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Logical Design (1/2)

»>Introduction

»>Restructuring of the Entity-Relationship schema
»>Removing generalizations

> Partitioning of concepts

»Removing multivalued attributes

»Removing composed attributes

>Selection of primary identifiers



Logical Design (2/2)

> Translation into the relational model
» entity and many-to-many relationships

» one-to-many relationships

» one-to-one relationships

> entities with external identifiers
» ternary relationships



Logical Design

Introduction



Logical design

Selection of the logical model

V Objective

OQ

Important

Relational model

Definition of a relational logical schema
corresponding to the starting ER schema

Simplification of the ER schema to make it
representable by the relational model

Optimization to increase the efficiency of
gueries



Logical design steps

ER Schema
v

Restructuring the ER Schema

v

Restructured ER schema EQ%

v

Translation

v

Logical schema




Translation to the relational
model

entities and many-to-many relationships



Translation to the relational model

e |tis executed on the restructured ER schema

e j.e., the schema without hierarchies, multivalued attributes and composite
attributes

e Transformations
e Each entity is translated into a table with the same attributes
» For relationships we need to consider the maximum cardinality



Entity Translation

Translating the ER Schema into the Relational Model



Entity Translation

* Each entity corresponds to a table with the same attributes
* the attributes of the entity constitute the schema of the table

* The identifier (simple or composite) of the Entity becomes the
primary key of the table

e Optional Entity attributes are attributes that can be NULL
* They are highlighted with "*" in the table schema



Entity

Conceptual model

SSN

!

Name O\

Surname O/

PERSON

om .
—O Profession

Logical model

Person(SSN, Name, Surname, Profession*)

* Underlined primary key

e Optional attributes indicated with an
asterisk
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Relationship translation

Translating the ER Schema into the Relational Logic Model



Relationship translation

* To translate a relationship
1. Step 1: The Entities participating in the Relationship are first translated
2. Step 2: The Relationship is then translated
» Different translation rules for binary and ternary Relationships

* For a Binary Relationship, it is necessary to consider the maximum and
minimum cardinality with which the Entities participate in the
Relationship

12



Translation of Binary Relationships

Translating the ER Schema into the Relational Model



Many-to-many binary relationship

Conceptual model Logical model

StudentID

T o CodC Narme Student(StudentID, Name, Surname)
Name O] - C{ /O Course(CodC, Name)

STUDENT  FoN @ ©N COURSE Exam(StudentID, CodC, Grade)
Surname O/

* Each many-to-many relationship corresponds to a table
* The primary key is the combination of the identifiers of the two linked entities

* The attributes of the table that corresponds to the relationship can be
renamed (required in case of recursive relationships)

DYG



Recursive many-to-many binary relationship

Conceptual model Logical model
P_ID Nir)ne Cost
PRODUCT
/ \ Product (P_ID, Name, Cost)
ar o Composed(CodCompound, CodComponent, Quantity)

Componen Compound
COMPOSED
O

Quantity

* Each many-to-many relationship corresponds to a table
* The primary key is the combination of the identifiers of the two linked entities

* The attributes of the table that corresponds to the relationship can be
Dﬁ(} renamed (required in case of recursive relationships) 15



One-to-many binary relationship

* Two translation modes are possible
* by means of attributes
* by means of a new table

16



One-to-Many Binary Relationship: using attributes

Conceptual model

Date

<<

CitylD

/.

ssN @—

PERSON

Q
F (1) @ (N) 7

CITyY

Logical model

Person (SSN, Name, Surname, CityID, Date)
City (CityID, Name)

* |t is used when participation of the entity that participates with a maximum
cardinality of 1 is mandatory (minimum cardinality of 1)

DEG
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One-to-many binary relationship: using attributes or a new table

Conceptual model Logical model

Alternative 1. Translation using attributes
Student (StudentID, Name, Surname, NameUniv*, Date*)

University (Name, City)

