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Chapter 1 Before the Advent of Database Systems

Adri enne Watt
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File-based System
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Disadvantages of the file-based approach
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Data redundancy
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Data isolation
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Integrity problems
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Security problems
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Concurrency access
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DatabaseApproach
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Role of databases in business
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�I=JELQH=PA�=J@�NAPNEARA�@=P=�EJ�=�R=NEAPU�KB�@EBBANAJP�S=UO�
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AILHKUAAO
�LNK@Q?PO
�KN@ANO�KN�=JUPDEJC�AHOA�PD=P�=OOEOPO�PDA�>QOEJAOO�SEPD�EPOKLAN=PEKJO�

The meaning of data

"=P= =NAB=?PQ=HEJBKNI=PEKJOQ?D=OIA=OQNAIAJPOKNOP=PEOPE?O=>KQPK>FA?PO=J@?KJ?ALPO�5A QOA@=P=BKN
@EO?QOOEKJOKN=OL=NPKB=?=H?QH=PEKJ�"=P=?=J>A=LANOKJ
=LH=?A
=JARAJP
=J=?PEKJKN=JUKJAKB=JQI>ANKB
PDEJCO����OEJCHA�B=?P�EO�=J�AHAIAJP�KB�@=P=
�KN�=data element�

'B@=P==NAEJBKNI=PEKJ=J@EJBKNI=PEKJEOSD=PSA=NAEJPDA>QOEJAOOKBSKNGEJCSEPD
UKQ?=JOP=NPPKOAASDANA
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

�HHKBPDAOAEPAIOOPKNAEJBKNI=PEKJ
=J@OKPKK@KAO=@=P=>=OA� A?=QOAKBPDAIA?D=JE?=HJ=PQNAKB@=P=>=OAO
PDAU
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Key Terms

concurrency� PDA=>EHEPUKBPDA@=P=>=OAPK=HHKSIQHPELHAQOANO=??AOOPKPDAO=IANA?KN@SEPDKQP=@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� =LNKLANPUPD=P@APANIEJAOSDAJ=J@DKS?D=JCAOI=@A>UKJAKLAN=PEKJ>A?KIAREOE>HAPK
KPDAN�?KJ?QNNAJPQOANO�=J@�OUOPAIO

data integrity � NABANOPKPDAI=EJPAJ=J?A=J@=OOQN=J?APD=PPDA@=P=EJ=@=P=>=OA=NA?KNNA?P=J@?KJOEOPAJP
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data redundancy� = OEPQ=PEKJPD=PK??QNOEJ= @=P=>=OASDAJ= BEAH@JAA@OPK>AQL@=PA@EJIKNAPD=JKJA
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Exercises
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>� BEAH@
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@�BEHA
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=� '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�?EPU�
@�&KS�SKQH@�UKQ�OKHRA�PDEO�LNK>HAI�>U�=HPANEJC�PDA�BEHA�OPNQ?PQNA�

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

Attribution

2DEO?D=LPANKBDatabaseDesign�EJ?HQ@EJCEPOEI=CAO
QJHAOOKPDANSEOAJKPA@�EO= @ANER=PERA?KLUKB"=P=>=OA
1UOPAI�!KJ?ALPO>U,CQUAJ�)EI��JD HE?AJOA@�QJ@AN!NA=PERA�!KIIKJO��PPNE>QPEKJ�*E?AJOA�����HE?AJOA
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2DA�BKHHKSEJC�I=PANE=H�S=O�SNEPPAJ�>U��@NEAJJA�5=PP�

�� 'JPNK@Q?PEKJ
�� )AU�2ANIO
�� #TAN?EOAO
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Chapter 2 Fundamental Concepts

Adri enne Watt & N elson Eng

What Is a Database?

� databaseEO=OD=NA@?KHHA?PEKJKBNAH=PA@@=P=QOA@PKOQLLKNPPDA=?PEREPEAOKB=L=NPE?QH=NKNC=JEV=PEKJ�� @=P=>=OA
?=J>AREASA@=O=NALKOEPKNUKB@=P=PD=PEO@ABEJA@KJ?A=J@PDAJ=??AOOA@>UR=NEKQOQOANO=OODKSJEJ$ECQNA����

$ECQNA��������@=P=>=OA�EO�=�NALKOEPKNU�KB�@=P=�

Database Properties

��@=P=>=OA�D=O�PDA�BKHHKSEJC�LNKLANPEAO�

[ 'P�EO�=�NALNAOAJP=PEKJ�KB�OKIA�=OLA?P�KB�PDA�NA=H�SKNH@�KN�=�?KHHA?PEKJ�KBdata elementO�B=?PO��NALNAOAJPEJC
NA=H�SKNH@�EJBKNI=PEKJ�

[ ��@=P=>=OA�EO�HKCE?=H
�?KDANAJP�=J@�EJPANJ=HHU�?KJOEOPAJP�
[ ��@=P=>=OA�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�I=GAO�QL�=table� $KN�AT=ILHA
�A=?D�BEAH@�EJ�=J�AILHKUAA�P=>HA�?KJP=EJO�@=P=

=>KQP�=J�EJ@ERE@Q=H�AILHKUAA�

� @=P=>=OA?=J ?KJP=EJI=JU P=>HAO�$KNAT=ILHA
= IAI>ANODELOUOPAII=U ?KJP=EJ=J =@@NAOOP=>HA=J@
=J EJ@ERE@Q=HIAI>AN P=>HA=OODKSJEJ$ECQNA���� +AI>ANOKB1?EAJ?A5KNH@=NAEJ@ERE@Q=HO
CNKQLDKIAO

>QOEJAOOAO=J@?KNLKN=PEKJOSDKD=RA=J=?PERAIAI>ANODELPK1?EAJ?A5KNH@�+AI>ANODELO?=J>ALQN?D=OA@BKN
=�KJA��KN�PSK�UA=N�LANEK@
�=J@�PDAJ�NAJASA@�BKN�=JKPDAN�KJA��KN�PSK�UA=N�LANEK@�

'J $ECQNA���
 +EJJEA+KQOANAJASA@PDAB=IEHUIAI>ANODELSEPD1?EAJ?A5KNH@�#RANUKJASEPDIAI>ANODEL
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$ECQNA������+AI>ANODEL�OUOPAI�=P�1?EAJ?A�5KNH@�>U�,��#JC�

'"������� HERAO=P���� 0K@AJP*=JA�2DAEJ@ERE@Q=HIAI>ANO=NA+E?GAU+KQOA
+EJJEA+KQOA
+ECDPU+KQOA

"KKN�+KQOA
�2KI�+KQOA
�)EJC�0=P
�+=J�+KQOA�=J@�+KKOA�+KQOA�

Database Management System

� databasemanagementsystem(DBMS) EO= ?KHHA?PEKJKBLNKCN=IOPD=PAJ=>HAOQOANOPK?NA=PA=J@I=EJP=EJ
@=P=>=OAO=J@?KJPNKH=HH=??AOOPKPDAI�2DALNEI=NUCK=HKB= " +1 EOPKLNKRE@A=J AJRENKJIAJPPD=PEO>KPD
?KJRAJEAJP�=J@�ABBE?EAJP�BKN�QOANO�PK�NAPNEARA�=J@�OPKNA�EJBKNI=PEKJ�

5EPD�PDA�@=P=>=OA�=LLNK=?D
�SA�?=J�D=RA�PDA�PN=@EPEKJ=H�>=JGEJC�OUOPAI�=O�ODKSJ�EJ�$ECQNA������'J�PDEO�>=JG
AT=ILHA
�=�" +1�EO�QOA@�>U�PDA�.ANOKJJAH�"AL=NPIAJP
�PDA��??KQJP�"AL=NPIAJP�=J@�PDA�*K=J�"AL=NPIAJP�PK
=??AOO�PDA�OD=NA@�?KNLKN=PA�@=P=>=OA�

$ECQNA��������>=JG�@=P=>=OA�I=J=CAIAJP�OUOPAI��" +1��
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Key Terms

data elements� B=?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?QH=N�KNC=JEV=PEKJ

databasemanagementsystem(DBMS)� =?KHHA?PEKJKBLNKCN=IOPD=PAJ=>HAOQOANOPK?NA=PA=J@I=EJP=EJ
@=P=>=OAO�=J@�?KJPNKH�=HH�=??AOO�PK�PDAI

table��=�?KI>EJ=PEKJ�KB�BEAH@O

Exercises

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

Attribution

2DEO?D=LPANKBDatabaseDesign�EJ?HQ@EJCEI=CAO
AT?ALP=OKPDANSEOAJKPA@�EO= @ANER=PERA?KLUKB"=P=>=OA
1UOPAI�!KJ?ALPO>U,CQUAJ�)EI��JD HE?AJOA@�QJ@AN!NA=PERA�!KIIKJO��PPNE>QPEKJ�*E?AJOA�����HE?AJOA

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

�� #T=ILHA�QJ@ANDatabase Properties
�� )AU�2ANIO

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

�� #TAN?EOAO
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Chapter 3 Characteristics and Benefits of a Database

Adri enne Watt

+=J=CEJCEJBKNI=PEKJIA=JOP=GEJC?=NAKBEPOKPD=PEPSKNGOBKNQO=J@EOQOABQHBKNPDAP=OGOSA LANBKNI� U
QOEJC=" +1
 PDAEJBKNI=PEKJSA?KHHA?P=J@=@@PKEPO@=P=>=OAEOJKHKJCANOQ>FA?PPK=??E@AJP=H@EOKNC=JEV=PEKJ�
'P>A?KIAOIKNA=??AOOE>HA=J@EJPACN=PA@SEPDPDANAOPKBKQNSKNG�+=J=CEJCEJBKNI=PEKJQOEJC=@=P=>=OA=HHKSO
QO�PK�>A?KIA�OPN=PACE?�QOANO�KB�PDA�@=P=�SA�D=RA�

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

[ !NA=PEJC�I=EHEJC�HEOPO
[ 5NEPEJC�I=J=CAIAJP�NALKNPO
[ %AJAN=PEJC�HEOPO�KB�OAHA?PA@�JASO�OPKNEAO
[ '@AJPEBUEJC�R=NEKQO�?HEAJP�JAA@O

2DA�LNK?AOOEJC�LKSAN�KB�=�@=P=>=OA�=HHKSO�EP�PK�I=JELQH=PA�PDA�@=P=�EP�DKQOAO
�OK�EP�?=J�

[ 1KNP
[ +=P?D
[ *EJG
[ �CCNAC=PA
[ 1GEL�BEAH@O
[ !=H?QH=PA
[ �NN=JCA

 A?=QOA�KB�PDA�RANO=PEHEPU�KB�@=P=>=OAO
�SA�BEJ@�PDAI�LKSANEJC�=HH�OKNPO�KB�LNKFA?PO����@=P=>=OA�?=J�>A�HEJGA@�PK�

[ ��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�AI=EH�?HEAJP
[ ��?KHHA?PEKJ�KB�SKN@�LNK?AOOA@�@K?QIAJPO
[ ��OUOPAI�PD=P�EOOQAO�=ENHEJA�NAOANR=PEKJO

Characteristics and Benefits of a Database

2DANA=NA=JQI>ANKB?D=N=?PANEOPE?OPD=P@EOPEJCQEODPDA@=P=>=OA=LLNK=?DBNKIPDABEHA�>=OA@OUOPAIKN=LLNK=?D�
2DEO�?D=LPAN�@AO?NE>AO�PDA�>AJABEPO��=J@�BA=PQNAO��KB�PDA�@=P=>=OA�OUOPAI�
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Self-describing nature of a database system

� @=P=>=OAOUOPAIEONABANNA@PK=Oself-describing>A?=QOAEPJKPKJHU?KJP=EJOPDA@=P=>=OAEPOAHB
>QP=HOK
metadataSDE?D@ABEJAO=J@@AO?NE>AOPDA@=P==J@NAH=PEKJODELO>APSAAJP=>HAOEJPDA@=P=>=OA�2DEOEJBKNI=PEKJ
EOQOA@>UPDA" +1 OKBPS=NAKN@=P=>=OAQOANOEBJAA@A@�2DEOOAL=N=PEKJKB@=P==J@EJBKNI=PEKJ=>KQPPDA@=P=
I=GAO=@=P=>=OAOUOPAIPKP=HHU@EBBANAJPBNKIPDAPN=@EPEKJ=HBEHA�>=OA@OUOPAIEJSDE?DPDA@=P=@ABEJEPEKJEOL=NP
KB�PDA�=LLHE?=PEKJ�LNKCN=IO�

Insulation between program and data

'J PDABEHA�>=OA@OUOPAI
PDAOPNQ?PQNAKBPDA@=P=BEHAOEO@ABEJA@EJPDA=LLHE?=PEKJLNKCN=IOOKEB= QOANS=JPOPK
?D=JCA�PDA�OPNQ?PQNA�KB�=�BEHA
�=HH�PDA�LNKCN=IO�PD=P�=??AOO�PD=P�BEHA�IECDP�JAA@�PK�>A�?D=JCA@�=O�SAHH�

-J PDAKPDAND=J@
EJPDA@=P=>=OA=LLNK=?D
PDA@=P=OPNQ?PQNAEOOPKNA@EJPDAOUOPAI?=P=HKCQA=J@JKPEJPDA
LNKCN=IO�2DANABKNA
KJA?D=JCAEO=HHPD=PEOJAA@A@PK?D=JCAPDAOPNQ?PQNAKB= BEHA� 2DEOEJOQH=PEKJ>APSAAJPDA
LNKCN=IO�=J@�@=P=�EO�=HOK�?=HHA@�LNKCN=I�@=P=�EJ@ALAJ@AJ?A�

Support for multiple views of data

� @=P=>=OAOQLLKNPOIQHPELHAREASOKB@=P=�� viewEO=OQ>OAPKBPDA@=P=>=OA
SDE?DEO@ABEJA@=J@@A@E?=PA@BKN
L=NPE?QH=NQOANOKBPDAOUOPAI�+QHPELHAQOANOEJPDAOUOPAIIECDPD=RA@EBBANAJPREASOKBPDAOUOPAI�#=?DREAS
IECDP�?KJP=EJ�KJHU�PDA�@=P=�KB�EJPANAOP�PK�=�QOAN�KN�CNKQL�KB�QOANO�

Sharing of data and multiuser system

!QNNAJP@=P=>=OAOUOPAIO=NA@AOECJA@BKNIQHPELHAQOANO�2D=PEO
PDAU=HHKSI=JU QOANOPK=??AOOPDAO=IA@=P=>=OA
=PPDAO=IAPEIA�2DEO=??AOOEO=?DEARA@PDNKQCDBA=PQNAO?=HHA@concurrencycontrol strategies� 2DAOAOPN=PACEAO
AJOQNA�PD=P�PDA�@=P=�=??AOOA@�=NA�=HS=UO�?KNNA?P�=J@�PD=P@=P=�EJPACNEPU�EO�I=EJP=EJA@�

2DA@AOECJKBIK@ANJIQHPEQOAN@=P=>=OAOUOPAIOEO= CNA=PEILNKRAIAJPBNKIPDKOAEJPDAL=OPSDE?DNAOPNE?PA@
QO=CA�PK�KJA�LANOKJ�=P�=�PEIA�

Control of data redundancy

'J PDA@=P=>=OA=LLNK=?D
E@A=HHU
A=?D@=P=EPAIEOOPKNA@EJKJHUKJALH=?AEJPDA@=P=>=OA�'J OKIA ?=OAO

@=P=NA@QJ@=J?UOPEHHATEOPOPKEILNKRAOUOPAILANBKNI=J?A
>QPOQ?DNA@QJ@=J?UEO?KJPNKHHA@>U=LLHE?=PEKJ
LNKCN=IIEJC=J@�GALP�PK�IEJEIQI�>U�EJPNK@Q?EJC�=O�HEPPHA�NA@Q@=J?U�=O�LKOOE>HA�SDAJ�@AOECJEJC�PDA�@=P=>=OA�

Data sharing

2DAEJPACN=PEKJKB=HHPDA@=P=
BKN=J KNC=JEV=PEKJ
SEPDEJ= @=P=>=OAOUOPAID=OI=JU =@R=JP=CAO�$ENOP
EP=HHKSO
BKN@=P=OD=NEJC=IKJC AILHKUAAO=J@KPDANOSDKD=RA=??AOOPKPDAOUOPAI�1A?KJ@
EPCERAOQOANOPDA=>EHEPUPK
CAJAN=PA�IKNA�EJBKNI=PEKJ�BNKI�=�CERAJ�=IKQJP�KB�@=P=�PD=J�SKQH@�>A�LKOOE>HA�SEPDKQP�PDA�EJPACN=PEKJ�
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Enforcement of integrity constraints

"=P=>=OAI=J=CAIAJPOUOPAIOIQOPLNKRE@APDA=>EHEPUPK@ABEJA=J@AJBKN?A?ANP=EJ?KJOPN=EJPOPKAJOQNAPD=PQOANO
AJPANR=HE@EJBKNI=PEKJ =J@I=EJP=EJ@=P=EJPACNEPU�� databaseconstraintEO= NAOPNE?PEKJKNNQHAPD=P@E?P=PAOSD=P
?=J>AAJPANA@KNA@EPA@EJ=P=>HAOQ?D=O=LKOP=H?K@AQOEJC=?ANP=EJBKNI=PKN=@@EJC=R=HE@?EPUEJPDA!EPUBEAH@�

2DANA=NAI=JU PULAOKB@=P=>=OA?KJOPN=EJPO�Data type
 BKNAT=ILHA
@APANIEJAOPDAOKNPKB@=P=LANIEPPA@EJ=
BEAH@
BKNAT=ILHAJQI>ANOKJHU�Data uniquenessOQ?D=OPDALNEI=NUGAUAJOQNAOPD=PJK@QLHE?=PAO=NAAJPANA@�
!KJOPN=EJPO�?=J�>A�OEILHA��BEAH@�>=OA@��KN�?KILHAT��LNKCN=IIEJC��

Restriction of unauthorized access

,KP =HHQOANOKB=@=P=>=OAOUOPAISEHHD=RAPDAO=IA=??AOOEJCLNEREHACAO�$KNAT=ILHA
KJAQOANIECDPD=RAread-
onlyaccess�E�A�
PDA=>EHEPUPKNA=@=BEHA>QPJKPI=GA?D=JCAO�
SDEHA=JKPDANIECDPD=RAreadandwrite privileges

SDE?DEOPDA=>EHEPUPK>KPDNA=@=J@IK@EBU=BEHA�$KNPDEONA=OKJ
=@=P=>=OAI=J=CAIAJPOUOPAIODKQH@LNKRE@A=
OA?QNEPU�OQ>OUOPAI�PK�?NA=PA�=J@�?KJPNKH�@EBBANAJP�PULAO�KB�QOAN�=??KQJPO�=J@�NAOPNE?P�QJ=QPDKNEVA@�=??AOO�

Data independence

�JKPDAN=@R=JP=CAKB= @=P=>=OAI=J=CAIAJPOUOPAIEODKSEP=HHKSOBKN@=P=EJ@ALAJ@AJ?A�'J KPDANSKN@O

PDAOUOPAI@=P=@AO?NELPEKJOKN@=P=@AO?NE>EJC@=P=�IAP=@=P=�=NAOAL=N=PA@BNKIPDA=LLHE?=PEKJLNKCN=IO�2DEO
EOLKOOE>HA>A?=QOA?D=JCAOPKPDA@=P=OPNQ?PQNA=NAD=J@HA@>UPDA@=P=>=OAI=J=CAIAJPOUOPAI=J@=NAJKP
AI>A@@A@�EJ�PDA�LNKCN=I�EPOAHB�

Transaction processing

� @=P=>=OAI=J=CAIAJPOUOPAIIQOPEJ?HQ@A?KJ?QNNAJ?U?KJPNKHOQ>OUOPAIO�2DEOBA=PQNAAJOQNAOPD=P@=P=
NAI=EJO�?KJOEOPAJP�=J@�R=HE@�@QNEJC�PN=JO=?PEKJ�LNK?AOOEJC�ARAJ�EB�OARAN=H�QOANO�QL@=PA�PDA�O=IA�EJBKNI=PEKJ�

Provision for multiple views of data

 U EPORANUJ=PQNA
=" +1 LANIEPOI=JU QOANOPKD=RA=??AOOPKEPO@=P=>=OAAEPDANEJ@ERE@Q=HHUKNOEIQHP=JAKQOHU�
'P�EO�JKP�EILKNP=JP�BKN�QOANO�PK�>A�=S=NA�KB�DKS�=J@�SDANA�PDA�@=P=�PDAU�=??AOO�EO�OPKNA@

Backup and recovery facilities

 =?GQL=J@NA?KRANU=NAIAPDK@OPD=P=HHKSUKQPKLNKPA?PUKQN@=P=BNKIHKOO�2DA@=P=>=OAOUOPAILNKRE@AO=
OAL=N=PALNK?AOO
BNKIPD=PKB= JAPSKNG>=?GQL
BKN>=?GEJCQL=J@NA?KRANEJC@=P=�'B= D=N@@NERAB=EHO=J@PDA
@=P=>=OA�OPKNA@�KJ�PDA�D=N@�@NERA�EO�JKP�=??AOOE>HA
�PDA�KJHU�S=U�PK�NA?KRAN�PDA�@=P=>=OA�EO�BNKI�=�>=?GQL�
'B = ?KILQPANOUOPAIB=EHOEJPDAIE@@HAKB= ?KILHATQL@=PALNK?AOO
PDANA?KRANUOQ>OUOPAIEONAOLKJOE>HABKN
I=GEJCOQNAPD=PPDA@=P=>=OAEONAOPKNA@PKEPOKNECEJ=HOP=PA�2DAOA=NAPSKIKNA>AJABEPOKB=@=P=>=OAI=J=CAIAJP
OUOPAI�
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Key Terms

concurrencycontrol strategies� BA=PQNAOKB=@=P=>=OAPD=P=HHKSOARAN=HQOANO=??AOOPKPDAO=IA@=P=EPAI
=P�PDA�O=IA�PEIA

data type� @APANIEJAO�PDA�OKNP�KB�@=P=�LANIEPPA@�EJ�=�BEAH@
�BKN�AT=ILHA�JQI>ANO�KJHU

data uniqueness� AJOQNAO�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�=�P=>HA

metadata� @ABEJAO�=J@�@AO?NE>AO�PDA�@=P=�=J@�NAH=PEKJODELO>APSAAJP=>HAO�EJ�PDA�@=P=>=OA

read and write privileges:PDA�=>EHEPU�PK�>KPD�NA=@�=J@�IK@EBU�=�BEHA

read-onlyaccess:PDA�=>EHEPU�PK�NA=@�=�BEHA�>QP�JKP�I=GA�?D=JCAO

self-describing� =@=P=>=OAOUOPAIEONABANNA@PK=OOAHB�@AO?NE>EJC>A?=QOAEPJKPKJHU?KJP=EJOPDA@=P=>=OA
EPOAHB
>QP=HOKIAP=@=P=SDE?D@ABEJAO=J@@AO?NE>AOPDA@=P==J@NAH=PEKJODELO>APSAAJP=>HAOEJPDA@=P=>=OA

view��=�OQ>OAP�KB�PDA�@=P=>=OA

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�I=J=CEJC�EJBKNI=PEKJ�
�� "EO?QOO�PDA�QOAO�KB�@=P=>=OAO�EJ�=�>QOEJAOO�AJRENKJIAJP�
�� 5D=P�EO�IAP=@=P=�

Attribution

2DEO?D=LPANKBDatabaseDesignEO= @ANER=PERA?KLUKB"=P=>=OA1UOPAI!KJ?ALPO>U,CQUAJ)EI �JD HE?AJOA@
QJ@AN!NA=PERA�!KIIKJO��PPNE>QPEKJ�*E?AJOA�����HE?AJOA

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

�� 'JPNK@Q?PEKJ
�� )AU�2ANIO
�� #TAN?EOAO
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Chapter 4 Types of Data Models

Adri enne Watt & N elson Eng

High-level ConceptualDataModels

&ECD�HARAH?KJ?ALPQ=H@=P=IK@AHOLNKRE@A?KJ?ALPOBKNLNAOAJPEJC@=P=EJS=UOPD=P=NA?HKOAPKPDAS=ULAKLHA
LAN?AERA@=P=�� PULE?=HAT=ILHAEOPDAAJPEPUNAH=PEKJODELIK@AH
SDE?DQOAOI=EJ ?KJ?ALPOHEGAAJPEPEAO
=PPNE>QPAO
=J@NAH=PEKJODELO��J AJPEPUNALNAOAJPO=NA=H�SKNH@K>FA?POQ?D=O=JAILHKUAAKN=LNKFA?P�2DAAJPEPUD=O=PPNE>QPAO
PD=PNALNAOAJPLNKLANPEAOOQ?D=O=JAILHKUAAcOJ=IA
 =@@NAOO=J@>ENPD@=PA�� NAH=PEKJODELNALNAOAJPO=J=OOK?E=PEKJ
=IKJC AJPEPEAO�BKNAT=ILHA
=JAILHKUAASKNGOKJI=JU LNKFA?PO�� NAH=PEKJODELATEOPO>APSAAJPDAAILHKUAA=J@
A=?D�LNKFA?P�

Record-based LogicalDataModels

0A?KN@�>=OA@HKCE?=H@=P=IK@AHOLNKRE@A?KJ?ALPOQOANO?=JQJ@ANOP=J@>QP=NAJKPPKKB=NBNKIPDAS=U@=P=EO
OPKNA@EJPDA?KILQPAN�2DNAASAHH�GJKSJ@=P=IK@AHOKBPDEOPULA=NANAH=PEKJ=H@=P=IK@AHO
JAPSKNG@=P=IK@AHO
=J@�DEAN=N?DE?=H�@=P=�IK@AHO�

[ 2DArelational modelNALNAOAJPO�@=P=�=Orelations
�KNP=>HAO��$KN�AT=ILHA
�EJ�PDA�IAI>ANODEL�OUOPAI�=P
1?EAJ?A�5KNH@
�A=?D�IAI>ANODEL�D=O�I=JU�IAI>ANO��OAA�$ECQNA�����EJ�!D=LPAN�����2DA�IAI>ANODEL
E@AJPEBEAN
�ATLENU�@=PA�=J@�=@@NAOO�EJBKNI=PEKJ�=NA�BEAH@O�EJ�PDA�IAI>ANODEL��2DA�IAI>ANO�=NA�EJ@ERE@Q=HO
OQ?D�=O�+E?GAU
�+EJJEA
�+ECDPU
�"KKN
�2KI
�)EJC
�+=J�=J@�+KKOA��#=?D�NA?KN@�EO�O=E@�PK�>A�=J
instanceKB�PDA�IAI>ANODEL�P=>HA�

[ 2DAnetwork modelNALNAOAJPO�@=P=�=O�NA?KN@�PULAO��2DEO�IK@AH�=HOK�NALNAOAJPO�=�HEIEPA@�PULA�KB�KJA�PK
I=JU�NAH=PEKJODEL�?=HHA@�=set type
�=O�ODKSJ�EJ�$ECQNA�����

[ 2DAhierarchical modelNALNAOAJPO�@=P==O=�DEAN=N?DE?=H�PNAA�OPNQ?PQNA��#=?D>N=J?D�KB�PDADEAN=N?DU
NALNAOAJPO�=�JQI>AN�KB�NAH=PA@�NA?KN@O��$ECQNA�����ODKSO�PDEO�O?DAI=�EJ�DEAN=N?DE?=H�IK@AH�JKP=PEKJ�

$ECQNA������&EAN=N?DE?=H�IK@AH�@E=CN=I�
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$ECQNA������,APSKNG�IK@AH�@E=CN=I�

Key Terms

hierarchical model� NALNAOAJPO�@=P=�=O�=�DEAN=N?DE?=H�PNAA�OPNQ?PQNA

instance� =�NA?KN@�SEPDEJ�=�P=>HA

network model� NALNAOAJPO�@=P=�=O�NA?KN@�PULAO

relation��=JKPDAN�PANI�BKN�P=>HA

relational model��NALNAOAJPO�@=P=�=O�NAH=PEKJO�KN�P=>HAO

set type� =�HEIEPA@�PULA�KB�KJA�PK�I=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�?KIIKJ�NA?KN@�>=OA@�HKCE?=H�@=P=�IK@AHO�
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Attribution

2DEO?D=LPANKBDatabaseDesignEO= @ANER=PERA?KLUKB"=P=>=OA1UOPAI!KJ?ALPO>U,CQUAJ)EI �JD HE?AJOA@
QJ@AN!NA=PERA�!KIIKJO��PPNE>QPEKJ�*E?AJOA�����HE?AJOA

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

�� )AU�2ANIO
�� #TAN?EOAO
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Chapter 5 Data Modelling

Adri enne Watt

Data modellingEOPDABENOPOPALEJPDALNK?AOOKB@=P=>=OA@AOECJ�2DEOOPALEOOKIAPEIAO?KJOE@ANA@PK>A= DECD�
HARAH�=J@�=>OPN=?P�@AOECJ�LD=OA
=HOK�NABANNA@�PK�=O�?KJ?ALPQ=H�@AOECJ��2DA�=EI�KB�PDEO�LD=OA�EOPK�@AO?NE>A�

[ 2DA@=P=�?KJP=EJA@�EJ�PDA�@=P=>=OA��A�C�
�AJPEPEAO��OPQ@AJPO
�HA?PQNANO
�?KQNOAO
�OQ>FA?PO�
[ 2DA�NAH=PEKJODELO�>APSAAJ�@=P=�EPAIO��A�C�
�OPQ@AJPO�=NA�OQLANREOA@�>U�HA?PQNANO��HA?PQNANO�PA=?D�?KQNOAO�
[ 2DA�?KJOPN=EJPO�KJ�@=P=��A�C�
�OPQ@AJP�JQI>AN�D=O�AT=?PHU�AECDP@ECEPO��=�OQ>FA?P�D=O�BKQNKN�OETQJEPO�KB

?NA@EP�KJHU�

'J PDAOA?KJ@OPAL
 PDA@=P=EPAIO
PDANAH=PEKJODELO=J@PDA?KJOPN=EJPO=NA=HHATLNAOOA@QOEJCPDA?KJ?ALPOLNKRE@A@
>UPDADECD�HARAH@=P=IK@AH� A?=QOAPDAOA?KJ?IALPO@KJKPEJ?HQ@APDAEILHAIAJP=PEKJ@AP=EHO
PDANAOQHPKB
PDA@=P=IK@AHHEJCLNK?AOOEO= �OAIE�BKNI=HNALNAOAJP=PEKJKBPDA@=P=>=OAOPNQ?PQNA�2DEONAOQHPEOMQEPAA=OUPK
QJ@ANOP=J@�OK�EP�EO�QOA@�=O�NABANAJ?A�PK�I=GA�OQNA�PD=P�=HH�PDA�QOANcO�NAMQENAIAJPO�=NA�IAP�

2DAPDEN@OPALEO@=P=>=OA@AOECJ� "QNEJCPDEOOPAL
SAIECDPD=RAPSKOQ>�OPALO�KJA?=HHA@databaselogical design

SDE?D@ABEJAO=@=P=>=OAEJ=@=P=IK@AHKB=OLA?EBE?" +1
 =J@=JKPDAN?=HHA@databasephysicaldesign
 SDE?D
@ABEJAOPDAEJPANJ=H@=P=>=OAOPKN=CAOPNQ?PQNA
BEHAKNC=JEV=PEKJKNEJ@ATEJCPA?DJEMQAO�2DAOAPSKOQ>�OPALO=NA
@=P=>=OA�EILHAIAJP=PEKJ�=J@�KLAN=PEKJOQOAN�EJPANB=?AO�>QEH@EJC�OPALO�

'J PDA@=P=>=OA@AOECJLD=OAO
@=P==NANALNAOAJPA@QOEJC= ?ANP=EJ@=P=IK@AH�2DAdata modelEO= ?KHHA?PEKJKB
?KJ?ALPOKNJKP=PEKJOBKN@AO?NE>EJC@=P=
@=P=NAH=PEKJODELO
@=P=OAI=JPE?O=J@@=P=?KJOPN=EJPO�+KOP@=P=IK@AHO
=HOK�EJ?HQ@A�=�OAP�KB�>=OE?�KLAN=PEKJO�BKN�I=JELQH=PEJC�@=P=�EJ�PDA�@=P=>=OA�

Degrees of Data Abstraction

'J PDEOOA?PEKJSA SEHHHKKG=PPDA@=P=>=OA@AOECJLNK?AOOEJPANIOKBOLA?EBE?EPU�(QOP=O=JU@AOECJOP=NPO=P=
DECDHARAH=J@LNK?AA@OPK=J ARAN�EJ?NA=OEJCHARAHKB@AP=EH
OK@KAO@=P=>=OA@AOECJ�$KNAT=ILHA
SDAJ>QEH@EJC
= DKIA
 UKQOP=NPSEPDDKSI=JU >A@NKKIO=J@>=PDNKKIOPDADKIA SEHHD=RA
SDAPDANEPSEHH>AKJKJAHARAHKN
IQHPELHAHARAHO
AP?�2DAJATPOPALEOPKCAP=J=N?DEPA?PPK@AOECJPDADKIABNKI=IKNAOPNQ?PQNA@LANOLA?PERA�2DEO
HARAHCAPOIKNA@AP=EHA@SEPDNAOLA?PPK=?PQ=HNKKIOEVAO
DKSPDADKIASEHH>ASENA@
SDANAPDALHQI>EJCBETPQNAO
SEHH>ALH=?A@
AP?�2DAH=OPOPALEOPKDENA= ?KJPN=?PKNPK>QEH@PDADKIA�2D=PcOHKKGEJC=PPDA@AOECJBNKI= DECD
HARAH�KB�=>OPN=?PEKJ�PK�=J�EJ?NA=OEJCHARAH�KB@AP=EH�

2DA@=P=>=OA@AOECJEORANUIQ?D HEGAPD=P�'POP=NPOSEPDQOANOE@AJPEBUEJCPDA>QOEJAOONQHAO�PDAJPDA@=P=>=OA
@AOECJANO=J@=J=HUOPO?NA=PAPDA@=P=>=OA@AOECJ�=J@PDAJPDA@=P=>=OA=@IEJEOPN=PKNEILHAIAJPOPDA@AOECJQOEJC
=�" +1�

2DA�BKHHKSEJC�OQ>OA?PEKJO�OQII=NEVA�PDA�IK@AHO�EJ�KN@AN�KB�@A?NA=OEJC�HARAH�KB=>OPN=?PEKJ�
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External models

[ 0ALNAOAJP�PDA�QOANcO�REAS�KB�PDA�@=P=>=OA
[ !KJP=EJ�IQHPELHA�@EBBANAJP�ATPANJ=H�REASO
[ �NA?HKOAHU�NAH=PA@�PK�PDA�NA=H�SKNH@�=O�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=>=OA
[ !KJP=EJ�@=P=�OPKNA@�EJ�PDA�@=P=>=OA
[ 1DKS�NAH=PEKJODELO�=IKJC�@=P=�EJ?HQ@EJC�

!KJOPN=EJPO
1AI=JPE?�EJBKNI=PEKJ��A�C�
�>QOEJAOO�NQHAO�
1A?QNEPU�=J@EJPACNEPU�EJBKNI=PEKJ

[ !KJOE@AN�=�@=P=>=OA�=O�=�?KHHA?PEKJ�KB�AJPEPEAO��K>FA?PO��KB�R=NEKQO�GEJ@O
[ �NA�PDA�>=OEO�BKN�E@AJPEBE?=PEKJ�=J@�DECD�HARAH�@AO?NELPEKJ�KB�I=EJ�@=P=�K>FA?PO��PDAU�=RKE@�@AP=EHO
[ �NA�@=P=>=OA�EJ@ALAJ@AJP�NAC=N@HAOO�KB�PDA�@=P=>=OA�UKQ�SEHH�>A�QOEJC

Internal models

2DAPDNAA>AOP�GJKSJIK@AHOKBPDEOGEJ@=NAPDANAH=PEKJ=H@=P=IK@AH
PDAJAPSKNG@=P=IK@AH=J@PDADEAN=N?DE?=H
@=P=�IK@AH��2DAOA�EJPANJ=H�IK@AHO�

[ !KJOE@AN�=�@=P=>=OA�=O�=�?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=>=OA�=O�OAAJ�>U�PDA�" +1�
[ 0AMQENA�PDA�@AOECJAN�PK�I=P?D�PDA�?KJ?ALPQ=H�IK@AHcO�?D=N=?PANEOPE?O�=J@�?KJOPN=EJPO�PK�PDKOA�KB�PDA

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=PEKJ=H�IK@AH

Physical models

[ �NA�PDA�LDUOE?=H�NALNAOAJP=PEKJ�KB�PDA�@=P=>=OA
[ &=RA�PDA�HKSAOP�HARAH�KB�=>OPN=?PEKJO
[ �NADKS�PDA�@=P=�EO�OPKNA@��PDAU�@A=H�SEPD

0QJ�PEIA�LANBKNI=J?A
1PKN=CA�QPEHEV=PEKJ�=J@?KILNAOOEKJ
$EHA�KNC=JEV=PEKJ�=J@=??AOO�IAPDK@O
"=P=�AJ?NULPEKJ

[ �NA�PDA�LDUOE?=H�HARAH�^�I=J=CA@�>UPDAoperating system(OS)
[ .NKRE@A�?KJ?ALPO�PD=P�@AO?NE>A�PDA�@AP=EHO�KB�DKS�@=P=�=NA�OPKNA@�EJ�PDA�?KILQPANcO�IAIKNU
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Data Abstraction Layer

'J = LE?PKNE=HREAS
UKQ?=JOAADKSPDA@EBBANAJPIK@AHOSKNGPKCAPDAN�*APcOHKKG=PPDEOBNKIPDADECDAOPHARAH

PDA�ATPANJ=H�IK@AH�

2DAATPANJ=HIK@AHEOPDAAJ@QOANcOREASKBPDA@=P=�2ULE?=HHU= @=P=>=OAEO=J AJPANLNEOAOUOPAIPD=POANRAOPDA
JAA@OKBIQHPELHA@AL=NPIAJPO�&KSARAN
KJA@AL=NPIAJPEOJKPEJPANAOPA@EJOAAEJCKPDAN@AL=NPIAJPOc@=P=�A�C�

PDADQI=JNAOKQN?AO�&0� @AL=NPIAJP@KAOJKP?=NAPKREASPDAO=HAO@AL=NPIAJPcO@=P=��2DANABKNA
KJAQOANREAS
SEHH�@EBBAN�BNKI�=JKPDAN�

2DAATPANJ=HIK@AHNAMQENAOPD=PPDA@AOECJANOQ>@ERE@A= OAPKBNAMQENAIAJPO=J@?KJOPN=EJPOEJPKBQJ?PEKJ=H
IK@QHAO�PD=P�?=J�>A�AT=IEJA@�SEPDEJ�PDA�BN=IASKNG�KB�PDAEN�ATPANJ=H�IK@AHO��A�C�
�DQI=J�NAOKQN?AO�RANOQO�O=HAO��

�O =@=P=@AOECJAN
UKQJAA@PKQJ@ANOP=J@=HHPDA@=P=OKPD=PUKQ?=J>QEH@=JAJPANLNEOA�SE@A@=P=>=OA� =OA@KJ
PDA�JAA@O�KB�R=NEKQO�@AL=NPIAJPO
�PDA�?KJ?ALPQ=H�IK@AH�EO�PDA�BENOP�IK@AH�?NA=PA@�

�P PDEOOP=CA
PDA?KJ?ALPQ=HIK@AHEOEJ@ALAJ@AJPKB>KPDOKBPS=NA=J@D=N@S=NA�'P@KAOJKP@ALAJ@KJPDA" +1
OKBPS=NAQOA@PKEILHAIAJPPDAIK@AH�'P@KAOJKP@ALAJ@KJPDAD=N@S=NAQOA@EJPDAEILHAIAJP=PEKJKBPDAIK@AH�
!D=JCAO�EJ�AEPDAN�D=N@S=NA�KN�" +1�OKBPS=NA�D=RA�JK�ABBA?P�KJ�PDA�@=P=>=OA�@AOECJ�=P�PDA�?KJ?ALPQ=H�HARAH�

-J?A = " +1 EOOAHA?PA@
UKQ?=JPDAJEILHAIAJPEP�2DEOEOPDAEJPANJ=HIK@AH�&ANAUKQ?NA=PA=HHPDAP=>HAO

?KJOPN=EJPO
�GAUO
�NQHAO
�AP?�2DEO�EO�KBPAJ�NABANNA@�PK�=O�PDAlogical design�

2DALDUOE?=HIK@AHEOOEILHUPDAS=UPDA@=P=EOOPKNA@KJ@EOG�#=?D@=P=>=OARAJ@KND=OEPOKSJ S=UKBOPKNEJC
PDA�@=P=�

$ECQNA������"=P=�=>OPN=?PEKJ�H=UANO�

Schemas

� schemaEO=J KRAN=HH@AO?NELPEKJKB= @=P=>=OA
=J@EPEOQOQ=HHUNALNAOAJPA@>UPDAentity relationshipdiagram
(ERD)� 2DANA=NAI=JU OQ>O?DAI=OPD=PNALNAOAJPATPANJ=HIK@AHO=J@PDQO@EOLH=UATPANJ=HREASOKBPDA@=P=�
 AHKS�EO�=�HEOP�KB�EPAIO�PK�?KJOE@AN�@QNEJC�PDA�@AOECJ�LNK?AOO�KB�=�@=P=>=OA�

[ #TPANJ=H�O?DAI=O��PDANA�=NA�IQHPELHA
[ +QHPELHA�OQ>O?DAI=O��PDAOA�@EOLH=U�IQHPELHA�ATPANJ=H�REASO�KB�PDA�@=P=
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[ !KJ?ALPQ=H�O?DAI=��PDANA�EO�KJHU�KJA��2DEO�O?DAI=�EJ?HQ@AO�@=P=�EPAIO
�NAH=PEKJODELO�=J@?KJOPN=EJPO
�=HH
NALNAOAJPA@�EJ�=J�#0"�

[ .DUOE?=H�O?DAI=��PDANA�EO�KJHU�KJA

Logical and Physical Data Independence

Data independenceNABANOPKPDAEIIQJEPUKBQOAN=LLHE?=PEKJOPK?D=JCAOI=@AEJPDA@ABEJEPEKJ=J@KNC=JEV=PEKJ
KB@=P=�"=P==>OPN=?PEKJOATLKOAKJHUPDKOAEPAIOPD=P=NAEILKNP=JPKNLANPEJAJPPKPDAQOAN�!KILHATEPUEODE@@AJ
BNKI�PDA�@=P=>=OA�QOAN�

"=P=EJ@ALAJ@AJ?A=J@KLAN=PEKJEJ@ALAJ@AJ?APKCAPDANBKNIPDABA=PQNAKB@=P==>OPN=?PEKJ�2DANA=NAPSKPULAO
KB�@=P=�EJ@ALAJ@AJ?A��HKCE?=H�=J@�LDUOE?=H�

Logical data independence

� logical schemaEO=?KJ?ALPQ=H@AOECJKBPDA@=P=>=OA@KJAKJ L=LANKN= SDEPA>K=N@
IQ?D HEGA=N?DEPA?PQN=H
@N=SEJCOBKN= DKQOA�2DA=>EHEPUPK?D=JCAPDAHKCE?=HO?DAI=
SEPDKQP?D=JCEJCPDAexternalschemaKNQOAN
REAS
EO?=HHA@logical data independence� $KNAT=ILHA
PDA=@@EPEKJKNNAIKR=HKBJAS AJPEPEAO
=PPNE>QPAOKN
NAH=PEKJODELOPKPDEOconceptualschemaODKQH@>ALKOOE>HASEPDKQPD=REJCPK?D=JCAATEOPEJCATPANJ=HO?DAI=OKN
NASNEPA�ATEOPEJC�=LLHE?=PEKJ�LNKCN=IO�

'J KPDANSKN@O
?D=JCAOPKPDAHKCE?=HO?DAI=�A�C�
=HPAN=PEKJOPKPDAOPNQ?PQNAKBPDA@=P=>=OAHEGA=@@EJC=?KHQIJ
KN�KPDAN�P=>HAO��ODKQH@�JKP�=BBA?P�PDA�BQJ?PEKJ�KB�PDA�=LLHE?=PEKJ��ATPANJ=H�REASO��

Physical data independence

Physicaldata independenceNABANOPKPDAEIIQJEPUKBPDAEJPANJ=HIK@AHPK?D=JCAOEJPDALDUOE?=HIK@AH�2DA
HKCE?=HO?DAI=OP=UOQJ?D=JCA@ARAJPDKQCD?D=JCAO=NAI=@APKBEHAKNC=JEV=PEKJKNOPKN=CAOPNQ?PQNAO
OPKN=CA
@ARE?AO�KN�EJ@ATEJC�OPN=PACU�

.DUOE?=H@=P=EJ@ALAJ@AJ?A@A=HOSEPDDE@EJCPDA@AP=EHOKBPDAOPKN=CAOPNQ?PQNABNKIQOAN=LLHE?=PEKJO�2DA
=LLHE?=PEKJOODKQH@JKP>AEJRKHRA@SEPDPDAOAEOOQAO
OEJ?APDANAEOJK@EBBANAJ?AEJPDAKLAN=PEKJ?=NNEA@KQP=C=EJOP
PDA�@=P=�

Key Terms

conceptual model� PDA�HKCE?=H�OPNQ?PQNA�KB�PDA�AJPENA�@=P=>=OA

conceptual schema��=JKPDAN�PANI�BKN�HKCE?=H�O?DAI=

data independence� PDAEIIQJEPUKBQOAN=LLHE?=PEKJOPK?D=JCAOI=@AEJPDA@ABEJEPEKJ=J@KNC=JEV=PEKJ
KB�@=P=

data model� =?KHHA?PEKJKB?KJ?ALPOKNJKP=PEKJOBKN@AO?NE>EJC@=P=
@=P=NAH=PEKJODELO
@=P=OAI=JPE?O=J@
@=P=�?KJOPN=EJPO
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data modelling� PDA�BENOP�OPAL�EJ�PDA�LNK?AOO�KB�@=P=>=OA�@AOECJ

database logical design� @ABEJAO�=�@=P=>=OA�EJ�=�@=P=�IK@AH�KB�=�OLA?EBE?�@=P=>=OA�I=J=CAIAJP�OUOPAI

databasephysical design: @ABEJAOPDAEJPANJ=H@=P=>=OAOPKN=CAOPNQ?PQNA
BEHAKNC=JEV=PEKJKNEJ@ATEJC
PA?DJEMQAO

entity relationship diagram (ERD)� = @=P=IK@AH@AO?NE>EJCPDA@=P=>=OAODKSEJCP=>HAO
=PPNE>QPAO=J@
NAH=PEKJODELO

external model� NALNAOAJPO�PDA�QOANcO�REAS�KB�PDA�@=P=>=OA

external schema��QOAN�REAS

internal model: =�NALNAOAJP=PEKJ�KB�PDA�@=P=>=OA�=O�OAAJ�>U�PDA�" +1

logical data independence��PDA�=>EHEPU�PK�?D=JCA�PDA�HKCE?=H�O?DAI=�SEPDKQP�?D=JCEJC�PDA�ATPANJ=H�O?DAI=

logical design��SDANA�UKQ�?NA=PA�=HH�PDA�P=>HAO
�?KJOPN=EJPO
�GAUO
�NQHAO
�AP?�

logical schema� =?KJ?ALPQ=H@AOECJKBPDA@=P=>=OA@KJAKJL=LANKN=SDEPA>K=N@
IQ?D HEGA=N?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 independence��PDA�EIIQJEPU�KB�PDA�EJPANJ=H�IK@AH�PK�?D=JCAO�EJ�PDA�LDUOE?=H�IK@AH

physical model� PDA�LDUOE?=H�NALNAOAJP=PEKJ�KB�PDA�@=P=>=OA

schema��=J�KRAN=HH�@AO?NELPEKJ�KB�=�@=P=>=OA

Exercises

�� "AO?NE>A�PDA�LQNLKOA�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=>=OA�=@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�OAAAppendix A: University Registration Data Model Example

Attribution

2DEO?D=LPANKBDatabaseDesignEO= @ANER=PERA?KLUKB"=P=>=OA1UOPAI!KJ?ALPO>U,CQUAJ)EI �JD HE?AJOA@
QJ@AN!NA=PERA�!KIIKJO��PPNE>QPEKJ�*E?AJOA�����HE?AJOA

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

[ 1KIA�KN�=HH�KB�PDA�EJPNK@Q?PEKJ
�@ACNAAO�KB�@=P=�=>OPN=?PEKJ
�@=P=�=>OPN=?PEKJ�H=UAN
[ )AU�2ANIO
[ #TAN?EOAO
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Chapter 6 Classification of Database Management Systems

Adri enne Watt

"=P=>=OAI=J=CAIAJPOUOPAIO?=J>A?H=OOEBEA@>=OA@KJOARAN=H?NEPANE=
OQ?D=OPDA@=P=IK@AH
QOANJQI>ANO=J@
@=P=>=OA�@EOPNE>QPEKJ
�=HH�@AO?NE>A@�>AHKS�

Classification Based on DataModel

2DAIKOPLKLQH=N@=P=IK@AHEJQOAPK@=UEOPDANAH=PEKJ=H@=P=IK@AH�5AHH�GJKSJ" +1O HEGA-N=?HA
+1
1/* 1ANRAN
" � =J@+U1/* OQLLKNPPDEOIK@AH�-PDANPN=@EPEKJ=HIK@AHO
OQ?D=ODEAN=N?DE?=H@=P=IK@AHO=J@
JAPSKNG@=P=IK@AHO
=NAOPEHHQOA@EJEJ@QOPNUI=EJHUKJ I=EJBN=IALH=PBKNIO�&KSARAN
PDAU=NAJKP?KIIKJHU
QOA@@QAPKPDAEN?KILHATEPU�2DAOA=NA=HHNABANNA@PK=Otraditional models>A?=QOAPDAULNA?A@A@PDANAH=PEKJ=H
IK@AH�

'J NA?AJPUA=NO
PDAJASANobject-orienteddata modelsSANAEJPNK@Q?A@�2DEOIK@AHEO= @=P=>=OAI=J=CAIAJP
OUOPAIEJSDE?DEJBKNI=PEKJEONALNAOAJPA@EJPDABKNIKBK>FA?PO=OQOA@EJK>FA?P�KNEAJPA@LNKCN=IIEJC�->FA?P�
KNEAJPA@@=P=>=OAO=NA@EBBANAJPBNKINAH=PEKJ=H@=P=>=OAO
SDE?D=NAP=>HA�KNEAJPA@�->FA?P�KNEAJPA@@=P=>=OA
I=J=CAIAJP OUOPAIO�--" +1� ?KI>EJA@=P=>=OA?=L=>EHEPEAOSEPDK>FA?P�KNEAJPA@LNKCN=IIEJCH=JCQ=CA
?=L=>EHEPEAO�

2DAK>FA?P�KNEAJPA@IK@AHOD=RAJKP?=QCDPKJ=OATLA?PA@OK=NAJKPEJSE@AOLNA=@QOA�1KIA AT=ILHAOKBK>FA?P�
KNEAJPA@�" +1O�=NA�-�
�->FA?P1PKNA�=J@�(=OIEJA�

Classification Basedon User Numbers

� " +1 ?=J>A?H=OOEBE?=PEKJ>=OA@KJ PDAJQI>ANKBQOANOEPOQLLKNPO�'P?=J>A= single-userdatabasesystem

SDE?D�OQLLKNPO�KJA�QOAN�=P�=�PEIA
�KN�=multiuser database system
�SDE?D�OQLLKNPO�IQHPELHA�QOANO�?KJ?QNNAJPHU�

Classification Based on Database Distribution

2DANA=NABKQNI=EJ @EOPNE>QPEKJOUOPAIOBKN@=P=>=OAOUOPAIO=J@PDAOA
EJPQNJ
?=J>AQOA@PK?H=OOEBUPDA" +1�

Centralized systems

5EPD=centralizeddatabasesystem
 PDA" +1 =J@@=P=>=OA=NAOPKNA@=P=OEJCHAOEPAPD=PEOQOA@>UOARAN=HKPDAN
OUOPAIO�PKK��2DEO�EO�EHHQOPN=PA@�EJ�$ECQNA�����

'J PDAA=NHU����O
 I=JU !=J=@E=JHE>N=NEAOQOA@PDA%#�! ���� PK?KJRANPPDAENI=JQ=H?=N@?=P=HKCQAOPK
I=?DEJA�NA=@=>HA?AJPN=HEVA@?=P=HKCQAOUOPAIO�#=?D>KKG?=P=HKCQAD=@= >=N?K@ABEAH@OEIEH=NPKPDKOAKJ
OQLANI=NGAP�LNK@Q?PO�
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$ECQNA������#T=ILHA�KB�=�?AJPN=HEVA@�@=P=>=OA�OUOPAI�

Distributed database system

'J =distributeddatabasesystem
 PDA=?PQ=H@=P=>=OA=J@PDA" +1 OKBPS=NA=NA@EOPNE>QPA@BNKIR=NEKQOOEPAOPD=P
=NA�?KJJA?PA@�>U�=�?KILQPAN�JAPSKNG
�=O�ODKSJ�EJ�$ECQNA�����

$ECQNA������#T=ILHA�KB�=�@EOPNE>QPA@�@=P=>=OA�OUOPAI�

Homogeneous distributed database systems

Homogeneousdistributed databasesystemsQOAPDAO=IA " +1 OKBPS=NABNKIIQHPELHAOEPAO�"=P=AT?D=JCA
>APSAAJPDAOAR=NEKQOOEPAO?=J>AD=J@HA@A=OEHU�$KNAT=ILHA
HE>N=NUEJBKNI=PEKJOUOPAIO>UPDAO=IARAJ@KN

OQ?D=O%A=?!KILQPAN!KNLKN=PEKJ
QOAPDAO=IA" +1 OKBPS=NASDE?D=HHKSOA=OU@=P=AT?D=JCA>APSAAJPDA
R=NEKQO�%A=?�HE>N=NU�OEPAO�

Heterogeneous distributed database systems

'J = heterogeneousdistributeddatabasesystem
 @EBBANAJPOEPAOIECDPQOA@EBBANAJP" +1 OKBPS=NA
>QPPDANAEO
=@@EPEKJ=H?KIIKJ OKBPS=NAPKOQLLKNP@=P=AT?D=JCA>APSAAJPDAOAOEPAO�$KNAT=ILHA
PDAR=NEKQOHE>N=NU@=P=>=OA
OUOPAIO�QOA�PDA�O=IA�I=?DEJA�NA=@=>HA�?=P=HKCQEJC��+�0!��BKNI=P�PK�OQLLKNP�HE>N=NU�NA?KN@�@=P=�AT?D=JCA�
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Key Terms

centralizeddatabasesystem:PDA" +1 =J@@=P=>=OA=NAOPKNA@=P=OEJCHAOEPAPD=PEOQOA@>UOARAN=HKPDAN
OUOPAIO�PKK

distributed databasesystem� PDA=?PQ=H@=P=>=OA=J@PDA" +1 OKBPS=NA=NA@EOPNE>QPA@BNKIR=NEKQOOEPAO
PD=P�=NA�?KJJA?PA@�>U�=�?KILQPAN�JAPSKNG

heterogeneousdistributed databasesystem� @EBBANAJPOEPAOIECDPQOA@EBBANAJP" +1 OKBPS=NA
>QPPDANA
EO�=@@EPEKJ=H?KIIKJ OKBPS=NA�PK�OQLLKNP�@=P=�AT?D=JCA�>APSAAJ�PDAOA�OEPAO

homogeneous distributed database systems� QOA�PDA�O=IA�" +1�OKBPS=NA�=P�IQHPELHA�OEPAO

multiuser database system��=�@=P=>=OA�I=J=CAIAJP�OUOPAISDE?D�OQLLKNPO�IQHPELHA�QOANO�?KJ?QNNAJPHU

object-orienteddata model� =@=P=>=OAI=J=CAIAJPOUOPAIEJSDE?DEJBKNI=PEKJEONALNAOAJPA@EJPDABKNI
KB�K>FA?PO�=O�QOA@�EJ�K>FA?P�KNEAJPA@�LNKCN=IIEJC

single-user database system� =�@=P=>=OA�I=J=CAIAJP�OUOPAI�SDE?D�OQLLKNPO�KJA�QOAN�=P�=�PEIA

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

Exercises

�� .NKRE@A�PDNAA�AT=ILHAO�KB�PDA�IKOP�LKLQH=N�NAH=PEKJ=H�@=P=>=OAO�QOA@�
�� 5D=P�EO�PDA�@EBBANAJ?A�>APSAAJ�?AJPN=HEVA@�=J@�@EOPNE>QPA@�@=P=>=OA�OUOPAIO�
�� 5D=P�EO�PDA�@EBBANAJ?A�>APSAAJ�DKIKCAJKQO�@EOPNE>QPA@�@=P=>=OA�OUOPAIO�=J@�DAPANKCAJAKQO
@EOPNE>QPA@�@=P=>=OA�OUOPAIO�

Attribution

2DEO?D=LPANKBDatabaseDesign�EJ?HQ@EJCEI=CAO
AT?ALP=OKPDANSEOAJKPA@�EO= @ANER=PERA?KLUKB"=P=>=OA
1UOPAI�!KJ?ALPO>U,CQUAJ�)EI��JD HE?AJOA@�QJ@AN!NA=PERA�!KIIKJO��PPNE>QPEKJ�*E?AJOA�����HE?AJOA

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

�� )AU�2ANIO
�� #TAN?EOAO
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Chapter 7 The Relational Data Model

Adri enne Watt

2DA�NAH=PEKJ=H�@=P=�IK@AH�S=OEJPNK@Q?A@�>U�!��$��!K@@�EJ�������!QNNAJPHU
�EP�EO�PDA�IKOP�SE@AHU�QOA@�@=P=�IK@AH�

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

[ 0AOA=N?D�KJ�PDA�PDAKNU�KB�@=P=NAH=PEKJODEL?KJOPN=EJP
[ ,QIANKQO�@=P=>=OA�@AOECJ�IAPDK@KHKCEAO
[ 2DA�OP=J@=N@�@=P=>=OA�=??AOO�H=JCQ=CA�?=HHA@�Otructured query language (SQL)
[ �HIKOP�=HH�IK@ANJ�?KIIAN?E=H�@=P=>=OA�I=J=CAIAJP�OUOPAIO

2DA�NAH=PEKJ=H�@=P=�IK@AH�@AO?NE>AO�PDA�SKNH@�=O�`=�?KHHA?PEKJ�KB�EJPAN�NAH=PA@�NAH=PEKJO��KN�P=>HAO��a

Fundamental Concepts in the Relational Data Model

Relation

� relation,=HOKGJKSJ=O=tableKNfile
 EO=OQ>OAPKBPDA!=NPAOE=JLNK@Q?PKB=HEOPKB@KI=EJO?D=N=?PANEVA@>U=
J=IA� �J@ SEPDEJ= P=>HA
A=?DNKSNALNAOAJPO= CNKQLKBNAH=PA@@=P=R=HQAO�� row
 KNNA?KN@
EO=HOKGJKSJ=O=
tuple� 2DA?KHQIJOEJ= P=>HAEO= BEAH@=J@EO=HOKNABANNA@PK=O=J =PPNE>QPA�7KQ?=J=HOKPDEJGKBEPPDEOS=U�=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�

�� %ERAJn @KI=EJO=NA@AJKPA@�>U�"�
�"�
�\�"J
�� �J@ r EO�=�NAH=PEKJ�@ABEJA@�KJ�PDAOA�@KI=EJO
�� 2DAJN���"�e"�e\e"J

Table

� @=P=>=OAEO?KILKOA@KBIQHPELHAP=>HAO=J@A=?DP=>HADKH@OPDA@=P=�$ECQNA��� ODKSO=@=P=>=OAPD=P?KJP=EJO
PDNAA�P=>HAO�

Column

� @=P=>=OAOPKNAOLEA?AOKBEJBKNI=PEKJKNB=?POEJ=J KNC=JEVA@S=U�3J@ANOP=J@EJCDKSPKQOA=J@CAPPDAIKOP
KQP�KB�@=P=>=OAO�NAMQENAO�QO�PK�QJ@ANOP=J@�PD=P�IAPDK@�KB�KNC=JEV=PEKJ�

2DALNEJ?EL=HOPKN=CAQJEPO=NA?=HHA@columnsKNfieldsKNattributes� 2DAOADKQOAPDA>=OE??KILKJAJPOKB@=P=EJPK
SDE?DUKQN?KJPAJP?=J>A>NKGAJ@KSJ�5DAJ @A?E@EJCSDE?DBEAH@OPK?NA=PA
UKQJAA@PKPDEJGCAJANE?=HHU=>KQP
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$ECQNA������"=P=>=OA�SEPD�PDNAA�P=>HAO�

UKQNEJBKNI=PEKJ
BKNAT=ILHA
@N=SEJCKQPPDA?KIIKJ ?KILKJAJPOKBPDAEJBKNI=PEKJPD=PUKQSEHHOPKNAEJPDA
@=P=>=OA�=J@�=RKE@EJC�PDA�OLA?EBE?O�PD=P�@EOPEJCQEOD�KJA�EPAI�BNKI�=JKPDAN�

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

$ECQNA������#T=ILHA�KB�=J�'"�?=N@�>U����5=PP�

Domain

� domainEOPDAKNECEJ=HOAPOKB=PKIE?R=HQAOQOA@PKIK@AH@=P=� U atomicvalue
 SAIA=J PD=PA=?DR=HQAEJPDA
@KI=EJ�EO�EJ@EREOE>HA�=O�B=N�=O�PDA�NAH=PEKJ=H�IK@AH�EO�?KJ?ANJA@��$KN�AT=ILHA�

[ 2DA�@KI=EJ�KB�+=NEP=H�1P=PQO�D=O�=�OAP�KB�LKOOE>EHEPEAO�+=NNEA@
�1EJCHA
�"ERKN?A@�
[ 2DA�@KI=EJ�KB�1DEBP�D=O�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�PD=J����
����
[ 2DA�@KI=EJ�KB�$ENOP�,=IA�EO�PDA�OAP�KB�?D=N=?PAN�OPNEJCO�PD=P�NALNAOAJPO�J=IAO�KB�LAKLHA�

'J OQII=NU
= @KI=EJEO= OAPKB=??ALP=>HAR=HQAOPD=P= ?KHQIJEO=HHKSA@PK?KJP=EJ�2DEOEO>=OA@KJ R=NEKQO
LNKLANPEAO�=J@�PDA�@=P=�PULA�BKN�PDA�?KHQIJ��5A�SEHH�@EO?QOO�@=P=�PULAO�EJ�=JKPDAN�?D=LPAN�
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Records

(QOP=OPDA?KJPAJPKB=JUKJA@K?QIAJPKNEPAIJAA@OPK>A>NKGAJ@KSJEJPKEPO?KJOPEPQAJP>EPOKB@=P=BKNOPKN=CA
EJPDABEAH@O
PDAHEJG>APSAAJPDAI=HOKJAA@OPK>A=R=EH=>HAOKPD=PPDAU?=J>ANA?KJOPEPQPA@EJPKPDAENSDKHABKNI�
0A?KN@O=HHKSQOPK@KPDEO�Records?KJP=EJBEAH@OPD=P=NANAH=PA@
OQ?D=O= ?QOPKIANKN=J AILHKUAA��O JKPA@
A=NHEAN
�=�PQLHA�EO�=JKPDAN�PANI�QOA@�BKN�NA?KN@�

0A?KN@O=J@BEAH@OBKNIPDA>=OEOKB=HH@=P=>=OAO�� OEILHAP=>HACERAOQOPDA?HA=NAOPLE?PQNAKBDKSNA?KN@O=J@
BEAH@O�SKNG�PKCAPDAN�EJ�=@=P=>=OA�OPKN=CA�LNKFA?P�

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

2DAOEILHAP=>HAAT=ILHAEJ$ECQNA��� ODKSOQODKSBEAH@O?=JDKH@=N=JCAKB@EBBANAJPOKNPOKB@=P=�2DEOKJAD=O�

[ ��0A?KN@�'"�BEAH@��PDEO�EO�=J�KN@EJ=H�JQI>AN��EPO�@=P=�PULA�EO�=J�EJPACAN�
[ ��.Q>"=PA�BEAH@��PDEO�EO�@EOLH=UA@�=O�@=UIKJPDUA=N��EPO�@=P=�PULA�EO�@=PA�
[ �J��QPDKN�BEAH@��PDEO�EO�@EOLH=UA@�=O'JEPE=H��1QNJ=IA��EPO�@=P=�PULA�EO�PATP�
[ ��2EPHA�BEAH@�PATP��BNAA�PATP�?=J�>A�AJPANA@�DANA�

7KQ?=J?KII=J@ PDA@=P=>=OAPKOEBPPDNKQCDEPO@=P==J@KNC=JEVAEPEJ= L=NPE?QH=NS=U�$KNAT=ILHA
UKQ?=J
NAMQAOPPD=P= OAHA?PEKJKBNA?KN@O>AHEIEPA@>U@=PA��� =HH>ABKNA= CERAJ@=PA
�� =HH=BPAN= CERAJ@=PAKN�� =HH
>APSAAJPSKCERAJ@=PAO�1EIEH=NHU
UKQ?=J?DKKOAPKD=RANA?KN@OOKNPA@>U@=PA� A?=QOAPDABEAH@
KNNA?KN@

?KJP=EJEJCPDA@=P=EOOAPQL=O="=PABEAH@
PDA@=P=>=OANA=@OPDAEJBKNI=PEKJEJPDA"=PABEAH@JKPFQOP=OJQI>ANO
OAL=N=PA@�>U�OH=ODAO
�>QP�N=PDAN
�=O�@=PAO�PD=PIQOP�>A�KN@ANA@�=??KN@EJC�PK�=�?=HAJ@=N�OUOPAI�

Degree

2DAdegreeEO�PDA�JQI>AN�KB�=PPNE>QPAO�EJ�=�P=>HA��'J�KQN�AT=ILHA�EJ�$ECQNA����
�PDA�@ACNAA�EO���

Properties of a Table

[ ��P=>HA�D=O�=�J=IA�PD=P�EO�@EOPEJ?P�BNKI�=HH�KPDAN�P=>HAO�EJ�PDA�@=P=>=OA�
[ 2DANA�=NA�JK�@QLHE?=PA�NKSO��A=?D�NKS�EO�@EOPEJ?P�
[ #JPNEAO�EJ�?KHQIJO�=NA�=PKIE?��2DA�P=>HA@KAOJKP�?KJP=EJ�NALA=PEJC�CNKQLO�KN�IQHPER=HQA@�=PPNE>QPAO�
[ #JPNEAO�BNKI�?KHQIJO�=NA�BNKI�PDA�O=IA�@KI=EJ�>=OA@�KJ�PDAEN�@=P=�PULAEJ?HQ@EJC�

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=O�=�@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�=O�B=N�=O�PDA�NAH=PEKJ=H�IK@AH�EO�?KJ?ANJA@

attribute � LNEJ?ELHA�OPKN=CA�QJEP�EJ�=�@=P=>=OA

column: OAAattribute

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

domain� PDAKNECEJ=HOAPOKB=PKIE?R=HQAOQOA@PKIK@AH@=P=�= OAPKB=??ALP=>HAR=HQAOPD=P= ?KHQIJEO
=HHKSA@�PK�?KJP=EJ

field� OAAattribute

file� OAArelation

record� ?KJP=EJO�BEAH@O�PD=P�=NA�NAH=PA@�see tuple

relation� =OQ>OAPKBPDA!=NPAOE=JLNK@Q?PKB= HEOPKB@KI=EJO?D=N=?PANEVA@>U= J=IA� PDAPA?DJE?=HPANI
BKN�P=>HA�KN�BEHA

row� see tuple

structured query language (SQL)��PDA�OP=J@=N@�@=P=>=OA�=??AOO�H=JCQ=CA

table: OAArelation

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

Terminology Key

1ARAN=HKBPDAPANIOQOA@EJPDEO?D=LPAN=NAOUJKJUIKQO�'J =@@EPEKJPKPDA)AU 2ANIO=>KRA
LHA=OANABAN
PK�2=>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.

�� 3OEJC�?KNNA?P�PANIEJKHKCU
�E@AJPEBU�=J@�@AO?NE>A�=HH�PDA�?KILKJAJPOEJ�2=>HA�����
�� 5D=P�EO�PDA�LKOOE>HA�@KI=EJ�BKN�BEAH@�#IL(K>!K@A�
�� &KS�I=JU�NA?KN@O�=NA�ODKSJ�
�� &KS�I=JU�=PPNE>QPAO�=NA�ODKSJ�
�� *EOP�PDA�LNKLANPEAO�KB�=�P=>HA�

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

Attribution

2DEO?D=LPANKBDatabaseDesign�EJ?HQ@EJCEI=CAO
AT?ALP=OKPDANSEOAJKPA@�EO= @ANER=PERA?KLUKB0AH=PEKJ=H
"AOECJ�2DAKNU>U,CQUAJ�)EI��JD HE?AJOA@�QJ@AN!NA=PERA�!KIIKJO��PPNE>QPEKJ�*E?AJOA�����HE?AJOA

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

�� �HH�KN�L=NP�KB�PDA�OA?PEKJO�KJ�NAH=PEKJO
�P=>HAO
�?KHQIJO�=J@�@ACNAA
�� )AU�2ANIO
�� #TAN?EOAO
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Chapter 8 The Entity Relationship Data Model

Adri enne Watt

2DAentity relationship(ER) data modelD=OATEOPA@BKNKRAN�� UA=NO�'PEOSAHHOQEPA@PK@=P=IK@AHHEJCBKNQOA
SEPD@=P=>=OAO>A?=QOAEPEOB=ENHU=>OPN=?P=J@EOA=OUPK@EO?QOO=J@ATLH=EJ�#0 IK@AHO=NANA=@EHUPN=JOH=PA@PK
NAH=PEKJO�#0�IK@AHO
=HOK�?=HHA@�=J�#0�O?DAI=
�=NA�NALNAOAJPA@�>U�#0�@E=CN=IO�

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

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

&ANAEO=J AT=ILHAKBDKSPDAOAPSK?KJ?ALPOIECDP>A?KI>EJA@EJ=J #0 @=P=IK@AH�.NKB� = �AJPEPU�PA=?DAO
�NAH=PEKJODEL�PDA�"=P=>=OA�1UOPAIO?KQNOA��AJPEPU��

$KNPDANAOPKBPDEO?D=LPAN
SASEHHQOA=O=ILHA@=P=>=OA?=HHA@PDA!-+.�,7 @=P=>=OAPKEHHQOPN=PAPDA?KJ?ALPO
KBPDA#0 IK@AH�2DEO@=P=>=OA?KJP=EJOEJBKNI=PEKJ=>KQPAILHKUAAO
@AL=NPIAJPO=J@LNKFA?PO�'ILKNP=JPLKEJPO
PK�JKPA�EJ?HQ@A�

[ 2DANA�=NA�OARAN=H�@AL=NPIAJPO�EJ�PDA�?KIL=JU��#=?D�@AL=NPIAJP�D=O�=�QJEMQA�E@AJPEBE?=PEKJ
�=�J=IA

HK?=PEKJ�KB�PDA�KBBE?A�=J@�=�L=NPE?QH=N�AILHKUAA�SDK�I=J=CAO�PDA�@AL=NPIAJP�

[ ��@AL=NPIAJP�?KJPNKHO�=�JQI>AN�KB�LNKFA?PO
�A=?D�KB�SDE?D�D=O�=�QJEMQA�J=IA
�=�QJEMQA�JQI>AN�=J@
=>Q@CAP�

[ #=?D�AILHKUAA�D=O�=�J=IA
�E@AJPEBE?=PEKJ�JQI>AN
�=@@NAOO
�O=H=NU�=J@�>ENPD@=PA���J�AILHKUAA�EO�=OOECJA@
PK�KJA�@AL=NPIAJP�>QP�?=J�FKEJ�EJ�OARAN=H�LNKFA?PO��5A�JAA@�PK�NA?KN@�PDA�OP=NP�@=PA�KB�PDA�AILHKUAA�EJ
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=O�=�J=IA
�>ENPD@=PA�=J@
NAH=PEKJODEL�SEPD�PDA�AILHKUAA�

Entity, Entity Set and Entity Type

�J entityEO=JK>FA?PEJPDANA=HSKNH@SEPD=JEJ@ALAJ@AJPATEOPAJ?APD=P?=J>A@EBBANAJPE=PA@BNKIKPDANK>FA?PO�
�J�AJPEPU�IECDP�>A

[ �J�K>FA?P�SEPD�LDUOE?=H�ATEOPAJ?A�A�C�
�=�HA?PQNAN
�=�OPQ@AJP
�=�?=N�
[ �J�K>FA?P�SEPD�?KJ?ALPQ=H�ATEOPAJ?A�A�C�
�=�?KQNOA
�=�FK>
�=�LKOEPEKJ�

#JPEPEAO�?=J�>A�?H=OOEBEA@�>=OA@�KJ�PDAEN�OPNAJCPD���J�AJPEPU�EO�?KJOE@ANA@�SA=G�EB�EPO�P=>HAO�=NA�ATEOPAJ?A�@ALAJ@AJP�

[ 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=>=OA
�EO�=�SA=G�AJPEPU�>A?=QOA�EPO�LNEI=NU�GAU�EO
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@ALAJ@AJP�KJ�PDA�#ILHKUAA�P=>HA��5EPDKQP�=�?KNNAOLKJ@EJC�AILHKUAA�NA?KN@
�PDA�OLKQOA�NA?KN@
SKQH@�JKP�ATEOP�

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

[ )ANJAHO�=NA�OPNKJC�AJPEPEAO�
[ ��P=>HA�SEPDKQP�=�BKNAECJ�GAU�KN�=�P=>HA�PD=P�?KJP=EJO�=�BKNAECJ�GAU�PD=P?=J�?KJP=EJ�JQHHOEO�=�OPNKJC�AJPEPU

�JKPDAN�PANI�PK�GJKS�EOentity typeSDE?D�@ABEJAO�=�?KHHA?PEKJ�KB�OEIEH=N�AJPEPEAO�

�J entitysetEO=?KHHA?PEKJKBAJPEPEAOKB=JAJPEPUPULA=P=L=NPE?QH=NLKEJPKBPEIA�'J =JAJPEPUNAH=PEKJODEL@E=CN=I
�#0"�
 =JAJPEPUPULAEONALNAOAJPA@>U=J=IA EJ=>KT�$KNAT=ILHA
EJ$ECQNA���
 PDAAJPEPUPULAEO#+.*-7##�

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

Existence dependency

�J AJPEPUcOATEOPAJ?AEO@ALAJ@AJPKJ PDAATEOPAJ?AKBPDANAH=PA@AJPEPU�'P EOATEOPAJ?A�@ALAJ@AJPEBEPD=O=
I=J@=PKNUBKNAECJGAU�E�A�
=BKNAECJGAU=PPNE>QPAPD=P?=JJKP>AJQHH��$KNAT=ILHA
EJPDA!-+.�,7 @=P=>=OA

=�1LKQOA�AJPEPU�EO�ATEOPAJ?A��@ALAJ@AJP�KJ�PDA�#ILHKUAAAJPEPU�

Kinds of Entities

7KQODKQH@=HOK>AB=IEHE=NSEPD@EBBANAJPGEJ@OKBAJPEPEAOEJ?HQ@EJCEJ@ALAJ@AJPAJPEPEAO
@ALAJ@AJPAJPEPEAO=J@
?D=N=?PANEOPE?�AJPEPEAO��2DAOA�=NA�@AO?NE>A@�>AHKS�

Independent entities

Independententities
 =HOKNABANNA@PK=OGANJAHO
=NAPDA>=?G>KJAKBPDA@=P=>=OA�2DAU=NASD=PKPDANP=>HAO=NA
>=OA@�KJ�KernelsD=RA�PDA�BKHHKSEJC�?D=N=?PANEOPE?O�

[ 2DAU�=NA�PDA�>QEH@EJC�>HK?GO�KB�=�@=P=>=OA�
[ 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>=?GPKKQN!-+.�,7 @=P=>=OA
AT=ILHAOKB=J EJ@ALAJ@AJPAJPEPUEJ?HQ@APDA!QOPKIANP=>HA

#ILHKUAA�P=>HA�KN�.NK@Q?P�P=>HA�
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Dependent entities

Dependententities
 =HOKNABANNA@PK=Oderivedentities
 @ALAJ@KJKPDANP=>HAOBKNPDAENIA=JEJC�2DAOAAJPEPEAOD=RA
PDA�BKHHKSEJC�?D=N=?PANEOPE?O�

[ "ALAJ@AJP�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�I=JU�NAH=PEKJODELO�>A?KIA�=OOK?E=PERA�P=>HAO�SEPD�=P�HA=OP�PSK�BKNAECJ�GAUO�
[ 2DAU�I=U�?KJP=EJ�KPDAN�=PPNE>QPAO�
[ 2DA�BKNAECJ�GAU�E@AJPEBEAO�A=?D�=OOK?E=PA@�P=>HA�
[ 2DANA�=NA�PDNAA�KLPEKJO�BKN�PDA�LNEI=NU�GAU�

�� 3OA�=�?KILKOEPA�KB�BKNAECJ�GAUO�KB�=OOK?E=PA@�P=>HAO�EB�QJEMQA
�� 3OA�=�?KILKOEPA�KB�BKNAECJ�GAUO�=J@�=�MQ=HEBUEJC�?KHQIJ
�� !NA=PA�=�JAS�OEILHA�LNEI=NU�GAU

Characteristic entities

Characteristic entities LNKRE@AIKNA EJBKNI=PEKJ=>KQP=JKPDANP=>HA�2DAOAAJPEPEAOD=RAPDABKHHKSEJC
?D=N=?PANEOPE?O�

[ 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�=O�BKHHKSO�

�� 3OA�=�?KILKOEPA�KB�BKNAECJ�GAU�LHQO�=�MQ=HEBUEJC�?KHQIJ
�� !NA=PA�=�JAS�OEILHA�LNEI=NU�GAU�'J�PDA�!-+.�,7�@=P=>=OA
�PDAOA�IECDP�EJ?HQ@A�

#ILHKUAA��#'"
 ,=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�

Attributes

#=?D�AJPEPU�EO�@AO?NE>A@�>U�=�OAP�KB�=PPNE>QPAO�A�C�
�#ILHKUAA����,=IA
��@@NAOO
 ENPD@=PA���CA�
�1=H=NU��

#=?D=PPNE>QPAD=O=J=IA
 =J@EO=OOK?E=PA@SEPD=JAJPEPU=J@=@KI=EJKBHAC=HR=HQAO�&KSARAN
PDAEJBKNI=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=H�SEPD�=�J=IA�EJOE@A�

Types of Attributes

2DANA=NA=BASPULAOKB=PPNE>QPAOUKQJAA@PK>AB=IEHE=NSEPD�1KIA KBPDAOA=NAPK>AHABP=OEO
>QPOKIAJAA@PK
>A=@FQOPA@PKB=?EHEP=PANALNAOAJP=PEKJEJPDANAH=PEKJ=HIK@AH�2DEOBENOPOA?PEKJSEHH@EO?QOOPDAPULAOKB=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=NAPDKOA@N=SJBNKIPDA=PKIE?R=HQA@KI=EJO�PDAU=NA=HOK?=HHA@single-valuedattributes� 'J
PDA�!-+.�,7�@=P=>=OA
�=J�AT=ILHA�KB�PDEO�SKQH@�>A�,=IA���W(KDJY����CA���W��Y

Composite attributes

Compositeattributes=NAPDKOAPD=P?KJOEOPKB= DEAN=N?DUKB=PPNE>QPAO�3OEJCKQN@=P=>=OAAT=ILHA
=J@ODKSJEJ
$ECQNA���
 �@@NAOOI=U ?KJOEOPKB,QI>AN
 1PNAAP=J@1Q>QN>�1K PDEOSKQH@>ASNEPPAJ=Of �@@NAOO� W�� 	
b+AAG�1PNAAPc�	�b)EJCOBKN@cY

$ECQNA�������J�AT=ILHA�KB�?KILKOEPA�=PPNE>QPAO�

Multivalued attributes

Multivaluedattributes=NA=PPNE>QPAOPD=PD=RA=OAPKBR=HQAOBKNA=?DAJPEPU��J AT=ILHAKB=IQHPER=HQA@=PPNE>QPA
BNKI�PDA�!-+.�,7�@=P=>=OA
=O�OAAJ�EJ�$ECQNA����
�=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=NA=PPNE>QPAOPD=P?KJP=EJR=HQAO?=H?QH=PA@BNKIKPDAN=PPNE>QPAO��J AT=ILHAKBPDEO?=J>A
OAAJEJ$ECQNA���� �CA ?=J>A@ANERA@BNKIPDA=PPNE>QPA ENPD@=PA�'J PDEOOEPQ=PEKJ
 ENPD@=PAEO?=HHA@= stored
attribute,SDE?D�EO�LDUOE?=HHU�O=RA@�PK�PDA�@=P=>=OA�

