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<+ The Entity-Relationship Model

e Basic Elements of the ER Model
e Entities, Relationships, Rings ,Attributes

e Other Elements of the ER Model
e Generalization hierarchies
e Subsets
e Composite attributes
e ldentifiers
e Weak entity

<+ Reading the ER Diagrams
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The Entity-Relationship Model

<+ A database can be modeled as:
e a collection of entities,
e relationships among entities.

<+ Basic elements of ER model
e Entities
e Relationships
e Rings
e Attributes
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Entity

& Entity Is a class of real-world objects.

| PERSON = {p1,p2,p3 :
Centities 7 crry=(cL.c2c3)

data instance

PERSON

) 4B T entity
CITY
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Relationship
& Relationship is the aggregation of

two or more entities. aggregation
LIVES IN={<p1,c1>, <p2,c3>,<p3.c3 object
TR N AR R T YR 4

IS BORN_IN={<pl,cl><p2,c2><p3,cl>}
TR N AR AR RH R

HZEFEFR~ relationship}
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PERSON = {p1,p2,p3}

CITY={cl,c2,c3} .
LIVES IN={<pl,cl>, <p2,c3>,<p3,c3>}

IS BORN_IN={<pl,cl><p2,c2>,<p3,c1>}

PERSON CITY

PERSON Y Y
pl cl cl
LIVES IN
p2 c2 c2
p3 c3 c3
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MEETS 7 relationship 222 it 5 afie 2 A2 E M EZ = LR

COURSE @ CLASSROOM

DAY
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Ring

<« Binary relationship connecting an entity to
itself. (recursive relationship)

MANAGER_OF (E7i£:A) v % EMPLOYEE 1275 /1 objects 411 F:
(0,n) EMPLOYEE={p1,p2,p3,p4,p5,p6,p7,p8,p9}
EMPLOYEE pl
0,1) : Z/pgN p4
(sg J%(f% NATE_TO A

p>  p6 p7 p8 pd
MANAGES={(p1,p2),(p1,p3),(p1,p4).(P3,p5).(p3,p6),(p4,p7).(P4,P8).(p4.09)}
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Cardinality on relationship

(11) e (O CITYH A g2/ AR
T~ % E{En A

PERSON l(ll) (O I’l) CITY
A8 A 22/ D —{E AN

B 25— (&l T A 3

13 0,40)
COURSE CLASSROOM
(0,n)
DAY
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Attributes

< Attributes represent elementary properties
of entities or relationships.

e Attributes t7 min-max card
e Min(A E) X3 attribute A HJ{EEER entity E Ry

object HIRAYE/ DI EL.
e max(A E) {t7= attribute A 1Y{EEE entity E F111Y
object HIFAI R KL
NAME
%Sw SOCIAL_
—OSECURITY_
NUMBER

PERSON £{ PERSON [1] DEGREE

A LUAF UL AME,
(WEIIVRER e Se(rIER

——O PROFESSION

——ODEGREE(0,n)
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Cardinality on Attributes

» % min(A,E)=0 HI[i% attribute &y optional,
o [[IZZattribute ©] LLI;E NULL value.
< 7 min(A,E)=1 HlJi% attribute 5 mandatory,
o BlZ%attribute FY{H—E B 1FEAT.
o Primary key B[J &—141.
<« =max(A,E)=1H1z% attribute £ single value.
+max(A,E)>1HIz% attribute £ multi-value.
< Attributes cardinality 8% ~NMEH, THE{E & card(1,1) .
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An ER schema example

(1,1)
NAME Q—
socIAL_ o~ PERSON
SECURITY_
NUMBER
PROFESSION

i MOVING_DATE

IS_BORN_IN

(0. n)

(0. n)
—0 NAME -
CITY —O ELEVATION
—O NUMBER_OF_

B-BIRTH_DATE

relationship

&5 attribut

Figure 2.20 An ER schema with entities, relationships, and attributes

INHABITANTS

> Attribute —E B¢ HEE Fik (domain) 24 H HAH.
{5 - Ffp domain={x|0<x<125x¢e |}

2013/6/14
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N ER diagram example

(1. n)

RESEARCH_

ADDRESSE

(1. n)

