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Data Modeling Using the
Entity-Relationship (ER) Model

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

* ER diagrams

— Diagrammatic notation associated with the ER
model: ER Model gninauslugiuuuaes ER Diagram i

aglugtnasuundnaasdayaluszauuunma (Conceptual Data

Model)
e Unified Modeling Language (UML): d1u5u OO
Design



Using High-Level Conceptual Data
Models for Database Design

AUADUNITRAN LLUUE’]N%@Q@

 Requirements collection and analysis

— Database designers azdunwal user ﬁLa‘ﬂuﬂu‘L?ﬁﬂqu?ﬂ@zﬁ
waazlfdinlanausiaanisaesild wazazlfantiunisaninianansy
Lﬁﬂﬁ@ﬁﬂﬂﬂu%y@iﬁgﬂﬁm

— Result: uasninliannisduniuaiie Seyanfldfenns

— Functional requirements of the application: ndn

Huazatiunisapiniaidusingueas application mupanusiesnis
URE] L



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

TuRaUNITAaNLULFINTaNs (sa)

 Conceptual schema

— RanuLLF UIea luITALLWIAN concept Lﬁ@@%ﬂﬁﬂ%ﬂH@MWNﬂQWN
NN ARG IS

— aanuuueaziaeavastiziny entity audunusseudns entity
LarnInuATe ATl Ya

— ulagwann high-level data model 1lflu conceptual
data model



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

TuRaUNITAaNLULFINTaNs (sa)

* Logical designh or data model mapping

— a1nn19nn Logical design vise data model mapping uagnsnliae
Database Schema

* Physical design phase
— Tudauzes Physical Design Wunnsinunlaseasenasinld
dniudaya, avAlsznauaesivadays, index, access path,
LAz parameters snge Tifandeariu physical design dwsv
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 (ussnagnalsinisguazas
wiineu) of each employee



DEPARTMENT

EMPLOYEE

1

CONTROLS
N
. , PROJECT |
Supervisor Supervisee
| N
— Location
DEPENDENTS_OF @ C D
DEPENDENT
Figure 7.2 ) ) R R

An ER schema diagram for the COMPANY database. The diagrammatic notation
is introduced gradually throughout this chapter and is summarized in Figure 7.14.




Entity Types, Entity Sets, Attributes, and Keys

 ER model describes data as:
— Entities: 'Iz?'wiw*]ﬁLﬁm%ﬁ”m?ﬁuimﬁc-ﬁwmmﬂﬁﬁfmﬁqLer vizaLiy
BAIZANAIDY
— Relationships: anudunussening entity
— Attributes:

* pruaNtRlanIzaunmasung entity 15

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



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,
Mame, Age, Salary Mame, Headquarters, President EMPLOYEE and
é N "  COMPANY, and some
By o Ci e member entities of
. i each.
{John Smith, 55, B0k) (Sunco Qil, Houston, John Smith)
€2 o Co o
Entity Set: )
(Extension) (Fred Brown, 40, 30K) (Fast Computer, Dallas, Bob King)
€1
(Judy Clark, 25, 20K)
. ) AN v
/-— Name = John Smith /‘ Name = Sunco Oil

/ Address = 2311 Kirby f

[ —"" Houston, Texas 77001 |

|
e cy +7 Headquarters = Houston
< Figure 7.3

I - |
|||1 T Age=55 \ Two entities,
N EMPLOYEE e, and
\ \ COMPANY ¢, and
—— Home_phone =713-748-2630 — President = John Smith  their attributes. 11




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

* Key or uniqueness constraint
— Key mAa Attribute(s) luusiaz entity ﬁﬁﬁﬁ@ﬁg@ﬁiﬁieﬁ”ﬁu
(unique)
— Key attribute
* yn7 entity azsesdl key attribute

e Value sets (or domain of values)

— Andiayangniiuaiinu attribute Tuusiaz entity



Initial Conceptual Design of the
COMPANY Database

(nam%@mlt ’aname
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Figure 7.8

Preliminary design of entity fypes
for the COMPANY database.
Some of the shown atinbutes will
be refined into relationships.
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Relationship Types, Relationship Sets,
Roles, and Structural Constraints

e Relationship

— When an attribute of one entity type refers to
another entity type: anudunugszudng entity azgnasig

e attribute 1u entity wiinisgnsasnediayalu entity au

— Represent references as relationships not
attributes: liviiauanisdnsdsdiayaszudng entity fae