$ECQNA������#T=ILHA�KB�=�@ANERA@�=PPNE>QPA�

Keys

�J EILKNP=JP?KJOPN=EJPKJ=JAJPEPUEOPDAGAU�2DAkeyEO=J=PPNE>QPAKN=CNKQLKB=PPNE>QPAOSDKOAR=HQAO?=J>A
QOA@�PK�QJEMQAHU�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

� candidatekeyEO=OEILHAKN?KILKOEPAGAUPD=PEOQJEMQA=J@IEJEI=H� 'PEOQJEMQA>A?=QOAJKPSKNKSOEJ=P=>HA
I=U D=RAPDAO=IAR=HQA=P=JUPEIA�'PEOIEJEI=H>A?=QOAARANU?KHQIJEOJA?AOO=NUEJKN@ANPK=PP=EJQJEMQAJAOO�

$NKI KQN!-+.�,7 @=P=>=OAAT=ILHA
EBPDAAJPEPUEOEmployee�#'"
 $ENOP,=IA
 *=OP,=IA
 SIN
 �@@NAOO

.DKJA
� ENPD"=PA
�1=H=NU
�"AL=NPIAJP'"�
�LKOOE>HA�?=J@E@=PA�GAUO�=NA�

[ #'"
�1',
[ $ENOP�,=IA�=J@�*=OP�,=IA�^�=OOQIEJC�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=OP�J=IA�@KJcP�SKNG�EJ�PDA�O=IA

@AL=NPIAJP

Composite key

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

3OEJC�PDA�AT=ILHA�BNKI�PDA�?=J@E@=PA�GAU�OA?PEKJ
�LKOOE>HA�?KILKOEPAGAUO�=NA�

[ $ENOP�,=IA�=J@�*=OP�,=IA�^�=OOQIEJC�PDANA�EO�JK�KJA�AHOA�EJ�PDA�?KIL=JU�SEPD�PDA�O=IA�J=IA
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[ *=OP�,=IA�=J@�"AL=NPIAJP�'"�^�=OOQIEJC�PSK�LAKLHA�SEPD�PDA�O=IA�H=OP�J=IA�@KJcP�SKNG�EJ�PDA�O=IA
@AL=NPIAJP

Primary key

2DALNEI=NUGAUEO=?=J@E@=PAGAUPD=PEOOAHA?PA@>UPDA@=P=>=OA@AOECJANPK>AQOA@=O=JE@AJPEBUEJCIA?D=JEOI
BKNPDASDKHAAJPEPUOAP�'PIQOPQJEMQAHUE@AJPEBUPQLHAOEJ= P=>HA=J@JKP>AJQHH�2DALNEI=NUGAUEOEJ@E?=PA@EJ
PDA�#0�IK@AH�>U�QJ@ANHEJEJC�PDA�=PPNE>QPA�

[ ��?=J@E@=PA�GAU�EO�OAHA?PA@�>U�PDA�@AOECJAN�PK�QJEMQAHU�E@AJPEBU�PQLHAO�EJ�=�P=>HA��'P�IQOP�JKP�>A�JQHH�
[ ��GAU�EO�?DKOAJ�>U�PDA�@=P=>=OA�@AOECJAN�PK�>A�QOA@�=O�=J�E@AJPEBUEJC�IA?D=JEOI�BKN�PDA�SDKHA�AJPEPU

OAP�2DEO�EO�NABANNA@�PK�=O�PDA�LNEI=NU�GAU��2DEO�GAU�EO�EJ@E?=PA@�>U�QJ@ANHEJEJC�PDA�=PPNE>QPA�EJ�PDA�#0
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

� secondarykeyEO=J=PPNE>QPAQOA@OPNE?PHUBKNNAPNEAR=HLQNLKOAO�?=J>A?KILKOEPA�
BKNAT=ILHA�.DKJA=J@*=OP
,=IA�

Alternate key

Alternate keys=NA�=HH�?=J@E@=PA�GAUO�JKP�?DKOAJ�=O�PDA�LNEI=NU�GAU�

Foreign key

� foreignkey(FK) EO=J=PPNE>QPAEJ=P=>HAPD=PNABANAJ?AOPDALNEI=NUGAUEJ=JKPDANP=>HA-0 EP?=J>AJQHH� KPD
BKNAECJ�=J@�LNEI=NU�GAUO�IQOP�>A�KB�PDA�O=IA�@=P=�PULA�

'J�PDA�!-+.�,7�@=P=>=OA�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 EO=OLA?E=HOUI>KH
EJ@ALAJ@AJPKB@=P=PULA
SDE?DIA=JOAEPDANQJGJKSJKNEJ=LLHE?=>HA�'P@KAOJKPIA=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
[ !=J�NALNAOAJP

�J�QJGJKSJ�=PPNE>QPA�R=HQA
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��GJKSJ
�>QP�IEOOEJC
�=PPNE>QPA�R=HQA
��`JKP�=LLHE?=>HAa�?KJ@EPEKJ

[ !=J�?NA=PA�LNK>HAIO�SDAJ�BQJ?PEKJO�OQ?D�=O�!-3,2
��4#0�%#�=J@�13+�=NA�QOA@
[ !=J�?NA=PA�HKCE?=H�LNK>HAIO�SDAJ�NAH=PEKJ=H�P=>HAO�=NA�HEJGA@

,-2#� 2DANAOQHPKB= ?KIL=NEOKJKLAN=PEKJEOJQHHSDAJAEPDAN=NCQIAJPEOJQHH�2DANAOQHPKB=J =NEPDIAPE?
KLAN=PEKJ�EO�JQHH�SDAJ�AEPDAN�=NCQIAJP�EO�JQHH��AT?ALP�BQJ?PEKJO�PD=PECJKNA�JQHHO��

Example of how null can be used

3OA�PDA�1=H=NU�P=>HA��1=H=NU<P>H��EJ�$ECQNA�����PK�BKHHKS�=J�AT=ILHA�KB�DKS�JQHH�?=J�>A�QOA@�

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

2K>ACEJ
BEJ@=HHAILHKUAAO�AIL�� EJ1=HAO�QJ@ANPDAFK>,=IA ?KHQIJ�SDKOAO=H=NULHQO?KIIEOOEKJ=NACNA=PAN
PD=J���
����

[ 1#*#!2�AIL��$0-+�1=H=NU<P>H
[ 5&#0# FK>,=IA���1=HAO��,"
[ �?KIIEOOEKJ�	�O=H=NU������
���̂ ��#���=J@�#��

2DEONAOQHP@KAOJKPEJ?HQ@A#�� >A?=QOAKBPDAJQHHR=HQAEJPDA?KIIEOOEKJ?KHQIJ�2K AJOQNAPD=PPDANKSSEPD
PDAJQHHR=HQAEOEJ?HQ@A@
SAJAA@PKHKKG=PPDAEJ@ERE@Q=HBEAH@O� U =@@EJC?KIIEOOEKJ=J@O=H=NUBKNAILHKUAA
#��
�PDA�NAOQHP�SEHH�>A�=�JQHH�R=HQA��2DA�OKHQPEKJ�EO�ODKSJ�>AHKS�

[ 1#*#!2�AIL��$0-+�1=H=NU<P>H
[ 5&#0#�FK>,=IA���1=HAO��,"
[ �?KIIEOOEKJ���������-0
[ O=H=NU���������-0
[ �?KIIEOOEKJ�	�O=H=NU������
���̂ �#���=J@�#���=J@�#��

Relationships

Relationships=NAPDACHQAPD=PDKH@OPDAP=>HAOPKCAPDAN�2DAU=NAQOA@PK?KJJA?PNAH=PA@EJBKNI=PEKJ>APSAAJ
P=>HAO�

RelationshipstrengthEO>=OA@KJ DKSPDALNEI=NUGAUKB= NAH=PA@AJPEPUEO@ABEJA@�� SA=G
KNJKJ�E@AJPEBUEJC

NAH=PEKJODELATEOPOEBPDALNEI=NUGAUKBPDANAH=PA@AJPEPU@KAOJKP?KJP=EJ= LNEI=NUGAU?KILKJAJPKBPDAL=NAJP
AJPEPU��!KIL=JU�@=P=>=OA�AT=ILHAO�EJ?HQ@A�
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[ !QOPKIAN�CustID
�!QOP,=IA�
[ -N@AN�OrderID 
�!QOP'"
�"=PA�

� OPNKJC
KNE@AJPEBUEJC
NAH=PEKJODELATEOPOSDAJPDALNEI=NUGAUKBPDANAH=PA@AJPEPU?KJP=EJOPDALNEI=NUGAU
?KILKJAJP�KB�PDA�L=NAJP�AJPEPU��#T=ILHAO�EJ?HQ@A�

[ !KQNOA�CrsCode
�"ALP!K@A
�"AO?NELPEKJ�
[ !H=OO�CrsCode, Section
�!H=OO2EIA\�

Types of Relationships

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

One to many(1:M) relationship

� KJAPKI=JU ���+� NAH=PEKJODELODKQH@>APDAJKNI EJ=JUNAH=PEKJ=H@=P=>=OA@AOECJ=J@EOBKQJ@EJ=HHNAH=PEKJ=H
@=P=>=OAAJRENKJIAJPO�$KNAT=ILHA
KJA@AL=NPIAJPD=OI=JU AILHKUAAO�$ECQNA��� ODKSOPDANAH=PEKJODELKBKJA
KB�PDAOA�AILHKUAAO�PK�PDA�@AL=NPIAJP�

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

One to one(1:1) relationship

� KJAPKKJA����� NAH=PEKJODELEOPDANAH=PEKJODELKBKJAAJPEPUPKKJHUKJAKPDANAJPEPU
=J@RE?ARANO=�'PODKQH@>A
N=NA�EJ�=JU�NAH=PEKJ=H�@=P=>=OA�@AOECJ��'J�B=?P
�EP�?KQH@�EJ@E?=PA�PD=P�PSK�AJPEPEAO�=?PQ=HHU�>AHKJC�EJ�PDA�O=IA�P=>HA�

�J AT=ILHABNKIPDA!-+.�,7 @=P=>=OAEOKJAAILHKUAAEO=OOK?E=PA@SEPDKJAOLKQOA
=J@KJAOLKQOAEO
=OOK?E=PA@�SEPD�KJA�AILHKUAA�

Many to many(M:N) relationships

$KN�=�I=JU�PK�I=JU�NAH=PEKJODEL
�?KJOE@AN�PDA�BKHHKSEJC�LKEJPO�

[ 'P�?=JJKP�>A�EILHAIAJPA@�=O�OQ?D�EJ�PDA�NAH=PEKJ=H�IK@AH�
[ 'P�?=J�>A�?D=JCA@�EJPK�PSK���+�NAH=PEKJODELO�
[ 'P�?=J�>A�EILHAIAJPA@�>U�>NA=GEJC�QL�PK�LNK@Q?A�=�OAP�KB���+�NAH=PEKJODELO�
[ 'P�EJRKHRAO�PDAEILHAIAJP=PEKJ�KB�=�?KILKOEPA�AJPEPU�
[ !NA=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=>HAO�
[ 2DA�HEJGEJC�P=>HA�?KJP=EJO�IQHPELHA�K??QNNAJ?AO�KB�PDA�BKNAECJ�GAU�R=HQAO�
[ �@@EPEKJ=H�=PPNE>QPAO�I=U�>A�=OOECJA@�=O�JAA@A@�
[ 'P�?=J�=RKE@�LNK>HAIO�EJDANAJP�EJ�=J+�,�NAH=PEKJODEL�>U�?NA=PEJC�=�?KILKOEPA�AJPEPU�KN�>NE@CA�AJPEPU��$KN

AT=ILHA
�=J�AILHKUAA�?=J�SKNG�KJ�I=JU�LNKFA?PO�-0�=�LNKFA?P�?=J�D=RA�I=JU�AILHKUAAO�SKNGEJC�KJ�EP

@ALAJ@EJC�KJ�PDA�>QOEJAOO�NQHAO��-N
=�OPQ@AJP�?=J�D=RA�I=JU�?H=OOAO�=J@�=�?H=OO�?=J�DKH@�I=JU�OPQ@AJPO�

$ECQNA��� ODKSO=JKPDAN=JKPDAN=OLA?PKBPDA+�, NAH=PEKJODELSDANA=J AILHKUAAD=O@EBBANAJPOP=NP@=PAOBKN
@EBBANAJP�LNKFA?PO��2DANABKNA
�SA�JAA@�=�(-',�P=>HA�PD=P�?KJP=EJO�PDA�#'"
�!K@A�=J@�1P=NP"=PA�

$ECQNA���� #T=ILHASDANAAILHKUAAD=O@EBBANAJPOP=NP@=PAOBKN@EBBANAJP
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=PEJC�EJ�0�
[ !NA=PA�=�JAS�NAH=PEKJ�1�PK�NALNAOAJP�0�
[ 1�JAA@O�PK�?KJP=EJ�PDA�.)O�KB���=J@� ��2DAOA�PKCAPDAN�?=J�>A�PDA�.)�EJ�PDA�1�P=>HA�-0�PDAOA�PKCAPDAN

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,=HOK?=HHA@recursive,EOKJAEJSDE?D= NAH=PEKJODELATEOPO>APSAAJK??QNNAJ?AOKBPDA
O=IAAJPEPUOAP�'J PDEONAH=PEKJODEL
PDALNEI=NU=J@BKNAECJGAUO=NAPDAO=IA
>QPPDAUNALNAOAJPPSKAJPEPEAO
SEPD@EBBANAJP�NKHAO��1AA�$ECQNA�����BKN�=J�AT=ILHA�

$KNOKIAAJPEPEAOEJ=QJ=NUNAH=PEKJODEL
 =OAL=N=PA?KHQIJ?=J>A?NA=PA@PD=PNABANOPKPDALNEI=NUGAUKBPDAO=IA
AJPEPU�OAP�

Ternary Relationships

� ternary relationshipEO�=�NAH=PEKJODEL�PULA�PD=P�EJRKHRAO�I=JU�PK�I=JU�NAH=PEKJODELO�>APSAAJ�PDNAA�P=>HAO�

0ABANPK$ECQNA���� BKN=J AT=ILHAKBI=LLEJC= PANJ=NUNAH=PEKJODELPULA�,KPAn-ary IA=JOIQHPELHAP=>HAOEJ=
NAH=PEKJODEL���0AIAI>AN
�,���I=JU��
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$ECQNA������#T=ILHA�KB�=�QJ=NU�NAH=PEKJODEL�

[ $KN�A=?D�J�=NU�������NAH=PEKJODEL
�?NA=PA�=�JAS�NAH=PEKJ�PK�NALNAOAJP�PDA�NAH=PEKJODEL�
[ 2DA�LNEI=NU�GAU�KB�PDA�JAS�NAH=PEKJ�EO�=�?KI>EJ=PEKJ�KB�PDA�LNEI=NU�GAUO�KB�PDA�L=NPE?EL=PEJC�AJPEPEAO�PD=P

DKH@�PDA�,��I=JU��OE@A�
[ 'J�IKOP�?=OAO�KB�=J�J�=NU�NAH=PEKJODEL
�=HH�PDA�L=NPE?EL=PEJC�AJPEPEAO�DKH@�=many OE@A�

$ECQNA�������#T=ILHA�KB�=�PANJ=NU�NAH=PEKJODEL�

Key Terms

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

candidatekey� =OEILHAKN?KILKOEPAGAUPD=PEOQJEMQA�JK PSKNKSOEJ=P=>HAI=U D=RAPDAO=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 entities��PDAOA�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� =PDEJCKNK>FA?PEJPDANA=HSKNH@SEPD=JEJ@ALAJ@AJPATEOPAJ?APD=P?=J>A@EBBANAJPE=PA@BNKIKPDAN
K>FA?PO

entity relationship (ER) data model� =HOK?=HHA@=J #0 O?DAI=
 =NANALNAOAJPA@>U#0 @E=CN=IO�2DAOA
=NASAHH�OQEPA@�PK�@=P=�IK@AHHEJC�BKN�QOA�SEPD�@=P=>=OAO�

entity relationship schema��OAAentity 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=NU�GAU�EJ�=JKPDAN�P=>HA-0�EP�?=J�>A�JQHH

independent entity��=O�PDA�>QEH@EJC�>HK?GO�KB�=�@=P=>=OA
�PDAOA�AJPEPEAO�=NA�SD=P�KPDAN�P=>HAO�=NA�>=OA@�KJ

kernel��OAAindependent entity

key� =J=PPNE>QPAKNCNKQLKB=PPNE>QPAOSDKOAR=HQAO?=J>AQOA@PKQJEMQAHUE@AJPEBU=JEJ@ERE@Q=HAJPEPUEJ
=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?E=HOUI>KH
EJ@ALAJ@AJPKB@=P=PULA
SDE?DIA=JOAEPDANQJGJKSJKNEJ=LLHE?=>HA�EP@KAOJKP
IA=J�VANK�KN�>H=JG

recursive relationship��OAAunary relationship

relationships� PDA=OOK?E=PEKJOKNEJPAN=?PEKJO>APSAAJAJPEPEAO�QOA@PK?KJJA?PNAH=PA@EJBKNI=PEKJ>APSAAJ
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��OAAsimple attributes

stored attribute��O=RA@�LDUOE?=HHU�PK�PDA�@=P=>=OA
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ternary relationship� =�NAH=PEKJODEL�PULA�PD=P�EJRKHRAO�I=JU�PK�I=JU�NAH=PEKJODELO�>APSAAJ�PDNAA�P=>HAO�

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

Exercises

�� 5D=P�PSK�?KJ?ALPO�=NA�#0�IK@AHHEJC�>=OA@�KJ�
�� 2DA�@=P=>=OA�EJ�$ECQNA������EO�?KILKOA@�KB�PSK�P=>HAO��3OA�PDEO�BECQNA�PK�=JOSAN�MQAOPEKJO����
PK�����

$ECQNA�������"ENA?PKN�=J@�.H=U�P=>HAOBKN�MQAOPEKJ��
�>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�PDAOA��
O?DAI=
DKOP�H=JCQ=CA
@=P=�OQ>H=JCQ=CA
@=P=�@ABEJEPEKJ�H=JCQ=CA
QJ=NU�NAH=PEKJ
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BKNAECJ�GAU
RENPQ=H�NAH=PEKJ
?KJJA?PEREPU
?KILKOEPA�GAU
HEJGEJC�P=>HA
�� 2DA�00#�2NQ?GEJC�!KIL=JU�@=P=>=OA�EJ?HQ@AO�PDA�PDNAA�P=>HAOEJ�$ECQNA�������3OA�$ECQNA
�����PK�=JOSAN�MQAOPEKJO�����PK�����

$ECQNA�������2NQ?G
� =OA�=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��5DU�KN�SDU�JKP�
#TLH=EJ�UKQN�=JOSAN�
?�5D=P�GEJ@�KB�NAH=PEKJODEL�ATEOPO�>APSAAJ�PDA�203!)�=J@� �1#�P=>HAO�
@�&KS�I=JU�AJPEPEAO�@KAO�PDA�203!)�P=>HA�?KJP=EJ��
A�'@AJPEBU�PDA�203!)�P=>HA�?=J@E@=PA�GAU�O��

�� 1QLLKOA�UKQ�=NA�QOEJC�PDA�@=P=>=OAEJ�$ECQNA�����
�?KILKOA@�KB�PDA�PSK�P=>HAO�3OA�$ECQNA
�����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�
?� �NA�PDANA�=JU�?=J@E@=PA�GAUO�EJ�AEPDAN�P=>HA�
@�"N=S�PDA�#0�IK@AH�
A�"KAO�PDA� KKG-N@ANO�P=>HA�ATDE>EP�NABANAJPE=H�EJPACNEPU��5DU�KN�SDU�JKP�
B�"K�PDA�P=>HAO�?KJP=EJ�NA@QJ@=JP�@=P=��'B�OK�SDE?D�P=>HA�O��=J@�SD=P�EO�PDA�NA@QJ@=JP
@=P=�

�� *KKGEJC�=P�PDA�OPQ@AJP�P=>HA�EJ�$ECQNA�����
�HEOP�=HH�PDA�LKOOE>HA�?=J@E@=PA�GAUO��5DU�@E@�UKQ
OAHA?P�PDAOA�
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$ECQNA�������!QOPKIAN�=J@� KKG-N@ANO�P=>HAO�BKN�MQAOPEKJ��
�>U����5=PP�

$ECQNA����� 1PQ@AJPP=>HABKNMQAOPEKJ
�
�>U����5=PP�

3OA�PDA�#0"KB�=�O?DKKH�@=P=>=OA�EJ�$ECQNA������PK�=JOSAN�MQAOPEKJO���PK����
�� '@AJPEPU�=HH�PDA�GANJAHO�=J@�@ALAJ@AJP�=J@�?D=N=?PANEOPE?�AJPEPEAO�EJ�PDA�#0"�
�� 5DE?D�KB�PDA�P=>HAO�?KJPNE>QPA�PK�SA=G�NAH=PEKJODELO��1PNKJC�NAH=PEKJODELO�
�� *KKGEJC�=P�A=?D�KB�PDA�P=>HAO�EJ�PDA�O?DKKH�@=P=>=OA�EJ�$ECQNA�����
�SDE?D�=PPNE>QPA�?KQH@�D=RA�=
,3**�R=HQA� 5DU�
��� 5DE?D�KB�PDA�P=>HAO�SANA�?NA=PA@�=O�=�NAOQHP�KB�I=JU�PK�I=JU�NAH=PEKJODELO�

Also seeAppendix B: Sample ERD Exercises
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$ECQNA�������#0"�KB�O?DKKH�@=P=>=OA�BKN�MQAOPEKJO�����
�>U����5=PP�

Attribution

2DEO?D=LPANKBDatabaseDesign �EJ?HQ@EJCEI=CAO
AT?ALP=OKPDANSEOOAJKPA@�EO= @ANER=PERA?KLUKB"=P=
+K@AHEJC3OEJC#JPEPU�0AH=PEKJODEL+K@AH>U,CQUAJ)EI �JD HE?AJOA@QJ@AN!NA=PERA!KIIKJO �PPNE>QPEKJ
*E?AJOA�����HE?AJOA

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

�� ,QHHO�OA?PEKJ�=J@�AT=ILHA
�� )AU�2ANIO
�� #TAN?EOAO
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Chapter 9 Integrity Rules and Constraints

Adri enne Watt & N elson Eng

!KJOPN=EJPO=NA= RANUEILKNP=JPBA=PQNAEJ= NAH=PEKJ=HIK@AH�'J B=?P
PDANAH=PEKJ=HIK@AHOQLLKNPOPDASAHH�
@ABEJA@PDAKNUKB?KJOPN=EJPOKJ=PPNE>QPAOKNP=>HAO�!KJOPN=EJPO=NAQOABQH>A?=QOAPDAU=HHKS=@AOECJANPKOLA?EBU
PDAOAI=JPE?OKB@=P=EJPDA@=P=>=OA�Constraints=NAPDANQHAOPD=PBKN?A" +1O PK?DA?GPD=P@=P=O=PEOBEAOPDA
OAI=JPE?O�

Domain Integrity

"KI=EJ NAOPNE?POPDAR=HQAOKB=PPNE>QPAOEJPDANAH=PEKJ=J@EO=?KJOPN=EJPKBPDANAH=PEKJ=HIK@AH�&KSARAN
PDANA=NA
NA=H�SKNH@OAI=JPE?OBKN@=P=PD=P?=JJKP>AOLA?EBEA@EBQOA@KJHUSEPD@KI=EJ?KJOPN=EJPO�5A JAA@IKNAOLA?EBE?
S=UOPKOP=PASD=P@=P=R=HQAO=NAKN=NAJKP=HHKSA@=J@SDE?DBKNI=PEOOQEP=>HABKN=J =PPNE>QPA�$KNAT=ILHA

PDA#ILHKUAA'" �#'"� IQOP>AQJEMQAKNPDAAILHKUAA ENPD@=PAEOEJPDAN=JCA9(=J�
 ����
 (=J �
 ����:� 1Q?D
EJBKNI=PEKJ�EO�LNKRE@A@�EJ�HKCE?=H�OP=PAIAJPO�?=HHA@integrity constraints�

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

Entity integrity

2K AJOQNAentity integrity
 EPEONAMQENA@PD=PARANUP=>HAD=RA= LNEI=NUGAU�,AEPDANPDA.) JKN=JUL=NPKBEP
?=J?KJP=EJJQHHR=HQAO�2DEOEO>A?=QOAJQHHR=HQAOBKNPDALNEI=NUGAUIA=J SA ?=JJKPE@AJPEBUOKIANKSO�$KN
AT=ILHA
�EJ�PDA�#+.*-7##P=>HA
�.DKJA�?=JJKP�>A�=�LNEI=NU�GAU�OEJ?A�OKIA�LAKLHA�I=U�JKP�D=RA�=�PAHALDKJA�

Referential integrity

ReferentialintegrityNAMQENAOPD=P=BKNAECJGAUIQOPD=RA=I=P?DEJCLNEI=NUGAUKNEPIQOP>AJQHH�2DEO?KJOPN=EJP
EOOLA?EBEA@>APSAAJPSKP=>HAO�L=NAJP=J@?DEH@��EPI=EJP=EJOPDA?KNNAOLKJ@AJ?A>APSAAJNKSOEJPDAOAP=>HAO�'P
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=>=OA�KB�PDA�!KIL=JU�

[ !QOPKIAN�CustID
�!QOP,=IA�
[ -N@AN�OrderID 
�!QOP'"
�-N@AN"=PA�

2KAJOQNAPD=PPDANA=NAJKKNLD=JNA?KN@O
SAJAA@PKAJBKN?ANABANAJPE=HEJPACNEPU��J orphanrecordEOKJASDKOA
BKNAECJGAU$) R=HQAEOJKPBKQJ@EJPDA?KNNAOLKJ@EJCAJPEPU^ PDAAJPEPUSDANAPDA.) EOHK?=PA@�0A?=HHPD=P=
PULE?=H�FKEJ�EO�>APSAAJ�=�.)�=J@�$)�

2DANABANAJPE=HEJPACNEPU?KJOPN=EJPOP=PAOPD=PPDA?QOPKIAN'" �!QOP'"� EJPDA-N@ANP=>HAIQOPI=P?D=R=HE@!QOP'"
EJPDA!QOPKIANP=>HA�+KOPNAH=PEKJ=H@=P=>=OAOD=RA@A?H=N=PERANABANAJPE=HEJPACNEPU�'J KPDANSKN@O
SDAJPDA
P=>HAO�=NA�?NA=PA@�PDA�NABANAJPE=H�EJPACNEPU�?KJOPN=EJPO�=NA�OAP�QL�
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&ANA�EO�=JKPDAN�AT=ILHA�BNKI�=�!KQNOA!H=OO�@=P=>=OA�

[ !KQNOA�CrsCode
�"ALP!K@A
�"AO?NELPEKJ�
[ !H=OO�CrsCode, Section
�!H=OO2EIA�

2DANABANAJPE=HEJPACNEPU?KJOPN=EJPOP=PAOPD=P!NO!K@AEJPDA!H=OOP=>HAIQOPI=P?D=R=HE@!NO!K@AEJPDA!KQNOA
P=>HA�'J PDEOOEPQ=PEKJ
EPcOJKPAJKQCDPD=PPDA!NO!K@A=J@1A?PEKJEJPDA!H=OOP=>HAI=GAQLPDA.) 
 SAIQOP=HOK
AJBKN?A�NABANAJPE=H�EJPACNEPU�

5DAJ OAPPEJCQLNABANAJPE=HEJPACNEPUEPEOEILKNP=JPPD=PPDA.) =J@$) D=RAPDAO=IA@=P=PULAO=J@?KIA BNKIPDA
O=IA@KI=EJ
KPDANSEOAPDANAH=PEKJ=H@=P=>=OAI=J=CAIAJPOUOPAI�0" +1� SEHHJKP=HHKSPDAFKEJ�0" +1 EO=
LKLQH=N@=P=>=OAOUOPAIPD=PEO>=OA@KJPDANAH=PEKJ=HIK@AHEJPNK@Q?A@>U#� $� !K@@KB' +cO 1=J(KOA0AOA=N?D
*=>KN=PKNU��0AH=PEKJ=H�@=P=>=OA�OUOPAIO�=NA�A=OEAN�PK�QOA�=J@�QJ@ANOP=J@�PD=J�KPDAN�@=P=>=OA�OUOPAIO�

Referential integrity in Microsoft Access

'J +E?NKOKBP�+1� �??AOO
NABANAJPE=HEJPACNEPUEOOAPQL>UFKEJEJCPDA.) EJPDA!QOPKIANP=>HAPKPDA!QOP'" EJ
PDA�-N@AN�P=>HA��1AA�$ECQNA�����BKN�=�REAS�KB�DKS�PDEO�EO�@KJA�KJ�PDA�#@EP�0AH=PEKJODELO�O?NAAJ�EJ�+1��??AOO�

$ECQNA������0ABANAJPE=H�=??AOO�EJ�+1��??AOO
�>U����5=PP�

Referential integrity using Transact-SQL (MS SQL Server)

5DAJ QOEJC2N=JO=?P�1/*
PDANABANAJPE=HEJPACNEPUEOOAPSDAJ?NA=PEJCPDA-N@ANP=>HASEPDPDA$) � *EOPA@>AHKS
=NA�PDA�OP=PAIAJPO�ODKSEJC�PDA�$)�EJ�PDA�-N@AN�P=>HA�NABANAJ?EJC�PDA�.)�EJ�PDA�!QOPKIAN�P=>HA�

!0#�2#�2� *#�!QOPKIAN
��!QOP'"�',2#%#0�.0'+�07�)#7

!QOP,=IA�!&�0������

!0#�2#�2� *#�-N@ANO
��-N@AN'"�',2#%#0�.0'+�07�)#7
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!QOP'"�',2#%#0�0#$#0#,!#1�!QOPKIAN�!QOP'"�

-N@AN"=PA�"�2#2'+#��

Foreign key rules

�@@EPEKJ=HBKNAECJGAUNQHAOI=U >A=@@A@SDAJOAPPEJCNABANAJPE=HEJPACNEPU
OQ?D=OSD=PPK@KSEPDPDA?DEH@NKSO
�EJPDA-N@ANOP=>HA�SDAJPDANA?KN@SEPDPDA.)
 L=NPKBPDAL=NAJP�!QOPKIAN�
EO@AHAPA@KN?D=JCA@�QL@=PA@��$KN
AT=ILHA
PDA#@EP0AH=PEKJODELOSEJ@KSEJ+1 �??AOO�OAA$ECQNA���� ODKSOPSK=@@EPEKJ=HKLPEKJOBKN$) NQHAO�
!=O?=@A3L@=PA=J@!=O?=@A"AHAPA�'BPDAOA=NAJKPOAHA?PA@
PDAOUOPAISEHHLNARAJPPDA@AHAPEKJKNQL@=PAKB.)
R=HQAOEJPDAL=NAJPP=>HA�!QOPKIANP=>HA�EB= ?DEH@NA?KN@ATEOPO�2DA?DEH@NA?KN@EO=JUNA?KN@SEPD= I=P?DEJC
.)�

'J OKIA@=P=>=OAO
=J=@@EPEKJ=HKLPEKJATEOPOSDAJOAHA?PEJCPDA"AHAPAKLPEKJ?=HHA@1APPK,QHH�'J PDEOEO?DKOAJ

PDA.) NKSEO@AHAPA@
>QPPDA$) EJPDA?DEH@P=>HAEOOAPPK,3**� 2DKQCDPDEO?NA=PAO=J KNLD=JNKS
EPEO
=??ALP=>HA�

Enterprise Constraints

#JPANLNEOA?KJOPN=EJPO^ OKIAPEIAONABANNA@PK=OOAI=JPE??KJOPN=EJPO^ =NA=@@EPEKJ=HNQHAOOLA?EBEA@>UQOANOKN
@=P=>=OA�=@IEJEOPN=PKNO=J@�?=J�>A�>=OA@�KJ�IQHPELHA�P=>HAO�

&ANA�=NA�OKIA�AT=ILHAO�

[ � ?H=OO�?=J�D=RA�=�I=TEIQI�KB����OPQ@AJPO�
[ ��PA=?DAN�?=J�PA=?D�=�I=TEIQI�KB�BKQN?H=OOAO�LAN�OAIAOPAN�
[ �J�AILHKUAA�?=JJKP�P=GA�L=NP�EJ�IKNA�PD=J�BERALNKFA?PO�
[ 2DA�O=H=NU�KB�=J�AILHKUAA�?=JJKP�AT?AA@�PDA�O=H=NU�KB�PDA�AILHKUAAcO�I=J=CAN�

Business Rules

Businessrules =NAK>P=EJA@BNKIQOANOSDAJC=PDANEJCNAMQENAIAJPO�2DANAMQENAIAJPO�C=PDANEJCLNK?AOOEORANU
EILKNP=JP
=J@EPONAOQHPOODKQH@>ARANEBEA@>UPDAQOAN>ABKNAPDA@=P=>=OA@AOECJEO>QEHP�'BPDA>QOEJAOONQHAO=NA
EJ?KNNA?P
PDA@AOECJSEHH>AEJ?KNNA?P
=J@QHPEI=PAHUPDA=LLHE?=PEKJ>QEHPSEHHJKPBQJ?PEKJ=OATLA?PA@>UPDAQOANO�

1KIA�AT=ILHAO�KB�>QOEJAOO�NQHAO�=NA�

[ ��PA=?DAN�?=J�PA=?D�I=JU�OPQ@AJPO�
[ ��?H=OO�?=J�D=RA�=�I=TEIQI�KB����OPQ@AJPO�
[ ��?KQNOA�?=J�>A�P=QCDP�I=JU�PEIAO
�>QP�>U�KJHU�KJA�EJOPNQ?PKN�
[ ,KP�=HH�PA=?DANO�PA=?D�?H=OOAO�

Cardinality and connectivity

 QOEJAOONQHAO=NAQOA@PK@APANIEJA?=N@EJ=HEPU=J@?KJJA?PEREPU� Cardinality@AO?NE>AOPDANAH=PEKJODEL>APSAAJ
PSK@=P=P=>HAO>UATLNAOOEJCPDAIEJEIQI =J@I=TEIQI JQI>ANKBAJPEPUK??QNNAJ?AO=OOK?E=PA@SEPDKJA
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K??QNNAJ?AKB= NAH=PA@AJPEPU�'J $ECQNA���
 UKQ?=JOAAPD=P?=N@EJ=HEPUEONALNAOAJPA@>UPDAEJJANIKOPI=NGEJCO
KJ�PDA�NAH=PEKJODEL�OUI>KH��'J�PDEO�BECQNA
�PDA�?=N@EJ=HEPU�EO����VANK��KJ�PDA�NECDP�=J@����KJA��KJ�PDA�HABP�

$ECQNA���� .KOEPEKJKB?KJJA?PEREPU=J@?=N@EJ=HEPUKJ = NAH=PEKJODEL
OUI>KH
�>U����5=PP�

2DAKQPANIKOPOUI>KHKBPDANAH=PEKJODELOUI>KH
 KJ PDAKPDAND=J@
NALNAOAJPOPDA?KJJA?PEREPU>APSAAJPDAPSK
P=>HAO�ConnectivityEOPDANAH=PEKJODEL>APSAAJPSKP=>HAO
A�C�
KJAPKKJAKNKJAPKI=JU � 2DAKJHUPEIAEPEOVANK
EOSDAJPDA$) ?=J>AJQHH�5DAJ EP?KIAOPKL=NPE?EL=PEKJ
PDANA=NAPDNAAKLPEKJOPKPDANAH=PEKJODEL>APSAAJPDAOA
AJPEPEAO� AEPDAN� �VANK�
� �KJA�KNI=JU� 'J $ECQNA���
 BKNAT=ILHA
PDA?KJJA?PEREPUEO� �KJA�KJPDAKQPAN
HABP�
D=J@�OE@A�KB�PDEO�HEJA�=J@�I=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���
 >KPDEJJAN�NALNAOAJPEJC?=N@EJ=HEPU�=J@KQPAN�NALNAOAJPEJC?KJJA?PEREPU�I=NGANO=NAODKSJ�2DA
HABPOE@AKBPDEOOUI>KHEONA=@=OIEJEIQI � =J@I=TEIQI �� -J PDANECDPOE@A
EPEONA=@=O�IEJEIQI � =J@
I=TEIQI�I=JU�

$ECQNA�����

Relationship Types

2DAHEJAPD=P?KJJA?POPSKP=>HAO
EJ=J#0"
 EJ@E?=PAOPDArelationshiptype>APSAAJPDAP=>HAO: AEPDANE@AJPEBUEJCKN
JKJ�E@AJPEBUEJC��J identifyingrelationshipSEHHD=RA=OKHE@HEJA�SDANAPDA.) ?KJP=EJOPDA$)�� � non-identifying
relationship EOEJ@E?=PA@>U= >NKGAJHEJA=J@@KAOJKP?KJP=EJPDA$) EJPDA.)� 1AAPDAOA?PEKJEJ!D=LPAN� PD=P
@EO?QOOAO�SA=G�=J@�OPNKJC�NAH=PEKJODELO�BKN�IKNA�ATLH=J=PEKJ�

Optional relationships

'J =J optional relationship
 PDA$) ?=J>AJQHHKNPDAL=NAJPP=>HA@KAOJKPJAA@PKD=RA= ?KNNAOLKJ@EJC?DEH@

48 ¥ DATABASE DESIGN - 2ND EDITION



$ECQNA������'@AJPEBUEJC�=J@�JKJ�E@AJPEBUEJC�NAH=PEKJODEL
�>U����5=PP�

P=>HAK??QNNAJ?A�2DAOUI>KH
ODKSJEJ$ECQNA���
 EHHQOPN=PAOKJAPULASEPD= VANK=J@PDNAALNKJCO�EJ@E?=PEJC
I=JU��SDE?D�EO�EJPANLNAPA@�=O�VANK�-0�I=JU�

$ECQNA�����

$KNAT=ILHA
EBUKQHKKG=PPDA-N@ANP=>HAKJ PDANECDP�D=J@OE@AKB$ECQNA���
 UKQcHHJKPE?APD=P=?QOPKIAN@KAOJcP
JAA@�PK�LH=?A�=J�KN@AN�PK�>A�=�?QOPKIAN��'J�KPDAN�SKN@O
�PDAmany sideEO�KLPEKJ=H�

$ECQNA���� #T=ILHAQO=CAKB=VANKPKI=JU KLPEKJ=HNAH=PEKJODELOUI>KH

>U����5=PP�

2DA�NAH=PEKJODEL�OUI>KH�EJ�$ECQNA�����?=J�=HOK�>A�NA=@�=O�BKHHKSO�
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[ *ABP�OE@A�2DA�KN@AN�AJPEPU�IQOP�?KJP=EJ�=�IEJEIQI�KB�KJA�NAH=PA@�AJPEPU�EJ�PDA�!QOPKIAN�P=>HA�=J@�=
I=TEIQI�KB�KJANAH=PA@�AJPEPU�

[ 0ECDP�OE@A����?QOPKIAN�?=JLH=?A=�IEJEIQI�KB�VANK�KN@ANO�KN�=�I=TEIQI�KB�I=JU�KN@ANO�

$ECQNA��� ODKSO=JKPDANPULAKBKLPEKJ=HNAH=PEKJODELOUI>KHSEPD= VANK=J@KJA
IA=JEJCVANK-0 KJA� 2DA
onesideEO�KLPEKJ=H�

$ECQNA�����

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

$ECQNA���� #T=ILHAQO=CAKB= VANKPKKJAKLPEKJ=HNAH=PEKJODELOUI>KH

>U����5=PP�

Mandatoryrelationships

'J =mandatoryrelationship
 KJAAJPEPUK??QNNAJ?ANAMQENAO=?KNNAOLKJ@EJCAJPEPUK??QNNAJ?A�2DAOUI>KHBKNPDEO
NAH=PEKJODEL�ODKSOone and only one=O�ODKSJ�EJ�$ECQNA������2DA�KJA�OE@A�EO�I=J@=PKNU�

$ECQNA�����

1AA�$ECQNA������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�I=JU�NAH=PEKJODEL�OUI>KH�HKKGO�HEGA�SDANA�PDAmany sideEO�I=J@=PKNU�

$ECQNA
�����
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$ECQNA����� #T=ILHAKB= KJA=J@KJHUKJAI=J@=PKNUNAH=PEKJODEL
OUI>KH
�>U����5=PP�

0ABAN�PK�$ECQNA������BKN�=J�AT=ILHA�KB�DKS�PDA�KJA�PK�I=JU�OUI>KH�I=U�>A�QOA@�

$ECQNA����� #T=ILHAKB=KJAPKI=JU I=J@=PKNUNAH=PEKJODELOUI>KH
>U
���5=PP�

1KB=NSAD=RAOAAJPD=PPDAEJJANIKOPOE@AKB=NAH=PEKJODELOUI>KH�KJ PDAHABP�OE@AKBPDAOUI>KHEJ$ECQNA�����
?=JD=RA= � �VANK�?=N@EJ=HEPU=J@= ?KJJA?PEREPUKBI=JU �ODKSJKJPDANECDP�OE@AKBPDAOUI>KHEJ$ECQNA�����

KN�KJA��JKP�ODKSJ��

$ECQNA�����

&KSARAN
EP�?=JJKP�D=RA�=�?KJJA?PEREPU�KB����VANK�
�=O�@EOLH=UA@�EJ�$ECQNA�������2DA�?KJJA?PEREPU�?=J�KJHU�>A���

$ECQNA������

2DA?KJJA?PEREPUOUI>KHOODKSI=TEIQIO� 1KEBUKQPDEJG=>KQPEPHKCE?=HHU
EBPDA?KJJA?PEREPUOUI>KHKJPDAHABP
OE@A�ODKSO����VANK�
�PDAJ�PDANA�SKQH@�>A�JK�?KJJA?PEKJ�>APSAAJ�PDA�P=>HAO�
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2DA�S=U�PK�NA=@=�NAH=PEKJODEL�OUI>KH
�OQ?D�=O�PDA�KJA�EJ�$ECQNA�����
EO�=O�BKHHKSO�

[ 2DA�!QOP'"�EJ�PDA�-N@AN�P=>HA�IQOP=HOK>A�BKQJ@�EJ�PDA�!QOPKIAN�P=>HA�=�IEJEIQI�KB���=J@�=�I=TEIQI
KB��PEIAO�

[ 2DA���IA=JO�PD=P�PDA�!QOP'"�EJ�PDA�-N@AN�P=>HA�I=U�>A�JQHH�
[ 2DA�HABP�IKOP����NECDP�>ABKNA�PDA���NALNAOAJPEJC�?KJJA?PEREPU��O=UO�PD=P�EB�PDANA�EO�=�!QOP'"�EJ�PDA�-N@AN

P=>HA
�EP�?=J�KJHU�>A�EJ�PDA�!QOPKIAN�P=>HA�KJ?A�
[ 5DAJ�UKQ�OAA�PDA���OUI>KH�BKN�?=N@EJ=HEPU
�UKQ�?=J�=OOQIA�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�

$ECQNA����� 2DANAH=PEKJODEL>APSAAJ= !QOPKIANP=>HA=J@=J -N@AN
P=>HA
�>U����5=PP�

Key Terms

business rules��K>P=EJA@�BNKI�QOANO�SDAJ�C=PDANEJC�NAMQENAIAJPO�=J@�=NA�QOA@�PK�@APANIEJA�?=N@EJ=HEPU

cardinality � ATLNAOOAOPDAIEJEIQI =J@I=TEIQI JQI>ANKBAJPEPUK??QNNAJ?AO=OOK?E=PA@SEPDKJA
K??QNNAJ?A�KB�=�NAH=PA@�AJPEPU

connectivity� PDA�NAH=PEKJODEL�>APSAAJ�PSK�P=>HAO
�A�C�
�KJA�PK�KJA�KN�KJA�PK�I=JU

constraints��PDA�NQHAO�PD=P�BKN?A�" +1O�PK�?DA?G�PD=P�@=P=�O=PEOBEAO�PDA�OAI=JPE?O

entity integrity � NAMQENAOPD=PARANUP=>HAD=RA=LNEI=NUGAU�JAEPDANPDALNEI=NUGAU
JKN=JUL=NPKBEP
?=J
?KJP=EJ�JQHHR=HQAO

identifying relationship� SDANAPDALNEI=NUGAU?KJP=EJOPDABKNAECJGAU�EJ@E?=PA@EJ=J #0" >U= OKHE@
HEJA

integrity constraints� HKCE?=HOP=PAIAJPOPD=POP=PASD=P@=P=R=HQAO=NAKN=NAJKP=HHKSA@=J@SDE?DBKNI=P
EO�OQEP=>HA�BKN�=J�=PPNE>QPA
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mandatory relationship� KJA�AJPEPU�K??QNNAJ?A�NAMQENAO�=�?KNNAOLKJ@EJC�AJPEPU�K??QNNAJ?A�

non-identifying relationship� @KAOJKP?KJP=EJPDABKNAECJGAUEJPDALNEI=NUGAU�EJ@E?=PA@EJ=J#0" >U
=�@KPPA@�HEJA

optional relationship� PDA$) ?=J>AJQHHKNPDAL=NAJPP=>HA@KAOJKPJAA@PKD=RA= ?KNNAOLKJ@EJC?DEH@
P=>HAK??QNNAJ?A

orphan record� =NA?KN@SDKOABKNAECJGAUR=HQAEOJKPBKQJ@EJPDA?KNNAOLKJ@EJCAJPEPU^ PDAAJPEPUSDANA
PDA�LNEI=NU�GAU�EO�HK?=PA@

referential integrity ��NAMQENAO�PD=P�=�BKNAECJ�GAU�IQOP�D=RA�=�I=P?DEJC�LNEI=NU�GAU�KN�EP�IQOP�>A�JQHH

relational databasemanagementsystem(RDBMS)� = LKLQH=N@=P=>=OAOUOPAI>=OA@KJ PDANAH=PEKJ=H
IK@AH�EJPNK@Q?A@�>U�#��$��!K@@�KB�' +cO�1=J�(KOA�0AOA=N?D�*=>KN=PKNU

relationship type� PDAPULAKBNAH=PEKJODEL>APSAAJPSKP=>HAOEJ=J #0" �AEPDANE@AJPEBUEJCKNJKJ�
E@AJPEBUEJC���PDEO�NAH=PEKJODEL�EO�EJ@E?=PA@�>U�=�HEJA�@N=SJ�>APSAAJ�PDA�PSK�P=>HAO�

Exercises

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

2DAOSEI ?HQ>@=P=>=OAEJ$ECQNA���� D=O>AAJ@AOECJA@PKDKH@EJBKNI=PEKJ=>KQPOPQ@AJPOSDK=NA
AJNKHHA@EJOSEI ?H=OOAO�2DABKHHKSEJCEJBKNI=PEKJEOOPKNA@�OPQ@AJPO
AJNKHHIAJP
OSEI ?H=OOAO
LKKHO
SDANA?H=OOAO=NADAH@
EJOPNQ?PKNOBKNPDA?H=OOAO
=J@R=NEKQOHARAHOKBOSEI?H=OOAO�3OA$ECQNA���� PK
=JOSAN�MQAOPEKJO���PK���

2DA�LNEI=NU�GAUO�=NA�E@AJPEBEA@�>AHKS��2DA�BKHHKSEJC�@=P=�PULAO�=NA�@ABEJA@�EJ�PDA�1/*�1ANRAN�

tblLevels
*ARAH�^�'@AJPEPU�.)
!H=OO,=IA�^�PATP����^�JQHHO�=NA�JKP�=HHKSA@

tblPool
.KKH�^�'@AJPEPU�.)
.KKH,=IA�^�PATP����^�JQHHO�=NA�JKP�=HHKSA@
*K?=PEKJ�^�PATP���

tblStaff
1P=BB'"�^�'@AJPEPU�.)
$ENOP,=IA�^�PATP���
+E@@HA'JEPE=H�^�PATP��
*=OP,=IA�^�PATP���
1QBBET�^�PATP��
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$ECQNA�������#0"�BKN�MQAOPEKJO�������"E=CN=I�>U����5=PP��

1=H=NEA@�^� EP
.=U�IKQJP�^�IKJAU

tblClasses
*AOOKJ'J@AT�^�'@AJPEPU�.)
*ARAH�^�'JPACAN�$)
1A?PEKJ'"�^�'JPACAN
1AIAOPAN�^�2EJU'JP
"=UO�^�PATP���
2EIA�^�@=PAPEIA��BKNI=PPA@�BKN�PEIA�
.KKH�^�'JPACAN�$)
'JOPNQ?PKN�^�'JPACAN�$)
*EIEP�^�2EJU'JP
#JNKHHA@�^�2EJU'JP
.NE?A�^�IKJAU

tblEnrollment
*AOOKJ'J@AT�^�'JPACAN�$)
1'"�^�'JPACAN�$)��*AOOKJ'J@AT�=J@�1'"��.NEI=NU�)AU
1P=PQO�^�PATP���
!D=NCA@�^�>EP
�IKQJP.=E@�^�IKJAU
"=PA#JNKHHA@�^�@=PAPEIA

tblStudents
1'"�^�'@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���

'ILHAIAJPPDEOO?DAI=EJ1/* 1ANRANKN=??AOO�UKQSEHHJAA@PKLE?G?KIL=N=>HA@=P=PULAO��1Q>IEP=
O?NAAJODKP�KB�UKQN�#0"�EJ�PDA�@=P=>=OA�

�� #TLH=EJ�PDA�NAH=PEKJODEL�NQHAO�BKN�A=?D�NAH=PEKJODEL��A�C�
P>H#JNKHHIAJP�=J@�P>H1PQ@AJPO���
OPQ@AJP�?=J�AJNKHH�EJ�I=JU�?H=OOAO��
�� '@AJPEBU�?=N@EJ=HEPU�BKN�A=?D�NAH=PEKJODEL
=OOQIEJC�PDA�BKHHKSEJC�NQHAO�

g ��LKKH�I=U�KN�I=U�JKP�ARAN�D=RA�=�?H=OO�
g 2DA�HARAHO�P=>HA�IQOP�=HS=UO�>A�=OOK?E=PA@�SEPD�=P�HA=OP�KJA�?H=OO�
g 2DA�OP=BB�P=>HA�I=U�JKP�D=RA�ARAN�P=QCDP�=�?H=OO�
g �HH�OPQ@AJPO�IQOP�>A�AJNKHHA@�EJ�=P�HA=OP�KJA�?H=OO�
g 2DA�?H=OO�IQOP�D=RA�OPQ@AJPO�AJNKHHA@�EJ�EP�
g 2DA�?H=OO�IQOP�D=RA�=�R=HE@�LKKH�
g 2DA�?H=OO�I=U�JKP�D=RA�=J�EJOPNQ?PKN�=OOECJA@�
g 2DA�?H=OO�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�?D=LPAN��
�� 5DE?D�KB�PDA�P=>HAO�=NA�JKJ�E@AJPEBUEJC�=J@�SDE?D�=NA�E@AJPEBUEJC�

Image Attributions

$ECQNAO����
����
����
����
�����
�����
������=J@������>U����5=PP�
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Chapter 10 ER Modelling

Adri enne Watt

-JA EILKNP=JPPDAKNU@ARAHKLA@BKNPDAAJPEPUNAH=PEKJ=H�#0� IK@AHEJRKHRAOPDAJKPEKJKBBQJ?PEKJ=H@ALAJ@AJ?U
�$"�� 2DA=EI KBOPQ@UEJCPDEOEOPKEILNKRAUKQNQJ@ANOP=J@EJCKBNAH=PEKJODELO=IKJC @=P==J@PKC=EJAJKQCD
BKNI=HEOI�PK�=OOEOP�SEPD�LN=?PE?=H�@=P=>=OA�@AOECJ�

*EGA?KJOPN=EJPO
$"O =NA@N=SJBNKIPDAOAI=JPE?OKBPDA=LLHE?=PEKJ@KI=EJ�#OOAJPE=HHU
functionaldependencies
@AO?NE>ADKSEJ@ERE@Q=H=PPNE>QPAO=NANAH=PA@�$"O =NA= GEJ@KB?KJOPN=EJP=IKJC =PPNE>QPAOSEPDEJ= NAH=PEKJ=J@
?KJPNE>QPA�PK�=�CKK@�NAH=PEKJ=H�O?DAI=�@AOECJ��'J�PDEO�?D=LPAN
�SA�SEHH�HKKG�=P�

[ 2DA�>=OE?�PDAKNU�=J@�@ABEJEPEKJ�KB�BQJ?PEKJ=H�@ALAJ@AJ?U
[ 2DA�IAPDK@KHKCU�BKN�EILNKREJC�O?DAI=@AOECJO
�=HOK�?=HHA@�JKNI=HEV=PEKJ

Relational Design and Redundancy

%AJAN=HHU
=CKK@NAH=PEKJ=H@=P=>=OA@AOECJIQOP?=LPQNA=HHKBPDAJA?AOO=NU=PPNE>QPAO=J@=OOK?E=PEKJO�2DA@AOECJ
ODKQH@�@K�PDEO�SEPD�=�IEJEI=H�=IKQJP�KB�OPKNA@�EJBKNI=PEKJ=J@JK�NA@QJ@=JP�@=P=�

'J @=P=>=OA@AOECJ
NA@QJ@=J?UEOCAJAN=HHUQJ@AOEN=>HA>A?=QOAEP?=QOAOLNK>HAIOI=EJP=EJEJC?KJOEOPAJ?U=BPAN
QL@=PAO�&KSARAN
NA@QJ@=J?U?=JOKIAPEIAOHA=@PKLANBKNI=J?AEILNKRAIAJPO�BKNAT=ILHA
SDAJNA@QJ@=J?U
?=J>AQOA@EJLH=?AKB= join PK?KJJA?P@=P=�� join EOQOA@SDAJUKQJAA@PKK>P=EJEJBKNI=PEKJ>=OA@KJ PSK
NAH=PA@�P=>HAO�

!KJOE@AN$ECQNA����� ?QOPKIAN������� EO@EOLH=UA@PSE?A
KJ?ABKN=??KQJPJK� ����� =J@=C=EJBKN=??KQJP
������ 'J PDEO?=OA
PDA?QOPKIANJQI>ANEOJKPNA@QJ@=JP
=HPDKQCDPDANA=NA@AHAPEKJ=JKI=HEAOSEPDPDAP=>HA�
&=REJC=OAL=N=PA?QOPKIANP=>HASKQH@OKHRAPDEOLNK>HAI�&KSARAN
EB=>N=J?D=@@NAOOSANAPK?D=JCA
EPSKQH@
D=RAPK>AQL@=PA@EJIQHPELHALH=?AO�'BPDA?QOPKIANJQI>ANS=OHABPEJPDAP=>HA=OEO
PDAJUKQSKQH@JcPJAA@=
>N=J?D�P=>HA�=J@�JK�FKEJ�SKQH@�>A�NAMQENA@
�=J@�LANBKNI=J?A�EO�EILNKRA@��

$ECQNA����� �J AT=ILHAKBNA@QJ@=J?UQOA@SEPD>=JG=??KQJPO=J@
>N=J?DAO�
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Insertion Anomaly

�J insertionanomalyK??QNOSDAJUKQ=NAEJOANPEJCEJ?KJOEOPAJPEJBKNI=PEKJEJPK= P=>HA�5DAJ SA EJOANP= JAS
NA?KN@
OQ?D=O=??KQJPJK� ����� EJ$ECQNA���� 
 SAJAA@PK?DA?GPD=PPDA>N=J?D@=P=EO?KJOEOPAJPSEPDATEOPEJC
NKSO�

$ECQNA�������#T=ILHA�KB�=J�EJOANPEKJ�=JKI=HU�

Update Anomaly

'B= >N=J?D?D=JCAO=@@NAOO
OQ?D=OPDA0KQJ@&EHH>N=J?DEJ$ECQNA����
 SAJAA@PKQL@=PA=HHNKSONABANNEJCPK
PD=P�>N=J?D��!D=JCEJC�ATEOPEJC�EJBKNI=PEKJ�EJ?KNNA?PHUEO�?=HHA@�=Jupdate anomaly�

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

Deletion Anomaly

� deletionanomalyK??QNOSDAJUKQ@AHAPA= NA?KN@PD=PI=U ?KJP=EJ=PPNE>QPAOPD=PODKQH@JcP>A@AHAPA@�$KN
EJOP=J?A
EBSA NAIKRAEJBKNI=PEKJ=>KQPPDAH=OP=??KQJP=P= >N=J?D
OQ?D=O=??KQJP����� =PPDA"KSJPKSJ
>N=J?D�EJ�$ECQNA�����
�=HH�KB�PDA�>N=J?D�EJBKNI=PEKJ�@EO=LLA=NO�

2DALNK>HAISEPD@AHAPEJCPDA����� NKSEOSA @KJcPGJKSSDANAPDA"KSJPKSJ>N=J?DEOHK?=PA@=J@SA HKOA

CHAPTER 10 ER MODELLING¥ 57



$ECQNA�������#T=ILHA�KB�=�@AHAPEKJ�=JKI=HU�

=HHEJBKNI=PEKJNAC=N@EJC?QOPKIAN�������� 2K =RKE@PDAOAGEJ@OKBQL@=PAKN@AHAPEKJLNK>HAIO
SA JAA@PK
@A?KILKOA�PDA�KNECEJ=H�P=>HA�EJPK�OARAN=H�OI=HHAN�P=>HAO�SDANA�A=?D�P=>HA�D=O�IEJEI=H�KRANH=L�SEPD�KPDAN�P=>HAO�

#=?D>=JG=??KQJPP=>HAIQOP?KJP=EJEJBKNI=PEKJ=>KQPKJAAJPEPUKJHU
OQ?D=OPDA N=J?DKN!QOPKIAN
=O
@EOLH=UA@�EJ�$ECQNA������

$ECQNA����� #T=ILHAOKB>=JG=??KQJPP=>HAOPD=P?KJP=EJKJAAJPEPUA=?D

>U����5=PP�

$KHHKSEJCPDEOLN=?PE?ASEHHAJOQNAPD=PSDAJ>N=J?DEJBKNI=PEKJEO=@@A@KNQL@=PA@EPSEHHKJHU=BBA?PKJANA?KN@�
1K
 SDAJ?QOPKIANEJBKNI=PEKJEO=@@A@KN@AHAPA@
PDA>N=J?DEJBKNI=PEKJSEHHJKP>A=??E@AJP=HHUIK@EBEA@KN
EJ?KNNA?PHU�NA?KN@A@�

Example: employee project table and anomalies

$ECQNA������ODKSO�=J�AT=ILHA�KB�=J�AILHKUAA�LNKFA?P�P=>HA�$NKI�PDEO�P=>HA
�SA�?=J�=OOQIA�PD=P�

�� #IL'"�=J@�.NKFA?P'"�=NA�=�?KILKOEPA�.)�
�� .NKFA?P�'"�@APANIEJAO� Q@CAP�E�A�
�.NKFA?P�.��D=O�=�>Q@CAP�KB����DKQNO��

,ATP
�HAPcO�HKKG�=P�OKIA�LKOOE>HA�=JKI=HEAOPD=P�IECDP�K??QN�SEPD�PDEO�P=>HA�@QNEJC�PDA�BKHHKSEJC�OPALO�

�� �?PEKJ��@@�NKS�W1��
��
.�
�Y
�� .NK>HAI��2DANA�=NA�PSK�PQLHAO�SEPD�?KJBHE?PEJC�>Q@CAPO
�� �?PEKJ�"AHAPA�PQLHA�W1��
���
�.�
��Y
�� .NK>HAI� 1PAL���@AHAPAO�PDA�>Q@CAP�BKN�LNKFA?P�.�
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$ECQNA�������#T=ILHA�KB�=J�AILHKUAA�LNKFA?P�P=>HA
�>U����5=PP�

�� �?PEKJ��3L@=PA�PQLHA�W1��
���
�.�
��Y�PK�W1��
���
�.�
��Y
�� .NK>HAI�1PAL����?NA=PAOPSK�PQLHAO�SEPD�@EBBANAJP�R=HQAO�BKN�LNKFA?P�.�cO�>Q@CAP
�� 1KHQPEKJ��!NA=PA�=�OAL=N=PA�P=>HA
�A=?D
�BKN�.NKFA?PO�=J@�#ILHKUAAO
�=O�ODKSJ�EJ�$ECQNA������

$ECQNA����� 1KHQPEKJ�OAL=N=PAP=>HAOBKN.NKFA?P=J@#ILHKUAA
>U��
5=PP�

How to Avoid Anomalies

2DA>AOP=LLNK=?DPK?NA=PEJCP=>HAOSEPDKQP=JKI=HEAOEOPKAJOQNAPD=PPDAP=>HAO=NAJKNI=HEVA@
=J@PD=PcO
=??KILHEODA@>UQJ@ANOP=J@EJCBQJ?PEKJ=H@ALAJ@AJ?EAO�$" AJOQNAOPD=P=HH=PPNE>QPAOEJ=P=>HA>AHKJCPKPD=PP=>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�AILHKUAAcO�?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�I=U�?KJP=EJ�=PPNE>QPAO�PD=P�ODKQH@JcP�>A�@AHAPA@

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�>=OA@�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�

�� !NA=PA�=�HKCE?=H�#0"�BKN�=J�KJHEJA�IKREA�NAJP=H�OANRE?A��JK�I=JU�PK�I=JU�NAH=PEKJODELO���3OA
PDA�BKHHKSEJC�@AO?NELPEKJ�KB�KLAN=PEKJO�KJ�SDE?D�UKQN�>QOEJAOO�NQHAO�IQOP�>A�>=OA@�2DAKJHEJA
IKREA�NAJP=H�OANRE?A?H=OOEBEAO�IKREA�PEPHAO�=??KN@EJC�PK�PDAEN�PULA��?KIA@U
�SAOPANJ
�?H=OOE?=H

O?EAJ?A�BE?PEKJ
�?=NPKKJ
�=?PEKJ
�IQOE?=H
�=J@�JAS�NAHA=OA��#=?D�PULA�?KJP=EJO�I=JU�LKOOE>HA�PEPHAO

=J@�IKOP�PEPHAO�SEPDEJ�=�PULA�=NA�=R=EH=>HA�EJ�IQHPELHA�?KLEAO��$KN�AT=ILHA
�JKPA�PDA�BKHHKSEJC
OQII=NU�27.#�2'2*#
+QOE?=H�+U�$=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��&KS�?=J�OQ?D
=JKI=HEAO�>A�AHEIEJ=PA@�

Also seeAppendix B: Sample ERD Exercises

Attribution

2DEO?D=LPANKBDatabaseDesign�EJ?HQ@EJCEI=CAO
AT?ALP=OKPDANSEOAJKPA@�EO= @ANER=PERA?KLUKB0AH=PEKJ=H
"AOECJ�2DAKNU>U,CQUAJ�)EI��JD HE?AJOA@�QJ@AN!NA=PERA�!KIIKJO��PPNE>QPEKJ�*E?AJOA�����HE?AJOA

2DA�BKHHKSEJC�I=PANE=H�S=O�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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Chapter 11 Functional Dependencies

Adri enne Watt

� functionaldependency�$"� EO=NAH=PEKJODEL>APSAAJPSK=PPNE>QPAO
PULE?=HHU>APSAAJPDA.) =J@KPDANJKJ�GAU
=PPNE>QPAOSEPDEJ=P=>HA�$KN=JUNAH=PEKJ0
 =PPNE>QPA7 EOBQJ?PEKJ=HHU@ALAJ@AJPKJ=PPNE>QPA6 �QOQ=HHUPDA.)�
 EB
BKNARANUR=HE@EJOP=J?AKB6
 PD=PR=HQAKB6 QJEMQAHU@APANIEJAOPDAR=HQAKB7� 2DEONAH=PEKJODELEOEJ@E?=PA@>U
PDA�NALNAOAJP=PEKJ�>AHKS��

X ÑÑÑÐ> Y

2DAHABPOE@AKBPDA=>KRA$" @E=CN=IEO?=HHA@PDAdeterminant
 =J@PDANECDPOE@AEOPDAdependent� &ANA=NA=BAS
AT=ILHAO�

'J PDABENOPAT=ILHA
>AHKS
1', @APANIEJAO,=IA
 �@@NAOO=J@ ENPD@=PA�%ERAJ1',
 SA?=J@APANIEJA=JUKBPDA
KPDAN�=PPNE>QPAO�SEPDEJ�PDA�P=>HA�

SIN ÑÑÑ-> Name, Address, Birthdate

$KNPDAOA?KJ@AT=ILHA
1', =J@!KQNOA@APANIEJAPDA@=PA?KILHAPA@�"=PA!KILHAPA@��2DEOIQOP=HOKSKNGBKN
=�?KILKOEPA�.)�

SIN, Course ÑÑÑ> DateCompleted

2DA�PDEN@�AT=ILHA�EJ@E?=PAO�PD=P'1 ,�@APANIEJAO�2EPHA�

ISBN ÑÑÑÐ> Title

Rules of Functional Dependencies

!KJOE@AN�PDA�BKHHKSEJC�P=>HA�KB�@=P=�N�0��KB�PDA�NAH=PEKJ�O?DAI=�0�� !"#��ODKSJ�EJ�2=>HA������

�O UKQHKKG=PPDEOP=>HA
=OGUKQNOAHB�Whatkindof dependenciescanweobserveamongtheattributesin TableR?
1EJ?A�PDA�R=HQAO�KB���=NA�QJEMQA��=�
�=�
�=�
�AP?��
�EP�BKHHKSO�BNKI�PDA�$"�@ABEJEPEKJ�PD=P�

��f� 
 ��f�!
 ��f�"
 ��f�#

[ 'P�=HOK�BKHHKSO�PD=P��f ! �KN�=JU�KPDAN�OQ>OAP�KB�� !"#��
[ 2DEO�?=J�>A�OQII=NEVA@�=O��f !"#�
[ $NKI�KQN�QJ@ANOP=J@EJC�KB�LNEI=NU�GAUO
���EO�=�LNEI=NU�GAU�
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2=>HA����� $QJ?PEKJ=H@ALAJ@AJ?U
AT=ILHA
�>U����5=PP�

1EJ?A�PDA�R=HQAO�KB�#�=NA�=HS=UOPDA�O=IA��=HH�A��
�EP�BKHHKSO�PD=P�

��f�#
  �f�#
 !�f�#
 "�f�#

&KSARAN
SA?=JJKPCAJAN=HHUOQII=NEVAPDA=>KRASEPD� !" f # >A?=QOA
EJCAJAN=H
� f #
  f #
 � 
f�#�

-PDAN�K>OANR=PEKJO�

�� !KI>EJ=PEKJO�KB� !�=NA�QJEMQA
�PDANABKNA !�f��"#�
�� !KI>EJ=PEKJO�KB� "�=NA�QJEMQA
�PDANABKNA "�f��!#�
�� 'B�!�R=HQAO�I=P?D
�OK�@K�"�R=HQAO�

=�2DANABKNA
!�f�"
>� &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�@APANIEJ=JPO�

Inference Rules

ArmstrongÕsaxioms=NA=OAPKBEJBANAJ?ANQHAOQOA@PKEJBAN=HHPDABQJ?PEKJ=H@ALAJ@AJ?EAOKJ=NAH=PEKJ=H@=P=>=OA�
2DAUSANA@ARAHKLA@>U5EHHE=I5� �NIOPNKJC�2DABKHHKSEJC@AO?NE>AOSD=PSEHH>AQOA@
EJPANIOKBJKP=PEKJ

PK�ATLH=EJ�PDAOA�=TEKIO�

*AP0�3� >A=NAH=PEKJO?DAIAKRANPDAOAPKB=PPNE>QPAO3� 5A SEHHQOAPDAHAPPANO6
 7
 8 PKNALNAOAJP=JUOQ>OAPKB
=J@
�BKN�ODKNP
�PDA�QJEKJ�KB�PSK�OAPO�KB�=PPNE>QPAO
�EJOPA=@�KB�PDA�QOQ=H6�3�7�

Axiom of reflexivity

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

$KNAT=ILHA
PartNo Ñ> NT123 SDANA6 �.=NP,K� EO?KILKOA@KBIKNAPD=JKJALEA?AKBEJBKNI=PEKJ�E�A�

7 �,2��=J@�L=NP'"�������

Axiom of augmentation

2DA=TEKIKB=QCIAJP=PEKJ
=HOKGJKSJ=O= L=NPE=H@ALAJ@AJ?U
O=UOEB6 @APANIEJAO7
 PDAJ68 @APANIEJAO78
BKN�=JU�8��OAA�$ECQNA��������

$ECQNA�������#MQ=PEKJ�BKN�=TEKI�KB�=QCIAJP=PEKJ�

2DA=TEKIKB=QCIAJP=PEKJO=UOPD=PARANUJKJ�GAU=PPNE>QPAIQOP>ABQHHU@ALAJ@AJPKJ PDA.)� 'J PDAAT=ILHA
ODKSJ>AHKS
1PQ@AJP,=IA
�@@NAOO
!EPU
.NKR
=J@.! �LKOP=H?K@A�=NAKJHU@ALAJ@AJPKJPDA1PQ@AJP,K
JKP
KJ�PDA�1PQ@AJP,K�=J@�%N=@A�

1PQ@AJP,K
�!KQNOA�_��1PQ@AJP,=IA
��@@NAOO
�!EPU
�.NKR
�.!
�%N=@A
�"=PA!KILHAPA@

2DEOOEPQ=PEKJEOJKP@AOEN=>HA>A?=QOAARANUJKJ�GAU=PPNE>QPAD=OPK>ABQHHU@ALAJ@AJPKJ PDA.)� 'J PDEO
OEPQ=PEKJ
 OPQ@AJP�EJBKNI=PEKJ�EO�KJHU�L=NPE=HHU�@ALAJ@AJP�KJ�PDA�.)��1PQ@AJP,K��

2K�BET�PDEO�LNK>HAI
�SA�JAA@�PK�>NA=GPDA�KNECEJ=H�P=>HA�@KSJ�EJPK�PSK�=O�BKHHKSO�

[ 2=>HA����1PQ@AJP,K
�!KQNOA
%N=@A
�"=PA!KILHAPA@
[ 2=>HA����1PQ@AJP,K
�1PQ@AJP,=IA
��@@NAOO
�!EPU
�.NKR
�.!

Axiom of transitivity

2DA=TEKIKBPN=JOEPEREPUO=UOEB6 @APANIEJAO7
 =J@7 @APANIEJAO8
 PDAJ6 IQOP=HOK@APANIEJA8 �OAA$ECQNA
������

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

2DAP=>HA>AHKSD=OEJBKNI=PEKJJKP@ENA?PHUNAH=PA@PKPDAOPQ@AJP�BKNEJOP=J?A
.NKCN=I'" =J@.NKCN=I,=IA
ODKQH@�D=RA�=�P=>HA�KB�EPO�KSJ��.NKCN=I,=IA�EO�JKP�@ALAJ@AJP�KJ�1PQ@AJP,K��EPcO�@ALAJ@AJP�KJ�.NKCN=I'"�

1PQ@AJP,K_� 1PQ@AJP,=IA
��@@NAOO
�!EPU
�.NKR
�.!
�.NKCN=I'"
�.NKCN=I,=IA

2DEOOEPQ=PEKJEOJKP@AOEN=>HA>A?=QOA= JKJ�GAU=PPNE>QPA�.NKCN=I,=IA� @ALAJ@OKJ =JKPDANJKJ�GAU=PPNE>QPA
�.NKCN=I'"��
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2K BETPDEOLNK>HAI
 SAJAA@PK>NA=GPDEOP=>HAEJPKPSK�KJAPKDKH@EJBKNI=PEKJ=>KQPPDAOPQ@AJP=J@PDAKPDANPK
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

&KSARANSA OPEHHJAA@PKHA=RA=J $) EJPDAOPQ@AJPP=>HAOKPD=PSA ?=JE@AJPEBUSDE?DLNKCN=IPDAOPQ@AJPEO
AJNKHHA@�EJ�

Union

2DEONQHAOQCCAOPOPD=PEBPSKP=>HAO=NAOAL=N=PA
=J@PDA.) EOPDAO=IA
UKQI=U S=JPPK?KJOE@ANLQPPEJCPDAI
PKCAPDAN�'POP=PAOPD=PEB6 @APANIEJAO7 =J@6 @APANIEJAO8 PDAJ6 IQOP=HOK@APANIEJA7 =J@8 �OAA$ECQNA������

$ECQNA�������#MQ=PEKJ�BKN�PDA�3JEKJ�NQHA�

$KN�AT=ILHA
�EB�

[ 1',�_��#IL,=IA
[ 1',�_��1LKQOA,=IA

7KQ�I=U�S=JP�PK�FKEJ�PDAOA�PSK�P=>HAO�EJPK�KJA�=O�BKHHKSO�

1',�^��#IL,=IA
�1LKQOA,=IA

1KIA @=P=>=OA=@IEJEOPN=PKNO�DBA� IECDP?DKKOAPKGAALPDAOAP=>HAOOAL=N=PA@BKN=?KQLHAKBNA=OKJO�-JA
 A=?D
P=>HA@AO?NE>AO=@EBBANAJPAJPEPUOKPDAAJPEPEAOODKQH@>AGALP=L=NP�2SK
 EB1LKQOA,=IAEOPK>AHABP,3** IKOP
KB�PDA�PEIA
�PDANA�EO�JK�JAA@�PK�EJ?HQ@A�EP�EJ�PDA�O=IA�P=>HA�=O�#IL,=IA�

Decomposition

"A?KILKOEPEKJEOPDANARANOAKBPDA3JEKJNQHA�'B UKQD=RA= P=>HAPD=P=LLA=NOPK?KJP=EJPSKAJPEPEAOPD=P=NA
@APANIEJA@>UPDAO=IA.)
 ?KJOE@AN>NA=GEJCPDAIQLEJPKPSKP=>HAO�2DEONQHAOP=PAOPD=PEB6 @APANIEJAO7 =J@
8
�PDAJ�6�@APANIEJAO�7�=J@�6�@APANIEJAO�8�OAL=N=PAHU��OAA�$ECQNA�������

$ECQNA�������#MQ=PEKJ�BKN�@A?KILAJO=PEKJ�NQHA�

Dependency Diagram

� @ALAJ@AJ?U@E=CN=I
ODKSJEJ$ECQNA����
 EHHQOPN=PAOPDAR=NEKQO@ALAJ@AJ?EAOPD=PIECDPATEOPEJ= non-
normalized table����JKJ�JKNI=HEVA@�P=>HA�EO�KJA�PD=P�D=O�@=P=�NA@QJ@=J?U�EJ�EP�

2DA�BKHHKSEJC�@ALAJ@AJ?EAO�=NA�E@AJPEBEA@�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

ArmstrongÕsaxioms� = OAPKBEJBANAJ?ANQHAOQOA@PKEJBAN=HHPDABQJ?PEKJ=H@ALAJ@AJ?EAOKJ = NAH=PEKJ=H
@=P=>=OA

DBA��@=P=>=OA�=@IEJEOPN=PKN

decomposition� = NQHAPD=POQCCAOPOEBUKQD=RA= P=>HAPD=P=LLA=NOPK?KJP=EJPSKAJPEPEAOPD=P=NA
@APANIEJA@�>U�PDA�O=IA�.)
�?KJOE@AN�>NA=GEJC�PDAI�QL�EJPK�PSK�P=>HAO

dependent� PDA�NECDP�OE@A�KB�PDA�BQJ?PEKJ=H�@ALAJ@AJ?U@E=CN=I

determinant��PDA�HABP�OE@A�KB�PDA�BQJ?PEKJ=H�@ALAJ@AJ?U�@E=CN=I

functional dependency(FD): = NAH=PEKJODEL>APSAAJPSK=PPNE>QPAO
PULE?=HHU>APSAAJPDA.) =J@KPDAN
JKJ�GAU�=PPNE>QPAO�SEPDEJ�=�P=>HA

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

Union� = NQHAPD=POQCCAOPOPD=PEBPSKP=>HAO=NAOAL=N=PA
=J@PDA.) EOPDAO=IA
?KJOE@ANLQPPEJCPDAI
PKCAPDAN

Exercises

1AA�!D=LPAN����

Attributions

2DEO?D=LPANKBDatabaseDesign�EJ?HQ@EJCEI=CAO
AT?ALP=OKPDANSEOAJKPA@�EO=@ANER=PERA?KLUKB�NIOPNKJCcO

66 ¥ DATABASE DESIGN - 2ND EDITION



=TEKIO>U 5EGELA@E=PDA$NAA#J?U?HKLA@E=HE?AJOA@QJ@AN!NA=PERA!KIIKJO �PPNE>QPEKJ�1D=NA�HEGA���
3JLKNPA@

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

�� OKIA�KB�0QHAO�KB�$QJ?PEKJ=H�"ALAJ@AJ?EAO
�� )AU�2ANIO
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Chapter 12 Normalization

Adri enne Watt

,KNI=HEV=PEKJODKQH@>AL=NPKBPDA@=P=>=OA@AOECJLNK?AOO�&KSARAN
EPEO@EBBE?QHPPKOAL=N=PAPDAJKNI=HEV=PEKJ
LNK?AOO�BNKI�PDA�#0�IK@AHHEJC�LNK?AOO�OK�PDA�PSK�PA?DJEMQAO�ODKQH@�>A�QOA@�?KJ?QNNAJPHU�

3OA=J AJPEPUNAH=PEKJ@E=CN=I�#0"� PKLNKRE@APDA>ECLE?PQNA
KNI=?NK REAS
KB=J KNC=JEV=PEKJcO@=P=
NAMQENAIAJPO=J@KLAN=PEKJO�2DEOEO?NA=PA@PDNKQCD=JEPAN=PERALNK?AOOPD=PEJRKHRAOE@AJPEBUEJCNAHAR=JPAJPEPEAO

PDAEN�=PPNE>QPAO�=J@�PDAEN�NAH=PEKJODELO�

,KNI=HEV=PEKJLNK?A@QNABK?QOAOKJ ?D=N=?PANEOPE?OKBOLA?EBE?AJPEPEAO=J@NALNAOAJPOPDAIE?NKREASKBAJPEPEAO
SEPDEJ�PDA�#0"�

What Is Normalization?