REPORT

-0 NUMBER
—O TITLE

—0 AUTHORS (1, n)

RESEARCH_
TOPIC

(1, n)

EMPLOYEE

RESEARCH_

(1, ‘(1. n)

o NAME

PROJECT

—O NAME
—O S.S.N.
—O TITLE
—O PHONE
—O OFFICE

o CODE

) NAME

(1, n) @ (0, n)

(0, n)

O AMOUNT

O DATE
“ GRANT_NUMBER

AGENCY

—O NAME
—O ADDRESS

CONTACT_EMPLOYEE

Figure 2.35 Research projects database

2013/6/14
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Generalization Hierarchies

@ An Entity E Is a generalization of a group
of entities E,, E,, ..., E,, If each object of class
E,, E,, ..., E, Is also an object of class E.

generic
E entit
E subset
E, E, | n ntitie
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Generalization Hierarchies
PERSON An EXampIe
,,,,, SexT(te) T(p‘ @) oo

e rallza’uQn base on role

MALE FEMALE | [ MANAGER ||SECRETARY || EMPLOYEE

Rt T(ps D)\\\“~~_ t(p:,o,)‘*/’//

TECHNICAL_ || ADMINISTRATIVE_ SALES. || ADVERTISING._
MANAGER MANAGER | [TROGRAMMERI - ioiovee | EMPLOYEE

Figure 2.23 Generalization hierarchy for the entity PERSON

> =& coverage =2 t/p 3% total/partial
elo 7= exclusive/overlap
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Generalization Hierarchies

Generic entity -

PERSON

!

O MAME'
ADDRESS

el D
=K

NAME
DRE

MALE FEMALE

—< MAIDEN_NAME

DRAFT_ S O

() Incorrect representation

/

A

IR

PERSON

—0 ADDRESS
O DRAFT_STATUS (0, 1)

!

MAIDEN_NAME (0, 1)
HEFEHE
SLERESE

NAME ©—

MALE

FEMALE [0 NAME

{b) Incorrect representation

2013/6/14

1E AN attribute, relationship &
generalization #\ &y H #4245 EHY subset entities.

e [ERYREE
generic entity JiX

Lo NAME
PERSON 1 o aDDRESS

[
' DRAFT_STATUS —O MAIDEN_NAMI

(@

MALE FEMALE

(1.1)

| (c) Correct representation

CHER R 22 T 20

1
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Subsets

< 75— subset entity, 55 generalization
51, coverage —iEsE (p.e).-

WORKER

O DATE_OF_CONFIRMATION
PERMANENT )
WORKER

2013/6/14 17



[ [ [ |

Composite Attributes
= EAHYIR G AR — e A

attrll)géjtes. B
3
NAM% ?EX
__OSTREET
PERSON (0’1) CITY
_______________________________________________ STATE
"""" 4 min-max card Hjuu%ﬁc{l COUNTRY
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Figure 2.34 Football database

C & NAME
PERSON [ ace
(1. n)
— FAN COACH PLAYER PRESIDENT
(1, 1) (1, 1) (1, 1) (1, 1)
SUPPORTS PLAYS_ FtEéSIl—jENT
FOR
11 1,
(1, n) a.h an (1, 1)
NAME TEAM
(1, n)
(1,n) (1, n) N
ﬁ O DATE
(1,n)
(1,n) (1. 1)_~Fakes™0 ) - LOCATION
ATTENDS >memad o avE PLACE A STADIUM o g&?\:&E
DATE 0L, .
OFINAL_SCORE (0, 1)
ATTENDANCE (0, 1) -
TIME
2013/6
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|dentifiers

@« A collection of attributes or a collection of entities
related to E having the property of uniguely
determining all the instance of E.

| ={A,..,A,E,..E.},n>0,m>0,n+m=>1

| is an identifier of E if the following
properties hold:

1. There can not be two instances of
E having the same identifier value.
2. If we drop any attribute A, or
entity E; from the identifier |,
property 1 no longer holds.

E

2013/6/14 20
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| ={A,..

|dentifiers

ALE ., Em}
1S attribute RN E]DIA null

< |ldentifier

value, F|I card(E, A)=(1,1).
<+ An identifier 1s simple if n+m=1;

It is composite if n+m>1.

