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Logical design

 The aim of logical design is to construct a relational schema that
correctly and efficiently represents all of the information described by
an Entity-Relationship schema produced during the conceptual design
phase.

 This is not just a simple translation from one model to another for two
main reasons:

— not all the constructs of the Entity-Relationship model can be
translated naturally into the relational model;

— the schema must be restructured in such a way as to make the
execution of the projected operations as efficient as possible.
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Logical design steps

It is usually helpful to divide the logical design into two steps:

e restructuring of the Entity-Relationship schema, based on
criteria for the optimization of the schema and the simplification of

the following step;

e translation into the logical model, based on the features of the
logical model (in our case, the relational model).
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Performance analysis on E-R schemas

 An E-R schema can be restructured to optimize two parameters:

— cost of an operation (evaluated in terms of the number of
occurrences of entities and relationships that are visited to execute
an operation on the database);

— storage requirement (evaluated in terms of number of bytes
necessary to store the data described by the schema).

* In order to study these parameters, we need to know:

— the volume of data;
— the operation characteristics.
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An E-R schema on the personnel of a company
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Code MANAGEMENT
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Table of volumes and table of operations

The volume of data and the general characteristics of the operations can be
summed up in special tables.

Table of volumes

Concept Type | Volume
Branch E 10
Department E 80
Employee E 2000
Project E 500
Composition R 80
Membership R 1900
Management R 80
Participation R 6000

Table of operations

Operation Type | Frequency
Operation 1 I 50 per day
Operation 2 I 100 per day
Operation 3 I 10 per day
Operation 4 B 2 per day
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Example of a navigation schema

Code.\
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AgeO/

Name.\
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Table of accesses

The cost of an operation evaluated using the table of volumes and the
navigation schema can be summed up in the table of accesses.

Concept Type Accesses yp
Employee Entity 1 R
Membership | Relationship 1 R
Department Entity 1 R
Participation | Relationship 3 R
Project Entity 3 R
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Restructuring tasks of an E-R schema

The restructuring step of an E-R schema can be sub-divided into a series of tasks

E-R Database
schema load

- -

Restructuring of the E-R schema

Analysis of
redundancies

¢

Removing
generalizations

'

Partitioning/merging of
entities and relations

'

Selection of
primary identifiers

Restructured
E-R schema
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Analysis of redundancies

 Aredundancy in a conceptual schema corresponds to a piece of
iInformation that can be derived (that is, obtained by a series of
retrieval operations) from other data.

* An Entity-Relationship schema can contain various forms of
redundancy.
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Examples of schemas with redundancies
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Taking a decision about redundancies

 The presence of a derived piece of information in a database presents

— an advantage: a reduction in the number of accesses necessary to
obtain the derived information;

— some disadvantages: a larger storage requirement (which is often
a negligible cost) and the necessity for carrying out additional
operations in order to keep the derived data up to date.

 The decision to maintain or delete a redundancy is made by
comparing the cost of operations that involve the redundant
Information and the storage needed, in the case of presence or
absence of redundancy.
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An example of analysis of redundancy

PERSON

(u)(l.N)

NumberOf
Inhabitants

TowN

O

In this schema the attribute NumberOfinhabitants is redundant.
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Load and operations for the example schema

Table of volumes

Table of operations
Concept Type | Volume .
Town E 200 Operat_lon Type | Frequency
Person E 1000000 Operat!on 1 I 500 per day
Residence R | 1000000 Operation 2 | 2 per day

 Operation 1: add a new person with the person’s town of residence.

e Operation 2: print all the data of a town (including the number of
iInhabitants).
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Table of accesses in presence of redundancy

Operation 1
Concept Type Accesses | Type
Person Entity 1 W
Residence | Relationship 1 W
Town Entity 1 R
Town Entity 1 W
Operation 2
Concept Type Accesses | Type
Town Entity 1 R
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Table of accesses in absence of redundancy

Operation 1
Concept Type Accesses | Type
Person Entity 1 W
Residence | Relationship 1 W
Operation 2
Concept Type Accesses | Type
Town Entity 1 R
Residence [ Relationship 5000 R
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Comparing the cost of operations

 Presence of redundancy.