NormalizationEOPDA>N=J?DKBNAH=PEKJ=HPDAKNUPD=PLNKRE@AO@AOECJEJOECDPO�'PEOPDALNK?AOOKB@APANIEJEJCDKS
IQ?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=O�EJ�KN@AN�PK�NAIKRA�NA@QJ@=J?U

,KNI=HEV=PEKJPDAKNU@N=SODA=REHUKJ PDAPDAKNUKBBQJ?PEKJ=H@ALAJ@AJ?EAO�,KNI=HEV=PEKJPDAKNU@ABEJAOOET
JKNI=HBKNIO�,$�� #=?DJKNI=HBKNIEJRKHRAO= OAPKB@ALAJ@AJ?ULNKLANPEAOPD=P= O?DAI=IQOPO=PEOBU=J@
A=?DJKNI=HBKNICERAOCQ=N=JPAAO=>KQPPDALNAOAJ?A=J@KN=>OAJ?AKBQL@=PA=JKI=HEAO�2DEOIA=JOPD=PDECDAN
JKNI=H�BKNIO�D=RA�HAOO�NA@QJ@=J?U
�=J@�=O�=�NAOQHP
�BASAN�QL@=PA�LNK>HAIO�

Normal Forms

�HHPDAP=>HAOEJ=JU@=P=>=OA?=J>AEJKJAKBPDAJKNI=HBKNIOSASEHH@EO?QOOJATP�'@A=HHUSAKJHUS=JPIEJEI=H
NA@QJ@=J?UBKN.) PK$)� #RANUPDEJCAHOAODKQH@>A@ANERA@BNKIKPDANP=>HAO�2DANA=NAOETJKNI=HBKNIO
>QPSA
SEHH�KJHU�HKKG�=P�PDA�BENOP�BKQN
�SDE?D�=NA�

[ $ENOPJKNI=H�BKNI���,$�
[ 1A?KJ@JKNI=H�BKNI���,$�
[ 2DEN@�JKNI=H�BKNI���,$�
[  KU?A�!K@@�JKNI=H�BKNI�� !,$�

 !,$�EO�N=NAHU�QOA@�
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First Normal Form (1NF)

'J PDAfirst normal form
 KJHUOEJCHAR=HQAO=NALANIEPPA@=PPDAEJPANOA?PEKJKBA=?DNKS=J@?KHQIJ�DAJ?A
PDANA
=NA�JK�NALA=PEJC�CNKQLO�

2K�JKNI=HEVA�=�NAH=PEKJ�PD=P�?KJP=EJO�=�NALA=PEJC�CNKQL
�NAIKRA�PDA�NALA=PEJC�CNKQL�=J@�BKNI�PSK�JAS�NAH=PEKJO�

2DA.) KBPDAJAS NAH=PEKJEO= ?KI>EJ=PEKJKBPDA.) KBPDAKNECEJ=HNAH=PEKJLHQO=J =PPNE>QPABNKIPDAJASHU
?NA=PA@�NAH=PEKJ�BKN�QJEMQA�E@AJPEBE?=PEKJ�

Process for 1NF

5A SEHHQOAPDAStudent_Grade_Report P=>HA>AHKS
 BNKI= 1?DKKH@=P=>=OA
=OKQNAT=ILHAPKATLH=EJPDA
LNK?AOO�BKN��,$�

Student_Grade_Report�1PQ@AJP,K
�1PQ@AJP,=IA
�+=FKN
�!KQNOA,K
�!KQNOA,=IA
�'JOPNQ?PKN,K

'JOPNQ?PKN,=IA
�'JOPNQ?PKN*K?=PEKJ
�%N=@A�

[ 'J�PDA�1PQ@AJP�%N=@A�0ALKNP�P=>HA
�PDA�NALA=PEJC�CNKQL�EO�PDA�?KQNOA�EJBKNI=PEKJ����OPQ@AJP�?=J�P=GA
I=JU�?KQNOAO�

[ 0AIKRA�PDA�NALA=PEJC�CNKQL��'J�PDEO�?=OA
�EPcO�PDA�?KQNOA�EJBKNI=PEKJ�BKN�A=?D�OPQ@AJP�
[ '@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�HABP�SEPD�PDA�OPQ@AJP�?KQNOA

P=>HA��StudentCourse��
[ 2DA�1PQ@AJP�P=>HA��Student��EOJKSEJ�BENOP�JKNI=H�BKNI�SEPD�PDA�NALA=PEJC�CNKQL�NAIKRA@�
[ 2DA�PSK�JAS�P=>HAO�=NA�ODKSJ�>AHKS�

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

StudentCourse�1PQ@AJP,K
�!KQNOA,K
 !KQNOA,=IA
�'JOPNQ?PKN,K
�'JOPNQ?PKN,=IA
�'JOPNQ?PKN*K?=PEKJ

%N=@A�

How to update 1NF anomalies

StudentCourse�1PQ@AJP,K
�!KQNOA,K
�!KQNOA,=IA
�'JOPNQ?PKN,K
�'JOPNQ?PKN,=IA
�'JOPNQ?PKN*K?=PEKJ
�%N=@A�

[ 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�@AHAPA�=student,SA�IECDP�=HOK�@AHAPA�?NEPE?=H�EJBKNI=PEKJ�=>KQP�=�?KQNOA�
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Second Normal Form (2NF)

$KNPDAsecondnormal form
 PDANAH=PEKJIQOPBENOP>AEJ�,$� 2DANAH=PEKJEO=QPKI=PE?=HHUEJ�,$ EB
=J@KJHUEB

PDA�.)�?KILNEOAO�=�OEJCHA�=PPNE>QPA�

'BPDANAH=PEKJD=O=?KILKOEPA.)
 PDAJA=?DJKJ�GAU=PPNE>QPAIQOP>ABQHHU@ALAJ@AJPKJPDAAJPENA.) =J@JKPKJ
=�OQ>OAP�KB�PDA�.)��E�A�
�PDANA�IQOP�>A�JK�L=NPE=H�@ALAJ@AJ?UKN=QCIAJP=PEKJ��

Process for 2NF

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

[ 2DA�1PQ@AJP�P=>HA�EO�=HNA=@U�EJ��,$�>A?=QOA�EP�D=O�=�OEJCHA�?KHQIJ�.)�
[ 5DAJ�AT=IEJEJC�PDA�1PQ@AJP�!KQNOA�P=>HA
�SA�OAA�PD=P�JKP�=HH�PDA�=PPNE>QPAO�=NA�BQHHU�@ALAJ@AJP�KJ�PDA

.)��OLA?EBE?=HHU
�=HH�?KQNOA�EJBKNI=PEKJ��2DA�KJHU�=PPNE>QPA�PD=P�EO�BQHHU�@ALAJ@AJP�EO�CN=@A�
[ '@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 �1PQ@AJP,K
�1PQ@AJP,=IA
�+=FKN�

CourseGrade�1PQ@AJP,K
�!KQNOA,K
�%N=@A�

CourseInstructor �!KQNOA,K
�!KQNOA,=IA
�'JOPNQ?PKN,K
�'JOPNQ?PKN,=IA
�'JOPNQ?PKN*K?=PEKJ�

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=PEKJ�
[ "AHAPEJC�=�?KQNOA�I=U�=HOK�@AHAPA�EJOPNQ?PKN�EJBKNI=PEKJ�

Third Normal Form (3NF)

2K >AEJthird normal form
 PDANAH=PEKJIQOP>AEJOA?KJ@JKNI=HBKNI��HOK=HHPN=JOEPERA@ALAJ@AJ?EAOIQOP>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=>HAO�PD=P�D=RA�=
PN=JOEPERA�NAH=PEKJODEL�
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[ !NA=PA�JAS�P=>HA�O��SEPD�NAIKRA@�@ALAJ@AJ?U�
[ !DA?G�JAS�P=>HA�O��=O�SAHH�=O�P=>HA�O��IK@EBEA@�PK�I=GA�OQNA�PD=P�A=?D�P=>HA�D=O�=�@APANIEJ=JP�=J@�PD=P

JK�P=>HA�?KJP=EJO�EJ=LLNKLNE=PA�@ALAJ@AJ?EAO�
[ 1AA�PDA�BKQN�JAS�P=>HAO�>AHKS�

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

CourseGrade�1PQ@AJP,K
�!KQNOA,K
�%N=@A�

Course�!KQNOA,K
�!KQNOA,=IA
�'JOPNQ?PKN,K�

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

�P PDEOOP=CA
PDANAODKQH@>AJK=JKI=HEAOEJPDEN@JKNI=HBKNI�*APcOHKKG=PPDA@ALAJ@AJ?U@E=CN=I�$ECQNA�����
BKN�PDEO�AT=ILHA��2DA�BENOP�OPAL�EO�PK�NAIKRA�NALA=PEJC�CNKQLO
�=O�@EO?QOOA@�=>KRA�

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

StudentCourse�1PQ@AJP,K
�!KQNOA,K
�!KQNOA,=IA
�'JOPNQ?PKN,K
�'JOPNQ?PKN,=IA
�'JOPNQ?PKN*K?=PEKJ
�%N=@A�

2K�NA?=L�PDA�JKNI=HEV=PEKJ�LNK?AOO�BKN�PDA�1?DKKH�@=P=>=OA
�NAREAS�PDA�@ALAJ@AJ?EAO�ODKSJ�EJ�$ECQNA������

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

2DA�=>>NARE=PEKJO�QOA@�EJ�$ECQNA������=NA�=O�BKHHKSO�

[ ."��L=NPE=H�@ALAJ@AJ?U
[ 2"� PN=JOEPERA�@ALAJ@AJ?U
[ $"� BQHH�@ALAJ@AJ?U��,KPA��$"�PULE?=HHU�OP=J@O�BKNfunctional @ALAJ@AJ?U��3OEJC�$"�=O�=J�=>>NARE=PEKJ

BKN�BQHH�@ALAJ@AJ?U�EO�KJHU�QOA@�EJ�$ECQNA�������

Boyce-Codd Normal Form (BCNF)

5DAJ = P=>HAD=OIKNAPD=JKJA?=J@E@=PAGAU
=JKI=HEAOI=U NAOQHPARAJPDKQCDPDANAH=PEKJEOEJ�,$� Boyce-
Coddnormal form EO=OLA?E=H?=OAKB�,$� � NAH=PEKJEOEJ !,$ EB
=J@KJHUEB
ARANU@APANIEJ=JPEO=?=J@E@=PA
GAU�
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BCNF Example1

!KJOE@AN�PDA�BKHHKSEJC�P=>HA��St_Maj_Adv��

Student_id Major Advisor

��� .DUOE?O1IEPD

��� +QOE? !D=J

��� +=PD "K>>O

��� .DUOE?O5DEPA

��� .DUOE?O1IEPD

2DAsemantic rules�>QOEJAOO�NQHAO�=LLHEA@�PK�PDA�@=P=>=OA��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=O�KJHU�KJA��@REOKN�
�� #=?D�+=FKN�D=O�OARAN=H��@REOKNO�
�� #=?D��@REOKN=@REOAOKJHU�KJA�+=FKN�
�� #=?D��@REOKN=@REOAOOARAN=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�GAU��PDA�OA?KJ@�EO�JKP�

�� 1PQ@AJP<E@
�+=FKN�__��@REOKN
�� �@REOKN__� +=FKN

�JKI=HEAO�BKN�PDEO�P=>HA�EJ?HQ@A�

�� "AHAPÂOPQ@AJP�@AHAPAO�=@REOKN�EJBK
�� 'JOANP̂�=�JAS�=@REOKN�JAA@O�=�OPQ@AJP
�� 3L@=PA�^�EJ?KJOEOPAJ?EAO

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

.)�?=J�>A 1PQ@AJP<E@
�+=FKNKN1PQ@AJP<E@
��@REOKN.

2K�NA@Q?A�PDASt_Maj_Adv NAH=PEKJ�PK� !,$
�UKQ�?NA=PA�PSK�JAS�P=>HAO�

�� St_Adv �1PQ@AJP<E@
��@REOKN�
�� Adv_Maj ��@REOKN
�+=FKN�

St_Adv P=>HA
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Student_id Advisor

��� 1IEPD

��� !D=J

��� "K>>O

��� 5DEPA

��� 1IEPD

Adv_Maj P=>HA

Advisor Major

1IEPD .DUOE?O

!D=J +QOE?

"K>>O +=PD

5DEPA .DUOE?O

BCNF Example 2

!KJOE@AN�PDA�BKHHKSEJC�P=>HA��Client_Interview) �

ClientNo InterviewDate InterviewTime StaffNo RoomNo

!0�� ���+=U��� ����� 1%� %���

!0�� ���+=U��� ����� 1%� %���

!0�� ���+=U��� ����� 1%�� %���

!0�� ��(QHU��� ����� 1%� %���

$"� ^�!HEAJP,K
�'JPANREAS"=PA�^��'JPANREAS2EIA
�1P=BB,K
�0KKI,K�.)�

$"��^�OP=BB,K
�EJPANREAS"=PA
�EJPANREAS2EIA^��?HEAJP,- �?=J@E@=PA�GAU��!)�

$"��^�NKKI,K
�EJPANREAS"=PA
�EJPANREAS2EIA^��OP=BB,K
�?HEAJP,K�!)�

$"��^�OP=BB,K
�EJPANREAS"=PA^��NKKI,K

� NAH=PEKJEOEJ !,$ EB
=J@KJHUEB
ARANU@APANIEJ=JPEO= ?=J@E@=PAGAU�5A JAA@PK?NA=PA= P=>HAPD=P
EJ?KNLKN=PAO�PDA�BENOP�PDNAA�$"O��Client_Interview2 P=>HA��=J@�=JKPDAN�P=>HA��StaffRoomP=>HA��BKN�PDA�BKQNPD�$"�

Client_Interview2 P=>HA
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ClientNo InterviewDate InterViewTime StaffNo

!0�� ���+=U��� ����� 1%�

!0�� ���+=U��� ����� 1%�

!0�� ���+=U��� ����� 1%��

!0�� ��(QHU��� ����� 1%�

StaffRoomP=>HA

StaffNo InterviewDate RoomNo

1%� ���+=U��� %���

1%�� ���+=U��� %���

1%� ��(QHU��� %���

Normalization and Database Design

"QNEJCPDAJKNI=HEV=PEKJLNK?AOOKB@=P=>=OA@AOECJ
I=GA OQNAPD=PLNKLKOA@AJPEPEAOIAAPNAMQENA@JKNI=HBKNI
>ABKNAP=>HAOPNQ?PQNAO=NA?NA=PA@�+=JU NA=H�SKNH@@=P=>=OAOD=RA>AAJEILNKLANHU@AOECJA@KN>QN@AJA@SEPD
=JKI=HEAOEBEILNKLANHUIK@EBEA@@QNEJCPDA?KQNOAKBPEIA�7KQI=U >A=OGA@PKNA@AOECJ=J@IK@EBUATEOPEJC
@=P=>=OAO��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�?=OA�KB��N@�,$

first normal form (1NF): KJHUOEJCHAR=HQAO=NALANIEPPA@=PPDAEJPANOA?PEKJKBA=?DNKS=J@?KHQIJOK
PDANA�=NA�JK�NALA=PEJC�CNKQLO

normalization��PDA�LNK?AOO�KB�@APANIEJEJC�DKS�IQ?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=>=OA

third normal form (3NF)� PDANAH=PEKJIQOP>AEJ�,$ =J@=HHPN=JOEPERA@ALAJ@AJ?EAOIQOP>ANAIKRA@�=
JKJ�GAU�=PPNE>QPA�I=U�JKP�>A�BQJ?PEKJ=HHU�@ALAJ@AJP�KJ�=JKPDAN�JKJ�GAU�=PPNE>QPA

Exercises

Complete chapters 11 and 12 before doing these exercises.
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�� 5D=P�EO�JKNI=HEV=PEKJ�
�� 5DAJ�EO�=�P=>HA�EJ��,$�
�� 5DAJ�EO�=�P=>HA�EJ��,$�
�� 5DAJ�EO�=�P=>HA�EJ��,$�
�� '@AJPEBU�=J@�@EO?QOO�A=?D�KB�PDA�EJ@E?=PA@�@ALAJ@AJ?EAO�EJPDA�@ALAJ@AJ?U�@E=CN=I�ODKSJ�EJ
$ECQNA������

$ECQNA������$KN�MQAOPEKJ��
�>U����5=PP�

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

$ECQNA������$KN�MQAOPEKJ�
�>U����5=PP�

�� 3OEJC�PDA�@ALAJ@AJ?U�@E=CN=I�UKQ�FQOP�@NAS
�ODKS�PDA�P=>HAO��EJ�PDAEN�PDEN@�JKNI=H�BKNI��UKQ
SKQH@�?NA=PA�PK�BET�PDA�LNK>HAIO�UKQ�AJ?KQJPANA@��"N=S�PDA�@ALAJ@AJ?U�@E=CN=I�BKN�PDA�BETA@
P=>HA�
�� �J�=CAJ?U�?=HHA@�'JOP=JP�!KRAN�OQLLHEAO�L=NP�PEIAPAILKN=NU�OP=BB�PK�DKPAHO�EJ�1?KPH=J@��$ECQNA
�����HEOPO�PDA�PEIA�OLAJP�>U�=CAJ?U�OP=BB�SKNGEJC�=P�R=NEKQO�DKPAHO��2DA�J=PEKJ=H�EJOQN=J?A�JQI>AN
�,',��EO�QJEMQA�BKN�ARANU�IAI>AN�KB�OP=BB��3OA�$ECQNA������PK�=JOSAN�MQAOPEKJO��=��=J@�>��

$ECQNA������$KN�MQAOPEKJ��
�>U����5=PP�
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=�2DEO�P=>HA�EO�OQO?ALPE>HA�PK�QL@=PA�=JKI=HEAO��.NKRE@A�AT=ILHAO�KB�EJOANPEKJ
�@AHAPEKJ
=J@�QL@=PA�=JKI=HEAO�
>� ,KNI=HEVA�PDEO�P=>HA�PK�PDEN@�JKNI=H�BKNI��1P=PA�=JU�=OOQILPEKJO�

�� $EHH�EJ�PDA�>H=JGO�
=�<<<<<<<<<<<<<<<<<<<<�LNK@Q?AO�=�HKSAN�JKNI=H�BKNI�
>� �JU�=PPNE>QPA�SDKOA�R=HQA�@APANIEJAO�KPDAN�R=HQAO�SEPDEJ�=�NKS�EO�?=HHA@�=�J�
<<<<<<<<<<<<<<<<<<<<�
?� �J�=PPNE>QPA�PD=P�?=JJKP�>A�BQNPDAN�@ERE@A@�EO�O=E@�PK�@EOLH=U�<<<<<<<<<<<<<<<<<<<<�
@�<<<<<<<<<<<<<<<<<<<<�NABANO�PK�PDA�HARAH�KB�@AP=EH�NALNAOAJPA@�>U�PDA�R=HQAO�OPKNA@
EJ�=�P=>HAcO�NKS�
A���NAH=PEKJ=H�P=>HA�IQOP�JKP�?KJP=EJ�<<<<<<<<<<<<<<<<<<<<�CNKQLO�

Also seeAppendix B: Sample ERD Exercises
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Chapter 13 Database Development Process

Adri enne Watt

� ?KNA=OLA?PKBOKBPS=NAAJCEJAANEJCEOPDAOQ>@EREOEKJKBPDA@ARAHKLIAJPLNK?AOOEJPK= OANEAOKBLD=OAO
KN
OPALO
A=?DKBSDE?DBK?QOAOKJKJA=OLA?PKBPDA@ARAHKLIAJP�2DA?KHHA?PEKJKBPDAOAOPALOEOOKIAPEIAONABANNA@
PK=OPDAsoftwaredevelopmentlife cycle(SDLC)� 2DAOKBPS=NALNK@Q?PIKRAOPDNKQCDPDEOHEBA?U?HA�OKIAPEIAO
NALA=PA@HU=OEPEONABEJA@KNNA@ARAHKLA@�QJPEHEPEOBEJ=HHUNAPENA@BNKIQOA�'@A=HHU
A=?DLD=OAEJPDAHEBA?U?HA?=J
>A�?DA?GA@�BKN�?KNNA?PJAOO�>ABKNA�IKREJC�KJ�PK�PDA�JATP�LD=OA�

Software Development Life Cycle Ð Waterfall

*APQOOP=NPSEPD=JKRANREASKBPDAwaterfall modelOQ?D=OUKQSEHHBEJ@EJIKOPOKBPS=NAAJCEJAANEJCPATP>KKGO�
2DEOS=PANB=HHBECQNA
OAAJEJ$ECQNA����
 EHHQOPN=PAO= CAJAN=HS=PANB=HHIK@AHPD=P?KQH@=LLHUPK=JU?KILQPAN
OUOPAI@ARAHKLIAJP�'PODKSOPDALNK?AOO=O= OPNE?POAMQAJ?AKBOPALOSDANAPDAKQPLQPKBKJAOPALEOPDAEJLQPPK
PDA�JATP�=J@�=HH�KB�KJA�OPAL�D=O�PK�>A�?KILHAPA@�>ABKNA�IKREJC�KJPK�PDA�JATP�

$ECQNA�������5=PANB=HH�IK@AH�

5A ?=JQOAPDAwaterfall process=O= IA=JOKBE@AJPEBUEJCPDAP=OGOPD=P=NANAMQENA@
PKCAPDANSEPDPDAEJLQP=J@
KQPLQP�BKN�A=?D�=?PEREPU��5D=P�EO�EILKNP=JP�EO�PDA�O?KLA�KB�PDA�=?PEREPEAO
�SDE?D�?=J�>A�OQII=NEVA@�=O�BKHHKSO�

[ Establishing requirementsEJRKHRAO�?KJOQHP=PEKJ�SEPD
�=J@�=CNAAIAJP�=IKJC
�OP=GADKH@ANO�=>KQP�SD=P
PDAU�S=JP�BNKI�=�OUOPAI
�ATLNAOOA@�=O�=�OP=PAIAJP�KB�NAMQENAIAJPO�

[ AnalysisOP=NPO�>U�?KJOE@ANEJC�PDA�OP=PAIAJP�KB�NAMQENAIAJPO�=J@�BEJEODAO�>U�LNK@Q?EJC�=�OUOPAI
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�ATLNAOOA@�EJ�PANIO
PD=P�=NA�EJ@ALAJ@AJP�KB�DKS�EP�I=U�>A�NA=HEVA@�

[ Design>ACEJO�SEPD�=�OUOPAI�OLA?EBE?=PEKJ
�LNK@Q?AO�@AOECJ�@K?QIAJPO�=J@�LNKRE@AO�=�@AP=EHA@
@AO?NELPEKJ�KB�DKS�=�OUOPAI�ODKQH@�>A�?KJOPNQ?PA@�

[ ImplementationEO�PDA�?KJOPNQ?PEKJ�KB�=�?KILQPAN�OUOPAI�=??KN@EJC�PK�=�CERAJ�@AOECJ�@K?QIAJP�=J@
P=GEJC�EJPK�=??KQJP�PDA�AJRENKJIAJP�EJ�SDE?D�PDA�OUOPAI�SEHH�>A�KLAN=PEJC��A�C�
�OLA?EBE?�D=N@S=NA�KN
OKBPS=NA�=R=EH=>HA�BKN�PDA�@ARAHKLIAJP���'ILHAIAJP=PEKJ�I=U�>A�OP=CA@
�QOQ=HHU�SEPD�=J�EJEPE=H�OUOPAI
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?QIAJPO�=J@�NAMQENAIAJPO�OLA?EBE?=PEKJ
=J@�LNK@Q?AO�=J�=??ALP=J?A�NALKNP�KN
�IKNA�QOQ=HHU
�=�HEOP�KB�ANNKNO�=J@�>QCO�PD=P�NAMQENA�=�NAREAS�KB�PDA
=J=HUOEO
�@AOECJ�=J@�EILHAIAJP=PEKJ�LNK?AOOAO�PK�?KNNA?P��PAOPEJC�EO�QOQ=HHU�PDA�P=OG�PD=P�HA=@O�PK�PDA
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�AJRENKJIAJP
�>QC
BETEJC�KN�LKNPEJC�KB�PDA�OUOPAI�PK�JAS�AJRENKJIAJPO��A�C�
�IECN=PEJC�=�OUOPAI�BNKI�=�OP=J@=HKJA�.!�PK�=
3,'6�SKNGOP=PEKJ�KN�=�JAPSKNGA@�AJRENKJIAJP���1EJ?A�I=EJPAJ=J?A�EJRKHRAO�PDA�=J=HUOEO�KB�PDA�?D=JCAO
NAMQENA@
�@AOECJ�KB�=�OKHQPEKJ
�EILHAIAJP=PEKJ�=J@�PAOPEJC�KB�PD=P�OKHQPEKJ�KRAN�PDA�HEBAPEIA�KB�=
I=EJP=EJA@�OKBPS=NA�OUOPAI
�PDA�S=PANB=HH�HEBA�?U?HA�SEHH�>A�NALA=PA@HU�NAREOEPA@�

Database Life Cycle

5A ?=JQOAPDAS=PANB=HH?U?HA=OPDA>=OEOBKN=IK@AHKB@=P=>=OA@ARAHKLIAJPPD=PEJ?KNLKN=PAOPDNAA=OOQILPEKJO�

�� 5A�?=J�OAL=N=PA�PDA�@ARAHKLIAJP�KB�=�@=P=>=OA�^�PD=P�EO
�OLA?EBE?=PEKJ�=J@�?NA=PEKJ�KB�=�O?DAI=�PK
@ABEJA�@=P=�EJ�=�@=P=>=OA�^�BNKI�PDA�QOAN�LNK?AOOAO�PD=P�I=GA�QOA�KB�PDA�@=P=>=OA�
�� 5A�?=J�QOA�PDA�PDNAA�O?DAI=�=N?DEPA?PQNA�=O�=�>=OEO�BKN�@EOPEJCQEODEJC�PDA�=?PEREPEAO�=OOK?E=PA@�SEPD�=
O?DAI=�
�� 5A�?=J�NALNAOAJP�PDA�?KJOPN=EJPO�PK�AJBKN?A�PDA�OAI=JPE?O�KB�PDA�@=P=�KJ?A�SEPDEJ�=�@=P=>=OA
�N=PDAN
PD=J�SEPDEJ�ARANU�QOAN�LNK?AOO�PD=P�QOAO�PDA�@=P=�

3OEJCPDAOA=OOQILPEKJO=J@$ECQNA����
 SA?=JOAAPD=PPDEO@E=CN=INALNAOAJPO=IK@AHKBPDA=?PEREPEAO=J@PDAEN
KQPLQPO�BKN�@=P=>=OA�@ARAHKLIAJP��'P�EO�=LLHE?=>HA�PK�=JU�?H=OO�KB�" +1
�JKP�FQOP�=�NAH=PEKJ=H�=LLNK=?D�

"=P=>=OA=LLHE?=PEKJ@ARAHKLIAJPEOPDALNK?AOOKBK>P=EJEJCNA=H�SKNH@NAMQENAIAJPO
=J=HUVEJCNAMQENAIAJPO

@AOECJEJC�PDA�@=P=�=J@�BQJ?PEKJO�KB�PDA�OUOPAI
�=J@�PDAJ�EILHAIAJPEJC�PDA�KLAN=PEKJO�EJ�PDA�OUOPAI�

Requirements Gathering

2DABENOPOPALEOrequirementsgathering� "QNEJCPDEOOPAL
PDA@=P=>=OA@AOECJANOD=RAPKEJPANREASPDA?QOPKIANO
�@=P=>=OAQOANO�PKQJ@ANOP=J@PDALNKLKOA@OUOPAI=J@K>P=EJ=J@@K?QIAJPPDA@=P==J@BQJ?PEKJ=HNAMQENAIAJPO�
2DA�NAOQHP�KB�PDEO�OPAL�EO�=�@K?QIAJP�PD=P�EJ?HQ@AO�PDA�@AP=EHA@�NAMQENAIAJPO�LNKRE@A@�>U�PDA�QOANO�

#OP=>HEODEJCNAMQENAIAJPOEJRKHRAO?KJOQHP=PEKJSEPD
=J@=CNAAIAJP=IKJC
 =HHPDAQOANO=OPKSD=PLANOEOPAJP@=P=
PDAUS=JPPKOPKNA=HKJCSEPD=J =CNAAIAJP=OPKPDAIA=JEJC=J@EJPANLNAP=PEKJKBPDA@=P=AHAIAJPO�2DA@=P=
=@IEJEOPN=PKNLH=UO= GAUNKHAEJPDEOLNK?AOO=OPDAUKRANREASPDA>QOEJAOO
HAC=H=J@APDE?=HEOOQAOSEPDEJPDA
KNC=JEV=PEKJ�PD=P�EIL=?P�KJ�PDA�@=P=�NAMQENAIAJPO�
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$ECQNA����� � S=PANB=HHIK@AHKBPDA=?PEREPEAO=J@PDAENKQPLQPOBKN
@=P=>=OA�@ARAHKLIAJP�

2DAdata requirementsdocumentEOQOA@PK?KJBENIPDAQJ@ANOP=J@EJCKBNAMQENAIAJPOSEPDQOANO�2K I=GA OQNA
PD=PEPEOA=OEHUQJ@ANOPKK@
EPODKQH@JKP>AKRANHUBKNI=HKNDECDHUAJ?K@A@�2DA@K?QIAJPODKQH@CERA= ?KJ?EOA
OQII=NUKB=HHQOANOcNAMQENAIAJPO^ JKPFQOP= ?KHHA?PEKJKBEJ@ERE@Q=HOcNAMQENAIAJPO^ =OPDAEJPAJPEKJEOPK
@ARAHKL�=�OEJCHA�OD=NA@�@=P=>=OA�

2DANAMQENAIAJPOODKQH@JKP@AO?NE>ADKSPDA@=P=EOPK>ALNK?AOOA@
>QPN=PDANSD=PPDA@=P=EPAIO=NA
SD=P
=PPNE>QPAO�PDAU�D=RA
�SD=P�?KJOPN=EJPO�=LLHU�=J@�PDA�NAH=PEKJODELO�PD=P�DKH@�>APSAAJ�PDA�@=P=�EPAIO�

Analysis

"=P==J=HUOEO>ACEJOSEPDPDAOP=PAIAJPKB@=P=NAMQENAIAJPO=J@PDAJLNK@Q?AO= ?KJ?ALPQ=H@=P=IK@AH�2DA=EI
KB=J=HUOEOEOPKK>P=EJ= @AP=EHA@@AO?NELPEKJKBPDA@=P=PD=PSEHHOQEPQOANNAMQENAIAJPOOKPD=P>KPDDECD=J@HKS
HARAHLNKLANPEAOKB@=P==J@PDAENQOA=NA@A=HPSEPD�2DAOAEJ?HQ@ALNKLANPEAOOQ?D=OPDALKOOE>HAN=JCAKBR=HQAO
PD=P?=J>ALANIEPPA@BKN=PPNE>QPAO�A�C�
EJPDAO?DKKH@=P=>=OAAT=ILHA
PDAOPQ@AJP?KQNOA?K@A
?KQNOAPEPHA=J@
?NA@EP�LKEJPO��

2DA?KJ?ALPQ=H@=P=IK@AHLNKRE@AO=OD=NA@
BKNI=HNALNAOAJP=PEKJKBSD=PEO>AEJC?KIIQJE?=PA@>APSAAJ?HEAJPO
=J@@ARAHKLANO@QNEJC@=P=>=OA@ARAHKLIAJP^ EPEOBK?QOA@KJPDA@=P=EJ= @=P=>=OA
ENNAOLA?PERAKBPDAARAJPQ=H
QOAKBPD=P@=P=EJQOANLNK?AOOAOKNEILHAIAJP=PEKJKBPDA@=P=EJOLA?EBE??KILQPANAJRENKJIAJPO�2DANABKNA
=
?KJ?ALPQ=H@=P=IK@AHEO?KJ?ANJA@SEPDPDAIA=JEJC=J@OPNQ?PQNAKB@=P=
>QPJKPSEPDPDA@AP=EHO=BBA?PEJCDKS
PDAU�=NA�EILHAIAJPA@�

2DA?KJ?ALPQ=H@=P=IK@AHPDAJEO=BKNI=HNALNAOAJP=PEKJKBSD=P@=P==@=P=>=OAODKQH@?KJP=EJ=J@PDA?KJOPN=EJPO
PDA@=P=IQOPO=PEOBU�2DEOODKQH@>AATLNAOOA@EJPANIOPD=P=NAEJ@ALAJ@AJPKBDKSPDAIK@AHI=U >AEILHAIAJPA@�
�O�=�NAOQHP
�=J=HUOEO�BK?QOAO�KJ�PDA�MQAOPEKJO
�`5D=P�EO�NAMQENA@�a�JKP�`&KS�EO�EP�=?DEARA@�a
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Logical Design

"=P=>=OA@AOECJOP=NPOSEPD= ?KJ?ALPQ=H@=P=IK@AH=J@LNK@Q?AO= OLA?EBE?=PEKJKB= HKCE?=HO?DAI=�PDEOSEHH
@APANIEJAPDAOLA?EBE?PULAKB@=P=>=OAOUOPAI�JAPSKNG
NAH=PEKJ=H
K>FA?P�KNEAJPA@�PD=PEONAMQENA@�2DANAH=PEKJ=H
NALNAOAJP=PEKJ�EO�OPEHH�EJ@ALAJ@AJP�KB�=JU�OLA?EBE?�" +1��EP�EO�=JKPDAN�?KJ?ALPQ=H�@=P=�IK@AH�

5A ?=JQOA= NAH=PEKJ=HNALNAOAJP=PEKJKBPDA?KJ?ALPQ=H@=P=IK@AH=OEJLQPPKPDAHKCE?=H@AOECJLNK?AOO�2DA
KQPLQPKBPDEOOP=CAEO=@AP=EHA@NAH=PEKJ=HOLA?EBE?=PEKJ
PDAHKCE?=HO?DAI=
KB=HHPDAP=>HAO=J@?KJOPN=EJPOJAA@A@
PKO=PEOBUPDA@AO?NELPEKJKBPDA@=P=EJPDA?KJ?ALPQ=H@=P=IK@AH�'PEO@QNEJCPDEO@AOECJ=?PEREPUPD=P?DKE?AO=NA
I=@A=OPKSDE?DP=>HAO=NAIKOP=LLNKLNE=PABKNNALNAOAJPEJCPDA@=P=EJ= @=P=>=OA�2DAOA?DKE?AOIQOPP=GAEJPK
=??KQJPR=NEKQO@AOECJ?NEPANE=EJ?HQ@EJC
BKNAT=ILHA
BHATE>EHEPUBKN?D=JCA
?KJPNKHKB@QLHE?=PEKJ=J@DKS>AOPPK
NALNAOAJPPDA?KJOPN=EJPO�'PEOPDAP=>HAO@ABEJA@>UPDAHKCE?=HO?DAI=PD=P@APANIEJASD=P@=P==NAOPKNA@=J@DKS
PDAU�I=U�>A�I=JELQH=PA@�EJ�PDA�@=P=>=OA�

"=P=>=OA@AOECJANOB=IEHE=NSEPDNAH=PEKJ=H@=P=>=OAO=J@1/* IECDP>APAILPA@PKCK@ENA?PHUPKEILHAIAJP=PEKJ
=BPANPDAUD=RALNK@Q?A@= ?KJ?ALPQ=H@=P=IK@AH�&KSARAN
OQ?D= @ENA?PPN=JOBKNI=PEKJKBPDANAH=PEKJ=H
NALNAOAJP=PEKJPK1/* P=>HAO@KAOJKPJA?AOO=NEHUNAOQHPEJ= @=P=>=OAPD=PD=O=HHPDA@AOEN=>HALNKLANPEAO�
?KILHAPAJAOO
EJPACNEPU
BHATE>EHEPU
ABBE?EAJ?U=J@QO=>EHEPU�� CKK@?KJ?ALPQ=H@=P=IK@AHEO=J AOOAJPE=HBENOP
OPALPKS=N@O= @=P=>=OASEPDPDAOALNKLANPEAO
>QPPD=P@KAOJKPIA=J PD=PPDA@ENA?PPN=JOBKNI=PEKJPK1/* P=>HAO
=QPKI=PE?=HHULNK@Q?AO= CKK@@=P=>=OA�2DEOBENOPOPALSEHH=??QN=PAHUNALNAOAJPPDAP=>HAO=J@?KJOPN=EJPOJAA@A@
PKO=PEOBUPDA?KJ?ALPQ=H@=P=IK@AH@AO?NELPEKJ
=J@OKSEHHO=PEOBUPDA?KILHAPAJAOO=J@EJPACNEPUNAMQENAIAJPO

>QPEPI=U >AEJBHATE>HAKNKBBANLKKNQO=>EHEPU�2DABENOP@AOECJEOPDAJBHATA@PKEILNKRAPDAMQ=HEPUKBPDA@=P=>=OA
@AOECJ�Flexing EO= PANIPD=PEOEJPAJ@A@PK?=LPQNAPDAOEIQHP=JAKQOE@A=OKB>AJ@EJCOKIAPDEJCBKN= @EBBANAJP
LQNLKOA�=J@�SA=GAJEJC�=OLA?PO�KB�EP�=O�EP�EO�>AJP�

$ECQNA���� OQII=NEVAOPDAEPAN=PERA�NALA=PA@�OPALOEJRKHRA@EJ@=P=>=OA@AOECJ
>=OA@KJPDAKRANREASCERAJ�'PO
I=EJ LQNLKOAEOPK@EOPEJCQEODPDACAJAN=HEOOQAKBSD=PP=>HAOODKQH@>AQOA@BNKIPDA@AP=EHA@@ABEJEPEKJKBPDA
?KJOPEPQAJPL=NPOKBA=?DP=>HA^ PDAOAP=>HAO=NA?KJOE@ANA@KJA=P=PEIA
=HPDKQCDPDAU=NAJKPEJ@ALAJ@AJPKBA=?D
KPDAN�#=?DEPAN=PEKJPD=PEJRKHRAO=NAREOEKJKBPDAP=>HAOSKQH@HA=@PK=JAS@AOECJ�?KHHA?PERAHUPDAU=NAQOQ=HHU
NABANNA@�PK�=Osecond-cut designs
�ARAJ�EB�PDA�LNK?AOO�EPAN=PAO�BKN�IKNA�PD=J�=�OEJCHA�HKKL�

$ECQNA����� � OQII=NUKBPDAEPAN=PERAOPALOEJRKHRA@EJ@=P=>=OA@AOECJ�

$ENOP
BKN=CERAJ?KJ?ALPQ=H@=P=IK@AH
EPEOJKPJA?AOO=NUPD=P=HHPDAQOANNAMQENAIAJPOEPNALNAOAJPO>AO=PEOBEA@>U
=OEJCHA@=P=>=OA�2DANA?=J>AR=NEKQONA=OKJOBKNPDA@ARAHKLIAJPKBIKNAPD=JKJA@=P=>=OA
OQ?D=OPDAJAA@BKN
EJ@ALAJ@AJPKLAN=PEKJEJ@EBBANAJPHK?=PEKJOKN@AL=NPIAJP=H?KJPNKHKRAǸPDAENa@=P=�&KSARAN
EBPDA?KHHA?PEKJKB
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2DEN@
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I=JU =OLA?POKB@=P=>=OA@AOECJ=J@EILHAIAJP=PEKJ@ALAJ@KJ PDAL=NPE?QH=N" +1
>AEJCQOA@�'BPDA?DKE?AKB" +1 EOBETA@KNI=@ALNEKNPKPDA@AOECJP=OG
PD=P?DKE?A?=J>AQOA@PK@APANIEJA
@AOECJ?NEPANE=N=PDANPD=JS=EPEJCQJPEHEILHAIAJP=PEKJ�2D=PEO
EPEOLKOOE>HAPKEJ?KNLKN=PA@AOECJ@A?EOEKJOBKN=
OLA?EBE?�" +1�N=PDAN�PD=J�LNK@Q?A�=�CAJANE?�@AOECJ�=J@�PDAJ�P=EHKN�EP�PK�PDA�" +1�@QNEJC�EILHAIAJP=PEKJ�

'PEOJKPQJ?KIIKJ PKBEJ@PD=P=OEJCHA@AOECJ?=JJKPOEIQHP=JAKQOHUO=PEOBU=HHPDALNKLANPEAOKB=CKK@@=P=>=OA�
1KEPEOEILKNP=JPPD=PPDA@AOECJAND=OLNEKNEPEVA@PDAOALNKLANPEAO�QOQ=HHUQOEJCEJBKNI=PEKJBNKIPDANAMQENAIAJPO
OLA?EBE?=PEKJ��BKNAT=ILHA
PK@A?E@AEBEJPACNEPUEOIKNAEILKNP=JPPD=JABBE?EAJ?U=J@SDAPDANQO=>EHEPUEOIKNA
EILKNP=JP�PD=J�BHATE>EHEPU�EJ�=�CERAJ�@ARAHKLIAJP�

�P PDAAJ@KBKQN@AOECJOP=CA
PDAHKCE?=HO?DAI=SEHH>AOLA?EBEA@>U1/* @=P=@ABEJEPEKJH=JCQ=CA�""*�
OP=PAIAJPO
�SDE?D�@AO?NE>A�PDA�@=P=>=OA�PD=P�JAA@O�PK�>A�EILHAIAJPA@�PK�IAAP�PDA�QOAN�NAMQENAIAJPO�

Implementation

'ILHAIAJP=PEKJEJRKHRAOPDA?KJOPNQ?PEKJKB= @=P=>=OA=??KN@EJCPKPDAOLA?EBE?=PEKJKB= HKCE?=HO?DAI=�2DEO
SEHHEJ?HQ@APDAOLA?EBE?=PEKJKB=J =LLNKLNE=PAOPKN=CAO?DAI=
OA?QNEPUAJBKN?AIAJP
ATPANJ=HO?DAI==J@OKKJ�
'ILHAIAJP=PEKJEODA=REHUEJBHQAJ?A@>UPDA?DKE?AKB=R=EH=>HA" +1O
 @=P=>=OAPKKHO=J@KLAN=PEJCAJRENKJIAJP�
2DANA=NA=@@EPEKJ=HP=OGO>AUKJ@OEILHU?NA=PEJC=@=P=>=OAO?DAI==J@EILHAIAJPEJCPDA?KJOPN=EJPO^ @=P=IQOP
>AAJPANA@EJPKPDAP=>HAO
EOOQAONAH=PEJCPKPDAQOANO=J@QOANLNK?AOOAOJAA@PK>A=@@NAOOA@
=J@PDAI=J=CAIAJP
=?PEREPEAO=OOK?E=PA@SEPDSE@AN=OLA?POKB?KNLKN=PA@=P=I=J=CAIAJPJAA@PK>AOQLLKNPA@�'J GAALEJCSEPDPDA
" +1 =LLNK=?D
SA S=JP=OI=JU KBPDAOA?KJ?ANJO=OLKOOE>HAPK>A=@@NAOOA@SEPDEJPDA" +1� 5A HKKG=P
OKIA�KB�PDAOA�?KJ?ANJO�>NEABHU�JKS�

'J LN=?PE?A
EILHAIAJP=PEKJKBPDAHKCE?=HO?DAI=EJ= CERAJ" +1 NAMQENAO= RANU@AP=EHA@GJKSHA@CAKBPDA
OLA?EBE?BA=PQNAO=J@B=?EHEPEAOPD=PPDA" +1 D=OPKKBBAN�'J =J E@A=HSKNH@
=J@EJGAALEJCSEPDCKK@OKBPS=NA
AJCEJAANEJCLN=?PE?A
PDABENOPOP=CAKBEILHAIAJP=PEKJSKQH@EJRKHRAI=P?DEJCPDA@AOECJNAMQENAIAJPOSEPDPDA
>AOP=R=EH=>HAEILHAIAJPEJCPKKHO=J@PDAJQOEJCPDKOAPKKHOBKNPDAEILHAIAJP=PEKJ�'J @=P=>=OAPANIO
PDEOIECDP
EJRKHRA?DKKOEJCRAJ@KNLNK@Q?POSEPD" +1 =J@1/* R=NE=JPOIKOPOQEPA@PKPDA@=P=>=OASAJAA@PKEILHAIAJP�
&KSARAN
SA @KJcPHERAEJ=J E@A=HSKNH@=J@IKNAKBPAJPD=JJKP
D=N@S=NA?DKE?A=J@@A?EOEKJONAC=N@EJCPDA
" +1 SEHHD=RA>AAJI=@ASAHHEJ=@R=J?AKB?KJOE@AN=PEKJKBPDA@=P=>=OA@AOECJ�!KJOAMQAJPHU
EILHAIAJP=PEKJ
?=J�EJRKHRA�=@@EPEKJ=H�BHATEJC�KB�PDA�@AOECJ�PK�KRAN?KIA�=JU�OKBPS=NA�KN�D=N@S=NA�HEIEP=PEKJO�

Realizing the Design

�BPANPDAHKCE?=H@AOECJD=O>AAJ?NA=PA@
SAJAA@KQN@=P=>=OAPK>A?NA=PA@=??KN@EJCPKPDA@ABEJEPEKJOSAD=RA
LNK@Q?A@�$KN=J EILHAIAJP=PEKJSEPD= NAH=PEKJ=H" +1
 PDEOSEHHLNK>=>HUEJRKHRAPDAQOAKB1/* PK?NA=PA
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P=>HAO=J@?KJOPN=EJPOPD=PO=PEOBUPDAHKCE?=HO?DAI=@AO?NELPEKJ=J@PDA?DKE?AKB=LLNKLNE=PAOPKN=CAO?DAI=�EB
PDA�" +1�LANIEPO�PD=P�HARAH�KB�?KJPNKH��

-JA S=UPK=?DEARAPDEOEOPKSNEPAPDA=LLNKLNE=PA1/* ""* OP=PAIAJPOEJPK=BEHAPD=P?=J>AATA?QPA@>U=" +1
OKPD=PPDANAEO=J EJ@ALAJ@AJPNA?KN@
= PATPBEHA
KBPDA1/* OP=PAIAJPO@ABEJEJCPDA@=P=>=OA��JKPDANIAPDK@EO
PKSKNGEJPAN=?PERAHUQOEJC= @=P=>=OAPKKHHEGA1/* 1ANRAN+=J=CAIAJP1PQ@EKKN+E?NKOKBP�??AOO�5D=PARAN
IA?D=JEOIEOQOA@PKEILHAIAJPPDAHKCE?=HO?DAI=
PDANAOQHPEOPD=P= @=P=>=OA
SEPDP=>HAO=J@?KJOPN=EJPO
EO
@ABEJA@�>QP�SEHH�?KJP=EJ�JK�@=P=�BKN�PDA�QOAN�LNK?AOOAO�

Populating the Database

�BPAN=@=P=>=OAD=O>AAJ?NA=PA@
PDANA=NAPSKS=UOKBLKLQH=PEJCPDAP=>HAO^ AEPDANBNKIATEOPEJC@=P=KNPDNKQCD
PDA�QOA�KB�PDA�QOAN�=LLHE?=PEKJO�@ARAHKLA@�BKN�PDA�@=P=>=OA�

$KNOKIAP=>HAO
PDANAI=U >AATEOPEJC@=P=BNKI=JKPDAN@=P=>=OAKN@=P=BEHAO�$KNAT=ILHA
EJAOP=>HEODEJC=
@=P=>=OABKN=DKOLEP=H
UKQSKQH@ATLA?PPD=PPDANA=NA=HNA=@UOKIANA?KN@OKB=HHPDAOP=BBPD=PD=RAPK>AEJ?HQ@A@
EJPDA@=P=>=OA�"=P=IECDP=HOK>A>NKQCDPEJBNKI=JKQPOE@A=CAJ?U�=@@NAOOHEOPO=NABNAMQAJPHU>NKQCDPEJBNKI
ATPANJ=H?KIL=JEAO�KNLNK@Q?A@@QNEJC=H=NCA@=P=AJPNUP=OG�?KJRANPEJCD=N@�?KLUI=JQ=HNA?KN@OEJPK?KILQPAN
BEHAO?=J>A@KJA>U=@=P=AJPNU=CAJ?U��'J OQ?DOEPQ=PEKJO
PDAOEILHAOP=LLNK=?DPKLKLQH=PAPDA@=P=>=OAEOPKQOA
PDA�EILKNP�=J@�ATLKNP�B=?EHEPEAO�BKQJ@�EJ�PDA�" +1�

$=?EHEPEAOPKEILKNP=J@ATLKNP@=P=EJR=NEKQOOP=J@=N@BKNI=PO=NAQOQ=HHU=R=EH=>HA�PDAOABQJ?PEKJO=NA=HOKGJKSJ
EJOKIAOUOPAIO=OHK=@EJC=J@QJHK=@EJC@=P=��'ILKNPEJCAJ=>HAO= BEHAKB@=P=PK>A?KLEA@@ENA?PHUEJPK= P=>HA�
5DAJ @=P==NADAH@EJ= BEHABKNI=PPD=PEOJKP=LLNKLNE=PABKNQOEJCPDAEILKNPBQJ?PEKJ
PDAJEPEOJA?AOO=NUPK
LNAL=NA=J =LLHE?=PEKJLNKCN=IPD=PNA=@OEJPDAKH@@=P=
PN=JOBKNIOPDAI=OJA?AOO=NU=J@PDAJEJOANPOPDAIEJPK
PDA@=P=>=OAQOEJC1/* ?K@AOLA?EBE?=HHULNK@Q?A@BKNPD=PLQNLKOA�2DAPN=JOBANKBH=NCAMQ=JPEPEAOKBATEOPEJC@=P=
EJPK= @=P=>=OAEONABANNA@PK=O= bulk load�  QHGHK=@EJCKB@=P=I=U EJRKHRARANUH=NCAMQ=JPEPEAOKB@=P=>AEJC
HK=@A@
KJAP=>HA=P=PEIAOKUKQI=U BEJ@PD=PPDANA=NA" +1 B=?EHEPEAOPKLKOPLKJA?KJOPN=EJP?DA?GEJCQJPEHPDA
AJ@�KB�PDA�>QHG�HK=@EJC�

Guidelines for Developing an ER Diagram

Note: 2DAOA=NACAJAN=HCQE@AHEJAOPD=PSEHH=OOEOPEJ@ARAHKLEJC= OPNKJC>=OEOBKNPDA=?PQ=H@=P=>=OA@AOECJ�PDA
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�GAUO��#JOQNA�PD=P�=HH
JKJ�GAU�=PPNE>QPAO�BKN�A=?D�AJPEPU�=NA�BQHH�BQJ?PEKJ=HHU�@ALAJ@AJP�KJ�PDA�LNEI=NU�GAU�
�� "ARAHKL�=J�EJEPE=H�#0�@E=CN=I�=J@�NAREAS�EP�SEPD�=LLNKLNE=PA�LANOKJJAH���0AIAI>AN�PD=P�PDEO�EO�=J
EPAN=PERA�LNK?AOO��
�� !NA=PA�JAS�AJPEPEAO��P=>HAO��BKN�IQHPER=HQA@�=PPNE>QPAO�=J@�NALA=PEJC�CNKQLO��'J?KNLKN=PA�PDAOA�JAS
AJPEPEAO��P=>HAO��EJ�PDA�#0�@E=CN=I��0AREAS�SEPD�=LLNKLNE=PA�LANOKJJAH�
�� 4ANEBU�#0�IK@AHEJC�>U�JKNI=HEVEJC�P=>HAO�
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Key Terms

analysis� OP=NPO>U ?KJOE@ANEJCPDAOP=PAIAJPKBNAMQENAIAJPO=J@BEJEODAO>U LNK@Q?EJC= OUOPAI
OLA?EBE?=PEKJ

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

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

design� >ACEJOSEPD= OUOPAIOLA?EBE?=PEKJ
LNK@Q?AO@AOECJ@K?QIAJPO=J@LNKRE@AO= @AP=EHA@@AO?NELPEKJ
KB�DKS�=�OUOPAI�ODKQH@�>A�?KJOPNQ?PA@

establishingrequirements� EJRKHRAO?KJOQHP=PEKJSEPD
=J@=CNAAIAJP=IKJC
 OP=GADKH@ANO=OPKSD=PPDAU
S=JP�BNKI�=�OUOPAI��ATLNAOOA@�=O�=�OP=PAIAJP�KB�NAMQENAIAJPO

flexing� = PANIPD=P?=LPQNAOPDAOEIQHP=JAKQOE@A=OKB>AJ@EJCOKIAPDEJCBKN= @EBBANAJPLQNLKOA=J@
SA=GAJEJC�=OLA?PO�KB�EP�=O�EP�EO�>AJP

implementation��PDA�?KJOPNQ?PEKJ�KB�=�?KILQPAN�OUOPAI�=??KN@EJC�PK�=�CERAJ�@AOECJ�@K?QIAJP

maintenance� EJRKHRAO@A=HEJCSEPD?D=JCAOEJPDANAMQENAIAJPOKNPDAEILHAIAJP=PEKJAJRENKJIAJP
>QC
BETEJC�KN�LKNPEJC�KB�PDA�OUOPAI�PK�JAS�AJRENKJIAJPO

requirements gathering� = LNK?AOO@QNEJCSDE?DPDA@=P=>=OA@AOECJANEJPANREASOPDA@=P=>=OAQOANPK
QJ@ANOP=J@�PDA�LNKLKOA@�OUOPAI�=J@�K>P=EJ�=J@�@K?QIAJP�PDA�@=P=�=J@�BQJ?PEKJ=H�NAMQENAIAJPO

second-cutdesigns� PDA?KHHA?PEKJKBEPAN=PEKJOPD=PA=?DEJRKHRAO=NAREOEKJKBPDAP=>HAOPD=PHA=@PK=JAS
@AOECJ

software development life cycle (SDLC)��PDAOANEAO�KB�OPALO�EJRKHRA@�EJ�PDA�@=P=>=OA�@ARAHKLIAJP�LNK?AOO

testing� ?KIL=NAOPDAEILHAIAJPA@OUOPAI=C=EJOPPDA@AOECJ@K?QIAJPO=J@NAMQENAIAJPOOLA?EBE?=PEKJ=J@
LNK@Q?AO�=J�=??ALP=J?A�NALKNP

waterfall model� ODKSOPDA@=P=>=OA@ARAHKLIAJPLNK?AOO=O=OPNE?POAMQAJ?AKBOPALOSDANAPDAKQPLQPKB
KJA�OPAL�EO�PDA�EJLQP�PK�PDA�JATP

waterfall process� = IA=JOKBE@AJPEBUEJCPDAP=OGONAMQENA@BKN@=P=>=OA@ARAHKLIAJP
PKCAPDANSEPDPDA
EJLQP�=J@�KQPLQP�BKN�A=?D�=?PEREPU��OAAwaterfall model)

Exercises

�� "AO?NE>A�PDA�S=PANB=HH�IK@AH��*EOP�PDA�OPALO�
�� 5D=P�@KAO�PDA�=?NKJUI�1"*!�IA=J
�=J@�SD=P�@KAO�=J�1"*!�LKNPN=U�
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�� 5D=P�JAA@O�PK�>A�IK@EBEA@�EJ�PDA�S=PANB=HH�IK@AH�PK�=??KIIK@=PA�@=P=>=OA�@AOECJ�
�� .NKRE@A�PDA�EPAN=PERA�OPALO�EJRKHRA@�EJ�@=P=>=OA�@AOECJ�

Attribution

2DEO?D=LPANKBDatabaseDesign�EJ?HQ@EJC=HHEI=CAO
AT?ALP=OKPDANSEOAJKPA@�EO= @ANER=PERA?KLUKB2DA
"=P=>=OA"ARAHKLIAJP*EBA!U?HA >U PDA-LAJ 3JERANOEPUHE?AJOA@QJ@AN!NA=PERA!KIIKJO �PPNE>QPEKJ�
,KJ!KIIAN?E=H�1D=NA�HEGA�����*E?AJOA�

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

�� )AU�2ANIO
�� #TAN?EOAO
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Chapter 14 Database Users

Adri enne Watt

End Users

#J@�QOANO�=NA�PDA�LAKLHASDKOA�FK>ONAMQENA�=??AOO�PK�=�@=P=>=OA�BKN�MQANUEJC
�QL@=PEJC�=J@�CAJAN=PEJC�NALKNPO�

Application user

2DA�=LLHE?=PEKJ�QOAN�EO�OKIAKJA�SDK�=??AOOAO�=J�ATEOPEJC�=LLHE?=PEKJ�LNKCN=I�PK�LANBKNI�@=EHU�P=OGO�

Sophisticated user

1KLDEOPE?=PA@QOANO=NAPDKOASDKD=RAPDAENKSJ S=UKB=??AOOEJCPDA@=P=>=OA�2DEOIA=JOPDAU@KJKPQOAPDA
=LLHE?=PEKJLNKCN=ILNKRE@A@EJPDAOUOPAI�'JOPA=@
PDAUIECDP@ABEJAPDAENKSJ =LLHE?=PEKJKN@AO?NE>APDAENJAA@
@ENA?PHU>UQOEJCMQANUH=JCQ=CAO�2DAOAOLA?E=HEVA@QOANOI=EJP=EJPDAENLANOKJ=H@=P=>=OAO>UQOEJCNA=@U�I=@A
LNKCN=I�L=?G=CAO�PD=P�LNKRE@A�A=OU�PK�QOA�IAJQ�@NERAJ�?KII=J@O
�OQ?D�=O�+1��??AOO�

Application Programmers

2DAOAQOANOEILHAIAJPOLA?EBE?=LLHE?=PEKJLNKCN=IOPK=??AOOPDAOPKNA@@=P=�2DAUIQOP>AB=IEHE=NSEPDPDA
" +1O�PK�=??KILHEOD�PDAEN�P=OG�

Database Administrators (DBA)

2DEOI=U >AKJALANOKJKN=CNKQLKBLAKLHAEJ=JKNC=JEV=PEKJNAOLKJOE>HABKN=QPDKNEVEJC=??AOOPKPDA@=P=>=OA

IKJEPKNEJC�EPO�QOA�=J@�I=J=CEJC�=HH�KB�PDA�NAOKQN?AO�PK�OQLLKNP�PDA�QOA�KB�PDA�AJPENA�@=P=>=OA�OUOPAI�

Key Terms

application programmer��QOAN�SDKEILHAIAJPO�OLA?EBE?�=LLHE?=PEKJ�LNKCN=IO�PK�=??AOO�PDA�OPKNA@�@=P=

application user� =??AOOAO�=J�ATEOPEJC�=LLHE?=PEKJ�LNKCN=I�PK�LANBKNI�@=EHU�P=OGO�

databaseadministrator (DBA)� NAOLKJOE>HABKN=QPDKNEVEJC=??AOOPKPDA@=P=>=OA
IKJEPKNEJCEPOQOA=J@
I=J=CEJC�=HH�PDA�NAOKQN?AO�PK�OQLLKNP�PDA�QOA�KB�PDA�AJPENA�@=P=>=OA�OUOPAI

end user� LAKLHA�SDKOA�FK>O�NAMQENA�=??AOO�PK�=�@=P=>=OA�BKN�MQANUEJC
�QL@=PEJC�=J@�CAJAN=PEJC�NALKNPO

sophisticateduser� PDKOASDKQOAKPDANIAPDK@O
KPDANPD=JPDA=LLHE?=PEKJLNKCN=I
PK=??AOOPDA@=P=>=OA
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2DANA�=NA�JK�ATAN?EOAO�LNKRE@A@�BKN�PDEO�?D=LPAN�
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Chapter 15 SQL Structured Query Language

Adri enne Watt & N elson Eng

StructuredQueryLanguage�1/*� EO=@=P=>=OAH=JCQ=CA@AOECJA@BKNI=J=CEJC@=P=DAH@EJ=NAH=PEKJ=H@=P=>=OA
I=J=CAIAJPOUOPAI�1/* S=OEJEPE=HHU@ARAHKLA@>U' + EJPDAA=NHU����O �"=PA������ 2DAEJEPE=HRANOEKJ
?=HHA@
SEQUEL�1PNQ?PQNA@#JCHEOD/QANU*=JCQ=CA�
S=O@AOECJA@PKI=JELQH=PA=J@NAPNEARA@=P=OPKNA@EJ' +cO
MQ=OE�NAH=PEKJ=H@=P=>=OAI=J=CAIAJPOUOPAI
1UOPAI0� 2DAJEJPDAH=PA����O
 0AH=PEKJ=H1KBPS=NA'J?�
 SDE?DEO
JKS -N=?HA!KNLKN=PEKJ
EJPNK@Q?A@PDABENOP?KIIAN?E=HHU=R=EH=>HAEILHAIAJP=PEKJKB1/*
 -N=?HA4� BKN4�6
?KILQPANO�

+=JU KBPDA?QNNAJPHU=R=EH=>HANAH=PEKJ=H" +1O
 OQ?D=O-N=?HA"=P=>=OA
+E?NKOKBP1/* 1ANRAN�ODKSJEJ
$ECQNA������
�+U1/*
�' +�" �
�' +�'JBKNIET�=J@�+E?NKOKBP��??AOO
�QOA�1/*�

$ECQNA�������#T=ILHA�KB�+E?NKOKBP�1/*�1ANRAN
�>U����5=PP�

'J�=�" +1
�PDA�1/*�@=P=>=OA�H=JCQ=CA�EO�QOA@�PK�

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

'J PDEO?D=LPAN
SASEHHBK?QOKJQOEJC1/* PK?NA=PAPDA@=P=>=OA=J@P=>HAOPNQ?PQNAO
I=EJHUQOEJC1/* =O=@=P=
@ABEJEPEKJH=JCQ=CA�DDL�� 'J !D=LPAN��
 SASEHHQOA1/* =O=@=P=I=JELQH=PEKJH=JCQ=CA�DML� PKEJOANP
@AHAPA

OAHA?P�=J@�QL@=PA�@=P=�SEPDEJ�PDA�@=P=>=OA�P=>HAO�
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Create Database

2DAI=FKN1/* ""* OP=PAIAJPO=NA!0#�2# "�2� �1# =J@!0#�2# "0-. �*2#0 2� *#� 2DA1/*
OP=PAIAJP�!0#�2#�EO�QOA@�PK�?NA=PA�PDA�@=P=>=OA�=J@�P=>HA�OPNQ?PQNAO�

Example: CREATE DATABASE SW

� JAS @=P=>=OAJ=IA@SW EO?NA=PA@>UPDA1/* OP=PAIAJP!0#�2# "�2� �1# 15� -J?A PDA@=P=>=OAEO
?NA=PA@
�PDA�JATP�OPAL�EO�PK�?NA=PA�PDA�@=P=>=OA�P=>HAO�

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

!0#�2#�2� *#��P=>HAJ=IA�
�
!KHQIJ,=IA
�"=P=PULA
�-LPEKJ=H�!KHQIJ�!KJOPN=EJP

!KHQIJ,=IA
�"=P=PULA
�-LPEKJ=H�!KHQIJ�!KJOPN=EJP

-LPEKJ=H�P=>HA�!KJOPN=EJPO
��

2=>HAJ=IAEOPDAJ=IA KBPDA@=P=>=OAP=>HAOQ?D=OEmployee� #=?DBEAH@EJPDA!0#�2# 2� *# D=OPDNAAL=NPO
�OAA�=>KRA��

�� !KHQIJ,=IA
�� "=P=�PULA
�� -LPEKJ=H�!KHQIJ�!KJOPN=EJP

ColumnName

2DA!KHQIJ,=IA IQOP>AQJEMQASEPDEJPDAP=>HA�1KIA AT=ILHAOKB!KHQIJ,=IAO =NA$ENOP,=IA=J@*=OP,=IA�

Data Type

2DA@=P=PULA
=O@AO?NE>A@>AHKS
IQOP>A= OUOPAI@=P=PULAKN= QOAN�@ABEJA@@=P=PULA�+=JU KBPDA@=P=PULAO
D=RA�=�OEVA�OQ?D�=O�!&�0�����KN�,QIANE?��
���

Bit Ð'JPACAN�@=P=�SEPD�AEPDAN�=���KN���R=HQA

Int Ð'JPACAN��SDKHA�JQI>AN��@=P=�BNKI���;������
���
���
�����PDNKQCD��;���^����
���
���
����

Smallint Ð'JPACAN�@=P=�BNKI��;�������
�����PDNKQCD��;���^������
����

Tinyint Ð'JPACAN�@=P=�BNKI���PDNKQCD����

Decimal Ð$ETA@�LNA?EOEKJ�=J@�O?=HA�JQIANE?�@=P=�BNKI����;������PDNKQCD���;��

Numeric Ð��OUJKJUI�BKNdecimal
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Timestamp Ð��@=P=>=OA�SE@A�QJEMQA�JQI>AN

Uniqueidentifier Ð��CHK>=HHU�QJEMQA�E@AJPEBEAN��%3'"�

Money ^ +KJAP=NU@=P=R=HQAOBNKI ��;�� �����
���
���
���
��������� PDNKQCD�;�� ^ �
�	���
���
���
���
���������
�SEPD�=??QN=?U�PK�KJA�PAJ�PDKQO=J@PD�KB�=�IKJAP=NU�QJEP

Smallmoney Ð+KJAP=NU@=P=R=HQAOBNKI ����
�������� PDNKQCD	���
��������
 SEPD=??QN=?UPKKJA�PAJ�
PDKQO=J@PD�KB�=�IKJAP=NU�QJEP

Float Ð$HK=PEJC�LNA?EOEKJ�JQI>AN�@=P=�BNKI������#�	�����PDNKQCD�����#�	����

Real Ð$HK=PEJC�LNA?EOEKJ�JQI>AN�@=P=�BNKI������#�	����PDNKQCD�����#�	���

Datetime Ð"=PA=J@PEIA@=P=BNKI(=JQ=NU�
 ����
 PK"A?AI>AN��
 ����
 SEPD=J =??QN=?UKBKJA�PDNAA�
DQJ@NA@PDO�KB�=�OA?KJ@
�KN������IEHHEOA?KJ@O

Smalldatetime Ð"=PA�=J@�PEIA�@=P=�BNKI�(=JQ=NU��
�����
�PDNKQCD�(QJA��
�����
�SEPD�=J�=??QN=?U�KB�KJA�IEJQPA

Char Ð$ETA@�HAJCPD�JKJ�3JE?K@A�?D=N=?PAN�@=P=�SEPD�=�I=TEIQI�HAJCPD�KB��
����?D=N=?PANO

Varchar Ð4=NE=>HA�HAJCPD�JKJ�3JE?K@A�@=P=�SEPD�=�I=TEIQI�KB��
����?D=N=?PANO

Text Ð4=NE=>HA�HAJCPD�JKJ�3JE?K@A�@=P=�SEPD�=�I=TEIQI�HAJCPD�KB��;���^�����
���
���
�����?D=N=?PANO

Binary Ð$ETA@�HAJCPD�>EJ=NU�@=P=�SEPD�=�I=TEIQI�HAJCPD�KB��
����>UPAO

Varbinary Ð4=NE=>HA�HAJCPD�>EJ=NU�@=P=�SEPD�=�I=TEIQI�HAJCPD�KB��
����>UPAO

ImageÐ4=NE=>HA�HAJCPD�>EJ=NU�@=P=�SEPD�=�I=TEIQI�HAJCPD�KB��;���^�����
���
���
�����>UPAO

Optional Column Constraints

2DA-LPEKJ=H!KHQIJ!KJOPN=EJPO=NA,3**
 ,-2 ,3**
 3,'/3#
 .0'+�07 )#7 =J@"#$�3*2
 QOA@PK
EJEPE=HEVA=R=HQABKN=JASNA?KN@�2DA?KHQIJ?KJOPN=EJP,3** EJ@E?=PAOPD=PJQHHR=HQAO=NA=HHKSA@
SDE?DIA=JO
PD=P=NKS?=J>A?NA=PA@SEPDKQP=R=HQABKNPDEO?KHQIJ�2DA?KHQIJ?KJOPN=EJP,-2 ,3** EJ@E?=PAOPD=P=R=HQA
IQOP�>A�OQLLHEA@�SDAJ�=�JAS�NKS�EO�?NA=PA@�

2K EHHQOPN=PA
SASEHHQOAPDA1/* OP=PAIAJP!0#�2# 2� *# #+.*-7##1 PK?NA=PAPDAAILHKUAAOP=>HASEPD
���=PPNE>QPAO�KN�BEAH@O�

31#�15
!0#�2#�2� *#�#+.*-7##1
�
#ILHKUAA,K !&�0���� ,-2�,3** 3,'/3#

"AL=NPIAJP,=IA !&�0���� ,-2�,3** "#$�3*2�`&QI=J�0AOKQN?AOa

$ENOP,=IA !&�0���� ,-2�,3**

*=OP,=IA !&�0���� ,-2�,3**
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!=PACKNU !&�0���� ,-2�,3**

&KQNHU0=PA !300#,!7 ,-2�,3**

2EIA!=N@ *-%'!�* ,-2�,3**

&KQNHU1=H=NEA@ !&�0��� ,-2�,3**

#IL2ULA !&�0��� ,-2�,3**

2ANIEJ=PA@ *-%'!�* ,-2�,3**

#TAILP!K@A !&�0��� ,-2�,3**

1QLANREOKN *-%'!�* ,-2�,3**

1QLANREOKN,=IA !&�0���� ,-2�,3**

 ENPD"=PA "�2# ,-2�,3**

!KHHACA"ACNAA !&�0��� ,-2�,3**

!-,120�',2 #ILHKUAA<.) .0'+�07�)#7�#ILHKUAA,K
��

2DABENOPBEAH@EO#ILHKUAA,KSEPD= BEAH@PULAKB!&�0� $KNPDEOBEAH@
PDABEAH@HAJCPDEO�� ?D=N=?PANO
=J@PDA
QOAN�?=JJKP�HA=RA�PDEO�BEAH@�AILPU��,-2�,3**��

1EIEH=NHU
PDAOA?KJ@BEAH@EO"AL=NPIAJP,=IASEPD=BEAH@PULA!&�0 KBHAJCPD��� �BPAN=HHPDAP=>HA?KHQIJO=NA
@ABEJA@
�=�P=>HA�?KJOPN=EJP
�E@AJPEBEA@�>U�PDA�SKN@�!-,120�',2
�EO�QOA@�PK�?NA=PA�PDA�LNEI=NU�GAU�

!-,120�',2 #ILHKUAA.) .0'+�07�)#7�#ILHKUAA,K�

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

*EGASEOA
SA?=J?NA=PA="AL=NPIAJPP=>HA
= .NKFA?PP=>HA=J@=J �OOECJIAJPP=>HAQOEJCPDA!0#�2# 2� *#
1/*�""*�?KII=J@�=O�ODKSJ�EJ�PDA�>AHKS�AT=ILHA�

31#�15
!0#�2#�2� *#�"#.�02+#,2
�
"AL=NPIAJP,=IA�!D=N���� ,-2�,3**

 Q@CAP!K@A!D=N���� ,-2�,3**

-BBE?A,QI>AN!D=N���� ,-2�,3**

.DKJA !D=N���� ,-2�,3**

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

'J PDEOAT=ILHA
= LNKFA?PP=>HAEO?NA=PA@SEPDOARAJBEAH@O�.NKFA?P'"
.NKFA?P,=IA
"AL=NPIAJP
+=T&KQNO

1P=NP"=PA
�=J@�#J@"=PA�
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31#�15
!0#�2#�2� *#�.0-(#!2
�
.NKFA?P'" 'JP ,-2�,3**�'"#,2'27������
����

.NKFA?P,=IA !D=N�����,-2�,3**

"AL=NPIAJP !D=N�����,-2�,3**

+=T&KQNO ,QIANE?��
�� ,-2�,3**�"#$�3*2����

1P=NP"=PA"=PA2EIA�,3**

#J@"=PA "=PA2EIA�,3**

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

'J PDEOH=OPAT=ILHA
=J =OOECJIAJPP=>HAEO?NA=PA@SEPDPDNAABEAH@O�.NKFA?P'"
#ILHKUAA,QI>AN
=J@
&KQNO5KNGA@�2DA=OOECJIAJPP=>HAEOQOA@PKNA?KN@SDK�#ILHKUAA,QI>AN�=J@DKSIQ?DPEIA�&KQNO5KNGA@�
=J�AILHKUAA�SKNGA@�KJ�PDA�L=NPE?QH=N�LNKFA?P�.NKFA?P'"��

31#�15
!0#�2#�2� *#��11'%,+#,2
�
.NKFA?P'" 'JP ,-2�,3**

#ILHKUAA,QI>AN'JP ,-2�,3**

&KQNO5KNGA@,QIANE?��
�� ,3**

��

Table Constraints

2=>HA?KJOPN=EJPO=NAE@AJPEBEA@>UPDA!-,120�',2 GAUSKN@=J@?=J>AQOA@PKEILHAIAJPR=NEKQO?KJOPN=EJPO
@AO?NE>A@�>AHKS�

IDENTITY constraint

5A ?=JQOAPDAKLPEKJ=H?KHQIJ?KJOPN=EJP'"#,2'27 PKLNKRE@A= QJEMQA
EJ?NAIAJP=HR=HQABKNPD=P?KHQIJ�
'@AJPEPU?KHQIJO=NAKBPAJQOA@SEPDPDA.0'+�07 )#7 ?KJOPN=EJPOPKOANRA=OPDAQJEMQANKSE@AJPEBEANBKNPDA
P=>HA�2DA'"#,2'27 LNKLANPU?=J>A=OOECJA@PK= ?KHQIJSEPD= PEJUEJP
OI=HHEJP
EJP
@A?EI=HKNJQIANE?@=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@�=O�=J�EJPACAN
�JQIANE?�KN�@A?EI=H�@=P=�PULA
[ !=JJKP�QL@=PA�=�?KHQIJ�SEPD�PDA�'"#,2'27�LNKLANPU
[ !=JJKP�?KJP=EJ�,3**R=HQAO
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[ !=JJKP�>EJ@�@AB=QHPO�=J@�@AB=QHP�?KJOPN=EJPO�PK�PDA�?KHQIJ

$KN�'"#,2'279�OAA@
�EJ?NAIAJP�:

[ 1AA@�^�PDA�EJEPE=H�R=HQA�KB�PDA�E@AJPEPU�?KHQIJ
[ 'J?NAIAJP�^�PDA�R=HQA�PK�=@@�PK�PDA�H=OP�EJ?NAIAJP�?KHQIJ

5A SEHHQOA=JKPDAN@=P=>=OAAT=ILHAPKBQNPDANEHHQOPN=PAPDA1/* ""* OP=PAIAJPO>U?NA=PEJCPDAP=>HAP>H&KPAH
EJ�PDEO�&-2#*�@=P=>=OA�

!0#�2#�2� *# P>H&KPAH
�
&KPAH,K 'JP '"#,2'27���
��

,=IA !D=N���� ,-2�,3**

�@@NAOO !D=N���� ,3**

!EPU !D=N���� ,3**

�

3,'/3#�?KJOPN=EJP

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

[  KPD�.)�=J@�3,'/3#�?KJOPN=EJPO�=NA�QOA@�PK�AJBKN?A�AJPEPU�EJPACNEPU�
[ +QHPELHA�3,'/3#�?KJOPN=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@=PA@�
[ ��3,'/3#�?KJOPN=EJP�?=J�>A�LH=?A@�KJ�?KHQIJO�PD=P�=??ALP�JQHHO�Only one row can be NULL.
[ ��3,'/3#�?KJOPN=EJP�=QPKI=PE?=HHU�?NA=PAO�=�QJEMQA�EJ@AT�KJ�PDA�OAHA?PA@�?KHQIJ�

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

9!-,120�',2�?KJOPN=EJP<J=IA:
3,'/3#�9!*312#0#"�X�,-,!*312#0#":
�?KH<J=IA�9
�?KH<J=IA��9\
�?KH<J=IA��::�
9-,�OACIAJP<J=IA:

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

!0#�2#�2� *#�#+.*-7##1
�
#ILHKUAA,K !&�0���� ,-2�,3** 3,'/3#

�
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FOREIGN KEY constraint

2DA$-0#'%, )#7 �$)� ?KJOPN=EJP@ABEJAO= ?KHQIJ
KN?KI>EJ=PEKJKB?KHQIJO
SDKOAR=HQAOI=P?DPDA
.0'+�07�)#7 �.)��KB�=JKPDAN�P=>HA�

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

[ $)�?KJOPN=EJPO�IQOP�NABANAJ?A�.)�KN�PDA�3,'/3#�?KJOPN=EJP�KB�=JKPDAN�P=>HA�
[ 2DA�JQI>AN�KB�?KHQIJO�BKN�$)�IQOP�>A�O=IA�=O�.)�KN�3,'/3#�?KJOPN=EJP�
[ 'B�PDA�5'2&�,-!&#!)�KLPEKJ�EO�QOA@
�PDA�$)�?KJOPN=EJP�SEHH�JKP�R=HE@=PA�ATEOPEJC�@=P=�EJ�=�P=>HA�
[ ,K�EJ@AT�EO�?NA=PA@�KJ�PDA�?KHQIJO�PD=P�L=NPE?EL=PA�EJ�=J�$)�?KJOPN=EJP�

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

9!-,120�',2�?KJOPN=EJP<J=IA:
9$-0#'%,�)#7��?KH<J=IA�9
�?KH<J=IA��9\
�?KH<J=IA��::�:
0#$#0#,!#1�9KSJAN�:NAB<P=>HA�9�NAB<?KH�9
�NAB<?KH��9\
�NAB<?KH��::�:

'J PDEOAT=ILHA
PDABEAH@&KPAH,KEJPDAP>H0KKIP=>HAEO= $) PKPDABEAH@&KPAH,KEJPDAP>H&KPAHP=>HAODKSJ
LNAREKQOHU�

31#�&-2#*
%-
!0#�2#�2� *# P>H0KKI
�
&KPAH,K 'JP ,-2�,3**�

0KKI,K 'JP ,-2�,3**

2ULA !D=N���� ,3**

.NE?A +KJAU ,3**

.0'+�07�)#7��&KPAH,K
�0KKI,K�

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

CHECK constraint

2DA�!&#!)�?KJOPN=EJPNAOPNE?PO�R=HQAO�PD=P�?=J�>A�AJPANA@�EJPK�=�P=>HA�

[ 'P�?=J�?KJP=EJ�OA=N?D�?KJ@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�=�!&#!)�?KJOPN=EJP�IQOP�AR=HQ=PA�PK�=�>KKHA=J�ATLNAOOEKJ�
[ 'P�?=J�>A�@ABEJA@�BKN�=�?KHQIJ�PD=P�D=O�=�NQHA�>KQJ@�PK�EP�

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

'J�PDEO�AT=ILHA
�PDA�2ULA�BEAH@�EO�NAOPNE?PA@�PK�D=RA�KJHU�PDA�PULAO�b1EJCHAc
�b"KQ>HAc
�b1QEPAc�KN�b#TA?QPERAc�

31#�&-2#*
%-
!0#�2#�2� *# P>H0KKI
�
&KPAH,K 'JP ,-2�,3**

0KKI,K 'JP ,-2�,3**

2ULA !D=N���� ,3**

.NE?A +KJAU ,3**

.0'+�07�)#7��&KPAH,K
�0KKI,K�

$-0#'%,�)#7��&KPAH,K��0#$#0#,!#1�P>H&KPAH
!-,120�',2�4=HE@<2ULA
!&#!)��2ULA�',��b1EJCHAc
�b"KQ>HAc
�b1QEPAc
�b#TA?QPERAc��
�

'J PDEOOA?KJ@AT=ILHA
PDAAILHKUAADENA@=PAODKQH@>A>ABKNA(=JQ=NU�
 ����
 KND=RA=O=H=NUHEIEPKB����
����

%-
!0#�2#�2� *#�1�*#10#.1
�
#ILH<JQI 'JP�,KP�,QHH
!&#!)��#ILH<JQI� #25##,�����=J@�����

,=IA !D=N�����

�CA 'JP !&#!)���CA�������

/QKP= +KJAU !&#!)��/QKP=��������

&ENA"=PA "=PA2EIA

!-,120�',2 /QKP=!=L�!&#!)���&ENA"=PA���`����������a��-0��/QKP=�����������
�

DEFAULT constraint

2DA"#$�3*2 ?KJOPN=EJPEOQOA@PKOQLLHU= R=HQAPD=PEO=QPKI=PE?=HHU=@@A@BKN= ?KHQIJEBPDAQOAN@KAOJKP
OQLLHU�KJA�

[ ��?KHQIJ�?=J�D=RA�KJHU�KJA�"#$�3*2�
[ 2DA�"#$�3*2�?KJOPN=EJP�?=JJKP�>A�QOA@�KJ�?KHQIJO�SEPD�=�PEIAOP=IL�@=P=�PULA�KN�E@AJPEPU�LNKLANPU�
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[ "#$�3*2�?KJOPN=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!-,120�',2�?KJOPN=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?KQRANc�

31#�&-2#*
�*2#0�2� *#�P>H&KPAH
�@@�!-,120�',2�@B<?EPU�"#$�3*2�b4=J?KQRANc�$-0�!EPU

User Defined Types

3OAN@ABEJA@PULAO=NA=HS=UO>=OA@KJOUOPAI�OQLLHEA@@=P=PULA�2DAU?=JAJBKN?A@=P=EJPACNEPU=J@PDAU=HHKS
JQHHO�

2K ?NA=PA= QOAN�@ABEJA@@=P=PULAEJ1/* 1ANRAN
?DKKOAPULAOQJ@AN`.NKCN=II=>EHEPUaEJUKQN@=P=>=OA�,ATP

NECDP?HE?G=J@?DKKOAb,ASc ^�b3OAN�@ABEJA@@=P=PULAcKNATA?QPAPDAOL<=@@PULAOUOPAIOPKNA@LNK?A@QNA��BPAN
PDEO
�PULA�

OL<=@@PULA�OOJ
�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',�

!0#�2#�2� *#�1',2=>HA
�
#ILHKUAA'" ',2�.NEI=NU�)AU

#ILHKUAA1', 1',

!-,120�',2�!DA?G1',
!&#!)��#ILHKUAA1',�*')#
b�9���:9���:9���:�^�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#0�2� *# =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�=�!KHQIJ,=IA�BEAH@�

31#�&-2#*
%-
�*2#0�2� *# P>H&KPAH
�""�!-,120�',2�QJM,=IA�3,'/3#��,=IA�

3OAPDA�*2#0 2� *# OP=PAIAJPPK=@@= ?KHQIJSEPDPDA'"#,2'27 LNKLANPUOQ?D=O�*2#0 2� *#
2=>HA,=IA�

�""
!KHQIJ,=IA EJP '"#,2'27�OAA@
�EJ?NAIAJP�

DROP TABLE

2DA�"0-.�2� *# SEHH�NAIKRA�=�P=>HA�BNKI�PDA�@=P=>=OA��+=GA�OQNA�UKQ�D=RA�PDA�?KNNA?P�@=P=>=OA�OAHA?PA@�

"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=>=OA�

Key Terms

DDL��=>>NARE=PEKJ�BKNdata definition language

DML ��=>>NARE=PEKJ�BKNdata manipulation language

SEQUEL� =?NKJUIBKNStructuredEnglish Query Language;@AOECJA@PKI=JELQH=PA=J@NAPNEARA@=P=
OPKNA@�EJ�' +cO�MQ=OE�NAH=PEKJ=H�@=P=>=OA�I=J=CAIAJP�OUOPAI
�1UOPAI�0

Structured Query Language(SQL)� = @=P=>=OAH=JCQ=CA@AOECJA@BKNI=J=CEJC@=P=DAH@EJ= NAH=PEKJ=H
@=P=>=OA�I=J=CAIAJP�OUOPAI

96 ¥ DATABASE DESIGN - 2ND EDITION



Exercises

�� 3OEJC�PDA�EJBKNI=PEKJ�BKN�PDA!D=LPAN���ATAN?EOA
�EILHAIAJP�PDA�O?DAI=�QOEJC�2N=JO=?P�1/*
�ODKS�1/*�OP=PAIAJPO�BKN�A=?D�P=>HA���'ILHAIAJP�PDA�?KJOPN=EJPO�=O�SAHH�
�� !NA=PA�PDA�P=>HA�ODKSJ�DANA�EJ�1/*�1ANRAN�=J@�ODKS�PDA�OP=PAIAJPO�UKQ�QOA@�
2=>HA��#ILHKUAA

