Data Models
Data Model can be defined as an integrated collection of concepts for describing and

manipulating data, relationships between data, and constraints on the data in an organization.
A data model comprises of three components:

* A structural part, consisting of a set of rules according to which databases can be constructed.

* A manipulative part, defining the types of operation that are allowed on the data (this includes
the operations that are used for updating or retrieving data from the database and for changing

the structure of the database).

* Possibly a set of integrity rules, which ensures that the data is accurate.

The purpose of a data model is to represent data and to make the data understandable. There have
been many data models proposed in the literature. They fall into three broad categories:

*ObjectBasedDataModels
*PhysicalDataModels
* Record Based Data Models

The object based and record based data models are used to describe data at the conceptual and

external levels, the physical data model is used to -describe data at the internal level.

A Database model defines the logical design and structure of a database and defines how data
will be stored, accessed and updated in a database management system. While the Relational

Model is the most widely used database model, there are other models too:

o Hierarchical Model
o Network Model
« Entity-relationship Model

o Relational Model



Hierarchical Model

This database model organises data into a tree-like-structure, with a single root, to which all the
other data is linked. The heirarchy starts from the Root data, and expands like a tree, adding

child nodes to the parent nodes.
In this model, a child node will only have a single parent node.
This model efficiently describes many real-world relationships like index of a book, recipes etc.

In hierarchical model, data is organised into tree-like structure with one one-to-many relationship
between two different types of data, for example, one department can have many courses, many

professors and of-course many students.
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Network Model

This is an extension of the Hierarchical model. In this model data is organised more like a graph,

and are allowed to have more than one parent node.

In this database model data is more related as more relationships are established in this database
model. Also, as the data is more related, hence accessing the data is also easier and fast. This

database model was used to map many-to-many data relationships.

This was the most widely used database model, before Relational Model was introduced.



Entity-Relationship Model

Entity-Relationship (ER) Model is based on the notion of real-world entities and relationships
among them. While formulating real-world scenario into the database model, the ER Model

creates entity set, relationship set, general attributes and constraints.
ER Model is best used for the conceptual design of a database.
ER Model is based on —

« Entities and their attributes.

« Relationships among entities.

These concepts are explained below.
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e Entity— An entity in an ER Model is a real-world entity having properties
called attributes. Every attribute is defined by its set of values called domain. For

example, in a school database, a student is considered as an entity. Student has various
attributes like name, age, class, etc.



e Relationship — The logical association among entities is called relationship.
Relationships are mapped with entities in various ways. Mapping cardinalities define the
number of association between two entities.

Mapping cardinalities —

« oOnetoone
« oOneto many
« many to one

e many to many

Relational Model

The most popular data model in DBMS is the Relational Model. It is more scientific a model

than others. This model is based on first-order predicate logic and defines a table as an n-ary
relation.
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The main highlights of this model are —

o Data is stored in tables called relations.



o Relations can be normalized.
« Innormalized relations, values saved are atomic values.
o Each row in a relation contains a unique value.

e Each column in a relation contains values from a same domain.
Database Schema

A database schema is the skeleton structure that represents the logical view of the entire
database. It defines how the data is organized and how the relations among them are associated.
It formulates all the constraints that are to be applied on the data.

A database schema defines its entities and the relationship among them. It contains a descriptive
detail of the database, which can be depicted by means of schema diagrams. It’s the database

designers who design the schema to help programmers understand the database and make it
useful.
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Physical Schema

A database schema can be divided broadly into two categories —

o Physical Database Schema — This schema pertains to the actual storage of data and its

form of storage like files, indices, etc. It defines how the data will be stored in a
secondary storage.

o Logical Database Schema — This schema defines all the logical constraints that need to

be applied on the data stored. It defines tables, views, and integrity constraints.



Database Instance

It is important that we distinguish these two terms individually. Database schema is the skeleton
of database. It is designed when the database doesn't exist at all. Once the database is
operational, it is very difficult to make any changes to it. A database schema does not contain

any data or information.

A database instance is a state of operational database with data at any given time. It contains a
snapshot of the database. Database instances tend to change with time. A DBMS ensures that its
every instance (state) is in a valid state, by diligently following all the validations, constraints,

and conditions that the database designers have imposed.

Data Independence

A database system normally contains a lot of data in addition to users’ data. For example,
it stores data about data, known as metadata, to locate and retrieve data easily. It is rather
difficult to modify or update a set of metadata once it is stored in the database. But as a
DBMS expands, it needs to change over time to satisfy the requirements of the users. If

the entire data is dependent, it would become a tedious and highly complex job.

Logical Data Independence
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Physical Data Independence

Metadata itself follows a layered architecture, so that when we change data at one layer,
it does not affect the data at another level. This data is independent but mapped to each

other.

