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ODbjectives

 |n 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

o Refers to entity set and not to single entity
occurrence

e 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

* The entity name, a noun, Is written in capital
letters
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Attributes

 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

 Crow’s Foot notation: attributes written in
attribute box below entity rectangle
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FIGURE
7.1

Chen Model Crow’s Foot Model
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SOURCE: Course Technology'Cengage Learning
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Attributes (cont’d.)

e 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

 |dentifiers: one or more attributes that unigquely
iIdentify each entity instance

o Composite identifier: primary key composed of
more than one attribute
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FIGURE
7.2

Database name: Ch07_TinyCollege

CLASS_CODE | CRS_CODE | CLASS_SECTION CLASS_TIME ROOM_CODE | PROF_NUM
10012 ACCT-211 |1 hAF S:00-8:50 am. BUS311 105
10013 ACCT-211 2 WF 900-2:50 am, BUS200 105
10014 ACCT-211 |3 TTh 2:30-3:45 p.m. Bus2s2 342
10015 ACCT-212 1 WA 10:00-10:50 am. BUS311 30
10016 ACCT-12 |2 Th B:00-5:40 p.m. BuUs2s2 3m
10017 ClS-220 1 hAF Q00-2:50 am. KLR209 228
10018 Cls-220 |2 MAF 900950 am. KLR211 114
10019 ClS-220 3 hfF 1 0000-10:50 a.m. | KLR209 223
10020 15420 1 W E00-5:40 p.m, KLRZ209 162
10021 | aM-261 1 hF G:00-8:50 am. KLRZ00 114
10022 GM-2E1 2 TTh 1:00-215 pm. KLRZ00 114
10023 | @M-362 1 hF 11:00-11:50 a.m. | KLRZ00 162
10024 Ohd-362 2 TTh 2230-3:45 pm. KLR200 162
10023 MATH-243 1 Th 6:00-5:40 p.m. DRE155 325

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

e 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

7.3
Chen Model Crow’s Foot Model
CAR
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SOURCE: Course Technology'Cengage Learning
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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
7.6

Chen Model

EMP_DOB

EMPLOYEE

Crow’s Foot Model

EMPLOYEE
PK | EMP_NUM

EMP_LNAME
EMP_FNAME
EMP_INITIAL
EMP_DOB
EMP_AGE

SOURCE: Course Technology'Cengage Learning

Advantages and Disadvantages of Storing Derived Attributes

DERIVED ATTRIBUTE

STORED NOT STORED
Advantage Saves CPU processing cycles Saves storage space
Saves data access time Computation always vields 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

e Association between entities

o 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

o Established by very concise statements known
as business rules
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FIGURE

7.7
Connectivities
PROFESSOR CLASS
F teaches .
L] ¥
(1.1) (1.4)
Cardinalities

SOUIRCE: Course TechnologyCengage Learning
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Existence Dependence

o EXxistence dependence

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

o EXxistence 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

o Strong (identifying) relationships

— Exists when PK of related entity contains PK
component of parent entity
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FIGURE
7.8

CLASS
PK |CLASS CODE

COURSE
PK | CRS_CODE

LI = = G80eBles | _ | dFk1 | CRS_CODE

DEPT_CODE CLASS _SECTION
CR3_DESCRIFTION CLASS_TIME
CRS_CREDIT ROOM_CODE
PROF_NUM

Table name: COLIRSE Database name: ChO7_TinyCollege

| cRe_conf | DEPT_cOnE | CRS_DESCRPTION | cre_crEDIT |

ACCT-211 AT Mczourting | 2

ACCT-212 ACCT ACouring 1 3

Cl=-220 = htro. to Microcomputing 3

CE-420 = Dadabase Dezicn and Implementation 4

FALTH-243 hTH Mathematics for Managars 3

- 261 CIs Intro. to Statistics 3

Cd-362 CIs Statistical Apalicatons 4

Table name: CLASS
| CLASS_0ODE | CRS_CODE | cLASS SECTION | CLASS_TME | ROOM_CODE | PROF_RILM |

10012 ACCT-211 (1 b 0 00-2: 50 aum. BUS3 1 105
10013 ALCT-211 (2 WE 3 00-2050 &.m. BU=.200 103
10014 ACCT-A11 3 TTh2E0-3 43 0.m. BLIE252 L
10015 ACCTHMZ |1 hAAF A0 004050 am. | BUZS =01
10016 ACCT-22 (2 Th E:00-2:40 pum. BUS252 201
10017 Clz-220 1 hAAE S 00-5 50 am. KLE209 228
10015 ZI5-220 2 hAF S00-250 am.  KLREZ211 114
10019 Cl5-220 3 hAAF A0 001050 am | KLE209 228
10020 CIE-420 1 v G00-0.4 pom. KLREZ03 162
10021 I -261 1 mAE S00-250 am.  KLEZ00 114
10022 i -261 2 TTh1:00-2:130.m. KLRZ00 114
10022 L1 B = 1 hAF 41001150 sum. | KLR200 162
10024 2-162 2 TTh2:30-3:43 p.n. KLFZ00 162
10025 MATH-243 1 Th E00-E: 40 pom. DRETSS 325

