J@#$ 3*2 QOARK
EJEPE=HEVA@®XKNIASNA?KNI@A?KHQIPKIOPN=83P EJ@ E?-FAERHRFHQARAHHKS ARDE?A=JO
PD=NKS?=J>A?NA=PBEP DKOR-HBEKRDEBHQIJ2DA?KHQIPKIJOPN=RIP ,3** EJ@E?ZPBER=-HQA
IQOP >A OQLLHEA@ SDAJ = JAS NKS EO ?NA=PA@

2K EHHQORBPAHBIORDA/* OP=PAIADR 2# 2 *#  #+*-TH##l PKNA=PAOAILHKUAAG>FBEPD
=PPNE>QPAO KN BEAH@O

31# 15
10# 2# 2 *# #+ . *-TH#H#H1

#ILHKUAA K 1& 0 -2 ,3%* 3,'13#
"AL=NPIAJP, =IA 1&0 -2 ,3** "#$ 3*2 "&QI=J 0OAOKQN?AOa
$ENOP,=IA 1& 0 -2 ,3**

*=OP|=IA !&O ,'2 ,3**
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I=PACKNU 1&0 -2 ,3**
&KQNHUO=PA 1300#,17 2,3
2EIAI=N@ *-0p'l * ;-2 ,3%
&KQNHU1=H=NEA@ !&0 -2 ,3**
#IL2ULA 1&0 -2 ,3**
2ANIEJ=PA@ *-00'l * -2 ,3%*
#TAILPIK@A 1& 0 -2 ,3%
1QLANREOKN *-0'l * -2 ,3%*
1QLANREOKN,=IA 1&0 ;-2 ,3**
ENPD"=PA " 2# 2,3
IKHHACA"ACNAA 1& 0 -2 ,3**
1-,120',2 #ILHKUAA<.) .0+ 07 )#7 #ILHKUAA K

2DABENBEFAH@ILHKUAA KSEPBBEARGLAKB& 0  $KNPDEREAHR®@BEAHEICHD ?D=N=?PANG@PDA
QOAN ?=JJKP HA=RA PDEO BEAH@ AILPU ,-2 ,3**

1EIEH=NADAA?KIREAHGAL=NPIAJP,=IASEPBEBEAR@L. 0 KBHAJCPD BPANHPDR=>FXKHQIJONA
@ABEJA@ =P=>HA ?KJOPN=EJP E@AJPEBEA@ >U PDA SKN@ !-,120",2 EO QOA@ PK ?NA=PA PDA LNEI=NU G

1-,120",2 #ILHKUAA.) .0+ 07 )#7 #ILHKUAA,K

5A SEHH @EO?QOO0O PDA ?KJOPN=EJP LNKLANPU BQNPDAN H=PAN EJ PDEO ?D=LPAN

*EGASEGA ?=J?NA=RAAL=NPIAJP=>HA NKFATR>HA@J OOECJIAIP=>HROERDINO# 2# 2 *#
1/ ™* ?2KII=J@ =O ODKSJ EJ PDA >AHKS AT=ILHA

~

31# 15
10# 2# 2 *# "#. 02+#,2

"AL=NPIAJP,=IAID=N  ,-2 ,3**
Q@CAP!K@AD=N -2 ,3**
-BBE?A,QI>AND=N -2 ,3**

.DKJA ID=N -2 ,3%

1,120 ',2 "#. 02+#,2<.) .0'+ 07 )#7 "AL=NPIAJP,=IA

'] PDEAY=ILHA= LNKFAPR>HACPNA=P SEPARABEAH@BFA?P"NKFA?P, =IA’AL=NPIAJP+=T&KQNO
1P=NP"=PA =J@ #J@"=PA
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31# 15
10# 2# 2 *# .0-(#12

NKFA?P™ 'JP -2 3% "# 2'27

NKFA?P,=IA ID=N -2 ,3*

"AL=NPIAJP ID=N -2 ,3*

+=T&KQNO ,QIANE? -2 3% "#$3*2
1P=NP"=PA"=PA2EIA ,3**

#J@"=PA "=PA2EIA ,3*

1-,120",2 11'%,+#,2<.) .0'+ 07 )#7 .NKFA?P"

'J PDEB=ORT=ILHA=J =OOECJIAR->HEO?NA=PAR8PIPDNABEAH@IXFA?P"#ILHKUAA,QI>AN=J@
&KQNOSKNGABR=00ECJIARL>HAQOARNA?KISEK #ILHKUAA,QI>AN=J@KSIQ?D PEIA &KQNOSKNGA@
=J AILHKUAA SKNGA@ KJ PDA L=NPE?QH=N LNKFA?P .NKFA?P"

31# 15
10# 2# 2 *# 11'%,+#,2

NKFA?P" 'JP ,-2 ,3**
#ILHKUAA,QI>ANJP ,-2 ,3**
&KQNO5KNGA@IANE? ,3**

Table Constraints

2=>HAKJIOPN=ENB@AIJPEBBREA,120 ',2 GAUSKN@GIa?=J>AQOARKEILHAIAJR=NEKZIOPN=EJPO
@AO?NE>A@ >AHKS

IDENTITY constraint

5A ?=JQORDALPEKJI2KHQI?KIJOPN=EIR'27 PKLNKRE@BJEMQAI?NAIAIPREHEBKRD=PKHQIJ
'@AIJPERHQIIGNABPAJOASEPBDAD'+ 07 #7  ?KIOPN=PI2AONRAPDRJIEMQK E @AJPHRERNA
P=>H2DA"#,2'27  LNKLANP>A=OOECI@?KHQISEPB PEJUEGP-HHEHPR@A?EIHNIQIANE®=P=
PULA 2DEO ?KJOPN=EJP

[ %AJAN=PAO OAMQAJPE=H JQI>ANO

[ "KAO JKP AJBKN?A AJPEPU EJPACNEPU

[ -JHU KJA ?KHQIJ ?=J D=RA PDA "#,2'27 LNKLANPU

[ +QOP >A @ABEJA@ =0 =J EJPACAN JQIANE? KN @A?EI=H @=P=PULA
[ '=JIKP QL@=PA = ?KHQIJ SEPD PDA "#,2'27 LNKLANPU

[ !'=JIKP ?KJIP=EJ ,3*R=HQAO
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[ '=JIKP >EJ@ @AB=QHPO =J@ @AB=QHP ?KJOPN=EJPO PK PDA ?KHQIJ

$KN "#,2'279 OAA@ EJI?NAIAIP :

[ 1AA@ " PDA EJEPE=H R=HQA KB PDA E@AJPEPU ?KHQIJ
[ 'J?NAIAJP * PDA R=HQA PK =@ @ PK PDA H=0P EJ?NAIAJP ?KHQIJ

5A SEHROAJKPDADEP=>7TAILHARKBONPEMHQOPRAPA "* OP=PAIAJRCNA=PERIOR=>HPH&KPAH
EJ PDEO &-2#* @=P=>=0A

10# 2# 2 *# P>H&KPAH
&KPAH,K ‘JP "#,2'27
=1A ID=N -2 ,3%
@@NAOO ID=N ,3**
IEPU ID=N ,3**

3,'/3# ?KIOPN=EJP

2DA 3,'/3# ?KIJOPN=EJP LNARAJPO @QLHE?=PA R=HQAO BNKI >AEJC AJPANA@ EJPK = ?KHQIJ

[ KPD.)=J@ 3,'/3# ?KIJIOPN=EJPO =NA QOA@ PK AJBKN?A AJPEPU EJPACNEPU

[ +QHPELHA 3,'/3# ?KIJOPN=EJPO ?=J >A @ABEJA@ BKN = P=>HA

[ 5DAJ = 3,/3# ?KJOPN=EJP EO =@@A@ PK =J ATEOPEJC P=>HA PDA ATEOPEJC @=P=EO =HS=UO R=HE
[ 3,/3# ?KIOPN=EJP ?=J >A LH=?A@ KJ ?KHQIJO PD=P =@PAL6"&QbiMCan be NULL.

[ 3,/3# ?KIOPN=EJP =QPKI=PE?=HHU ?NA=PAO = QIEMQA EJ@AT KJ PDA OAHA?PA@ ?KHQIJ

2DEO EO PDA CAJAN=H OUJP=T BKN PDA 3,'/3# ?KJOPN=EJP

91-,120',2 ?KIJOPN=EJP<J=IA:

3,'/3# 91*312#0#" X ,-,1*312#0#":
?KH<J=IA 9 ?KH<J=IA 9\ ?KH<J=IA :
9-, OACIAJIP<J=IA:

2DEO EO =J AT=IHA QOEJC PDA 3,'/3# ?KJOPN=EJP

10# 2# 2 *# #+.*-TH#1

#ILHKUAA K 1& 0 -2 ,3%* 3,'/13#
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FOREIGN KEY constraint

2DAS-0#'%, )#7 $) ?KIOPN=@MBEJACGKHQIJKN?KI>EJ=PEKB?KHQIJOSDKOR=HQAP?DPDA
.0'+ 07 Y#7 .) KB =JKPDAN P=>HA

[ 4=HQAO EJ =J $) =NA =QPKI=PE?=HHU QL@=PA@ SDAJ PDA .) R=HQAO EJ PDA =OOK?E=PA@ F
?D=JCA@

[ $) ?KIOPN=EJPO IQOP NABANAJ?A .) KN PDA 3,'/3# ?KJOPN=EJP KB =JKPDAN P=>HA

[ 2DA JQI>AN KB ?KHQIJO BKN $) IQOP >A O=IA =0 .) KN 3,'/3# ?KJOPN=EJP

[ 'BPDA52& ,-1&#!") KLPEKJ EO QOA@ PDA $) ?KJOPN=EJP SEHH JKP R=HE@=PA ATEOPEJC @-=I

[ .KEJ@AT EO ?NA=PA@ KJ PDA ?KHQIJO PD=P L=NPE?EL=PA EJ =J $) ?KJOPN=EJP

2DEO EO PDA CAJAN=H OUJP=T BKN PDA $-0#'%, )#7 ?KJOPN=EJP

91-,120',2 ?KIJOPN=EJP<J=IA:
9%-0#'%, J#7 ?KH<J=IA 9 ?KH<J=IA 9\ ?KH<J=IA :::
0#$#0#,1#1 9KSIAN :NAB<P=>HA 9 NAB<?KH 9 NAB<?KH 9\ NAB<?KH :::

'J PDEO=ILHAPDBEAKREPAH,KJPDR>HOKKP=>HZG$) PKPDBEAKREPAH,EIPDR>H&KHX+HADKSJ
LNAREKQOHU

31# &-2#*

-

10# 2# 2 *# P>HOKKI

&KPAH,K ‘JP -2 ,3%

OKKLK 'JP -2 ,3%*

2ULA ID=N NS

.NE?A +KJAU ,3*F*

.0'+ 07 )#7 &KPAH,K OKKI,K

$-04#'%, J#7 &KPAH,K 0#$#0#,1#1 P>H&KPAH

CHECK constraint

2DA 1&#!) ?KIOPN=EBRROPNE?PO R=HQAO PD=P ?=J >A AJPANA@ EJPK = P=>HA

[ 'P?=J?KIP=EJ OA=N?D ?KI@EPEKJO OEIEH=N PK = 5&#0# ?H=QOA

[ 'P ?=J NABANAJ?A ?KHQIJO EJ PDA O=IA P=>HA

[ 2DA @=P= R=HE@=PEKJ NQHA BKN = 1&#!) ?KJOPN=EJP IQOP AR=HQ=PA PK = >KKHA=J ATLNA!
[ 'P?=J>A @ABEJA@ BKN = ?KHQIJ PD=P D=0 = NQHA >KQJ@ PK EP

2DEO EO PDA CAJAN=H OUJP=T BKN PDA [&#!) ?KJOPN=EJP
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9!1-,120",2 ?KIOPN=EJP<J=IA:
1&#1) 9,-2 $-0 0#.*'1 2'-,: ATLNAOOEKJ

'‘J PDEO AT=ILHA PDA 2ULA BEAH@ EO NAOPNE?PA@ PK D=RA KJHU PDA PULAO b1EJCHAc b"KQ>HAc b1QEP;

