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1
Relational Database Design

INTRODUCTION

A relational database is designed to minimise data
redundancy, improve data consistency and sharing,
data independence, etc. Enhanced-relationship (EER)
model results from extending the original E-R model.
In this chapter, we will learn the various tools for EER
modeling. We will mainly discuss about functional
dependency, multivalued dependency, normalisation,
various normal forms, join dependency, inclusion
dependency and temporal data.

CHAPTER AT A GLANCE

FEATURES OF GOOD DATABASE DESIGN

The various features of a good database design are
as follows:

Minimal data redundancy
Improved data consistency
Improved data sharing
Improved data quality
Improved data accessibility and respon-
siveness
Enforcement of standards
Increased productivity of application
development
Reduced program maintenance
Data independence

DATABASE DESIGN AND IMPLEMENTATION

ADVANCED DATABASE
MANAGEMENT SYSTEMS

ENHANCED ER TOOLS

Enhanced-relationship (EER) model is the model
that has resulted from extending the original E-R model
with the following new modeling constructs:

1. Supertype/Subtype relationship

2. Inheritance

3. Specialisation

4. Generalisation
1. Supertype/Subtype Relationship: The E-R

model has been extended to include Supertype/Subtype
relationships. A supertype is a generic entity type that
has a relationship with one or more subtypes, whereas
a subtype is a sub-grouping of those entities in an entity
type, which is meaningful to the organisation.

2. Inheritance: Inheritance is the property by
which subtype entities inherit values of all attributes
of the supertype. A subtype is an entity type in its own
right. An entity instance of a subtype represents the
same entity instance of the supertype. An entity in a
subtype must possess not only values for its own
attributes, but also values for its attributes as a member
of the supertype. The inheritance property makes it
unnecessary to include supertype attributes redundantly
with the subtypes.

3. Specialisation: Specialisation is the top-down
process of defining one or more subtypes of the
supertype, and forming supertype/subtype
relationships. Each subtype is formed based on some
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distinguishing features such as attributes or relationships
that are specific to the subtype.

4. Generalisation: Generalisation is the bottom-
up process of defining a more general entity type from
a set of more specialised entity types. Thus,
generalisation groups the entity types along with their
common attributes, while at the same time it preserves
attributes that are specific to each subtype.

Completeness Constraint

Completeness constraint means whether an
instance of a supertype must also be a member of at
least one subtype. It has two possibilities: Total
specialisation rule and Partial specialisation rule.

Disjoint Constraint

Disjointness constraint means whether an instance
of a supertype may simultaneously be a member of two
or more subtypes. It also has two possibilities: Disjoint
rule and Overlap rule.

Converting EER Diagram to Table

EER diagram can be converted into a table by
creating a table for each strong and each weak entity
set. A table is also created for each binary m : n
relationship set and a binary m : 1 or 1 : m relationship.
For generalisation or specialisation hierarchy separate
tables can be created for higher level and lower level
entities. A separate table is created for composite
attributes.

FUNCTIONAL DEPENDENCY:
THEORY AND NORMALISATION

A functional dependency is a constraint between
two attributes or two sets of attributes. It means for
any relation R, attribute B is functionally dependent
on attribute A if, for every valid instance of A, that
value of A uniquely determines the value of B. The
functional dependency of B on A is represented as
follows:

A  B
An attribute may be functionally dependent on two

or more attributes. The attribute on the left-hand side
of the arrow in a functional dependency is called a
determinant. So, A is a determiner.

Primary Key, Composite Key and Candidate Key

Primary key is an attribute or a combination of
attributes that uniquely identifies each row in a table.
For example, ISBN could be a primary key in the
relation ‘Book’. Composite key is a primary key that
consists of more than one attribute. For example,
Account_Type and ACNO could be a composite key in
relation ‘Account’.

A candidate key is an attribute, or combination or
attributes, that uniquely  identifies a row in a relation.
For example, Vehicle_No could be a candidate key in
relation ‘Vehicle’ if all other attributes functionally
dependent on Vehicle_No.

