DATA MODELS

Data models define how the logical structure of a database is modeled. Data
Models are fundamental entities to introduce abstraction in a DBMS. Data models
define how data is connected to each other and how they are processed and stored
inside the system.

The very first data model could be flat data-models, where all the data used are to
be kept in the same plane. Earlier data models were not so scientific, hence they
were prone to introduce lots of duplication and update anomalies.

ER Model - Basic Concepts

The ER model defines the conceptual view of a database. It works around real-

world entities and the associations among them. At view level, the ER model is

considered a good option for designing databases.

Entity

An_entity can be a real-world object, either animate or inanimate, that can be

easily identifiable. For example, in a school database, students, teachers, classes,

and courses offered can be considered as entities. All these entities have some

attributes or properties that give them their identity.

An _entity set is a collection of similar types of entities. An entity set may contain

entities with attribute sharing similar values. For example, a Students set may

contain all the students of a school; likewise a Teachers set may contain all the

teachers of a school from all faculties. Entity sets need not be disjoint.

Attributes

Entities are represented by means of their properties, called attributes. All

attributes have values. For example, a student entity may have name, class, and

age as attributes.

There exists a domain or range of values that can be assigned to attributes. For

example, a student's name cannot be a numeric value. It has to be alphabetic. A

student's age cannot be negative, etc.




Types of Attributes

Simple attribute — Simple attributes are atomic values, which cannot be

divided further. For example, a student's phone number is an atomic value
of 10 digits.

Composite attribute — Composite attributes are made of more than one

simple attribute. For example, a student's complete name may have

first name and last name.

Derived attribute — Derived attributes are the attributes that do not exist

in the physical database, but their values are derived from other attributes
present in the database. For example, average salary in a department
should not be saved directly in the database, instead it can be derived. For
another example, age can be derived from data of birth.

Single-value attribute — Single-value attributes contain single value. For

example — Social Security Number.

Multi-value attribute — Multi-value attributes may contain more than one

values. For example, a person can have more than one phone number,

email address, etc.

These attribute types can come together in a way like —

simple single-valued attributes

simple multi-valued attributes

composite single-valued attributes

composite multi-valued attributes

Entity-Set and Keys

Key is an attribute or collection of attributes that uniquely identifies an entity

among entity set.

For example, the roll number of a student makes him/her identifiable among

students.

Super Key — A set of attributes (one or more) that collectively identifies an

entity in an entity set.




o Candidate Key — A minimal super key is called a candidate key. An entity
set may have more than one candidate key.

o Primary Key — A primary key is one of the candidate keys chosen by the
database designer to uniquely identify the entity set.

Relationship

The association among entities is called a relationship. For example, an
employee works at a department, a student enrolls in a course. Here, Works at
and Enrolls are called relationships.

Relationship Set

A set of relationships of similar type is called a relationship set. Like entities, a
relationship too can have attributes. These attributes are called descriptive
attributes.

Degree of Relationship

The number of participating entities in a relationship defines the degree of the
relationship.

e Binary = degree 2

e Ternary = degree 3

e n-ary = degree

Mapping Cardinalities

Cardinality defines the number of entities in one entity set, which can be
associated with the number of entities of other set via relationship set.

o One-to-one — One entity from entity set A can be associated with at most
one entity of entity set B and vice versa.




One-to-many — One entity from entity set A can be associated with more

than one entities of entity set B however an entity from entity set B, can be
associated with at most one entity.

A B

Many-to-one — More than one entities from entity set A can be associated

with at most one entity of entity set B, however an entity from entity set B
can be associated with more than one entity from entity set A.

A B

Many-to-many — One entity from A can be associated with more than one

entity from B and vice versa.




Relation Data Model

Relational data model is the primary data model, which is used widely around the

world for data storage and processing. This model is simple and it has all the

properties and capabilities required to process data with storage efficiency.

Concepts
Tables — In relational data model, relations are saved in the format of Tables.

This format stores the relation among entities. A table has rows and columns,

where rows represents records and columns represent the attributes.

Tuple — A single row of a table, which contains a single record for that relation is

called a tuple.

Relation instance — A finite set of tuples in the relational database system

represents relation instance. Relation instances do not have duplicate tuples.

Relation schema — A relation schema describes the relation name (table name),

attributes, and their names.

Relation key — Each row has one or more attributes, known as relation key,

which can identify the row in the relation (table) uniquely.

Attribute domain — Every attribute has some pre-defined value scope, known as

attribute domain.

Constraints

Every relation has some conditions that must hold for it to be a valid relation.

These conditions are called Relational Integrity Constraints. There are three

main integrity constraints —

o Key constraints

e Domain constraints

o Referential integrity constraints




Key Constraints

There must be at least one minimal subset of attributes in the relation, which can

identify a tuple uniquely. This minimal subset of attributes is called key for that
relation. If there are more than one such minimal
called candidate keys.

subsets, these are

Key constraints force that —

in a relation with a key attribute, no two tuples can have identical values for
key attributes.

e a key attribute can not have NULL values.

Key constraints are also referred to as Entity Constraints.

Domain Constraints

Attributes have specific values in real-world scenario. For example, age can only
be a positive integer. The same constraints have been tried to employ on the
attributes of a relation. Every attribute is bound to have a specific range of values.

For example, age cannot be less than zero and telephone numbers cannot contain
a digit outside 0-9.

Referential integrity Constraints

Referential integrity constraints work on the concept of Foreign Keys. A foreign key
is a key attribute of a relation that can be referred in other relation.

Referential integrity constraint states that if a relation refers to a key attribute of a
different or same relation, then that key element must exist.




Hierarchical database model

A hierarchical database model is a data model in which the data is organized into a tree-like
structure. The data is stored as records which are connected to one another through links. A record
is a collection of fields, with each field containing only one value. The entity type of a record defines
which fields the record contains.
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Example of a hierarchical model

A record in the hierarchical database model corresponds to a row (or tuple) in the relational
database model and an entity type corresponds to a table (or relation).

The hierarchical database model mandates that each child record has only one parent, whereas
each parent record can have one or more child records. In order to retrieve data from a hierarchical
database the whole tree needs to be traversed starting from the root node. This model is recognized
as the first database model created by IBM in the 1960s!ctation needed]
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Example of a Network Model.
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The network model is a database model conceived as a flexible way of representing objects and
their relationships. Its distinguishing feature is that the schema, viewed as a graph in which object
types are nodes and relationship types are arcs, is not restricted to being a hierarchy or lattice.
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