ATTRIBUTE (FIELD) NAME DATA DECLARATION

#+.<,3+ !&�0���

#+.<*,�+# 4�0!&�0����

#+.<$,�+# 4�0!&�0����

#+.<','2'�* !&�0���

#+.<&'0#"�2# "�2#

(- <!-"# !&�0���

�� &=REJC�?NA=PA@�PDA�P=>HA�OPNQ?PQNA�EJ�MQAOPEKJ��
�SNEPA�PDA�1/*�?K@A�PK�AJPAN�PDA�NKSO�BKN�PDA
P=>HA�ODKSJ�EJ�$ECQNA������

$ECQNA������#ILHKUAA�P=>HA�SEPD�@=P=�BKN�MQAOPEKJO�����
�>U����5=PP�

3OA�$ECQNA������PK�=JOSAN�MQAOPEKJO���PK����
�� 5NEPA�PDA�1/*�?K@A�PK�?D=JCA�PDA�FK>�?K@A�PK�����BKN�PDA�LANOKJ�SDKOA�LANOKJJAH�JQI>AN�EO
������BPAN�UKQ�D=RA�?KILHAPA@�PDA�P=OG
�AT=IEJA�PDA�NAOQHPO
�=J@�PDAJ�NAOAP�PDA�FK>�?K@A�PK�EPO
KNECEJ=H�R=HQA�
�� �OOQIEJC�PD=P�PDA�@=P=�ODKSJ�EJ�PDA�#ILHKUAA�P=>HA�D=RA�>AAJ�AJPANA@
�SNEPA�PDA�1/*�?K@A
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�1IEPDBEAH@
�SDK�S=O�DENA@

CHAPTER 15 SQL STRUCTURED QUERY LANGUAGE¥ 97



KJ�(QJA���
�����
�=J@�SDKOA�FK>�?K@A�?H=OOEBE?=PEKJ�EO�������Hint��3OA�HKCE?=H�KLAN=PKNO�PK�EJ?HQ@A
=HH�PDA�EJBKNI=PEKJ�CERAJ�EJ�PDEO�LNK>HAI��
�� �@@�PDA�=PPNE>QPAO�#+.<.!2�=J@�.0-(<,3+�PK�PDA�#ILHKUAA�P=>HA��2DA�#+.<.!2�EO�PDA
>KJQO�LAN?AJP=CA�PK�>A�L=E@�PK�A=?D�AILHKUAA�
�� 3OEJC�=�OEJCHA�?KII=J@
�SNEPA�PDA�1/*�?K@A�PD=P�SEHH�AJPAN�PDA�LNKFA?P�JQI>AN��.0-(<,3+�
�����BKN�=HH�AILHKUAAO�SDKOA�FK>�?H=OOEBE?=PEKJ��(- <!-"#��EO�����
�� 3OEJC�=�OEJCHA�?KII=J@
�SNEPA�PDA�1/*�?K@A�PD=P�SEHH�AJPAN�PDA�LNKFA?P�JQI>AN��.0-(<,3+�
�����BKN�=HH�AILHKUAAO�SDKOA�FK>�?H=OOEBE?=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�=OOQIA�PD=P�PDA�P=>HA
SEHH�>A�NAOPKNA@�PK�EPO�KNECEJ=H�?KJ@EPEKJ�LNA?A@EJC�PDEO�MQAOPEKJ��

Also seeAppendix C: SQL Lab with Solution

References

"=PA
!�(� Relational DatabaseSelectedWritings.0A=@EJC�+=OO��@@EOKJ�5AOHAU.Q>HEODEJC!KIL=JU 'J?�

����
�L����������
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Chapter 16 SQL Data Manipulation Language

Adri enne Watt & N elson Eng

2DA�1/*�@=P=�I=JELQH=PEKJ�H=JCQ=CA��"+*��EO�QOA@�PK�MQANU�=J@�IK@EBU�@=P=>=OA�@=P=��'J�PDEO�?D=LPAN
�SA�SEHH
@AO?NE>A�DKS�PK�QOA�PDA�1#*#!2
�',1#02
�3."�2#
�=J@�"#*#2#1/*�"+*�?KII=J@�OP=PAIAJPO
�@ABEJA@

>AHKS�

[ SELECT^�PK�MQANU�@=P=�EJ�PDA�@=P=>=OA
[ INSERT^�PK�EJOANP�@=P=�EJPK�=�P=>HA
[ UPDATE^�PK�QL@=PA�@=P=�EJ�=�P=>HA
[ DELETE^�PK�@AHAPA�@=P=�BNKI�=�P=>HA

'J�PDA�1/*�"+*�OP=PAIAJP�

[ #=?D�?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=QOAO�
[ 'B�=�?H=QOA�D=O�OARAN=H�L=NPO
�PDAU�ODKQH@�=LLA=N�KJ�OAL=N=PA�HEJAO�=J@�>A�EJ@AJPA@�QJ@AN�PDA�OP=NP�KB�PDA

?H=QOA�PK�ODKS�PDA�NAH=PEKJODEL�
[ 3LLAN�?=OA�HAPPANO�=NA�QOA@�PK�NALNAOAJP�NAOANRA@�SKN@O�
[ *KSAN�?=OA�HAPPANO�=NA�QOA@�PK�NALNAOAJP�QOAN�@ABEJA@�SKN@O�

SELECT Statement

2DA1#*#!2 OP=PAIAJP
KN?KII=J@
 =HHKSOPDAQOANPKATPN=?P@=P=BNKIP=>HAO
>=OA@KJ OLA?EBE??NEPANE=�'PEO
LNK?AOOA@�=??KN@EJC�PK�PDA�BKHHKSEJC�OAMQAJ?A�

1#*#!2�"'12',!2�EPAI�O�
$0-+ P=>HA�O�
5&#0# LNA@E?=PA
%0-3.� 7 BEAH@�O�
-0"#0� 7�BEAH@O

5A�?=J�QOA�PDA�1#*#!2OP=PAIAJP�PK�CAJAN=PA�=J�AILHKUAA�LDKJA�HEOP�BNKI�PDA�#ILHKUAAO�P=>HA�=O�BKHHKSO�

1#*#!2 $ENOP,=IA
�*=OP,=IA
�LDKJA
$0-+�#ILHKUAAO
-0"#0� 7�*=OP,=IA

2DEO=?PEKJSEHH@EOLH=UAILHKUAAcOH=OPJ=IA
 BENOPJ=IA
 =J@LDKJAJQI>ANBNKIPDA#ILHKUAAOP=>HA
OAAJEJ
2=>HA������
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Last Name First Name Phone Number

&=C=JO (EI ������������

5KJC  NQ?A ������������

Table 16.1. Employees table.

'J PDEOJATPAT=ILHA
SA SEHHQOA= .Q>HEODANOP=>HA�2=>HA������ �7KQ SEHHJKPE?APD=P!=J=@=EOIEOLAHHA@EJ
PDAPublisherCountryBEAH@BKN#T=ILHA.Q>HEODEJC=J@� ! .Q>HEODEJC�2K ?KNNA?PIEOLAHHEJC
QOAPDA3."�2#
OP=PAIAJP�PK�OP=J@=N@EVA�PDA�?KQJPNU�BEAH@�PK�!=J=@=�^�OAA�3."�2#�OP=PAIAJP�H=PAN�EJ�PDEO�?D=LPAN��

Publisher Name Publisher City Publisher Province Publisher Country

�?IA�.Q>HEODEJC 4=J?KQRAN  ! !=J=@=

#T=ILHA�.Q>HEODEJC#@IKJPKJ � !J=@=

� !�.Q>HEODEJC 2KNKJPK -, !=J@=

Table 16.2. Publishers table.

'B UKQ=@@PDALQ>HEODANcOJ=IA =J@?EPU
UKQSKQH@QOAPDA1#*#!2 OP=PAIAJPBKHHKSA@>UPDABEAH@OJ=IA
OAL=N=PA@�>U�=�?KII=�

1#*#!2�.Q>,=IA
�?EPU
$0-+�.Q>HEODANO

2DEO�=?PEKJ�SEHH�@EOLH=U�PDA�LQ>HEODANcO�J=IA�=J@�?EPU�BNKI�PDA�.Q>HEODANO�P=>HA�

'BUKQFQOPS=JPPDALQ>HEODANcOJ=IA QJ@ANPDA@EOLH=UJ=IA ?EPU
UKQSKQH@QOAPDA1#*#!2 OP=PAIAJPSEPDno
commaOAL=N=PEJC�LQ><J=IA�=J@�?EPU�

1#*#!2 .Q>,=IA�?EPU
$0-+�.Q>HEODANO

.ANBKNIEJCPDEO=?PEKJSEHH@EOLH=UKJHUPDALQ><J=IABNKIPDA.Q>HEODANOP=>HASEPD= `?EPUaDA=@EJC�'BUKQ@K
JKP�EJ?HQ@A�PDA�?KII=
�1/*�1ANRAN�=OOQIAO�UKQ�S=JP�=�JAS�?KHQIJ�J=IA�BKN�LQ><J=IA�

SELECT statement with WHERE criteria

1KIAPEIAOUKQIECDPS=JPPKBK?QOKJ = LKNPEKJKBPDA.Q>HEODANOP=>HA
OQ?D=OKJHULQ>HEODANOPD=P=NAEJ
4=J?KQRAN�'J PDEOOEPQ=PEKJ
UKQSKQH@QOAPDA1#*#!2 OP=PAIAJPSEPDPDA5&#0# ?NEPANEKJ
E�A�
5&#0# ?EPU�
b4=J?KQRANc�

2DAOABENOPPSKAT=ILHAOEHHQOPN=PADKSPKHEIEPNA?KN@OAHA?PEKJSEPDPDA5&#0# ?NEPANEKJQOEJC #25##,� #=?D
KB�PDAOA�AT=ILHAO�CERA�PDA�O=IA�NAOQHPO�BKN�OPKNA�EPAIO�SEPD�>APSAAJ����=J@����EPAIO�EJ�OPK?G�
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#T=ILHA����QOAO�PDA�MQ=JPEPU
qty BETWEEN 20 and 50�

1#*#!2�1PKN'"
�MPU
�2EPHA'"
$0-+�1=HAO
5&#0#�MPU� #25##,����=J@��� (includes the 20 and 50)

#T=ILHA���
�KJ�PDA�KPDAN�D=J@
�QOAOqty >=20 and qty <=50�

1#*#!2 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� #25##,�

1#*#!2 1PKN'"
�MPU
�2EPHA'"
$0-+�1=HAO
5&#0#�MPU�,-2� #25##,����=J@���

2DAJATPPSKAT=ILHAOODKSPSK@EBBANAJPS=UOPKHEIEPNA?KN@OAHA?PEKJSEPDPDA5&#0# ?NEPANEKJQOEJC',
 SEPD
A=?D�UEAH@EJC�PDA�O=IA�NAOQHPO�

#T=ILHA����ODKSO�DKS�PK�OAHA?P�NA?KN@O�QOEJCprovince==O�L=NP�KB�PDA�5&#0#�OP=PAIAJP�

1#*#!2��
$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@O�QOEJCprovince IN=O�L=NP�KB�PDA�5&#0#�OP=PAIAJP�

1#*#!2��
$0-+�.Q>HEODANO
5&#0#�LNKREJ?A�',��b !c
�b� c
�b-,c�

2DABEJ=HPSKAT=ILHAOEHHQOPN=PADKS,3** =J@,-2 ,3** ?=J>AQOA@PKOAHA?PNA?KN@O�$KNPDAOAAT=ILHAO

=  KKGOP=>HA�JKPODKSJ�SKQH@>AQOA@PD=P?KJP=EJOBEAH@O?=HHA@2EPHA
/Q=JPEPU
=J@.NE?A�KB>KKG��#=?D
LQ>HEODAN�D=O�=� KKGOP=>HA�PD=P�HEOPO�=HH�KB�EPO�>KKGO�

#T=ILHA����QOAO�,3**�
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1#*#!2�LNE?A
�PEPHA
$0-+� KKGO
5&#0#�LNE?A�'1�,3**

#T=ILHA����QOAO�,-2�,3**�

1#*#!2�LNE?A
�PEPHA
$0-+� KKGO
5&#0#�LNE?A�'1�,-2�,3**

Using wildcards in the LIKEclause

2DA*')# GAUSKN@OAHA?PONKSO?KJP=EJEJCBEAH@OPD=PI=P?DOLA?EBEA@LKNPEKJOKB?D=N=?PANOPNEJCO�*')# EOQOA@
SEPD?D=N
R=N?D=N
PATP
@=PAPEIA=J@OI=HH@=PAPEIA@=P=�� wildcard=HHKSOPDAQOANPKI=P?DBEAH@OPD=P?KJP=EJ
?ANP=EJHAPPANO�$KNAT=ILHA
PDASEH@?=N@LNKREJ?A� b,�c SKQH@CERA=HHLNKREJ?AOPD=POP=NPSEPDPDAHAPPANb,c�
2=>HA������ODKSO�BKQN�S=UO�PK�OLA?EBU�SEH@?=N@O�EJ�PDA�1#*#!2�OP=PAIAJP�EJ�NACQH=N�ATLNAOO�BKNI=P�

� �JU�OPNEJC�KB�VANK�KN�IKNA�?D=N=?PANO

< �JU�OEJCHA�?D=N=?PAN

9�: �JU�OEJCHA�?D=N=?PAN�SEPDEJ�PDA�OLA?EBEA@�N=JCA��A�C�
�9=�B:��KN�OAP��A�C�
�9=>?@AB:�

9;: �JU�OEJCHA�?D=N=?PAN�JKP�SEPDEJ�PDA�OLA?EBEA@�N=JCA��A�C�
�9;=�^�B:��KN�OAP��A�C�
�9;=>?@AB:�

Table 16.3. How to specify wildcards in the SELECT statement.

'J�AT=ILHA���
 *')#�b+?�c�OA=N?DAO�BKN�=HH�H=OP�J=IAO�PD=P�>ACEJ�SEPD�PDA�HAPPANO�`+?a��A�C�
�+? =@@AJ��

1#*#!2�*=OP,=IA
$0-+�#ILHKUAAO
5&#0# *=OP,=IA*')#�b+?�c

$KN�AT=ILHA�����*')#�b�EJCANc�OA=N?DAO�BKN�=HH�H=OP�J=IAO�PD=P�AJ@�SEPD�PDA�HAPPANO�`EJCANa��A�C�
�0EJCAN
�1PNEJCAN��

1#*#!2 *=OP,=IA
$0-+�#ILHKUAAO
5&#0# *=OP,=IA*')#�b�EJCANc
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'J
 AT=ILHA��� *')# b�AJ�c OA=N?DAOBKN=HHH=OPJ=IAO PD=PD=RAPDAHAPPANO`AJa �A�C�
  AJJAPP
%NAAJ

+? =@@AJ��

1#*#!2 *=OP,=IA
$0-+�#ILHKUAAO
5&#0# *=OP,=IA*')#�b�AJ�c

SELECT statement with ORDER BYclause

7KQQOAPDA-0"#0  7 ?H=QOAPKOKNPPDANA?KN@OEJPDANAOQHPEJCHEOP�3OAASCPKOKNPPDANAOQHPOEJ=O?AJ@EJC
KN@AN�=J@DESCPK�OKNP�PDA�NAOQHPOEJ�@AO?AJ@EJC�KN@AN�

$KN�AT=ILHA
�SEPD��1!�

1#*#!2��
$0-+�#ILHKUAAO
-0"#0� 7�&ENA"=PA��1!

�J@�SEPD�"#1!�

1#*#!2��
$0-+� KKGO
-0"#0� 7�PULA
�LNE?A�"#1!

SELECTstatement with GROUP BYclause

2DAGROUPBY?H=QOAEOQOA@PK?NA=PAKJAKQPLQPNKSLANA=?DCNKQL=J@LNK@Q?AOOQII=NUR=HQAOBKNPDA
OAHA?PA@�?KHQIJO
�=O�ODKSJ�>AHKS�

1#*#!2�PULA
$0-+  KKGO
%0-3.� 7�PULA

&ANA�EO�=J�AT=ILHA�QOEJC�PDA�=>KRA�OP=PAIAJP�

1#*#!2�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#*#!2�OP=PAIAJP�EJ?HQ@AO�=�5&#0#�?NEPANEKJ�SDANAprice is not null


1#*#!2�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#*#!2�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 ?=JQOA!-3,2 PKP=HHUDKSI=JU EPAIO=NAEJ=?KJP=EJAN�&KSARAN
EBSAS=JPPK?KQJP@EBBANAJPEPAIOEJPK
OAL=N=PACNKQLO
OQ?D=OI=N>HAOKBR=NUEJC?KHKQNO
PDAJSASKQH@QOAPDA!-3,2 BQJ?PEKJSEPDPDA%0-3.  7
?KII=J@�

2DA>AHKS1#*#!2 OP=PAIAJPEHHQOPN=PAODKSPK?KQJPCNKQLOKB@=P=QOEJCPDA!-3,2 BQJ?PEKJSEPDPDA%0-3.
 7�?H=QOA�

1#*#!2�!-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#*#!2��4%�MPU�
$0-+  KKGO
%0-3.� 7�PULA

#T=ILHA����QOAO�PDA�13+�BQJ?PEKJ�SEPD�PDA�%0-3.� 7�PULA�

1#*#!2�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#*#!2�OP=PAIAJP�

1#*#!2�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=QOA?=J>AQOA@PKNAOPNE?PNKSO�'P EOOEIEH=NPKPDA5&#0# ?KJ@EPEKJAT?ALP&�4',% ?=J
EJ?HQ@A�PDA�=CCNAC=PA�BQJ?PEKJ��PDA�5&#0#�?=JJKP�@K�PDEO�

2DA&�4',% ?H=QOA>AD=RAOHEGAPDA5&#0# ?H=QOA
>QPEO=LLHE?=>HAPKCNKQLO�'J PDEOAT=ILHA
SA QOAPDA
&�4',%�?H=QOA�PK�AT?HQ@A�PDA�CNKQLO�SEPD�PDA�LNKREJ?A�b !c�

1#*#!2�=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 !c

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�
[ !KHQIJ<HEOP�HEOPO�?KHQIJO�PD=P�SEHH�>A�=BBA?PA@�>U�PDA�',1#02�
[ 'B�=�?KHQIJ�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�EJOANP�EJPK�PDA�P=>HA�4�*3#1�EO�NAMQENA@�
[ !KHQIJO�SEPD�PDA�'"#,2'27�LNKLANPU�ODKQH@�JKP�>A�ATLHE?EPHU�HEOPA@�EJ�PDA�?KHQIJ<HEOP�KN

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�
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[ 'JOANPEJC�=J�AILPU�OPNEJC��b�b��EJPK�=�R=N?D=N�KN�PATP�?KHQIJ�EJOANPO�=�OEJCHA�OL=?A�
[ �HH�?D=N�?KHQIJO�=NANECDP�L=@@A@�PK�PDA�@ABEJA@�HAJCPD�
[ �HH�PN=EHEJC�OL=?AO�=NA�NAIKRA@BNKI�@=P=�EJOANPA@�EJPK�R=N?D=N�?KHQIJO
�AT?ALP�EJ�OPNEJCO�PD=P

?KJP=EJKJHU�OL=?AO��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�EP�EO�PDA�SNKJC�@=P=�PULA
�PDAOP=PAIAJP

B=EHO�=J@�1/*�1ANRAN�@EOLH=UO�=J�ANNKN�IAOO=CA�

5DAJ UKQOLA?EBUR=HQAOBKNKJHUOKIAKBPDA?KHQIJOEJPDA?KHQIJ<HEOP
KJAKBPDNAAPDEJCO?=JD=LLAJPKPDA
?KHQIJO�PD=P�D=RA�JK�R=HQAO�

�� ��@AB=QHP�R=HQA�EO�AJPANA@�EBPDA�?KHQIJ�D=O�=�"#$�3*2�?KJOPN=EJP
�EB�=�@AB=QHP�EO�>KQJ@�PK�PDA
?KHQIJ
�KN�EB�=�@AB=QHP�EO�>KQJ@�PK�PDA�QJ@ANHUEJC�QOAN�@ABEJA@�@=P=�PULA�
�� ,3**�EO�AJPANA@�EB�PDA�?KHQIJ�=HHKSO�,3**O�=J@�JK�@AB=QHP�R=HQA�ATEOPO�BKN�PDA�?KHQIJ�
�� �J�ANNKN�IAOO=CA�EO�@EOLH=UA@=J@�PDA�NKS�EO�NAFA?PA@�EB�PDA�?KHQIJ�EO�@ABEJA@�=O�,-2�,3**�=J@
JK@AB=QHP�ATEOPO�

2DEO�AT=ILHA�QOAO�',1#02�PK�=@@�=�NA?KN@�PK�PDA�LQ>HEODANcO��QPDKNO�P=>HA�

',1#02�',2-��QPDKNO
4�*3#1�b�����������c
�b+=NPEJc
�b�LNEHc
�b������������c
�b����+=NGAP�1P�
c�
�b4=J?KQRANc
�b !c

b4�%�.�c
���

2DEOBKHHKSEJCAT=ILHAEHHQOPN=PAODKSPKEJOANP= L=NPE=HNKSEJPKPDA.Q>HEODANOP=>HASEPD= ?KHQIJHEOP�2DA
?KQJPNU�?KHQIJ�D=@�=�@AB=QHP�R=HQA�KB�!=J=@=�OK�EP�@KAO�JKP�NAMQENA�PD=P�UKQ�EJ?HQ@A�EP�EJ�UKQN�R=HQAO�

',1#02�',2-�.Q>HEODANO�.Q>'"
�.Q>,=IA
�?EPU
�LNKREJ?A�
4�*3#1��b����c
�b�?IA�.Q>HEODEJCc
�b4=J?KQRANc
�b !c�

2K EJOANPNKSOEJPK=P=>HASEPD=J '"#,2'27 ?KHQIJ
BKHHKSPDA>AHKSAT=ILHA�"K JKPOQLLHUPDAR=HQABKNPDA
'"#,2'27�JKN�PDA�J=IA�KB�PDA�?KHQIJ�EJ�PDA�?KHQIJ�HEOP�

',1#02�',2-�FK>O
4�*3#1��b" �c
����
�����

Inserting specific values into an IDENTITY column

 U @AB=QHP
@=P=?=JJKP>AEJOANPA@@ENA?PHUEJPK=J'"#,2'27 ?KHQIJ�DKSARAN
EB=NKSEO=??E@AJP=HHU@AHAPA@
KN
PDANA�=NA�C=LO�EJ�PDA�'"#,2'27�?KHQIJ�R=HQAO
�UKQ�?=J�EJOANP�=�NKS�=J@�OLA?EBU�PDA�'"#,2'27�?KHQIJ�R=HQA�

'"#,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@�=O�BKHHKSO�

1#2�'"#,2'27<',1#02�FK>O�-,
',1#02�',2-�FK>O �FK><E@
�FK><@AO?
�IEJ<HRH
�I=T<HRH�
4�*3#1����
�c" ��c
����
�����
1#2�'"#,2'27<',1#02�FK>O�-$$

Inserting rows with a SELECTstatement

5A ?=JOKIAPEIAO?NA=PA= OI=HHPAILKN=NUP=>HABNKI= H=NCAP=>HA�$KNPDEO
SA?=JEJOANPNKSOSEPD= 1#*#!2
OP=PAIAJP�5DAJ QOEJCPDEO?KII=J@
 PDANAEOJKR=HE@=PEKJBKNQJEMQAJAOO�!KJOAMQAJPHU
PDANAI=U >AI=JU NKSO
SEPD�PDA�O=IA�LQ><E@�EJ�PDA�AT=ILHA�>AHKS�

2DEOAT=ILHA?NA=PAO=OI=HHANPAILKN=NU.Q>HEODANOP=>HAQOEJCPDA!0#�2# 2� *# OP=PAIAJP�2DAJPDA',1#02
SEPD�=�1#*#!2�OP=PAIAJP�EO�QOA@�PK�=@@�NA?KN@O�PK�PDEO�PAILKN=NU�.Q>HEODANO�P=>HA�BNKI�PDA�LQ>HEO�P=>HA�

!0#�2#�2� *#�@>K�PIL.Q>HEODANO��
.Q>'"�?D=N�����,-2�,3**�

.Q>,=IA�R=N?D=N������,3**�

?EPU�R=N?D=N������,3**�

LNKREJ?A�?D=N�����,3**�

?KQJPNU�R=N?D=N������,3**"#$�3*2��b!=J=@=c�
�
',1#02 PIL.Q>HEODANO
1#*#!2���$0-+�.Q>HEODANO

'J�PDEO�AT=ILHA
�SAcNA�?KLUEJC�=�OQ>OAP�KB�@=P=�

',1#02�PIL.Q>HEODANO��LQ><E@
�LQ><J=IA�
1#*#!2�.Q>'"
�.Q>,=IA
$0-+�.Q>HEODANO

'J�PDEO�AT=ILHA
�PDA�LQ>HEODANOc�@=P=�=NA�?KLEA@�PK�PDA�PIL.Q>HEODANO�P=>HA�=J@�PDA�?KQJPNU�?KHQIJ�EO�OAP�PK�!=J=@=�

',1#02�PIL.Q>HEODANO��.Q>'"
�.Q>,=IA 
�?EPU
�LNKREJ?A
�?KQJPNU�
1#*#!2 .Q>'"
�.Q>,=IA 
�?EPU
�LNKREJ?A
�b!=J=@=c
$0-+�.Q>HEODANO
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UPDATE statement

2DAUPDATEstatement?D=JCAO�@=P=�EJ�ATEOPEJC�NKSO�AEPDAN�>U�=@@EJC�JAS�@=P=�KN�IK@EBUEJC�ATEOPEJC�@=P=�

2DEOAT=ILHAQOAOPDA3."�2# OP=PAIAJPPKOP=J@=N@EVAPDA?KQJPNUBEAH@PK>A!=J=@=BKN=HHNA?KN@OEJPDA
.Q>HEODANO�P=>HA�

3."�2#�.Q>HEODANO
1#2�?KQJPNU���b!=J=@=c

2DEO�AT=ILHA�EJ?NA=OAO�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

2DAAILHKUAAOBNKIPDA#ILHKUAAOP=>HASDKSANADENA@>UPDALQ>HEODANEJ���� =NACERAJ= LNKIKPEKJPKPDA
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#*#!2�I=T<HRH�$0-+�FK>O
5&#0#�AILHKUAA�FK><E@���FK>O�FK><E@�
5&#0#�"�2#.�02�UA=N
�AILHKUAA�DENA<@=PA��������

DELETEstatement

2DADELETEstatementNAIKRAONKSOBNKI=NA?KN@OAP�"#*#2# J=IAOPDAP=>HAKNREASPD=PDKH@OPDANKSOPD=P
SEHH>A@AHAPA@=J@KJHUKJAP=>HAKNNKSI=U >AHEOPA@=P=PEIA�5&#0# EO=OP=J@=N@5&#0# ?H=QOAPD=PHEIEPO
PDA�@AHAPEKJ�PK�OAHA?P�NA?KN@O�

2DA�"#*#2#�OUJP=T�HKKGO�HEGA�PDEO�

"#*#2#�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=>HA�=NA�NAIKRA@�AT?ALP�BKN�EJ@ATAO
�PDA�P=>HA

?KJOPN=EJPO�.
�� "#*#2#�?=JJKP�>A�QOA@�SEPD�=�REAS�PD=P�D=O�=�$0-+�?H=QOA�J=IEJC�IKNA�PD=J�KJA�P=>HA���"AHAPA�?=J
=BBA?P�KJHU�KJA�>=OA�P=>HA�=P�=�PEIA��

5D=P�BKHHKSO�=NA�PDNAA�@EBBANAJP�"#*#2#�OP=PAIAJPO�PD=P�?=J�>A�QOA@�

���"AHAPEJC�=HH�NKSO�BNKI�=�P=>HA�

"#*#2#
$0-+�"EO?KQJPO

���"AHAPEJC�OAHA?PA@�NKSO�

"#*#2#
$0-+�1=HAO
5&#0#�OPKN<E@���b����c

���"AHAPEJC�NKSO�>=OA@�KJ�=�R=HQA�EJ�=�OQ>MQANU�

"#*#2#�$0-+�1=HAO
5&#0#�PEPHA<E@�',
�1#*#!2�PEPHA<E@�$0-+� KKGO5&#0#�PULA���bIK@<?KKGc�

Built-in Functions

2DANA�=NA�I=JU�>QEHP�EJ�BQJ?PEKJO�EJ�1/*�1ANRAN�OQ?D�=O�

�� Aggregate:NAPQNJO�OQII=NU�R=HQAO
�� Conversion:PN=JOBKNIO�KJA�@=P=�PULA�PK�=JKPDAN
�� Date:@EOLH=UO�EJBKNI=PEKJ�=>KQP�@=PAO�=J@�PEIAO
�� Mathematical:LANBKNIO�KLAN=PEKJO�KJ�JQIANE?�@=P=
�� String:LANBKNIO�KLAN=PEKJO�KJ�?D=N=?PAN�OPNEJCO
�>EJ=NU�@=P=�KN�ATLNAOOEKJO
�� System:NAPQNJO�=�OLA?E=H�LEA?A�KB�EJBKNI=PEKJ�BNKI�PDA�@=P=>=OA
�� Text and image:LANBKNIO�KLAN=PEKJO�KJ�PATP�=J@�EI=CA�@=P=

 AHKS�UKQ�SEHH�BEJ@�@AP=EHA@�@AO?NELPEKJO�=J@�AT=ILHAO�BKN�PDA�BENOP�BKQN�BQJ?PEKJO�
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Aggregate functions

�CCNAC=PABQJ?PEKJOLANBKNI=?=H?QH=PEKJKJ=OAPKBR=HQAO=J@NAPQNJ=OEJCHA
KNOQII=NU
R=HQA�2=>HA���� HEOPO
PDAOA�BQJ?PEKJO�

FUNCTION DESCRIPTION

�4% 0APQNJO�PDA�=RAN=CA�KB�=HH�PDA�R=HQAO
�KN�KJHU�PDA�"'12',!2�R=HQAO
�EJ�PDA�ATLNAOOEKJ�

!-3,2 0APQNJO�PDA�JQI>AN�KB�JKJ�JQHH�R=HQAO�EJ�PDA�ATLNAOOEKJ��5DAJ�"'12',!2�EO�OLA?EBEA@
�!-3,2�BEJ@O
PDA�JQI>AN�KB�QJEMQA�JKJ�JQHH�R=HQAO�

!-3,2��� 0APQNJO�PDA�JQI>AN�KB�NKSO��!-3,2����P=GAO�JK�L=N=IAPANO�=J@�?=JJKP�>A�QOA@�SEPD�"'12',!2�

+�6
0APQNJO�PDA�I=TEIQI�R=HQA�EJ�PDA�ATLNAOOEKJ��+�6�?=J�>A�QOA@�SEPD�JQIANE?
�?D=N=?PAN�=J@�@=PAPEIA
?KHQIJO
�>QP�JKP�SEPD�>EP�?KHQIJO��5EPD�?D=N=?PAN�?KHQIJO
�+�6�BEJ@O�PDA�DECDAOP�R=HQA�EJ�PDA
?KHH=PEJC�OAMQAJ?A��+�6�ECJKNAO�=JU�JQHH�R=HQAO�

+',
0APQNJO�PDA�IEJEIQI�R=HQA�EJ�PDA�ATLNAOOEKJ��+',�?=J�>A�QOA@�SEPD�JQIANE?
�?D=N=?PAN�=J@�@=PAPEIA
?KHQIJO
�>QP�JKP�SEPD�>EP�?KHQIJO��5EPD�?D=N=?PAN�?KHQIJO
�+',�BEJ@O�PDA�R=HQA�PD=P�EO�HKSAOP�EJ�PDA
OKNP�OAMQAJ?A��+',�ECJKNAO�=JU�JQHH�R=HQAO�

13+ 0APQNJO�PDA�OQI�KB�=HH�PDA�R=HQAO
�KN�KJHU�PDA�"'12',!2�R=HQAO
�EJ�PDA�ATLNAOOEKJ��13+�?=J�>A�QOA@
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#*#!2��4%��LNE?A���1�b�RAN=CA�2EPHA�.NE?Ac
$0-+  KKGO

Example #2: COUNT

1#*#!2�!-3,2�.Q>'"���1�b,QI>AN�KB�.Q>HEODANOc
$0-+�.Q>HEODANO

Example #3: COUNT

1#*#!2�!-3,2�LNKREJ?A���1�b,QI>AN�KB�.Q>HEODANOc
$0-+�.Q>HEODANO

Example #3: COUNT (*)
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1#*#!2�!-3,2���
$0-+�#ILHKUAAO
5&#0#�FK><HRH�����

Example #4: MAX

1#*#!2�+�6��&ENA"=PA�
$0-+�#ILHKUAAO

Example #5: MIN

1#*#!2�+',��LNE?A�
$0-+  KKGO

Example #6: SUM

1#*#!2�13+�@EO?KQJP���1�b2KP=H�"EO?KQJPOc
$0-+�"EO?KQJPO

Conversion function

2DA�?KJRANOEKJ�BQJ?PEKJPN=JOBKNIO�KJA�@=P=�PULA�PK�=JKPDAN�

'J PDAAT=ILHA>AHKS
= LNE?APD=P?KJP=EJOPSK�O EO?KJRANPA@EJPKBERA?D=N=?PANO�2DAOUJP=TBKNPDEOOP=PAIAJP
EO1#*#!2�b2DA�@=PA�EO�b�	�!-,4#02�R=N?D=N����
�CAP@=PA����

1#*#!2�!-,4#02�EJP
���������
1#*#!2�PEPHA<E@
�LNE?A
$0-+  KKGO
5&#0#�!-,4#02�?D=N���
�LNE?A��*')#�b����c

'J�PDEO�OA?KJ@�AT=ILHA
�PDA�?KJRANOEKJ�BQJ?PEKJ�?D=JCAO�@=P=�PK�=�@=P=�PULA�SEPD�=�@EBBANAJP�OEVA�

1#*#!2�PEPHA<E@
�!-,4#02�?D=N���
�UP@<O=HAO��=O�b1=HAOc
$0-+  KKGO
5&#0#�PULA�*')#�b�?KKGc
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Date function

2DA@=PABQJ?PEKJLNK@Q?AO=@=PA>U=@@EJC=JEJPANR=HPK=OLA?EBEA@@=PA�2DANAOQHPEO=@=PAPEIAR=HQAAMQ=HPKPDA
@=PALHQOPDAJQI>ANKB@=PAL=NPO�'BPDA@=PAL=N=IAPANEO=OI=HH@=PAPEIAR=HQA
PDANAOQHPEO=HOK=OI=HH@=PAPEIA
R=HQA�

2DA "�2#�"" BQJ?PEKJEOQOA@PK =@@=J@ EJ?NAIAJP@=PAR=HQAO�2DAOUJP=TBKNPDEOBQJ?PEKJ
EO"�2#�""�@=PAL=NP
�JQI>AN
�@=PA��

1#*#!2�"�2#�""�@=U
��
�DENA<@=PA�
$0-+�#ILHKUAAO

'J�PDEO�AT=ILHA
�PDABQJ?PEKJ"�2#"'$$�@=PAL=NP
�@=PA�
�@=PA��EO�QOA@�

2DEO?KII=J@ NAPQNJOPDAJQI>ANKB@=PAL=NP`>KQJ@=NEAOa?NKOOA@>APSAAJPSKOLA?EBEA@@=PAO�2DAIAPDK@KB
?KQJPEJC?NKOOA@>KQJ@=NEAOI=GAOPDANAOQHPCERAJ>U"�2#"'$$ ?KJOEOPAJP=?NKOO=HH@=P=PULAOOQ?D=OIEJQPAO

OA?KJ@O
�=J@�IEHHEOA?KJ@O�

1#*#!2�"�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@=PAL=NPO�"�2#.�02� =J@=>>NARE=PEKJONA?KCJEVA@>U1/* 1ANRAN
=J@PDA=??ALP=>HAR=HQAO=NAHEOPA@EJ
2=>HA������

DATE PART ABBREVIATION VALUES

7A=N UU ���������

/Q=NPAN MM ���

+KJPD II ����

"=U�KB�UA=N @U �����

"=U @@ ����

5AAG SG ����

5AAG@=U @S �����1QJ��1=P��

&KQN DD ����

+EJQPA IE ����

1A?KJ@ OO ����

+EHHEOA?KJ@ IO �����

Table 16.5. Date part abbreviations and values.
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Mathematical functions

+=PDAI=PE?=HBQJ?PEKJOLANBKNIKLAN=PEKJOKJJQIANE?@=P=�2DABKHHKSEJCAT=ILHAHEOPOPDA?QNNAJPLNE?ABKNA=?D
>KKG�OKH@�>U�PDA�LQ>HEODAN=J@�SD=P�PDAU�SKQH@�>A�EB�=HH�LNE?AO�EJ?NA=OA@�>U�����

1#*#!2�.NE?A
��LNE?A���������1�b,AS�.NE?Ac
�PEPHA
$0-+  KKGO
1#*#!2�b1MQ=NA�0KKPc���1/02����
1#*#!2�b0KQJ@A@b���0-3,"����������
��
1#*#!2�$*--0���������

Joining Tables

(KEJEJCPSKKNIKNAP=>HAOEOPDALNK?AOOKB?KIL=NEJCPDA@=P=EJOLA?EBEA@?KHQIJO=J@QOEJCPDA?KIL=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

�HPDKQCDPDA?KIL=NEOKJEOQOQ=HHUBKNAMQ=HEPU^ R=HQAOPD=PI=P?DAT=?PHU^ KPDANPULAOKBFKEJO?=J=HOK>A
OLA?EBEA@���HH�PDA�@EBBANAJP�FKEJO�OQ?D�=O�EJJAN
�HABP��KQPAN�
�NECDP��KQPAN�
�=J@�?NKOO�FKEJ�SEHH�>A�@AO?NE>A@�>AHKS�

Inner join

�J inner join ?KJJA?POPSKP=>HAOKJ = ?KHQIJSEPDPDAO=IA@=P=PULA�-JHUPDANKSOSDANAPDA?KHQIJR=HQAO
I=P?D�=NA�NAPQNJA@��QJI=P?DA@�NKSO�=NA�@EO?=N@A@�

Example #1

1#*#!2�FK>O�FK><E@
�FK><@AO?
$0-+�FK>O
',,#0�(-',�#ILHKUAAO�-,�AILHKUAA�FK><E@���FK>O�FK><E@
5&#0#�FK>O�FK><E@����

Example #2

1#*#!2�=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
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Left outer join

� left outer join OLA?EBEAOPD=P=HHHABPKQPANNKSO>ANAPQNJA@��HHNKSOBNKIPDAHABPP=>HAPD=P@E@JKPIAAPPDA
?KJ@EPEKJ�OLA?EBEA@�=NA�EJ?HQ@A@�EJ�PDA�NAOQHPO�OAP
�=J@�KQPLQP�?KHQIJO�BNKI�PDA�KPDAN�P=>HA�=NA�OAP�PK�,3**�

2DEO�BENOP�AT=ILHA�QOAO�PDA�JAS�OUJP=T�BKN�=�HABP�KQPAN�FKEJ�

1#*#!2�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#*#!2�LQ>HEODANO�LQ><J=IA
�>KKGO�PEPHA
$0-+�.Q>HEODANO
 KKGO
5&#0#�LQ>HEODANO�LQ><E@����>KKGO�LQ><E@

Right outer join

� right outer join EJ?HQ@AO
EJEPONAOQHPOAP
=HHNKSOBNKIPDANECDPP=>HAPD=P@E@JKPIAAPPDA?KJ@EPEKJOLA?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#*#!2�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#*#!2�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?EBEAOPD=PEB=NKSBNKIAEPDANP=>HA@KAOJKPI=P?DPDAOAHA?PEKJ?NEPANE=
PDANKSEOEJ?HQ@A@EJ
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#*#!2�>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����` !a�=J@�LQ>HEODANO�LNKREJ?A����`-,a�
-0"#0� 7�>KKGO�PEPHA<E@

Cross join

� crossjoin EO= LNK@Q?P?KI>EJEJCPSKP=>HAO�2DEOFKEJNAPQNJOPDAO=IANKSO=OEBJK 5&#0# ?H=QOASANA
OLA?EBEA@��$KN�AT=ILHA�

1#*#!2�=Q<HJ=IA
�LQ><J=IA

$0-+��QPDKNO�!0-11�(-',�.Q>HEODANO

Key Terms

aggregate function� NAPQNJO�OQII=NU�R=HQAO

ASC��=O?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?PEKJ�?NEPANE=

GROUP BY� QOA@PK?NA=PAKJAKQPLQPNKSLANA=?DCNKQL=J@LNK@Q?AOOQII=NUR=HQAOBKNPDAOAHA?PA@
?KHQIJO

inner join � ?KJJA?PO�PSK�P=>HAOKJ�=�?KHQIJ�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=

right outer join ��EJ?HQ@AO�=HH�NKSO�BNKI�PDA�NECDP�P=>HA�PD=P�@E@�JKP�IAAP�PDA�?KJ@EPEKJ�OLA?EBEA@

