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Most of the work in today's IT industry is related to Database Management Systems (DBMS).
Whether it is migration of legacy databases from network to relational or implementation of new
relational databases, there is need to have knowledge of DBMS technology.  To understand any
technology, one needs to have a strong foundation of its concepts. The DBMS concepts include the
concepts of query languages, concepts of database normalization, concurrency control and recov-
ery, etc.

This book is intended to provide an in-depth knowledge of the DBMS concepts at the under-
graduate level. To understand the DBMS concepts, a student needs to have basic knowledge of
DBMS concepts like process synchronization, process scheduling, etc.

Chapter 1 provides an overview of DBMS concepts like Data Models, Data Abstraction and
overall structure of DBMS. The Chapter 2 covers E-R Modeling. A student should be able to model
any real-world problem using the concepts.

Chapter 3 provides an overview of the Relational Data Model concepts bringing out clearly
the database constraints like Domain Constraint, Key Constraint and Referential Integrity Con-
straints.

Chapter 4 covers Relational Algebra concepts in detail. Examples have been provided to give
a clear description of this procedural query language, since Relational Algebra is a very strong tool
for Query Optimization. Chapter 5 covers Tuple Relational Calculus and Chapter 6 covers Domain
Relational Calculus.

Chapter 7 covers SQL. Attempt has been made to cover all categories of queries. The concepts
of cursors and triggers also have been fully explained using PL/SQL. Probably, this is the first text,
wherein a great effort has been made to establish equivalence between Relational Algebra, Tuple
Relational Calculus, Domain Relational Calculus and SQL, by providing a large number of
equivalent queries in Chapter 7.

Chapter 8 has been newly added; it covers query optimization. The equivalence rules and
query optimization strategy using expression trees have been covered in detail, providing ample
number of examples.

Chapter 9 covers in detail the Normalization concepts. The student is first familiarized with
the concepts of Functional Dependencies (FDs) before introducing the concepts First, Second &
Third Normal Forms and Boyce Codd Normal Form (BCNF). Then the text covers the concepts of
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Multi-Valued Dependencies (MVDs) before introducing the concept of Fourth Normal Form
(4 NF). This is followed by the concepts of Join Dependency  (JD) and Fifth Normal Form (5 NF).
The text also introduces the latest Sixth Normal Form (6 NF) and Inclusion dependencies. The
concepts of loss-less-join decomposition and dependency-preserving decomposition have been
fully elaborated. A large number of solved examples have been provided to make the student fully
familiar with the concepts. It is hoped that with the help of the information provided in this chapter,
a reader will be able to design a flawless database schema.

Chapter 10 covers Transaction processing, focusing on the concepts of Serialization, Conflict
Equivalence, View Equivalence, Cascade-less schedules and recoverable schedules.

Chapter 11 covers concurrency control, focusing on lock-based algorithms, time-stamp-based
algorithms and other hybrid algorithms. The strengths and limitations of various algorithms, in
terms of possibility of deadlocks and starvation have been covered in detail.

Chapter 12 covers deadlock handling, which includes deadlock prevention, deadlock detec-
tion and deadlock recovery.

Chapter 13 covers recovery of databases in the event of failure. The concepts like Immediate,
deferred update, log-based recovery have been covered in detail.

Chapter 14 covers the issues related to Distributed Databases, like Fragmentation, Replica-
tion, Commit of Distributed Transaction Processing and Deadlock Handling in distributed
databases.

Chapter 15 has been newly added. It gives introduction to various aspects of Data Warehous-
ing and Data Mining.

Any suggestions, from the valuable readers are welcome at pavittergill@hotmail.com.

P.S. Gill
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1
A database is a collection of logically related data; and a Database Management System (DBMS)
is a set of programs specifically designed to create, maintain, update and access databases.
Together the DBMS and database form a Database System.

The use of computers for management of databases is almost as old as the existence of digital
computers. The older Database Management Systems used to be tightly coupled to the platforms
and highly customized to the nature of underlying databases. But as computers gained in speed and
memory space, the DBMSs became more generic and general-purpose.

In 1968, IBM came out with a DBMS known as Information Management System (IMS) on
IBM/360 mainframe computer. The IMS was designed for the Apollo Program and it was based on
the Hierarchical Model. The Hierarchical Model stores data items in the form of tree; wherein a
data node can have any number of child nodes but only one parent node. It facilitates modeling of
one-to-many relationships amongst the data items; but fails to model many-to-many relationships.
The Hierarchical Databases were superseded by CODASYL Databases, which were based on the
Network Model, wherein the data items are linked to each other as a generic graph (network). It
facilitated the modeling of many-to-many relationships amongst the data items. Both the hierarchi-
cal and network databases make use of pointers to link the data items. Traversing through the
pointers, while searching for data items, is a messy job.