Logical Data Independence

Logical data is data about database, that is, it stores information about how data is managed
inside. For example, a table (relation) stored in the database and all its constraints, applied on

that relation.



Logical data independence is a kind of mechanism, which liberalizes itself from actual data
stored on the disk. If we do some changes on table format, it should not change the data residing

on the disk.

Physical Data Independence

All the schemas are logical, and the actual data is stored in bit format on the disk. Physical data
independence is the power to change the physical data without impacting the schema or logical
data.

For example, in case we want to change or upgrade the storage system itself — suppose we want

to replace hard-disks with SSD — it should not have any impact on the logical data or schemas.
Codd's 12 Rules

Dr Edgar F. Codd, after his extensive research on the Relational Model of database systems,
came up with twelve rules of his own, which according to him, a database must obey in order to

be regarded as a true relational database.

These rules can be applied on any database system that manages stored data using only its

relational capabilities. This is a foundation rule, which acts as a base for all the other rules.

Rule 1: Information Rule

The data stored in a database, may it be user data or metadata, must be a value of some table

cell. Everything in a database must be stored in a table format.

Rule 2: Guaranteed Access Rule

Every single data element (value) is guaranteed to be accessible logically with a combination of
table-name, primary-key (row value), and attribute-name (column value). No other means, such

as pointers, can be used to access data.

Rule 3: Systematic Treatment of NULL Values

The NULL values in a database must be given a systematic and uniform treatment. This is a
very important rule because a NULL can be interpreted as one the following — data is missing,

data is not known, or data is not applicable.



Rule 4: Active Online Catalog

The structure description of the entire database must be stored in an online catalog, known
as data dictionary, which can be accessed by authorized users. Users can use the same query
language to access the catalog which they use to access the database itself.

Rule 5: Comprehensive Data Sub-Language Rule

A database can only be accessed using a language having linear syntax that supports data
definition, data manipulation, and transaction management operations. This language can be
used directly or by means of some application. If the database allows access to data without any
help of this language, then it is considered as a violation.

Rule 6: View Updating Rule

All the views of a database, which can theoretically be updated, must also be updatable by the

system.

Rule 7: High-Level Insert, Update, and Delete Rule

A database must support high-level insertion, updation, and deletion. This must not be limited
to a single row, that is, it must also support union, intersection and minus operations to yield

sets of data records.

Rule 8: Physical Data Independence

The data stored in a database must be independent of the applications that access the database.
Any change in the physical structure of a database must not have any impact on how the data is

being accessed by external applications.

Rule 9: Logical Data Independence

The logical data in a database must be independent of its user’s view (application). Any change
in logical data must not affect the applications using it. For example, if two tables are merged or
one is split into two different tables, there should be no impact or change on the user application.

This is one of the most difficult rule to apply.



Rule 10: Integrity Independence

A database must be independent of the application that uses it. All its integrity constraints can
be independently modified without the need of any change in the application. This rule makes a
database independent of the front-end application and its interface.

Rule 11: Distribution Independence

The end-user must not be able to see that the data is distributed over various locations. Users
should always get the impression that the data is located at one site only. This rule has been
regarded as the foundation of distributed database systems.

Rule 12: Non-Subversion Rule

If a system has an interface that provides access to low-level records, then the interface must not

be able to subvert the system and bypass security and integrity constraints.

RDBMS architecture

A relational database management system (RDBMS) is a database management system
(DBMS) that is based on a relational model in which data is stored in the form of tables and the

relationship among the data is also stored in the form of tables.

A relational database management system (RDBMS) is a database management system (DBMS)
that is based on a relational model in which data is stored in the form of tables and the

relationship among the data is also stored in the form of tables.

To effectively administer your databases, you must understand the OpenEdge RDBMS
architecture. The OpenEdge RDBMS architecture consists of the following components:

.Logical and Physical Database
.Shared memory

.Broker

.Server

B Client

B Background processes
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Oracle

Oracle is an example of RDBMS. Example systems are SQL Server, Oracle , MySQL,
MariaDB, SQLite. ... Any RDBMS is therefore a DBMS. Oracle is a relational database, so it
isan RDBMS.

RDBMS stands for Relational Database Management System. RDBMS is the basis for SQL,
and for all modern database systems like MS SQL Server, IBM DB2, Oracle, MySQL, and

Microsoft Access.

An Oracle database is a collection of data treated as a unit. The purpose of a database is to
store and retrieve related information. A database server is the key to solving the problems of

information management.

SQL SERVER

RDBMS is the basis for SQL, and for all modern database systems such as MS SQL Server,
IBM DB2, Oracle, MySQL, and Microsoft Access. The data in RDBMS is stored in database
objects called tables. A table is a collection of related data entries and it consists of columns and

roOws.



