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PREFACE

Information at hand is a valuable resource to any organisation for it enables the enterprise to
draw analogies and analyses. While computer software as such provides an efficient means of
processing information, it is the database system that enables storing and retrieving of information
in the most efficient manner.

This book provides a comprehensive coverage of the fundamentals of “database management
systems” where the theoretical concepts are explained in an easy-to-understand manner while according
equal weightage to the practical aspect of the subject. The principles of database management
systems are dealt in depth here.

The various approaches to data models, relative advantages of relational models are expressed
in detail and the “entities, different types of entities, attributes and relationships” are discussed
with relevant examples and E-R diagrams. The concept of “Normalization”, its forms and its constraints
are dealt keeping in mind for a students’ preparation for their examinations. The Lingua Franca of
database world SQL includes “DDL, DML and DCL commands” and the same are explained with
syntaxes and suitable examples including Joins, Indexes and Table Handling Techniques. The
student will now have a clear understanding of topics like “Transactions and Concurrency Management”
as these are explained elaborately with necessary examples. To cater to the needs of the students,
an attempt has been made to give them clarity on “Distributed and Client-server Databases”.

First and foremost, we are grateful to our parents and family members who have motivated us
to complete this book. Speaking of encouragement, we must mention Rev. Fr. A. Arogya Reddy,
Principal, St. Mary’s Centenary Degree College, Secunderabad and K. Raghuveer, Principal, IIMC,
Hyderabad for their valuable, continuous support. Throughout the process of writing this book,
our colleagues have rendered their time to help us out. We thank all of them.

We offer our gratitude to Himalaya Publishing House Pvt. Ltd., who is a leader in Commerce
and Management Publications. Our sincere regards to Shri Niraj Pandey, Director, Mr. Vijay Pandey,
General Manager (Marketing) and Mr. G. Anil Kumar, Sales Manager, Hyderabad for their sincere
efforts and interest shown and for the best efforts and patience taken for bring out this book in
time. Any suggestions regarding improvement or errors, if any, will be gratefully acknowledged
and shall be incorporated in our consecutive editions.

AUTHORS
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UNIT
1

BASIC CONCEPTS

Learning Objectives

 Database Management System

 Advantages of DBMS over File-oriented system

 Architecture of DBMS

 Database Administrator

 Types of data models

 Relational and E-R models

1.1 DATABASE

In the most general sense, a database is an organised collection of interrelated data. More
precisely, a database is an electronic system that allows users to store, manipulate and update the
data easily.

Any business or organisation that needs to keep track of large number of customers or products
may use database to store their information. Databases are a crucial component of organisations
like insurance companies, hospitals, healthcare, schools, colleges, manufacturing, telecommunications
companies, hotels and hospitality industry or any electronic device that maintains some amount of
persistent information.
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Apart from the above, Database has various definitions:
1. A database is a collection of information that is organised so that it can be easily accessed,

managed, and updated by one or more programs.
2. A Database (DB) is a structure that can store information about:

 Multiple types of entities
 The attributes that describe those entities
 The relationships among the entities

3. A Database (DB) is a collection of related data with the following properties:
 DB is designed, built and populated with data for a specific purpose.
 DB represents some aspect of the real world.

4. Database is an integrated, self-describing collection of related data.
 Integrated: Data is stored in a uniform way, typically all in one place (a single

physical computer, for example)
 Self-describing: A database maintains a description of the data it contains (metadata).
 Related: Data has some relationship to other data. In a college, there are students

who take courses taught by lecturers. The entities are related to each other.

History of Databases

File processing systems were the first attempt made in early 1960s to computerise the manual
filing systems. File-oriented approaches came into existence with the first commercial applications

Fig. Evolution of Databases

noSQL
Object-
oriented

File-
oriented
System
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of computer, provided an increased efficiency in the data processing compared to earlier manual
paper record-based systems. A file system is a method for storing and organising computer files
and the data. File systems may use a storage device such as a hard disk or CD-ROM and involve
maintaining the physical location of the files. The file processing system is supported by a conventional
operating system. The system stores permanent records in various files, and it needs different
application programs to extract records from, and add records to the appropriate files. The file
handling in C/C++ is the example for file processing system. Because of redundancy and extensive
programming efforts, these file-oriented systems lost their charm in short period of time.

By the mid-1960s, as computers developed speed and flexibility, and started becoming popular,
many kinds of general purpose database systems became available. There were two popular data
models in this decade: a hierarchical model called IMS and a network model called CODASYL
(Conference on Data Systems Languages). IMS (Information Management System) was developed
at IBM, originally written for the Apollo program. Later, Charles Bachman, an industrial researcher
led a team called DBTG (Database Task Group) to develop a standard for designing databases.
The Database Task Group launched their standard in 1971, known as the “CODASYL approach”.

In 1973, Edgar F. Codd at IBM’s San Jose Research Laboratory published his revolutionary
research article titled “A Relational Model of Data for Large Shared Data Banks” on relational
database management systems. He proposed that all data should be logically structured within
relations, i.e., tables. Each relation has a name and contains named attributes or columns of data.
Each tuple or row holds one value per attribute. The advantage of the relational model is its simple
logical structure that it forms.

The development of Object-oriented Database Management Systems rose in the middle
80s, at a prototype building level, and in early 90s the first commercial systems were introduced.
The interest for the development of such systems stems out from the need to cover the modeling
limitations of relational database management systems. They were intended to be used by applications
that have to handle big and complex data such as Banking and Securities, Communications, Media
and Entertainment, Insurance, etc.

NoSQL is an approach to database design that can accommodate a wide variety of data models,
including key-value, document, columnar and graph formats. NoSQL, which stand for “not only
SQL,” is an alternative to traditional relational databases in which data is placed in tables and data
schema is carefully designed before the database is built. NoSQL databases are especially useful
for working with large sets of distributed data.

