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PREFACE

It gives us immense pleasure to present this First Edition of “Database Systems” to the teachers
and students of Bachelor of Computer Science, First Year, First Semester. This book has been written
as per the syllabus prescribed by the University with effect from academic year 2016-17.

Information is a valuable resource to an organization. Computer software provides an efficient
means of processing information, and database systems are becoming increasingly common means by
which it is possible to store and retrieve information in an effective manner. This book provides
comprehensive coverage of fundamentals of database management system. This book is for those who
wish a better understanding of relational data modeling, its purpose, its nature, and the standards used
in creating relational data model. Relational databases are the most popular database management
systems in the world and are supported by a variety of vendor implementations. Majority of the
practical tasks in industry require applying relatively not complex algorithms to huge amounts of well-
structured data. The efficiency of the application depends on the quality of data organization.
Advances in database technology and processing offer opportunities for using information flexibility
and efficiently when data is organized and stored in relational structures. The relational DBMS is
a success in the commercial marketplace with respect to business data processing and related
applications. This success is a result of cost-effective application development combined with high
data consistency. The success has led to the use of relational DBMS technology in other application
environments requesting its traditional virtues, while at the same time adding new requirements.

Chapter 1 describes introduction to data and database. Chapters 2, 3, 4 and 5 describes Data
Models, ER Models, Normalization and Data Models. Chapters 6 to 15 describes Relational Algebra,
DDL, DML, DCL, functions, sub-queries, views and data protection with DBA.

The concept and theory of each topic is followed by the theoretical explanation, some self-
assessment questions, all practical solutions of RDBMS and SQL commands are provided.

We have tried our level best to give everything in this book in proper manner. Still few points
from book may be explained in better way than presently are there in the book. We hope that this
edition will meet all the requirements of S.Y.B.Sc. IT students in their regular study and examination
preparation.

Constructive suggestions and comments from the users will be sincerely appreciated. We would
appreciate hearing from you about any textual errors or omissions which you identify. If you would
like to suggest improvements or to contribute in any way, we would be glad to hear from you.

Please send correspondence to kiranrktcollege@gmail.com.

Last but not the least, we would like to give big lifetime thanks to Mr. S.K. Srivastava (Himalaya
Publishing House) for providing an environment which stimulates new thinking and innovations and
his support, motivation, guidance, cooperation and encouragement to write this book. We are very
grateful for his support and thank him for his true blessings.

Kiran Gurbani Rupali Jawale Madhuri Bankar
(7769979964) (9096664445) (7208601428)



SYLLABUS

Course: USCS104 Database Systems (Credits : 2 Lectures/Week: 3)
Objectives:

The objective of this course is to introduce the concept of the DBMS with respect to the relational
model, to specify the functional and data requirements for a typical database application and to
understand creation, manipulation and querying of data in databases .

Expected Learning Outcomes:
1. Students should be able to evaluate business information problem and find the requirements

of a problem in terms of data.
2. Students should be able to design the database schema with the use of appropriate data types

for storage of data in database.
3. Students should be able to create, manipulate, query and back up the databases.

Unit Details Lectures

I Introduction to DBMS – Introduction to DBMS – Database, DBMS Definition,
Overview of DBMS, Advantages of DBMS, Levels of Abstraction, Data
Independence, DBMS Architecture.
Data Models – Client/Server Architecture, Object Based Logical Model, Record
Based Logical Model (Relational, Hierarchical, Network).
Entity Relationship Model – Entities, Attributes, Entity Sets, Relations,
Relationship Sets, Additional Constraints (Key Constraints, Participation
Constraints, Weak Entities, Aggregation/Generalization, Conceptual Design
using ER (Entities vs. Attributes, Entity vs. Relationship, Binary vs. Ternary,
Constraints beyond ER).
Relational Data Model – Domains, Attributes, Tuples and Relations, Relational
Model Notation, Characteristics of Relations, Relational Constraints – Primary
Key, Referential Integrity, Unique Constraint, Null Constraint, Check Constraint.
ER to Table – Entity to Table, Relationship to Tables With and Without Key
Constraints.

15

II Schema Refinement and Normal Forms – Functional Dependencies, First,
Second, Third and BCNF Normal Forms Based on Primary Keys, Lossless Join
Decomposition.
Relational Algebra Operations (Selection, Projection, Set Operations, Union,
Intersection, Difference, Cross Product, Joins – Conditional, Equi Join and
Natural Joins, Division).
DDL Statements – Creating Databases, Using Databases, Datatypes, Creating
Tables (With Integrity Constraints Primary Key, Default, Check, Not Null),
Altering Tables, Renaming Tables, Dropping Tables, Truncating Tables, Backing
Up and Restoring Databases.

15L



DML Statements – Viewing the Structure of a Table Insert, Update, Delete,
Select All Columns, Specific Columns, Unique Records, Conditional Select, In
Clause, Between Clause, Limit, Aggregate Functions (Count, Min, Max, Avg,
Sum), Group By Clause, Having Clause.

III Functions – String Functions (concat, instr, left, right, mid, length, lcase/lower,
ucase/upper, replace, strcmp, trim, ltrim, rtrim), Math Functions (abs, ceil, floor,
mod, pow, sqrt, round, truncate), Date Functions (adddate, datediff, day, month,
year, hour, min, sec, now, reverse).
Joining Tables – inner join, outer join (left outer, right outer, full outer).
Subqueries – Subqueries with IN, EXISTS, Subqueries Restrictions, Nested
Subqueries, ANY/ALL Clause, Correlated Subqueries.
Database Protection – Security Issues, Threats to Databases, Security
Mechanisms, Role of DBA, Discretionary Access Control.
Views (Creating, Altering Dropping, Renaming and Manipulating Views).
DCL Statements (Creating/Dropping Users, Privileges Introduction,
Granting/Revoking Privileges, Viewing Privileges).

