SARWAR

KORETSKY

SARWAR

UNILX

the texthook

Syed Mansoor Sarwar
(2(2) Robert Koretsky Eq
Syed Ageel Sarwar

BT b AR i %

China Machine Press







s 4

English reprint edition copyright © 2006 by Pearson Education Asia Limited and
China Machine Press.

Original English language title: UNIX: The Textbook, Second Edition (ISBN 0-
321-22731-X) by Syed Mansoor Sarwar, Robert Koretsky, and Syed Aqeel Sarwar,
Copyright © 2005.

All rights reserved.

Published by arrangement with the original publisher, Pearson Education, Inc.,
publishing as Addison-Wesley.

For sale and distribution in the People’s Republic of China exclusively (except
Taiwan, Hong Kong SAR and Macau SAR).

A B H S BN R i Pearson Education Asia Ltd BAUNLAR Tl AR #E 3R H
. REHRREBEET, AHLMER L XE S BABAE.

DR T rde NRIEFEEEN (AR E &S, )R T b E G
i) BT,

#5344 Pearson Education (RiAEZHE HRER) BOLBithhR%E, Tobs
EEABHE.

IR, BRbE.
FHEEME LRHRARDESAH

APRFEARIZE . BF: 01-2005-5334
BHEREE (CIP) ¥R

UNIXZEE (FIChR - $2hk) / (3£) BEIR/R (Sarwar, S. M.) %3,
—dext UM Tk HikkEE, 2006.1

(ZHFRRBE)

$4JE 3 UNIX: The Textbook, Second Edition

ISBN 7-111-17772-X

[.U- O.JE- L UNIX$R{ERSE - Hobt - #3C V. TP316.81
R A B B IECIPR IR T (2005) 551274665

HUR T ikat (ALstHiPESRI 5 K225 WBBcshs  100037)
FAEGAE: BiRE

ALT A WIBESLENRITEDR] - FrieH AL R AT R & AT

20064F 1 7 55 1R 1 ENR

880mm x 1230mm 1/32 - 27.75E)13k

EN%c: 0001-3 000/}

EHr: 49.005C

AL, ABT. BRI, BRI, mARTHIER
AR (010) 68326294



BRE 8IS

XERURE, FiZRKOPHERBMMESERNERRE,
76 B R B AP EAN SRS T 2M RS hiERX
HRESE, EXEEGRERRBONTZERLKEH. M
. Rk emsRS, XENLE S8 E SRS BRI A,
TR FP AT 2 8 1L R S AL B S B gk, Bk
AN L R EE, AOUERTHRATER, THETERN
R, BEEERME, XBAEZENE, KMEHASEEAN
WA TR «

LA, E2RERBIKHMEZ T, REMHEN™LERR
i, EWAARNTERB RO . X3 RILEE F R AEREE
LA, hetkik; mELEMNBIZESRT R LDEEERE.
AEREEEEAREMERE. MEARBLHBRT, XESX
BEREX AR ROL T ERBENSHEM A FLE
EE . B, SldE—#EIMETE T ENLB R & E B
HEEFLWRREBFROMENEM, LESHREHN. BIREEN
R —KFR B ZE.

AU ol tH i e 2 1 S BA PR A R B IRE “HIRE S
BERS”. HI19984FH 4k, A GIRE LIEE FURIE T#i%E.
BEEIMLBEEM L. 20 JLERNAWS 5, Bfil5Prentice Hall,
Addison-Wesley, McGraw-Hill, Morgan KaufmannZ {3 4 H
W2 RIS T REFRIATERFR, WENBLA K% E Fh Bt & Bk
Tanenbaum, Stroustrup, Kernighan, Jim GrayZ -k ifi & 5 09—t
Su1ER, DL “UREBENS" DERIHR, g%, Bx
B k. KEALSEME R, WEFRI TXENBH RO,

“UEHFFAE MHRTESS TEAMEENR hED,
EINRERA DR T SIS, A5 ARE T 8
HRITE MRS AR Y EREREPENEE, A8
ERAKPBWPEREF. 24, “UBIFEAE E2HRTIE
B, XSPEARE PR T RFOOM, HiF2aRRA



iv

HEREBM TS ZBE, At —PH SRBITT T RCAER.