— Operation 1 requires a total of 1500 write accesses and 500 read
accesses per day.

— The cost of operation 2 is almost negligible.

— Counting twice the write accesses, we have a total of 3500
accesses a day.

« Absence of redundancy.
— Operation 1 requires a total of 1000 write accesses per day.
— Operation 2 however requires a total of 10000 read accesses per
day.
— Counting twice the write accesses, we have a total of 12000
accesses per day.

e [t worth maintaining the redundant data
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Removing generalizations

* The relational model does not allow the direct representation of
generalizations of the E-R model.

» We need, therefore, to transform these constructs into other
constructs that are easier to translate: entities and relationships.
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Example of a schema with generalization
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Possible restructurings of the previous schema
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General rules about generalization removal

» Option 1 is useful when the operations involve the occurrences
and the attributes of E,, E; and E, more or less in the same way.

« Option 2 is possible only if the generalization is total and is useful
when there are operations that refer only to occurrences of E or of E,,
and so they make distinctions between these entities.

» Option 3 is useful when the generalization is not total and the
operations refer to either occurrences and attributes of E (E,) or of
E,, and therefore make distinctions between child and parent entities.

 The various options can be combined.

© McGraw-Hill 1999



Database Systems

Chapter 7: Logical design

Possible restructuring of the previous schema
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Partitioning and merging of entities and relationships

» Entities and relationships of an E-R schema can be partitioned or
merged to improve the efficiency of operations, using the following
principle.

— Accesses are reduced by separating attributes of the same
concept that are accessed by different operations and by merging
attributes of different concepts that are accessed by the same
operations.

e The same criteria as those discussed for redundancies are valid in
making a decision about this type of restructuring.
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Example of partitioning of entities

EmployeeNumber

NameQ\ /OLeveI
Address O—— EMPLOYEE —O Salary
DateOfBirth O O Tax
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Example of deletion of multi-value attributes

Number
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Example of merging of entities

SSN
Name O AptNumber
(0,1) 1,1
AddressO— PERSON D AparTMENT
Age o AptAddress
SSN
N AptNumb
ame O_ LIAptNumber
Address O PERSON
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Example of partitioning of a relationship

Name @ /. Name
PLAYER TeaM
Position O \Q Town
Datejoined O DateLeft
Datejoined
(0,1) PRESENT (O,N)
COMPOSITION
Name .\ /. Name
PLAYER TEAM
Position O " OTown
(O,N) PAST (O,N)
COMPOSITION
DateJoined DateLeft
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Selection of primary identifiers

* The criteria for this decision are as follows.
— Attributes with null values cannot form primary identifiers.
— One or few attributes are preferable to many attributes.

— An internal identifier with few attributes is preferable to an external
one, possibly involving many entities.

— An identifier that is used by many operations to access the
occurrences of an entity is preferable to others.

« At this stage, if none of the candidate identifiers satisfies the above
requirements, it is possible to introduce a further attribute to the entity.
This attribute will hold special values (often called codes) generated
solely for the purpose of identifying occurrences of the entity.
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Translation into the relational model

 The second step of logical design corresponds to a translation
between different data models.

o Starting from an E-R schema, an equivalent relational schema is
constructed. By equivalent, we mean a schema capable of
representing the same information.

 We will deal with the translation problem systematically, beginning
with the fundamental case, that of entities linked by many-to-many
relationships.
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An E-R schema with a many-to-many relationship

Surname Q\
Salary O——

EMPLOYEE

O,N O,N
( )

Number'/

StartDate

/O Name

PROJECT

——() Budget

\‘ Code

EMPLOYEE(Number, Surname, Salary)
PROJECT(Code, Name, Budget)
PARTICIPATION(Employee, Project, StartDate)
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E-R schema with ternary relationship

Quantity
Q

SupplierID.\

SUPPLIER

SupplierNameQ/

PrODUCT

@ Code

DEPARTMENT

Name/ E)Telephone

SUPPLIER(SupplierlD, SupplierName)