15L

List of Practicals

1. For given scenario
 Draw E-R diagram and convert entities and relationships to table.

2. Write relational algebra queries on the tables created in Practical-1
3. Perform the following

 Viewing all databases
 Creating a database
 Viewing all tables in a database
 Creating tables (with and without constraints)
 Inserting/updating/deleting records in a table
 Saving (commit) and undoing (rollback)

4. Perform the following:
 Altering a table
 Dropping/truncating/renaming tables
 Backing up/restoring a database

5. Perform the following:
 Simple queries
 Simple queries with aggregate functions
 Queries with aggregate functions (group by and having clause)

6. Queries Involving:
 Date functions
 String functions
 Math functions

7. Join Queries
 Inner Join
 Outer Join



8. Subqueries
 With IN clause
 Writing Explicit Cursors

9. Procedures and Functions
 Creating Views (with and without check option)
 Dropping views
 Selecting from a view

10. DCL Statements
 Granting and revoking permissions



Paper Pattern
Maximum Marks : 75 Time : 2½ Hours

All questions are compulsory:
Q. 1 Covering all the Units (I, II and III)

Attempt All (Each of 5 Marks)
(a) Multiple Choice Questions 5 marks
(b) Fill in the Blanks . 5 marks
(c) Short Notes 5 marks

15 Marks

Q. 2 From Unit I (With 100% option)
Attempt any three of following
(a) …….. 5 marks
(b) …….. 5 marks
(c) …….. 5 marks
(d) …….. 5 marks
(e) …….. 5 marks
(f) …….. 5 marks

15 Marks

Q. 3 From Unit II (With 100% option)
Attempt any three of following
(a) …….. 5 marks
(b) …….. 5 marks
(c) …….. 5 marks
(d) …….. 5 marks
(e) …….. 5 marks
(f) …….. 5 marks

15 Marks

Q. 4 From Unit III (With 100% option)
Attempt any three of following
(a) …….. 5 marks
(b) …….. 5 marks
(c) …….. 5 marks
(d) …….. 5 marks
(e) …….. 5 marks
(f) …….. 5 marks

15 Marks

Q. 5 Covering all the Units (I, II and III with 75% option)
Attempt any three of following
(a) …….. 5 marks
(b) …….. 5 marks
(c) …….. 5 marks
(d) …….. 5 marks
(e) …….. 5 marks
(f) …….. 5 marks

15 Marks
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1.1 INTRODUCTION TO DATA

 Data can be defined as a representation of facts, concepts, or instructions in a formalized
manner, which should be suitable for
communication, interpretation, or
processing by human or electronic
machine.

 Data is represented with the help of
characters such as alphabets (A – Z,
a – z), digits (0 – 9) or special
characters (+, –, /, *, <, >, = etc.)

 The main examples of data are
weights, prices, costs, numbers of
items sold, employee names, product
names, addresses, tax codes,
registration marks etc.

 Data is the raw material that can be processed by any computing machine. Data can be
represented in the form of: Numbers and words which can be stored in computer’s language,
It can be anything like name of a person, a place, a phone number, marks, image.

 Images, sounds, multimedia and animated data as shown.

1.2 INFORMATION

 Information is organized or classified data, which has some meaningful values for the
receiver. Information is the
processed data on which decisions
and actions are based.

 When data are processed, organized,
structured or presented in a given
context so as to make them useful,
they are called Information.

 Information: Information is data
that has been converted into a more
useful or intelligible form.

 It is the set of data that has been
organized for direct utilization of
mankind, information helps human beings in their decision making process.
For the decision to be meaningful, the processed data must qualify for the following
characteristics −

 Timely: Information should be available when required.
 Accuracy: Information should be accurate.
 Completeness: Information should be complete.

Examples are: Time Table, Merit List, Report card, Headed tables, printed documents, pay slips,
receipts, reports etc.

Images

Sound

Different forms of data representation

Data

Numbers

World
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The information is obtained by assembling items of data into a meaningful form.

For example, marks obtained by students and their roll numbers form data, the report card/sheet
is the .information.

Other forms of information are pay-slips, schedules, reports, worksheet, bar charts, invoices and
account returns etc.

 It may be noted that information may further be processed and/or manipulated to form
knowledge.

 Information containing wisdom is known as knowledge.

Knowledge
 Human mind purposefully organized the information and evaluate it to produce knowledge.
 In other words the ability of the person recalls or uses his information and experience is

known as knowledge.
 For example, “386” is data, “your marks are 386” is information, and “It is result of your

hard work” is knowledge.
 The relationship between data, information and knowledge is shown.

Knowledge

DecisionData

Knowledge
Under in taking

Understanding

Processed

Knowledge Representation

 Difference between Data and Information
Data Information

Data is raw fact It is processed form of Data
It is not significant to business It is significant to Business
Data are Atomic level of piece of information It is collection of Data
Data does not help in Decision Making It helps in Decision Making
Example: Product name, price, number Example: Report Card Sheet

1.3 INTRODUCTION TO FILE SYSTEM

 A file is a sequence of records stored in binary format.
 Relative data and information is stored collectively in file formats.
 A disk drive is formatted into several blocks that can store records.
 File records are mapped onto those disk blocks.
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File Organization

File Organization defines how file records are mapped onto disk blocks.

We have four types of File Organization to organize file records.

Heap File
System

Sequential
File System

Hash File
System

Clustered File
System

DBMS File
Organization

Heap File Organization
 When a file is created using Heap File Organization, the Operating System allocates

memory area to that file without any further accounting details.
 File records can be placed anywhere in that memory area.
 It is the responsibility of the software to manage the records.
 Heap File does not support any ordering, sequencing, or indexing on its own.

Sequential File Organization
 Every file record contains a data field (attribute) to uniquely identify that record.
 In sequential file organization, records are placed in the file in some sequential order based

on the unique key field or search key.
 Practically, it is not possible to store all the records sequentially in physical form.

Hash File Organization
 Hash File Organization uses Hash function computation on some fields of the records.
 The output of the hash function determines the location of disk block where the records are

to be placed.

