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Data Modeling Using the
Entity-Relationship (ER) Model

Entity-Relationship (ER) model
— Popular high-level conceptual data model
ER diagrams

— Diagrammatic notation associated with the ER
model: ER Model gninaualugiuuuues ER Diagram Gaat)
lugtlvesuuuanaesdayausziuuunan (Conceptual Data
Model)

Unified Modeling Language (UML): uuudiaas

fayaluszAuuiaAn 411iu OO Design




Using High-Level Conceptual Data
Models for Database Design

v

dumaunITeanuuLzUuleya

* Requirements collection and analysis
— Database designers azdunwnl user fidunuldguieya e
azldidnlapanusieenisresld uazazlinifiunsdnniaenansh
L?{mﬂi’mﬁuywﬁmﬂ@iﬁqnﬁm
— Result: uasnsldannsdunisniie dayadiglddasns
— Functional requirements of the application: ndsan

WuazAiiunsaprinilaridusineaes application muANsednIg
2R3 \ff

Using High-Level Conceptual Data
Models (cont’d.)

Tupauniseanuuuguieys (se)

* Conceptual schema
—aenuuuguteyaluszauuiAn concept Lﬁ@@%mﬁ%’w@
AINAYINABIN289E g 11deya
—eanuULTEAzIBsATaslszin entity AvNduRusIEndng
entity uaznmuatdeiAuaesdeya
— wlABuann high-level data model 11w conceptual
data model

Using High-Level Conceptual Data
Models (cont’d.)

Tupauniseanuuuguieys (se)

* Logical design or data model mapping

— a1nn199n Logical design via data model mapping uagnsiléae
Database Schema

* Physical design phase
— ludaunes Physical Design unnstmunlnssadraredivild sty
daya, srlsznavaasinadaya, index, access path, uaz

parameters 6114°] neqdasriu physical design w5y database
file

A Sample Database Application

COMPANY

— Employees, departments, and projects

— Company is organized into departments

— Department controls a number of projects

— Employee: store each employee’s name, Social
Security number, address, salary, sex (gender), and
birth date

— Keep track of the dependents (ymsilegnelsnisquazes
wiineu) of each employee
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An ER schema diagram for the COMPANY database. The diagrammatic notation
is introduced gradually throughout this chapter and is summarized in Figure 7.14. 9

Entity Types, Entity Sets, Attributes, and Ke

* ER model describes data as:
— Entitiesr: gqﬁwjﬁlLﬁm?]”u@?\ﬂuimﬁlﬁ?ﬂia@fﬂﬁﬁwﬁqLm ey
BaszaIndey
— Relationships: Arudunusszudne entity
— Attributes:

* puantRlRWziawnsnesune entity 1a

* Types of attributes:
— Composite versus simple (atomic) attributes
— Single-valued versus multivalued attributes
— Stored versus derived attributes
— NULL values
— Complex attributes

YS

Entity Types, Entity Sets, Keys, and Value Sets
* Entity type

— Collection (or set) of entities that have the same attributes

Entity Type Name: EMPLOYEE COMPANY Figure 7.6
Two entity types,
MName, Age, Salary Name, Headquarters, President EMPLOYEE and
COMPANY, and some
e o Cie member entities of
each,
{John Smith, 55, B0k) (Sunco Oil, Houston, John Smith) *
e C2a
Entity Set:
(Extension) (Fred Brown, 40, 30K) {Fast Computer, Dallas, Bob King)
3w
{Judy Clark, 25, 20K)

—— Name = Sunco Oil

//—— Name = John Smith //

/ . Address = 2311 Kirby

| = Houston, Texas 77001 f
ey
‘.< ‘ Figure 7.3

€y +7 Headquarters = Houston
\ — Age=55 \ Two entities,
\ \ EMPLOYEE e,, and

COMPANY ¢, and

~— Home_phone = 713-749-2630 — President= John Smith  their atiributes. 1

Entity Types, Entity Sets, Keys, and
Value Sets (cont’d.)

* Key or uniqueness constraint

— Key As Attribute(s) luusias entity fiflan ”@H@ﬁiﬂeﬁﬁu
(unique)
— Key attribute

* y)n°] entity azsiasdl key attribute
* Value sets (or domain of values)

— Andayangniivua Wiy attribute Tuusiay entity




Initial Conceptual Design of the
COMPANY Database
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- s e
(@1““_5?‘_@ \Se)‘) '\,_EmPIGY‘_E_‘i\' Preliminary design of entity types
- T . for the COMPANY database.
L Relationship ). S EOEIDLT _—'\_[_)_'{Df"deﬂt_fﬁﬂ‘__@ Some of the shown attributes will
be refined into relationships.

