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Preface

Database management has evolved from a specialized computer application
to a central component of a modern computing environment, and, as a result,
knowledge about database systems has become an essential part of an education in
computer science.

This book is adapted from the sixth edition of Database System Concepts, for
a first course in databases at the junior or senior undergraduate level. In this text,
we present the fundamental concepts of database management. These concepts
include aspects of database design, database languages, and database-system
implementation. In addition to basic material for a first course, the text contains
advanced material that can be used for course supplements, or as introductory
material for an advanced course.

We assume only a familiarity with basic data structures, computer
organization, and a high-level programming language such as Java, C, or Pascal.
We present concepts as intuitive descriptions, many of which are based on our
running example of a university. Important theoretical results are covered, but
formal proofs are omitted. In place of proofs, figures and examples are used to
suggest why a result is true. Formal descriptions and proofs of theoretical results
may be found in research papers and advanced texts that are referenced in the
bibliographical notes.

The fundamental concepts and algorithms covered in the book are often
based on those used in existing commercial or experimental database systems. Our
aim is to present these concepts and algorithms in a general setting that is not tied
to one particular database system.

In this adapted text of the sixth edition of Database System Concepts, we
have retained essential contents of Database System Concepts, condensed or
deleted some of the advanced materials. The purpose is to make this book more
suitable for a first course in databases at the undergraduate level. Now we describe
organization of this book in brief.

The text is organized in five major parts.

* Overview (Chapter 1). Chapter 1 provides a general overview of the nature

and purpose of database systems. We explain how the concept of a database
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system has developed, what the common features of database systems
are, what a database system does for the user, and how a database system
interfaces with operating systems.. We also introduce an example database
application: a university organization consisting of multiple departments,
instructors, students, and courses. This application is used as a running
example throughout the book. This chapter is motivational, historical, and
explanatory in nature.

Part 1: Relational Databases (Chapters 2 through 6). Chapter 2 introduces
the relational model of data, covering basic concepts such as the structure
of relational databases, database schemas, keys, schema diagrams, relational
query languages, and relational operations. Chapters 3, 4, and 5 focus on
the most influential of the user-oriented relational languages: SQL. Chapter
6 covers the formal relational query languages: relational algebra, tuple
relational calculus, and domain relational calculus.

The chapters in this part describe data manipulation: queries, updates,

insertions, and deletions, assuming a schema design has been provided.
Schema design issues are deferred to Part 2.
Part 2: Database Design (Chapters 7 through 9). Chapter 7 provides an
overview of the database-design process, with major emphasis on database
design using the entity-relationship data model. The entity-relationship
data model provides a high-level view of the issues in database design, and
of the problems that we encounter in capturing the semantics of realistic
applications within the constraints of a data model. UML class-diagram
notation is also covered in this chapter.

Chapter 8 introduces the theory of relational database design. The
theory of functional dependencies and normalization is covered, with
emphasis on the motivation and intuitive understanding of each normal
form. This chapter begins with an overview of relational design and
relies on an intuitive understanding of logical implication of functional
dependencies. This allows the concept of normalization to be introduced
prior to full coverage of functional-dependency theory, which is presented
later in the chapter. Instructors may choose to use only this initial coverage
in Sections 8.1 through 8.3 without loss of continuity. Instructors covering
the entire chapter will benefit from students having a good understanding

of normalization concepts to motivate some of the challenging concepts of
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functional—dependency theory.
Chapter 9 covers application design and development. This chapter
empbhasizes the construction of database applications with Web-based

interfaces. In addition, the chapter covers application security.

Part 3: Data Storage, Querying and Transaction Management (Chapters
10 through 12). Chapter 10 introduces physical storage devices briefly;
describes how to map records to files, and then to bits on disks; and
describes several types of indices used in database systems. Chapter 11
describes how queries are processed, presents algorithms for implementing
individual operations, and then describes the process of query optimization.
Chapter 12 describes the fundamentals of a transaction-processing system,
including atomicity, consistency, isolation, and durability; describes several
concurrency-control techniques that help implement the isolation property;
and describes the recovery management component of a database, which
implements the atomicity and durability properties.

Part 4: Advanced Topics (Chapters 13 through 16). Chapter 13 introduces
the concepts and methodology of data warehousing and data mining.

°

Chapter 14 covers object based databases, describes the object-relational data
model, and this chapter also describes database access from object-oriented
programming languages. Chapter 15 covers the XML standard for data
representation, which is seeing increasing use in the exchange and storage
of complex data, this chapter also describes query languages for XML.
Chapter 16 covers advanced issues in application development, including
performance tuning, performance benchmarks, database-application testing,
and standardization.

