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Consists of three parts namely the conceptual de«siﬁn,
the logical de;ian and the physical clecsian.




Design Phases

* |nHial Phase - characterize Pul\y the data
needs of the prospective daotabase users.

* Eg The requirements can be stated as
Every employee works For exactly one
alepar'erenJr ond a depar"rmenJr can have

many employees. New depar'erenJr need not
have any employee



Design Phases

" Second phase - choosing o data model
Applying the concepts ofF the chosen data model

Translating these requirements into a conceptual schema of
the database.

A Pul\y developed conceptual schema indicates the Functional
requirements of the enterprise.

Describe the kinds of oPer'aJrions (or transactions) that
will be PerPormed on the data.

Eg A relational Model is chosen.



Design Phases

* Final Phase - Moving from an dbstract data model to the
implementation of the database
Logical Desigh - Decidina on the database schema

Database desiﬁn requires that a "ﬂood" collection
of relation schemas is found.
Eg Emp and Dept Schema. ER diagrom is drawn.
Business decision - What otributes should be
recorded in the database?
Eg Eno, Ename, Sdlary, Dno, Dname ond Address



Design Phases (cont)

Computer science decision -  What relation
schemas should we have and how should the
ottributes be distributed omong the various
relation schemas?
Eg Eno, Ename, Salary and Dno in Emp Schema
Dno, Dname and Address in Dept Schema

" Physical Design - Decidina on the physical layout of the

database



Choosina the best among the
best.




Design AHternatives

While dec;iﬂrnna a database schemo, two major PiH:aHs heeds to be
avoided:

Kedundancyz a bad degiﬂn may result in repeat information.

Redundant representation of infFormation may lead to data
inconsistency among the various copies of infFormation

Incompleteness: o bad desian may moke certain aspects of
the enterprise diFFicult or impossible to model.

Avoiding bod desians is not enough. There may be a large humber
ofF ﬁood desiﬁns From which a choice could be made.



To facilitate database desian




The ER Model

= The ER data model was developed to Facilitate database dec;ian on allowing
speciPicaJrion ofF an enterprise schema that represents the overal logical
structure of a database.

* The ER data model employs three basic concepts:
entity sets
relationship sets
attributes.

= The ER model also has an associated diaarammaﬁc representation, the ER
cﬁagram, which can express the overall logical structure of a database

ar'aphically.



En+i+y Sets

An en+i+y is an object that exists and is dic;ﬂngui«;hable From other objects.
Example: Gpecillic employee,deparerenJr, Projedr, event, PlanJr

An entity set is a set ofF entities of the same type that share the same
Properﬁea

Example: set of all employees, set deparerenJr, trees, holiclays

An entity is represented by a set ofF attributes; ie, descriptive properties
possessed by all members ofF an entity set. Example:

em = (eno, ename, dho,salar )
- Y

dept- (dho, dname, address)

A subset of the attributes Form a primary key of the entity set; ie, uniquely
ioler\+i4:yina each member of the set



Employee(Emp) Department(Dept)




Representing Entity sets (cont)

" Entity sets  coan be reprecsenJred
@r‘aphically as Follows:

Kedanglecs repreeerﬁ er\+i+y sets.
Attributes listed inside entity rectangle

Underline  indicates primory key
ottributes



Kela+ion<ship Sets

= A r'ela+ion9hip is an association among several entities

Examplez
13 (Brindha) works_for 10 (Marke’riﬂg}
emp entity  relationship set delm‘ entity

= A r'ela+ion9hip set is a mathematical relation amohg n = 2. entities,
each taken from entity sets

{(er e, . en) | e €EE e € E,..e € Eﬁ}

where (er e, .. €)is a relationship
Example:
(1310) € works for



Relaﬁonship Sets

Exomple: The relationship set works_for is defined to denote the
associations between employee aond the depar'+men+ which he works.

Pictorially, a line is drown between related entities.




Kepresenﬁng Kela+ion9hi|9 Sets via ER Diagrams

* Diamonds represent relationship sets.