Normalisation

Normalisation is the process of decomposing
relations with anomalies to produce smaller, well-
structured relations. It is based on the analysis of
functional dependencies. It can be accomplished in
stages, each of which is called a normal form. A normal
form is a state of a relation that results from applying
simple rules regarding functional dependencies to that
relation. The various normal forms are:

1. First normal form

2. Second normal form

3. Third normal form

4. Boyce/Codd normal form

5. Fourth normal form

6. Fifth normal form

MULTIVALUED DEPENDENCIES
AND FOURTH NORMAL FORM

Boyce-Codd Normal Form

A relation is in Boyce-Codd normal form (BCNF)
if and only if every determinant in the relation is a
candidate key.

Fourth Normal Form

When a relation is in BCNF, there are no more
any anomalies, which result from functional
dependencies. But, some anomalies may result from
multi-valued dependencies. A type of dependency that
exists when there are at least three attributes (such as
A, B, and C) in a relation, and for each value of A
there is a well-defined set of values of B and a well-
defined set of values of C. But the set of values of B is
independent of set C, and vice versa. To remove the
multivalued dependency from a relation, the relation
is divided into two new relations. Each of these tables
contains two attributes that have a multivalued
relationship in the original relation. So, a relation is
in fourth normal form (4NF) if it is in BCNF and
contains no multivalued dependencies.

JOIN DEPENDENCIES AND 5NF/PJNF

The fifth normal form deals with a property called
Lossless Joins, which occurs very rarely and is difficult
to detect in practice. It deals with join-dependencies
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and cannot be constructed from several smaller relations.
A relation R satisfies join dependency *        (R1, R2, ...,
Rn) if and only if R is equal to the join of   R1, R2, ..., Rn

where Ri are subsets of the set of attributes of R. A
relation R is in fifth normal form if for all join
dependencies, either (R1, R2, ..., Rn) is a trivial join-
dependency or every Ri is a candidate key for R

Fifth normal form is also called Project-Join
Normal Form (PJNF). It is also defined as follows:

A relation schema R having a set F of functional,
multivalued, and join dependencies, is in PJNF (5NF),
if for all the join dependencies in the closure of F that
are of the form, *(R1, R2, ..., Rn) where Ri are subsets
of the set of attributes of R and either (R1, R2, ..., Rn) is
a trivial join-dependency or every Ri is a super key for
R.

Definitions of PJNF from the viewpoint of the
decomposition

Definition 1: A join dependency *(R1, R2, ..., Rn)
over a relation R is trivial if it is satisfied by every
relation r(R).

Definition 2: A join dependency *(R1, R2, ..., Rn)
over a relation R applies to a relation scheme R if
R =  R1, R2, ..., Rn.

Definition 3: If R be a relation scheme having F
as the set of Functional Dependencies and Join
Dependencies over R, R will be in project-join normal
form (PJNF) if for every Join Dependency *(R1, R2, .., Rn)
which can be derived by F that applies to R, either the
Join Dependency is trivial or every Ri is a super key
for R.

Definition 4:  If R be a relation scheme having F
as the set of Functional Dependencies and Join
Dependencies over R, R will be in project-join normal
form (PJNF) if for every Join Dependency *(R1, R2,..., Rn)
which can be derived by F that applies to R, is implied
by the key Functional Dependencies of R.

INCLUSION DEPENDENCIES AND TEMPLATE
DEPENDENCIES

Inclusion dependency formalise two important
types of interrelation constraints that exist between
relations – Referential integrity constraints and Class/
subclass relationships.

Inclusion Dependency

An inclusion dependency, R.X < S.Y between two
sets of attributes (X of a relation schema R, and Y of a
relation schema S) is defined as follows:

If r and s are the relation state of R and S
respectively at any specific time then x(r(R)) =  y(s(S))

Template Dependencies

The template dependencies generalises the
concepts of Inclusion Dependencies. A template
dependency resembles a tableau. It is representation
of the statement that a relation is invariant under a
certain tableau mapping. It consists of a number of
hypothesis rows that define certain variables with a
special row at the bottom, which is called the conclusion
row.

A relation r satisfies a template dependency, if and
only if, a valuation that successfully maps the
hypothesis rows to tuple in a relation r, finds a map for
conclusion row to a tuple in r.

A template dependency (TD) on a relation scheme
R is a pair T = (T,w) where T={wl,w2, . . . . wk} is a set
of hypothesis rows on R, and w is a single conclusion
row on R. A relation r(R) satisfies TD T if for every
valuation p of T such that p(T) = r, p can be extended
to show that p(w) E r.

