Advanced UNIX Tools

Student Workbook

tCGUFSE‘WG re



Advanced UNIX Tools

Advanced UNIX Tools

Jeff Howell

Published by ITCourseware, LLC, 7245 South Havana Street, Suite 100, Centennial,
Colorado 80112

Contributing Authors: Jim McNally, Rob Roselius.

Special thanks to: Many UNIX instructors whose ideas and careful review have contributed
to the quality of this workbook and the many students who have offered comments,
suggestions, criticisms, and insights.

Copyright © 2012 by ITCourseware, LLC. Allrights reserved. No part of this book may be
reproduced or utilized in any form or by any means, electronic or mechanical, including photo-
copying, recording, or by an information storage retrieval system, without permission in writing
from the publisher. Inquiries should be addressed to ITCourseware, LLC, 7245 South Havana
Street, Suite 100, Centennial, Colorado, 80112. (303) 302-5280.

All brand names, product names, trademarks, and registered trademarks are the property of
their respective owners.

2 © 2012 by ITCourseware, LLC 3.2.2



Advanced UNIX Tools

Contents

Chapter 1 - Course INtrOAUCTION ........coeeiiiiiiie e et e e e e et e e e e e e e e e e eeaeaaa e e e eeeaeeeeenne 7
COUISE ODJECHIVES ...t e e e e e e e ettt e e e e e e e e e e e eeeata e e eaeeeaeeeennnes 9
COUISE OVEIVIEW ...t e e e e e e ettt e e e e e e e e et e ettt e s e e e e e e e e e eeeeeett b e e e e eeeeeeeeeesnnnnnnnnnns 11
Suggested References and REATING .......ccovveeeiiiiieiiiiiiii e 13

Chapter 2 -exand Vi OPLIONS ........couuiiiiiiiie e e e e e e e e eaaaaas 15
exand Vi- TWO EdItOrS iN ONE .....cooiiiiiii e 16
L= a0 IV I @ o] 1o 1SRRI 18
HOW t0 Set OPtioNS WIThIN Vi ......ueiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieieebeeeee e seseeeeeeeeeeseeeeeeeeeeees 20
HOW t0 SEt OPLIONS IN LEXIC .uuuiiiieeeeeeeeee ettt e e e e e e e et e e e e e e e e e e eeeenaaaas 22
5= 01 SRR 24

Chapter 3 - Vi BUITEIS ... e e e e e e e et a e e e e e e e e ees 27
Chapter ODJECHIVES ........uiiiiiiiiiiiiiie e 29
THe UNNAMEA BUITET .....ueiiiiiiiiiiiiiieeiiet ettt ettt e e e e e e e e e e e e e e e e e e e e eeeeeees 31
NAMEA BUFTEIS ... ettt e e e e e s 33
Cutting and Pasting BEtWEEN FilES .......covviiiiiiiiii 35
THe :NEXE COMMIANG ...ttt ettt ettt et e e et e e e e aaaeaaeaaaaaeeaeas 37
The Delete BUITEIS ......eeeiiii e e e e e e e e e e e e e e e eees 39
LIS e 41

Chapter 4 - Shell Interaction: EXtENAING Vi ....coovvviiiiiiiiiiie e 45
Chapter ODJECHIVES .......uuiiiiiiiiiiiiiiii ittt e e e e e e e e e e e e e e 47
File Name SNOMCULS IN Vi ...uuiiiii ettt e e e e e e eeaaeees 49
INVOKING Shell COMMANAS - X ...oooiiiiiieiei et e e 51
Reading Inthe Output of a COMMANT ...........ovviiii i 53
INVOKING FIIEEIS frOM Vit e e e e e e e e e e e e eeeeas 55
LIS e ————————————————————— 57

© 2012 by ITCourseware, LLC 3.2.2 3



Advanced UNIX Tools

(O aF= o (=] oIV Y= Tox oL PPN 59
(O gF= T o (=T @] o] =T ox 1)Y= 61
What are Macros and WHRY? ...t 63
The :Map COMMANG ........iii e e e e e e et e e e e e e e e e e ee et e e e e eeeeeeennes 65
The ViQUOLE MECNANISIM ... e e e e e e e e e e eaa e eee 67
EXaMPIE: SPEIl ... ——————————————— 69
Example: fmt (FOrmat) .......ooveniiii e 71
Y= T T S EPPPPRPPRT 73
Executing Commands from a BUfer............oeiiiiiiiiii e 75
= o 1 S UPPPPURPPRTTN 77