PRODUCT(Code, Type)

DEPARTMENT(Name, Telephone)

SUPPLY (Supplier, Product, Department, Quantity)

O Type
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E-R schema with one-to-many relationships

DateOfBirth
Surname PLAYER

@ Name

PositionO/

PLAYER(Surname, DateofBirth, Position)

TeEAM

—( Town

TEAM(Name, Town, TeamColours)
CONTRACT(PlayerSurname, PlayerDateOfBirth, Team, Salary)

\OTeamCoIours
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E-R schema with external identifier

RegistrationNumberO{
S

EnrolmentYearO)—— TUDENT

Su rnameO/

(I,II,N)

@ Name

UNIVERSITY

—(O Town

\OAddress

STUDENT(RegistrationNumber, University, Surname, EnrolmentYear)
UNIVERSITY(Name, Town, Address)
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E-R schema with one-to-one relationship

SaIaryQ\

Name(O—

HeAD

@ Name

Number./

DEPARTMENT

—( Telephone

StartDate ()

\O Branch

HEAD(Number, Name, Salary, Department, StartDate)
DEPARTMENT(Name, Telephone, Branch)

or

HEAD(Number, Name, Salary)
DEPARTMENT(Name, Telephone, Branch, Head, StartDate)
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E-R schema with one-to-one relationship

Salaryo\

Name(O)—

Number./

@ Name

EMPLOYEE

DEPARTMENT

—( Telephone

StartDate ()

EMPLOYEE(Number, Name, Salary)
DEPARTMENT(Name, Telephone, Branch, Head, StartDate)

If both the entities have optional participation:

EMPLOYEE(Number, Name, Salary)
DEPARTMENT(Name, Telephone, Branch)
MANAGEMENT(Head, Department, StartDate)

\O Branch
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An E-R schema for translation
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Result of the translation in the relational model

E1(Al1, A51, A12)
E2(A21, Al1, A51, A22)
E3(A31, A32)
E4(A41,A42)
E5(A51, A52, A61R3, A62R3, AR3, A61R4, A62R4, A61R5, A62R5, AR5)
E6(A61, A62, AB3)
R2(A21, A11, A51, A31, A4l, AR21, AR22)
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Translations from the E-R model to the relational (1)

Type Initial schema Possible translation
E, g ::El |
Binary (XN) El2 Ei(Agi Aen)
many-to-many Ar E2(Agy | AE2)
relationship (XN) -,
e, [® Ag R(AEI > AppAR)
—O Agy,
—@
= —Oﬁélé EI(AEH’AEIZ)
Ternary OGN)AEN) EZ(AEZI’A £27)
many-to-many Es AR —
relationship ‘ é) (X\N) E3(AE3|’A E32)
E; 902 |R(AL L An Any A
Aesi A 2 O A, (Agi Agap AgzpAR)
E, —@ Ag|
One-to-many —O Agpp
relationship with & A Ei(AgiAeizAR210AR)
R =
mandatory XN) Ex(Agy ) AE2)
participation : . ®Ap _=a
2 _—OAm
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Translations from the E-R model to the relational (2)

Type Initial schema Possible translation
EI(AE| |’AEI2)
—@ Ag|
E E A ’A
One-to-many I(O |)_O Al Z(E £22)
relationship with ’ Ax R(Ag, > ApypAR)
optional - T
o OCN) Alternatively:
participation @ Ap :
£2 | OAm El(Ag AR Agp AR)
E2(Agy | AE2)
E. OAm
I Aen
Relationship with Q) E\(Ag o A AEI1HAR)
. . R —_—
external identifiers %N Ex(Agy AE2)
E _’AE2|
2 —OAm,

© McGraw-Hill 1999



Database Systems

Chapter 7: Logical design

Translations from the E-R model to the relational (3)