A template dependency is trivial if every relation
over R satisfies it.

Difference between Template Dependency and
Tableau

A Template Dependency differs from a tableau in
the ways that a variable like (a, b, c, etc.) in the
conclusion row need not appear in any of the hypothesis
row, and variables may not be necessarily restricted to
a single column.

DOMAIN KEY NORMAL FORM (DKNF)

DKNF is an attempt to define an ultimate normal
form that takes into account all possible types of
dependencies and constraints. A set of relations that
are in DKNF must be free of anomalies. It is an
important normal form as it offers a complete solution
to avoid the anomalies.

MODELING TEMPORAL DATA

Temporal databases are those database applications
that involve some aspect of time. In a temporal database
system, we need to define database as a sequence of
time based data in chronological order and need to
resolve events that happen at the same time. The SQL
support for temporal data includes data types such as
DATE, TIME, TIMESTAMP, INTERVAL, PERIOD,
etc.
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CHECK YOUR PROGRESS

Q. 1. What is the use of EER diagram?
Ans. Enhanced-relationship (EER) model extends

the original E-R model with the new modeling
constructs such as Supertype /Subtype relationship,
Inheritance, Specialisation, and Generalisation.

Q. 2. What are the constraints used in EER
diagrams?

Ans. The basic constraints used in EER diagram
are completeness and disjoint constraints.

Completeness Constraint: Completeness
constraint means whether an instance of a supertype
must also be a member of at least one subtype. It has
two possibilities:

(a) Total specialisation rule: It specifies that each
entity instance of the supertype must be a member of
some subtype in the relationship.

(b) Partial specialisation rule: It specifies that
an entity instance of the supertype cannot belong to
any subtype.

Disjoint Constraint: Disjointness constraint
means whether an instance of a stipertype may
simultaneously be a member of two or more subtypes.
It also has two possibilities:

(a) Disjoint rule: It specifies that if an entity
instance of the supertype is a member of one subtype,
it cannot simultaneously be a member of any other
subtype.

(b) Overlap rule: It specifies that an entity
instance can simultaneously be a member of two
subtypes.

Q. 3. How is an EER diagram converted into a
table?

Ans. EER diagram can be converted into a table
by following these rules:

1. A table is created for each strong entity set.
2. A table is created for a weak entity set  by

including the primary key of the strong entity
on which it depends.

3. A table is created for each binary m : n
relationship set having the primary keys of
both the participating entities.

4. For a binary m : 1 or 1 : m relationship, the
primary key on the m side should be used as
the primary key.

5. For generalisation or specialisation hierarchy
separate tables can be created for higher level
and lower level entities.

6. A separate table is created for composite
attributes.

Q. 4. What are Multi-valued Dependencies?
When we can say that a constraint X is multi-
determined?

Ans. A multi-valued dependency is a constraint
due to multi-valued attributes. A relation is in Boyce-
Codd normal form (BCNF) if and only if every
determinant in the relation is a candidate key. When a
relation is in BCNF, there are no more any anomalies,
which result from functional dependencies. But, some
anomalies may result from multi-valued dependencies.
A type of dependency that exists when there are atleast
three attributes (such as A, B, and C) in a relation, and
for each value of A there is a well-defined set of values
of B and a well-defined set of values of C. But the set
of values of B is independent of set C, and vice versa.
To remove the multivalued dependency from a relation,
the relation is divided into two new relations. Each of
these tables contains two attributes that have a
multivalued relationship in the original relation. So, a
relation is in fourth normal form (4NF) if it is in BCNF
and contains no multivalued dependencies.

A relation must have atleast three attributes out of
which two should be multi-valued. So, a constraint X
is multi-determined if atleast two of its attributes are
multi-valued.

Q. 5 Decompose the following into 4NF.
EMP

ENAME PNAME DNAME

Dev X Sanju

Dev Y Sainyam

Dev X Sainyam

Dev Y Sanju
Ans.
EMP PROJECTS

ENAME PNAME

 DeV X

 Dev Y

EMP DEPENDENTS

ENAME DNAME

 Dev Saniu

 Dev Sainyam
Q. 6. Does the following relation satisfy MVDs

with 4NF? Decompose the following relation into
5NF.
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