Chapter 6 - REQUIAI EXPrE@SSIONS .......vviiiiiiiiiiiiiiiiit ettt 79
Chapter ODJECHIVES ....ouiiiieeiii e e e e e e e et e e e e et e e 81
(0o L1 X 1o o SRR 83
What is a Regular EXPre@SSIONT? .......cccciiiiiiiiiiiiie e e e ee e ettt e e e e e e e e e eeaaa s e e e e e e aeeaannes 85
Literal Regular EXPreSSIONS .......ccoooioiiiiii bbb 87
Regular EXPreSSIONS: 7, B, \ ..ottt e e e e e e s e e e e e e e nneees 89
Regular EXPreSSIONS: ., [S]..iuueiiiiiiiiiiieii e e e e e e e e e e e 91
MOIE ADOUL [S] ..ttt 93
REQUIAT EXPrESSIONS: X .ot e et e e e e e e e e e e e e e e e e e e e e eaeeeeeneanaaas 95
1YL == o Y0¥ S SRPPPPRTT 97
Regular EXpressions: M N\} ... e e e e e e e e e e e e e 99
SUDEXPIESSIONS ...ttt e et e e et e e e e e et e e e e e et e e e e e e st e e e e e e ab e e e e e eaaa s 101
5= 01 R 103

Chapter 7 - Shell Programming ..........oouuuuiiiiiieeeeeee s e e e e e e e e e e e e eeenenana s 109
Chapter ODJECHIVES .......uuiiiiiiiiiiiiiiiii ettt ettt e e e e e e e e e e e e e aaeaaaeas 111
FIlEN@mME GENEIALION .......ceviiiiiiiiiiiiiiiiiie ettt a e e 113
PAraMETEIS ..o ettt ea e 115
NAMEA PAramMELEIS ......oiiiiiiiiiieee ettt e e e eeeees 117
POSIIONAI PAramMELEIS ... ..ot e e e 119
SPECIAI PArBMETLEIS ...ttt 121
Parameter SUDSHITULION .........ouvviiiiiiiiiiiiiii 123
HEIE DOCUMENTS ...t e et e e e e e et e e e et e e et e e eaa e e eennaaees 125
Shell COMMEANTS ... bbbt e e e e e e e e e e 127

4 © 2012 by ITCourseware, LLC 3.2.2



Advanced UNIX Tools

ComMmMANT LiSt SEPAIALOIS ... ..t e e e e e e e e eeees 129
Control FIOW - CONAITIONAIS .......uviiiiiiiiiiiiiiiiiieieeeeeeee ettt e e e e e e e e e e e eeeeeeeees 131
CoNditioNalSs - EXAMPIES ...uuuiiiiii e 133
ConditioNals - MOre EXAMPIES .......uuuiiiiiiiiiiiiiiiiiiiiiiiteiieeeeeeeseeeeseasssssesessssseeseeeeeeeeeeeeeeees 135
THE CASE CONSIIUCT ... 137
CONTIOI FIOW - LOOPS ...ttt 139
The trap COMMANG ........coeeiiiiie e e e e e e e e e e e e e e e e eeesaana e e e aeeeaaeeensnnes 141
The trap Command (CONT'A) ......couuuiiiiiiiiie e e e 143
5= 01 145
Chapter 8 - KOrN SNell FEAUIES .......cciie et e e a e e e e e aaeaannes 147
Chapter ODJECHIVES ... ..ttt e e s e e e e e e e e e e 149
= TS = PP PPPPPPPPPP 151
COMMAN HISTOTY ... 153
FUNCHIONS L.ttt ettt ettt e et ettt et e e e e e e e e e e e e e e e e e eaeaeaaaas 155
FUNCHIONS - EXAMPIES ..ottt e et e e e e e e e e e e e e aeaes 157
The printand read COMMANTS .........cooiiiiiiiiei e 159
THE SELCOMMANG ....uiiiiiiiiiiiiiie e 161
5= 01 SRR 163
Chapter 9 - INtrodUCION tO SEA.........ccoiiiieeiice e e e e e e e e e 165
Chapter ODJECHIVES ... .ttt e e e e e e e e e e e e 167
ADOUL SEA ... 169
WY USE SEU? ..ot e e e e e e et e e e e e et e e e e aata e eaeen 171
INVOKING SEA ... 173
HOW SEA WOTKS ...ttt e e e e e e e e e e e e e e e eeas 175
(@ (o1 To F- | o LT PP PP PP T PP TP P PP PP PP PP 177
(@ aF=T o] (= gt 0 I £ [ T IR o S 179
Chapter ODJECHIVES ...ttt s e s e e e e e e e e 181
=0 AN [0 [ =251 T USRS 183
Sed AdAreSSING - FOMIALS......uuiiiiiiiie e e e e e e e e 185
EXAMIPIES ettt 187
SEU FUNCHIONS ...ttt e e e e e e e e e 189
5= 01 SR 191