Relationship Types, Relationship Sets,
Roles, and Structural Constraints

* Relationship
— When an attribute of one entity type refers to
another entity type: ponudniugazudng entity azgnafiaile
attribute u entity uilafinnsdsdsdedoyalu entity au

— Represent references as relationships not
attributes: Thinauanissrsdedayaszudng entity fog
prdaniug lailddnedeluguunaes attribute uinewuiian uas
panuuLlTindenns@enleszdng 2 entity JienTeeugag
attribute v (usilaildian attribute unifu relation)

Relationship Degree

* Degree of a relationship type
— Number of participating entity types
— Binary, ternary, n-ary
— AnuduWugszndng entity Al g st 2 naadwly

@28¢14 ternary relationshi

SUPPLIER SUPPLY PROJECT

Figure 7.10

Some relationship instances in
the SUPPLY temnary relationship
set.

Role Names and Recursive Relationships

* Role names and recursive relationships

— Role name signifies role that a participating entity plays in
each relationship instance: 3a relationship wiaz3a lduan

a g 1 A dl £ o 1 . 1 1 o
ununnsiidausan vidediaauiNeandesiusendne entity usaze 1se
wsiazngy (lunsel ternary aulil)

* Recursive relationships

— Same entity type participates more than oncein a
relationship type in different roles

— Must specify role name
— NIt 1 A9 entity HANANRUTIINNGT 1 WU W A NANALS
wuw 2 n8 T-nay Aldwleudu Wnavuedaliisaespaudunus

WWALBNANNLANAN




EMPLOYEE SUPERVISION Figure 7.11

A recursive relationship
SUPERVISION between
EMPLOYEE in the
supervisor role (1) and
EMPLOYEE in the
subordinate role (2).

Unun

1 = supervisor
2 = supervisee

e.g. Iy UFAIANUFNWUEITTWIN E5 Lo €4

- &5 is a supervisor of ey,
- e4 is a supervisee of e 17

Constraints on Binary Relationship Types

* Cardinality ratio for a binary relationship
— Specifies maximum number of relationship instances that
entity can participate in
* 1:1 called One-to-One Relationship

* 1:N called One-to-Many Relationship
* M:N called Many-to-Many Relationship

* Participation constraint
— Specifies whether existence of entity depends on its being
related to another entity

— Total Participation: Every employee must be related to department
(wilneunnauazsasiunundans).
* EMPLOYEE work_for DEPARTMENT (total %qiﬂmm&“u)
— Partial Participation: EMPLOYEE supervison EMPLOYEE
* wiineuuneau supervise (lAnLEnsnlugoue supervisor)
wsnsineunawlild supervisor

Weak Entity Types

* Do not have key attributes of their own: aa
entity 7148 key attribute iuanssiaies us key attribute

6 o

11a1n entity AduWWSTY

— Identified by being related to specific entities from
another entity type

|
v A

Identifying relationship: 19ganlaspnuduiusszming
weak entity iU entity nduwusiu
— Relates a weak entity type to its owner

Always has a total participation constraint:
g uiu ldentifying relationship azat/luglarudusiudiuy

total participation

Refining the ER Design for the COMPANY Database
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An ER schema diagram for the COMPANY database. The diagrammatic notation
is introduced gradually throughout this chapter and is summarized in Figure 7.14.
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ER Diagrams, Naming Conventions, and Design Issues

Symbel Meaning Figure 7.14
Summary of the notation

1 Entity for ER diagrams.

Weak Entity

<> Relationship

Identifying Relationship

o Attibute
—CD Key Attribute
7(:) Multivalued Attribute
C O DY '
s ) g5 ');,7,)
p Composite Attribute
-
— Derived Attribute
R > E | TotlPadicipatonoi5,inR  €.g. Every employee must be related to department.
\\
H
g DN Cardinality Ratio 1: N for £(:E,in R

Proper Naming of Schema Constructs

Qe

d g od oo
318 e N rNne LT m a1

[ ]
=

o a A

dmiuae entity TldaAuwiu

|
o o A

* dwuivda relationship lildnsen

* e binary relationship lasluansuenanuanndrallann
UATLUANAN 111 EMPLOYEE work_for DEPARTMENT