Employee Department

dno
dname
address

eno
ename
pno
salary



AtHributes

" Attribute types:
Simple ond composite attributes.
Single-valued and multivalued attributes
Example: multivalued attribute: phone_no, Address
Derived attributes
Con be computed from other attributes
Example: oge, given date ok _birth

= Domain - the set of Permi++eo| values for each attribute



Composite Attributes

Composite attributes dlows to divide ottributes into subparts ( other attributes).

oy sms P

Number Name Villa Number

>
e




Complex Attributes

Emp




Express the number of entities to which another
entity con be associated via a relationship set.




Moapping Car'alinaIH-y Constraints

= Most useful in descriloinﬂ Ioinar'y relationship sets.

= For a Iainary relationship set the mapping cardinalier
must be one of the Po\lowir\g types:

One to one
One to many
Many to one

Many to marny



Participation using SInﬁle lihe / Double line Representation

= Total participation (indicated by double line):
every er\+i+y in the er\+i+y set participates in
ot least one relaﬁonshlp in the relaﬁonship
set

= Partia participation: some entities may not
Par'JriciPaJre iN any r‘ela+ion<5hi|9 in the
rela’rionship set



Structural Constraints

» Structural Constraints includes
Cardinali’ry rotio adlso cadlled as
Moximum cardinality
Parﬁcipa-ﬁon or Existence is also
called Minimum cardinality



Min Max Repr'esen+a+ion

" A line may have on associated minimum and maximum
cardina\i’ry, showh in the form |h where | is the
minimum and h the maximum cardinali’ry

A minimum value of | indicates total porticipation

A maximum value of | indicates that the entity
Par‘JriciPaJres in at most one relaﬁonshlp

A maximum value of * indicates no limit



Kela+ion9hi|9 1:1

" Requirements Analysis : Every department should
have a manager aond only one employee moanages
a department and on employee can manoge only
one department

: IdenJriPy entities from noun. Here employee and
department are the entities. The verb manoges
is used as a relationship.



Employee

Kela+ion9hip 1:1

Manages

Department




Degree and Car'clinali-l'y

Deﬁr‘ee is 2 as only two entities Par'+icipa+e. For loinar'y
relationship the alear'ee is 2.

Moaximum number of relationship an entity employee coan
porticipate is caled cardinalﬁy

The cardinaIier is | for emPloyee because the emPloyee can
manage only one depar’rmehf

The cardinalH'y For olepar+men+ is also | because the

depar’rmenJr has to be mar\aaed lay at least one and exactly
ohe emPloyee.



Par‘+ici|9a+ion using SIngle line - Double line Repr'esen+a+ion

Employee Manages Department

" Total participation (indicated Iay double line)- Every entity in the

en+i+y Depar+men+ Par+icipa+es in at least one rela’rion«;hip in the
rela+ior\9hi|9 set Manaaes.

Partial Participation (indicated by single line). Every entity in the

en+i+y set Employee is hot Par’ricipa’rina in at least one rela+ion9hip
in the rela+ion9hip set Manaaea



Min Max Representation For Employee and Department

Employee . Department

1.1
dno
— Manages dname

address

eno
ename
dno
salary

The min value | in Department entity set indicates total participation.
The minimum volue O in Employee entity set indicates partial
Par+icipa+ion.

A moaximum value of | indicates that the entities Employee ond
Department participates in at most one relationship



One to Many Relaﬁon;hip 1:M

" Requirements Anadlysis: Every Employee works For
a Department ond a Department have many
employees. New Department need not have any
employee

0 IdenﬁPy the nouns. Employee and Department are
the nouns considered for entity. Works for is the

verb identitied for relationship. i is binary
relationship.



One to many r'ela+ion9hip 1:M

Employee Works_for Department




Degree and Cardinali-\-y Ratio

* Two entities Employee ond Department are
participating in a relation. So the deﬁr‘ee is 2.

* Cardindity ratio is the moximum number ok
rela-Honc:»hiP an enJrier cahn Parﬂclpa’re. The
cardinality of Employee entity is 1The
cardinality ob Department is M oas the
porticipation of Department entity is more
than |.



Participation ol Employee and Department

Employee

Department

= Total participation (indicated by double line): Every entity in the
er\+i+y set Employee participates in at least onhe relationship in the
relationship set Works_tor-

= Partial participation (indicated by single line): Every entity in the
er\+i+y set Department is hot Parﬁcipaﬂnﬂ in at least one
relationship in the relation set Works_tor



Min Max Representation For Employee and Department

Employee Department
1.1 0..M

eno dno
ename dname

pno address
salary

The min value | in Employee indicates total participation and o in
Department indicates partial participation.