SELECT statemenP��QOA@PK�MQANU�@=P=�EJ�PDA�@=P=>=OA

string function� LANBKNIO�KLAN=PEKJO�KJ�?D=N=?PAN�OPNEJCO
�>EJ=NU�@=P=�KN�ATLNAOOEKJO

system function� NAPQNJO�=�OLA?E=H�LEA?A�KB�EJBKNI=PEKJ�BNKI�PDA�@=P=>=OA

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�IK@EBUEJC�ATEOPEJC�@=P=

wildcard� =HHKSO�PDA�QOAN�PK�I=P?D�BEAH@O�PD=P�?KJP=EJ�?ANP=EJ�HAPPANO�

Exercises

$KNMQAOPEKJO� PK�� QOAPDA.3 1 O=ILHA@=P=>=OA?NA=PA@>U+E?NKOKBP�2K @KSJHK=@PDAO?NELPPK
CAJAN=PAPDEO@=P=>=OALHA=OACK PK PDABKHHKSEJCOEPA�DPPL�SSS�IE?NKOKBP�?KIAJ�?=@KSJHK=@
@AP=EHO�=OLT�E@�������

�� "EOLH=U�=�HEOP�KB�LQ>HE?=PEKJ�@=PAO�=J@�PEPHAO��>KKGO��PD=P�SANA�LQ>HEODA@�EJ������
�� "EOLH=U�=�HEOP�KB�PEPHAO�PD=P�D=RA�>AAJ�?=PACKNEVA@�=O�AEPDAN�PN=@EPEKJ=H�KN�IK@ANJ�?KKGEJC��3OA
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�>KKGO�LQP�KQP�>U�A=?D
LQ>HEODAN��0AJ=IA�PDA�?KHQIJ�PULA�SEPD�a KKG�!=PACKNU�a�1KNP�>U�PULA��@AO?AJ@EJC��=J@�PDAJ
LNE?A��=O?AJ@EJC��
�� "EOLH=U�PEPHA<E@
�LQ>@=PA�=J@�LQ>@=PA�LHQO�PDNAA@=UO
�QOEJC�PDA� KKGO�P=>HA�
�� 3OEJC�PDA�@=PA@EBB�=J@�CAP@=PA�BQJ?PEKJ�@APANIEJA�DKS�IQ?D�PEIA�D=O�AH=LOA@�EJ�IKJPDO�OEJ?A
PDA�>KKGO�EJ�PDA� KKGO�P=>HA�SANA�LQ>HEODA@�
�� *EOP�PDA�PEPHA�'"O�=J@�MQ=JPEPU�KB�=HH�>KKGO�PD=P�OKH@�IKNA�PD=J����?KLEAO�
�� "EOLH=U�=�HEOP�KB�=HH�H=OP�J=IAO�KB�PDA�=QPDKNO�SDK�HERA�EJ�-JP=NEK��-,��=J@�PDA�?EPEAO�SDANA�PDAU
HERA�
�� "EOLH=U�=HH�NKSO�PD=P�?KJP=EJ�=����EJ�PDA�L=UPANIO�BEAH@��3OA�PDA�1=HAO�P=>HA�
��� "EOLH=U�=HH�=QPDKNO�SDKOA�BENOP�J=IAO�=NA�BERA�HAPPANO�HKJC�
�AJ@�EJ�-�KN��
�=J@�OP=NP�SEPD�+�KN
.�
��� "EOLH=U�=HH�PEPHAO�PD=P�?KOP�IKNA�PD=J�����=J@�AEPDAN�>ACEJ�SEPD�2�KN�D=RA�=�LQ>HEODAN�'"�KB
�����
��� "EOLH=U�BNKI�PDA�#ILHKUAAO�P=>HA�PDA�BENOP�J=IA��BJ=IA�
�H=OP�J=IA��HJ=IA�
�AILHKUA
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'"�AIL<E@��=J@�FK>�HARAH��FK><HRH��?KHQIJO�BKN�PDKOA�AILHKUAAO�SEPD�=�FK>�HARAH�CNA=PAN�PD=J�����
=J@�NAJ=IA�PDA�?KHQIJ�DA=@EJCO�PK�`$ENOP�,=IA
a�`*=OP�,=IA
a�`'"#,2'$'!�2'-,�a�=J@
`(K>�*ARAH�a
��� "EOLH=U�PDA�NKU=HPU
�NKU=HPU�LHQO�����=O�`NKU=HPU�LHQO���a�=J@�PEPHA<E@��3OA�PDA�0KUO?DA@
P=>HA�
��� 3OEJC�PDA�123$$�BQJ?PEKJ�?NA=PA�=�OPNEJC�`��TTTT���a�BNKI�PDA�OPNEJC�`��������a
��� "EOLH=U�PDA�BENOP����?D=N=?PANO�KB�A=?D�PEPHA
�=HKJC�SEPD�PDA�=RAN=CA�IKJPDHU�O=HAO�BKN�PD=P�PEPHA
PK�@=PA��UP@<O=HAO�����3OA�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�>KKGO�KB�A=?D�PULA��3OA�PDA
%0-3.� 7�

Advanced Questions (Union, Intersect, and Minus)

�� 2DA�NAH=PEKJ=H�OAP�KLAN=PKNO�3,'-,
�',2#01#!2�=J@�+',31�SKNG�LNKLANHU�KJHU�EB�PDA
NAH=PEKJO�=NA�QJEKJ�?KIL=PE>HA��5D=P�@KAOQJEKJ�?KIL=PE>HAIA=J
�=J@�DKS�SKQH@�UKQ�?DA?G�BKN
PDEO�?KJ@EPEKJ�
�� 5D=P�EO�PDA�@EBBANAJ?A�>APSAAJ�3,'-,�=J@�3,'-,��**��5NEPA�PDA�OUJP=T�BKN�A=?D�
�� 1QLLKOA�PD=P�UKQ�D=RA�PSK�P=>HAO
�#ILHKUAAO�=J@�#ILHKUAAO<���2DA�#ILHKUAAO�P=>HA�?KJP=EJO
PDA�NA?KN@O�BKN�PDNAA�AILHKUAAO���HE?A�!KN@KV=
�(KDJ�!NAP?D=GKR
�=J@��JJA�+?"KJ=H@��2DA
#ILHKUAAO<��P=>HA�?KJP=EJO�PDA�NA?KN@O�BKN�AILHKUAAO��(KDJ�!NAP?D=GKR�=J@�+=NU�!DAJ��%ERAJ
PD=P�EJBKNI=PEKJ
�SD=P�EO�PDA�MQANU�KQPLQP�BKN�PDA�3,'-,�MQANU��*EOP�PDA�MQANU�KQPLQP�
�� %ERAJ�PDA�AILHKUAA�EJBKNI=PEKJ�EJ�MQAOPEKJ��
�SD=P�EO�PDA�MQANU�KQPLQP�BKN�PDA�3,'-,��**
MQANU��*EOP�PDA�MQANU�KQPLQP�
�� %ERAJ�PDA�AILHKUAA�EJBKNI=PEKJ�EJ�MQAOPEKJ��
�SD=P�EO�PDA�MQANU�KQPLQP�BKN�PDA�',2#01#!2
MQANU��*EOP�PDA�MQANU�KQPLQP�
�� %ERAJ�PDA�AILHKUAA�EJBKNI=PEKJ�EJ�MQAOPEKJ��
�SD=P�EO�PDA�MQANU�KQPLQP�BKN�PDA�#6!#.2
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
?�BQHH�KQPAN�FKEJ

�� 5D=P�EO�=�OQ>MQANU
�=J@�SD=P�=NA�EPO�>=OE?�?D=N=?PANEOPE?O�
��� 5D=P�EO�=�?KNNAH=PA@�OQ>MQANU��%ERA�=J�AT=ILHA�
��� 1QLLKOA�PD=P�=�.NK@Q?P�P=>HA�?KJP=EJO�PSK�=PPNE>QPAO
�.0-"<!-"#�=J@�4#,"<!-"#��2DA
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R=HQAO�BKN�PDA�.0-"<!-"#�=NA�� !
�"#$
�%&'�=J@�()*��2DAOA�=NA�I=P?DA@�>U�PDA�BKHHKSEJC
R=HQAO�BKN�PDA�4#,"<!-"#����
����
�����=J@����
�NAOLA?PERAHU��A�C�
�.0-"<!-"#
R=HQA� !�?KNNAOLKJ@O�PK4#,"<!-"# R=HQA������2DA�4AJ@KN�P=>HA�?KJP=EJO�=�OEJCHA
=PPNE>QPA
�4#,"<!-"#
�SEPD�R=HQAO����
����
�����=J@�������2DA�4#,"<!-"#�=PPNE>QPA�EJ�PDA
.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�KQPLQP�BKN�PDA�BKHHKSEJC�
1DKS�R=HQAO�

=� ��3,'-,�MQANU�>=OA@�KJ�PDAOA�PSK�P=>HAO
>� ��3,'-,��**�MQANU�>=OA@�KJ�PDAOA�PSK�P=>HAO
?� �J�',2#01#!2�MQANU�>=OA@�KJ�PDAOA�PSK�P=>HAO
@���+',31�MQANU�>=OA@�KJ�PDAOA�PSK�P=>HAO

Advanced Questions (Using Joins)

�� "EOLH=U�=�HEOP�KB�=HH�PEPHAO�=J@�O=HAO�JQI>ANO�EJ�PDA� KKGO�=J@�1=HAO�P=>HAO
�EJ?HQ@EJC�PEPHAO�PD=P
D=RA�JK�O=HAO��3OA�=�FKEJ�
�� "EOLH=U�=�HEOP�KB�=QPDKNOc�H=OP�J=IAO�=J@�=HH�=OOK?E=PA@�PEPHAO�PD=P�A=?D=QPDKN�D=O�LQ>HEODA@
OKNPA@�>U�PDA�=QPDKNcO�H=OP�J=IA��3OA�=�FKEJ�1=RA�EP�=O�=�REAS�J=IA@��.Q>HEODA@��QPDKNO�
�� 3OEJC�=�OQ>MQANU
�@EOLH=U�=HH�PDA�=QPDKNO��ODKS�H=OP�=J@�BENOP�J=IA
�LKOP=H�?K@A��SDK�NA?AERA�=
NKU=HPU�KB������=J@�HERA�EJ��H>ANP=��1=RA�EP�=O�=�REAS�PEPHA@���QPDKNO4EAS��5DAJ�?NA=PEJC�PDA
REAS
�NAJ=IA�PDA�=QPDKNcO�H=OP�J=IA�=J@�BENOP�J=IA�=O�b*=OP�,=IAc�=J@�b$ENOP�,=IAc�
�� "EOLH=U�PDA�OPKNAO�PD=P�@E@�JKP�OAHH�PDA�PEPHAIs Anger the Enemy?
�� "EOLH=U�=�HEOP�KB�OPKNA�J=IAO�BKN�O=HAO�=BPAN�������-N@AN�"=PA�EO�CNA=PAN�PD=J�������"EOLH=U
OPKNA�J=IA�=J@�KN@AN�@=PA�
�� "EOLH=U�=�HEOP�KB�PEPHAO�BKN�>KKGO�OKH@�EJ�OPKNA�J=IA�`,ASO��� NASO�a"EOLH=U�OPKNA�J=IA
�PEPHAO
=J@�KN@AN�@=PAO�
�� *EOP�PKP=H�O=HAO��MPU��>U�PEPHA��"EOLH=U�PKP=H�MQ=JPEPU�=J@�PEPHA�?KHQIJO�
�� *EOP�PKP=H�O=HAO��MPU��>U�PULA��"EOLH=U�PKP=H�MQ=JPEPU�=J@�PULA�?KHQIJO�
�� *EOP�PKP=H�O=HAO��MPU�LNE?A��>U�PULA��"EOLH=U�PKP=H�@KHH=NR=HQA�=J@�PULA�?KHQIJO�
��� !=H?QH=PA�PDA�PKP=H�JQI>AN�KB�PULAO�KB�>KKGO�>U�LQ>HEODAN��1DKS�LQ>HEODAN�J=IA�=J@�PKP=H
?KQJP�KB�PULAO�KB�>KKGO�BKN�A=?D�LQ>HEODAN�
��� 1DKS�LQ>HEODAN�J=IAO�PD=P�@K�JKP�D=RA�=JU�PULA�KB�>KKG�"EOLH=U�LQ>HEODAN�J=IA�KJHU�
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Appendix A University Registration Data Model Example

&ANAEO=OP=PAIAJPKBPDA@=P=NAMQENAIAJPOBKN=LNK@Q?PPKOQLLKNPPDANACEOPN=PEKJKB=J@LNKRE@ADAHLPKOPQ@AJPO
KB�=�BE?PEPEKQO�A�HA=NJEJC�QJERANOEPU�

�J A�HA=NJEJCQJERANOEPUJAA@OPKGAAL@AP=EHOKBEPOOPQ@AJPO=J@OP=BB
PDA?KQNOAOPD=PEPKBBANO=J@PDALANBKNI=J?A
KBPDAOPQ@AJPOSDKOPQ@UEPO?KQNOAO�2DAQJERANOEPUEO=@IEJEOPANA@EJBKQNCAKCN=LDE?=HNACEKJO�#JCH=J@

1?KPH=J@
�5=HAO�=J@�,KNPDANJ�'NAH=J@��

'JBKNI=PEKJ=>KQPA=?DOPQ@AJPODKQH@>AEJEPE=HHUNA?KN@A@=PNACEOPN=PEKJ�2DEOEJ?HQ@AOPDAOPQ@AJPcOE@AJPEBE?=PEKJ
JQI>ANEOOQA@=PPDAPEIA
J=IA
 UA=NKBNACEOPN=PEKJ=J@PDANACEKJEJSDE?DPDAOPQ@AJPEOHK?=PA@�� OPQ@AJPEOJKP
NAMQENA@�PK�AJNKHH�EJ�=JU�?KQNOAO�=P�NACEOPN=PEKJ��AJNKHHIAJP�EJ�=�?KQNOA�?=J�D=LLAJ�=P�=�H=PAN�PEIA�

'JBKNI=PEKJNA?KN@A@BKNA=?DIAI>AN KBPDAPQPKNE=H=J@?KQJOAHEJCOP=BBIQOPEJ?HQ@APDAOP=BBJQI>AN
J=IA =J@
NACEKJEJSDE?DDAKNODAEOHK?=PA@�#=?DOP=BBIAI>AN I=U =?P=O= ?KQJOAHKNPKKJAKNIKNAOPQ@AJPO
=J@I=U
=?P=O=PQPKNPKKJAKNIKNAOPQ@AJPOKJKJAKNIKNA?KQNOAO�'PI=U >APDA?=OAPD=P
=P=JUL=NPE?QH=NLKEJPEJPEIA

=�IAI>AN�KB�OP=BB�I=U�JKP�>A�=HHK?=PA@�=JU�OPQ@AJPO�PK�PQPKN�KN�?KQJOAH�

#=?DOPQ@AJPD=OKJA?KQJOAHKN
=HHK?=PA@=PNACEOPN=PEKJ
SDKOQLLKNPOPDAOPQ@AJPPDNKQCDKQPDEOKNDANQJERANOEPU
?=NAAN�� OPQ@AJPEO=HHK?=PA@= OAL=N=PAPQPKNBKNA=?D?KQNOAEJSDE?DDAKNODAEOAJNKHHA@�� OP=BBIAI>AN I=U
KJHU�?KQJOAH�KN�PQPKN�=�OPQ@AJP�SDK�EO�NAOE@AJP�EJ�PDA�O=IA�NACEKJ�=O�PD=P�OP=BB�IAI>AN�

#=?D?KQNOAPD=PEO=R=EH=>HABKNOPQ@UIQOPD=RA=?KQNOA?K@A
=PEPHA=J@=R=HQAEJPANIOKB?NA@EPLKEJPO�� ?KQNOA
EOAEPDAN= ���LKEJP?KQNOAKN= ���LKEJP?KQNOA�� ?KQNOAI=U D=RA= MQKP=BKNPDAJQI>ANKBOPQ@AJPOAJNKHHA@EJ
EP=P=JUKJALNAOAJP=PEKJ�� ?KQNOAJAA@JKPD=RA=JUOPQ@AJPOAJNKHHA@EJEP�OQ?D=O= ?KQNOAPD=PD=OFQOP>AAJ
SNEPPAJ�=J@�KBBANA@�BKN�OPQ@U��

1PQ@AJPO=NA?KJOPN=EJA@EJPDAJQI>ANKB?KQNOAOPDAU?=J>AAJNKHHA@EJ=P=JUKJAPEIA�2DAUI=U JKPP=GA?KQNOAO
OEIQHP=JAKQOHU�EB�PDAEN�?KI>EJA@�LKEJPO�PKP=H�AT?AA@O�����LKEJPO�

$KN=OOAOOIAJPLQNLKOAO
=���LKEJP?KQNOAI=U D=RAQLPKPDNAA=OOECJIAJPOLANLNAOAJP=PEKJ=J@=���LKEJP?KQNOA
I=U D=RAQLPKBERA=OOECJIAJPOLANLNAOAJP=PEKJ�2DACN=@ABKN=J=OOECJIAJPKJ=JU?KQNOAEONA?KN@A@=O=I=NG
KQP�KB�����

2DAQJERANOEPU@=P=>=OA>AHKSEOKJALKOOE>HA@=P=IK@AHPD=P@AO?NE>AOPDA=>KRAOAPKBNAMQENAIAJPO�2DAIK@AH
D=OOARAN=HL=NPO
>ACEJJEJCSEPD=J #0" =J@BKHHKSA@>U= SNEPPAJ@AO?NELPEKJKBAJPEPUPULAO
?KJOPN=EJPO
=J@
=OOQILPEKJO�

Design Process

1AA�$ECQNA�����

�� 2DA�BENOP�OPAL�EO�PK�@APANIEJA�PDA�GANJAHO��2DAOA�=NA�PULE?=HHU�JKQJO��1P=BB
�!KQNOA
�1PQ@AJP�=J@
�OOECJIAJP�
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�� 2DA�JATP�OPAL�EO�PK�@K?QIAJP�=HH�=PPNE>QPAO�BKN�A=?D�AJPEPU��2DEO�EO�SDANA�UKQ�JAA@�PK�AJOQNA�PD=P�=HH
P=>HAO�=NA�LNKLANHU�JKNI=HEVA@�
�� !NA=PA�PDA�EJEPE=H�#0"�=J@�NAREAS�EPSEPD�PDA�QOANO�
�� +=GA�?D=JCAO�EB�JAA@A@�=BPAN�PDA�#0"�NAREAS�
�� 4ANEBU�PDA�#0�IK@AH�SEPD�QOANO�PK�BEJ=HEVA�PDA�@AOECJ�

$ECQNA���� 3JERANOEPU#0"� � @=P=IK@AHBKN=OPQ@AJP=J@OP=BBNA?KN@O
OUOPAI�>U����5=PP�

Entity

1PQ@AJP��1PQ@AJP'"
�,=IA
�0ACEOPANA@
�0ACEKJ
�1P=BB,K�

1P=BB��1P=BB,K
�,=IA
�0ACEKJ��^�2DEO�P=>HA�?KJP=EJO�EJOPNQ?PKNO�=J@�KPDAN�OP=BB�IAI>ANO�

!KQNOA��!KQNOA!K@A
�2EPHA
�!NA@EP
�/QKP=
�1P=BB,K�

#JNKHHIAJP��1PQ@AJPH"
�!KQNOA!K@A
�"=PA#JNKHHA@
�$EJ=H%N=@A�

�OOECJIAJP��1PQ@AJP'"
�!KQNOA!K@A
��OOECJIAJP,K
�%N=@A�

Constraints

[ ��OP=BB�IAI>AN�I=U�KJHU�PQPKN�KN�?KQJOAH�OPQ@AJPO�SDK�=NA�HK?=PA@�EJ�PDA�O=IA�NACEKJ�=O�PDA�OP=BB
IAI>AN�

[ 1PQ@AJPO�I=U�JKP�AJNKHH�BKN�IKNA�PD=J�����LKEJPO�SKNPD�KB�?KQNOAO�=P�=JU�KJA�PEIA�
[ 2DA�=PPNE>QPA�!NA@EP��KB�!KQNOA��D=O�=�R=HQA�KB����KN����LKEJPO�
[ �����LKEJP�?KQNOA�I=U�D=RA�QL�PK�BERA�=OOECJIAJPO��=����LKEJP�?KQNOA�I=U�D=RA�QL�PK�PDNAA�=OOECJIAJPO�
[ 2DA�=PPNE>QPA�%N=@A��KB��OOECJIAJP��D=O�=�R=HQA�PD=P�EO�=�I=NG�KQP�KB�����

Assumptions

[ ��OPQ@AJP�D=O�=P�IKOP�KJA�AJNKHHIAJP�EJ�=�?KQNOA�=O�KJHU�?QNNAJP�AJNKHHIAJPO�=NA�NA?KN@A@�
[ �J�=OOECJIAJP�I=U�>A�OQ>IEPPA@�KJHU�KJ?A�
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Relationships (includes cardinality)

3OEJC$ECQNA���
 JKPAPD=P= OPQ@AJP�NA?KN@�EO=OOK?E=PA@SEPD�AJNKHHA@�SEPD= IEJEIQI KB� PK= I=TEIQI KB
I=JU�?KQNOAO�

#=?D�AJNKHHIAJP�IQOP�D=RA�=�R=HE@�OPQ@AJP�

Note: 1EJ?APDA1PQ@AJP'"EOL=NPKBPDA.)
 EP?=JcP>AJQHH�2DANABKNA
=JU1PQ@AJP'"AJPANA@
IQOPATEOPEJPDA
1PQ@AJP�P=>HA�=P�HA=OP�KJ?A�PK�=�I=TEIQI�KB��PEIA��2DEO�ODKQH@�>A�K>REKQO�OEJ?A�PDA�.)�?=JJKP�D=RA�@QLHE?=PAO�

$ECQNA�����>U����5=PP�

0ABANPK$ECQNA���� � OP=BBNA?KN@�= PQPKN�EO=OOK?E=PA@SEPD= IEJEIQI KB� OPQ@AJPOPK= I=TEIQI KBI=JU
OPQ@AJPO�

��OPQ@AJP�NA?KN@�I=U�KN�I=U�JKP�D=RA�=�PQPKN�

$ECQNA�����>U����5=PP�

Note: 2DA1P=BB,KBEAH@EJPDA1PQ@AJPP=>HA=HHKSOJQHHR=HQAO^ NALNAOAJPA@>UPDA� KJPDAHABPOE@A�&KSARAN
EB
=�1P=BB,K�ATEOPO�EJ�PDA�OPQ@AJP�P=>HA�EP�IQOP�ATEOP�EJ�PDA�1P=BB�P=>HA�I=TEIQI�KJ?A�^�NALNAOAJPA@�>U�PDA���

0ABANPK$ECQNA���� � OP=BBNA?KN@�EJOPNQ?PKN�EO=OOK?E=PA@SEPD= IEJEIQI KB� ?KQNOAOPK= I=TEIQI KBI=JU
?KQNOAO�

��?KQNOA�I=U�KN�I=U�JKP�>A�=OOK?E=PA@�SEPD�=J�EJOPNQ?PKN�

Note: 2DA1P=BB,KEJPDA!KQNOAP=>HAEOPDA$)
 =J@EP?=J>AJQHH�2DEONALNAOAJPOPDA� KJ PDAHABPOE@AKBPDA
NAH=PEKJODEL�'BPDA1P=BB,KD=O@=P=
EPD=OPK>AEJPDA1P=BBP=>HA=I=TEIQI KBKJ?A�2D=PEONALNAOAJPA@>UPDA�
KJ�PDA�HABP�OE@A�KB�PDA�NAH=PEKJODEL�
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$ECQNA�����>U����5=PP�

0ABAN�PK�$ECQNA�������?KQNOA�IQOP�>A�KBBANA@��EJ�AJNKHHIAJP��=P�HA=OP�KJ?A�PK�=�I=TEIQI�KB�I=JU�PEIAO�

2DA�#JNKHHIAJP�P=>HA�IQOP�?KJP=EJ�=P�HA=OP��R=HE@�?KQNOA�PK�=�I=TEIQI�KB�I=JU�

$ECQNA�����>U����5=PP�

0ABAN�PK�$ECQNA�������J�AJNKHHIAJP�?=J�D=RA�=�IEJEIQI�KB���=OOECJIAJPO�KN�=�I=TEIQI�KB�I=JU�

�J�=OOECJIAJP�IQOP�>A�=OOK?E=PA@�SEPD�=P�HA=OP��SEPD�=�I=TEIQI�KB��AJNKHHIAJP�

Note: #RANUNA?KN@EJPDA�OOECJIAJPP=>HAIQOP?KJP=EJ=R=HE@AJNKHHIAJPNA?KN@�-JA AJNKHHIAJPNA?KN@?=J>A
=OOK?E=PA@�SEPD�IQHPELHA�=OOECJIAJPO�

$ECQNA�����>U����5=PP�

Attribution

2DEOEO=J =@=LP=PEKJ
JKP= @ANER=PEKJ=OPDA=QPDKNSNKPAD=HBKBEP�1KQN?A�DPPL�KLAJHA=NJ�KLAJ�=?�QGIK@
KQ?KJPAJPREAS�LDL�E@��������OA?PEKJ����
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Appendix B Sample ERD Exercises

Exercise 1

Manufacturer

� I=JQB=?PQNEJC?KIL=JULNK@Q?AOLNK@Q?PO�2DABKHHKSEJCLNK@Q?PEJBKNI=PEKJEOOPKNA@�LNK@Q?PJ=IA
 LNK@Q?P
'" =J@MQ=JPEPUKJ D=J@�2DAOALNK@Q?PO=NAI=@AQLKBI=JU ?KILKJAJPO�#=?D?KILKJAJP?=J>AOQLLHEA@>U
KJAKNIKNAOQLLHEANO�2DABKHHKSEJC?KILKJAJPEJBKNI=PEKJEOGALP�?KILKJAJP'"
 J=IA
 @AO?NELPEKJ
OQLLHEANO
SDK�OQLLHU�PDAI
�=J@�LNK@Q?PO�EJ�SDE?D�PDAU�=NA�QOA@��3OA�$ECQNA� ���BKN�PDEO�ATAN?EOA�

!NA=PA�=J�#0"�PK�ODKS�DKS�UKQ�SKQH@�PN=?G�PDEO�EJBKNI=PEKJ�

1DKS�AJPEPU�J=IAO
�LNEI=NU�GAUO
�=PPNE>QPAO�BKN�A=?D�AJPEPU
�NAH=PEKJODELO�>APSAAJ�PDA�AJPEPEAO�=J@�?=N@EJ=HEPU�

Assumptions

[ ��OQLLHEAN�?=J�ATEOP�SEPDKQP�LNKRE@EJC�?KILKJAJPO�
[ ��?KILKJAJP�@KAO�JKP�D=RA�PK�>A�=OOK?E=PA@�SEPD�=�OQLLHEAN�
[ ��?KILKJAJP�@KAO�JKP�D=RA�PK�>A�=OOK?E=PA@�SEPD�=�LNK@Q?P��,KP�=HH�?KILKJAJPO�=NA�QOA@�EJ�LNK@Q?PO�
[ ��LNK@Q?P�?=JJKP�ATEOP�SEPDKQP�?KILKJAJPO�

ERD Answer

!KILKJAJP�!KIL'" 
�!KIL,=IA
�"AO?NELPEKJ��.)�!KIL'"

.NK@Q?P�.NK@'"
.NK@,=IA
�/PU-J&=J@��.)�.NK@'"

1QLLHEAN�1QLL'" 
�1QLL,=IA��.)���1QLL'"

!KIL1QLL� !KIL'"
�1QLL'" ��.)���!KIL'"
�1QLL'"

 QEH@�!KIL'"
�.NK@'" 
�/PU-B!KIL��.)��!KIL'"
�.NK@'"

Exercise 2

Car Dealership

!NA=PA=J #0" BKN= ?=N@A=HANODEL�2DA@A=HANODELOAHHO>KPDJAS=J@QOA@?=NO
=J@EPKLAN=PAO= OANRE?AB=?EHEPU
�OAA�$ECQNA� ����� =OA�UKQN�@AOECJ�KJ�PDA�BKHHKSEJC�>QOEJAOO�NQHAO�
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$ECQNA� ���>U����5=PP�

[ ��O=HAOLANOKJ�I=U�OAHH�I=JU�?=NO
�>QP�A=?D�?=N�EO�OKH@�>U�KJHU�KJA�O=HAOLANOKJ�
[ ��?QOPKIAN�I=U�>QU�I=JU�?=NO
�>QP�A=?D�?=N�EO�>KQCDP�>UKJHU�KJA�?QOPKIAN�
[ ��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@��PD=P�EO
�=�?QOPKIANJAA@�JKP�>QU�=�?=N�PK�>A

?H=OOEBEA@�=O�=�?QOPKIAN�
[ 5DAJ�=�?QOPKIAN�P=GAO�KJA�KN�IKNA�?=NO�EJ�BKN�NAL=EN�KN�OANRE?A
�KJA�OANRE?A�PE?GAP�EO�SNEPPAJ�BKN�A=?D�?=N�
[ 2DA�?=N�@A=HANODEL�I=EJP=EJO�=�OANRE?A�DEOPKNU�BKN�A=?D�KB�PDA�?=NO�OANRE?A@��2DA�OANRE?ANA?KN@O�=NA

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?O
�=J@�A=?D�IA?D=JE?�I=U�SKNG�KJ

I=JU�?=NO�
[ ��?=N�PD=P�EO�OANRE?A@�I=U�KN�I=U�JKP�JAA@�L=NPO��A�C�
�=@FQOPEJC�=�?=N>QNAPKN�KN?HA=JEJC�=�BQAH�EJFA?PKN

JKVVHA�@KAO�JKP�NAMQENA�LNKRE@EJC�JASL=NPO��
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ERD Answer
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Appendix C SQL Lab with Solution

"KSJHK=@�PDA�BKHHKSEJC�O?NELP�-N@ANO�J@"=P=�OMH�

Part 1 Ð DDL

$ECQNA�!����#0"�BKN�-N@ANO�=J@�"=P=�

�� 3OA�PDA�O?NELP�-N@ANO�J@"=P=�OMH�PD=P�?NA=PAO�PDA�P=>HAO�=J@�=@@O�PDA�@=P=�BKN�PDA�-N@ANO�=J@�"=P=
#0"�EJ�$ECQNA�!���
�� !NA=PA�=�@=P=>=OA�?=HHA@�-N@ANO��+K@EBU�PDA�O?NELP�PK�EJPACN=PA�PDA�.)�=J@�NABANAJPE=H�EJPACNEPU��1DKS
PDA�!0#�2#�2� *# OP=PAIAJPO�SEPD�PDA�IK@EBE?=PEKJO�EJ?HQ@EJC�PDA�?KJOPN=EJPO�CERAJ�EJ�OPAL���
�� �@@�PDA�BKHHKSEJC�?KJOPN=EJPO�

[ P>H!QOPKIANO�P=>HA�!KQJPNU�^�@AB=QHP�PK�!=J=@=
[ P>H-N@AN"AP=EHO�/Q=JPEPU��̂��
[ P>H1DELLANO��!KIL=JU,=IA�IQOP�>A�QJEMQA�
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[ P>H-N@ANO��1DELLA@"=PA�IQOP�>A�CNA=PAN�PD=J�KN@AN�@=PA�

!0#�2#�"�2� �1#�-N@ANO
%K
3OA�-N@ANO
%K

3OA�-N@ANO
%K
!0#�2#�2� *#�9@>K:�9P>H!QOPKIANO:
9!QOPKIAN'": JR=N?D=N����,-2�,3**

9!KIL=JU,=IA: JR=N?D=N�����,-2�,3**

9!KJP=?P,=IA: JR=N?D=N�����,3**

9!KJP=?P2EPHA:JR=N?D=N�����,3**

9�@@NAOO: JR=N?D=N�����,3**

9!EPU: JR=N?D=N�����,3**

90ACEKJ: JR=N?D=N�����,3**

9.KOP=H!K@A:JR=N?D=N�����,3**

9!KQJPNU: JR=N?D=N�����,3**
!KJOPN=EJP@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'"�
��

!0#�2#�2� *#�9@>K:�9P>H1QLLHEAN:��
91QLLHEAN'":EJP�,-2�,3**

9,=IA: JR=N?D=N�����,3**

9�@@NAOO:JR=N?D=N�����,3**

9!EPU: JR=N?D=N�����,3**

9.NKREJ?A: JR=N?D=N�����,3**

.NEI=NU�)AU��1QLLHEAN'"�
��

!0#�2#�2� *#�9@>K:�9P>H1DELLANO:��
91DELLAN'": EJP�,-2�,3**

9!KIL=JU,=IA: JR=N?D=N�����,-2�,3**
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.NEI=NU�)AU��1DELLAN'"�
�
!-,120�',2�Q?<!KIL=JU,=IA�3,'/3#��!KIL=JU,=IA�
��

!0#�2#�2� *#�9@>K:�9P>H.NK@Q?PO:��
9.NK@Q?P'": EJP�,-2�,3**

91QLLHEAN'": EJP�,3**

9!=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.AN3JEP:JR=N?D=N�����,3**

93JEP.NE?A: IKJAU�,3**

93JEPO'J1PK?G:OI=HHEJP�,3**

93JEPO-J-N@AN:OI=HHEJP�,3**

90AKN@AN*ARAH:OI=HHEJP�,3**

9"EO?KJPEJQA@:>EP�,-2�,3**

.NEI=NU�)AU��.NK@Q?P'"�

$KNAECJ�)AU��1QLLHEAN'"��0ABANAJ?AO�P>H1QLLHEAN
��

!0#�2#�2� *#�9@>K:�9P>H-N@ANO:��
9-N@AN'": EJP�,-2�,3**

9!QOPKIAN'": JR=N?D=N����,-2�,3**

9#ILHKUAA'": EJP�,3**

91DEL,=IA: JR=N?D=N�����,3**

91DEL�@@NAOO:JR=N?D=N�����,3**

91DEL!EPU: JR=N?D=N�����,3**

91DEL0ACEKJ: JR=N?D=N�����,3**

91DEL.KOP=H!K@A:JR=N?D=N�����,3**

91DEL!KQJPNU:JR=N?D=N�����,3**

91DEL4E=: EJP�,3**

9-N@AN"=PA: OI=HH@=PAPEIA�,3**

90AMQENA@"=PA:OI=HH@=PAPEIA�,3**

91DELLA@"=PA:OI=HH@=PAPEIA�,3**

9$NAECDP: IKJAU�,3**
.NEI=NU�)AU��-N@AN'"�

$KNAECJ�)AU��!QOPKIAN'"��0ABANAJ?AO�P>H!QOPKIANO

$KNAECJ�)AU��1DEL4E=��0ABANAJ?AO�P>H1DELLANO
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!KJOPN=EJP�R=HE@<1DEL"=PA�!&#!)��1DELLA@"=PA���-N@AN"=PA�
��

!0#�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?A:IKJAU�,-2�,3**

9/Q=JPEPU:OI=HHEJP�,-2�,3**

9"EO?KQJP:NA=H�,-2�,3**

.NEI=NU�)AU��-N@AN'"
�.NK@Q?P'"�

$KNAECJ�)AU��-N@AN'"��0ABANAJ?AO�P>H-N@ANO

$KNAECJ�)AU��.NK@Q?P'"��0ABANAJ?AO�P>H.NK@Q?PO

!KJOPN=EJP�4=HE@</PU�!DA?G��/Q=JPEPU�����
��
%K

Part 2 Ð Create the Following SQL Statements

�� 1DKS=HEOPKB?QOPKIANO=J@PDAKN@ANOPDAUCAJAN=PA@@QNEJC����� "EOLH=U?QOPKIAN'"
 KN@AN'"
 KN@AN@=PA
=J@�@=PA�KN@ANA@�

3OA�-N@ANO
%K
1#*#!2�!KIL=JU,=IA
�-N@AN'"
�0AMQENA@"=PA�=O�bKN@AN�@=PAc
�-N@AN"=PA�=O�b@=PA�KN@ANA@c
$0-+�P>H?QOPKIANO(-',�P>H-N@ANO�KJ�P>H-N@ANO�!QOPKIAN'"���P>H!QOPKIANO�!QOPKIAN'"
5&#0#�7A=N�-N@AN"=PA��������

�� 3OEJC�PDA��*2#0�2� *# OP=PAIAJP
�=@@�=�JAS�BEAH@���?PERA��EJ�PDA�P>H?QOPKIAN�"AB=QHP�EP�PK�2NQA�

�*2#0�2� *#�P>H!QOPKIANO
�""��?PERA�>EP�"#$�3*2��b2NQAc�

�� 1DKS=HHKN@ANOLQN?D=OA@>ABKNA1ALPAI>AN�
 ����� "EOLH=U?KIL=JUJ=IA
 @=PAKN@ANA@=J@PKP=H=IKQJPKB
KN@AN��EJ?HQ@A�BNAECDP��

1#*#!2�P>H-N@ANO�-N@AN'"
�-N@AN"=PA�=O�b"=PA�-N@ANA@c
�OQI�QJEPLNE?A�MQ=JPEPU����@EO?KQJP��	�BNAECDP
=O�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���b1ALPAI>AN��
�����c
%0-3.� 7�P>H-N@ANO�-N@AN'"
�BNAECDP
�-N@AN"=PA

�� 1DKS=HHKN@ANOPD=PD=RA>AAJODELLA@RE=$A@AN=H1DELLEJC�"EOLH=U-N@AN'"
1DEL,=IA
 1DEL�@@NAOO=J@
!QOPKIAN'"�

1#*#!2�-N@AN'"
�1DEL,=IA
�1DEL�@@NAOO
�!QOPKIAN'"
$0-+�P>H-N@ANO�FKEJ�P>H1DELLANO�KJ�P>H-N@ANO�1DEL4E=���P>H1DELLANO�1DELLAN'"
5&#0#�!KIL=JU,=IA��b$A@AN=H�1DELLEJCc

�� 1DKS�=HH�?QOPKIANO�SDK�D=RA�JKP�I=@A�LQN?D=OAO�EJ������

1#*#!2�!KIL=JU,=IA
$0-+�P>H!QOPKIANO
5&#0#�!QOPKIAN'"�JKP�EJ
� 1#*#!2�!QOPKIAN'"
$0-+ P>H-N@ANO
5&#0#�7A=N�-N@AN"=PA��������
�

�� 1DKS�=HH�LNK@Q?PO�PD=P�D=RA�JARAN�>AAJ�KN@ANA@�

1#*#!2�.NK@Q?P'"�BNKI�P>H.NK@Q?PO
#T?ALP
1#*#!2�.NK@Q?P'"�BNKI�P>H-N@AN"AP=EHO

-0

1#*#!2�.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'"OBKN?QOPKIANOSDKNAOE@AEJ*KJ@KJ�3OA= OQ>MQANU�"EOLH=U!QOPKIAN'"
!QOPKIAN,=IA
=J@�-N@AN'"�

1#*#!2�!QOPKIANO�!KIL=JU,=IA
!QOPKIANO�!QOPKIAN'"
-N@AN'"
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$0-+�-N@ANO
*#$2�(-',�!QOPKIANO�-,�-N@ANO�!QOPKIAN'"���!QOPKIANO�!QOPKIAN'"
5&#0#�!QOPKIANO�!KIL=JU,=IA�',
�1#*#!2�!KIL=JU,=IA
$0-+�!QOPKIANO
5&#0#�!EPU�� b*KJ@KJc�

�� 1DKS�LNK@Q?PO�OQLLHEA@�>U�1QLLHEAN���=J@�1QLLHEAN� ��"EOLH=U�LNK@Q?P�J=IA�=J@�OQLLHEAN�J=IA�

1#*#!2�.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#*#!2�#JCHEOD,=IA
�.NK@Q?P,=IA
/Q=JPEPU.AN3JEP
$0-+�P>H.NK@Q?PO
5&#0#�/Q=JPEPU.AN3JEP�HEGA�b�>KT�c
-0"#0� 7�#JCHEOD,=IA

Part 3 Ð Insert, Update, Delete, Indexes

�� !NA=PA=J #ILHKUAAP=>HA�2DALNEI=NUGAUODKQH@>A#ILHKUAA'"�=QPKJQI>AN���@@PDABKHHKSEJCBEAH@O�
*=OP,=IA
 $ENOP,=IA
�@@NAOO
!EPU
.NKREJ?A
.KOP=H?K@A
.DKJA
1=H=NU�1DKSPDA!0#�2# 2� *# OP=PAIAJP
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