Clustered File Organization
 Clustered file organization is not considered good for large databases.
 In this mechanism, related records from one or more relations are kept in the same disk

block, that is, the ordering of records is not based on primary key or search key.

Drawbacks of File System
1. Data Redundancy (Duplication of Data)
2. Data Inconsistency
3. Difficult in Accessing the data
4. Data Isolation
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5. Integrity Problem
6. Atomicity Problem (Failure Problem) Backup and Recovery
1. Data Redundancy: Data Redundancy means same information is duplicated in several files.

This makes data redundancy.
2. Data Inconsistency: Data Inconsistency means different copies of the same data are not

matching. That means different versions of same basic data are existing. This occurs as the
result of update operations that are not updating the same data stored at different places.
Example: Address Information of a customer is recorded differently in different files.

3. Difficulty in Accessing Data: It is not easy to retrieve information using a conventional file
processing system. Convenient and efficient information retrieval is almost impossible using
conventional file processing system.

4. Data Isolation: Data are scattered in various files, and the files may be in different format,
writing new application program to retrieve data is difficult.

5. Integrity Problems: The data values may need to satisfy some integrity constraints. For
example the balance field Value must be grater than 5000. We have to handle this through
program code in file processing systems. But in database we can declare the integrity
constraints along with definition itself.

6. Atomicity Problem: It is difficult to ensure atomicity in file processing system. For
example transferring $100 from Account A to account B. If a failure occurs during
execution there could be situation like $100 is deducted from Account A and not credited in
Account B.

7. Concurrent Access anomalies: If multiple users are updating the same data simultaneously
it will result in inconsistent data state. In file processing system it is very difficult to handle
this using program code. This results in concurrent access anomalies.

8. Security Problems: Enforcing Security Constraints in file processing system is very
difficult as the application programs are added to the system in an ad-hoc manner.

1.4 DATABASE

 Database is a collection of organized and structure data. A database is a collection of
information that is organized so that it can be easily accessed, managed and updated. A
database contains a collection of related items or facts arranged in a specific structure. It is
the collection of schemas, tables, queries, reports, views, and other objects.

 Data is organized into rows, columns and tables, and it is indexed to make it easier to find
relevant information. Data gets updated, expanded and deleted as new information is added.
Databases process workloads to create and update themselves, querying the data they
contain and running applications against it.

 Computer databases typically contain aggregations of data records or files, such as sales
transactions, product catalogs and inventories, and customer profiles.

Database are of two types
1. Flat database or Traditional database
2. Relational Database
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1. Flat or Traditional database
Traditional databases are organized by fields, records, and files. A field is a single piece of
information; a record is one complete set of fields; and a file is a collection of records.
Simple database design consisting of one large table instead of several interconnected tables
of a relational database. Called ‘flat’ because of its only two dimensional (data fields and
records) structure, these databases cannot represent complex data relationships. Also called
flat file database or flat form database.
For example, a telephone book is analogous to a file. It contains a list of records, each of
which consists of three fields: name, address, and telephone number.

2. Relational database
 A relational database management system (RDBMS) is a database management

system (DBMS) that is based on the relational model as invented by E. F. Codd, of
IBM’s San Jose Research Laboratory.

 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.

 RDBs establish a well-defined relationship between database tables.
 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.

 Tables communicate and share information, which facilitates data search ability,
organization and reporting.

 A relational database (RDB) is a collective set of multiple data sets organized by tables,
records and columns.

 RDBs use Structured Query Language (SQL), which is a standard user application that
provides an easy programming interface for database interaction.

User
Application

Other
DBMS/RDBMS

User

SQLQuery

SQLQuery

RDBMS

(Define,
record,
query,

update and
manage
data in

relational
form only)

SQLQuery

Relational
Database
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1.5 DBMS DEFINITION

 DBMS, DataBase Management System, is a combination of two different complex
parameters, database and management system. DBMS=Database + Management System.

 Database is a collection of organized data and Management System defines protocols and
provides set of rules, procedures and programs to organize and manipulate those data.
Thus, we can define DBMS like
“DBMS is a collection of organized, interrelated data and set of programs to store the
data efficiently and access those data in an easy and effective manner”

 It enables user to create and maintain a database.
 In other words it is general-purpose software that provides the users with the processes of

defining constructing and manipulating the database for various applications.

1.6 WHY THE MANAGEMENT SYSTEM

Why the Management System?

The management system is important because the rich voluminous data needs perfect
maintenance with proper protocol defined for it. Whenever we have query in selecting the attributes
from a particular table or in referring the common attributes to create relationship between two tables
or to fire any manipulation query in the table, the user should pass through some standard or protocol
through which query can be resolved. The management system can be either manual or computerized.
But they have to be there for an efficient organization.

1.7 NEED OF DATABASE SYSTEM

Need of DBMS

Before Database Management Systems were introduced the organizations stored information in
“File Processing Systems”. E.g. File Handling in High Level Languages like C, Basic and COBOL
etc., These systems have Major disadvantages to perform the Data Manipulation.

File processing System has number of drawbacks like Data Redundancy and inconsistency,
Security Problems, difficulty in accessing data, Atomicity Problem, Integrity Problems. So to
overcome those drawbacks, new system called the DBMS is developed.

Goals of DBMS
1. To provide a way to store and retrieve database information that is both convenient and

efficient.
2. Database systems are designed to manage large bodies of information.
3. Ensure the safety of the information stored against system failure or attempts at

unauthorized access
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1.8 ADVANTAGES AND DISADVANTAGES OF DATABASE
SYSTEM

Advantages and Disadvantages of Database Management System
We must evaluate whether there is any gain in using a DBMS over a situation where we do

not use it.

Advantages of Database
1. Reduction of Redundancy: This is perhaps the most significant advantage of using DBMS.

Redundancy is the problem of storing the same data item in more one place. Redundancy
creates several problems like requiring extra storage space, entering same data more than
once during data insertion, and deleting data from more than one place during deletion.
Anomalies may occur in the database if insertion, deletion etc are not done properly.