Type Initial schema Possible translation
One-to-one E, @ Ag EI(A_E' AL, '_A\_E%'_ AR)
'O Agp E2(Ag, v AE)
relationship with (.0 2021 E22
mzlr'\d.atcz.ry o Ar Alternatively:
participation : E A A
for both entities E, 3 Al Z(AE’ E22, '_A\_E'_'_ AR)
Ae22 EI(AEH’AEIZ)
A
One-to-one E, 3 AE“
. o EI2
relationship with (1,1) EI(AEH’AEIZ AE2| AR)
optional AR — -
()

participation
for one entity

Ex(Apy 1 AE2)
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Translations from the E-R model to the relational (4)

Type

Initial schema

Possible translation

One-to-one
relationship with
optional
participation
for both entities

E ®Ae
| O A
O,1)

AR
0,1)

E. @A

2 O A,

Ei(AgAr21)
Ez(/E’A 22 AL p AR)
Alternatively:
EI(AﬂvAEIZ’ AL AR)
Ex(Agp A0
Alternatively:
Ei(AgiAe)

Ez(@ AE2)
A Aea AR
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An E-R schema with a many-to-many relationship

Surname
O (ON) (ON)
SalaryO—— EMPLOYEE PARTICIPATION
Number '/
StartDate

/O Name

PROJECT

——() Budget

\‘ Code
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Graphical representation of a translation of the
previous schema

EMPLOYEE PROJECT

Y

— Number Surname  Salary Code Name Budget

PARTICIPATION

Employee| | Project StartDate
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E-R schema with one-to-many relationships

DateOfBirth
Surname PLAYER

PositionO/

@ Name

TeEAM

—( Town

\OTeamCoIours
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Graphical representation of a translation of the
previous schema

PLAYER
Surname DateOfBirth | Team | Salary Position
TeEAM
» Name Town TeamColours
CONTRACT
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Graphical representation of a relational schema

Es
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Ei Ee
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A2l | All AS5I1 A22
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A3l A32 A4l A42
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The E-R schema of a training company

—

r
-

Address N?e Phone

EMPLOYER

StartDate EpdDate

(O,N) (O.N)
(O,N)
SSN ATTENDANCE SSN Surname
(1.1) Surnameo\\ (0,N) T (‘I) Phone
2eX O ©.1) ©ON) ©.1) ©.1) - OAhee
Code@— TRAINEE AR (E:DOI'IL'JI?DSI\EJ CURRENT INSTRUCTOR

o

EndDate TownOfBirth

reeO” 7 o’
TownOfBirth NoOfPart

QUALIFICATION
EMPLOYEE PROFESSIONAL
©.1) })
COURSE FREELANCE PERMANENT
Position  Level ProfessionalTitle Expertise

J ®

Name Code
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Operational requirements

« operation 1: insert a new trainee including all his or her data (to be carried out
approximately 40 times a day);

e operation 2: assign a trainee to an edition of a course (50 times a day);

e operation 3: insert a new instructor, including all his or her data and the courses he
or she is qualified to teach (twice a day);

e operation 4: assign a qualified instructor to an edition of a course (15 times a day);

« operation 5: display all the information on the past editions of a course with title,
class timetables and number of trainees (10 times a day);

« operation 6: display all the courses offered, with information on the instructors who
are qualified to teach them (20 times a day);

« operation 7: for each instructor, find the trainees all the courses he or she is
teaching or has taught (5 times a week);

e operation 8: carry out a statistical analysis of all the trainees with all the information
about them, about the editions of courses they have attended and the marks
obtained (10 times a month).
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Table of volumes

Database load

Concept Type Volume
Class E 8000
CourseEdition E 1000
Course E 200
Instructor E 300
Freelance E 250
Permanent E 50
Trainee E 5000
Employee E 4000
Professional E 1000
Employer E 8000
PastAttendance R 10000
CurrentAttendance R 500
Composition R 8000
Type R 1000
PastTeaching R 900
CurrentTeaching R 100
Qualification R 500
CurrentEmployment R 4000
PastEmployment R 10000

.