Berkeley DB was an early evolution of NoSQL database usage, developed at the University
of California, Berkeley, beginning in the 1990s. Berkeley DB was commercially released by Sleepycat
Software in 1999. The company was later acquired by Oracle in 2006. Oracle has continued to
support open source Berkeley DB. Other NoSQL databases that have gained prominence include
cloud-hosted NoSQL databases such as Amazon Dynamo DB, Google BigTable, as well as Apache
Cassandra and Mongo DB.
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1.2 DATABASE MANAGEMENT SYSTEM (DBMS)

DBMS is a software that allows creation, definition and manipulation of database. DBMS is
actually a tool used to perform any kind of operation on data in database. DBMS also provides
protection and security to database. It maintains data consistency in multiuser environment. Some
examples of popular Database Management Systems are MySQL, Oracle, Sybase, Microsoft Access,
IBM DB2, etc.

A DBMS facilitate end-users to create, read, update and delete data in a database. The DBMS
essentially serves as an interface between the database and end-users or application programs, ensuring
that data is consistently organised and remains easily accessible.

Fig. Block Diagram of Database System

Most people confuse a database system with a database management system, but the two are
different. A DBMS is a suite of software tools used to store and manipulate data. The three components,
database, database management system and application programs together forms a Database System.
In other words, both database and database management system are the parts of Database System
(DS). Database System comprises of:

1. The Database
2. The DBMS and
3. Application Programs (what users interact with)

Database

A database is a data structure that stores organised information. Usually, databases contain
tables, which may contain several different fields. For example, a college database may include
tables for students, staff, and courses records. Each of these tables would have different fields that
are relevant to the information stored in the table.
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DBMS

A database management system (DBMS) is the software that allows users to perform database
functions of storing, retrieving, adding, deleting and modifying data. DBMS performs many other
functions like transaction processing, managing the data, accessing data dictionary, integrity checking,
etc.

Application Programs

An application program is any program developed to perform a specific function directly for
the user or, in some cases, for another application program through application program interface
(API).

1.3 FILE-BASED SYSTEM APPROACH

These traditional file systems, introduced in 1960s are totally computer-based system where
all the information is stored in different computer files. The files can be anything at all but usually
they are related to each other in some manner or another. Programming languages such as COBOL
and C supported these file-oriented applications. It was used for developing applications such as
of payroll, inventory, and financial accounting.

However, in general, an organisation needs flow of information across these applications also
and this requires sharing of data, which is very difficult to implement in the traditional file approach.
In addition, a major limitation of file-based approach is that the programs are dependent on the
files and the files are dependent upon the programs. File-oriented approaches which came into
existence with the first commercial applications of computers did provide an increased efficiency
in the data processing compared to earlier manual paper record-based systems. As the demand for
efficiency and speed increased in the computer-based file-oriented approach, traditional file processing
systems started suffering from the following significant limitations.

Fig. An example of File-based System where data is stored in a flat file
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Disadvantages of Traditional File-based Systems

1. Data redundancy and inconsistency: Different files may have different formats and the
programs may be written in different programming languages as they are developed by
different programmers. Moreover, the same information may be duplicated in several
places (files). For example, the address and telephone number of a particular customer
may appear in a file that consists of saving-account records and in a file that consists of
checking-account records. This redundancy leads to higher storage and access cost. It
may lead to data inconsistency; i.e., various copies of the same data may no longer agree.

2. Difficulty in accessing data: Conventional file-processing environment do not allow needed
data to be retrieved in a convenient and efficient manner. Suppose we need to access
information about all the customers living in a particular area in a city. In file-oriented
approach, no application program would be on hand to retrieve it. Say, we have the application
program that generates list of all the customers in a city. Thus, we will have to run the
latter program and sort the customers of particular area manually, or for each query, we
will have to write a new application program. Clearly, we can see that accessing data is
not easy in these cases.

3. Data isolation: Since data is scattered in various files, which might be in different formats
thus, it is difficult to write a new application to retrieve appropriate data.

4. Integrity problems: The data values stored in the database must satisfy certain types of
consistency constraints. For example, the balance of a bank account may never fall below
a prescribed amount (say, ` 1,000). Developers enforce these constraints in the system
through hard coding these conditions. When new constraints are added, it is difficult to
change the program to enforce them.

5. Atomicity problems: Consider the situation in which during some transaction, say transferring
money say ` 1,000 from A’s account to B’s account, the power fails or the system goes
down, leaving the state of database in an inconsistent state. Thus, the transactions should
be atomic, i.e., they must happen in their entirety or should not happen at all. It is difficult
to ensure this property in a conventional file processing system.

6. Concurrent-access anomalies: Many systems allow multiple users to update the data
simultaneously. In such an environment, interaction of concurrent updates may result in
inconsistent data. To guard against this possibility, the system must maintain some form
of supervision. Because data may be accessed by many different application programs
that have not been coordinated previously, providing supervision is difficult in file systems.

7. Security problems: Every person should not be allowed to access the database for security
purposes. Since application programs are added to the system in an ad-hoc manner, it is
difficult to ensure such security constraints in file systems.
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1.4. ADVANTAGES OF DBMS OVER FILE-BASED SYSTEM

There are several advantages of database management system over file-based system. Few of
them are as follows:

1. Data sharing: The ability to share the same data resource with multiple applications or
users. It implies that the data are stored in one or more servers in the network and that
there is some software locking mechanism that prevents the same set of data from being
changed by two people at the same time. Data sharing is a primary feature of a database
management system (DBMS).