2. Sharing of Data: In DBMS, Data can be shared by authorized users of the organization.
Many users can be authorized to access the same set of information simultaneously. The
remote users can also share same data as well as the data of same database can be shared
between different application programs.

3. Data Integrity: We can maintain data integrity by specifying integrity constrains, which are
rules and restrictions about what kind of data may be entered or manipulated within the
database. This increases the reliability of the database as it can be guaranteed that no wrong
data can exist within the database at any point of time.

4. Data security: It is the protection of the database from unauthorized users We can restrict
certain people from accessing the database or allow them to see certain portion of the
database while blocking sensitive information. This is not possible very easily in a paper-
based record keeping.

5. Providing Backup and Recovery: A DBMS must provide facilities for recovering from
hardware or software failures. For example, if the computer system fails in the middle of a
complex update transaction, the recovery subsystem is responsible for making sure that the
database is restored to the state it was in before the transaction started executing.
Alternatively, the recovery subsystem could ensure that the transaction is resumed from the
point at which it was interrupted so that its full effect is recorded in the database. User
creates the backup of data regularly to protect the valuable data from damage due to failures
to the computer system or application program.

6. Data Independence: The separation of data structure of database from the application
program that uses the data is called data independence. In DBMS, you can easily change the
structure of database without modifying the application program.

7. Controlling Data Redundancy: By controlling the data redundancy, you can save storage
space. In DBMS, all the data of an organization is integrated into a single database. The data
is recorded at only one place in the database and it is not duplicated. For example, the dean’s
faculty file and the faculty payroll file contain several items that are identical. When they are
converted into database, the data is integrated into a single database so that multiple copies
of the same data are reduced to-single copy.

8. Control Over Concurrency: In a computer file-based system, if two users are allowed to
access data simultaneously, it is possible that they will interfere with each other. For
example, if both users attempt to perform update operation on the same record, then one
may overwrite the values recorded by the other. Most database management systems have
sub-systems to control the concurrency so that transactions are always recorded with
accuracy.
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Disadvantages of DBMS
1. As DBMS needs computers, we have to invest a good amount in acquiring the hardware,

software, installation facilities and training of users hence DBMS implementation cost is
high compared to the file system

2. We have to keep regular backups because a failure can occur any time. Taking backup is a
lengthy process and the computer system cannot perform any other job at this time.

3. When a computer file-based system is replaced with a database system, the data stored into
data file must be converted to database files. It is difficult and time consuming method to
convert data of data files into database.

4. Complexity: Database systems are complex to understand
5. Performance: Database systems are generic, making them suitable for various applications.

However this feature affect their performance for some applications
6. While data security system is a boon for using DBMS, it must be very robust. If someone

can bypass the security system then the database would become open to any kind of
mishandling

3. When a computer file-based system is replaced with a database system, the data stored into
data file must be converted to database files. It is difficult and time consuming method to
convert data of data files into database.

4. Complexity: Database systems are complex to understand
5. Performance: Database systems are generic, making them suitable for various applications.

However this feature affect their performance for some applications
6. While data security system is a boon for using DBMS, it must be very robust. If someone

can bypass the security system then the database would become open to any kind of
mishandling

1.9 DATABASE SYSTEM VS FILE SYSTEM

Difference between File system and DBMS
File System

 File system is a collection of data. Any management with the file system, user has to write
the procedures

 File system gives the details of the data representation and Storage of data.
 In File system storing and retrieving of data cannot be done efficiently.
 Concurrent access to the data in the file system has many problems like reading the file

while other deleting some information, updating some information
 File system doesn’t provide crash recovery mechanism. eg. While we are entering some data

into the file if System crashes then content of the file is lost.
 Protecting a file under file system is very difficult.
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DBMS
 It is a collection of data and user is not required to write the procedures for managing the

database.
 DBMS provides an abstract view of data that hides the details.
 It is efficient to use since there are wide varieties of sophisticated techniques to store and

retrieve the data.
 It takes care of Concurrent access using some form of locking.
 DBMS has crash recovery mechanism, DBMS protects user from the effects of system

failures.
 DBMS has a good protection mechanism

1.10 APPLICATION AREA OF DATABASE SYSTEM

Applications of Database Systems
1. Banking: For storing customer info, tracking day to day credit and debit transactions,

generating bank statements etc. All this work has been done with the help of Database
management systems.

2. Airlines and Railway Reservation System: For reservation and Schedule information.
3. Telecommunication: Keeping records of call made.Generating monthly bills as well as

storing complete information about communication networks.
4. Finance: For storing information about equities, mutual funds, holdings, sales, and

purchases of financial instruments.
5. E-Commerce: For buying items as well as browse for merchandise from Internet. For e.g.

clothes, DVD’s and so on.
6. Human Resources: Keeping detailed information about employees, payroll taxes.
7. Telecom: There is a database to keeps track of the information regarding calls made,

network usage, customer details etc. Without the database systems it is hard to maintain that
huge amount of data that keeps updating every millisecond.

8. Industry: Where it is a manufacturing unit, warehouse or distribution centre, each one
needs a database to keep the records of ins and outs. For example distribution centre should
keep a track of the product units that supplied into the centre as well as the products that got
delivered out from the distribution centre on each day; this is where DBMS comes into
picture.

9. Education sector: Database systems are frequently used in schools and colleges to store
and retrieve the data regarding student details, staff details, course details, exam details,
payroll data, attendance details, fees details etc. There is a hell lot amount of inter-related
data that needs to be stored and retrieved in an efficient manner.

10. Online shopping: You must be aware of the online shopping websites such as Amazon,
Flipkart etc. These sites store the product information, your addresses and preferences,
credit details and provide you the relevant list of products based on your query. All this
involves a Database management system.
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1.11 TERMINOLOGIES OF DBMS

To find out what database is, we have to start from data, which is the basic building block of any
DBMS. Given below are the overview of some of the terminologies used in DBMS.

Data: Facts, figures, statistics etc. having no particular meaning (e.g. 1, ABC, 19 etc).