31# &-2#*

%p-

10# 2# 2 *# P>HOKKI
&KPAH,K ‘JP 2,3
OKKLK 'JP -2 ,3%
2ULA 'D=N , 3%
.NE?A +KJAU Cid

.0'+ 07 )#7 &KPAH,K OKKI,K

$-0#'%, )#7 &KPAH,K O0#$#0#,!1#1 P>H&KPAH

1-,120',2 4=HE@<2ULA

1&#!) 2ULA', b1EJCHAC b"KQ>HAc b1QEPAc b#TA?QPERAC

'J PDETA?K T =ILHAPDAILHKUABENB=FIDK QFHBABKAIQ=NU KND=RAO=H=NBIBFB

%-
10# 2# 2 *# 1 *#10#.1

#ILH<JQI 'JP ,KP ,QHH
1&#!) #ILH<JQI #25##, =J@

=IA ID=N
CA 'JP 1&#!) CA

JQKP= +KJAU 1&#) /QKP=
&ENA"=PA "=PA2EIA

1-,120",2 IQKP=I=L 1&#!) &ENA"=PA ° a -0 /QKP=

DEFAULT constraint

2DA'#$ 3*2  ?KIJOPNSEIFOABOQLLHR=H@D=PEQPKI=PE?=HBI@ BE&N ?KHQIEBRDAOARKAIKXP
OQLLHU KJA

[ ?KHQIJ ?=J D=RA KJHU KJA "#$ 3*2
[ 2DA"#$ 3*2 ?KIOPN=EJP ?=JJKP >A QOA@ KJ ?KHQIJO SEPD = PEIAOP=IL @=P= PULA KN E@AJPEPU LI
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[ "#3% 3*2 ?KIOPN=EJPO =NA =QPKI=PE?=HHU >KQJ@ PK = ?KHQIJ SDAJ PDAU =NA ?NA=PA@

2DA CAJAN=H OUJP=T BKN PDA "#$ 3*2 ?KJOPN=EJP EO

9!1-,120",2 ?KIOPN=EJP<J=IA:
"#$ 3*2 W?KJOP=JP<ATLNAOOEKJ X JEH=@E? BQJ?PEKJ X ,3**Y
9%$-0 ?KH<J=IA:

2DEO AT=ILHA OAPO PDA @AB=QHP BKN PDA ?EPU BEAH@ PK b4=J?KQRANCc

31# &-2#*
*2#0 2 *# P>H&KPAH
@@ !-,120',2 @B<?EPU "#$ 3*2 b4=J?KQRANCc $-0 |EPU

User Defined Types

30AMDABE.R@ ANAHS=USOAID OUOPAI OQLLEEARILALDAP=JAIBKN@=F=IPACNERP DALHHKS
JQHHO

2K ?NA=RRQOAN @ABB3NRULEJIL/* 1ANRANDKKAAULAQI@AMNKCN=II=>EHEBJdKQ®=P=>=@AP
NECRRE2@DKKOASc” b30AN @ABEIABULACNTA?QPRAL<=@ @ FRLAPAPKNAE ?A@ BPAN
PDEO PULA

OL<=@@PULA O0OJ bR=N?D=N c b,-2,3**c

2DEO SEHH =@@ = JAS QOAN @ABEJA@ @=P=PULA ?=HHA@ 1', SEPD JEJA ?D=N=?PANO

'J PDEO AT=ILHA PDA BEAH@ #ILHKUAA1', QOAO PDA QOAN @ABEJA@ @=P=PULA 1,

10# 2# 2 *# 1',2=>HA

#ILHKUAA™  ',2 .NEI=NU )AU
#ILHKUAAL', 1/

1-,120',2 I DA?G1',

1&#1) #ILHKUAAL', *")#

b9 9 :9 :7~9 !9 :9 :~9 9 9 :b

ALTER TABLE

7KQ ?=J QOA *2#0 2 *# OP=PAIAJPO PK =@ @ =J@ @NKL ?KJOPN=EJPO
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[ *2#02 *# =HHKSO ?KHQIJO PK >A NAIKRA@
[ 5DAJ = ?KJOPN=EJP EO =@@A@ =HH ATEOPEJC @=P==NA RANEBEA@ BKN REKH=PEKJO

'‘J PDEO AT=ILHA SA QOA PDA *2#0 2 *# OP=PAIAJP PK PDA "#,2'27 LNKLANPU PK = IKHQIJ,=IA BEAH@

31# &-2#*

%-

*2#0 2 *# P>H&KPAH
"™1-,120',2 QIM,=IA 3,'/3# =IA

30APDAR2#0 2 *# OP=PAIABPR=@ @ ?KHQIJSEPPDA#,2'27 LNKLANGQ?BO *2#0 2 *#
2=>HA=IA

IKHQIJ,=IA EJP "#,2'27 OAA@ EJ?NAIAJP

DROP TABLE

2DA"0-. 2 *# SEHH NAIKRA = P=>HA BNKI PDA @=P=>=0A +=GA OQNA UKQ D=RA PDA ?KNNA?P @=P=>=0A

"0-. 2 *# P>H&KPAH

#TA?QPEJC PDA =>KRA 1/* "0-. 2 *#OP=PAIAJP SEHH NAIKRA PDA P=>HA P>H&KPAH BNKI PDA @=P=>=0A

Key Terms

DDL =>>NARE=PEKaBKi¢finition language
DML =>>NARE=PEKABKManipulation language

SEQUEL =?NKJUIBKMtructuredEnglish Query Language;@ AOECIHX&JELQH=RPA@NAPNE&RA=
OPKNA@ EJ' +cO MQ=0OE NAH=PEKJ=H @=P=>=0A 1=J=CAIAJP OUOPAI 1UOPAI 0

Structured Query Language(SQL) = @=P=>34GACQ=CGMOECEBK®-J=CEIG@=FBAHIEI= NAH=PEKJ
@=P=>=0A 1=J=CAIAJP OUOPAI

1T
T
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Exercises

30OEJC PDA EJBKNI=PEKJBHIRARDHAATAN?EOA EILHAIAJP PDA O?DAI= QOEJC 2N=J0=?P 1/

ODKS 1/* OP=PAIAJPO BKN A=?D P=>HA 'ILHAIAJP PDA ?KJOPN=EJPO =0 SAHH
INA=PA PDA P=>HA ODKSJ DANA EJ 1/* 1ANRAN =J@ ODKS PDA OP=PAIAJPO UKQ
2=>HA #ILHKUAA

ATTRIBUTE (FIELD) NAME DATA DECLARATION
#+.<,3+ 1& 0

H#+.<* +# 40!&0

#+.<$, +# 40'&0

#+.<,'2'* &0

#+.<&'0#" 2# " 2#

(- <I-"# &0

&=REJC ?NA=PA@ PDA P=>HA OPNQ?PQNA EJ MQAOPEKJ SNEPA PDA 1/* ?K@A
P=>HA ODKSJ EJ $SECQNA

$ECQONA #ILHKUAA P=>HA SEPD @=P= BKN MQAOPEKJO >U 5=PP

30A$ECQONA PK=JOSAN MQAOPEKJO PK
5NEPA PDA 1/* ?K@A PK ?D=JCA PDA FK> ?K@A PK BKN PDA LANOKJ SDKOA LA

BPAN UKQ D=RA ?KILHAPA@ PDA P=0OG AT=IEJA PDA NAOQHPO =J@ PDAJ NAQ
KNECEJ=H R=HQA
OOQIEJC PD=P PDA @=P= ODKSJ EJ PDA #ILHKUAA P=>HA D=RA >AAJ AJPANA@
PD=P HEOPO =HH =PPNE>QPAO BKN = FK> ?K@A KB
5NEPA PDA 1/* ?K@A PK @AHAPA PDA NKS BKN PDA LANOKJ J=IA@ 5EHHE=I 11EH

QOA@

PK AJP/

NOKJJAI
AP PDA

SNEPA

DBEAHC



98 ¥ DATABASE DESIGN - 2ND EDITION

KJ (QJA =J@ SDKOA FK> ?K@A ?H=0O0EBE?=RiEK38@ HKCE?=H KLAN=PKNO PK EJ?HQ@A
=HH PDA EJBKNI=PEKJ CERAJ EJ PDEO LNK>HAI
@@ PDA =PPNE>QPAO #+.<.12 =J@ .0-(<,3+ PK PDA #ILHKUAA P=>HA 2DA #+.<.12 [EO PDA
>KJQO LAN?AJP=CA PK >A L=E@ PK A=7?D AILHKUAA
30EJC = OEJCHA ?KlI=J@ SNEPA PDA 1/* ?K@A PD=P SEHH AJPAN PDA LNKFA?P|JQI>AN .0-(<,3+
BKN =HH AILHKUAAO SDKOA FK> ?H=0O0OEBE?=PEKJ (- <!-"# EO
30EJC = OEJCHA ?KlI=J@ SNEPA PDA 1/* ?K@A PD=P SEHH AJPAN PDA LNKFA?P|JQI>AN .0-(<,3+
BKN =HH AILHKUAAO SDKOA FK> ?H=00EBE?=PEKJ (- <!-"# EO KN DECDAN
5NEPA PDA 1/* ?K@A PD=P SEHH ?D=JCA PDA .0-(<,3+ PK BKN PDKOA AILHKUAAO SDK SANA
DENA@ >ABKNA (=JQ=NU =J@ SDKOA FK> ?K@A EO =P HA=OP  7KQ I=U =OQQIA PD=P PDA P:
SEHH >A NAOPKNA@ PK EPO KNECEJ=H ?KJ@EPEKJ LNA?A@EJC PDEO MQAOPEK]

Also see Appendix C: SQL Lab with Solution

References

"=PA ! ( Relational DatabaseSelectedWritings.0A=@EJE=00 @ @EOKJ SAOHMHEODMKIL=JU 'J?
L
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2DA 1/* @=P= I=JELQH=PEKJ H=JCQ=CA "+* EO QOA@ PK MQANU =J@ IK@EBU @=P=>=0A @=P= 'JF
@AO?NE>A DKS PK QOA PDA 1#*#12 ' 1#02 3." 2# =J@ "#*#2%'+* ?KII=J@ OP=PAIAJPO @ABEJA@
>AHKS

SELECT” PK MQANU @=P= EJ PDA @=P=>=0A
INSERT” PK EJOANP @=P= EJPK = P=>HA
UPDATE” PK QL@=PA @=P= EJ = P=>HA
DELETEA PK @AHAPA @=P= BNKI = P=>HA

— ———

'J PDA 1/* "+* OP=PAIAJP

[ #=7D ?H=QOA EJ = OP=PAIAJP ODKQH@ >ACEJ KJ = JAS HEJA

[ 2DA >ACEJJEJC KB A=?D ?H=QOA ODKQH@ HEJA QL SEPD PDA >ACEJJEJC KB KPDAN ?H=QOA

[ 'B=7?H=QOA D=0 OARAN=H L=NPO PDAU ODKQH@ =LLA=N KJ OAL=N=PA HEJAO =J@ >A EJ@A
?H=QOA PK ODKS PDA NAH=PEKJODEL

[ 3LLAN ?=0OA HAPPANO =NA QOA@ PK NALNAOAJP NAOANRA@ SKN@O

[ *KSAN ?=0OA HAPPANO =NA QOA@ PK NALNAOAJP QOAN @ABEJA@ SKN@O

SELECT Statement

2DAL##12  OP=PAIAKN’KII=J@ =HHKFDROANATPN=@R-MBNKIP=>HAGOAK OLA?EBREPANIEO
LNK?AOO0A@ =??KN@EJC PK PDA BKHHKSEJC OAMQAJ?A

1#412 12,12 EPAI O
$0-+ P=>HAO
58#0# LNA@E?=PA
%0-3. 7 BEAH@ O
-0"#0 7 BEAH@O

5A ?7=J QOA PDA 1##QP=PAIAJP PK CAJAN=PA =J AILHKUAA LDKJA HEOP BNKI PDA #ILHKUAAO P=>HA

1#4#12  $ENOP =IA *=OP,=IA LDKJA
$0-+ #ILHKUAAO
-0"#0 7 *=OP,=IA

2DEG®?PESEHBEOLWHIHKUAAEBORIA BENBPA =)@ DKIAQI>ANBNKIPDAILHKUAAP=>HBAAE]
2=>HA

99
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Last Name First Name Phone Number
&=C=JO (EI
5KJC NQ?A

Table 16.1. Employees table.

'‘J PDEIATRAT=ILHASA SEHROA .Q>HEODRNtHA=>HA 7KQ SEHKKPED=-RJ=@-FEQEOLAHHAD
PDRublisherCountryBEAB&HT=ILHAQ>HEODEJ@! .Q>HEODRIC?’KNNAERLAHHEJORDA." 2#
OP=PAIAJP PK OP=J@=N@EVA PDA ?KQJPNU BEAH@ PK !=J=@=" OAA 3." 2# OP=PAIAJP H=PAN EJ PDEO ?D=L

Publisher Name Publisher City Publisher Province Publisher Country

?IA .Q>HEODEJC 4=J?KQRAN ! I=J=@=
#T=ILHA .Q>HEODE®@IKJIPKJ J=@=
1.Q>HEODEJC 2KNKJPK - 1=J@=

Table 16.2. Publishers table.