O e 21 .
Design Choices for ER Conceptual Design Alternative Notations for ER Diagrams
. . Fname \ Mln‘l{Q”amED EIRgglr;;Zajni for the company schema, with structural con-
* Mo d el conce pt f| rst as an attri b ute Coan \Name S @dmsg;:;;j) straints specified using (min, max) notation and role names,
3 S Se)

— Refined into a relationship if attribute is a reference to

another entity type
— Tunseenuuy ER meuwsnliifindis attribute luusiaz entity sieaniiuliigd

attribute lu entity Mﬁﬂﬁmwmﬁ“uﬁuéﬁu%ga’m entity auvideli wnd
padNETL Waspauduiuslaagann attribute fipawuiiendesiu
* Attribute that exists in several entity types may be
elevated to an independent entity type:

— attribute ﬁﬁdquéqmg‘immm entity i attribute 109 department
Wiuen attribute danaiesnann entity sine uazinldafadu
department entity unu

— Tunmanduriu élu entity fifles 1 attribute uasduiugiu 1 entity winiu
Wehe attribute sananaly/13lu entity Rfaansduigi uazey entity i
1 attribute fanan
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Specify structural constraints on
relationships
— cardinality ratio uay
participation constralnts
mmaanmmuwmﬂm (min, max)
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Example of Other Notation:
UML Class Diagrams

 UML methodology

— Used extensively in software design: ldatirsndrenanglu
software design

— Many types of diagrams for various software design
purposes: fvae| diagrams dusudingUsrasFnunnsiues

software fumnsnaniy

e UML class diagrams

— Entity in ER corresponds to an object in UML: Entity
lu ER diagram ieuwiniu object 1 UML diagram

25

Figure 7.16

The COMPANY conceptual schema
in UML class diagram notation.

EMPLOYEE 4* WORKS FOR 1.1 DEPARTMENT Multiplicity
Name: Name_dom = — “— Name Notation in OMT:
Fname i1 0.4 Number 1:1
Minit = T “— add_employee ® o
Lname | number_of_employees © 0.1
gznt ioh MANAGES change manager

ate: Date
Sex: (MF) Start_date
Address 1 1.1
Salary = T
age Link Attribute | 1
change_department - ! CONTROLS LOCATION
change_projects supervisee | \WORKS_ON Name
Hours 11

Dependent_name || 0..1 13 )

Y\ supervisor PROJECT
Name
DEPENDENT Reflexive Association Number
gg};{?jtg e add_employee Aggregation
Relaﬁonship Partial Key or a:derJect Notation in UML:
Discriminator changcmanadat [Whole > Part

qualified association (or qualified aggregation) for weak entity
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Example of Other Notation:
UML Class Diagrams (cont’d.)

* Class includes three sections: luusaz class uil
aanitly 3 dau
— Top section gives the class name: dauuugane de class

— Middle section includes the attributes: @aunasda
attributes

— Last section includes operations that can be
applied to individual objects: daugniinaria operation
178 method

Example of Other Notation:
UML Class Diagrams (cont’d.)

* Binary association
— Represented as a line connecting participating

classes

Associations: relationship types
Relationship instances: links

— May optionally have a name

Link attribute

— Placed in a box connected to the association’s line
by a dashed line

28




Example of Other Notation:
UML Class Diagrams (cont’d.)

Multiplicities: min..max, asterisk (*) indicates no
maximum limit on participation

Types of relationships: association and aggregation

Distinguish between unidirectional and bidirectional
associations

— Unidirectional: dgnasiilusauanaauduiusann il lnu

— Bidirectional: laifignas ilupanduiusuuuaaanis

Model weak entities using qualified association

Choosing between Binary and Ternary

(or Higher-Degree) Relationships

Some database design tools permit only binary
relationships

— Ternary relationship must be represented as a weak entity

type
— No partial key and three identifying relationships

— By introducing an artificial or surrogate key

— A relationship Wil entity uavas1s key 3unnlual wu aangy
17.17 a 4519 entity 3a SUPPLY uaza519 key Supply_Id usnlosd

(@)

(b)

G Gl G

PROJECT

Figure 7.17 .
Temnary relationship types. () The SUPPLY Q“ o)
relationship. (b) Three binary relationships —
not equivalent to SUPPLY. (c) SUPPLY

represented as a weak entity type.

Summary

attributes
— Different types of attributes
— Structural constraints on relationships

ER diagrams represent E-R schemas

UML class diagrams relate to ER modeling
concepts

Represent ternary relationship as a regular entity type

Basic ER model concepts of entities and their