Record: Collection of related data items, e.g. in the above example the three data items had no
meaning. But if we organize them in the following way, then they collectively represent meaningful
information.

Roll Name Age
1 ABC 19

Table or Relation: Collection of related records.
Roll Name Age

1 ABC 19
2 DEF 22
3 XYZ 28

The columns of this relation are called Fields, Attributes or Domains. The rows are called
Tuples or Records.

Database: Collection of related relations. Consider the following collection of tables:
T1 T2

Roll Name Age Roll Address
1 ABC 19 1 KOL
2 DEF 22 2 DEL
3 XYZ 28 3 MUM

T3 T4
Roll Year Year Hostel

1 I I H1
2 II II H2

3 I

We now have a logical collection of 4 tables. They can be called as a “related collection” because
we can clearly find out that there are some common attributes existing in a selected pair of tables.
Some of the attributes which are common amongst the 4 tables given above, we can join the related to
find out the complete/queried details of a student. A Query like “Which hostel does the youngest
student live in?” can be answered by joining the tables where Age and Hostel attributes are in.

In a database, data is organized strictly in row and column format. (A table format like)The rows
are called Tuple or Record. The data items within one row may belong to different data types. On the
other hand, the columns are often called Domain or Attribute. All the data items within a single
attribute are of the same data type.
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1.12 MORE ABOUT DBMS

A database management system (DBMS): software provides a collection of programs that
enables you to interact with the tables stored with them. It
further interacts with the user, other applications, and the
database itself to capture and analyze data. It has several
packages designed to define, manipulate, and manage data
in a database.

A general-purpose DBMS is designed to allow the
definition, creation, querying, update, and administration
of databases.

Well known DBMSs include MySQL, PostgreSQL,
MongoDB, MariaDB, Microsoft SQL Server, Oracle, Sybase, SAP HANA, MemSQL and IBM DB2.

Some general functions of a DBMS
 Designed to allow the definition, creation, querying, update, and administration of databases
 Define rules to validate the data and relieve users of framing programs for data maintenance
 Convert an existing database, or archive a large and growing one
 Run business applications, which perform the tasks of managing business processes,

interacting with end-users and other applications, to capture and analyze data
 Some well-known DBMSs are Microsoft SQL Server, Microsoft Access, Oracle, SAP, and

others.

Examples of Database Applications
 computerized library systems
 automated teller machines
 flight reservation systems
 computerized parts inventory systems

Characteristics of Modern Database
 Structured and described data
 Separation of data and applications
 Data integrity
 Data persistence
 Supports ACID property
1. Structured and Described Data: Database system contains complete description about

data. This includes different type of data, their data type, extent, structure and relationship
between data. This kind of stored data is called “Metadata”.

2. Separation of Data and Applications: Application software does not need any knowledge
about the physical data storage like encoding, format, storage place, etc. It only
communicates with the management system of a database (DBMS) via a standardized
interface with the help of a standardized language like SQL. The access to the data and the
metadata is entirely done by the DBMS. In this way all the applications can be totally
separated from the data.
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3. Data Integrity: Data integrity is means ofthe quality and the reliability of the data of a
database system. It includes the protection of the database from unauthorized access and
unauthorized changes. It also includes the Data consistency. Data reflects facts of the real
world.

4. Data Persistence: In a DBMS all data is maintained as long as it is not deleted explicitly.
Changes of a database are done by a transaction are persistent.

5. Support ACID property: ACID (Atomicity, Consistency, Isolation, Durability) is a set
of properties of database transactions. In databases, a sequence of database operations (insert,
update, delete SQL Statements) that satisfies the ACID properties can be perceived as single
logical operation on the data, is called a transaction. While performing any such transactions,
database makes sure that the real objective of the data is not lost. For e.g. if Customer
address is updated then it should make sure that there is valid customer record found in
database and wherever the customer address is reflected it should be updated with the new
one so as to avoid the phantom read.

1.13 COMPONENTS OF A DATABASE MANAGEMENT
SYSTEM

Components of DBMS

DBMS have several components, each performing very significant tasks in the database
management system environment. Below is a list of components within the database and its
environment.

Software: This is the set of programs used to control and manage the overall database. This
includes the DBMS software itself, the Operating System, the network software being used
to share the data among users, and the application programs used to access data in the
DBMS.

Hardware: Consists of a set of physical electronic devices such as computers, I/O devices,
storage devices, etc., this provides the interface between computers and the real world
systems.
Data: DBMS exists to collect, store, process and access data, the most important
component. The database contains both the actual or operational data and the metadata.

Procedures: These are the instructions and rules that assist on how to use the DBMS, and
in designing and running the database, using documented procedures, to guide the users that
operate and manage it.

Database Access Language: This is used to access the data to and from the database, to
enter new data, update existing data, or retrieve required data from databases. The user
writes a set of appropriate commands in a database access language, submits these to the
DBMS, which then processes the data and generates and displays a set of results into a user
readable form.

Query Processor: This transforms the user queries into a series of low level instructions.
This reads the online user’s query and translates it into an efficient series of operations in a
form capable of being sent to the run time data manager for execution.
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Data Manager: Also called the cache manager, this is responsible for handling of data in
the database, providing a recovery to the system that allows it to recover the data after a
failure

Database Engine: The core service for storing, processing, and securing data, this provides
controlled access and rapid transaction processing to address the requirements of the most
demanding data consuming applications. It is often used to create relational databases for
online transaction processing or online analytical processing data.
Data Dictionary: This is a reserved space within a database used to store information about
the database itself. A data dictionary is a set of read-only table and views, containing the
different information about the data used in the enterprise to ensure that database
representation of the data follow one standard as defined in the dictionary.

Report Writer: Also referred to as the report generator, it is a program that extracts
information from one or more files and presents the information in a specified format. Most
report writers allow the user to select records that meet certain conditions and to display
selected fields in rows and columns, or also format the data into different charts.