© 2012 by ITCourseware, LLC 3.2.2 5



Advanced UNIX Tools

Chapter 11 - INtrodUCtioN t0 @WK ... e e e e 193
Chapter ODJECHIVES ......uii i e e e aaeaeaes 195
oo [N ox1T0] o I (o JF= 1Y QPP 197
HOW @WK Programs WOTK ...........iiiiiiee e e ettt s e e e e e e e e eeeanannnnn e e e e e e e e 199
RUNNING @WK PIOQIAIMS ...ttt e et e e e et e e e e et e e e e earaaaeeene 201
EXAMIPIES ettt 203
MOFE EXAMPIES ...t e et e e e e e e e e e e e e e aaaaes 205
EVEN MOIE EXAMPIES ... 207
LIS ettt 209

Chapter 12 - AWK PAtteINS ......ciiiiiiieeieie et e e e e e et e e e e aaa e eeaeae 211
(O gF= T o1 (=T @] o] =T ox 1)Y= 213
SUMMANY Of PAEINS ...t e et e e e e e e e e eraans 215
BEGINANA END ...ttt e e e e e e e e e e e e e e e eeeeeeaeeaaaaaaaaaaens 217
01 =TT (0] 1SR 219
StriNg-MatChing Patterns .........ooooi oo 221
EXIENAEA RES IN QWK ...ttt 223
RANGE PallEINS ... e e e et a e a e 225

Chapter 13 - OVErVIEW OF PeIl.......ooo i 227
WRALIS PEII? .. et 228
RUNNING PEITPIOGIamMS ....coviiiiiiiiiiiiiieeeeeeee 230
SF- 0 0] 0] (=3 o (0 | = T o TSP 232
ANOthEr SAMPIE PrOgIam ... ...ttt e e e e e e e e e e e e aaeeeas 234
10 A T [T o = 1y ] ][O 236
0= o1 S PP PRPPP 238

Solutions - AdvanCed UNIX TOOIS .......uuiiiiie e e e e e e e s 241

T[S 257

6 © 2012 by ITCourseware, LLC 3.2.2



Chapter 1

Course Introduction

Chapter 1 - Course Introduction

© 2012 by ITCourseware, LLC 3.2.2




Advanced UNIX Tools

Notes

8 © 2012 by ITCourseware, LLC 3.2.2



Chapter 1 Course Introduction

Course Objectives

o Take advantage of advanced features of the vi editor to increase
productivity when editing files and programs.

o Use regular expressions to find patterns in text files. This allows
you to locate specific files or text, display desired lines in files, or
edit text by adding to it, deleting from it, or modifying it.

o Edit files using the streaming editor, sed.

o Write awk programs to create reports and edit text files.

o Design and write sophisticated shell scripts to automate common
tasks.

© 2012 by ITCourseware, LLC 3.2.2
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Chapter 1 Course Introduction

Course Overview

o Audience: This course is designed for experienced UNIX users.
It is intended to further increase the skills and productivity of
programmers, system administrators, help desk staff,
documenters, testers, and other "technical" folks who use UNIX
frequently to do their job.

o Prerequisites: An introductory course in UNIX and some
additional hands-on experience.

° Classroom Environment:

m| UNIX system with one terminal per student.

© 2012 by ITCourseware, LLC 3.2.2
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CHAPTER 2

EX AND VI OPTIONS

CHAPTER 2 - EX AND VI OPTIONS

OBJECTIVES

%  Explainthe difference between ex
andvi.

