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PREFACE

Operating systems are an essential part of any computer system. Similarly,
a course in operating systems is an essential part of any computer-science
education. This book is intended to serve as a text for an introductory course
in operating systems at the junior or senior undergraduate level, or at the first-
year graduate level. It provides a clear description of the concepts that underlie
operating systems.

We discuss fundamental concepts that are applicable to a variety of sys-
tems. We use Java to present many of these ideas, and we include numerous
examples that pertain specifically to UNIX and to other popular operating sys-
tems. In particular, we use Sun Microsystems’ Solaris 2 operating system, in
addition to Microsoft Windows and Windows NT. Other operating systems
discussed are Linux, IBM 0S/2, the Apple Macintosh Operating System, and
Mach.

Contents of This Book

The text is organized in seven major parts:

e Overview (Chapters 1 through 3). In these chapters, we explain what
operating systems are, what they do, and how they are designed and con-
structed. We explain how the concept of an operating system has developed,
what the common features of an operating system are, what an operat-
ing system does for the user, and what it does for the computer-system
operator. The presentation is motivational, historical, and explanatory; we

vii
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avoid discussing how the ideas are carried out within the computer system.
Therefore, these chapters are suitable for individuals, or for students in
lower-level classes, who want to learn what an operating system is without
studying the details of the internal algorithms. Chapter 2 covers the hard-
ware topics that are important to operating systems. Readers well versed in
such topics (for example, /0, DMA, and hard-disk operation) may choose
to skim or skip this chapter.

Process management (Chapters 4 through 8). At the heart of modern oper-
ating systems are processes, the units of work, which execute concurrently.
There are operating-system processes, which execute system code, and user
processes, which execute user code. These chapters cover various methods
for process scheduling, interprocess communication, process synchroniza-
tion, and deadlock handling. Also included under this topic is a discussion
of threads.

Memory and storage management (Chapters 9 through 13). A process
must be (at least partially) in main memory during execution. To ensure
good utilization of and response speed of the CPU, the computer must keep
several processes in memory. The many different memory-management
schemes reflect various approaches; their effectiveness depends on the par-
ticular situation. Since main memory is usually too small to accommodate
all data and programs, and since it cannot store data permanently, the com-
puter system must provide secondary storage to back up main memory.
Most modern computer systems use disks as the primary on-line storage
medium for information (both programs and data). The file system pro-
vides the mechanism for on-line storage of and access to both data and
programs that reside on the disks. These chapters deal with the classic
internal algorithms and structures of storage management. They provide
a firm practical understanding of the properties, advantages, and disad-
vantages of the algorithms used. The devices that attach to a computer
vary in multiple dimensions. In many ways, they are the slowest major
components of the computer. Because devices vary so widely, the operating
system needs to provide a wide range of functionality to allow applications
to control all aspects of the devices. These chapters discuss system /0 in
depth, including 1/0 system design, interfaces, and internal system struc-
tures and functions. Because devices create a performance bottleneck, we
examine other influences on performance. Matters related to secondary and
tertiary storage are explained as well.

Distributed systems (Chapters 14 through 17). A distributed system is a
collection of processors that do not share memory or a clock. Such a system
gives the user access to the various resources that the system maintains.
Access to a shared resource allows computation speedup and improved
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data availability and reliability. Such a system also gives the user a dis-
tributed file system, which is a file-service system whose users, servers, and
storage devices are dispersed among the various sites of a distributed sys-
tem. A distributed system must provide various mechanisms for process
synchronization and communication, so that we can deal with the deadlock
problem and the variety of failures that are not encountered in a centralized
system.

¢ Protection and security (Chapters 18 and 19). The various processes in an
operating system must be protected from one another’s activities. For that
purpose, we use mechanisms to ensure that the files, memory segments,
CPU, and other resources can be operated on by only those processes that
have gained proper authorization from the operating system. Protection is
a mechanism for controlling the access of programs, processes, or users to
the resources defined by a computer system. This mechanism must provide
a means for specification of the controls to be imposed, as well as a means
of enforcement. Security protects the information stored in the system
(both data and code), as well as the physical resources of the computer
system, from unauthorized access, malicious destruction or alteration, and
accidental introduction of inconsistency.

o Case studies (Chapters 20 through 22). We present detailed case studies of
three operating systems: UNIX Berkeley 4.3BSD, Linux, and Microsoft Win-
dows NT. We chose Berkeley 4.3BSD and Linux because UNIX at one time
was almost small enough to understand, and yet was not a toy operating
system. Most of its internal algorithms were selected for simplicity, rather
than for speed or sophistication. Both Berkeley 4.3BSD and Linux are readily
available to computer-science departments, so many students have access
to these systems. We chose Windows NT because it is a modern operat-
ing system whose design and implementation are drastically different from
those of UNIX.

