Database Principles:
Fundamentals of Design,
Implementation, and

Management
Tenth Edition

Chapter 7

Data Modeling with Entity Relationship
Diagrams

Objectives

* In this chapter, students will learn:

— The main characteristics of entity relationship
components

— How relationships between entities are defined,
refined, and incorporated into the database
design process

— How ERD components affect database design
and implementation

— That real-world database design often requires
the reconciliation of conflicting goals
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The Entity Relationship Model (ERM)

 ER model forms the basis of an ER diagram

 ERD represents conceptual database as
viewed by end user

 ERDs depict database’s main components:
— Entities
— Attributes
— Relationships
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Entities

» Refers to entity set and not to single entity
occurrence

* Corresponds to table and not to row in
relational environment

* In Chen and Crow’s Foot models, entity is
represented by rectangle with entity’s name

e The entity name, a noun, is written in capital
letters
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Attributes

e Characteristics of entities

« Chen notation: attributes represented by ovals

connected to entity rectangle with a line
— Each oval contains the name of attribute it

represents

e Crow’s Foot notation: attributes written In

attribute box below entity rectangle
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FIGURE The attributes of the STUDENT entity: Chen and Crow’s Foot

7.1

Chen Model

STU_INITIAL

STUDENT
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Crow’s Foot Model

STUDENT

STU_LNAME
STU_FNAME
STU_INITIAL
STU_EMAIL

STU PHONE

SOURCE: Course Technology/Cengage Leaming




Attributes (cont’'d.)

* Required attribute: must have a value
o Optional attribute: may be left empty
 Domain: set of possible values for an attribute

— Attributes may share a domain

 ldentifiers: one or more attributes that uniquely
identify each entity instance

o Composite identifier: primary key composed of
more than one attribute
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FIGURE The CLASS table (entity) components and contents

7.2

[ CLASS _CODE [ CRS_CODE [ CLASS_SECTION

CLASS_TIME

Database name: Ch07_TinyCollege

| ROOM_CODE | PROF_NUM |

10012
10013
10014
10015
10016
10017
10018
10018
10020
10021
10022
10023
10024
10025

ACCT-211
ACCT-211
ACCT-211
ACCT-212
ACCT-212
CIS-220
Cls-220
CIS-220
Cl5-420
Q-261
GI-261
QM-362
QM-362
MATH-243

B e e N N R N N R

MF 5:00-8:50 a.m.
MAF 200-9:50 &.m.
TTh 230-3:45 p.m
MAF 10:00-1050 am.
Th B:00-8:40 p.m
MAAF 9.00-9:50 a.m.
MWF 9:00-9:50 a.m.
hAF 10:00-10:50 am.
VB 00-5:40 p.m.
MAAF 8:00-8:50 am.
TTh1:00-Z215 pm
MAWF 11:00-11:50 am.
TTh230-3.45pm

Th 6:00-8:40 p.m.

BUS311
BUS200
BUS252
BUSE11
BUS252
KLR209
KLR211

KLR208
KLR209
KLR200
KLR200
KLR200
KLR200
DRE155

105
105
342
301
301
228
114
228
162
114
114
162
162
325

SOURCE: Course Technology/Cengage Leamning
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Attributes (cont’'d.)

Composite attribute can be subdivided
Simple attribute cannot be subdivided

Single-value attribute can have only a single
value

Multivalued attributes can have many values
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FIGURE A multivalued attribute in an entity
i-a

Chen Model Crow’s Foot Model

CAR
MOD CODE
CAR_YEAR

SOURCE: Course Technology'Cengage Leaming

10
© 2013 Cengage Learning. All Rights Reserved. This edition is intended for use outside of the U.S. only, with content that may be different from the U.S. Edition.
May not be scanned, copied, duplicated, or posted to a publicly accessible website, in whole or in part.




Attributes (cont’'d.)

* M:N relationships and multivalued attributes
should not be implemented

— Create several new attributes for each of the
original multivalued attributes’ components

— Create new entity composed of original
multivalued attributes’ components

* Derived attribute: value may be calculated from
other attributes

— Need not be physically stored within database
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FIGURE Depiction of a derived attribute
7.6

Chen Model Crow’s Foot Model

PR CTD> eroves

PK |EMP NUM
> =
Q , EMP_LNAME

EMP_FNAME
EMPLOYEE | _ _ __ EMP_INITIAL

EMP_DOB

EMP_AGE

SOURCE: Course Technology'Cengage Learning

Advantages and Disadvantages of Storing Derived Attributes

Advantage Saves CPU processing cycles Saves storage space

Saves data access time Computation always yields current value
Data value is readily available