%  Usevarious editor optionsto
customize your editing environment.

%  Setoptionsduring avi session.

%  Automatically set optionsat vi
startup.

©2012 ITCourseware, LLC
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EX AND VI - TWO EDITORS IN ONE

%  exandvi arethe same program file on disk.

%  ex-extended line-oriented text editor.

%  vi-visua (screen-oriented) text editor.

%  Invocation (ex or vi) determinestheinitia "personality” of the editor.

%  ex mode providesacolon (:) prompt; vi mode uses a cursor to indicate the
position within thefile.

%  Invi mode, <Shift>q switchesto ex.

* In ex mode, vi switchesto visua mode.

16 Rev3.2.2 ©2012 ITCourseware,LLC
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©2012 ITCourseware, LLC

Rev3.2.2

17



ADVANCED UNIX TooLs

EX AND VI - OPTIONS

*

Options are variables that affect the operation of vi and ex during editing
Sessions.

Options are either boolean (on or off) or they get set to avaue.
> Boolean options:

number
autoindent
ignorecase

> Options that must be set to avalue:

wrapmargin=8
shiftwidth=3

Options are displayed with the set command:

. :set < Show non-default option settings.
. :set all < Show all option settings.

Options can be set with their abbreviations:
. ai = autoindent

. nu = number

n wm =wrapmargin

Multiple options can be set at onetime:

:set nu ali wm=8

Options are set with the set command or ina.exrcfile.

18

Rev3.2.2 ©2012 ITCourseware,LLC



CHAPTER 2 EX AND VI OPTIONS

There are also several vi optionsthat change what vi shows you on the screen.

showmode is an option that enables a mode prompt on the lower right of the screen. It will be blank
for command mode, but will show INSERT mode, APPEND mode, etc. when you arein those modes.

list isoften useful when looking at fileswhere you need to see the position of some of the special
characters. :set list will show all tabs as”™ | and all newline characters (end-of-linein UNIX text
files) as $.

©2012 ITCourseware, LLC Rev3.2.2 19



ADVANCED UNIX TooLs

How TO SET OPTIONS WITHIN VI

n :set nu Displaysline numbers.

. 'setaiic  Setsautoindent so that each linein insert mode isindented
to align with the previousline. Also in the same command,
setsignor ecase to ignore case in searches, i.e., letters are
mapped to lowercase for comparisons.

. set wm=5 Set wrapmargin to 5 spaces from right of screen.

" 'set sw=3 Set shiftwidth to 3for use by >, >>, <, <<,and *d for
"outdenting."

%  Boolean options are unset with the no prefix:

> :set nonu noai noic - Unset nu, ai, andic.

20 Rev3.2.2 ©2012 ITCourseware,LLC



CHAPTER 2 EX AND VI OPTIONS

Some of these options are confusing asto what they do and how they work. For instance, wrapmargin
issomewhat confusing asto whereit is setting the margin and exactly how it works when you get to
themargin.

wrapmar gin setsaright-hand margin for your vi session asafunction of the right edge of the screen.

If you are working in an 80 column screen and you set wrapmar gin (also abbreviated asw ) to 10,
when the cursor reaches the 70th column (80 - 10 = 70), vi will automatically append anewline
character to theline at that point. Thishastwo effects; it createsthe margin at that point on the screen,
and it also breaksthelineinto two lines. The default (wm=0) will not move in the margin and will not
break up theline.

This can get more complicated on an X-Terminal, asthe user can resize the window that vi isworking
inat any time. Theact of enlarging (or shrinking) the window changesthe areain which vi can now
display, but vi never knows that the window has changed size unlessthe user usestheresize command
to calculate the new number of rows and columnsthat are in the window.

Following aresize, vi will now treat awrapmar gin command against the new right-side column of
the screen, not against the default of 80 columns. Thismeansthat in order to usewr apmar gin, you
must not only know what valueit is set to, but the column size of the screen at agiven time.

©2012 ITCourseware, LLC Rev3.2.2 21
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How To SET OPTIONS IN .EXRC

%  Options can be set in a.exrc (.ex runtimecommands) file or in an environment
variablecalledEXINIT .

3k Do not put acolon () in front of set commandsin .exrc or EXINIT.