StudentID

N T Y e/ Alternative 2. Translation using a new table
I oml  unversiTy Student (StudentID, Name, Surname)
uuuuuu o1 University (Name, City)

Graduation (StudentID, NameUniv, Date)

* |t is used when participation of the entity that participates with a maximum
cardinality of 1 is optional (minimum cardinality of 0)

D&G 18



One-to-one binary relationship

* Multiple translations are possible
* depends on the value of the minimum cardinality

19



One-to-one binary relationship

Conceptual model

Name

N
D City
Date
RECTOR [ (1D @ (1m 1 UNIVERSITY

Logical model

Alternative 1
Rector (ID, Name, Surname, UnivName, Date)

University (Name, City)

Alternative 2
Rector (ID, Name, Surname)

University (Name, City, ID, Date)

* |t is used when both entities participate with a maximum cardinality of 1 in
the relationship, and participation is mandatory for both entities (minimum

@ cardinality of 1)

20



One-to-one binary relationship

Conceptual model Logical model

City

N
ID Name
ElectionDate
.\ T /D Q 7 Professor (ID, Name, Surname)
PROFESSOR [ (O @ an 1 UNIVERSITY University (Name, City, RectorID, ElectionDate)

* |t is used when both entities participate with a maximum cardinality of 1 in
the relationship, but participation is mandatory only for one entities
(minimum cardinality of 1)

21



One-to-one binary relationship

Conceptual model

Name  syrname

ID
ElectionDate
Q

PROFESSOR [ (O @ ©1N 1

Name City
UNIVERSITY

DYG

Logical model

Alternative 1

Professor (ID, Name, Surname)
University (Name, City)
Rector (RectorID, UniversityName, ElectionDate)

Alternative 2

Professor (ID, Name, Surname)
University (Name, City)
Rector (RectorID, UniversityName, ElectionDate)

Alternative 3

Professor (ID, Name, Surname)
University (Name, City, RectorID*, ElectionDate*)

* |t is used when both entities participate with a maximum cardinality of 1 in
the relationship, and participation is optional for both entities (minimum

cardinality of 0)
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Translation of Ternary
Relationships

Translating the ER Schema into the Relational Model



Ternary Relationship

Conceptual model Logical model

Name Surname

StudentID e CodC Name

.\ Q .\ /O Student(StudentID, Name, Surname)
STUDENT | (o) oN){  COURSE Course(CodC, Name)

Time(Date)

) Exam(StudentID, CodC, Date, Grade)

Date .— TIME

24



Translating Entities with External
|dentifier

Translating the ER Schema into the Relational Model



Entities with an external identifier

Conceptual model Logical model

Name

CodC T ﬁs@% Number Capacity

Cinema (CodC, Name, Address)
CINEMA = (1) anpyp  HALL Hall (Number, CodC, Capacity)

* The relationship is represented together with the identifier
* The relationship contributes to the definition of the weak entity
identifier

26



Referential integrity constraints

Translating the ER Schema into the Relational Model



Referential integrity constraints

* Relationships Represent Referential Integrity Constraints

DYG

Conceptual model

StudentID

!

Grade

CodC Name

 /

STUDENT

Q
- (O,N) @ (ON)

COURSE

Exam(StudentID) REFERENCES Student(StudentID)

Exam(CodC) REFERENCES Course(CodC)

Logical model

Student(StudentID, Name, Surname)

Course(CodC, Name)
Exam(Studentld, CodC, Grade)

28



Referential integrity constraints

Conceptual model Logical model

ID B_ID Name

/O

ROOM - (ON) (1,1)£ BOOKSHELF Room (ID)

| Bookshelf (/D, B_ID, Name)
SheiD o Shelf (ID, B_ID, Shelf ID)

SHELF l (K

* If the referenced key consists of multiple attributes, the referential

integrity constraint is imposed on the attribute set

Bookshelf(ID) REFERENCES Room(ID)
DﬁG Shelf (ID, B_ID) REFERENCES Bookshelf (ID, B_ID) 2o