Java

This book uses Java to illustrate many operating-system concepts, such as
multitasking, CPU scheduling, process synchronization, deadlock, security, and
distributed systems. Java is more a technology than a programming language,
so it is an excellent vehicle for demonstrations.

Java was originally developed as a language to program microprocessors
in consumer devices such as cellular telephones and set-top boxes. The advent
of the Web in the mid-1990s showed the Java team at Sun Microsystems the
language’s potential usefulness across the Internet: Programmers can use Java
to write applications and applets—programs that run on web pages. Java
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also provides support for development of database applications, graphical user
interfaces (GUIs), reusable objects, and two-dimensiona] and three-dimensional
modeling, to name a few. All such programs can run on a single computer or
on a distributed system across the Internet.

We provide an overview of Java technology in Chapter 3, and illustrate
the creation and coordination of multitasking Java programs in Chapters 5
and 7. In Chapter 4, we use Java to demonstrate how different processes can
communicate using shared memory and message passing. In Chapter 6, we
use Java to demonstrate CPU-scheduling algorithms; in Chapter 8, we illustrate
deadlock and deadlock-recovery methods using Java. In Chapter 15, we show
how Java can apply many of these concepts to a distributed system. To a
lesser extent, we also use Java to illustrate a virtual machine as well as memory
management and computer security.

Much of the Java-related material in this text has been developed and class

tested in undergraduate operating-systems classes. Students typically entered
these classes with knowledge of C++ and of basic object-oriented principles,
but they were not familiar with Java. They had no trouble with the syntax of
Java; their difficulties lay in undertsanding such concepts as multithreading and
multiple concurrently running threads sharing data. These concepts are more
operating-system than Java issues; even students with a sound knowledge of
Java are likely to have difficulty with them. We emphasize concurrency and
passing of object references to several threads, rather than concentrating on
syntax. .
Java is an especially fast-moving technology; however, we use Java exam-
ples that are core to the language and are unlikely to change in the near future.
All the Java programs in this text compile with the Java Development Kit (JDK),
Release 1.2. Although you do not need a thorough knowledge of Java to under-
stand the examples in the text, if you do not know Java, you should read the
Java Primer in Appendix A.

Relationship to OSC

This text is based on the Fifth Edition of Operating System Concepts (OSC). Much
of the material in this text was derived from OSC; the texts differ in how the
material is presented. OSC presented concepts fundamental to all operating
systems, rather than particular implementations of systems. This text dis-
cusses applied knowledge. We present the concepts using examples from Java
and from many contemporary operating systems, such as Solaris 2 and Win-
dows NT.

The applied nature of this text and the addition of Java material resulted
in the need to remove material from OSC in memory management, process
management, mass-storage systems, and distributed systems.
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Mailing List and Supplements

For information about teaching supplements and on-line material, which com-
plement this book, visit our web site at

http:/ /www.wiley.com/ college/silberschatz

To obtain restricted supplements, you should contact your local sales repre-
sentative. You can find the local Wiley representative at the “Who’s My Rep?”
webpage: http://www.wiley.com/college/rep/index.html

We also provide an environment where users can communicate with one
another and with us. Our mailing list, consisting of users of our book, has the
address aos-book@research bell-labs.com. If you want to be on the list, please
send a message to avi@bell-labs.com indicating the title of the book, your name,
your affiliation, and your e-mail address.

Home Page

A World Wide Web home page for the book is available at
http:/ /www.bell-labs.com/ topic/books/aos-book

The home page contains information about the book, such as the set of slides
that accompanies the book, the postscript files of the Mach chapter, model
course syllabi, and up-to-date errata.

Errata

We have attempted to fix every error in this new edition, but—as happens with
operating systems—a few obscure bugs will remain. We would appreciate it if
you would notify us of any errors or omissions that you identify in the book.
Also, if you would like to suggest improvements or to contribute exercises, we
would be glad to hear from you. Send your suggestions to Avi Silberschatz,
Director, Information Sciences Research Center, MH 2T-310, Bell Laboratories,
600 Mountain Ave., Murray Hill, NJ 07974 (avi@bell-labs.com).
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