'B UKQG@ @DAQ>HEODANEO=J@?EPWKGBKQH@ORDA##!2 OP=PAIABRHHKSAGPDABEAHEZB
OAL=N=PA@ >U = ?KlI=

1##12 .Q>,=IA ?EPU
$0-+ .Q>HEODANO

2DEO =?PEKJ SEHH @EOLH=U PDA LQ>HEODANCO J=IA =J@ ?EPU BNKI PDA .Q>HEODANO P=>HA

'BUKFFQCGRJPPDAQ>HEODMNARI@ADAEOLHA=IA ?EPUKGKQH@ORDA#*#!2 OP=PAIASEPDO
commaOAL=N=PEJC LQ><J=IA =J@ ?EPU

1##12 .Q>,=IA ?EPU
$0-+ .Q>HEODANO

ANBKNIERDEQPEISEHB EA=KIHPDAQ><J=IABNKIPDAQ>HEODRNSDBEPD "?EPUdA=@EJBUK@K
JKP EJ?HQ@A PDA ?KlI= 1/* 1IANRAN =O0OQIAO UKQ S=JP = JAS ?KHQIJ J=IA BKN LQ><J=IA

SELECT statement with WHERE criteria

1KIAPEIAQUKQECDRS=JPPKBK?QKJ = LKNPEKBPDAQ>HEODRNEHAQ?BOKIHULQ>HEOADERPNAJ
4=J?KQRAN PDEIEPQ=PEKGKQHQ@ORDA#*#!2 OP=PAIASEPBDE&#0# ?NEPANERDB&#0# 7?7EPU
b4=J?KQRANCc

2DAOBENESKAT=ILHABHHQOPKSPAIEIERA?KID@HA?PHEKRBDB&#0# ?NEPANEBHJIE25##, #=7D
KB PDAOA AT=ILHAO CERA PDA O=IA NAOQHPO BKN OPKNA EPAIO SEPD >APSAAJ =J@ EPAIO EJOPK?G
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#T=ILHA QOAO PDA MQgiPBEUWEEN 20 and 50

1#*#12 IPKN™ MPU 2EPHA™
$0-+ 1=HAO
5&#0# MPU #25##, =J@ (includes the 20 and 50)

#T=ILHA KJ PDA KPDAN D=J@yQ®@20Mand gty <=50

1##12 1PKN"™ MPU 2EPHA™
$0-+ 1=HAO
5&#0# MPU  =J@ MPU

#T=ILHA EHHQOPN=PAO DKS PK HEIEP NA?KN@ OAHA?PEKJ SEPD PDA 5&#0# ?NEPANEKJ QOEJC ,-2

1##12 1PKN"™ MPU 2EPHA™
$0-+ 1=HAO
5&#0# MPU ,-2 #25##, =J@

2DAJATIPSKAT=ILHAODK$ SK@ EBBARAUP KHEIHRA?KID@HA?PEHKBPDA&#0# ?NEPANEBHJIC SEPD
A=7?D UEAH@EJC PDA O=IA NAOQHPO

#T=ILHA ODKSO DKS PK OAHA?P NA?EN@OIOBIG-NP KB PDA 5&#0# OP=PAIAJP

1H#+#12
$0-+ .Q>HEODANO
5&#0# LNKREJ?A b !c -0 LNKREJ?A b c -0 LNKREJ?A b-,c

#T=ILHA OAHA?P NA?KN@@Q@EJCI=0 L=NP KB PDA 5&#0# OP=PAIAJP

1#%#12
$0-+ .Q>HEODANO
5&#0# LNKREJ?A ', blc b ¢ b-,c

2DABEJ#SKAT=ILHABHHQOBRKSR* =J@-2 ,3** 7?=J>AQO0ARBOAHARR?KNEOPDAGA=ILHAO
= KKG@®=>HAKPODKSJSKQHBA QOARD=PKIP=EBEAH@BHAREPHR=IJPEPEI@NE?AKB>KKG #=?D
LQ>HEODAN D=0GP+¥H#@\ PD=P HEOPO =HH KB EPO >KKGO

#T=ILHA QOAO ,3**
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1#4#12 LNE?A PEPHA
$0-+ KKGO
S5&#0# LNE?A '1 ,3**

#T=ILHA QOAO ,-2 ,3**

1##!12 LNE?A PEPHA
$0-+ KKGO
5&#0# LNE?A '1 ,-2 ,3**

Using wildcards in the Lid&use

2DA*)# GAUSKNIAHARRG OKIP=EJBEAHDSRP?DOLA?EBERPEKKIDD=N="IONNEJO® EQOA@
SEPRD=NR=N?DMTR=PAPEIGDI=HH@=PAEBEIR= wildcard =HHKFDRQOANI=P?DBEAH@OMKIP=EJ
?ANP=HAPPAKOGAT=ILHAPDSEH@?+N®REJ?/H, c SKQH@ERAHENKREJRAD-BP=NPPPDAAPRAN

2=>HA ODKSO BKQN S=UO PK OLA?EBU SEH@?=N@O EJ PDA 1#*#!12 OP=PAIAJP EJ NACQH=N ATLNAOO BKN

JU OPNEJC KB VANK KN IKNA ?D=N=?PANO
JU OEJCHA ?D=N=?PAN
JU OEJCHA ?D=N=?PAN SEPDEJ PDA OLA?EBEA@ N=JCA AC 9=B: KNOAP AC 9=>?@AB:

9 JU OEJCHA ?D=N=?PAN JKP SEPDEJ PDA OLA?EBEA@ N=JCA AC 9;="B: KNOAP AC 9;=>?@AB:

Table 16.3. How to specify wildcards in the SELECT statement.

'‘JAT=ILHA *)# b+? c OA=N?DAO BKN =HH H=0P J=IAO PD=P >ACEJ SEPD PDA HAPPANO '+?a AC +? =@@AJ

1##12 *=0P,=IA
$0-+ #ILHKUAAO
5&#0# *=OP,=IA*)# b+?c

$KN AT=ILHA  *)# b EJCANc OA=N?DAO BKN =HH H=0P J=IAO PD=P AJ@ SEPD PDA HAPPANO 'EJCANa AC OE

1412 *=OP,=IA
$0-+ #ILHKUAAO
5&#0# *=OP,=IA*)# b EJCANC
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'‘J AT=ILHA *)# bAJc OA=N?DBRKNHH=QR-IAO PD=P=RAPDAIAPPAANIA AC AJJAPP%NAAJ
+? =@@AJ

1##12 *=0P,=IA
$0-+ #ILHKUAAO
5&#0# *=OP,=IA*)}#bAJc

SELECT statement with ORDEHRaB3e

TKQQORDAD'#0 7 ?H=QOKOKNFDAIA?KNEIBDAAOQHMHEIBDAASCPKOKNFDAAOQHROM?AJ@EJIC
KN@AN BE®SCPK OKNP PDA BAGIXTPAI@EJC KN@AN

$KN AT=ILHA SEPD 1!

1#+#12
$0-+ #ILHKUAAO
-0"#0 7 &ENA"=PA 1!

J@ SEPD "#1!

1#*#12
$0-+ KKGO
-0"#0 7 PULA LMEZ1!

SELECStatement with GROUPd(se

2DAGROUP BY ?H=QEEDOABK?NA=IRAAKQPLQKSLANA=?DCNKQLI@.NK @ Q@ I=NUR=HQABRIPDA
OAHA?PA@ ?KHQIJO =0 ODKSJ >AHKS

1#*#!12 PULA
$0-+ KKGO
%0-3. 7 PULA

&ANA EO =J AT=ILHA QOEJC PDA =>KRA OP=PAIAJP

1##12 PULA 1 b2ULAc +, LNE?A 1 b+EJEIQI .NE?AC
$0-+ KKGO

5&#0# NKU=HPU

%0-3. 7 PULA
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'B PDA 1#*#12 OP=PAIAJP EJ?HQ@AO = 5&#0# ?NEPpNENT SmANK

1#*#!12 PULA LNE?A
$0-+ KKGO
5&#0# LNE?A EO JKP JQHH

PDAJ = OP=PAIAJP SEPD PDA %0-3. 7 ?H=QOA SKQH@ HKKG HEGA PDEO

1#*#!12 PULA 1 b2ULAc +', LNE?A 1 b+EJEIQI .NE?AC
$0-+ KKGO

5&#0# LNE?A EO JKP JQHH

%0-3. 7 PULA

Using COUNT with GROUP BY

5A ?=JQOA3,2 PKP=HBWKSI=JU EPAIGNAJ ?KIP=EJAKSARARBA S=IFPKPKQJ@EBBARRAREIPK
OAL=N-ENKQLOQ?EA=N>HACER=NUEZKHKQRDASASKQH@ORDA3,2  BQJ?PEBEPPDAG0-3. 7
2KI=J@

2DASAHKS##12  OP=PAIABRHQOPDKSRIOKQIENKQKB@=FBOERDA3 2  BQJ?PESEPBDA60-3.
7 ?H=QOA

1#*#121-3,2
$0-+ KKGO
%0-3. 7 PULA

Using AVG and SUM with GROUP BY
5A ?=J QOA PDA 4% BQJ?PEKJ PK CERA QO PDA =RAN=CA KB =JU CNKQL =J@ 13+ PK CERA PDA PKP=H

#T=ILHA QOAO PDA 4% $3,!2'-, SEPD PDA %0-3. 7 PULA

1#*#12 4% MPU
$0-+ KKGO
%0-3. 7 PULA

#T=ILHA QOAO PDA 13+ BQJ?PEKJ SEPD PDA %0-3. 7 PULA

1#4#12 13+ MPU
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$0-+ KKGO
%0-3. 7 PULA

#T=ILHA QOAO >KPD PDA 4% =J@ 13+ BQJ?PEKJO SEPD PDA %0-3. 7 PULA EJ PDA 1#*#12 OP=PAIAJP

1##12 b2KP=H 1=HAOc 13+ MPU b RAN=CA 1=HAOc 4% MPU OPKN<E@
$0-+ 1=HAO
%0-3. 7 1PKN™ -0"#0 7 b2KP=H 1=HAOc

Restricting rows with HAVING

2DA& 4%  ?H=QOAJ>AQOARBKNAOPNHCFOP EDEIEHPKPDA&#0# ?KI@EPBRIALR4',% ?=J
EJ?HQ@A PDA =CCNAC=PA BQJ?PEKJ PDA 5&#0# ?=JJKP @K PDEO

2DA& 4% ?H=QOAD=RAMEGIOA&H#0# ?H=QCRECGLLHE?=KENKQLOD PDEET=ILHASA QORDA
& 4',% ?H=QOA PK AT?HQ@A PDA CNKQLO SEPD PDA LNKREJ?A Db Ic

1##12 =Q<BJ=IA 1 b QPDKNaO $ENOP ,=IAc LNKREJ?A =O b.NKREJ?Ac
$0-+ QPDKNO

%0-3. 7 =Q<BJ=IA LNKREJ?A

& 4'% LNKREJ?A b lc

INSERT statement

2DAINSERT statement@ @O NKSO PK = P=>HA 'J =@ @EPEKJ

' 1#02 OLA?EBEAO PDA P=>HA KN REAS PD=P @=P= SEHH >A EJOANPA@ EJPK

IKHQIJ<HEOP HEOPO ?KHQIJO PD=P SEHH >A =BBA?PA@ >U PDA ', 1#02

'B = 2KHQIJ EO KIEPPA@ A=?D R=HQA IQOP >A LNKRE@A@

'B UKQ =NA EJ?HQ@EJC ?KHQIJO PDAU ?=J >A HEOPA@ EJ =JU KN@AN

4 *3#1 OLA?EBEAO PDA @=P= PD=P UKQ S=JP PK EJOAKS*E FRXNPEMGENAE

IKHQIJO SEPD PDA "#,2'27 LNKLANPU ODKQH@ JKP >A ATLHE?EPHU HEOPA@ EJ PDA ?KHQIJ<
R=HQAO<?H=QOA

—— ————

2DA OUJP=T BKN PDA ', 1#02 OP=PAIAJP EO

", 1#02 9',2-: 2=>HA<J=IA X REAS J=IA 9?KHQIJ<HEOP:
"#$ 3*2 4 *3#1 X R=HQAO<HEOP X OAHA?P OP=PAIAJP

5DAJ EJOANPEJC NKSO SEPD PDA ', 1#02 OP=PAIAJP PDAOA NQHAO =LLHU



106 ¥ DATABASE DESIGN - 2ND EDITION

[ 'JOANPEJC =J AILPU OPNEJC b b EJPK =R=N?D=N KN PATP ?KHQIJ EJOANPO = OEJCHA OL=?A

[ HH?D=N ?KHQIJDIENAP L—-@@A@ PK PDA @ABEJA@ HAJCPD

[ HHPN=EHEJC OL=?A0 =NBN¥AIBRREEJOANPA@ EJPK R=N?D=N ?KHQIJO AT?ALP EJ OPNEJCO PD=P
?KIP=KIHU OL=?A0 2DAOA OPNEJCO =NA PNQJ?=PA@ PK = OEJCHA OL=?A