Referential integrity constraints

Conceptual model Logical model

ID B_ID Name

/O

ROOM - (ON) (1,1)£ BOOKSHELF Room (ID)

| Bookshelf (/D, B_ID, Name)
SheiD o Shelf (ID, B_ID, Shelf ID)

SHELF l (K

* |f the referenced key consists of multiple attributes, the referential integrity

constraint is imposed on the attribute set
Bookshelf(ID) REFERENCES Room(ID)
Shelf (ID) REFERE ookshelf (ID) Wrong constraints!
DﬁG Shelf(B_ID RENCES Bookshelf (B_ID) ' 30




Restructuring the ER model

Restructuring the ER model



Restructuring the ER model

* The restructured ER model takes into account implementation
aspects

* |tis no longer a conceptual model

* Objectives

* To eliminate constructs for which there is no direct representation in the
relational model

* To transform the data representation in order to increase the efficiency of
data access operations

32



Restructuring tasks

* Eliminating composite attributes
* Eliminating multivalued attributes

* Eliminating generalizations
* Analysis of redundancies
 Partitioning concepts (Entities, Relationships)

* Choosing primary identifiers

33



Eliminating composite attributes

Restructuring the ER model



Eliminating composite attributes

 Composite attributes are not representable in the relational model.

 Attributes can be deleted by:

» separately representing individual sub-attributes
 if you need to access each attribute separately

* Introducing a single attribute that represents the concatenation of the
composite attributes

e if access to the overall information is sufficient

35



Option 1: separate attributes

Name O\

Surname O’/

PERSON

TaxID

Profession

Name O\
Surname O

4

PERSON

Profession

t 2

Street

ZIP_Code

Street_Address

() Number_Address

() ZIP_Code_Address

36



Option 2: single attribute

Name O\

PERSON O Number
Surname O’/
ZIP_Code
TaxID Profession

TaxID

t 2

Profession

Street

t 4

Name O\
Surname O

PERSON

Address_ZIP_Code_Number_Street

37



Eliminating multivalued attributes

Restructuring the ER model



Eliminating multivalued attributes

* They cannot be represented in the relational model

* Multivalued attributes are represented using a relationship between:

* the initial entity
* a new entity

* Pay attention to the cardinality of the new relationship

39



Shared information

TaxID Profession

O
Name O\
PERSON @ Qualificati)
Surname O

A person can have more than one educational qualification and that the
same educational qualification can be held by several people

40



Shared information: Has_qualification cardinality

uuuuuu

Qualification

?

PERSON

(1’?)

QUALIFICATION

41



Shared information: Has_qualification cardinality

TaxID oy
T %}
Name O\
)
PERSON O
Surname O]

—
D Profession I

%)

Ta
Qualification

?

(LN) {  QUALIFICATION

A person can have more than one educational qualification and that the
same educational qualification can be held by several people 42

Name O\
Surname O/

PERSON




Unique information

Profession

/o,f)

TaxID
Name
PERSON
Surname O

(1,N)

A person can have more than one telephone number, but a given

telephone number can be held only by one person

43



Unique information: Has_telephone cardinality

TaxID

Name O\
PERSON ) 0
Surname O |

Taxp Profession l Telephone

A t

1,2)|  TELEPHONE

Name O\
Surname O

PERSON

DEG



Unique information: Has_telephone cardinality

DEG

TaxID

Pro
T A)O
Name O\
(1,N)
PERSON (X Telephone
Surname O |

TaxP Profession l Telephone

P ?

