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Code
Surname

Salary

Age

Name

Budget

ReleaseDate

EMPLOYEE

BRANCH

City

Phone

Name

Number
Street

PostCode
Address

StartDate

MANAGEMENT

MEMBERSHIP DEPARTMENT

COMPOSITION

StartDate
PARTICIPATION

(0,N)

(0,1)

(0,1) (1,1)

(1,N)

(1,N)

(0,1)

(1,N)

(1,N)

(1,1)

PROJECT

An E-R schema on the personnel of a company
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Code
Surname

Salary

Age

Name

Budget

ReleaseDate

EMPLOYEE

Phone

Name
StartDate

MEMBERSHIP DEPARTMENT

StartDate
PARTICIPATION

(0,N)

(0,1) (1,N)

(1,N)

(0,1)

(1,N)

PROJECT

Example of a navigation schema
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Analysis of
redundancies

Restructuring of the E-R schema

Removing
generalizations

Partitioning/merging of
entities and relations

Selection of
primary identifiers

Restructured
E-R schema

E-R
schema
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load

Restructuring tasks of an E-R schema
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PERSON RESIDENCE TOWN

NumberOf
Inhabitants

(1,1) (1,N)

NetAmount

INVOICE Tax

GrossAmount

PURCHASE

TotalAmount

COMPOSITION PRODUCT

Price
(1,N) (1,N)

STUDENT COURSEATTENDANCE

TEACHING

ASSIGNMENT LECTURER

(1,1) (1,1)

(1,N)(0,N)

(0,N) (1,N)

Examples of schemas with redundancies
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E2

E0

E1

R1

R2

E3

E4
(X,Y)

A2111A

01A A02

Example of a schema with generalization
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Possible restructurings of the previous schema

01AA01A

E2E1

R12

R2

E3

E4

A02

R11

11

(X,Y)

A21
A02

A01

21A11A

A02

E2

E0

E1

R1

R2

E3

E4

RG2RG1

(1,1)(1,1)

(0,1) (0,1)

(X,Y)

AA11
02A

E0 R1

A01

R2

E3

E4

Atype

(0,Y)

21

(0,1) (0,1)
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21

A

E2

E0 R1

A

R2

E3

E4

RG2

(1,1)

(0,1)

Atype 11

(0,1)

A02A01

(X,Y)

Possible restructuring of the previous schema
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EmployeeNumber

EmployeeNumber

Level

Salary

Tax

Level

Salary

Tax

Name

Address

DateOfBirth

EMPLOYEE

Name

Address

DateOfBirth

PERSONAL
DATA

EMPLOYMENT
DATA

EMPLOYEE
DATA

(1,1) (1,1)

Example of partitioning of entities
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Name

Addresss

Town

Number

Name

Town

Address
AGENCY

TELEPHONE AGENCYHOLDER
(1,1) (1,N)

Telephone(1,N)

Example of deletion of multi-value attributes
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AptNumber

AptAddress

AptNumber

AptAddress

Name

PERSON APARTMENTOWNER
(0,1) (1,1)

Address

Age

Name

Address

Age

PERSON

SSN

SSN

(0,1)

(0,1)

Example of merging of entities
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Name

Position

Name

Position

Name

Town

Name

Town

DateJoined DateLeft

PLAYER TEAMCOMPOSITION
(1,N) (1,N)

DateJoined DateLeft
(0,1)

PRESENT
COMPOSITION

PAST
COMPOSITION

(0,1) (0,N)

(0,N)(0,N)

TEAMPLAYER

DateJoined

Example of partitioning of a relationship
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Surname

Number

Name

Code

EMPLOYEE PROJECTPARTICIPATION
(0,N) (0,N)

StartDate

BudgetSalary

An E-R schema with a many-to-many relationship
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PRODUCT

Cost
Name

Code

Quantity

COMPOSITION
(0,N)(0,N)

Part Subpart

E-R schema with recursive relationship
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Code

Type

SUPPLY
(0,N)

PRODUCTSUPPLIER

SupplierID

SupplierName

DEPARTMENT

Name Telephone

Quantity

(1,N)

(1,N)

E-R schema with ternary relationship
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Name

Town

TeamColours

TEAMCONTRACT
(1,1)PLAYER

DateOfBirth

Surname

Position
Salary

(0,N)