B & FFHR RN EEMEM S ENR R, HFHFE
SN LB BT R TR S A — A BW B . Ak, EEAF
BIMASIHEMOAE, £ “EEET HEMNZ THER=A%
IR RN EH: B “UHEILRHEANE Z5b, MRZENRRII 4,
WA ShIFREH “SHERRBE" 5 R, SHELSXKETHEEHT -
4 “Schaum’s Outlines” RFIH K “LELHEINRIRIN. AT
fRAFx = MR . R4 T S A A 22 R A 1R 55
LA FIREE TP ERERE. dbatk%®. RS, EBRHRE.
HEH K%, E#REKE. B, WK%Y, HEFHKE.
WBRE LK%, AEREKRY. PEARKE. LREMZEAIRK
2. LB K. PR, ECER T R%E. BMKFE. Wit
Tbe. & EEREBEL2WPEAE+.O0% E N E S KFEMPHRL
KFEHH BN &SR E 284K “TRMFEART, AR
RO WA AR R .

33X =2 NS R B R AR A R AMRBAI RS H, HEN
EARRI T BN R AR R T e B BT . iR 2 8 ER
M. I T., Stanford, U.C.Berkeley, C. M. U. 2t {2 R H .
AR E T RFR . BiBssh. BERL. HRIGREN. &
W, mFEEE. RETE. BBE. BEEME. HEEFEFE
WA ZETHREHLE L8 T E IR, mE&RFGe—ARH
HIEZRHEZF. ANEL2=THETAE. ANCHE2SHRFNIL
BERFEBCR A . 7EiX SR 2l R A K ERRSI 2 T, RE L%
FEHENA A S R B ERAZE.

PURRITES . SHMOEM . —ROEE. MHRIEE. R
gk, XUEHEFERMOBERA TREORIE, BR0BRERE
RE, mRBIENLIERRITASX &% BN EERE). B
AR R R TR IR AR 5 AR A . ARBE 2 BIWA IR RIS & X A 1Y
THERHENERA THRIE, BAMBKARLEMT:

B, F#{4: hzjsj@hzbook.com
BZHIE: (010) 68995264

BeFRbhl: bW PR AL EREElS
BR B 4ab5: 100037



ERERERE

(e R 2 w6 T )

£ W

oA
WHEF
FHR
i &4
ERN 5
LSS
£ e

XA
X%
F¥
M ey 2%
Em¥
JE g
AT

X £
X iR
mAF
Bfa4
IR
WA=






Preface

The Matured Subject

Since the first edition of this book, very little has been introduced in the world of business,
scientific, or engineering computing and computer science that was either patently expected
or blatantly announced in advance, and perhaps this is a mark of just how developed these dis-
ciplines have become. Still, the disciplines remain pervasive, and are notoriously segregated
into the “open source” and proprietary camps. But the entrenched powers—whether legitimate
or licentious—that dominate the business of computing continue to grow, and now reach an
incredible level of influence on the distribution, consumption, and assimilation of informa-
tion in the transnational marketplace. Commensurate with this growth, UNIX and its clones
now almost exclusively control the service of information globally, and from all indications,
this control will not be relinquished in the near future.

* Changes in the Second Edition of This Book

Because UNIX has some important functional additions to the application user’s interface
since the first edition came out, and because UNIX is an even more widely dispersed system
in the marketplace than it previously was, the authors felt that the book needed new instruc-
tional material to cover these additions, to include:

* Implementations of UNIX in a broader context rather than just demonstrating
the surviving variants of the system

* A complete tutorial section on the XFree86 KDE GUI
* A description of Mac UNIX as seen in the Aqua GUI

* A “Quick Start Guide to UNIX” as Chapter Zero, to allow new users to get
hands-on experience

* Many new diagrams, tables, interactive shell sessions, in-chapter tutorials, in-
chapter exercises, and end-of-chapter problems

* Enhanced coverage in the chapter on networking by adding a section on RFCs,
revising the coverage of domain name hierarchy, and describing the various
organizations that set Internet standards and plan for its growth

+ Coverage of new commands such as ssh, scp, sftp, host, and dig, and
enhanced coverage of existing commands such as telnet and finger

* URLSs of important Web resources about the history of UNIX and various com-
mands and programming tools

* Supplemental materials, including an online Lab Manual with additional prob-
lem sets, and a test bank for each chapter

* A redesign of the text layout to provide a more usable reference to programmers
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When you look at these additions, the sequence and presentation of all the material in the
book, keep in mind that the authors have a cumulative total of almost 40 years in practical
teaching experience at the college level. As educators, the authors retain an unwillingness to use
either the large, intractable UNIX reference sources, or the short, “nutshell” guides in order to
teach meaningful, complete, and relevant introductory classes on the subject. The authors still
feel very strongly that a textbook approach, with pedagogy incorporating in-chapter tutorials
and exercises, as well as useful problem sets at the end of each chapter, allows a presentation of
all the important UNIX topics for a classroom lecture-laboratory-homework presentation. The
fine-tuned second edition of this textbook achieves a consistent manner of optimal learning
outcomes (i.e., a well thought-out sequence of old and new topics, well-developed and timely
lessons, online laboratory problems, and homework exercises/problems synchronized with the
progression of the chapters in the book). As in the earlier edition, the in-depth coverage of the
topics presented in this textbook will provide anyone interested in furthering their professional
knowledge of the subject matter with useful information.