Can be used to keep track of historical data

Disadvantage Requires constant maintenance to ensure Uses CPU processing cycles
derived value is current, especially if any Increases data access time
values used in the calculation change Adds coding complexity to queries
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Relationships

» Association between entities

« Participants are entities that participate in a
relationship

» Relationships between entities always operate
In both directions

» Relationship can be classified as 1:M

* Relationship classification is difficult to establish
If only one side of the relationship is known
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Connectivity and Cardinality

o Connectivity
— Describes the relationship classification
o Cardinality

— Expresses minimum and maximum number of
entity occurrences associated with one
occurrence of related entity

« Established by very concise statements known
as business rules
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FIGURE Connectivity and cardinality in
7.7 an ERD

Connectivities

PROFESSOR / \ CLASS
Ll 'l e

teaches

(1.1) (1.l4|

Cardinalities
SOURCE: Course Technology/Cengage Leaming
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Existence Dependence

« EXistence dependence

— Entity exists in database only when it is
associated with another related entity
occurrence

« EXistence independence

— Entity can exist apart from one or more related
entities

— Sometimes such an entity is referred to as a
strong or regular entity
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Relationship Strength

« Weak (non-identifying) relationships

— Exists if PK of related entity does not contain PK
component of parent entity

« Strong (identifying) relationships

— Exists when PK of related entity contains PK
component of parent entity
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FIGURE A weak (non-identifying) relationship between COURSE and CLASS

7.8
CLASS
COURSE
PK CLASS CODE
PK |CRS_CODE
TR — generates _ _ ] gFKi |CRS_CODE
DEPT_CODE CLASS_SECTION
CRS_DESCRIPTION CLASS_TIME
CRS_CREDIT ROOM_CODE
PROF_NUM
Table name: COURSE Database name: Ch07_TinyCollege
| crs_cops | pePT_cope | CRS_DESCRPTION CRS_CREDI |
ACCT-211 ACCT Accouring | 3
ALCT-212 ACCT ACTOUrTIng I 3
Cl5-220 as htro. to MicrocompLitng 3
ClE-220 [ Dafabasze Design and Implemertation 4
ML TH-243 MATH Wsthematics for Maragers 3
Gikl-2601 L =3 Iritr. 1o SlatiEtics 3
Cil-362 s Statistical Applicatons 4
Table name: CLASS
| cLASS_cope [ crs_coDE [ cLASS_SECTION CLASS_TIME | ROOM_CODE | PROF_Hiiia
10012 ACCT-2H4 |1 rAAF & 00-E:50 am BUS3 1 105
10013 ACCT-ZI1 2 MAF SO0-S50am  BUS200 105
100714 ACCT-211 3 TTh 230345 a.m. BUs252 342
10015 ACCT 22 1 BAAF 10001050 sm BLS31 am
10016 ACCT-212 2 Th &00-2: 40 pum, BUZ252 a0
10017 CIS-220 1 MAF S00-550 am KLF209 228
10018 CIs-220 2 MAT S00-250 a.m KLE211 114
10019 £ hAAF 10001050 am KLR209 208
10020 1 W BO0-G40 pm KLF:203 162
100 1 MAF G 00-520 2m KLF200 114
10022 2 TTh1:00-2150.m. KLE200 114
10023 1 rAF 11:00.11: 50 sam. KLR200 162
10024 z TThZ:30-3:45 pam. KLF:Z00 162
100z MATH-247 1 Th E00-240 pm DRE192 325

SOURCE: Course Technology/'Cengage Learmning
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FIGURE A strong (identifying) relationship between COURSE and CLASS
7.9

CLASS
PK.,FK1 |CRS CODE

" geperales Qﬂ PK CLASS SECTION

COURSE

PK |CRS_CODE

DEPT_CODE
CRS_DESCRIPTION CLASS_TIME
CRS_CREDIT ROOM_CODE
_ PROF_NUM
Tahle name: COURSE Database name: ChO7_TinyCollege Alt
CRS_CODE | DEPT_CODE | CRS_DESCRETION | crs_creoim |

ACET-211 AceT Accouring 3

ALCT-212 AaCLT ACTOUNING 1| 3

CIS-220 as hiro. to Microcomputing 3

Cl=-421 = Dtabazs Decicn and Inplemertafion 4

MLTH-242 hATH Mathematics for Manaosrs 2

@261 as tro. to Statistics 3

Qi-362 as Statistical Apalicatons 4

Table name: CLASS

(RS_CODE | CLASS SECTION | CLASS TME [ RODM_CODE | DROF_HLI |

ADCT-211 1 I B:00-3:50am.  BLUS3NM 105

ALCT-211 2 LF 008 50am.  BIS200 105

ADCT-21 3 TTh 230-345 pm BS252 342

ADCT-212 1 IAAF 1 C00-10:50 2 m. BLUS31 k]