[ 'B=J"1#02 OP=PAIAJP REKH=PAO = ?KJOPN=EJP @AB=QHP KN NQHA KN EB BEPERAPEIR SNKIC @=P=
B=EHO =J@ 1/* 1ANRAN @EOLH=UO =J ANNKN IAOO=CA

5DAJ UK@LA?EREHQRRIKIHWDKIAKBPDAKHQIJEIJPDAKHQII<HEQRKBPDNADEICAID=LLAPKPDA
?KHQIJO PD=P D=RA JK R=HQAO

@AB=QHP R=HQA EO RIPRHDBEED=0 = "#$ 3*2 ?KIJIOPN=EJP EB = @AB=QHP EO >KQJ@ PK PDA
?KHQIJ KN EB = @AB=QHP EO >KQJ@ PK PDA QI@ANHUEJC QOAN @ABEJA@ @=P=PULA
,3** EO AJPANA@ EB PDA ?KHQIJ =HHKSO ,3**0 =J@ JK @AB=QHP R=HQA ATEOPO BKN PDA ?KHQIJ
J ANNKN IAOO=CA EO @EQ@HRDABKS EO NAFA?PA@ EB PDA ?KHQIJ EO @ABEJA@ =0 ,-2 ,3** =J@
JK@AB=QHP ATEOPO

2DEO AT=ILHA QOAOQO '1#02 PK =@ @ = NA?KN@ PK PDA LQ>HEODANcO QPDKNO P=>HA

" 1#02 ',2- QPDKNO
4*3#1 b ¢ b+=NPEJc b LNEHc b c b +=NGAP 1P ¢ b4=J?KQRANCc b!c
b4%.c

2DEBKHHKSRIGILHAHHQOPNKBREEIJOANP=NPEHKSEIPRDAQ>HEODRNSHZEPE ?KHQIJHEGIDA
?KQJIPNU ?KHQIJ D=@ = @AB=QHP R=HQA KB =J=@= OK EP @KAO JKP NAMQENA PD=P UKQ EJ?HQ@A EP EJ |

', 1#02 ',2- .Q>HEODANQO.Q>" .Q>=IA ?EPU LNKREJ?A
4*3#1 b c b?IA.Q>HEODEJCc b4=J?KQRANCc b !c

2K EJOANIRS@JIPKP=>FgEPB]"#,2'27 ?KHQIIJBKHHRBAAHKBT=ILHA'K JKFOQLLHADR=H@KRDA
"#,2'27 JKN PDA J=IA KB PDA ?KHQIJ EJ PDA ?KHQIJ HEOP

"1#02 ',2- FK>0O
4*3#1 b" c

Inserting specific values into an IDENTITY column

U @AB=@BFP=JIKPAEJOANRHRIATRIRE] "#,2'27  ?KHQIIJIDKSARARB NKEG??E@AJIPEAHARND
PDANA =NA C=LO EJ PDA "#,2'27 ?KHQIJ R=HQAO UKQ ?=J EJOANP = NKS =J@ OLA?EBU PDA "#,2'27 ?KHQIJ R=

"#,2'27<',1#02 KLPEKJ
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2K =HHKS =J EJOANP SEPD = OLA?EBE? E@AJPEPU R=HQA PDA "#,2'27<',1#02 KLPEKJ ?=J >A QOA@ =

1#2 "#,2'27<',1#02 FK>O0 -,

"1#02'2- FK>0  FK><E@ FK><@AO? IEJ<HRH I=T<HRH
4*3#1 c" c

1#2 "#,2'27<',1#02 FK>0 -$$

Inserting rows with a SELEGTement

5A ?=JOKIAPEIAENA=RPDI=HRAILKN=NZ>HINKI= H=N®A>HHKN°DESA ?=JEJOANRSSEPDB 1#*#!2
OP=PAIASPAJ QOERDERII=J@ PDARAKR=HE@=-BERJEMQAJAQOAMQAJFHDRANAJ >Al=JU NKSO
SEPD PDA O=IA LQ><E@ EJ PDA AT=ILHA >AHKS

2DEAT=ILHANA=PAQI=HHRNILKN=NQ>HEODRAMNOPFOEFDN# 2# 2 *# OP=PAIAZBAPDA1#02
SEPD = 1#*#!2 OP=PAIAJP EO QOA@ PK =@ @ NA?KN@O PK PDEO PAILKN=NU .Q>HEODANO P=>HA BNI

I0# 2# 2 *# @>K PIL.Q>HEODANO
Q>"?D=N -2 ,3*

.Q>=IAR=N?D=N 3*

2EPU R=N?D=N ,3**

LNKREJ?A ?2D=N ,3**

?2KQJPNU R=N?D=N ,3¥$ 3*2 bl=J=@=c

1#02 PIL.Q>HEODANO
1##12 $0-+ .Q>HEODANO

'J PDEO AT=ILHA SAcNA ?KLUEJC = OQ>0AP KB @=P=

" 1#02 PIL.Q>HEODANO LQ><E@ LQ><J=IA
1#4#12 .Q>" .Q>=I1A
$0-+ .Q>HEODANO

'J PDEO AT=ILHA PDA LQ>HEODANOc @=P==NA ?KLEA@ PK PDA PIL.Q>HEODANO P=>HA =J@ PDA ?K

', 1#02 PIL.Q>HEODANQ>" .Q>=IA ?EPU LNKREJ?A ?KQJPNU
1##2 .Q>" .Q>=IA ?EPU LNKREJ?A b!=J=@=c
$0-+ .Q>HEODANO




108 ¥ DATABASE DESIGN - 2ND EDITION

UPDATE statement

2DAUPDATEstatemenPD=JCAO @=P= EJ ATEOPEJC NKSO AEPDAN >U =@@EJC JAS @=P= KN IK@EBUEJC ATEO

2DE@T=ILHAQOARDA." 2# OP=PAIABROP=J@=N@EAKQIPNEARE>A!=]=@=-BKNHNA?KNEIBDA
.Q>HEODANO P=>HA

3." 2# .Q>HEODANO
1#2 ?KQJIPNU b!=J=@=c

J

2DEO AT=ILHA EJ?NA=0OAO PDA NKU=HPU =IKQJP >U BKN PDKOA NKU=HPU =IKQJPO >APSAAJ =J@

3." 2# NKUO?DA@
1#2 NKU=HPU NKU=HPU NKU=HPU
5&#0# NKU=HPU #25##, =J@

Including subqueries in an UPDATE statement

2DAAILHKUAARBNKIPDAILHKUAAR=>FHZDKSANDENAB@PDAQ>HEOEAN =NAERAILNKIKPEKRKPDA
DECDAOP FK> HARAH BKN PDAEN FK> PULA 2DEO EO SD=P PDA 3." 2# OP=PAIAJP SKQH@ HKKG HEGA

3." 2# #ILHKUAAO

1#2 FK><HRH

1#*#12 I=T<HRH $0-+ FK>0O

5&#0# AILHKUAA FK><E@ FK>0 FK><E@
5&#0# " 2#. 02 UA=N AILHKUAA DENA<@=PA

DELETEtatement

2DADELETEstatemenNAIKRARKSBNKE NA?KID@PH#2# J=IAOPDR=>HAREAPD-PKH@DAKS®D=P
SEHHR@AHARA@IHWIAP=>HANKS=U >AHEORRGPEIAS&#0# EC-OP=J@35K&# ?H=QOB=REIEPO
PDA @AHAPEKJ PK OAHA?P NA?KN@O

2DA "##2# OUIP=T HKKGO HEGA PDEO

"HH2H 9$0-+: WP=>HA<J=IA X REAS<J=IA Y
95&#0# ?H=QOA:

2DA NQHAO BKN PDA "#*#2# OP=PAIAJP =NA
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'B UKQ KIEP = 5&#0# ?H=QOA =HH NKSO EJ PDA P=>H2ALPNBHKRA@ATAO PDA P=>HA
?KJOPN=EJPO

"##2# ?=JIKP >A QOA@ SEPD = REAS PD=P D=0 = $0-+ ?H=QOA J=IEJC IKNA PD=J KJA P=>HA
=BBA?P KJHU KJA >=0A P=>HA =P = PEIA

5D=P BKHHKSO =NA PDNAA @EBBANAJP "#*#2# OP=PAIAJPO PD=P ?=J >A QOA@

"AHAPEJC =HH NKSO BNKI = P=>HA

“HH2H
$0-+ "EO?KQJIPO

"AHAPEJC OAHA?PA@ NKSO

"HH2H
$0-+ 1=HAO
5&#0# OPKN<E@ b c

"AHAPEJC NKSO >=0A@ KJ = R=HQA EJ = OQ>MQANU

"##2# $0-+ 1=HAO
5&#0# PEPHA<E@ ',
1#*#12 PEPHA<E@ $0-+ KK&8&#0# PULA bIK@<?KKGc

Built-in Functions
2DANA =NA I=JU >QEHP EJ BQJ?PEKJO EJ 1/* 1ANRAN OQ?D =0

Aggregate NAPQNJO OQII=NU R=HQAO

ConversionPN=JOBKNIO KJA @=P= PULA PK =JKPDAN

Date: @EOLH=UO EJBKNI=PEKJ =>KQP @=PAO =J@ PEIAO

MathematicalLANBKNIO KLAN=PEKJO KJ JQIANE? @=P=

String: LANBKNIO KLAN=PEKJO KJ ?D=N=?PAN OPNEJCO >EJ=NU @=P= KN ATLNAOOEKJO
SystemNAPQNJO = OLA?E=H LEA?A KB EJBKNI=PEKJ BNKI PDA @=P=>=0A

Text and image ANBKNIO KLAN=PEKJO KJ PATP =J@ EI=CA @=P=

AHKS UKQ SEHH BEJ@ @AP=EHA@ @AO?NELPEKJO =J@ AT=ILHAO BKN PDA BENOP BKQN BQJ?PEK.
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Aggregate functions

CCNAC=B@J?PEKAMNBKNP=H?QH=REKDARERR=HQATINAPQNIEJCHAMDQII=NUR=HQZ=>HA HEOPO
PDAOA BQJ?PEKJO

FUNCTION DESCRIPTION
4% O0APQNJO PDA =RAN=CA KB =HH PDA R=HQAO KN KJHU PDA "12',12 R=HQAO EJ PDA ATLNAOOEKJ
0APQNJO PDA JQI>AN KB JKJ JQHH R=HQAO EJ PDA ATLNAOOEKJ 5DAJ "12'!12 EO OLA?EBEA@ !-3,2 BEJ(

3.2 PDA JQI>AN KB QJEMQA JKJ JQHH R=HQAO

1-3,2 0APQNJO PDA JQI>AN KB NKSO 1-3,2 P=GAO JK L=N=IAPANO =J@ ?=JJKP >A QOA@ SEPD "12',12
0APQNJO PDA I=TEIQI R=HQA EJ PDA ATLNAOOEKJ + 6 ?=J >A QOA@ SEPD JQIANE? ?D=N=?PAN =)@ @-=

+6 ?KHQIJO >QP JKP SEPD >EP ?KHQIJO 5EPD ?D=N=?PAN ?KHQIJO + 6 BEJ@O PDA DECDAOP R=HQA EJ P

?KHH=PEJC OAMQAJ?A + 6 ECIKNAO =JU JQHH R=HQAO

OAPQNJO PDA IEJEIQI R=HQA EJ PDA ATLNAOOEKJ +', ?=J >A QOA@ SEPD JQIANE? ?D=N=?PAN =J@ @-=I
+, ?KHQIJO >QP JKP SEPD >EP ?KHQIJO 5EPD ?D=N=?PAN ?KHQIJO +', BEJ@O PDA R=HQA PD=P EO HKSA(

OKNP OAMQAJ?A +', ECJKNAO =JU JQHH R=HQAO

O0APQNJO PDA OQI KB =HH PDA R=HQAO KN KJHU PDA "12',12 R=HQAO EJ PDA ATLNAOOEKJ 13+ ?=J >A(

13+ SEPD JQIANE? ?KHQIJO KJHU

Table 16.4A list of aggregate functions and descriptions.
AHKS =NA AT=ILHAO KB A=?D KB PDA =CCNAC=PA BQJ?PEKJO HEOPA@ EJ 2=>HA

Example #1: AVG

1##12 4% LNE?A 1b RAN=CA 2EPHA .NE?Ac
$0-+ KKGO

Example #2: COUNT

1##12 1-3,2 .Q>" 1 b,QI>AN KB .Q>HEODANOC
$0-+ .Q>HEODANO

Example #3: COUNT

1#*#12 1-3,2 LNKREJ?A 1 b,QI>AN KB .Q>HEODANOC
$0-+ .Q>HEODANO

Example #3: COUNT (*)
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1##12 1-3,2
$0-+ #ILHKUAAO
5&#0# FK><HRH

