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PREFACE

This book is about the concepts, structure, and mechanisms of operating sys-
tems. Its purpose is to present, as clearly and completely as possible, the
nature and characteristics of modern-day operating systems.

This task is a challenging one for several reasons. First, there is a
tremendous range and variety of computer systems for which operating sys-
tems are designed. These include single-user workstations and personal com-
puters, medium-sized shared systems, large mainframe and supercomputers,
and specialized machines such as real-time systems. The variety is not just in
the capacity and speed of machines, but in applications and system support
requirements. Second, the rapid pace of change that has always characterized
computer systems continues with no letup. A number of key areas in oper-
ating system design are of recent origin, and research into these and other
new areas continues.

In spite of this variety and pace of change, certain fundamental con-
cepts apply consistently throughout. To be sure, the application of these con-
cepts depends on the current state of technology and the particular
application requirements. The intent of this book is to provide a thorough
discussion of the fundamentals of operating system design, and to relate
these to contemporary design issues and to current directions in the devel-
opment of operating systems.

The object is to provide the reader with a solid understanding of the
key mechanisms of modern operating systems, the types of design tradeoffs
and decisions involved in OS design, and the context within which the oper-
ating system functions (hardware, other system programs, application pro-
grams, interactive users).
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INTENDED AUDIENCE | o

PREFACE

EXAMPLE SYSTEMS : o

This text is intended to acquaint the reader with the design principles and imple-
mentation issues of contemporary operating systems. Accordingly, a purely con-
ceptual or theoretical treatment would be inadequate. To illustrate the concepts and
to tie them to real-world design choices that must be made, three operating systems
have been chosen as running examples:

o Windows NT: A single-user, multitasking operating system for personal com-
puters, workstations, and servers. As a new operating system, it incorporates
in a clean fashion many of the latest developments in operating system tech-
nology. In addition, Windows NT is one of the first important commercial
operating systems to rely heavily on object-oriented design principles.

o UNIX: A multiuser operating system, originally intended for minicomputers,
but implemented on a wide range of machines from powerful microcomputers
to supercomputers. The version emphasized in this book is SVR4, which incor-
porates many state-of-the-art features.

Solaris: The most widely used commercial version of UNIX. Solaris includes
multithreading and other features not found in SVR4 and most other UNIX
variants.

These three systems were chosen because of their relevance and representa-
tiveness. As with the technique used in the author’s Computer Organization and
Architecture, the discussion of the example systems is distributed throughout the
text rather than assembled as a single chapter or appendix. Thus, during the discus-
sion of concurrency, the concurrency mechanisms of each example systems are
described, and the motivation for the individual design choices is discussed. With
this approach, the design concepts discussed in a given chapter are immediately rein-
forced with real-world examples.

This book is intended for both an academic and a professional audience. As a
textbook, it is intended as a one-semester undergraduate course in operating sys-
tems for computer science, computer engineering, and electrical engineering
majors. It covers the topics in Subject Area 5 of the IEEE Model Program in
Computer Science and Engineering and also covers the OS-related topics in CS
6 and CS10 of the ACM Recommendations for the Undergraduate Program in
Computer Science. The book also serves as a basic reference volume and is suit-
able for self-study.
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The book is organized in seven parts:

I. Background: Provides an overview of computer architecture and organization,
with emphasis on topics that relate to operating system design, plus an
overview of the OS topics in remainder of the book.

II. Processes: Presents a detailed analysis of processes, multithreading, symmet-
ric multiprocessing (SMP), and microkernels. This part also examines the key
aspects of concurrency on a single system, with emphasis on issues of mutual
exclusion and deadlock.

III. Memory: Provides a comprehensive survey of techniques for memory man-
agement. .

IV. Scheduling: Provides a comparative discussion of various approaches to
process scheduling. Thread scheduling, SMP scheduling, and real-time sched-
uling are also examined.

V. Input/Qutput and Files: Examines the issues involved in OS control of the I/O
function. Special attention is devoted to disk I/O, which is the key to system
performance. Also provides an overview of file management.

VI. Distributed Systems: Examines the major trends in the networking of com-
puter systems, including TCP/IP, client/server computing, and clusters. Also
describes some of the key design areas in the development of distributed oper-
ating systems.