ACCT-212 2 Th 5:00-8:40 pp m. BUS252 3m

CE-220 1 MAF i0a0am.  HLUR203 228

CE-22D 2 IMAF S:00-8:50am. HLR21 114

CE-220 3 I 1 C00-10:50 a.m.  HLR209 228

CI5-420 1 ¥ 5.00-3:40 pum. HLR209 162

rsTH-243 1 Tk 6:00-8:40 pom. DRE1£5 325

QM-261 1 IMAF §:00-3:90am.  HLR200 114

- 261 2 TTh 1:00-215 pum. HLR200 114

Q-362 1 WA 11:00-11:50 am.  HLR200 162

Gl-362 2 [Th 230-24% g, HLF20 162

SOURCE: Course Technology/Cengage Leaming
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Weak Entities

« Weak entity meets two conditions
— Existence-dependent

— Primary key partially or totally derived from
parent entity in relationship

« Database designer determines whether an
entity is weak based on business rules
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" FIGURE

7.10
Chen Model
1
EMPLOYEE has
(0,N)
EMP NUM EMP NUM
EMP_LNAME DEP NUM
EMP_FNAME DEP_FNAME
EMP_INITIAL DEP_DOB
EMP_DOB
EMP_HIREDATE
Crow’s Fool Maodel
2oz DEPENDENT
PK | EMP_NUM e — DEP NUM
EMP LNAME .:: - O€|PKFK1 |EMP_NUM
EMP_FNAME . (Q,N)
EMP_INITIAL Es_:rg;ne
EMP_DOB -
EMP_HIREDATE

SOURCE: Courss Technolopy/Cangage Laarning
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FIGURE
7.11

Table name: EMPLOYEE Dalabase name: Ch07 ShortCo

| Ewe MM | EMP LNAME | EMP_FMANE | EMP NITISL | EMP_DOB | EMP_HREDATE
1001 | Califents Jeanine J 12-har-64 25 May-07
1002 Sthilkson william K 23-Now-70 ZB-Wlay 97
1003 washngion  Herman - 15-Aug-66 3-iay-97
1004 Chen Lyalia E 23-Mar-74 15.0ct-98
1005 Jobnson Mzlenie 28 Sep 65 10 .De= 95
1006 Ortega Jorge & 12-0u-70 05 Jen-02
1007 Tl Peler o 1 0-4uin-71 2302
1008 Brzerski Barbara A 12-Feb-70 01 Mlow-03

Table name: DEPENDENT

EMP_iLIA | DEP_WLM | DEP_FMSME | DEF_DOB

1001 1 Annclac 15-0ec-97
1001 2 Jorge J0-zep-02
1003 1 Suzarne 25-Jen-04
1005 1 Carns 25-Mey-0
1003 1 Michasl 10Feh-05
1008 2 Georoe 27-0un-95
1008 3 Katwerine  18-Aug-03

SOURCE: Course TechnologyrCengage Learning
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Relationship Participation

* Optional participation
— One entity occurrence does not require

corresponding entity occurrence in particular
relationship

« Mandatory participation

— One entity occurrence requires corresponding
entity occurrence in particular relationship
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TABLE i i i

7.3

O€ (O,N) Zero or many; the “many” side is optional.
|€ (1,N) One or many; the “many” side is mandatory.
|| (1,1) One and only one; the “1” side is mandatory,
O.l 0,1) Zero or one; the “1” side is optional.
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SOURCE Course Technology/ACengage Learning

FIGURE  CLASS is optional to COURSE
7.13
COURSE CLASS
H generales 04
(1,1) (O.N)
FIGURE ~ COURSE and CLASS in a mandatory relationship
7.14
COURSE CLASS
1 gernerates L
" I
(1,1) (1,N)

SCURCE Course Technology/Cengage Learning
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Relationship Degree

Indicates number of entities or participants
associated with a relationship

Unary relationship

— Association is maintained within single entity

Binary relationship

— Two entities are associated

Ternary relationship
— Three entities are associated
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" FIGURE
7.15

Unary relationship Binary relationship

EMPLOYEE PROFESSOR [ ctass |
-"—ﬂ—""'s“}""s
Ternary relaticnship (Conceptual)
DOCTOR PATIENT

2

Ternary relationship (Logical)

SOURCE: Course Technology/ Cengapge Learning
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" FIGURE
7.16