2. Controlling redundancy: In file system, each application has its own private files, which
cannot be shared between multiple applications. This can often lead to considerable redundancy
in the stored data, which results in wastage of storage space. By having centralised database,
most of this can be avoided. It is not possible that all redundancy should be eliminated.
Sometimes, there are sound business and technical reasons for· maintaining multiple copies
of the same data. In a database system, however this redundancy can be controlled.

3. Integrity: Integrity of data means that data in database is always accurate, such that
incorrect information cannot be stored in database. In order to maintain the integrity of
data, some integrity constraints are enforced on the database. A DBMS should provide
capabilities for defining and enforcing the constraints.

End-user End-user

App Program App Program

Interface designed in Interface designed in
languages like C, COBOL languages like Java, .net

(SQL Connectivity)

File management system of
operating system DBMS

Data in flat File management system of
files operating system

Database

Fig. File-based Systems vs. Database Systems
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4. Enforcing standards: Since DBMS is a central system; standards can be enforced easily
at many levels. The standardised data is very helpful during migration or interchanging
of data. The file system is an independent system. So, standard cannot be easily enforced
on multiple independent applications.

5. Restricting unauthorised access: When multiple users share a database, it is likely that
some users will not be authorised to access all information in the database. For example,
account office data is often considered confidential, and hence only authorised persons
are allowed to access such data. In addition, some users may be permitted only to retrieve
data, whereas others are allowed both to retrieve and to update. Hence, the type of access
operation retrieval or update must also be controlled. Typically, users or user groups are
given account numbers protected by passwords, which they can use to gain access to the
database. A DBMS should provide a security and authorisation subsystem, which the
DBA uses to create accounts and to specify account restrictions. The DBMS should then
enforce these restrictions automatically.

6. Backup and recovery: A DBMS must provide facilities for recovering from hardware or
software failures. The backup and recovery subsystem of the DBMS is responsible for
recovery. For example, if the computer system fails in the middle of a complex update
program, the recovery subsystem is responsible for making sure that the database is restored
to the state it was in before the program started executing.

1.5 DATABASE APPROACH

The database approach to data management provides significant advantages over the traditional
file-based approach. The database is a shared collection of logically related data, designed to meet
the information needs of an organisation. A database is a computer-based record keeping system
used to record and maintains information of various departments in an organisation. As shown in
the below figure, database is a single, large repository of data, which can be used simultaneously by
many users belonging to different departments.

A database system is a computer-based system to record and maintain information. The database
approach is a way in which data is stored within a computer. The contents of a database can hold
a variety of different things. To make database design more straightforward, databases contents
are divided into two concepts:

 Schema
 Data

The Schema is the structure of data that indicates the rules which the Data must obey whereas
the Data are the “facts”.
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The database is no longer owned by one department but is a shared corporate resource. The
database holds not only the organisation’s operational data but also a description of that data. For
this reason, a database is also defined as a self-describing collection of integrated records. The
description of the data is known as the Data Dictionary or Meta Data. This self-describing nature
of a database provides program-data independence.

Characteristics of Database Approach

The database approach has proven as better system than the traditional file systems. Database
Approach has many advantages that make it more robust in nature. The main characteristics of
Database Approach are discussed here.

1. Information management: A database always manages its information because information
is always helpful for an organisation for its function. It provides the information that is
required by different types of its users. By managing information using a database, users
become more cautious of data.

2. Easy implementation: All the database operations like insert, select, delete, update, etc.
are performed in a flexible and easy way. Database makes it very simple to implement
these operations. Users with little knowledge can perform all these operations with ease.
This characteristic of database makes it more powerful.

3. Logical relationship between records and data: A database establishes a logical relationship
between its records and data. So a user can access various records depending upon the
logical conditions by a single query from the database.

4. Multiple views of database: Basically, a view is a subset of the database. A view is
designed and dedicated for a specific user or user group of the system. Different users of
the system may have different views of the same system. Every view contains only the

Marketing Purchasing Accounting

Sales Advertising Product Evaluation A/c Payable A/c Receivable

Corporate
Database

Marketing Accounting
Files Files

Purchasing
Files

Fig. A Database implementation of an Organisation Management System
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data of interest to a user or a group of users. It is the responsibility of users to be aware of
how and where the data of their interest is stored.

5. Self-describing nature: A database is of self-describing nature; it always describes and
narrates itself. It contains the description of the whole data structure, the constraints and
the variables. It makes it different from traditional file management system in which definition
was not the part of application program. These definitions are used by the users and DBMS
software when needed.

6. Shelter between program and data: In traditional file management system, if any user
makes changes in the structure of a file, then all the programs accessed by that file needs
to be changed. The structure of data files is defined by the application programs that
access those files. But in database approach, the data structure is stored in system catalog
and not in the program.

7.  Represents real-time applications: A database represents some features of real world
applications. Any change in the real world is reflected in the database. If we have some
changes in real applications like banking system, then it will be reflected in database too.
If there are changes in bank interest rates, then that can be changed in database also.

1.6. CHARACTERISTICS OF DATABASE

The data in a database should have the following features:
1. Organised/related: It should be well organised and related.
2. Shared: Data in a database are shared among different users and applications.
3. Permanent or persistence: Data in a database exist permanently in the sense the data can

live beyond the scope of the process that created it.
4. Validity/integrity/correctness: Data should be correct with respect to the real world entity

that they represent.
5. Security: Data should be protected from unauthorised access.
6. Consistency: Whenever more than one data element in a database represents related real

world values, the values should be consistent with respect to the relationship.
7. Non-redundancy: No two data items in a database should represent the same real world

entity.
8. Independence: Data at different  levels  should be independent of each other so  that  the

changes in one level should not affect the other levels.
9. Easily accessible: It  should be available when and where  it  is needed  i.e.  it  should be

easily accessible.
10. Recoverable: It should be recoverable in case of damage.
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1.7 THREE-LEVEL ARCHITECTURE OF DBMS AND LOGICAL DBMS
ARCHITECTURE

In 1975, The American National Standards Institute/Standard Planning and Requirements Committee
on Computers and Information Processing (ANSI/SPARC) proposed three-level database architecture
to separate each user’s view of database presentation. The architecture of most current commercial
databases is based on the ANSI/SPARC architecture. In view of the fact that database is a shared
resource, each user may need a different approach in obtaining the data that is being stored. Database
systems are made up of complex data structures. To simplify the user interaction with database, the
developers hide internal irrelevant details from users. This process of hiding irrelevant details from
user is called data abstraction.