Example #4: MAX

1#4#12 + 6 &ENA"=PA
$0-+ #ILHKUAAO

Example #5: MIN

1#4412 +', LNE?A
$0-+ KKGO

Example #6: SUM

1#*#12 13+ @EO?KQJIP 1 b2KP=H "EO?KQJPOC
$0-+ "EO?KQJIPO

Conversion function

2DA ?KIJRANOEKJ B(RIRBEBBKNIO KJA @=P= PULA PK =JKPDAN

'J PDAT=ILHAAHKS: LNETR2D=FKIP=EBPSKO EGKIJRANFRAIRRER7D=N=?PARRBOUJP-BKRDEIP=PAIAIP
EQ#*#12 b2DA @=PAEO b !-,4#02 R=N?D=N CAP@=PA

1#*#12 1-,4#02 EJP

1#*#12 PEPHA<E@ LNE?A

$0-+ KKGO

5&#0# |-,4#02 ?D=N LNE?A *)#b c

'J PDEO OA?KJI@ AT=ILHA PDA ?KJRANOEKJ BQJ?PEKJ ?D=JCAO @=P=PK = @=P=PULA SEPD = @EBE

1#*#12 PEPHA<E@ !-,4#02 ?D=N UP@<O=HAO =0 b1=HAOc
$0-+ KKGO
5&#0# PULA *)# b ?KKGc
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Date function

2DA@=MQJ?PHKK @ Q24AD=-PAI=@ @ EIEJPANRKHOLA?EBEAEZD ANAO GERA=PAP REH@MQEHPDA
@=RAIQPDAQI>ANKB@=RANPB PD&=RAN=IAPA® Ol=HH@=PAREHQRDANAO@EFHOKOI=HH@=PAPEIA
R=HQA

2DA "2#™ BQJ?PEKEO QOA@K =@ @J@ EJ?NAIAJR®=PR=HQAQDAOUJP-BKNPDEBQJ?PEKJ
EO2# "™ @=PAL=NP JQI>AN @=PA

1##12 " 2# ™ @=U DENA<@=PA
$0-+ #ILHKUAAO

'J PDEO AT=ILHABRDARPEKH"$$ @=PAL=NP @=PA @+#ERQOAQ@

2DECKII=J@ NAPQNIIEQI>ANKB@=PAL=NQJ@=NENZD OA® SAARSKOLA?EBEN@AADAIAPDK@&B
?KQJIPEIRKOOAQI@=NEGBPDANAO@HRAL" 2#"$$  ?KIOEORANKGA@=FRULATQ?EAEJQPAO
OA?KI@O =J@ IEHHEOA?KJ@O

1##12 " 2#"$$ @=U &ENA"=PA b,KR c
$0-+ #ILHKUAAO

$KN =JU L=NPE?QH=N @=PA SA ?=J AT=IEJA =JU L=NP KB PD=P @=PA BNKI PDA UA=N PK PDA IEHHEOA?KJ@

2DA@=RANPQ#. 02 =J@>>NARE=PEKIRCIEVA@* 1ANRAN@DA??ALP=>R#FIQANAEOHN@
2=>HA

DATE PART ABBREVIATION VALUES
7A=N uu

IQ=NPAN MM

+KJPD [

"=U KB UA=N @u

"=U Q@

5AAG SG

5AAG@=U @s 1QJ 1=P
&KQN DD

+EJQPA IE

1A?KI@ 00

+EHHEOA?KJ@ 10

Table 16.5. Date part abbreviations and values.
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Mathematical functions

+=PDAI=PEBRQJI?PEKADBKKILAN=PEKITDIANE@=P2DABKHHKSRBJISILHAEHIRQNNANE BKN=?D
>KKG OKH@ >U PDA LQ3@EDIEZRNPDAU SKQH@ >A EB =HH LNE?AO EJ?NA=OA@ >U

1##12 NE?A LNE?A 1 b,AS .NE?Ac PEPHA
$0-+ KKGO

1#*#12 bIMQ=NA OKKPc 1/02

1##12 bOKQI@A@b 0-3,"

1#*#12 $*--0

Joining Tables

(KEJEJBRSKKNKNAP=>HA@DANK?ABB?KIL=NEJEDA=F=JOLA?EBEREDIIGIA@QOEIRDAKIL=NEOKJ
NAOQHPO PK BKNI = JAS P=>HA BNKI PDA NKSO PD=P MQ=HEBU FKEJ OP=PAIAJP

[ 1LA?EBEAO = ?KHQIJ BNKI A=?D P=>HA
[ 'KIL=NAO PDA R=HQAO EJ PDKOA ?KHQIJO NKS >U NKS
[ 'KI>EJAO NKSO SEPD MQ=HEBUEJC R=HQAO EJPK = JAS NKS

HPDKQEIDAKIL=NEOKIDOQ=HHIAMQ=HERFHQRO=RPP?DAT=?PHUKPDANJLAKBFKEJ®-J =HOKA
OLA?EBEA@ HH PDA @EBBANAJP FKEJO OQ?D =0 EJJAN HABP KQPAN NECDP KQPAN =J@ ?NKO(

Inner join

J inner join ?KJJA?REBKP=>HKO= ?KHQIISEPPD®=IA @=FRULAJHUPDAKSGDANRDAKHQIR=HQAO
I=P?D =NA NAPQNJA@ QJI=P?DA@ NKSO =NA @QEO?=N@A@

Example #1

1#*#12 FK>0 FK><E@ FK><@AO?

$0-+ FK>O

" #0 (-, #ILHKUAAO -, AILHKUAA FK><E@ FK>O FK><E@
5&#0# FK>0 FK><E@

Example #2

1#*#12 =QPDKNO =Q<BJ=IA =QPDKNO =Q<HJ=IA >KKGO NKU=HPU PEPHA

$0-+ =QPDKNO',,#0 (-, PEPHA=QPDKN -, =QPDKNO =Q<E@ PEPHA=QPDKN =Q<E@
' #0 (-, >KKGO -, PEPHA=QPDKN PEPHA<E@ >KKGO PEPHA<E@

%0-3. 7 =QPDKNO =Q<HJ=IA =QPDKNO =Q<BJ=IA PEPHA PEPHA NKU=HPU

-0"#0 7 =QPDKNO =Q<HJ=IA




114 ¥ DATABASE DESIGN - 2ND EDITION

Left outer join

left outer join OLA?EBEBEFHHABRYPANKSGANAPQNJIAEBNKSBNKIPDAABRE->H2D=@E@RAAAPPDA
?KI@EPEKJ OLA?EBEA@ =NA EJ?HQ@A@ EJ PDA NAOQHPO OAP =J@ KQPLQP ?KHQIJO BNKI PDA KPDAN P=:

2DEO BENOP AT=ILHA QOAO PDA JAS OUJP=T BKN = HABP KQPAN FKEJ

1#*#12 LQ>HEODANO LQ><J=IA >KKGO PEPHA
$0-+ .Q>HEODANO
*#$2 -32#0 (-, KKGO  -J LQ>HEODANO LQ><E@ >KKGO LQ><E@

2DEO EO =J AT=ILHA KB = HABP KQPAN FKEJ QOEJC PDA KH@ OUJP=T

1#12 LO>HEODANO LQ><J=IA >KKGO PEPHA
$0-+ .Q>HEODANKKGO
5&#0# LQ>HEODANO LQ><E@ >KKGO LQ><E@

Right outer join

right outerjoin EJ?HQ@RBPRNAO@HRHNKSBNKIPDAECBR>HD=@E®RAAPPDAKI@EPBEKA?EBEA@
-QPLQP ?KHQIJO PD=P ?KNNAOLKJ@ PK PDA KPDAN P=>HA =NA OAP PK ,3**

AHKS EO =J AT=ILHA QOEJC PDA JAS OUJP=T BKN = NECDP KQPAN FKEJ

1##12 PEPHA=QPDKN PEPHA<E@ =QPDKNO =Q<HJ=IA =QPDKNO =Q<BJ=IA
$0-+ PEPHA=QPDKN

0'%&2 -32#0 (-, =QPDKNO -, PEPHA=QPDKN =Q<E@ =QPDKNO =Q<E@
-0"#07 7 =Q<HJ=IA

2DEO OA?KJ@ AT=ILHA ODKS PDA KH@ OUJP=T QOA@ BKN = NECDP KQPAN FKEJ

1#*#!12 PEPHA=QPDKN PEPHA<E@ =QPDKNO =Q<HJ=IA =QPDKNO =Q<BJ=IA
$0-+ PEPHA=QPDKN =QPDKNO

5&#0# PEPHA=QPDKN =Q<E@ =QPDKNO =Q<E@

-0"#07 7 =Q<HJ=IA

Full outer join

full outerjoin OLA?EBEBRE@B NKBNKIAEPDANHAKAIBR=P?DPDAAHA?PINEPANBAKEEGJI?HQ@A@
PDA NAOQHP OAP =J@ EPO KQPLQP ?KHQIJO PD=P ?KNNAOLKJ@ PK PDA KPDAN P=>HA =NA OAP PK ,3**
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&ANA EO =J AT=ILHA KB = BQHH KQPAN FKEJ

1#*#12 >KKGO PEPHA LQ>HEODANO LQ><J=IA LQ>HEODANO LNKREJ?A
$0-+ .Q>HEODANO

$3** -32#0 (-, KKGO -, >KKGO LQ><E@ LQ>HEODANO LQ><E@
5&#0# LQ>HEODANO LNKREJ?A " la=J@ LQ>HEODANO LNKREJ?A -a
-0"#0 7 >KKGO PEPHA<E@

Cross join

crossjoin EG- LNK@@PMI>EJEJCSKP=>HADECGKEBAPQNRIDO=IANKSGCEBK 5&#0# ?H=QGANA
OLA?EBEA@ $KN AT=ILHA

1##12 =Q<HI=IA LQ><J=IA
$0-+ QPDKNO !0-11 (-', .Q>HEODANO

Key Terms

aggregate function NAPQNJO OQII=NU R=HQAO

ASC =0?AJ@EJC KN@AN

conversion function PN=JOBKNIO KJA @=P= PULA PK =JKPDAN
cross join = LNK@Q?P ?KI>EJEJC PSK P=>HAO

date function @EOLH=UO EJBKNI=PEKJ =>KQP @=PAO =J@ PEIAO
DELETE statement NAIKRAO NKSO BNKI = NA?KN@ OAP

DESC @AO?AJ@EJC KN@AN

full outer join OLA?EBEAO PD=P EB = NKS BNKI AEPDAN P=>HA @KAO JKP I=P?D PDA OAHA?PPEKJ ?N

GROUP BY QOARKRNA=RAAKQPLQARIAM=?MCNKGI@NK@QTQWI=NUR=HQBRRDAOAHA?PA@
?KHQIJO

inner join ?KJJA?PO PSK PK3IHABHQIJ SEPD PDA O=IA @=P= PULA
INSERT statement =@@O NKSO PK = P=>HA

left outer join OLA?EBEAO PD=P =HH HABP KQPAN NKSO >A NAPQNJA@
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mathematical function LANBKNIO KLAN=PEKJO KJ JQIANE? @=P=

SELECT statemerP QOR® MQANU @=P=EJ PDA @=P=>=0A

system function NAPQNJO = OLA?E=H LEA?A KB EJBKNI=PEKJ BNKI PDA @=P=>=0A
text and image functions LANBKNIO KLAN=PEKJO KJ PATP =J@ EI=CA @=P=
UPDATE statement; ?D=JCAO @=P= EJ ATEOPEJC NKSO AEPDAN >U =@@EJC JAS @=P=KN

wildcard =HHKSO PDA QOAN PK I=P?D BEAH@O PD=P ?KJP=EJ ?ANP=EJ HAPPANO

Exercises

right outer join EJ?HQ@AO =HH NKSO BNKI PDA NECDP P=>HA PD=P @E@ JKP IAAP PDA ?KJ@EPEKJ OLA?EI

string function LANBKNIO KLAN=PEKJO KJ ?D=N=?PAN OPNEJCO >EJ=NU @=P= KN ATLNAODEKJO

K@EBUEJC ATE(

SKNMQAOPEKFB QORDA3 1 O=ILHAD=P=>=tMA=PA@+E?NKOKBR @KSIJHKR®O?NEBR
CAJAN=DE@=P=>=QAHA=08K PK PDABKHHKSEQEPAPPL SSS IE?NKOKBRAIRF@KSIHK=@
@AP=EHO =OLT E@