Datahase name: Ch07 _Clinic

Table name: DRUG Table name: PATIENT
| CRLIG_HAE | R FREE | FAT_HUM [ PAT_TITLE | PAT_LMANE | PAT_FHANE [ PAT_MTAL [ PAT COB | FAT_AREACCOE | PAT_PHONE

AFS Afgapen-15 2500 100 . Kelmyes Cige o 15- 1842 B35 ]
AR AfRSgen-25 3500 | = Lewis RHome [} 15T E15 4472
LRO Ltoakng Chirids A 02 W Varean At 14-7lv-1958 SN E75-E533
LR? Cauzockeis Croplokns 15:8| 103 L3 Jores ke “ 15-Co 187 ES HBI4FE
KO15 Kickskst Oy hesslre §5.75| 09 W Langs i P M- 1871 50 44430
OLE Dearvier. Dt zasn 12355 05 It I EY Fper ] 14 Mar 1675 £°5 005220
TRYF Trypkeise Heptsdinsii 345 108 (&2 Zmih dne K 12-Feb 2003 £°5 T8

07 I Ciarte dorign o I -dag 974 E5 EOASST

108 I wiaserkach  |Peud R 14Feb-1065 £°5 74355

03 I, Zmih e K AE- 19654 S-33E

110 Iz Garkazi Leidhis B 131970 901 SEQO03

111 I¥. viashidon | Ruger E 03-Jn1955 €15 04922

112 I¥. loreon Ectwstd E 1w 1951 €13 HEA3ET

113 [ e wilaris E 15361970 €15 005

114 M. Brsrcdn Meiz @ 02 71932 90 BE20B4S

113 = Farads Hemris ] 25T B T2

118 [ Zmih g A W3k 1955 75 L
Table name: DOCTOR Table name: PRESCRIPTION

OG0 | DOCINAVE [ COC_FNAME [COC_MMAL [ (IC_SPECIALTY | COC_D [ PAT_HUW | DRUG_CG0E | PRES_DORAGE BRES_DaTE
o L g Sancer o J Desvmoiagy | 32245 102 DRI 2tebBz gvery Tour hours — S0 tablels tocal 12-Ho-12
32395 Jorgensen  |Annakes G Mgy | 32645 113 oE 1 temspoon wih each meal - 250 mi lois T4Hor12
3R Morere Al A Lrclogy | B 101 [=H 1 LablEd 2very iz hours - 30 Lsbiels loia T4Hor12
333890 LeGrarde ey Padiarice | EF IR0 i 2isblets wihisvery mesl - 50 {sblsts los 14Hov.12
408 vieshidon | Dannk F Crifcpeedis | e 07 [ 1 tablet mvery i hours - 30 fsbiets lots 14Now12
= HcFherson Halye H Dermaloiogy
WBTIZ Cralisn Hamen 5 Peychisiry
335 Mrh Trsn PMeuniogy
1M Chn ¥ing 1] Crifopmedics
0018 Fersbsn e L Gyrecoiogy
SOURCE: Coursa Tachnolagy/Cengage Leaming
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Recursive Relationships

* Relationship can exist between occurrences of
the same entity set

— Naturally found within unary relationship

FIGURE Another unary relationship: “PART contains PART”

7.19
Table name: PART_V1 Database name: CHO?7 PartCo
PART_CODE PART_DESCRIPTION | PART_W_STOCK | PART LNITS_hEEDED | PART OF_PART |

|ARZ1-E 2.5 om. wazher, 1.0 mim. rim 32 4/ C-130
|A8-121 Cotter pin, copoer 1054 2/ C130
|C-130 Ruotcr azzembly 3E

|E1249 25 o steel shank 128 1 C130
Il{'D 10.25 cm. rotor bade b il 4 C-130
IK34.-'\.1-"I 25 cm. hex nut g7g 2/ 130

SOURCE Course Technology/Cengage Learning
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FIGURE  Implementation of the M:N recursive relationship “PART contains PART”

7.20
Table name: COMPONENT Database name: Ch07_PariCo
COMP_0DDE | PART_CODE | ComP_PARTS NEEDED |
230 402185 4
[c120 AB-121 z
130 Sp] 1
13142 =] 1
lf.".'1ﬁﬂ 0 4
[cA31 A2 3 0 1
_C-1ED FTEAMN 2
(A3 A2 K348 2

Table name: PART
PART_CODE PART_DESCRIPTION PART_IR_STOCK |

I.ﬂ.ﬂ.ﬁ -G 2.5 cm.waszher, 1.0 mm. rim 422
|A8-121 Cotter pin, copper 1023
(C-130 Rotor asszmhly B
|E129 2.5 em. steel shank 128
|®10 10.25 cm. rtor blads 345
| RSAYY 2.5 cm.hex nut [ =]