The following are a few reasons why data abstraction is needed:
1. The interaction between user and database has to be free from storage space considerations.
2. Each user has a different view and is able to access the same data. Users can also change

their views regarding data and this change should not affect other users.
3. The Database Administrator (DBA) should be able to change the database storage structure

without affecting the users’ views.
4. The internal structure of a database should not be affected by changes to the physical

aspects of storage.

End-user 1 End-user 2 End-user N

External Level View 1 View 2 View N

Conceptual Level Conceptual
Schema

Internal Level Internal Schema

Database

Fig. Three-level Architecture of DBMS
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Internal Level

The internal level is the lowest level of ANSI/SPARC architecture and is the closest to a
database. It is normally controlled by a Database Administrator. The internal level explains how
data is stored in a database. It also covers the physical implementation of the database in order to
achieve optimum runtime performance and storage space utilisation. It covers the data structure
and file organisation used to store data in storage devices.

The internal scheme contains descriptions of the following:
1. Storage space required for data and indexes.
2. Description of records of storage (storage sizes for data items).
3. Record positions.
4. Data compression and data encryption techniques.

Conceptual Level

The conceptual level is the middle level between the external and internal levels. It represents
the logical structure of the entire database as seen by a DBA. The conceptual level describes what
data is stored and the relationships between the data. It is a complete view of the data requirements
of the organisation where it is free from any storage consideration.

The conceptual level contains:
1. All entities, attributes and relationships between data stored in a database.
2. The constraints of the data.
3. Semantic information of the data.
4. Security and integrity information.

External Level

The external level represents end-users’ view of the database where only a part of the database
is suitable to the requirements of each end-user. The term end-users refer to people who use the
application programs to manipulate the data and generate information. End-users usually operate in
an environment in which an application has a specific business unit focus. Companies are generally
divided into several business units, such as sales, finance, and marketing. Each business unit is
subject to specific constraints and requirements, and each one uses a data subset of the overall
data in the organisation. Therefore, end-users working within those business units view their data
subsets as separate from other units within the organisation.

Characteristics of External Level

1. This level describes the user interaction with database system.
2. End-users interact with the database through this interface where users cannot view the

conceptual and internal levels.
3. Only certain user groups or individuals are allowed to access or update the data allotted

to them.
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In three level data abstraction, the three levels are dealt by three different groups of people.
The Internal level may also be referred to as the physical level of architecture and controlled by
database analysts and administrators. In this level, both record types and methods of storage are
defined as well as how stored fields are represented, what physical sequence the stored records are
in, and what other physical structures exist.

The next level, Conceptual level is the first design phase of a DBMS, which presents a logical
view of the entire database as a whole. All the data from external level are collected in the central
database in this level. It describes all entities, attributes, relationships exists, constraints associated
with data items, security details, etc.

The last level, External level can also be called as view level. It works as a window on which
application programs can work and end-users can capture information and manipulate the data
which they want. The users of the level do not directly associate with the storage and system administration
of data. It consists of number of different external views of the database. Each user has a view of
real world represented in a form that is familiar to that user. This level maintains highest degree of
data abstraction. Different views may have different representation of same data, i.e., renaming the
attributes as per user convenience and calculating age from DOB, etc.

Need for Three Level Architecture

In three schema architecture, each user group refers only to its own external view. Whenever
a user specifies a request to generate a new external view, the DBMS must transform the request
specified at external level into a request at conceptual level, and then into a request at physical
level. If the user requests for data retrieval, the data extracted from the database must be presented
according to the need of the user. This process of transforming the requests and results between
various levels of DBMS architecture is known as mapping.

The main advantage of three schema architecture is that it provides data independence. Data
independence is the ability to change the schema at one level of the database system without
having to change the schema at the other levels. Data independence is of two types, namely, logical
data independence and physical data independence.

1. Logical data independence: It is the ability to change the conceptual schema without
affecting the external schemas or application programs. The conceptual schema may be
changed due to change in constraints or addition of new data item or removal of existing
data item, etc. from the database. The separation of the external level from the conceptual
level enables the users to make changes at the conceptual level without affecting the
external level or the application programs.

2. Physical data independence: It is the ability to change the internal schema without
affecting the conceptual or external schema. An internal schema may be changed due to
several reasons such as for creating additional access structure, changing the storage
structure, etc. The separation of internal schema from the conceptual schema facilitates
physical data independence.

Logical data independence is more difficult to achieve than the physical data independence
because the application programs are always dependent on the logical structure of the database.
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Therefore, the change in the logical structure of the database may require change in the application
programs.

1.8 ROLE AND FUNCTIONS OF DATABASE ADMINISTRATOR (DBA)

A data administrator (also known as a database administration manager, database administrator
(DBA), data architect, or information center manager) is a high level function responsible for the
overall management of data resources in an organisation. A database administrator (DBA) directs
or performs all activities related to maintaining a successful database environment. In order to perform
these duties, the DBA must know a good deal of system analysis and programming and is expected
to stay familiar with emerging technologies and new design approaches. Typically, a DBA has
either a degree in Computer Science or some on-the-job training with a particular database product
or more extensive experience with a range of database products. A DBA is usually expected to have
experience with one or more of the major database management products, such as Structured Query
Language, SAP and Oracle-based database management software.