Example.exrcfile:

set ai wm=5
set nu

Example EXINIT linein .profile

EXINIT="set ai wm=5 nu"; export EXINIT

22 Rev3.2.2 ©2012 ITCourseware,LLC



CHAPTER 2 EX AND VI OPTIONS

The algorithm used by vi and ex to set options at runtimeisalittle bit complicated, but not difficult to
understand. Itisdesignedto giveyou different editing environmentsfor different purposes, such as
programming versus writing memos. Support for thisdesign depends upon creating .exrcfilesin
different directories, and then invoking the editor from within the various directories.

Hereisthe algorithm:

If the environment variable EXINIT existsand isnot null, then attempt to useitsvalue asaset string
andignore .exrc. (EXINIT istypically set and exported in BHOME/.profile. If it doesnot contain a
legal set string, then vi will display an error on startup, but SHOME/.exrcis still ignored!)

Otherwiseif the environment variable EXINIT doesnot exist (or exists, but isempty), then read
$HOME/.exrc. (vi ishappy if BHOME/.exrc does not exist.)

After one of the two choices aboveis made, we continue with the algorithm.

If you are not in SHOME when you invoke vi, and a.exrc existsin the current directory, andthe
boolean option exrcis set, then read .exrc in current directory. Note that the boolean option exr c must
have been set in EXINIT or SHOME/ .exrc.

Hereis how you set the boolean option exr c:

set exrc

Pretty smple, eh?

©2012 ITCourseware, LLC Rev3.2.2 23



ADVANCED UNIX TooLs

LABS

(1) Edit Memos/orals Set autoindent. Usethe open command (0) in vi to insert lines below an

indented line. How do you "un-indent" alinein insert mode (i.e., how do you insert aline
below an indented line so that the new inserted line beginsin acolumn to the left of the

existingline)?

(2] Whenwriting C codeinvi, it can be helpful to set the shiftwidth option equal to the number of

columnsthat you are using for indenting your structured code. Edit Progs/hitkey.c, set sw=3,
then add else-if blocks to handle casesfor c, d, and g (quit). Usethe <Ctrl>d techniqueto
outdent whileininsert mode.

(3] Experiment with thewrapmar ginoption. Thisoptionisprovided to facilitate creating memos
and other text files so that you can type rapidly without being concerned whether you are

coming to theend of aline. When combined with the spell and fmt macrosthat we will study
later, you can use vi as a primitive word processor.

(4] Set ignor ecase and search for some patternsin Memos/orals. When would this option be
useful ?

® Make adirectory and changetoit. Createa.exrcfileinthisnew directory and set an option
that iSNOT setin $SHOME/.exrc. Invokevi. Isthelocal option set?

Now set the option exrcin $HOME/.exrc. Invoke vi again in the new directory. Isthe local
option set now?

Thisfeatureallowsyou to set up different editing environments, typically programming and
writing memaos.

(6 Set up a.exrcin $SHOME with your favorite options. Verify that they are being set whenyou
enter vi. Now put aset stringinthevariableEXINIT, export EXINI T, and invokevi again.
What happened to the .exr ¢ settings?

(7] In vi, look at the difference between :set and :set all.

24 Rev3.2.2 ©2012 ITCourseware,LLC
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Chapter 9 - Introduction to sed
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Chapter 9

Introduction to sed

Chapter Objectives

o Understand what the streaming editor sed is used for.
o Be able to invoke sed from the command line or with a sed script.
o Be able to use sed to modify text files.

© 2012 by ITCourseware, LLC 3.2.2

167



Advanced UNIX Tools

Notes

There are many ways to manipulate textin UNIX. You can do it manually with an editor,
although this does not lend itself to automating tasks very well. sed is one of the very powerful
utilities available to do text manipulation, as we shall see. Others include simple utilities like
tr,cut,sort, etc. and more complex ones like awk (which we will investigate later on in this

class) and perl.

168

© 2012 by ITCourseware, LLC 3.2.2



Chapter 9

Introduction to sed

About sed

° sed is non-interactive.

° sed understands REs.
Examples:

sed "s/top/TOP/g" file

sed "s/top/TOP/" file

sort file | sed "/7~$/d"

o sed, the streaming editor, transforms text.

o sed applies one or more editing commands to the input stream.

o A set of sed edit commands is called a script.

Change each (g) occurrence of
top to TOP on every line.