SOURCE: Course Technology/Cengage Learning
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FIGURE  Implementation of the 1:M recursive relationship “EMPLOYEE manages EMPLOYEE”
7.22

Database name: Ch(7 _PartCo
Table name: EMPLOYEE V2

EMP_CODE | EMP_L NAME | EMP_MAMAGER

101 Whadcdell 102
102 Orincona

103) Jones 102
104 Rekslloh 102
103 Rokerlson 102
TUE Detona 102

SOURCE: Course Technobogy/Cengage Learning
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Associative (Composite) Entities

* Also known as bridge entities
« Used to implement M:N relationships

« Composed of primary keys of each of the
entities to be connected

 May also contain additional attributes that play
no role in connective process
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FIGURE

7.23
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Table name: STUDENT

| STU_NLM

STU_LNAME

311431
324257

Bowsar
Smihzon

Table name: ENROLL

Database name: Ch07_CollegeTry

CLASS CODE| STLLRMUM | ENROLL_GRADE

10014 321452 C

10014 324157 B

1003 321452 4

10012 324257 B

10021 321452/ C

10021 324257 C

Table name: CLASS

| CLASS_CCDE | CRS_COCE | CLASS SECTION | CLASS TME | ROOM_CODE | PROF_RUM
10074 ACCT-211 3 TTh 2:30-3:45 pm.  BUS252 342
10075 !CIS—22IJ 2 WPAF 3.00-3:30 a.m. KLRE1H 114
10021 oM2E 1 MPAF §:00-5:50 . KLR200 114

May not be scanned, copied, duplicated, or posted to a publicly accessible website, in whole or in part.

SOLURCE: Course TechnologyACengage Learning

7.24

FIGURE
7.25
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STUDENT

anrolls

May not be scanned, copied, duplicated, or posted to a publicly accessible website, in whole or in part.

SOURCE: Course Technology/Cengage Learning

CLASS
CLASS CODE
STUDENT ENROLL PK |CLASS CODE
PK [STU NUM Ly iswiillen il ~ed PK,FK1 | CLASS_CODE ; CLASS_SECTION
PK,FK2 | STU_NUM e CRS_CODE
STU_LNAME CLASS_TIME
ENROLL_GRADE ROOM_CODE
PROF_NUM

SCOURCE Course Technology/Cengage Learning




Developing an ER Diagram

« Database design is an iterative process

— Create detailed narrative of organization’s
description of operations

— ldentify business rules based on description of
operations

— Identify main entities and relationships from
business rules

— Develop initial ERD

— ldentify attributes and primary keys that
adequately describe entities

— Revise and review ERD
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FIGURE  The first Tiny College ERD segment
7.26

PROFESSOR

PK | PROE_NUM SCHOOL
PK HOOL DE

PROF_SPECIALTY [=|f —29230 of = o4
PRI RANK FK1 |PROF_NUM

PROF_LNAME SCHOOL_NAME
PROF_FNAME
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Components of the ERM

RELATIONSHIP
SCHOOL operates 1:M DEPARTMENT
DEPARTMENT has 1:M STUDENT
DEPARTMENT employs 1:M PROFESSOR
DEPARTMENT offers 1:M COURSE
COURSE generates 1:M CLASS
PROFESSOR is dean of 1:1 SCHOOL
PROFESSOR chairs 1:1 DEPARTMENT
PROFESSOR teaches 1:M CLASS
PROFESSOR advises 1:M STUDENT
STUDENT enrolls in M:N CLASS
BUILDING contains 1:M ROOM
ROOM is used for 1:M CLASS
MNote: EMROLL is the composite entiey that implements the M:N relationship “3TUDENT enrolls in CLASS.”
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Database Design Challenges:
Conflicting Goals

« Database designers must make design
compromises

— Conflicting goals: design standards, processing
speed, information requirements

* Important to meet logical requirements and
design conventions

» Design is of little value unless it delivers all
specified query and reporting requirements

« Some design and implementation problems do
not yield “clean” solutions
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FIGURE
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Summary

« Entity relationship (ER) model

— Uses ERD to represent conceptual database as
viewed by end user

— ERM'’s main components:
» Entities
» Relationships
 Attributes

— Includes connectivity and cardinality notations
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Summary (cont’d.)

e Connectivities and cardinalities are based on
business rules

 M:N relationship is valid at conceptual level
— Must be mapped to a set of 1:M relationships
« ERDs may be based on many different ERMs

 UML class diagrams are used to represent the
static data structures in a data model

o Database designers are often forced to make
design compromises
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