There are different types of DBAs depending on an organisation’s requirements:
 Administrative DBA
 Development DBA
 Data Architect
 Data Warehouse DBA

The general responsibilities of DBA include:
1. Database designing
2. Database implementation
3. Maintaining the database system
4. Establishing policies and procedures
5. Database security
6. Backup and recovery
7. Training the users.
1. Database designing: Designing a database requires an understanding of the business

functions. It also requires an understanding of the database concepts and features that we
want to use to represent those business functions. DBA has an overall exposure on business
functions and database concepts to design the database.

2. Database implementation: The implementation phase is where the DBMS is installed
on the required hardware, optimise the database to run best on that hardware and software
platform, and create the database and load the data. The initial data could be either new
data captured directly or data imported from an existing database or another DBMS.
The following are steps in the implementation phase:
 Install the DBMS.
 Tune the set-up variables according to the hardware, software and usage conditions.
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 Create the database and tables.
 Load the data.
 Set up the users and security.
 Implement the backup regime.

3. Maintaining the database system: Database Maintenance is a term used to describe a set
of tasks that are all run with the intention to improve the database. There are routines
meant to help performance, free up disk space, check for data errors, check for hardware
faults, update internal statistics, and many other obscure (but important) things.

4. Establishing policies and procedures: Standards are common practices that ensure the
consistency and effectiveness of the database environment, such as database naming
conventions. Procedures are defined, step-by-step instructions that direct the processes
required for handling specific events, such as a disaster recovery plan. Failure to implement
database standards and procedures will result in a database environment that is confusing
and difficult to manage. The DBA should develop database standards and procedures as
a component of corporate-wide IT standards and procedures. They should be stored together
in a central location as a printed document, in an online format, or as both. Several vendors
offer “canned” standards and procedures that can be purchased for specific DBMS products.

5. Database security: In maintaining the database security, three broad issues are concerned:
 Legal and ethical considerations: Who has the right to read what information?
 Policy issues: Who should enforce security (government, corporations, etc.)?
 System-level issues: Where should security be enforced in the system and how?

Database administrator must provide a means of preventing unauthorised use of data in a
database. Usually, usernames, passwords, biometrics and encryption are used to provide
security to database.

6. Backup and recovery: Database administrator’s principal duty is to devise, implement,
and manage a backup and recovery strategy. In general, the purpose of a backup and
recovery strategy is to protect the database against data loss and reconstruct the database
after data loss. A backup is a copy of data of a database that can be used to reconstruct
data. A backup can be either a physical backup or a logical backup.

7. Training the users: The DBA interacts with the end-users by providing data and information
support services to the organisation’s departments. Because end-users are not technical
experts and usually have dissimilar computer backgrounds, the DBA must ensure that all
users accessing the database have a basic understanding of the functions and use of the
DBMS software.
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1.9 DATA FILES INDICES

Generally, database contains many tables and views. Each table contains lots of data stored in
them. The main goal of storing all these data in the database is to get them handy when it is required.
But when a table is very large, searching for single record is really a difficult task. The usual
method of searching the record in the table is to start from the beginning record by record, till the
required record is reached. But it is not feasible when table is large. It takes lot of time.

The main goal of designing the database is faster access to any data in the database and quick
manipulation to any data. When a database is very huge, even a smallest transaction to search a
particular record will take long time to perform the action. In order to reduce this transaction time,
indexes are used. Indexes are similar to an index in a book. An index in a book makes our search
simpler and quicker. Same concept is applied here in DBMS to access the files from the memory.

When records are stored in the primary memory like RAM, accessing them is very easy and
quick. But they are very huge and we have to store it in the secondary memories like hard disk.
Data tables, which contain records, are stored in the form of files in different data blocks. Each
block is capable of storing one or more records depending on its size. When we have to retrieve
any required data or perform some transaction on those data, we have to pull them from memory,
perform the transaction and save them back to the memory. In order to do all these activities, we
need to have a link between the records and the data blocks so that we can know where these
records are stored. This link between the records and the data blocks is called index. It acts like
a bridge between the records and the data block. Look at the following illustration, which describes
the creation of index.

Fig: A Database Table named “Student”
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Indexes are usually created to improve the performance of retrieval of records in large tables
in databases. But sometimes, improper creation of index and usage will cause bad performance of
the query. Hence, proper management of the index is required. We have to follow few rules for the
index management.

Points to be Considered When Indexes are Created

1. Index can be created on one or more columns. If the index is created on two or more
columns, then that index is called composite index or concatenated index.

2. Index should be created once records are inserted into the table. Otherwise, it will degrade
the performance of insertion as it has to update each record for index.

3. Indexes are created on frequently used tables on which frequent record retrievals are
applied. Indexes should be created on columns with unique (usually key) values and
having range of values.

4. If an index is created on columns with NULL value, it is of no use. We cannot fetch the
required record.

5. The column which gets frequently updated should not be used in index.
6. Indexes should be dropped if they are no more in use. Unused indexes always lead to bad

performance of a query.
7. A table can have any number of indexes. But these indexes should increase the performance

of query retrieval. But if there is lot of insertion/deletion/updation, then having more
indexes is not a good idea.

Fig: Index on Student Table
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A data dictionary is a file or a set of files that contains a database’s metadata. The data dictionary
contains records about other objects in the database, such as data ownership, data relationships to
other objects, and other data. The data dictionary is a crucial component of any relational database.
Ironically, because of its importance, it is invisible to most database users. Typically, only database
administrators interact with the data dictionary. In a relational database, the metadata in the data
dictionary includes the following:

1. The definitions of all database objects like tables, views, constraints, indexes, clusters,
synonyms, sequences, procedures, functions, packages, triggers, etc.