The Purposes of the Second Edition

The primary purpose remains a didactic description of the UNIX application user’s interface
(AUI), and the authors try to provide this in a way that gives the reader insight into the inner
workings of the system, along with explanations of some important UNIX concepts, data
structures, and algorithms. Notable examples of the inner workings of the system as revealed
in this edition are the in-depth descriptions of the UNIX file, process, and 1/O redirection
concepts. The secondary purpose of this textbook is to describe some of the most important
UNIX software engineering tools for developers of C/C++ software and shell scripts. As in
the first edition, the authors do not describe the UNIX application’s programmer’s interface
(API) in terms of C/C++ libraries and UNIX system calls. In writing this second edition, the
authors assumed no previous knowledge of UNIX or programming on the part of the reader.

The Presentation Format

The didactic structure of each chapter in this new edition follows one of two similar formats:
the shell session format, or the tutorial format. In the shell session format, (used in all chap-
ters except 5, 6, and 21), the following outline is employed:

Learning objectives
Introduction

1
2
3. Topic discussion and background organized in sections and sub-sections
4

Ilustrative commands or topic illustrations presented as actual shell sessions,
where the user types in commands shown and results are displayed

5. In-Chapter Exercises that reinforce what was discussed on a topic or done
interactively in a shell session

6. Summary
7. End-of-Chapter Problems keyed to topics presented
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" In the Tutorial Format, (used in Chapters 5, 6, and 21), the following outline is used:
Leaming objectives

Introduction

Topic discussions and background organized in sections and sub-sections

One Example Session and several Practice Session tutorials that illustrate the
commands and topics of interest in any particular section or sub-section

5. Illustrative commands or topic illustrations presented as shell sessions, where
the user types in commands shown and results are displayed

6. In-Chapter Exercises that reinforce what was discussed on a topic or done
interactively in a shell session

Sl o AR

7. Summary
End-of-Chapter Problems keyed to topics presented

This. edition adds new diagrams and tables, and includes many in-chapter tutorials, interac-
tive shell sessions, in-chapter exercises, and end-of-chapter problems. More syntax boxes
appear whenever the authors introduce a new command or utility. These syntax boxes pro-

" vide exact usage of the command (and any other pertinent variants of the basic syntax), its
purpose, the output produced by the command, and its useful options and features. In addi-
tion, every chapter contains a summary of the material covered in the chapter.

Pathways through the Text

If this book is to be used as the main text for an introductory course in UNIX; all the chap-
ters should be covered, with the possible exception of Chapter 20. If the book is to be used
as a companion to another, main text on operating systems concepts and principles course,
‘the coverage of chapters would be dictated by the order in which the main topics of the
course are covered but should include Chapters 7, 12, and 13. For use in a C/C++ or Shell
programming course, Chapters 0, 7-20 and relevant sections of Chapters 3-6 would be a
great help to students. The extent of coverage of Chapter 20 would depend on the nature of
the course-partial coverage in an introductory and full coverage in an advanced course.

The Design of Fonts

The following typefaces have been used in the book for various types of text items.
Text Type
Keywords

Any character or string typed at the keyboard
(commands, shell variables, and user input)

Commands, tools, applications, and their options in the text
A word being used as a word and text being emphasized
Everything else, including file pathnames
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The keyboard presses are enclosed in angle brackets (e.g., <Enter> and <Ctrl-D>). The
instruction “press <Ctr1-D>” means to hold the <Ctrl> key down while pressing the <D>
key. This instruction is also denoted <Ctr1-D>.

Supplements
A variety of supplemental materials are available to support this textbook.

Materials Available to All Users of This Textbook
To access these materials, go to http://www.aw.com/cssupport

* Online Lab Workbook that includes a variety of keystroke-oriented, structured,
and open-ended problems for use in a two- to three-hour lab environment

* Answers to In-Chapter Exercises

+ Source Code for C programs and long shell scripts

* Links to other UNIX resources on the Web

_Resources Available to Qualified Instructors Only

Please contact your Addison-Wesley representative, or send an e-mail to aw.cse@aw.com, for
information on how to access these resources.

* Test Bank

* Powerpoint slides

* Solutions to the problems at the end of each chapter
« Solutions to Online Lab Manual Workbook problems

The authors take full responsibility for any errors in this book. Please send error reports and
comments to msarwar@lums.edu.pk and bobk@egr.up.edu (or koretsky@up.edu). The authors
will incorporate your feedback and fix any errors in subsequent printings.
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