E-R schema with one-to-many relationships
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Name

Town

Address

UNIVERSITYENROLMENT
(1,1)STUDENT

RegistrationNumber

EnrolmentYear

Surname

(1,N)

E-R schema with external identifier
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Name

Telephone

Branch

MANAGEMENT
(1,1)

HEAD

Salary

Name

Number

(1,1)
DEPARTMENT

StartDate

E-R schema with one-to-one relationship
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Name

Telephone

Branch

MANAGEMENT
(0,1)

EMPLOYEE

Salary

Name

Number

(1,1)
DEPARTMENT

StartDate

E-R schema with one-to-one relationship
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AR21

A21

A22

A52A51A12

AR22

(0,N)(0,1)
A11

(1,N)

E1

E2

E3

E5

E4

E6R1

R2

R6

R3

R4

R5

AR3

AR5

A61
A62
A63

A41

A42

A31

A32

(1,1)

(1,1)

(0,N)

(0,N)

(0,N)

(1,N)

(1,N)(0,1)

(0,1)(1,1)

An E-R schema for translation
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Type Initial schema Possible translation

Binary
many-to-many
relationship

E1( , A E12)

E2( , A E22)

R( , ,  A R)

Ternary
many-to-many
relationship

E1( , A E12)

E2( , A E22)

E3( , A E32)

R( , , ,  A R)

One-to-many
relationship with

mandatory
participation

E1( , A E12, A E21, A R)

E2( , A E22)

E1

R

AE11
AE12

AR

(X,N)

(X,N)
AE21

E22A
E2

AE11

AE21

AE11 AE21

(X,N)

E1

R

AE11
AE12

AR

AE21

(X,N)

(X,N)

E3

AE31 AE32 AE22
E 2

AE11

AE21

AE31

AE11 AE21 AE31

E1

R

AE11
AE12

AR

AE21

(1,1)

(X,N)

E2
E22A

AE11

AE21

Translations from the E-R model to the relational (1)
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Translations from the E-R model to the relational (2)

Type Initial schema Possible translation

One-to-many
relationship with

optional
participation

E1( , A E12)

E2( , A E22)

R( , ,  A R)

Alternatively:
E1( , A E21, ,  )

E2( , A E22)

Relationship with
external identifiers

E1( , , A E11,AR)

E2( , A E22)

E1

R

AE11
AE12

AR

AE21

(0,1)

(X,N)

E2
E22A

AE11

AE21

AE11 AE21

AE11 AE21
* AR

*

AE21

E1

R

AE11
AE12

AR

AE21

(1,1)

(X,N)

E2
E22A

AE12 AE21

AE21
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Type Initial schema Possible translation

One-to-one
relationship with

mandatory
participation

for both entities

E1( , A E12, , A R)

E2( , A E22)

Alternatively:
E2( , A E22, , A R)

E1( , A E12)

One-to-one
relationship with

optional
participation
for one entity

E1( , A E12, , A R)

E2( , A E22)

E1

R

AE11
AE12

AR

(1,1)

(1,1)
AE21

E22A
E2

AE11 AE21

AE21

AE21 AE11

AE11

E1

R

AE11
AE12

AR

(1,1)

(0,1)
AE21

E22A
E2

AE11 AE21

AE21

Translations from the E-R model to the relational (3)
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Type Initial schema Possible translation

One-to-one
relationship with

optional
participation

for both entities

E1( , A E21)

E2( , A E22, ,  )

Alternatively:

E1( , A E12, ,  )

E2( , A E22)

Alternatively:

E1( , A E12)

E2( , A E22)

R( , ,  A R)

E1

R

AE11
AE12

AR

(0,1)

(0,1)
AE21

E22A
E2

AE11

AE21 AE11
* AR

*

AE11 AE21
* AR

*

AE21

AE11

AE21

AE11 AE21

Translations from the E-R model to the relational (4)
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Surname

Number

Name

Code

EMPLOYEE PROJECTPARTICIPATION
(0,N) (0,N)

StartDate

BudgetSalary

An E-R schema with a many-to-many relationship
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PARTICIPATION

Employee StartDateProject

EMPLOYEE

Number Surname Salary Code Name Budget

PROJECT

Graphical representation of a translation of the
previous schema
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Name