2. It stores the information about how much space is allocated for each object and how much
space has been used by them

3. Any default values that a column can have are stored
4. Database user names and schemas
5. Access rights for schemas on each of the objects
6. Last updated and last accessed information about the object
7. Any other database information

All this above information is stored in the form of tables in the data dictionary. There are two
types of data dictionaries:

1. Active Data Dictionary
2. Passive Data Dictionary

1.10 DATA DICTIONARY

A data dictionary is a collection of descriptions of the data objects or items in a data model for
the benefit of programmers to understand them better.

Fig. Data Dictionary
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1. Active Data Dictionary: Any changes to the database object structure via DDLs will have
to be reflected in the data dictionary. But updating the data dictionary tables for the changes are
responsibility of database in which the data dictionary exists. If the data dictionary is created in
the same database, then the DBMS software will automatically update the data dictionary. Hence,
there will not be any mismatch between the actual structure and the data dictionary details. Such
data dictionary is called active data dictionary.

2. Passive Data Dictionary: In some of the databases, data dictionary is created separately
from the current database as entirely new database to store only data dictionary information. Sometimes,
it is stored as xml, excels or in any other file format. In such case, an effort is required to keep data
dictionary in sync with the database objects. This kind of data dictionary is called passive data
dictionary. In this case, there is a chance of mismatch with the database objects and the data
dictionary. This kind of DD has to be handled with utmost care.

1.11 TYPES OF DATABASES

Databases contain different data, depending on data types used in the database. The common
data types could be grouped as numeric, character, date, memo (long text) and logical (True or
False). As multimedia capabilities are becoming common to computers of different sizes, the databases
are also going multimedia. Modern DBMS permits storage and retrieval of data types such as business
graphs, spreadsheets, art clippings (clip arts), pictures, sound, video, etc. These new data types are
termed as ‘objects’. These objects have changed the way data are perceived right from the capture
stage. These objects can also be processed, of course, in a limited way. The availability of such data
types helps in visualising information contained in databases and in the database reports. Another
important decision regarding data planning relates to the way the data will be managed. There are
quite a few options in this regard. These options are discussed here in the form of different types of
databases.

The various types of databases are:
1. Operational databases
2. End-user databases
3. Centralised databases
4. Distributed databases
5. Personal databases
6. Commercial databases
1. Operational databases: These databases store data relating to the operations of the enterprise.

Generally, such databases are organised on functional lines such as marketing, production,
employees, etc.

2. End-user databases: These databases are shared by users and contain information meant
for use by the end-users like managers at different levels. These managers may not be
concerned about the individual transactions as found in operational databases. Rather,
they would be more interested in summary information. Although, the operational databases
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can also generate summary information from the transaction details, they would be quite
slow as they are not designed for this purpose.

3. Centralised databases: These databases store the entire information and application programs
at a central computing facility. The users at different locations access the central database
to make processing. The communication controller sends the transactions to the relevant
application programs. These programs pick up the appropriate data from the database for
processing the transaction.

4. Distributed databases: These databases have contributions from the common databases
as well as the data captured from the local operations. The data remains distributed at
various sites in the organisation. As the sites are linked to each other with the help of
communication links, the entire collection of data at all the sites constitutes the logical
database of the organisation. These databases reduce the communication requirement by
ensuring that the detailed local information remains stored on the local facility. Today, the
client-server technology is most popular for managing distributed databases. In a client-
server environment, DBMS has two components, one interacting with the needs of the
user (client) and another in passing requests to the other component of DBMS.

5. Personal databases: The personal databases are maintained, generally, on personal computers.
They contain information that is meant for use only among a limited number of users,
generally working in the same department. These databases are generally subject-specific
and are user-designed. They use simple and less powerful DBMS packages available on
PCs. These DBMS packages may not have all the features of relational DBMS but do
have similar features in a limited way.

6. Commercial databases: The database to which access is provided to users as a commercial
venture is called a commercial or external database. These databases contain information
that external users would require but by themselves would not be able to afford maintaining
such huge databases. These databases are subject-specific and access to these databases is
sold as a paid service to its user. There are many commercial database services available,
particularly in the area of financial and technical information. These databases may offer
statistics regarding commodity, foreign exchange and stock markets, companies and their
performance, importers and their buying patterns, case laws, etc. The access to commercial
databases may be given through communication links.

1.12 DATA MODELS

Data model is a representation of a real world situation about which data is to be collected and
stored in a database. A data model depicts the dataflow and logical interrelationships among different
data elements. 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 produce
lots of duplication and update anomalies. Four well-known data models are discussed here.

1. Hierarchical data model
2. Network data model
3. Relational data model
4. Entity-relationship data model
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1. Hierarchical Data Model

The hierarchical model was the first database model developed in 1960s by IBM to overcome
the limitations of the traditional file system. Hierarchical databases were predominantly used for
transaction processing where the volume of transactions is large and the transaction operations
change little over time. A hierarchical database is a design that uses one-to-many relationships to
connect data elements. This model assumes every relationship can be structured as hierarchies. The
structure is based on the rule that one parent can have many children but children are allowed to
have only one parent.

In a hierarchical database, data files are joined together by physical pointers. A pointer is a
physical address that determines where a record can be found on the disk.

In the above given example, the entities are connected in a one-to-many hierarchy using physical
pointers.

Advantages

1. The model allows easy addition and deletion of new information.
2. Data at the top of the hierarchy is very fast to access.
3. Accessing data is fast when pointers are used to establish relationships.
4. This model relates well anything that works through one-to-many relationships.

Disadvantages

1. This data model is very slow when searching for information on the lower entities and
becomes helpless when more sophisticated relationships are required.