Table of operations

Operation Type Frequency
Operation 1 I 40 per day
Operation 2 I 50 per day
Operation 3 I 2 per day
Operation 4 I 15 per day
Operation 5 I 10 per day
Operation 6 I 20 per day
Operation 7 I 5 per day
Operation 8 B 10 per month
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Access tables for the analysis of the redundancy

The attribute NumberOfParticipants in COURSEEDITION can be derived
from the relationships CURRENTATTENDANCE and PASTATTENDANCE.

Operation 2 with redundancy

Operation 2 without redundancy

(i_on_cept TyEpe A;:c Tﬁ)e Concept Type | Acc | Type
Curréﬁltget)te’znce R 1 W Trainee E L R
CourseEdition E 1 R CurrentAttnce] R L W
CourseEdition| E 1 W Operation 5 without redundancy

Operation 5 with redundancy Concept | Type | Acc | Type

Concept Type | Acc | Type Cour_ls_eEdltlon E 1 R
CourseEdition E 1 R ype R 1 R

Course E 1 R
Type R 1 R ..
Composition R 8 R

Course E 1 R Cl c 3 R
Composition R 8 R P t:tst's c 10 R

Class E 8 R asthltnce
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Analysis of the redundancy

 From the access tables we obtain (giving double weight to the write
accesses):

— presence of redundancy: for operation 2 we have 100 read
accesses and 100 write accesses per day; for operation 5 we have
190 read accesses per day, for a total of 490 accesses per day;

— without redundancy: for operation 2 we have 50 read accesses per
day and 100 write accesses per day; for operation 5, we have 290
read accesses per day, for a total of 440 accesses per day.

 Thus, when the redundancy is present, we have disadvantages both
In terms of storage and access time.

 We can therefore delete the attribute NumberOfParticipants from the
entity COURSEEDITION .
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Removing generalizations

* For the generalization on instructors:

— the relevant operations make no difference between the child
entities and these entities have no specific attributes;

— we can therefore delete the child entities and add an attribute
Type to the parent entity.

* For the generalization on trainees:

— the relevant operations make no difference between the child
entities but these entities have specific attributes;

— we can therefore leave all the entities and add two relationships to
link each child with the parent entity: in this way, we will have no
attributes with possible null values on the parent entity and the
dimension of the relations will be reduced.
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Partitioning and merging of concepts

 The relationships PASTTEACHING and PRESENTTEACHING can
be merged since they describe similar concepts between which the
operations make no difference. A similar consideration applies to the
relationships PASTATTENDANCE and PRESENTATTENDANCE.

e The multi-valued attribute Telephone can be removed from the
INSTRUCTOR entity by introducing a new entity TELEPHONE linked
by a one-to-many relationship to the INSTRUCTOR entity.
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Choice of main identifiers

 TRAINEE entity:

— there are two identifiers: the social security number and the
Internal code;

— 1t is far preferable to chose the latter: a social security number can
require several bytes whereas an internal code, which serves to
distinguish between 5000 occurrences, requires a few bytes.

« COURSEEDITION entity:

— it is identified externally by the StartDate attribute and by the
COURSE entity;

— we can see however that we can easily generate for each edition a
code from the course code: this code is simpler and can replace
the external identifier.

© McGraw-Hill 1999
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The previous E-R schema after the restructuring

; Room Numb
EmPLOYER Class TELEPHONE

(1,1

HOLDER
Code SSN Surname

(1,N)
/. ﬁN’ Age

Q
EMPLOYMENT
SSN

(1.1 Surname
Sexoo\\

C (1,1 (O,N)
Code @ EI;?':'JI(R)SIEI INSTRUCTOR
TownOfBirth EndDate O TownOfBirth

o StartDate (IN (IN) Type
PRo%isTch)NAL QUALIFICATION

1)

(,1)
EMPLOYMENT
DATA

(1,1

EMPLOYEE PROFESSIONAL COURSE
g b RS 3 e
Position  Level ProfessionalTitle Expertise Name Code
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Translation into the relational model