Town

TeamColours

TEAMCONTRACT
(1,1)PLAYER

DateOfBirth

Surname

Position
Salary

(0,N)

E-R schema with one-to-many relationships
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PLAYER

TEAM

CONTRACT

Surname DateOfBirth Team Salary Position

Name Town TeamColours

Graphical representation of a translation of the
previous schema
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E6

A61 A62 A12

E2

A21 A11 A51 A22

R2

A21 A11 A51 A31 A41 AR21 AR22

A31 A32

E3

A41 A42

E4

A51 A52 A61R3 A62R3 AR3 A61R4* A62R4* A61R5* A62R5* AR5

E5

R1

E1

A11 A12A51

R3

R6

R4

R5

Graphical representation of a relational schema
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Marks

EMPLOYER

Address Name Phone

PAST
EMPLOYMENT

CURRENT
ATTENDANCE

PAST
ATTENDANCE

EndDate StartDateStartDate

CURRENT
EMPLOYMENT

TRAINEE

EMPLOYEE

SSN
Surname

Sex

Code

Age
TownOfBirth

Position Level ProfessionalTitle Expertise

(0,1)

CLASS

COURSE
EDITION

COMPOSITION

(1,1)

(0,1) (0,N)
PAST

TEACHING

CURRENT
TEACHING

QUALIFICATIONTYPE

Time Room Date

(1,N)

(0,1) (0,1)(0,1) (0,N)

(0,N)(0,N)

COURSE

Name Code

INSTRUCTOR

FREELANCE PERMANENT

(1,N)(1,N)

(0,N)

(1,1)
NoOfPart

SSN Surname
Phone

Age

TownOfBirth
StartDate

EndDate

(1,N)

(1,1)

(0,N)

(0,N)

(0,N)

PROFESSIONAL

The E-R schema of a training company
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Marks

EMPLOYER

Address Name Phone

PAST
EMPLOYMENT

ATTENDANCE

EndDate StartDateStartDate

CURRENT
EMPLOYMENT

TRAINEE

SSN
Surname

Sex

Code

Age
TownOfBirth

CLASS

COURSE
EDITION

COMPOSITION

(1,1)

TEACHING

QUALIFICATIONTYPE

Time Room Date

(1,N)

(1,1) (0,N)(0,N) (1,N)

(0,1)

COURSE

Name Code

INSTRUCTOR

(1,N)(1,N)

(0,N)

(1,1)

SSN Surname

Age

TownOfBirth
StartDate

EndDate

(1,N)

(1,1)

(0,N)

(0,N)

(0,N)

EMPLOYEE

Position Level ProfessionalTitle Expertise

(0,1)

PROFESSIONAL

EMPLOYMENT
DATA

PROFESSIONAL
DATA

(0,1) (0,1)

(1,1) (1,1)

Code

TELEPHONE

HOLDER

Number

(1,N)

(1,1)

Type

The previous E-R schema after the restructuring
phase
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Logical design with a CASE tool
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Code
Surname

Salary

Age

Name

Budget

ReleaseDate

EMPLOYEE

BRANCH

City

Phone

Name

Number
Street

PostCode
Address

StartDate

MANAGEMENT

MEMBERSHIP DEPARTMENT

COMPOSITION

StartDate
PARTICIPATION

(0,N)

(0,1)

(0,1) (1,1)

(1,N)

(1,N)

(0,1)

(1,N)

(1,N)

(1,1)

PROJECT

An E-R schema on the personnel of a company
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AR4
A13A12A11

E2

E1 E3

R2

R1

R4

R5

A31

A21

A22

(1,1)

(0,N)

(0,N)
(0,N)(1,1)

(0,1)

E4

R3

A41 (1,1)

(0,N)

(1,1)(0,N)

An E-R schema with external identifiers
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E2 E3

E4 E5

E1

A22

A21

A41

A42
A52

A51

A31

A11

A12

A13

An E-R schema with generalizations
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ACCOUNT

Balance AccountNumber

(1,N) ACCOUNT
HOLDER

CLIENT

TotalBalance NumberOfAccounts

CreditLimit

PERSON COMPANY

Tax
Number

Capital

(1,N)

OPERATION

(1,N)

Amount
Date Type

TransactionNumber

TRANSACTION

(1,N)
Name

Address

ClientNumber

An E-R schema to translate