1.14 LEVELS OF ABSTRACTION

Levels of Data Abstraction: A 3-tier architecture separates its tiers from each other based on the
complexity of the users and how they use the data present in the database. It is the most widely used
architecture to design a DBMS.

There are three levels of data abstraction as given below

View level

View 1 View 2 View n- - - - -

Logical
level

Physical
level

Conceptual or
Logical
Schema

Internal or
Physical
Schema

External or
View Schema

The word schema means arrangement – how we want to arrange things that we have to store. The
diagram above shows the three different schemas used in DBMS, seen from different levels of
abstraction.

Physical Level: It is lowest level of abstraction and describes how the data are actually stored
and complex low level data structures in detail.

The lowest level, called the Internal or Physical schema, deals with the description of how raw
data items (like 1, ABC, KOL, H2 etc.) are stored in the physical storage (Hard Disc, CD, Tape Drive
etc.).
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It also describes the data type of these data items, the size of the items in the storage media, the
location (physical address) of the items in the storage device and so on.

This schema is useful for database application developers and database administrator.
Logical Level: It is the next higher level of abstraction and describes what data are stored and

what relationships exist among those data.
This middle level is also known as the Conceptual or Logical Schema, and deals with the

structure of the entire database. interested with the structure of the database.
This means we want to know the information about the attributes of each table, the common

attributes in different tables that help them to be combined, what kind of data can be input into these
attributes, and so on.

Conceptual or Logical schema is very useful for database administrators whose responsibility is
to maintain the entire database.

At the logical level, each such record is described by a type definition and the interrelationship of
these record types is defined as well.

Database administrators usually work at this level of abstraction.
View Level: It is the highest level of abstraction and describes only part of the entire database

and hides the details of the logical level.
The highest level of abstraction is the External or View Schema. This is targeted for the end

users.
End user does not need to know everything about the structure of the entire database, rather than

the amount of details he/she needs to work with.
The database administrator may want to create custom made tables, keeping in mind the specific

kind of need for each user. These tables are also known as virtual tables, because they have no
separate physical existence.

The database administrator may create a virtual table with only these four attributes, only for the
use of this officer.

1.15 DATA INDEPENDENCE

If a database system is not multi-layered, then it becomes difficult to make any changes in the
database system. Database systems are designed
in multi-layers as we learnt earlier.

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.

Logical Data Independence

Physical Data Independence

Physical Schema

Logical Schema
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 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.
 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.
 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.

 This means that for any change made in the logical schema, the need to change the external
schema is minimal. As we shall see, this is a little difficult to achieve.

 Let us explain with an example.

Suppose the CD you have bought contains 6 songs, and some of your friends are interested in
copying some of those songs (which they like in the film) into their favorite collection. One friend
wants the songs 1, 2, 4, 5, 6, another wants 1, 3, 4, 5 and another wants 1, 2, 3, 6. Each of these
collections can be compared to a view schema for that friend. Now by some mistake, a scratch has
appeared in the CD and you cannot extract the song 3. Obviously, you will have to ask the friends who
have song 3 in their proposed collection to alter their view by deleting song 3 from their proposed
collection as well.

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.
 This means that for any change made in the physical schema, the need to change the logical

schema is minimal.
 This is practically easier to achieve.

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.

1.16 DIFFERENT DATABASE LANGUAGES (DDL, DML, DCL,
DQL)

1. Data Definition Language (DDL): Used for Creating and Altering the Structure.
(CREATE, ALTER, DROP, RENAME/REPLACE, TRUNCATE)

2. Data Manipulation Language (DML): Used for Adding and Modifying Data.
(INSERT, UPDATE, DELETE)

3. Data Control Language (DCL): Used for Controlling Access of the Database.
(GRANT, REVOKE)
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4. Transaction Control Language (TCL): Used with transactions in accomplishing ACID
property ( ROLLBACK, COMMIT, SAVEPOINT)

5. Data Query Language: (DQL) – Used for Querying a Database.
(SELECT Statement)

Database languages are used for read, update and store data in a database. There are several such
languages that can be used for this purpose. SQL (Structured Query Language) is a standard that
defines syntax and semantics which is very well used by commercial DBMS/RDBMS packages.

Types of DBMS languages

Data Definition Language (DDL): DDL is used for specifying the database schema. Let’s take
SQL for instance to categorize the statements that comes under DDL.

 To create the database instance – CREATE
 To alter the structure of database – ALTER
 To drop database instances – DROP
 To delete tables in a database instance – TRUNCATE
 To rename database instances – RENAME

All these commands specify or update the database schema that’s why they come under Data
Definition language.

Data Manipulation Language (DML): DML is used for accessing and manipulating data in a
database.

 To read records from table(s) – SELECT
 To insert record(s) into the table(s) – INSERT
 Update the data in table(s) – UPDATE
 Delete all the records from the table – DELETE

Data Control language (DCL): DCL is used for granting and revoking user access on a database
 To grant access to user – GRANT
 To revoke access from user – REVOKE

Transaction Control Language (TCL): TCL is used with transactions in accomplishing ACID
property of the sequence of operations.

To Save the transaction ---COMMIT,
To cancel the transaction---ROLLBACK
To do partial save/cancellation of a transaction ---SAVEPOINT

Data Query language (DQL): DQL is used for querying data from database
 To retrieve records from database storage – SELECT

1.17 DATABASE USERS

A typical DBMS has users with different rights and permissions who use it for different purposes.
Some users retrieve data and some back it up. The users of a DBMS can be broadly categorized as
follows:



18 Database Systems

Administrators: Administrators maintain the DBMS and are responsible for administrating the
database. They are responsible to look after its usage and by whom it should be used. They create
access profiles for users and apply limitations to maintain isolation and force security.

Administrators also look after DBMS resources like system license, required tools, and other
software and hardware related maintenance. They are working at physical layer/level mostly.

Designers: Designers are the group of people who actually work on the designing part of the
database. They keep a close watch on what data should be kept and in what format. They identify and
design the whole set of entities, relations, constraints, and views.