COURSEEDITION(Code, StartDate, EndDate, Course, Instructor)
CLASS(Time, Room, Date, Edition)
INSTRUCTOR(SSN, Surname, Age, TownOfBirth, Type)
TELEPHONE(Number, Instructor)
COURSE(Code, Name)
QUALIFICATION(Course, Instructor)
TRAINEE(Code, SSN, Surname, Age, TownOfBirth, Sex)
ATTENDANCE(Trainee, Edition, Marks*)
EMPLOYER(Name, Address, Telephone)
PASTEMPLOYMENT((Trainee, Employer, StartDate, EndDate)
PROFESSIONAL(Trainee, Expertise, ProfessionalTitle*)
EMPLOYEE(Trainee, Level, Position, Employer, StartDate)
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Logical design using CASE tools

 The logical design phase is partially supported by all database design
tools:

— the translation to the relational model it is carried out by these
systems almost automatically;

— the restructuring step is difficult to automate and the various
products provide little or no support for it.

« All the systems are able to generate automatically the SQL code for
the creation of the database.

 Some systems allow direct connection with a DBMS and can
construct the corresponding database automatically.
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Logical design with a CAS
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Name: VARCHAR2(20) | Dept_ld: NUMBER Name
: Room: VARCHARZ(20 alary
Budget: NUMEER Narne: VARCHARZ(20 Age
Deadline: DATE PRIMARY KEY (Enp_Id)

Building CREATE TABLE Project (
Mame: VARCHAR22D) | Name

: Budget
City: YARCHARZZ20) * Deadline

PRIMARY KEY (Hame) )};
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PRIMARY KEY (Emp Id,
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An E-R schema on the personnel of a company

©.1)

Code MANAGEMENT

Surnane)e\.\
I,N
( )

Salary
EMPLOYEE
StartDate

(IL1)

Age Q/

PARTICIPATION
O StartDate

Name (1,N)

Budget
QW PROJECT BRANCH ONumber
O/ OStreet

ReleaseDate OPostCode

Translate this schema into the relational model
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An E-R schema with external identifiers

All Al2 AI3
.9 2 é AR4

I @ ON | g3

(O.N)

(1.1)

—@A3 |

A210O
A220—

E2

Translate this schema into the relational model
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An E-R schema with generalizations

_OA,
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An E-R schema to translate

—

TotalBalance NumberOfAccounts
Balance  AccountNumber

ﬁ) ? CIientNumber? i} i) ?CreditLimit

——() Name
I,N I,N
Account | —N Aljgft‘jE':T (LN) CLIENT
——(O Address
I I
OPERATION PERSON CoOMPANY
TaLX Cagital
TRANSACTION Nurber P
Amounté} 4} 4} LTransactionNumber
Date Type
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	cap1: The restructuring step of an E-R schema can be sub-divided into a series of tasks
	tr1: EMPLOYEE(Number, Surname, Salary)
PROJECT(Code, Name, Budget)
PARTICIPATION(Employee, Project, StartDate)
	tr5: HEAD(Number, Name, Salary, Department, StartDate)
DEPARTMENT(Name, Telephone, Branch)

or

HEAD(Number, Name, Salary)
DEPARTMENT(Name, Telephone, Branch, Head, StartDate)

	tr6: EMPLOYEE(Number, Name, Salary)
DEPARTMENT(Name, Telephone, Branch, Head, StartDate)

If both the entities have optional participation:

EMPLOYEE(Number, Name, Salary)
DEPARTMENT(Name, Telephone, Branch)
MANAGEMENT(Head, Department, StartDate)
	ex: Translate this schema into the relational model
	tr2: SUPPLIER(SupplierID, SupplierName)
PRODUCT(Code, Type)
DEPARTMENT(Name, Telephone)
SUPPLY(Supplier, Product, Department, Quantity)
	ex2: Translate this schema into the relational model
	tr4: STUDENT(RegistrationNumber, University, Surname, EnrolmentYear)
UNIVERSITY(Name, Town, Address)
	tr4x: PLAYER(Surname, DateofBirth, Position)
TEAM(Name, Town, TeamColours)
CONTRACT(PlayerSurname, PlayerDateOfBirth, Team, Salary)