Ao Ndnug T lgdneaelugluuuaes attribute winaundn uay
aaniuuliunnen nm@anlavszwing 2 entity dmenlesiumae
attribute Tuu (usildldien attribute wuilu relation)



Relationship Degree

Degree of a relationship type
— Number of participating entity types
— Binary, ternary, n-ary

— Aanudunuiszuing entity luldlaneus 2 meaulyl

Raasng ternary relationship

SUPPLIER SUPPLY PROJECT

Figure 7.10

some relationship instances in
the SUPPLY ternary relationship
set.
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Role Names and Recursive Relationships

 Role names and recursive relationships
— Role name signifies role that a participating entity plays in
each relationship instance: s relationship usiazde Juen
ununMsiidausan vitedianuifaadestuszudng entity usiaze sive
wiaznaw (lunstu ternary J1la)

* Recursive relationships

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

— Must specify role name

— naoun 1 gaas entity auduiugunnnda 1 wuy 1y Auduwug
WL 2 M9 -nau R ldwdaniu Win1uuate lHnaeaaaudNwus

WNALANANNLANFNY



EMPLOYEE SUPERVISION

e.g. ry WAAIANANAUTITNING eg uay €

- €; Is a supervisor of ey,
- €, Is a supervisee of e

Figure 7.11

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

UNUIN

1 = supervisor
2 = supervisee
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Constraints on Binary Relationship Types

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

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

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

— Total Participation: Every employee must be related to department
(WilneunnAuArfiasinundaria). EMPLOYEE work_for DEPARTMENT (total vialil

WATNAL)
— Partial Participation: EMPLOYEE supervison EMPLOYEE wiinsu
uapu supervise (Miadsnelugiue supervisor) wsininaunnauldld

supervisor



Weak Entity Types

Do not have key attributes of their own: as
entity 7l key attribute dluasssiaies us key
attribute wnann entity Aduugsy
— |dentified by being related to specific entities from

another entity type

* Identifying relationship: ldeulsenuduiugszmdng
weak entity fu entity fduiugsu

— Relates a weak entity type to its owner

* Always has a total participation constraint:
duiu ldentifying relationship azag/lugdanuduwusuuy total

participation



Refining the ER Design for the COMPANY Database

e Change attributes
that represent
relationships into
relationship types

e Determine
cardinality ratio and
participation
constraint of each
relationship type

Gnamg\ <M|n_) Lname

<Bdate Name Addres> Salary

C@) Sex <<Bcal|0ns)
WORKS_FOR
/ C Namj @umber

EMPLOYEE <Star‘[ date « Number of employees '—{ DEPARTMENT ‘

1

CONTROLS

PROJECT |

Supervisor Supervisee ’
‘N G|
———— <Locati0 ?_)
DEPENDENTS_OF  Number > ~———

| DEPENDENT |

Figure 7.2
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

Symbol Meaning Figure 7.14
Summary of the notation
Entity for ER diagrams.

Weak Entity

—
—
Q Relationship
O

Identifying Relationship

‘C_ o ) Attribute
/:_:-:) Key Attribute
—'i\:____:j) Multivalued Attribute

- Compaosite Attribute
— Derived Attribute

Total Participation of E,in R~ €.¢. Every employee must be related to department.

Cardinality Ratio 1: N for E;:E; in R

Structural Constraint (min, max)
on Participation of Ein R 21




Proper Naming of Schema Constructs

o seteliRennumnalidaia

o Fuiude entity 15lEA 1w

o dwiude relationship 1l%m3en

e in binary relationship lslusneasienuannineliaan
LATLUANAN it EMPLOYEE work_for DEPARTMENT



Design Choices for ER Conceptual Design

 Model concept first as an attribute
— Refined into a relationship if attribute is a reference to

another entity type
— lunseanuuu ER mawsnlifiinde attribute luusiaz entity siaanniiuliigdn

attribute lu entity vilslianudunudivdeyalu entity auwvisald wini
ANdNRuEIU TiiassAuduiusinagann attribute aianunandiasiu

o Attribute that exists in several entity types may be

elevated to an independent entity type:
— attribute nidousnelunane) entity v attribute 129 department