The max vaue of | for employee indicates that +he entity is
Par+icipa+in3 in at most one relation.

The mox value of M indicates that the Department is par-ficipating
in more than one re\a’rionship which is M.



Roles

Each entity type that participates in a relationship type
plays a particular role in the relationship. The role hame
sighifies the role that a participating entity From the
entity type plays in each relationship instance, ond helps
to explain what the relationship means.

In the Works_for relationship type, Employee plays the

role ok employee or worker and Deportment plays the
role of department or employer



Kela+ion9hi|9 MN

Requirements Analy«sis

Every Employee is supposed to work For ot
least one project and on employee can work
on many Projedrs. Similar'ly a Projec’r can have
many employees and every project is to have
ot least one employee.



Employee

Manz to Many Relationship MN

Works_on Project

pl.el,e2,e3
p2:e2,e4,e8
p3.e5,e7

p4.el,e5,eb
p5.e6,e7,e8




Degree and Car'clinali-ry

From the nhouns idenJriPy the entity. Let the entities be
employee and project. From the verb idenﬁf—y the
relationship works on.

Number of entities participating in this relationship is 2. so
e dearee is 2

Car'dinaIH'y is the maximum number of relationship in which
each en+i+y can Parﬁcipa’re. The employee has
par-ticipated in M relationship and project has participated
in N relationship



Total Participation ofF Employee and Project

N M :
Employee Project

= Total participation (indicated by double line): Every entity
in the er\+i+y set Employee Par+icipa+ec5 in at least one
relationship in the relationship set Works_on. Similarly
every en+i+y in the en+i+y set Project participates in at
least one relationship in the relationship set Works_on




Min Max Representation For Employee and Project

1.%

Employee
1.%

eno
ename
pno
salary

pno
title
team_no

The min value | indicates total par-ticipation.
* indicates no limit.



Primary Key

* Primary keys Provide a way to specilly
how entities and relotions are
cli9+in3ui9hed. We will consider

En+i+y sets
Rela'l'iorlc;hip sets.
Weak. er\+i+y sets



Primary key For Entity Sets
By definition, individual entities are distinct.

From database perspective, the differences among
them must be exPre%ed in terms of their attributes.

The values of the attribute values of an entity must be
such that they can uniquely idenJriPy the entity.

No two entities in an entity set are alowed to have
exacﬂy the same value For al attributes.

A key For an entity is a set ofF attributes that suffice
to alis’rinauish entities From each other



Primary key For Relationship sets
= To dic;ﬂnguish among the various relationships of a relationship set we
use the individual primory keys of the entities in the relationship set.
Let R be a r'ela+ion9hip set involvina en+i+y sets E|, E2, . En

The primary key for R is consists of the union of the primory
keys ofF entity sets E| E2, .EN

15 the relationship set R has attributes ol a2, ., am associated
with it, then the primary key of R dlso includes the attributes
a, az, ., am

= Example: relationship set ‘'works_For"
The primary key consists ofF emp.eno and dept.dno

The choice of the primary key For a relationship set clepends on
the mapping car‘dil’\al'ﬁ'y of Hhe relationship set.



Choice of Primary key for Binary Relationship

" Many-to-Many  relationships. The Precedina union of the
primoary Keys is a minimal superkey ond is chosen as the
primary key.

" One-to-Many relationships . The primary key ofF the “Many" side
is a minimal 9uPerkey and is used as the primary Key.

. Many—Jro—one relationships. The primary Key of the "Many" side is
a minimal c;uper'ke\/ and is used as the primary ke\/.

" One-to-one relationships. The primary key ofF either one of the
participating entity sets Forms a minimal superkey, and either
ohe can be chosen as the Pr'imar'y key.



Onhe whose existence is depencl on
another en+i+y




Weak. Entity

" The Employee Entity has atHributes enoename,dno and

salary and the dependerﬁ entity has name,age and
relation _ship attributes.

" The value Rom, 45, son repeats and the entity cannot

be identified uniquely as there is no primary key
ottribute.

= F eno is added to name,oge and relation_ship then it
becomes 9+ron@ er\+i+y.