SCOLURCE: Course Techrology/Cengape Learning
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" FIGURE

7.9
COURSE CLASS
PK.FK1 |CRS_CODE
PR|SR2 GODE generales  oyglPK  |CLASS SEcTion
DEPT_CODE
CRS_DESCRIPTION CLASS_TIME
CRS_CREDIT ROOM_CODE
- PROF_NUM
Table name: COURSE atabase name: Ch7_TinyCollege Alt
| CRS_CODE | DEPT_CODE | CRS_DESCRETION | crRE_CREDIT |
ACCT-211 ACCT Aoczoarting | 3
ALCT-212 AT BAccodnting 3
Cl=-220 = Intra. to Microcamputing K]
CI=-420 s Daiabase Dezion and Implemertation 4
hARTH-243 2 TH Idsthematics for Managzrs 3
iwl-261 Cls ntro. to Statistics 3
il-362 Cls Statistical Mpalicatons 4
Table name: CLASS
(RS_CODE | CLASS_SECTION CLASS_TIME ROOK_CODE | PROF_NL |
ACCT-211 1 IAF :00-50 aun. | BIIS3 105
ACCT-211 2 LWAF 9:00-9:50 a.n. BUz2Z00 105
ACCT-211 (3 TTh Z30-=45 pm. BUS252 32
ACCT-M2 1 bF A 00-10:50 5.m. | BS54 301
ACCT-212 |2 ThG:00-3: 40 p.m. BUS2E2 301
Cls-220 1 lfAE S:00-25a0&m. HoR20H 225
Cis-220 2 lAAF 9:00-250&m. KLRZN 114
Cl=_220 3 bF A C00-10:50 &.m. | KLR209 238
CIZ-420 1 ' :00-3:40 p.m. HLFZ09 162
ML TH-243 1 Th B:00-5: 40 pm. O=ET15 325
Cid-261 1 bR §:00-3:50 a.m. KLR200 114
k- 261 ) TTh 1:00-2:15 pum. KHL_F200 114
k- 352 1 LW 11:00-11:30 a.m. | K_R200 162
Ci-362 2 TTh Z30-Z45 pm. HLF200 162

SCOURCE: Course Techrnobogy/Cengage Learning
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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 iIs weak based on business rules
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" FIGURE

7.10
Chen Model

] M
EMPLOYEE DEPENDENT

(0, (1.1)
EMP NUM EMP NLM
EMP_LNAME DEP NUM
EMP_FNAME DEP_FNAME
EMP_INITIAL DEP_DOB
EMP_DOB
EMP_HIREDATE

Crow’s Foot Model
EMPLOYEE

DEFENDENT
FK | EMP_NUM PK DEP_NUM

EMP_LNAME LA | PKFK1 |EMP_NUM

EMP_FNAME (1,1) (O,N)
EMP_INITIAL EE i_EgABHE
EMP_DOB -

EMP_HIREDATE

SOLURCE: Course Technolopy/Cengage Learning
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FIGURE

7.1

Table name: EMPLOYEE Database name: Chi7_ShortCo

| EbP_HLK | EMP_LKAME | EMP_FHAKME | EMP_IMITIAL | EMP_DOB | EMP_HREDATE
1001 | Califerte Jaanine J 1 2-Mar-g4 25 -blarye-07
1002 | Smithson nlliarm 3 23-Moy-70 Zh-May-97
1003 Wiazhinctan Herman H 18-Aug-EB Zo-Wlay -7
1004 | Chen Lz B 23-Mar-7d 15-0ct-93
1005 Jobnson hlel=nie 28-Sep-E6 10 Liec-98
1006 OHegs Jarga = 1 2-Jdu-70 05-Jgn-02
1007 | SrCoarnel Peler C 10-Jun-71 25-Jdun-02
1003 Brzerski Barbara A 12-Feh-70 01 Move-03