In 1970, E.F. Codd proposed a new model for databases, known as "Relational Model". In
Relational Databases, information is stored in flat (2-D) tables. Each table (called a relation) has a
unique name and is created on a specified schema. The schema is ordered list of attributes, with
each attribute representing a property of the information to be stored. In the table, each attribute is
represented by a column and it has a specified domain (a set of valid values that the attribute can
assume). Each table is a set of rows (known as tuples), with each row representing information of
one data item. Each tuple has an ordered list of values (known as fields) with each field pertaining
to corresponding attribute. The tables are related to each other through the concept of Primary
Key-Foreign Key relationships, without use of any pointers. In the physical storage, each table is
stored as a file, with each tuple forming a record in the file. A query language known as Structured
Query Language (SQL) is used for creation, maintenance, update and access of tables. Within a
short span, the relational model became highly popular due to its simple implementation, user-
friendly query structures and strong mathematical foundations. Popular Relational DBMS available
from known vendors are ORACLE, DB-2 (of IBM) and SQL Server (of Microsoft).

DBMS Overview
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DATABASE SYSTEM

A Database System comprises a Database and a DBMS to create, maintain, update and access the
database:

DATABASE
SYSTEM

Query Processing
Software

DBMS

Storage Management
Software

DATA
Schema
Definition

DATABASE

USER QUERIES

Database

A database is a collection of logically related data that can be recorded. The information stored in
the database must have the following implicit properties:

(a) It must represent some aspect of real-world; like a college or a company, etc. The aspect
represented by a database is called its "Mini-world".

(b) It must have a logically coherent collection of data, inherent meaning (semantics), which
must be well understood.

(c) The repository of data must be designed, developed and implemented for a specific pur-
pose. There must be an intended group of users, who must have some pre-conceived
applications of the data.

A Database System has the following major organs:

• Sources of information, from where it derives its data.

• Some related real-world events, which influence its data.
• Some intended users, who would be interested in its data.

For example, in the college database, sources of information will be students, faculty, labs, etc.
The real-world events affecting the information in the database will be admissions, exams, results
& placements etc. The set of intended users will be faculty, students, administrative staff, etc.

Fig. 1.1
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DATABASE MANAGEMENT SYSTEM (DBMS)

A Database Management System (DBMS) refers to a set of programs for defining, creation, main-
tenance and manipulation of a database. A DBMS must facilitate the following major functions:-

• Defining of Database Schema: The DBMS must facilitate defining the database struc-
ture, i.e., defining of data types, relationships amongst the data and specification of the
integrity constraints to be enforced on the database. It should also facilitate specifying the
access rights of authorized users.

• Manipulation of the Database: The DBMS must facilitate the following functions re-
lated to update and access of stored information:-

Insertion of new data
Update of changed data

Deletion of defunct data
Access of data for read and report generation

• Concurrency Control and Sharing of Data: The DBMS must enable concurrent execu-
tion of transactions, with a view to improve the utilization of system resources like CPU. To
make it possible, the DBMS must permit sharing of data items amongst the concurrent
transactions, while preserving the database consistency and integrity.

• Database Security: The DBMS must protect the database against unauthorized/mali-
cious access. For this, DBMS must support features for grant/revoke of access rights to the
users, as decided by the Database Administrator. Each authorized user is permitted to ac-
cess the database only to the extent of its granted access rights. Any attempt by a user to
exceed its access rights is denied by the system

• Database Recovery: The DBMS should maintain a log of all the updates performed by
active transactions, in a log file maintained on a non-volatile media (hard disk). The entries
in the log file facilitate recovery of the system, in the event of failures. Also, DBMS must
support facilities for taking of periodic backup of the database. The backups are safely
archived, which are used to recover the system in the event of catastrophic failures like
Disk Crash.

SOME IMPORTANT CONCEPTS IN DBMS

Transaction
A Transaction refers to a unit of work in DBMS. It is basically a sequence of Data Manipulation
operations. The main requirement is that a transaction must be executed atomically (indivisibly),
i.e. it must be executed either fully or not at all. If the system fails during execution of a transaction,
then the transaction must be rolled back to its initial state (i.e., effect of its partial execution must be
undone. After roll-back, it will be as though the transaction had never commenced execution).

Consider a table representing Bank Account (Account_Number, Balance)

Suppose there is a transaction "Transfer Rs 1000/= from Account_Number 101 to
Account_Number 203"
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