Employee

Weak. Entity

Identifying Relationship

Strong Entity

Dependents

45,son

47,daughter

3

8,s50Nn

,50N

Weak Entity




Par‘-l-icipa’rion

Depends _

Employee on

Dependent

owning Entity owned by
Total participation : Every entity in the entity DepenclenJr participates in
at least one relaﬂonship in the rela’rionship set Dependsﬂon.

Par+tial Par‘ﬁcipaﬁon g Every er\+i+y in the en+i+y set Employee is not
participating in at least one relationship in the relationship set Depends._on.

The double diamond represents ialen’rillyina relationship ond double
r‘echanﬂle represen’rs weak en+i+y.






ER Diaar'am

Entities are represented using rectange. In the ER diaﬁram
Employee and Department are entities and represented using
rectangle c;ymlaol.

Relationships are represented using diorond symbol.  The
relationship works_on is represented using diomond symbol
Attributes are represented using elipses. Eg, Eno, Ename, Dho
etc.

Entities and attributes are connected using lines.

Entities and relationship are connected using lines.

The primary key in Employee entity is Eno and Department is
Dhno and both are underlined.



Atribute added 1o a Relationship




AHribute added to a Relationship

It is always aood Prac+ice to Place ottributes in an en+i+y. Sometimes a
heed may arise to place the attributes in a relationship. Hours is one
such attribute. IF it is placed in Employee entity it will give the details of
number of hours an employee worked.

I+ wil not aive details on number of hours a Projec’r took to comPIeJre
os it involves many emPloyees.

Similarly ik the attribute hours is placed in project it wil give the details
of number of hours the project toock and not the details about the
number of hours the employees worked.

In this scenario a need arises to place the attribute in relation So that
the details about the number of hours worked by an employee as wel
as number of hours a project took to complete con be obtained



A process in which an entity is divided into
sub-entities




sEeciaIiza-l'ion




Specidlization

Top-down desian process; Sub-groupings are desiﬂhaJred within
aon entity set that are distinctive from other entities in the set.

These eulo-groupinge become lower-level en+i+y sets that have
attributes or Par+icipa+e iN relaﬁonc;hipc:» that do not apply to
the Iniaher—level en+i+y set.

Depichecl on a friangle component labeled ISA (e.ﬁ., tester 'is o
employee).

AHribute inheritance - a lower-level entity set inherits all the
ottributes and r‘elaﬁonship Parﬁcipaﬁon of the hiﬁher‘—level
entity set to which it is linked.



Specializa+ion as Schemas
- Form a schema for the higher-level entity

- Form a schema For each lower-level entity set, include primary
key of higher-level entity set ond local attributes

Schema Description

- Drawback: getting information adbout, an tester requires
accessina two relations, the one corresponding to the low-level
schema and the one corresponding to the high-level schema




SPeciaIiza+ion as Schemas

= Method 2:

- Form a schema for each entity set with all local and inherited

Schema Description

I

- Drawback: Eno, Ename, Salary may be stored reolunolanﬂy
For people who are both Tester and Developer.




Entities are combined o form a more
9er\eralizeal entity




Generalization

= A bottomup deeign process - combine a number ofF
entity sets that share the same features into a
hiﬂher—level en+i+y set.

" Specidlization and generdlization are simple inversions
ofF each other; they are represented in an E-R
diaﬂr‘am in the same way.

* The terms speciadlization and generalization are used
in+erchangealoly.



Compleﬁ feness constraint

o Comple+eness cohnstraint -- speciﬁiec; whether or not

an en+i+y in the Iniglner'—level en+i+y set must Iaelonﬂ to at

least one ofF the lower-level entity sets within o
aener'alizaﬁon.

total. on entity must belong to ore of the
lower-level er\Jrier sets

partial on entity need not belong to one of the
lower-level en+i+y sets



Relationship with its correspondina entities is
aaareaaﬁred into a higher level entity.




et
tion




Aﬂgr'eaa-l-ion

Consider the ternary relationship works_Ffor. The Manager wants to manage
clepar+men+, employee and project
" Relationship sets works For ond manages represent overlopping inFormation

Every works_for relationship corresponds to a manages relationship

However, some mahnages rela+ior\<;hips may hot correspond to any
works_Ffor relationships. So we can+t discard the manages relationship

=  Eliminate this reclundar\cy via aggregation
Treat relationship as an abstract en+i+y
Allows relationships between relationships

Abstraction of relationship into new entity



Higher
Level




Aagr'ega-l-ion

* Eliminate this reclundancy via aggregation without
in’rroducinﬂ reclundancy, the Po\lowinﬁ diaﬂram
represenJrc;:

A employee works_for por-ticulor
depar’rmenJr on a particular project.