Tiuan attribute Asnaqeanain entity sinee uaztinlasaily
department entity unu

— Tumanduriu 81w entity fifies 1 attribute uavduustu 1 entity winidu
1iitne attribute sanandllBlu entity fiflaouduiugiv wazeu entity 7
1 attribute Asnann



Alternative Notations for ER Diagrams

o

1

/Fname\/ Mlmt ‘\f/—Lname >

’/ BdaTe

N/

Supervisor

|
/
|

Specify structural constraints on
relationships
— cardinality ratio waz

participation constraints
gansagnunuiisaaal (min, max)
MdisuanAsgn uazgegamiiulyl
2RIANNFANNUETENING entity fd
me"lugﬂﬁ 7.15

(_Name 3 ""Address_/, C Sallaryr )

-~ P

I."\ {0| 1 ]
\ Supervisee

\

\

4
4

o

|1}_,-
- Employee

\Start daEe/f Number of employees

DEPENDENTS_OF

Figure 7.15
ER diagrams for the company schema, with structural con-
straints specified using (min, max) notation and role names.

CC Locati or;_ i\;‘
WORKS_FOR (8 ) R R
ame > | (_Number )

Department

Department P {(0,N) | Controlling

Managed (1,1 Department
9/ (1,1) epartmen
. CONTROLS
Hours)-

Controlled
{1,1) | Project
PROJECT

( Location ‘“)

Dependent

| DEPENDENT |

— -
— e
- - ““-x
- —

e s ebatioread i 24



Example of Other Notation:
UML Class Diagrams

e UML methodology

— Used extensively in software design: 14asznsndtsaanslu
software design

— Many types of diagrams for various software design
purposes: iuate- diagrams g wiuinguszassnumansinaiiaes
software aunnsneri

e UML class diagrams

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



Figure 7.16

The COMPANY conceptual schema
in UML class diagram notation.

DEPARTMENT

Name
Number

Multiplicity
Notation in OMT:

1.1

EMPLOYEE
4. WORKS_FOR 1.1
Name: Name_dom
Fname
Minit 1.1 | 0.1
Lname :
gint o MANAGES
ate: Date
Sex: {M.F} St:air\t_date
Address 1
Salary = ;
age . Link Attribute
change_department \ :
change_projects supervisee | \WORKS_ON
Hours
Dependent_name || 0..1
? \ supervisor
™~

DEPENDENT

N\

Sex: {M,F}
Birth_date: Date
Relationship

Reflexive Association

Partial Key or
Discriminator

add_employee —@® 0.
number_of_employees —© 0.1
change_manager 0.
L™
hve
1..1
1.7
CONTROLS LOCATION
Name
* . 1.1
1.
PROJECT
0..
Name A
Number A
add_employee Aggregation

add_project
change_manager

gualified association (or qualified aggregation) for weak entity

Notation in UML:

Whole Part

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

e Class includes three sections: luusaz class il
aaniilu 3 491
— Top section gives the class name: dauiugnaa Sa class

— Middle section includes the attributes: dqunatsma
attributes

— Last section includes operations that can be
applied to individual objects: dqugniinama operation

vira method



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

e Associations: relationship types
e Relationship instances: links
e Binary association

— Represented as a line connecting participating
classes

— May optionally have a name
e Link attribute

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



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: Mignasiflusnuanmauduiuganniuuldinu

— Bidirectional: luiignas iilupauduiusuniugaasnig

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

 Represent ternary relationship as a regular entity type
— By introducing an artificial or surrogate key

— nlasu relationship iiflu entity uaza31e key aunnlud i anngl
N 7.17 a 4519 entity 72 SUPPLY waza519 key Supply_Id 2uunlud



Figure 7.17

Ternary relationship types. (a) The SUPPLY @

relationship. (b) Three binary relationships

Quantity Proj name

@)
(b)
(c)

SUPPLIER ! N SUPPLY

not equivalent to SUPPLY. (c) SUPPLY
. PART
represented as a weak entity type.
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Summary

e Basic ER model concepts of entities and their
attributes

— Different types of attributes
— Structural constraints on relationships

 ER diagrams represent E-R schemas

e UML class diagrams relate to ER modeling
concepts
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