Fig. Hierarchical Data Model
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Advantages

1. Just like the hierarchical model, the network model is also conceptually simple and easy
to design.

2. Because it allows many-to-many relationship, network database model can easily be accessed
any record in the database.

3. For more complex data, it is easier to use because of the multiple relationship found
among its data.

4. Easier to navigate and search for information because of its flexibility.
5. This model maintains integrity. It does not allow a member to exist without an owner.

2. It requires data to be repetitively stored in many different entities.
3. Searching for data requires the DBMS to run through the entire model from top to bottom

until the required information is found.

2. Network Data Model

The network database model was invented by Charles Bachman in 1969 as an enhancement
of hierarchical database model. The Network model replaces the hierarchical tree with a graph thus
allowing more general connections among the entities. The main difference of the network model
from the hierarchical model is its ability to handle many-to-many relations.

The network database model expresses relationships between two record types by designating
one as owner (Parent) record type and the other as member (Child) record type. The key difference
between this model and hierarchical model is that each member (Child) can have multiple owner
(Parent) records. The relationships between owner and member are maintained by physical pointers
in the data records.

Shop

Clerk Customer

Transaction

Item

Fig. A Network Model
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Disadvantages

1. All the records are maintained using physical pointers and hence the whole database structure
becomes very complex.

2. The insertion, deletion and updating operations of any record require large number of
pointers adjustments.

3. It is difficult to use this model for first-time users.
4. It is also difficult to alter the database because the alterations can change the entire database.

3. Relational Model

In real world scenario, many data structures and their relationships cannot be arranged in a
hierarchical structure. Hierarchical and Network data models use physical pointers to connect the
records. Fast retrieval of data is an advantage of physical pointers and not able to establish many-
to-many relationships is a disadvantage. To overcome these limitations, Relational data model was
invented by E.F. Codd at IBM in 1970. Relational data model is superior to earlier data models.

In relational model, all data is stored in the form of Relations (tables with rows and columns).
Each table is composed of records (called Tuples) and each record is identified by a field (attribute)
containing a unique value. Every table shares at least one field with another table in ‘one-to-one,’
‘one to many,’ or ‘many-to-many’ relationships. These relationships allow the database user to
access the data in almost an unlimited number of ways, and to combine the tables as building
blocks to create complex and very large databases. The below figure shows the entities connected
with many-to-many relationships.

SALES DEPT. CUSTOMER

SALESPERSON ORDER PAYMENT

ORDER ITEM

Fig. Relational Data Model

The relational model consists of three major components:
1. The set of relations and set of domains that defines the way data can be represented (data

structure).
2. Integrity rules that define the procedure to protect the data (data integrity).
3. The operations that can be performed on data (data manipulation).
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Characteristics of Relational Model

1. The whole data is conceptually represented as an orderly arrangement of data into rows
and columns, called a relation or table.

2. All values are scalar, i.e., at any given row/column position in the relation, there is one
and only one value.

3. All operations are performed on an entire relation and result is an entire relation, a concept
known as closure.

4. Object-Oriented Data Model

An object database management system (ODBMS, also referred to as object-oriented database
management system or OODBMS), is a database management system (DBMS) that supports the
modeling and creation of data as objects. This includes some kind of support for classes of objects
and the inheritance of class properties and methods by sub-classes and their objects.

An object-oriented database system must satisfy two criteria: it should be a DBMS, and it
should be an object-oriented system. A relational data model relies on the relational model; on the
other hand, an object-oriented data model relies on the OOP. The relational model organises information
in a set of tables each are composed of rows and columns. Each column represents a variable and
each row represents an object in object-oriented model. In an object-oriented database each element
resembles an object from the object-oriented paradigm.

The Terminology Used in Relational Model

1. Domain: A domain is defined as the set of all unique values permitted for an attribute.
Each attribute in a database must have a well-defined domain. One goal of database design is to
provide data integrity, part of which means ensuring that the value entered in each field of a table is
consistent with its attribute domain. Sometimes, we can apply a validation rule to separate correct
and irrelevant data. Before we design the data type and input format for an attribute, we have to
understand the characteristics of its domain.

1. Some domains can only be described with a general statement of what they contain. It is
difficult to declare precisely; the best we can do is to make them VARCHAR strings that
are long enough to hold any expected value. Examples include names of people, names of
businesses or organisations, addresses, etc.

Relational Model Object-oriented Model

Table/Relation Class

Record/Tuple Object

Column/Attribute Variable

Fig. Relational Model Vs Object-oriented Data Model
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2. Some domains have at least some pattern in their permitted values. It is impossible to
ensure that every value passes a validity check is actually correct. Examples include email
IDs, web addresses (URLs), etc.

3. A very few domains conform to a precise pattern that can be analysed or specified exactly
like social security numbers, zip codes and phone numbers.

4. The domains, where a well-defined, built-in system data type is used such as integers, real
numbers and dates/times are easy to handle.

5. An efficient use of domains can help the user with data entry, increase data integrity, and
prevent the user from having to deal with cryptic and frustrating error messages from the
database.

2. Relation: In Relational database, a relation is a two-dimensional data structure and defined
as a collection of data elements organised in terms of rows and columns. Relation is the simplest
form of data storage. A relation has a unique name and represents a particular entity. Every relation
contains a heading and a body. The heading is a set of attributes and the body is a set of tuples that
contains information. No two attributes in a relation share the same name. Below is an example of
employee relation.

3. Tuple: A single row of a table, which contains a single record for that relation, is called a
tuple. A tuple in a table represents set of related data. A relation can have any number of tuples.