"EOLH=U = HEOP KB PEPHAO PD=P D=RA >AAJ ?=PACKNEVA@ =O AEPDAN PN=@
PDA KKGO P=>HA

"EOLH=U =HH =QPDKNO SDKOA BENOP J=IAO =NA BERA HAPPANO HKJC

"EOLH=U BNKI PDA KKGO P=>HA PULA LNE?A LQ><E@ PEPHA =>KQP PDA >KK(
LQ>HEODAN 0AJ=IA PDA ?KHQIJ PULA SEPD a KKG 1=PACKNU a 1KNP >U PULA @A
LNE?A =O?AJ@EJC

"EOLH=U PEPHA<E@ LQ>@=PA =)@ LQE@ZPAQEEXTFIMAKKGO P=>HA

30EJC PDA @=PA@EBB =J@ CAP@=PA BQJ?PEKJ @APANIEJA DKS IQ?D PEIA D=
PDA >KKGO EJ PDA KKGO P=>HA SANA LQ>HEODA@

*EOP PDA PEPHA "0 =J@ MQ=JPEPU KB =HH >KKGO PD=P OKH@ IKNA PD=J 7KL

"EOLH=U = HEOP KB =HH H=OP J=IAO KB PDA =QPDKNO SDK HERA EJ -JP=NEK -,
HERA

"EOLH=U =HH NKSO PD=P ?KJP=EJ = EJ PDA L=UPANIO BEAH@ 30A PDA 1=HAO

"EOLH=U =HH =QPDKNO SDKOA BENOP J=IAO =NA BERA HAPPANO HKJC AJ@ E

"EOLH=U =HH PEPHAO PD=P ?KOP IKNA PD=J =J@ AEPDAN >ACEJ SEPD 2 KN [

"EOLH=U BNKI PDA #ILHKUAAO P=>HA PDA BENOP J=IA BJ=IA H=0P J=IA HJ=IA

"EOLH=U = HEOP KB LQ>HE?=PEKJ @=PAO =J@ PEPHAO >KKGO PD=P SANA LQ3HEODA@ EJ

EPEKJ=H KN IK@

50 LQP KQP >U A

D?AJ@QEJC =J@ |

D AH=LOA@ EJ Ik

EAO
=J@ PDA ?EPEA

P=>HA
J-KN =J@ OP=

D=RA = LQ>HEOD

AILHKUA
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" AIL<E@ =J@ FK>HARAH FK><HRH ?KHQIJO BKN PDKOA AILHKUAAO SEPD = FK>|
=J@ NAJ=IA PDA ?KHQIJ DA=@BENDPK=IA a “*=OP =IA a "#,2'$' 2-, a =)@
‘(K> *ARAH a

HARAH

"EOLH=U PDA NKU=HPU NKU=HPU LHQO =0 'NKU=HPU LHQO a=J@ PEPHA<E@ 30A

P=>HA
30EJC PDA 123%$3$ BQJ?PEKJ ?NA=PA =OPNEJC "~ TTTT a BNKIPDA OPNEJC"

a

"EOLH=U PDA BENOP ?D=N=?PANO KB A=?D PEPHA =HKJC SEPD PDA =RAN=CA IKJPDF

PK @=PA UP@<O=HAO 30A PDA 2EPHA P=>HA
1DKS DKS I=JU >KKGO D=RA =OOECJA@ LNE?AO
"EOLH=U = HEOP KB ?KKG>KKGO SEPD PDA =RAN=CA ?KOP BKN =HH KB PDA >K

%0-3. 7

Advanced Questions (Union, Intersect, and Minus)

2DA NAH=PEKJ=H OAP KLAN=PKNO 3,-, ', 2#01#12 =)@ +',31 SKNG LNKLANHU KJHLU
NAH=PEKJO =NA QJEKJ ?KIL=PE>HQIDP?@KAPEHHA =J@ DKS SKQH@ UKQ ?DA?
PDEO ?KJ@EPEKJ
5D=P EO PDA @EBBANAJ?A >APSAAJ 3,-, =J@ 3,-, ** 5NEPA PDA OUJP=T BKN A=
1QLLKOA PD=P UKQ D=RA PSK P=>HAO #ILHKUAAO =J@ #ILHKUAAO< 2DA #ILHK
PDA NA?KN@O BKN PDNAA AILHKUAAO HE?A IKN@KV= (KDJ INAP?D=GKR =J@ J|
#ILHKUAAO< P=>HA ?KJP=EJO PDA NA?KN@O BKN AILHKUAAO (KDJ INAP?D=GKR
PD=P EJBKNI=PEKJ SD=P EO PDA MQANU KQPLQP BKN PDA 3,-, MQANU *EOP PDA
%ERAJ PDA AILHKUAA EJBKNI=PEKJ EJ MQAOPEKJ SD=P EO PDA MQANU KQPL(
MQANU *EOP PDA MQANU KQPLQP
%ERAJ PDA AILHKUAA EJBKNI=PEKJ EJ MQAOPEKJ SD=P EO PDA MQANU KQPL(
MQANU *EOP PDA MQANU KQPLQP
%ERAJ PDA AILHKUAA EJBKNI=PEKJ EJ MQAOPEKJ SD=P EO PDA MQANU KQPL(
MQANU *EOP PDA MQANU KQPLQP
5D=P EO = ?NKOO FKEJ %ERA =J AT=ILHA KB EPO OUJP=T
#TLH=EJ PDAOA PDNAA FKEJ PULAO
= HABP KQPAN FKEJ
> NECDP KQPAN FKEJ
2 BQHH KQPAN FKEJ
5D=P EO = OQ>MQANU =J@ SD=P =NA EPO >=OE? ?D=N=?PANEOPE?0
5D=P EO = 2KNNAH=PA@ OQ>MQANU %ERA =J AT=ILHA
1QLLKOA PD=P = .NK@Q?P P=>HA ?KJP=EJO PSK =PPNE>QPAO .0-"<!-"# =J@ 4#,

KGO KB

EB PDA
G BKN

bD

UAAO P:
A +2"KJ:
=)@ +=N
MQANU
DP BKN F

DP BKN F

DP BKN F

'<I-"# 2D




118 ¥ DATABASE DESIGN - 2ND EDITION

R=HQAO BKN PDA .0-"<!-"# =NA'#$ %&' =J@ ()* 2DAOA =NA I=P?DA@ >U PDA BKHHK

R=HQAO BKN PDA 4#,"<!-"# =J@ NAOLA?PERAHU AC .0-"<!-"#

R=HQA?KNNAOLKJ@OIRK<!-"#  R=HQA 2DA 4AJ@KN P=>HA ?KJP=EJO = OEJCHA

=PPNE>QPA 4#,"'<!-""# SEPD R=HQAO =J@  2DA 4#,"<I-"# =PPNE>QPA EJ PL

NK@Q?P P=>HA EO = BKNAECJ GAU PK PDA 4#,"<!-"# EJ PDA 4AJ@KN P=>HA
%ERAJ PDA EJBKNI=PEKJ EJ MQAOPEKJ SD=P SKQH@ >A PDA MQANU KQPLQ

1DKS R=HQAO

3,-, MQANU >=0A@ KJ PDAOA PSK P=>HAO

> 3,-, * MQANU >=0A@ KJ PDAOA PSK P=>HAO

2 J',2#01#12 MQANU >=0A@ KJ PDAOA PSK P=>HAO

@ +,31 MQANU >=0A@ KJ PDAOA PSK P=>HAO

SEJC

A
A

P BKN PDA BKHH

Advanced Questions (Using Joins)

"EOLH=U = HEOP KB =HH PEPHAO =J@ O=HAO JQI>ANO EJ PDA KKGO =J@ 1=HA(
D=RA JK O=HAO 30A = FKEJ
"EOLH=U = HEOP KB =QPDKNOc H=0P J=IAO =J@ =HH =OS®PBEXMNAE:-OE FI+MNEODA
OKNPA@ >U PDA =QPDKNcO H=0P JIAR2ZIP—EKEREAS J=IA@ .Q>HEODA@ QPDK
30EJC = OQ>MQANU @EOLH=U =HH PDA =QPDKNO ODKS H=0P =J@ BENOP J=I4
NKU=HPU KB =J@ HERA EJ H>ANP= 1=RA EP =0 = REAS PEPHA@ QPDKNO4EAf
REAS NAJ=IA PDA =QPDKNcO H=0P J=IA =J@ BENOP J=IA =0 b*=0P ,=IAc =J@ b$EN
"EOLH=U PDA OPKNAO PD=P @E@ I3K&h@dHire FDARFEPHA
"EOLH=U = HEOP KB OPKNA J=IAO BKN O=HAO =BPAN -N@AN "=PAEED BHNA=PA
OPKNA J=IA =J@ KN@AN @=PA
"EOLH=U = HEOP KB PEPHAO BKN >KKGO OKH@ EJ OPKNAEGHH=|ASPKNWSDa P
=J@ KN@AN @=PAO
*EOP PKP=H O=HAO MPU >U PEPHA "EOLH=U PKP=H MQ=JPEPU =J@ PEPHA ?Ki
*EOP PKP=H O=HAO MPU >U PULA "EOLH=U PKP=H MQ=JPEPU =J@ PULA ?KHQI
*EOP PKP=H O=HAO MPU LNE?A >U PULA "EREHEA REE-PUBKRKERIJO
I=H?QH=PA PDA PKP=H JQI>AN KB PULAO KB >KKGO >U LQ>HEODAN 1DKS LQ>}
?KQJP KB PULAO KB >KKGO BKN A=?D LQ>HEODAN
1DKS LQ>HEODAN J=IAO PD=P @K JKP D=RA =JUHIEFKRBR KEODAN J=IA KJHU

D P=>HAO EJ?HC
REA=?D

NO

A\ LKOP=H ?K@A
5 5DAJ ?NA=PEJ(
OP ,=IAc

N PD=J

EPHAO

HQIJO
Vo)

HEODAN J=IA =J(




Appendix A University Registration Data Model Example

&ANEG OP=PAIAIEP D& =MNAMQENAIBKD NK@ PKIQLLKRPAACEOPN<BEIRAINKREDMIRKOPQ@AJPO
KB = BE?PEPEKQO A HA=NJEJC QJERANOEPU

J A HA=NJEIERANOERGRIGAAID AP=KERPOP Q @ AIRAD P= BB AK QN CRIDER BBANIGP DAANBKNI=J?A
KBPDAOPQ@ASPROPQ@BRKQNORDAQIERANGRR@ |EJEOPARIBEQRAKCN=LDBEEKIICH=J@
1?7KPH=J@ 5=HAO =J@ ,KNPDANJ 'NAH=)@

'JBKNI=PEKIKQR=?DPQ@AIKQH&E JEPENHATKN @R@ CEOPN2BERI?HQ@BOPQ@AFRAIPEBE?=PEKJ
JOI>ANEOOQARBDREIAJ=IA UA=KBENACEOPN=R&HINACEEJSDE?BPDAPQ@BEBK?=PA@PQ@BIRP
NAMQENA@ PK AINKHH EJ =JU ?KQNOAO =P NACEOPN=PEKJ AJNKHHIAJP EJ = ?KQNOA ?=J D=LLAJ =

'JBKNI=PEKIA?KN @K&=?DAI>AN KEPDRQPKNE@IKQJOAHEFSEBOREJ?HQRBIIOP=BBI>ANJI=IA =J@
NACEEJSDE?DAKNODEBIK?=PAE@?DOP=BB>AN |=U =?R-0= ?KQJOAHKKIAKNKNAOPQ@A3P@=U
=?R-C=-PQPRMKIAKNKNAOPQ@AIRQAKNKNA?KQNORD-U >APDA=ORD=PR=JUL=NPE?QKENPIPEIA
= |AI>AN KB OP=BB I=U JKP >A =HHK?=PA@ =JU OPQ@AJPO PK PQPKN KN ?KQJOAH

#=?DOPQ@BIXIA?KQIOAHKMN K ?=PREA CEOPN-SEKKQQLLKNEBPQ@RIRKQCIERND AIPJERANOEPU
?=NAAN OPQ@REGMHHK?=RPAAL=N-+-QRPBKNR=?CPKQNEBASDE?DAKNODE@RINKHHA@P=BB>AN |=U
KIHU ?KQJOAH KN PQPKN = OPQ@AJP SDK EO NAOE@AJP EJ PDA O=IA NACEKJ =O PD=P OP=BB IAI>A

#=?D?KQNOB=FCR=EH=BKEPQ@OM=RA?KQNGR@A PE P& R=HEPANIGE?NA@EEJPO?KQNOA
E@EPDANLKEJP?KQN@AE  LKEJP?KQNOA?KQNGAJ D=RA MQKMBKRDAQI>ANKBOPQ@ ANRMXHHA@
ERP=JUKJALNAOAJP=PEREQNOAA@KFD=RAJUOPQ@ARIXHHABFOQ?B0= ?KQNO®R=D=FQCRAJ
SNEPPAJ =J@ KBBANA@ BKN OPQ@U