End Users: End users are those who actually reap the benefits of having a DBMS. End users can
range from simple viewers who pay attention to the logs or market rates to sophisticated users such as
business analysts.

Different types of Users to access System Structure of Database are:
Application Programmers: Application programmers are the one who writes application

programs that uses the database.
These application programs are written in programming languages like COBOL or PL

(Programming Language 1), Java and fourth generation language.
These programs meet the user requirement and made according to user requirements. Retrieving

information, creating new information and changing existing information is done by these application
programs.

End Users: End users are those who access the database from the terminal end.
They use the developed applications and they don’t have any knowledge about the design and

working of database.
These are the second class of users and their main motto is just to get their task done. There are

basically two types of end users that are discussed below.
 Casual User

These users have great knowledge of query language. Casual users access data by entering
different queries from the terminal end. They do not write programs but they can interact
with the system by writing queries.

 Naive
Any user who does not have any knowledge about database can be in this category.
Their task is to just use the developed application and get the desired results.
For example: Clerical staff in any bank is a naïve user. They don’t have any dbms
knowledge but they still use the database and perform their given task.

End Users

Administrators

Designers

DBMS
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DBA (Database Administrator): DBA can be a single person or it can be a group of person.
Database Administrator is responsible for everything that is related to database. He makes the policies,
strategies and provides technical supports.

1.18 ARCHITECTURE OF DBMS

Ref: Architecture (Structure) of DBMS from Database concepts by Avi Silberschatz Henry F. Korth S.
Sudarshan

naive users
(tellers, agents,

web users)

application
programmers

sophisticated
users

(analysts)

database
administrators

use useuse write

application
interfaces

application
programs

Query
tools

administration
tools

application
program object

code

compiler and
linker

DML queries DDL interpreter

DML compiler and
organizer

query evaluation
engine

buffer manager file manager

query processor

authorization and
integrity manager

transaction
manager

storage manager

disk storage

data

indices data dictionary

statistical data
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1. Data Storage and Querying
 A database system is partitioned into modules that deal with each of the responsibilities of

the overall system.
 The functional components of a database system can be broadly divided into the storage

manager and the query processor components.
 The storage manager is important because databases typically require a large amount of

storage space.
 Corporate databases range in size from hundreds of gigabytes to, for the largest databases,

terabytes of data. A gigabyte is approximately 1000 megabytes (actually 1024) (1 billion
bytes), and a terabyte is 1 million megabytes (1 trillion bytes).

 Since the main memory of computers cannot store this much information, the information is
stored on disks.

 Data are moved between disk storage and main memory as needed. Since the movement of
data to and from disk is slow relative to the speed of the central processing unit, it is
imperative that the database system structure the data so as to minimize the need to move
data between disk and main memory.

2. Storage Manager
The storage manager is the component of a database system that provides the interface between

the low-level data stored in the database and the application programs and queries submitted to the
system.

The storage manager is responsible for the interaction with the file manager.
The raw data are stored on the disk using the file system provided by the operating system.
The storage manager translates the various DML statements into low-level file-system commands
Thus, the storage manager is responsible for storing, retrieving, and updating data in the database.

The storage manager components include:
 Authorization and integrity manager, which tests for the satisfaction of integrity

constraints and checks the authority of users to access data.
 Transaction manager, which ensures that the database remains in a consistent (correct)

state despite system failures, and that concurrent transaction executions proceed without
conflicting.

 File manager, which manages the allocation of space on disk storage and the data structures
used to represent information stored on disk.

 Buffer manager, which is responsible for fetching data from disk storage into main
memory, and deciding what data to cache in main memory. The buffer manager is a critical
part of the database system, since it enables the database to handle data sizes that are much
larger than the size of main memory.

The storage manager implements several data structures as part of the physical system
implementation:

 Data files, which store the database itself.
 Data dictionary, which stores metadata about the structure of the database, in particular the

schema of the database.
 Indices, which can provide fast access to data items. Like the index in this textbook, a

database index provides pointers to those data items that hold a particular value.
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3. The Query Processor
The query processor is important because it helps the database system to simplify and facilitate

access to data.
The query processor allows database users to obtain good performance while being able to work

at the view level and not be burdened with understanding the physical-level details of the
implementation of the system.

It is the job of the database system to translate updates and queries written in a nonprocedural
language, at the logical level, into an efficient sequence of operations at the physical level.

The query processor components include:
 DDL interpreter, which interprets DDL statements and records the definitions in the data

dictionary.
 DML compiler, which translates DML statements in a query language into an evaluation

plan consisting of low-level instructions that the query evaluation engine understands.
A query can usually be translated into any of a number of alternative evaluation plans that
all give the same result.
The DML compiler also performs query optimization; that is, it picks the lowest cost
evaluation plan from among the alternatives.

 Query evaluation engine, which executes low-level instructions generated by the DML
compiler.

Transaction Management Often, several operations on the database form a single logical unit of
work. A transaction is a collection of operations that performs a single logical function in a database
application.

Each transaction is a unit of both atomicity and consistency, That is, if the database was
consistent when a transaction started, the database must be consistent when the transaction
successfully terminates.

4. Users
Refer Different types of Users to access System Structure of Database given in section (1.17)
Different Database Architectures
1. Two-tier Database Architecture
2. Three-tier Database Architecture
3. N-Tier Architecture

1. Two-tier Database Architecture (Client/Server Architecture)
Centralized system today acts as a Server system that satisfy request generated by n client

systems whose general structure is shown below:

client

server

client client client

network

Fig. 1.1 General Structure of a Client/Server System

Database system can be divided into two parts:
Front End: It consists of tools such as SQL user interface, forms interfaces, report generation

tools, data mining and analysis tools
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Back End: It manages access structures, query evaluation and optimization, recovery,
concurrency control

The interface between front end and back end is through application programs (like Spreadsheet)
or via SQL.