1,1 |  TELEPHONE

A person can have more than one telephone number, but a given
telephone number can be held only by one person

ion

Name O\
Surname O

PERSON

45



Removing generalizations

Restructuring the ER model



Removing generalizations

The relational model does not allow direct representation of
generalizations of the ER model

e We need, therefore, to trasform these into entities and relationships
Possible methods:

o Child entities merged into parent entity

» Parent entity merged into child entities

e Generalization translated into relationships

a7



Example

CodE Name
EXAM (1)
CodD Name

N

DEPT

- (1L,N)

MADE_BY

(LN) A

Specialization Association
?('I.N) (P(O,‘l}
DOCTOR VOLUNTEER
(te)
\VA
/O Name
(1,1 1 STAFF O surname
‘ \O Address
SSN

48



Merging child entities into the parent entity

CodD Name
DEPT

L (1) an A

STAFF

SSN

49



Attributes of child entities

ame
0,1
DEPT L (N) (1)

50



Relationships with child entities

CodE Name

EXAM

— (D @

Association Specialization

ame
\ ; omn ! (O,N)

/O Name
N an STAFF ——( Surname
\O Address

51



The «Type» attribute

CodE Name

N

EXAM

CodD Name
. A

— (1) @

Association

Specialization

ON) /3
(O,N)

DEPT

L (1) an A

STAFF

\O Surname

L

SSN

\O Address

e The Type attribute indicates the original entity (doctor or volunteer)
to which each occurrence of the parent entity (staff) belongs

52



Merging child entities into the parent entity

CodE Name

"

EXAM

CodD

Name

I

Association

©,
©n

Specialization

N)
ON)

DEPT

- (1,N) (1) -

STAFF

’,4() Name
\O Surname

Type

e Can be used for all types of generalization

L

SSN

\O Address

e in case of overlapping entities, many combinations are possible as
Type values, e.g., skier and sailor

53



Back to the example

CodE Name Specialization Association
\ / (Pm.N) ?{O*ﬂ
EXAM (10 MADE_BY (1,N) - DOCTOR VOLUNTEER
(te)
CodD Name
\ P \V/
/O Name
DEPT - (1,N) (11) 1 STAFF ——O surname
‘ \O Address
SSN

54



Merging the parent into the child entities

Specialization

(P(‘I.N)

(1) (1N)

DOCTOR

VOLUNTEER

55



Attributes of the parent entity

CodE Name

N

EXAM

Specialization

(P(‘I.N)

(1) (1N)

DOCTOR

@ ssn

——() Name

\O Surname

\O Address

Association
SSN .\ ?(o,n
Name O\
surname O VOLUNTEER

Address O/

56



Relationships with parent entity

CodE

.\

Name

/O

Specialization

(P(‘I.N)

EXAM

DOCTOR

@ ssn

——() Name

\O Surname

(1) (1N)

WORKS_IN_DOCTOR )

o Relationships with the parent entity need to be split

(1m

\O Address

CodD

.\

Association
SSN .\ ?(o,n
Name O\
surname O VOLUNTEER

Address O/

Name

})

DEPT

WORKS_IN_VOLUNTEER

an

57



Cardinality of Works in relationship

CodE Name

N

EXAM

Specialization

ﬁ%tm

(1) MADE_BY aN)y 4 DOCTOR O Name
\O Surname Surname O—
\O Address Address O/

/. SSN >N .\

Association

?(0,1 )

Name O\

VOLUNTEER

CodD Name

N

DEPT

an

58



Merging the parent into the child entities

CodE Name Specialization Association

.\ f) (Pm N) /. SN SSN .\ ?{om

Name O-—._._
EXAM amn MADE_BY (1,N) DOCTOR O Name VOLUNTEER
\O Surmame Surname O
\O s ress O/

(1,0 )

ame
@ (ON) DEPT (ON) @

e Cannot be used for partial generalizations
e however, generalizations can be transformed from partial to total by
adding a new entity Others

e Cannot be used for overlapping generalizations
e due to duplicate identifiers

59



Back to the original example

CodE Name Specialization

N T

EXAM a0 1N){  DOCTOR

Association

Cf)(on)

VOLUNTEER

(te)
CodD Name

N !