Table name: DEPENDENT

EMP_HIUM | DEP_MWLM | DEP_FRIAME | DEF_DOR

1001 1 Annelize 05-Dec-97
1001 2| Jorge J0-3ep-02
1003 1| Suzanne 25-Jdzn-04
1006 1| Caros 25-Many-01
1008 1 Michasl 18-Fek-95
1005 2 Gelroe 27-Jun-95
1008 3| Katherine 18-0ug-03

SOURCE: Course Technology/Cengage Learning
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Relationship Participation

o Optional participation
— One entity occurrence does not require

corresponding entity occurrence in particular
relationship

e Mandatory participation

— One entity occurrence requires corresponding
entity occurrence in particular relationship
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Crow’s Foot Symbols

CROW'S FOOT SYMBOLS

m (0,N] Zero or many; the “many” side is optional.
|€ (1N One or many; the “many” side is mandatory.
I | 1,1) One and only one; the “1” side is mandatory.
0.' (0,1 ZLero or one; the “1" side is optional.
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" FIGURE
7.13

COURSE CLASS

H generates o<

(1,1) (0N}

SOURCE: Coursa Techrodopy/Cengage Learning

FIGURE
7.14

COURSE CLASS

H gererales :

(1,1) (1.N)

SCOURCE: Coursa Techrodopy/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
LAl
EMPLOYEE PROFESSOR CLASS
M

Ternary relationship (Conceptual)
DOCTOR PATIENT

PO- —sresgunes- —O¢
|

R

DRUG

Ternary relationship (Logical)

DOCTOR PRESCRIPTION PATIENT
H yoltes O« PO [EEENES Yy

DRUG

SOURCE: Course Techrology/Cengage Learning
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" FIGURE
7.16

Database name: Chil7_Clinic

Table name: DRUG Table name: PATIENT
DRG_DODE | DRIIG_NALE | oRUE_PREE FAT_NUW | PAT_TITLE | PaT_ Lriswe | paT_Friame | a7 _mmaL| PaT DoB | PAT_AREACCODE | PaT_PHONE

AFS Afgaper-15 25 00 1a0 L. Helmgpez e ] jul 15-dun-1 942 B15 e
AF2S Atgapan-25 35.00 m 1 Loz R ] 1 5200 B3 S LT
LR Croskns Chioride 111 88 02 . W Rhett o 559 5010 EP5-E5
L2 Cruzockas Cralokng 18.58 03 15 Jores A " 16-0e8-1974 E15 EOE-H45
113 Kok sksr Sy hezalans B5.75 1 . Lange e P 511 571 501 SD4-443]
KILE Clksridar Drizagean 123.85 05 W Wil Faber o 14-Mar-1 575 615 ER0-5220
TReP Tryptolsc Heptadimstiic 7045 0 W, Zmih JeEnine H 1 2-Fiek-2003 15 F-THR]

n7 B CHanie Joeize o -y 674 S FEOLASET

L] B viaserbach |l R 14-Fik-1 55 £15 EET-4353

1 b Zmih [ K 161 851 i 045330

110 Bz, Garkazi Leigla " 18- Maty-1 5701 51 SEQLO0A3

111 B veshington | Fugerl E 03-den-1 66| 15 00925

111 b Jobren Echwstd E 10.Wwy-1951 | 615 EEE. 4357

113 Bz Emylre wielaria P 15.ep1 970 615 349005

14 M. Ersrekn Maris ) 02 Ny 930 501 BE20545

115 b= Sararla Herrrins 0 25U 972 615 24 EE05

118 B Zmih George & (3fuorv-1 955|615 B0 2934
Table name: DOCTOR Tahle name: PRESCRIPFTION

DOC_D | DG LAE [ Con_FHAME [Con_WMAL [ pac_SPECIALTY COG_D | PAT i | DRUG_COCE | PREE_[oBAGE | PRES DaTE

27 Sencher i J Dermmtclagy 32445 102 IR 2Labletz every 100 bours — 50 Lakielz sl 12-How-12
32095 Jorgenzen | Aroelea G LTl 32495 13 OLE 1 Legspoon wilh each meal .- 250 milata 1412
33456 Worershl Arataly A Lkclogy MHA0o 101 HCAS 1 tablet avery s howrs - 30 takiste lotal 1412
33080 Ledtorde e Padktrica I 108 LR 2tablets wih ewery meal -- 50 inblts folel 14-Hev-12
MA0D wgssirdon  [Dannk F Srttopaedics 3ees 107 HA S 1 Lablet very si hovrs - 30 fabisls lotal 1o 12
32 McPrersn Halye H Cermatchagy
712 Creilss Hamsn G Paychiglry
3885 Mk Tran Pl Coe
40004 chin Wing i Crihopasdics
40026 Fisirelein Dsnms L Fprisca oy