SQL user
interface

form
interface

report
generation

tools

data mining
and analysis

tools

SQL engine

Front end

back end

interface
(SQL API)

Fig. 1.2 Front-end and Back-end Functionality(Two Tier)
 It is also called Two-tier Client/Server architecture.
 It is used for User Interface program and application program that runs on client side.
 An interface may be JDBC or ODBC interface.
 Any client that uses ODBC/JDBC interface can connect to any server that provides the

interface.
 An ODBC interface provides an API that allow client side program to call DBMS.
 The advantages of this Two-tier architecture is the simplicity and compatibility with existing

system.
Three -tier Database Architecture
It is used for Web applications.
It consists into three layers:
Intermediate layer: Also called Application server or Web server used to stores the web

connectivity software.

Client

Application Server
or

Web Server

Database
Server

GUI, Web
Interface

Application
Programs,
Web pages

Database
Management

System

Presentation
Layer

Business Logic
Layer

Database
Services

Layer

(a) (b)

Fig. 1.3 Logical Three tier client/server architecture
In the above figure (a), Client contain GUI interfaces and additional application –specific

business rules.
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Application Server or Web server runs the applications programs and storing business rules that
are used to access data from Database Server.

By checking the client credentials before forwarding a request to the Database Server improves
the database security.

The Application Server accept request from the Client, processes the request, and sends queries to
the database server and it retrieves query results from the Database Server and filtered to be
presented to the users in GUI format.

In the above figure (b), 3 tier client/server architecture consists of-

Presentation Layer: display information to the user and allows data entry.

Business Logic Layer: handles intermediate rules and constraints.

Database Services Layer: includes all data management services.

An n-tier architecture divides the whole system into related but independent n modules, which
can be independently altered, modified, replaced where n-tier may be 4, 5 or more.

N-tier Database Architecture

OR

1, 2, 3 or More Tier Architecture

1-Tier: all above layers can only run in one computer. In order to achieve 1-Tier, we need to use
the embedded database system, which cannot run in an individual process. Otherwise, there will be at
least 2-Tier because non-embedded databases usually can run in an individual computer (tier).

2-Tier: either presentation layer and application layer can only run in one computer, or
application layer and data layer can only run in one computer. The whole application cannot run in
more than 2 computers.

3-Tier: the simplest case of N-Tier architecture; all above three layers are able to run in three
separate computers. Practically, these three layers can also be deployed in one computer (3-Tier
architecture, but deployed as 1-Tier).

N-Tier: 3 or more tiers architecture. Fig. 1.4 below depicts a typical N-Tier architecture. Some
layers in 3-Tier can be broken further into more layers. These broken layers may be able to run in
more tiers. For example, application layer can be broken into business layer, persistence layer or more.
Presentation layer can be broken into client layer and client presenter layer. In Fig. 1.4 , in order to
claim a complete N-Tier architecture, client presenter layer, business layer and data layer should be
able to run in three separate computers (tiers).

Client Layer
Client

Presenter
Layer

Business
Layer

Persistence
Layer

Data Layer

Fig. 1.4 N-Tier Architecture

Client layer: this layer is involved with users directly. There may be several different types of
clients coexisting, such as WPF, Window form, HTML web page and etc.
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Client presenter layer: contains the presentation logic needed by clients, such as ASP .NET
MVC in IIS web server. Also it adapts different clients to the business layer.

Business layer: handles and encapsulates all of business domains and logics; also called domain
layer.

Persistence layer: handles the read/write of the business data to the data layer, also called data
access layer (DAL).

Data layer: the external data source, such as a database.
Sometimes, the number of tiers is able to be equal or more than 3, but client presenter layer,

business layer and data layer cannot run in three separate computers (tiers). Is this a N-Tier
architecture? we categorize this N-Tier as an incomplete N-Tier architecture because its client
presenter layer, business layer and data layer cannot run in three separate computers (tiers).

1.19 DATA BASE ADMINISTRATOR

The Database Administrator, better known as DBA, is the person (or a group of persons)
responsible for the well being of the database management system.

She/he has the following functions and responsibilities regarding database management:
 Definition of the schema
 Modification of the schema
 Definition of storage structure
 Creating users with proper access
 Definition of integrity constraints
 Creation of security mechanism
 Definition of backup and recovery policy
1. Definition of the schema, the architecture of the three levels of the data abstraction, data

independence.
2. Modification of the defined schema as and when required.
3. Definition of the storage structure i.e. and access method of the data stored i.e. sequential,

indexed or direct.
4. Creating new used-id, password etc, and also creating the access permissions that each

user can or cannot enjoy. DBA is responsible to create user roles, which are collection of the
permissions (like read, write etc.) granted and restricted for a class of users. S/he can also
grant additional permissions to and/or revoke existing permissions from a user if need be.

5. Defining the integrity constraints for the database to ensure that the data entered conform
to some rules, thereby increasing the reliability of data.

6. Creating a security mechanism to prevent unauthorized access, accidental or intentional
handling of data that can cause security threat.

7. Creating backup and recovery policy. This is essential because in case of a failure the
database must be able to revive itself to its complete functionality with no loss of data, as if
the failure has never occurred. It is essential to keep regular backup of the data so that if the
system fails then all data up to the point of failure will be available from a stable storage.
Only those amount of data gathered during the failure would have to be fed to the database
to recover it to a healthy status.
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QUESTIONS
1. Explain Data and information.
2. Define Database and DBMS.
3. What is DBMS and how it manages database?
4. Explain File Management System.
5. Explain difference between Database Management and File Management System.
6. Explain Role of DBA.
7. Draw with neat diagram Database Architecture and define each section in detail.
8. What are different Database Users.
9. Explain different Components of DBMS.

10. Explain Need of database system.
11. State Advantages and disadvantages of database system.
12. Define Application area of database system.
13. Explain Levels of abstraction of database.
14. Explain Data independence and its two types.
15. What are Different database Languages (DDL, DML, DCL, DQL)?
16. Explain different DBMS Users.
17. Explain 2-Tier, 3-Tier Architecture of DBMS.
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