Fig. A Relation named Employee

Fig: A Tuple in Relation

4. Attribute: Attributes are the characteristics of entities. Some entities can have many attributes
while others may only have a couple. For example, an employee of bank may be described by:
E_ID, Name, Age, Salary and Phno. It is also called as data element, data field, a field, a data item,
or an elementary item. Consider the following representation.
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Employee (E_ID, Name, Age, Salary, Phno)
where, Employee is an entity and E_ID, Name, Age, Salary and Phno are the attributes.

5. Role of keys: Relations are used to organise information in databases. The concept of keys
is used to maintain data integrity (ensuring that the data is correct and well formed). There are
seven types of keys in databases. Those are

(i) Super key
(ii) Candidate key

(iii) Primary key
(iv) Foreign key
(v) Composite key

(vi) Alternate key
(vii) Surrogate key

(i) Super key: Super key is a set of columns in a table for which there are no two rows that
will share the same combination of values. So, the super key is unique for each and every row in the
table.

Attributes

Fig. Attributes in a Relation
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Suppose we have a table that contains all the employees in a company, and that table is called
Employee. The table has columns called E_ID, FName, LName, UID (Unique ID), and DeptID.
Every Employee has his/her own EID, so that value is always unique in each and every row.

Employee (E_ID, FName, LName,UID, DeptID)
This means that if we combine the E_ID column value for any given row with any other

column value, then we will have a unique set of values. So, for the combinations of (E_ID, FName),
(E_ID, LName), (E_ID, DeptID), (E_ID, UID), (E_ID, UID, DeptID), there will be no two rows in
the table that share the exact same combination of values, because the E_ID will always be unique
and different for each row. This means that pairing the E_ID with any other column(s) will ensure
that the combination will also be unique across all rows in the table. So, all these combinations of
columns in the Employee table would be considered to be super keys.

(ii) Candidate key or Minimal super key: A candidate key or minimal super key is the
minimum number of columns that can be used to uniquely identify a single row. In other words, the
minimum number of columns, which when combined, will give a unique value for every row in the
table. The E_ID column or UID in the above relation is considered to be a candidate key or minimal
superkey. If there is no single column that is unique for every row in a given table, but there is a
combination of columns that produce a unique value for every row in a table, then that combination
of columns would be the minimal super key.

(iii) Primary key: Primary key is the Candidate key attribute/column that is most suited to
maintain uniqueness in a table at the tuple/row level. A PRIMARY KEY uniquely identifies every
row in a database table. The Primary key constraint on a table’s column enforces:

 UNIQUE values and
 NOT NULL values

In the above example, we can choose either E_ID or UID columns as Primary key.

(iv) Foreign key: Foreign key which is used to define relationship between two tables. When
we want to implement relationship between two tables, we use the concept of foreign key. It is also
known as referential integrity. We can create more than one foreign key per table. Foreign key is
generally a primary key from one table that appears as a field in another where the first table has a
relationship to the second table. In the given example, E_ID is the primary key in Employee table.
DeptID is foreign key and the same is primary key in Department table. Employee table is called
primary or master table and Department table is called secondary table or dependent table.
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(v) Composite key: A composite primary key is a primary key consisting of more than one
column. When one attribute is not sufficient to provide uniqueness, another column(s) can be added
to primary key to identify the rows uniquely in the table. If there is no EID or UID column in
Employee table, then we can make EmployeeName + DOB a Composite Primary Key. But still
there can be a narrow chance of duplicate rows.

(vi) Alternate key: An alternate key is the other candidate key that we did not choose as
primary key column in the table. If we make E_ID as a primary key, then UID would be the alternate
key.

(vii) Surrogate key: Surrogate keys are keys that have no business meaning and are solely
used to identify a record uniquely in the table. Such key is either generated by database or system-
generated values.

III. Relational Constraints

Database constraints are restrictions on the contents of the database or on database operations.
It is a condition specified on a database schema that restricts the data to be inserted in an instance
of the database.

Constraints in the database ensure that:
1. The values of individual columns are valid.
2. Rows have valid primary key or unique key values in a table.
3. Rows have valid foreign key values that reference rows in a parent table, i.e., dependent

table.

Fig. Primary Key and Foreign Key Relationship
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There are three main constraints:
1. Key constraints or Entity integrity
2. Domain constraints
3. Referential integrity constraints

1. 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.
Key constraints are also referred to as Entity Constraints (Primary Key, Unique Key, etc.). Key
constraints ensure that:

 No two tuples can have identical values for key attributes.
 A key attribute cannot have NULL values.

2. Domain Constraints: Domain Constraints specifies that the set of values an attribute can
take. The data types associated with domains include integer, character, string, date, time, currency
etc. An attribute value must be available in the corresponding domain. Consider the example below:

Fig: A Domain Constraint

This is invalid because Key column(E_ID) should not contain NULL value
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The rules of referential integrity are:
1. We cannot change a primary key value in the primary table if that record has related

records.
2. We cannot delete a record from a primary table if matching records exist in a related

table.
3. We cannot enter a value in the foreign key field of the related table that does not exist in

the primary key of the primary table.
4. However, we can enter a null value in the foreign key, specifying that the records are

unrelated.

IV. Constraint Violations

While manipulating data in database, it returns an error message when a constraint is violated.
The basic database operations performed on a relation to manipulate data are:

1. Insert Operation: The insert operation is used to insert a new tuple(s) on relations.
2. Update or Modify Operation: The update operation is used to change/update the values

of some attributes in existing tuples.
3. Delete Operation: The delete operation is used to delete the tuple(s).

The generally occurred constraint violations are discussed below for each of the above operations.

3. Referential Integrity Constraints: The Referential Integrity Constraints states that if a
foreign key in main table refers to the Primary Key of dependent table, then every value of the
Foreign Key in main table must be null or be available in dependent table. For example,

Fig. Referential Integrity
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