1PQ@AIRAKIOPN=ER@IQI>ANKB? KQNOAIAREFI>AAINKHHE&ER=-JUKIAPEIA2DAUEU JKRP=GAKQNOAO
OEIQHP=JAKQOHU EB PDAEN ?KI>EJA@ LKEJPO PKP=H AT?AA@O LKEJPO

$KN=OOAOOIRQPRLKOAOLKEJP?KQNGA) D=RALPKDNASOECJIIAIRANAOAIP=PE®] LKEJP?KQNOA
I=U D=RALPKBERAOOECJIAIRMLNAOAIP=RBRACN=@KNI=O0ECJIAP=JU?KQNENA?KN @BA=NG
KQP KB
2DAQJERANEERE>=BAKE BIALKOOE@HRK @ AIRD=B®AO?NEBYO-KROARENAMQENAI 2IPAK @AH

D=@ARAN=NPOACEJIESEPBJ #0" =J@BKHHKSAE® SNEPPAAO?NELREKIPEPULACKIOPN=EER®
=00QILPEKJO

Design Process
1AA $ECQNA

2DA BENOP OPAL EO PK @APANIEJA PDA GANJAHO 2DAOA =NA PULE?=HHU JKQJO 1P=BB
OOECJIAJP
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2DA JATP OPAL EO PK @K?QIAJP =HH =PPNE>QPAO BKN A=?D AJPEPU 2DEO EO SDANA UKQ JAA@ |
P=>HAO =NA LNKLANHU JKNI=HEVA@

INA=PA PDA EJEPE=H #0" =)@ D}HRERSAQOANO

+=GA ?D=JCAO EB JAA@QA@ =BPAN PDA #0" NAREAS

4ANEBU PDA #0 IK@AH SEPD QOANO PK BEJ=HEVA PDA @AOECJ

$ECQNA 3JERANOAPU @=RK@ABKNOPQ@AIBDP=BB?KN@O
OUOPAI>U 5=PP

Entity

1IPQ@AIPQ@AJPIA 0ACEOPANA@ O0ACEKJ 1P=BB,K

1P=BBP=BB,K=IA 0ACEKJ " 2DEO P=>HA ?KJP=EJO EJOPNQ?PKNO =J@ KPDAN OP=BB IAI>ANO
IKQNOAKQNOAIK@EPHA INA@EP /QKP= 1P=BB,K

#INKHHIAZFPQ@AJPH" |KQONOAHRAAINKHHA@ $EJ=H%N=@A

OOECJIAJRPQ@AJP™ IKQNOAIK@A OOECIANRP®A

Constraints

[  OP=BB IAI>AN I=U KJHU PQPKN KN ?KQJOAH OPQ@AJPO SDK =NA HK?=PA@ EJ PDA O=IA NACEKJ =0
IAI>AN
1IPQ@AJPO I=U JKP AJNKHH BKN IKNA PD=J LKEJPO SKNPD KB ?KQNOAO =P =JU KJA PEIA
2DA =PPNE>QPA INA@EP KB !KQNOA D=0 =R=HQAKB KN LKEJPO

LKEJP ?KQNOA I=U D=RA QL PK BERA =OOECJIAJPO = LKEJP ?KQNOA I=U D=RA QL PK PDNAA =00
2DA =PPNE>QPA %N=@A KB OOECJIAJP D=0 = R=HQA PD=P EO = I=NG KQP KB

— — — —

Assumptions

[ OPQ@AJP D=0 =P IKOP KJA AJNKHHIAJP EJ = ?KQNOA =0 KJHU ?QNNAJP AJNKHHIAJPO =NA NA?KN@
[ J=0OO0OECJIAJP I=U >A OQ>IEPPA@ KJHU KJ?A
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Relationships (includes cardinality)

30EJSECQNA JKPARD=POPQ@AW?KNEBOOK?E-FRANINKHHBEPBIEJEIQI KB PK=I=TEIQI KB
1=JU ?KQNOAO

#=?D AINKHHIAJP IQOP D=RA = R=HE@ OPQ@AJP

Note: 1EJ?ARDAPQ@AJEQ=NRBPDA ER=JcRAJQHEDANABKNWI1PQ@AJRAIPANAGDPATEEGBPDA
1IPQ@AJP P=>HA =P HA=OP KJ?A PK =PETEIQDEB ODKQH@ >A K>REKQO OEJ?A PDA .) ?=JJKP D=RA @

$ECQNA >U b5=PP

OABARKSECQNA  OP=BR?KN@PQPKEEOOK?E=PRRB IEJEIQI KB OPQ@MARO=TEIQI KB=JU
OPQ@AJPO

OPQ@AJP NA?KN@ I=U KN I=U JKP D=RA = PQPKN

$ECQNA >U 5=PP

Note: 2DA1P=BB,REAH@®DAP Q@ AR>HAHKIQHREFHQAGALNAOAIRIRGA KIPDNAEHE @AKSARANB
= 1P=BB,K ATEOPO EJ PDA OPQ@AJP P=>HA EP IQOP ATEOP EJ PDA 1P=BB P=>HA I=TEIQI KJ?A ~ NALN

OABARKSECQNA  OP=BB?KNEIOPNQP&ROK?E=S2RBIEJEIQI KB ?KQNCRGI=TEIQI KB=JU
?2KQNOAO

?KQNOA I=U KN I=U JKP >A =OOK?E=PA@ SEPD =J EJOPNQ?PKN

Note: 2DA1P=BB,EJPDAKQNOR->HZ®PDA) =J@ERP=J>AJQHEDENALNAORIPOKJIPDMNARFE @BPDA
NAH=PEKJBPBIAP=BB,R=@=PEP=CK-AEIPDAP=BB->HA=TEIQI KBKIJ?A2D=EOMIALNAOAIRIRBA
KJ PDA HABP OE@A KB PDA NAH=PEKJODEL
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$ECONA >U 5=PP
OABAN PK $ECQNAKQNOA IQOP >A KBBANA@ EJ AINKHHIAJP =P HA=OP KJ?A PK = I=TEIQI KB 1=JU PEIAO

2DA #INKHHIAJP P=>HA IQOP ?KJIP=HR=HEEAZKONOA PK = I=TEIQI KB I=JU

$ECQNA >U 5=PP
OABAN PK $SECQNA  J AJNKHHIAJP ?=J D=RA = IEJEIQI KB =OOECJIAJPO KN = I=TEIQI KB I1=JU
J =OOECJIAJP IQOP >A =OOK?E=PA@ SEHPBR-HAFORI KBAINKHHIAJP

Note: #RANNA?KNGPDAOOECJIIAIP=>HAOP’KIP=ER=HEA@NKHHIAIR?KNEGA AINKHHIAIR?KRE&>A
=0O0OK?E=PA@ SEPD IQHPELHA =OOECJIAJPO

$ECONA >U 5=PP

Attribution

2DEEGJ =@=LP=PBEKP= @ANER=RPERDAQPDIINKPB=HRBEP1KQN?BPPL KLAJHA=NJ KLAJK® QG
KQ?KJPAJP REAS LDL E@ OA?PEKJ



Appendix B Sample ERD Exercises

Exercise 1

Manufacturer

I=JQB=?PQNEKI =JULNK@QPAB@QZPBABKHHKSENB @ EIBKNI=PEHO@PKNAEK@@2A LNK@Q?P
" =J@MQ=JPERD=J@DAOCKNK@Q2RA=@AQLKB=JU ?KILKIAIPG=?D?KILKIAIP=]>A0QLLHEA@
KIJAKNKNAOQLLHEANABKHHKSEBQ KIJAJFEIJBKNI=PE@ALPKILKIAIP' J=IA @AO?NELREXLHEANO
SDK OQLLHU PDAI =J@ LNK@Q?PO EJ SDE?D PDAU =NA QOA@ 30A $ECQNA BKN PDEO ATAN?EOA

INA=PA =J #0" PK ODKS DKS UKQ SKQH@ PN=?G PDEO EJBKNI=PEKJ

1DKS AJPEPU J=IAO LNEI=NU GAUO =PPNE>QPAO BKN A=7?D AJPEPU NAH=PEKJODELO >APSAAJ PD#A

Assumptions

OQLLHEAN ?=J ATEOP SEPDKQP LNKRE@EJC ?KILKJAJPO

?KILKIAIP @KAO JKP D=RA PK >A =OOK?E=PA@ SEPD = OQLLHEAN

?KILKIJAIP @KAO JKP D=RA PK >A =OOK?E=PA@ SEPD = LNK@Q?P ,KP =HH ?KILKJAJPO =NA
LNK@Q?P ?=JJKP ATEOP SEPDKQP ?KILKJAJPO

ERD Answer

IKILKJAJP IKIL™  IKIL,=IA "AO?NELPEKJ .) IKIL"
NK@QMK@" .NK@,=IA /PU-J&=J@ .) .NK@"
1QLLHEAML™ 1QLL,=IA ) 1QLL"

IKILIQLL !KIL™ 1QLL™ ) IKIL™ 1QLL™

QEH@IL™ .NK@"™ /PU-BIKIL .) IKIL™ .NK@"

Exercise 2

Car Dealership

INA=PAJ#0" BKHN ?=N@A=HANQDE@A=HANOBBEPDAS =J@OA@NGIGERKLAN=PAOANRBZXEHEPU
OAA $ECQNA =OA UKQN @AOECJ KJ PDA BKHHKSEJC >QOEJAOO NQHAO
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— — — — —

$ECQNA >U 5=PP

O=HAOLANOKJ I=U OAHH I1=JU ?=NO >QP A=?D ?=N EO OKH@ >U KJHU KJA O=HAOLANOKJ

?QOPKIAN [=U >QU I=JU ?=NO >QP A=?D ?=N ERJHQKDP>$DOPKIAN

O=HAOLANOKJ SNEPAO = OEJCHA EJRKE?A BKN A=?D ?=N DA KN ODA OAHHO

?QOPKIAN CAPO =J EJRKE?A BKN A=?D ?=N DA KN ODA >QUO

?QOPKIAN I=U ?KIA EJ FQOP PK D=RA DEO KN DAN ?=N OANRE?A@A@DHPEQE 2QERRIANA
?H=00EBEA@ =0 = ?QOPKIAN
5DAJ = ?QOPKIAN P=GAO KJA KN IKNA ?=NO EJ BKN NAL=EN KN OANRE?A KJA OANRE?A PE?GAP EO S
2DA ?=N @A=HANODEL I=EJP=EJO = OANRE?A DEOPKNU BKN A=?D KB PRA7ZKN@O@ANRE?A@ 2DA OAN
NABANAJ?A@ >U PDA ?=NcO OANE=H JQI>AN

?=N >NKQCDP EJ BKN OANRE?A ?=J >A SKNGA@ KJ >U I=JU IA?D=JE?0 =J@ A=?D IA?D=JE? I=U SKNG
I=JU ?=NO

?=N PD=P EO OANRE?A@ I=U KN I=U JKP JAA@ L=NPO A C =@FAREEIGC-=?BIPADNAIAYMN
JKVVHA @KAO JKP NAMQENA LNKRE@EJC JAS
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ERD Answer



Appendix C SQL Lab with Solution

"KSIJHK=@ PDA BKHHKSEJQNO@PNEDR @"=P= OMH

Part 1 b DDL
E
“;'Sh""’;rs thiProducts *
Companyhlame T ProductlD
; — poe———Gw | SupplerD
T — | thlOrderDetails % =
— 9 OrderD tegoryl
cductame
T ProductlD =
E UnitPrice -
QuantityPerUnit
thlCustomers * thlOrders * Quantty -

§ CustomerID § OrderiD Do UniksInStodk
Companyhiame CustomesID —— LirsbsOnrdar
Contactilams EmgloyeslD ReorderLevel
ContactTite Shiptiame Discontinued
Address ShipAddress T e €34
City ShioGity thiSupplier *

Region ShipRagion T SupplerD
PastalCode ShpPostaiCode e
Country e ShipCountry Address
Phone Shipia City
Fax OrderDate Pravince
Requrediate
ShippedDate
Fresght

$ECQNA! #0"BKN -N@ANO =J@ "=P=

30A PDA O?NELP -N@ANO J@"=P= OMH PD=P ?NA=PAO PDA P=>HAO =J@ =@ @O PDA @=P= BKN PD;
#0" EJ SECQNA!