SCLIRCE: Course TechrologyCengage Learning
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Recursive Relationships

* Relationship can exist between occurrences of
the same entity set

— Naturally found within unary relationship

" FIGURE
7.19

Table name: PART W1 Database name: CHO? PartCo
PART_CODE | PART_DESCRIPTION | PART_N_STOCK | PART_LMITS_MEEDED | PART_OF_PART |

A8 -6 2.5 om. weaszher, 1.0 mmerim 432 4 2130

AH-1M Cotter pin, copoes 1054 2130

2130 Rator azsembly 36

E124 2.5 em. slesl shank 128 1/2.130

=10 10,25 cm. rotor blade b S 4| =130

AT YO 25cm hexnut Cafd} 2/ C-130

SCLIRCE: Course Technology/Cengage Learning
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FIGURE

7.20
Table name: COMPONENT Database name: ChlY PartCo
COMP_CODE | PART CODE | COMP_PARTS MEEDED
130 2001 l
130 &B-121 2
170 E123 1
CAT A2 E123 1
130 Ealn 4
A3 a2 o 1
=130 s LERE 2
131482 pacr AR 2

Table name: PART

PART_CODE | PART_DESCRIFTION | PARTIN_STOCK
AL -G 2.5 cm. weasher, 1.0 mm. rim 472
A1 Catter pin, copper 104
130 Rt azs2mbly &
E1249 2.5 cm. gt=el =hank 123
Hid 10.23 cm. rotor blads 45
LT 2.5 cm. e nua g7/d

SCURCE: Coursa Technobogy/Cengape Learning
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" FIGURE
7.22

Database name: Ch7 ParlCo

Table name: EMPLOYEE V2

EmF_CODE | ERP_LMAKME | EMP_MAMNSGER
109 | Wadcdell 102
102 drincona
103| Jongs 102
104 Rekalloh 102
103 | Fokerlson 102
106 | Cettons 102

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

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

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

e May also contain additional attributes that play
no role in connective process
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FIGURE
7.23

Table name: STUDENT

| STU_MLM | STU_LMAME

AM 45T Bovwessr
324257 Smithzon

Table name: ENROLL

CLASS_CODE | STU_NUM | ENROLL_GRADE
10014 x5z C
10014 324237 B
10013 J2402 A
o042 25T B
10021 F21a52 0
10021 32427 C

Table name: CLASS

Database name: Ch7_CollegeTry

| CLASS CCDE | CRS_COCE | CLASS SECTION CLASS TME | ROOM_CODE | PROF MM

0014 PCZT-211 3 TTh230-345 pm. BUS252 242
10015 CI=-220 2 bAF 9000-3030 a.m. WLR2T1 114
10021 (b 261 1 rIAF 3 00-650 A.m. KLRZ00 114
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FIGURE
7.24

STUDENT CLASS
B0 enrolls o4

SOLURCE: Coursa Technology/Cengage Learning

FIGURE
7.25

CLASS
STUDENT ENROLL PIC |CLASS CDOE
PK [STU Num |y iswiillen il el PK,FK1 | CLASS_CODE - : CLASS_SECTION

PK,FK2 | STU_NUM O lodie 1y CRS_CODE

STU_LNAME CLASS_TIME
EHRDLL_EE&DE Rﬂﬂm_ﬂUDE

PHQF_HUH

SCLURCE: Course TechrologyCengape Learning
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Developing an ER Diagram

e Database design is an iterative process

— Create detailed narrative of organization’s
description of operations

— |Identify business rules based on description of
operations

— Identify main entities and relationships from
business rules

— Develop initial ERD

— Identify attributes and primary keys that
adequately describe entities

— Revise and review ERD
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" FIGURE

7.26
PROFESSOR
PK |PROF_NUM SCHOOL
' PK |SCHOOL_CQODE
PROF_SPECIALTY |=|} =262a0 Of = o4
ot S
- HOOL NAME
PROF_FNAME SCHOOL_
PROF_INITIAL R e
PROF_EMAIL T
EI[JEI:aIEE
[
DEPARTMENT
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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
PROFESS0OR 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
Mota: EMROLL is the composite entity that implements the MM relationship “5TUDENT anralls 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

e |mportant to meet logical requirements and
design conventions

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

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

 Entity relationship (ER) model

— Uses ERD to represent conceptual database as
viewed by end user
— ERM’s main components:
o Entities
» Relationships
o 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

 Database designers are often forced to make
design compromises
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