DEPT - (1,N) (10 1 STAFF

/O Name
———( Surname

SSN

\O Address

60



Generalization translated into a relationship

Specialization

?(1.N)

DOCTOR

DEPT

- (N) (1) —

VOLUNTEER

>

STAFF

SSN

61



Child entities’ identifier

CodE Name Specialization Association
\ / (Pm.m (P(O'”
EXAM (1) MADE_BY (1,N) - DOCTOR VOLUNTEER
IS_A IS_A
CodD Name

/O Name
DEPT = (1,N) N — STAFF —() Surname
\O Address

SSN

62



Cardinality of is a relationship

CodE

Q\

Name

/)

EXAM

CodD

N

Name

an (N){  DOCTOR

(1,1)

DEPT

- ) @

Specialization Association
(Pﬂ.m ?(0.1)
VOLUNTEER
IS_A IS_A
(0,1)
/O Name
1,1 — STAFF O surname
L \O Address
SSN

63



Generalization translated into relationships

CodE

.\

Name

/O

EXAM

CodD

N

Name

Specialization

P

) 1N) {1  DOCTOR

Association

?(0,1)

VOLUNTEER

39

(01)

(01)

DEPT

STAFF

Name

\O Surname

5

SSN

\O Address

e This solution is more general and can be used for all generalizations

D&G e But it may be expensive to reconstruct the original data 64



Assessment of alternatives

Merging child entities into parent entity is appropriate when:

e access operations apply to instances and attributes of child and parent
entitites more or less in the same way (optimize data access)

e child entities are mildly differentiated (few null values)
Merging parent entity into child entities is appropriate when:

e the generalization is total

e there are operations that refer only to specific child entities and therefore it
is useful to distinguish between different child entities (optimize data
access)

“Mixed” representations are also possible:

e there are operations that refer only to instances of some child entities
(optimize data access)

In the presence of hierarchical generalization, apply the same
procedure, starting from the lower levels

65



Redundancy analysis

Restructuring the ER model



Redundancy analysis

* They represent information that is relevant to the application, but can
be derived from other concepts

* it must be decided whether to keep them

e Effects of redundancies on the logical schema
* simplifying and speeding up queries
* increased complexity and slower updates
* increased storage requirements

67



Redundant attribute example

* The Avg_grade attribute is redundant:

» Useful for speeding up queries that require calculating the average of
students' grades

e if preserved, the relational schema must be supplemented with proper
documentation that the attribute is redundant (and derivation rules)

StudentID CourselD

! :
Name O\ Grade (O /O -
Surname (O—— STUDENT — (O,N) (O,N) — COURSE
\O Name
Avg_grade No_CFU

D&G 68



Partitioning concepts

Restructuring the ER model



Partitioning of concepts

Partitioning of entities and relationships

» better representation of different concepts

« separating attributes of the same concept that are accessed by different
operation

« improve the efficency of the operations

70



Entity partitioning

ame O ? /O Level

surname O— EMPLOYEE ——Q salary

Address O/

CodE

?

Name O\
Surname O—

Address G

DEMOGRAPHICS

DEG

1

\O TaxDeductions

(1) *@ (11)

POSITION

/O Level
—O Salary

\o TaxDeductions

71



Relationship partitioning

TaxID Name  Surname

1/ o

omn

CLIENT AN)

(1,|N)

StartDate o—

TIME

(O,N)

Number

AN

Type

ROOM

StartDate

TaxID Name  Surname

N

CLIENT (O,N)

EndDate
@
on
Number Type
(ON) \ }3
N
(O,N) ROOM

(1,IN)

StartDate O—

TIME

72



Choosing Primary ldentifiers

Restructuring the ER model



Selection of primary identifiers

e |tis necessary to define the relation primary keys

o The criteria for this decision are as follows
 Attributes with null values cannot form primary identifiers.
e Just one (better) or few attributes
e An internal identifier is preferable to an external one
e Itis used by many operations to access the occurrences

- It may be useful to introduce an additional attribute to represent the
entity, often called code or ID, e.g. «ProductCode»

74
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