Change first occurrence of top to
TOP on every line.

Delete all empty lines in input
stream.

© 2012 by ITCourseware, LLC 3.2.2
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Notes

sed, like almost all UNIX utilities, makes modifications to a stream of data that it processes. It
has the capability to open and read a file that you give it as an argument. Do not forget that
sed does not change the original data file! In order to save the edited data, you must use 1/0
redirection to capture the data stream to a file, asin

sed "s/top/TOP/" datafile > newfile
Do not attempt to redirect to the datafile in one step! If you try

sed "s/top/TOP/" datafile > datafile

the shell will do the redirection before sed is started, and sed will be working on an empty file!

170 © 2012 by ITCourseware, LLC 3.2.2



Chapter 9

Introduction to sed

Why Use sed?

of 20 changes to each of 100 files).

o Large files are processed quickly.

o Very powerful tools are built around sed.

o sed can make multiple edits to many files with one command (think

o Editing actions can be automated with sed and shell programs.

© 2012 by ITCourseware, LLC 3.2.2
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Notes

You are allowed to place one comment line in a sed script. It must start with the # character,
asin

# This is a comment line
s/Joseph/Joe/g
s/William/Bill/g

sed will recognize only one formal line of comments. If you need more than one line, you can
expand to many lines by using a backslash as the last character of each line up to the last line
of your comments, asin

# This is a comment line\

this is the second line of comments, and i1f you wish, \
this is the third line

s/Joseph/Joe/g

s/William/Bill/g

This limitation of one comment line at the top of the sed script is present in all System V UNIX
variants. Some Berkeley variants may allow multiple comment lines to be placed anywhere in
the script. This is nice (and probably a good idea in complex scripts) but beware of losing
portability if the script needs to run on both Berkeley and System V.
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Chapter 9 Introduction to sed

Invoking sed

o sed can be invoked in one of three ways:
O sed script [ file ... ]
O sed -e script -e script ... [ file ... ]
O sed -f scriptfile [ file ... ]

o The first specifies a single script (one command).

o The second specifies a multi-part script.

o The third directs sed to get its script from a file.

o In each case, if no file is specified, sed reads from standard in.
sed -e "s/Joseph/Joe/g" -e "s/William/Bill/g" list
If the file informal.sed contains:

s/Joseph/Joe/g
s/William/Bill/g

then we can say:

sed -f informal.sed list

© 2012 by ITCourseware, LLC 3.2.2

173




Advanced UNIX Tools

Notes

Whenever you need to use sed to manipulate data, it is important to realize just how sed does
its job. This can be covered in three basic steps:

- All of the commands in a script are applied in order to each line of the data before moving on
to the next line of data.

- Commands are applied to all lines of data unless line addressing is used to restrict this.

- The source datafile is left intact; the output of sed is sent to standard out, and must be
redirected by the shell if it is to be captured.
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Chapter 9 Introduction to sed

How sed Works

o sed "reads in" a line, performs any specified edits on the line,
then writes the (possibly) modified line to standard out.

Consider:

Explanation (in pseudo-code):

while not EOF (on cars)
read in the next line of text (from cars)
if the line contains the pattern chevy
change it to chevrolet
if the line contains the pattern ford
do not write the line to standard out
else
write the line
end while

sed -e "s/chevy/chevrolet/g" -e "/ford/d" <cars >cars.new

© 2012 by ITCourseware, LLC 3.2.2
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Notes

The “pattern space” referred to on the facing page is a part of the internal mechanism of sed, a
detailed discussion of which is beyond the scope of this course. You can think of the “pattern
space” as an internal buffer where sed holds the line while it is performing edits on it;
something like a work-space.

There are other “spaces” used for other purposes in the sed program. For more information
on these and other internal mechanisms of sed, refer to a more advanced text, some of which
are listed in the reference section at the beginning of this workbook.
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Chapter 9 Introduction to sed

Once again . ..

. sed:
1. Reads aline into the pattern space.
2. Checks if the line should be edited.
3. If it should, then edits the line.
4, Writes the line to standard out, whether it was edited or not,
unless an edit function (such as delete) prevents the line from
being written.

o sed performs the above "cycle" until end of input.

o sed scripts can actually change sed’s default actions somewhat (as
we will see) but the underlying cycle still applies.
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