VIL Security: Provides a survey of threats and mechanisms for providing computer
and network security.

A more detailed, chapter-by-chapter summary appears at tne end or Chapter
2. In addition, the book includes an extensive glossary, a list of frequently used
acronyms, and a bibliography. Each chapter includes problems and suggestions for
further reading.

There is a Web. page for this book that provides support for students and instruc-
tors. The page includes links to relevant sites, transparency masters of figures in the
book in PDF (Adobe Acrobat) format, a set of lecture notes that can be used as
slides or student handouts, and sign-up information for the book’s internet mailing
list. The Web page is at http:/www.shore.net/~ws/OS3e.html. An Internet mailing
list has been set up so that instructors using this book can exchange information,
suggestions, and questions with each other and with the author. As soon as typos or
other errors are discovered, an errata list for this book will be available at
http://www.shore.net/~ws.
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PREFACE

For many instructors, an important component of an OS course is a project or set
of projects by which the student gets hands-on experience to reinforce concepts
from the text. This book provides an unparalled degree of support for including a
projects component to the course. Information is provided on three software pack-
ages that serve as frameworks for project implementation: OSP and Nachos for
developing components of an OS, and BACI for studying concurrency mechanisms.
In addition, the instructor’s manual includes a series of small programming projects,
each intended to take a week or two, that cover a broad range of topics and that can
be implemented in any suitable language on any platform. See Appendix C
for details.

In the three years since the second edition of Operating Systems was published, the
field has seen continued innovations and improvements. In this new edition, I try to
capture these changes, while maintaining a broad and comprehensive coverage of
the entire field. To begin this process of revision, the second edition of this book was
extensively reviewed by a number of professors who taught from that edition. The
result is that, in many places, the narrative has been clarified and tightened, and
illustrations have been improved. Also, a number of new “field-tested” problems
have been added.

Beyond these refinements to improve pedagogy and user friendliness, there
have been major substantive changes throughout the book. Highlights include the
following:

o Multithreading: The coverage of multithreading has been greatly expanded,
including treatment of user-level versus kernel-level threads, thread schedul-
ing, and thread migration. Discussion of multithreading in Windows NT has
been expanded and treatment of Solaris multithreading has been added.

o Symmetric Multiprocessing (SMP): This area has also been substantially
expanded, covering process management and process/thread scheduling in
greater detail.

o Microkernels: A section on microkernels has been added.

o Clusters: Clusters have become an important form of computer and OS orga-
nization in recent years, and a new section has been added to treat this topic.
Discussions of both the Windows NT Wolfpack and Solaris MC approaches
are also included.

o Object-oriented Design: The coverage of object-oriented design has been
expanded, including greater detail in the example systems. The appendix now
contains an introduction to CORBA.

o Expanded Instructor Support: As mentioned above, the book now provides
extensive support for projects. Support provided by the book Web site has also
been expanded.
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Background

ISSUES FOR PART ONE

The purpose of Part One is to provide a background and context for the
remainder of this book. The fundamental concepts of computer architecture
and operating system internals are presented.

ROAD MAP FOR PART ONE

Chapter 1: Computer System Overview

An operating system mediates between application programs, utilities, and
users on the one hand and the computer system hardware on the other. To
appreciate the functionality of the operating system (OS) and the design
issues involved, one must have some appreciation for computer organization
and architecture. Chapter 1 provides a brief survey of the processor, mem-
ory, and input/output I/O elements of a computer system.

Chapter 2: Operating System Overview

The topic of operating system design covers a huge territory and it is easy to
get lost in the details and lose the context of a discussion of a particular issue.
Chapter 2 provides an overview to which the reader can return at any point
in the book for context. We begin with a statement of the objectives and
functions of an operating system. Then some historically important systems
and OS functions are described. This discussion allows us to present some
fundamental OS design principles in a simple environment so that the rela-
tionship among various OS functions is clear. The next chapter highlights
important characteristics of modern operating systems. Throughout the
book, as various topics are discussed, it is necessary to talk about both fun-
damental. well-established principles as well as more recent innovations in
OS design. The discussion in this chapter alerts the reader to this blend of