INA=PA = @=P=>=0A ?=HHA@ -N@ANO +K@EBU PDA O?NELP PK EJPACN=PA PDA .) =J@ NABANAJPI
PDAI0#2#2 *#  OP=PAIAJPO SEPD PDA IK@EBE?=PEKJO EJ?HQ@EJC PDA ?KJOPN=EJPO CERAJ EJ

@@ PDA BKHHKSEJC ?KJOPN=EJPO

[ P>HIQOPKIANO PKEHIRNU * @AB=QHP PK !=J=@=

[ P>H-N@AN"APKEHPEPU »
[ P>HIDELLANO !KIL=JU,=IA IQOP >A QJEMQA

126
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[ P>H-N@ANO 1DELLA@"=PA IQOP >A CNA=PAN PD=J KN@AN @=PA

10#2#" 2 1#-N@ANO
%K

30A -N@ANO

%K

30A -N@ANO

%K

10# 2# 2 *# 9@>K: 9P>HIQOPKIANO:
9IQOPKIAN™: JR=N?D=N ,-2,3**
9IKIL=JU,=IA: JR=N?D=N ,-2 ,3**
9IKIP=?P,=IA: JR=N?D=N ,3**
9IKIP=?P2EPHR=N?D=N ,3**

9 @@NAOO: JR=N?D=N ,3**
9IEPU: JR=N?D=N ,3**
90ACEKJ: JR=N?D=N ,3**
9.KOP=HIK@AJR=N?D=N ,3**
9IKQJPNU: JR=N?D=N ,3*
IKJIOPN=EJ@B<?KQJPNU "#$ 3*2 b!=J=@=c
9.DKJA: JR=N?D=N ,3**

9%=T: JR=N?D=N ,3**
.NEI=NU )AU !QOPKIAN™

10# 2# 2 *# 9@>K: 9P>H1QLLHEAN:
91QLLHEAN™EJP ,-2 ,3**

9,=IA: JR=N?D=N ,3**

9 @@NAOOJR=N?D=N ,3**
9IEPU: JR=N?D=N ,3**
9.NKREJ?A: JR=N?D=N ,3**
.NEI=NU )AU 1QLLHEAN™"

10# 2# 2 *# 9@>K: 9P>H1DELLANO:
91DELLAN™: EJP ,-2 ,3**
9IKIL=JU,=IA: JR=N?D=N ,-2,3**
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.NEI=NU )AU 1DELLAN"™
1-,120',2 Q?<!KIL=JU,=IA 3,/3# KIL=JU,=IA

10# 2# 2 *# 9@>K: 9P>H.NK@Q?PO:
9.NK@Q?P™: EJP ,-2 ,3*
91QLLHEAN™: EJP ,3**
9I=PACKNU™: EJP ,3**
9.NK@Q?P,=IA: JR=N?D=N ,-2,3**
9#JCHEOD,=IA: JR=N?D=N ,3**
9/Q=JPEPU.AN3JERR=N?D=N ,3**
93JEP.NE?A: IKJAU ,3**
93JEPO'J1PK?G:OI=HHEJP ,3**
93JEPO-J-N@AN: OI=HHEJP ,3**
90AKN@AN*ARADI=HHEJP ,3**
9"EO?KIPEJQA@EP ,-2 ,3**

.NEI=NU )AU .NK@Q?P"

$KNAECJ )AU 1QLLHEAN™ OABANAJ?AO P>H1QLLHEAN

10# 2# 2 *# 9@>K: 9P>H-N@ANO:

9-N@AN"": EJP ,-2 ,3**

9IQOPKIAN™:  JR=N?D=N ,-2,3**

9#ILHKUAA™: EJP ,3**

91DEL,=IA: JR=N?D=N ,3**

91DEL @@NAOQR=N?D=N ,3**

91DEL!EPU: JR=N?D=N ,3**

91DELOACEKJ: JR=N?D=N ,3**
91DEL.KOP=H!IK@R=N?D=N ,3**
91DEL!KQJPNU:JR=N?D=N ,3**

91DEL4E=: EJP ,3**

9-N@AN"=PA: OI=HH@=PAPEIA ,3**
90AMQENA@"=PBI=HH@=PAPEIA ,3**
91DELLA@"=PA:OI=HH@=PAPEIA ,3**

9$NAECDP: IKJAU ,3**

.NEI=NU )AU -N@AN"

$KNAECJ )AU IQOPKIAN™ OABANAJ?AO P>H!QOPKIANO
$KNAECJ )AU 1DEL4E= 0ABANAJ?AO P>H1DELLANO
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IKJIOPN=EJP R=HE@<1DEL"=PA !&#!) 1IDELLA@"=PA -N@AN"=PA

10# 2# 2 *# 9@>K: 9P>H-N@AN"AP=EHO:

9-N@AN™: EJP ,-2 ,3**

9.NK@Q?P":EJP ,-2 ,3**

93JEP.NE?AIKJAU ,-2 ,3**

9/Q=JPEPU:OI=HHEJP ,-2 ,3**

9"EO?KQJIP:NA=H ,-2 ,3**

.NEI=NU )AU -N@AN" .NK@Q?P"

$KNAECJ )AU -N@AN™ O0ABANAJ?AO P>H-N@ANO
$KNAECJ )AU .NK@Q?P™ 0ABANAJ?AO P>H.NK@Q?PO
IKJIOPN=EJP 4=HE@</PU |DA?G /Q=JPEPU

%K

Part 2 b Create the Following SQL Statements

1DKS=HE®B?QOPKIANIZPDAN @ ANTACAJAN=RA@NEJC "EOLH=2QOPKIAN KN@ANKNQ@@NPA
=J@ @=PA KN@QANA@

30A -N@ANO
%K

1##12 IKIL=JU,=IA -N@AN" 0AMQENA@"=PA =O bKN@AN @=PAc -N@AN"=PA =0 b@=PA KN@ANA@
$0-+ P>H?QOPKIANOP>H-N@ANO KJ P>H-N@ANO IQOPKIAN" P>H!QOPKIANO !QOPKIAN"
5&#0# 7TA=N -N@AN"=PA

30EJC PDA *2#0 2 *# OP=PAIAJP =@@ = JAS BEAH@ 7?PERA EJ PDAERLIHHIEPRKARNQA

*2#0 2 *# P>HIQOPKIANO
" ?PERA >EP "#$ 3*2 b2NQAC

1DKS=HKN@ANDI?D=CABKNALPAI>AN "EOLH=KIL=JUJ=IA @=RMN@ANL@KP=HKQJIB
KN@AN EJ?HQ@A BNAECDP

1##12 P>H-N@ANO -N@AN" -N@AN"=PA =0 b"=PA -N@ANA@c OQIl QJEPLNE?A MQ=JPEPU| @EO?}
=0 b2KP=H !KOPc
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$0-+ P>H-N@AN"AP=EHO FKEJ P>H-N@ANO KJ P>H-N@ANO KN@AN" P>H-N@AN"AP=EHO -N@AN"

5&#0# -N@AN"=PA Db1ALPAI>AN c
%0-3. 7 P>H-N@ANO -N@AN™ BNAECDP -N@AN"=PA

1DKS=HKN @ANIP-RAAAJODELLRE$SA@ANEMELLEJCEOLH=N@AN"1DEL,=IA 1DEL @ @NAILED

IQOPKIAN™

1#*#12 -N@AN™ 1DEL,=IA 1DEL @ @NAOO !QOPKIAN™

$0-+ P>H-N@ANO FKEJ P>H1DELLANO KJ P>H-N@ANO 1DEL4E= P>H1DELLANO 1DELLAN"

5&#0# IKIL=JU,=IA b$A@AN=H 1DELLEJCc

1DKS =HH ?QOPKIANO SDK D=RA JKP |=@A LQN?D=0AOQ EJ

1##12 IKIL=JU =IA

$0-+ P>HIQOPKIANO

5&#0# IQOPKIAN" JKP EJ
1#*#12 1QOPKIAN"

$0-+ P>H-N@ANO

5&#0# 7TA=N -N@AN"=PA

1DKS =HH LNK@Q?PO PD=P D=RA JARAN >AAJ KN@QANA@

1#*#12 NK@Q?P" BNKI P>H.NK@Q?PO
#T?ALP
1#4#12 NK@Q?P™ BNKI P>H-N@AN"AP=EHO

1##12 NK@Q?PO .NK@Q?P" .NK@Q?PO .NK@Q?P,=IA
$0-+ .NK@Q?PO *#$2 (-', 9-N@AN "AP=EHO:

-, NK@Q?PO .NK@Q?P" 9-N@AN "AP=EHO: .NK@Q?P"
5&#0# 9-N@AN "AP=EHO: -N@AN" '1 ,3**

1DKS-N@AN"BKRQOPKIARDKNAOERIAKI@KJI30A= OQ>MQAROLHAQOPKIAN™IQOPKIAN,=IA

=J@ -N@AN"

1#*#12 1QOPKIANO IKIL=JU,=IA IQOPKIANO !QOPKIAN" -N@AN"
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$0-+ -N@ANO

*#$2 (-', IQOPKIANO -, -N@ANO IQOPKIAN™ QOPKIANO !QOPKIAN™
5&#0# IQOPKIANO IKIL=JU,=IA",

1#*#12 IKIL=JU,=IA

$0-+ !IQOPKIANO

5&#0# IEPU b*KI@KJc

1DKS LNK@Q?PO OQLLHEA@ >U 1QLLHEAN =J@ 1QLLHEAN "EOLH=ULNK@Q?P J=IA =J@ OQLL}

1##12 NK@Q?P,=IA =IA
$0-+ P>H.NK@Q?PO (-, P>H1QLLHEAN KJ P>H.NK@Q?PO 1QLLHEAN" P>H1QLLHEAN 1QLLHEAN"
5&#0# ,=IA *EGA b1QLLHEAN c KN ,=IA *EGA b1QLLHEAN c

1DKS =HH LNK@Q?PO PD=P ?KIA EJ >KTAO "EOLH=U LNK@Q?P J=IA =J@ /Q=JPEPU.AN3JEP

1##12 #JCHEOD,=IA .NK@Q?P,=1AQ=JPEPU.AN3JEP
$0-+ P>H.NK@Q?PO

5&#0# /Q=JPEPU.AN3JEP HEGA b >KT ¢

-0"#0 7 #JCHEOD,=IA

Part 3 D Insert, Update, Delete, Indexes

INA=PAJ #ILHKUAR=>HRADALNEI=NGAWDKQH& LHKUAA" =QPKJIQI>AN@ @PDBKHHKSBEAH@O
*=OP,=IA $ENOP,=I1A@ @NAGEPU.NKREJ?AKOP=H?K@RJA 1=H=NLDKSPDAO# 2# 2 *# OP=PAIAJP
=J@DA1#02 OP=PAIABMIRDBERNLHKUAABEIPDAILHKUAR=>HAPDR>H-N@ANDBKSPDAO?NERRN
?NA=PEJC PDA P=>HA OAPPEJC ?KJOPN=EJPO =J@ =@@EJC AILHKUAAO

30A -N@ANO

10# 2# 2 *# 9@>K: 9P>H#ILHKUAA:
#ILHKUAA™ 'JP "'#,2'27 ,-2 ,3**
$ENOP,=IAR=N?D=N  ,-2 ,3*
*~OP,=IAR=N?D=N -2 ,3**
@@NAOO R=N7?D=N

IEPU R=N?D=N .NKREJ?A R=N?D=N
.KOP=HIK@A ?D=N

.DKJA ?D=N

1=H=NU +KJAU ,-2 ,3**

.NEI=NU )AU #ILHKUAA™
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%K

', 1#02 EJPK P>H#ILHKUAAO

4=HQAO b(Elc b1IEPDc b $=GAc b2ANN=?Ac b!c b4% (c b cb c
b(EllUc blIEPDUc b $=GAc b2ANN=?Ac b!c b4% (c b cb c
b(KDJc b1lIKNAc ¢ $=GAc b2ANN=?Ac b!c b4 % (c b cb c

b(=Uc b1EPDc ¢ $=GAc b2ANN=?Ac b!c b4% (c b cb c

b(ECc b+EPDc ¢ $=GAc b2ANN=?Ac b!c b4% (c b cb c

%K

@@ = BEAH@ PK P>H-N@ANO ?=HHA@ 2KP=H1=HAO 1DKS OP£PRHIP *#

*2#0 2 *# P>H-N@ANO
" $KNAECJ )AU #ILHKUAA™ NABANAJ?AO P>H#ILHKUAAO #ILHKUAA™

30EJC PDA 3." 2#OP=PAIAJP =@ @ PDA PKP=H O=HA BKN A=7?D KN@AN >=0A@ KJ PDA KN@AN @AP=EHO F

3." 2# P>H-N@ANO

1AP 2KP=H1=HAO OAHA?P OQIl QJEPLNE?A MQ=JPEPU @EO?KQJP
$0-+ P>H-N@AN"AP=EHO

5&#0# P>H-N@AN"AP=EHO -N@AN" P>H-N@ANO -N@AN"

%0-3. 7-N@AN"
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