A employee, deparerer\Jr, project combination
may have an associated manager.



Entity sets and relationship sets can be exPre%ed
uniPormly as relation schemas that represent the
contents of the database.




Reduction to Relational Schemas

Entity sets and relationship sets can be exPrec;sed uniPorm\y as
relation schemas that represent the contents of the database.

A dotadbose which conforms to an E-R diagr'am con be
represenJrecl by a collection of schemas.

For each entity set and relationship set there is a unique
schema that is asei@necl the name of the correspondina entity
set or relaﬂonsh’np set.

Each schema has a humber of columns (.3enerally
corresponalir\g to attributes), which have unigue hames.



Kepr'esenﬁng En+|-|y Sets
A strong entity set reduces to a schema with the same attributes

employee( eno, ename, dhno, salary)

A weak en+i+y set becomes a table that includes a column For the primary
key of the ialenﬂPyina strong entity set

c/elpenc/en+ ( eno, name,age,relation_emp )

Example
Emp Dependent
Depends ]
eno on | name
ename age
dno relation_emp
salary




Kepresen+a+ion

Emp

eno
ename
first
middle
last
dno
dname
address
street
street_number
street_name
villa_no
city
state
pincode
phone_no
salary

ofF Entity Sets with Composite Atributes

* Composite attributes are Rottened out by creating o

separate attribute For each component attribute

Example: given er\+i+y set emp with composi’re
ottribute name with component attributes First,
middle ond last the schema corresponding to the
entity set has three attributes First middle oand
last

" Ignoring multivalued ottribute, Extended emp schema is

dname,
villa_number, ci+>/,

emp( eno, Ffirst midde, last  dno,
street_number, street_name,
state, Pincoc/e, salary)



Representation ofF Entity Sets with Mulivalued Attributes

A multivalued attribute M of an entity E is repre«semed by a separate schema
EM

Schema EM has attributes cor'respor\clina to the primary key ofF E and an
attribute correspor\dina to mulivalued atribute M

Example: Multivalued attribute phone_number ofF emp is represented by a
schema:
emp_photie= ( eno phonhe_to)

Each value of the multivalued attribute maps to a separaJre +uple ofF the relation
on schema EM

For example, an emp entity with primary key 10 ond phone humbers
0422-2325553 and 0422-2325555 maps to two tuples:
(10, 0422-2325553) and (0, 04222325555



Kepresenﬁna Rela+ion9hip Sets

* A moany-to-many relationship set is represerﬁed as a schema
with attributes For the primory keys of the two par-ticipating
entity sets, and any dec;cripﬂve atributes of the relationship
set.

* Example: schema For relationship set works For

works For = (eno, dno)

Emp Dept
eno dno
ename dname
dno address

salary




Kealunalancy oF schemas

* For one-to-one relationship sets, either side can be
chosen to act as the “many“ side

That is, an extra otribute can be added to either
of the tables correspondinﬂ to the two entity sets

= |F participation is partial on the "mar\y" side, replacing
a schema by an extra ottribute in the schema
correcspondinﬂ to the "many" side could result in null
values



Redundancy ofF schemas

« = ;ptpm
ﬁ ﬁ

dno
dname
address

eno
ename
dno
salary



Kealunalancy oF schemas

* Many-to-one aond one-to-many  relationship  sets
thot are +total on +the many—side con be
reprecsenJred lay addiﬂa on extra ottribute to the
"mar\y" side, containing the primary key ofF the
‘one" side

o Example: Ihstead of creaﬂna a schema For
relationship set emp_pro add an attribute prio to
the schema arising From entity set emp



Kealunalancy oF schemas

= The schema correspondinﬂ to a
re\aﬁonship set linking a weak er\+i+y set
to its icler\JriPyina c;?ron@ er\+i+y set is
redundant.

* Example: The employee schemo alread

contains the atribute eno +that would
appear in the depenc/em‘ schema
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