We keeps the same as the sixth edition of Database System Concepts, the

exercises are divided into two sets: practice exercises and exercises. The solutions
for the practice exercises are publicly available on the Web site of the book.
Students are encouraged to solve the practice exercises on their own, and later
use the solutions on the Web site to check their own solutions. Solutions to the
other exercises are available only to instructors (see “Instructor’s Note” below, for

information on how to get the solutions).

Instructor’s Note

The book contains both basic and advanced material, which might not be



x Preface

covered in a single semester.

The first 12 chapters are basic materials. For an introductory course,
the instructor can choose to teach materials in Chapter 1 to Chapters 12, and
introduce some materials in Chapter 13 to Chapter 16.

Web Site and Teaching Supplements

A Web site for the book is available at the URL: http://www.db-book.com.
The Web site contains:

* Slides covering all the chapters of the book.

* Answers to the practice exercises.

* The five appendices.

* An up-to-date errata list.

* Laboratory material, including SQL DDL and sample data for the university
schema and other relations used in exercises, and instructions for setting up
and using various database systems and tools.

The following additional material is available only to faculty:

* An instructor manual containing solutions to all exercises in the book.

* A question bank containing extra exercises.

For more information about how to get a copy of the instructor manual and
the question bank, please send electronic mail to customer.service@mcgraw-hill.
com. In the United States, you may call 800-338-3987. The McGraw-Hill Web
site for this book is http://www.mhhe.com/silberschatz.
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CHAPTER

A : is a collection of interrelated data and a set of
programs to access those data. The collection of data, usually referred to as the

, contains information relevant to an enterprise. The primary goal of a
DBS is to provide a way to store and retrieve database information that is both
convenient and efficient.

Database systems are designed to manage large bodies of information. Man-
agement of data involves both defining structures for storage of information
and providing mechanisms for the manipulation of information. In addition, the
database system must ensure the safety of the information stored, despite system
crashes or attempts at unauthorized access. If data are to be shared among several
users, the system must avoid possible anomalous results.

Because information is so important in most organizations, computer scien-
tists have developed a large body of concepts and techniques for managing data.
These concepts and techniques form the focus of this book. This chapter briefly
introduces the principles of database systems.

Databases are widely used. Here are some representative applications:

Enterprise Information

© Sales: For customer, product, and purchase information.

© Accounting: For payments, receipts, account balances, assets and other
accounting information.

© Human resources: For information about employees, salaries, payroll taxes,
and benefits, and for generation of paychecks.

© Manufacturing: For management of the supply chain and for tracking pro-
duction of items in factories, inventories of items in warehouses and stores,
and orders for items.
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o Online retailers: For sales data noted above plus online ordgr tracking,
generation of recommendation lists, and maintenance of online product
evaluations.

Banking and Finance

o Banking: For customer information, accounts, loans, and banking transac-
tions.

o Credit card transactions: For purchases on credit cards and generation of
monthly statements.

o Finance: For storing information about holdings, sales, and purchases of
financial instruments such as stocks and bonds; also for storing real-time
market data to enable online trading by customers and automated trading
by the firm.

Universities: For student information, course registrations, and grades (in
addition to standard enterprise information such as human resources and
accounting).

Airlines: For reservations and schedule information. Airlines were among the
first to use databases in a geographically distributed manner.

o Telecommunication: For keeping records of calls made, generating monthly
bills, maintaining balances on prepaid calling cards, and storing information
about the communication networks.

As the list illustrates, databases form an essential part of every enterprise today,
storing not only types of information that are common to most enterprises, but
also information that is specific to the category of the enterprise.

Over the course of the last four decades of the twentieth century, use of
databases grew in all enterprises. In the early days, very few people interacted di-
rectly with database systems, although without realizing it, they interacted with
databases indirectly—through printed reports such as credit card statements, or
through agents such as bank tellers and airline reservation agents. Then auto-
mated teller machines came along and let users interact directly with databases.
Phone interfaces to computers (interactive voice-response systems) also allowed
users to deal directly with databases—a caller could dial a number, and press
phone keys to enter information or to select alternative options, to find flight
arrival/departure times, for example, or to register for courses in a university.

The Internet revolution of the late 1990s sharply increased direct user access to
databases. Organizations converted many of their phone interfaces to databases
into Web interfaces, and made a variety of services and information available
online. For instance, when you access an online bookstore and browse a book or
music collection, you are accessing data stored in a database. When you enter an
order online, your order is stored in a database. When you access a bank Web site
and retrieve your bank balance and transaction information, the information is
retrieved from the bank’s database system. When you access a Web site, informa-