<+ An identifier is internal if m=0:;
It Is external if n=0.

<+ An identifier 1Is mixed if n>0 and m>0.

2013/6/14
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|dentifiers

PERSON [® SOCIAL_SECURITY_NUMBER

(a) Simple, internal identifier

NAME
. ; . PERSON BIRTH_DATE
45 composite |dent|f|ea O FATHERNAME

—{EF

PERSON_IDENTIFIER -

(b) Composite, internal identifier

EMPLOYEE

1)

<G>

(1.n)

DEPARTMENT

O EMPLOYEE_NUMBER_
WITHIN_DEPARTMENT

| ={EMPLOYEE_NUMBER_WITHIN_DEPARTMENT,
DEPARTMENT}

(c) Composite, external, rmixad identifier

2013/6/14
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ldentifiers
OR
A PRODUCT
{Exas
(1,n) n) A==
- ORDER_HEAD+PRODUCT )3 72 Mk
. —H\] ORDER_DETAIL
LYV Line. ORDER | A={ORDER_HEAD, PRODUCT}
Lo 0
NUMBER 5| DeTAIL | quaniity'” A is external, composite.

B={LINE_NUMBER, ORDER_HEAD}

(d) Identifiers for the ORDER_DETAIL entity B is mixed, composite.

2013/6/14
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Weak Entity

< An entity that does not have a internal
identifier Is referred to as a weak entity.

<+ The existence of a weak entity depends on
the existence of a strong entity; it must relate
to the strong entity via a one-to-many

<+ The identifier of a weak entity is formed by
the attributes of the strong entity on which the
weak entity is existence dependent, plus the
weak entity's attributes.

2013/6/14 24



Symbols used in the ER
model

Entity Generalization
hisrarchy '

|
Relationship <> Subset T
Attribute 3
-0 Identifier by oA
attribute External/mixed
iclentifier
2013/6/14 25



Reading the ER diagrams
o NAME
STATE
' oy n)“’ 2 PlfRSON:.?;pé%T'NAME TN$¥§LEPHONE
- ) I DEPARTMENT

2013/6/14

SEMESTER

GRADE

e

] (1. 1)

(1, 1) l

(0,n)] STUDENT

SEMESTER |(©@ N T

PROFESSOR [ Ti.E

GRADUATE_
STUDENT

couaéé (Lo ' 0.2
— eTmE

|

© ROOM_NO

ROOM

© BUILDING

-0 DAY
TIME 0 HOUR

0 TENURE_STATUS ﬁ:ga

START

VISITING_ [—O APPOINTMENT
PROFESSOR [0 TERMINATE_

APPOINTMENT

g
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Exercise

1. Read the ER schema of Figure 2.35, and give a
narrative description of its content. Describe all
features that you can observe.

2. Propose identifiers for the entities of the schema in
Figure 2.35.

3. Change the schema of Figure 2.35 in order to
Include several properties of employees, like sex,
nationality, and date of birth.

4. Change the schema of Figure 2.35 in order to
Include, for specific employees doing research, their
current and past research fields. Would this require
any additional identifiers in Figure 2.35?

2013/6/14 27



(1. n)

RESEARCH_

ADDRESSE

(1. n)

REPORT

-0 NUMBER
—O TITLE

—0 AUTHORS (1, n)

RESEARCH_
TOPIC

(1, n)

RESEARCH_

(1, ‘(1. n)

o NAME

PROJECT

(1, n) @ (0, n)

EMPLOYEE

—O NAME
—O S.S.N.
—O TITLE
—O PHONE
—O OFFICE

o CODE

) NAME

(0, n)

O AMOUNT

O DATE
“ GRANT_NUMBER

AGENCY

—O NAME
—O ADDRESS

CONTACT_EMPLOYEE

Figure 2.35 Research projects database
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5. A database Is being constructed to keep track of the
teams and games of a sports league. A team has a
number of players, not all of whom participate in
each game. It is desired to keep track of the players
participating in each game for each team, the
positions they played in the that game, and the result
of the game. Try to design an ER schema diagram for
this application, stating any assumptions you make.
Choose your favorite sport (soccer, football, baseball,

).
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