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1 Intr oduction

A shellis a programthatreadscommandsindexecutegshem. Anothernamefor a shellis a commandnterpreter

1.1 My own history with Unix shells

| startedusingcsh mary yearsagoasanundegraduatel could notfigureoutthe/bin/sh  syntax,in particular${var:-
val }. Despiteencounteringnary mysteriousbin/shscriptsandhaving to usemake, which uses/bin/sh , | resistedand
wrote cshshellscriptsandusedthetcsh asmy login shell. Finally, | couldnt standcshscriptingary moreand”re™-learned
/bin/sh.

2 The Operating System

A typicalhomeuseris completetelyinsulatedrom the OS.Sowhensomeonesays,’l really like computerXXX (e.g.theMac
or Windows 95 or Unix)”, they areNOT talking aboutthe operatingsystem.Ratherthey aretalking aboutthe userinterfaceor
Ul ontop of theOS.

Externally anoperatingsystemis a programmingAPI, typically in the C programmindanguage The AP letssomeother

programdo low level operationdik e:
Unix API call | Description
exec runaprogramgivenafully specifiedcommand
open openfile or someotherl/O stream
read/write reador write datato afile descriptor

Directly interactingwith the OS is incessantlytedious,as the OS is very picky and works at a low level. Its akin to
communicatiorvia MorseCode.

Instead peopleusegraphicalervironments(like the Mac or Win32) or commandine interpreterdike Unix shellsor the
(very minimal) MSDOSprompt.

3 Interactive Useof shells

If you type commandso the shell, you arerunningan interactive shell The shellfeaturesbeneficialfor interactive useare
differentfrom thoseneededvhenrunninga script,in whichthe shellreadspresettommands.

For interactize use,| preferbash andtcsh , becausehey have easilyaccessibldilenameandcommandcompletionand
goodeditingcapabilities.Note the phrasecompleteaneanghatif you partially typeaword, the shellwill either
Ona... theshelldoes...
uniguematch finishestherestof theword
multiple matches| shaws all possiblecompletionsof the partialword
Thefeaturel rely onin orderfrom mostimportantto leastimportantare




What Keys Description

filenamecompletion TAB completegartially typtedfile,pathnames
commanchistoryaccess| CNTL-nandCNTL-p | fetchapreviouscommandandeditit
commancdcompletion TAB completeghecommanchame

CDRATH variableof directoriesto searchwhenyou typecd

3.1 Testingif it is an interactive shell

All shellsreada startupfile, whenthey err startup,in which you cansetand customizevarioussettings(variables aliases,
functions,prompt,terminalsettings).

If you "login” you getan interacite shell and you probablywantto (heaily) customizeits use. However if you run a
commandremotely sayvia the Unix rsh, rcp or rsynccommandsyou starta non-interactie remoteshell to run the remote
commandandyou usuallyto setthe pathcorrectly In particular you must not print any messagewhentheremoteshellstart
up.

Totestif ashellisinteractive, (i) testfor theexistanceof theshellpromptstringor (ii) runtty  -s whichreturnstrue (0)
for aninteractive shell,asthereis anunderlyingtty.

3.2 Settingyour prompt

Setthe PS1(promptstring 1) variable.In PS1,thefollowing escapesequencesanbe used.| have listed only the mostuseful;
seethemanpagefor afull listing.

\h | hostname \u | usemame
\H | hostname.domainname \w | currentworking directory(CWD)
\n | newline \W | basenamef CWD

\r | carriagereturn history numberof the currentcommand
\s | shellname $ if UID is O (root), usea'#, elseusea'$’
My personapreferencdor PS1is”\h \!'  \W\$ ".

3.3 Realor physical paths (bash)

In the presensef symboliclinks andhomedirectories bashby default usesthe logical directory structure. To force bashto
shaw theactual realor physicaldirectorystructureusecd -P

4 Processesr jobs or tasks

Eachcommandun by a shellis a separatehild processwhetherrun interactively or via a script. The child processnherits
variousvalues suchas(i) whois runningthe command/iz) thecurrentdirectory and(:ii) theervironmentvariables.

5 Commandline processing

The commandine parameterso a scriptarestoredin the nearlyidenticalvariables$* and$. The following table summa-
rizesthe variablesyou would usefor commandine processing.For the examplevalues,assumeyou wrote a ba/k/shscript

lusr/bin/args.sh andranit asshavn below.
Variable | Meaning Ex: /usr/bin/ags.sh-t two "let's go”
$* Commandine args | -ttwo let'sgo
$ Commandine args | -t two "let's go”
$# Numberof args 3
$0 Nameof script /usr/bin/ags.sh
$1 Firstamgin $* -t
$2 Secondarg in $* two
$3 Third arg in $* let'sgo
$4 Fourtharg in $* (empty)

To parsecommandine arguments) preferusingthecase constructjnsteadof getopts in ba/ksh,becausét is easier
to understandhandlesall flag situationsandwill work in sh too.

Hereis amorerealisticexamplefor acommandhattakesfive possibleflags,in ary order For the-n flag, we seta shell
variableso remembethe state;this techniques common.

Flag Description

-0 OUT | sendoutputto file OUT

-n shav whatyouwould do but do notdo it

-V give moreoutput,each-v increaseserbosenes:
-l sameas-verbose

-version | shaw theversionandquit

Hereis thecodesnippet.Noticetheshift 2 andthe$2 for the-o flag. Noticethatary flagbeginning-ver is considered
thesameare-version

nflag=0
vlevel=0
OouT=

while [ $# -gt 0] do
arg=$1
case $arg in
-0 ) OUT=$2; shift 2 ;;
-n ) nflag=1 ; shift 0

A v o) vievel=$(( vievel+1 )) ; shift
-ver* ) echo "Version  $version" ;o exit
* ) echo "Saw non flag $arg" ; break ;;
esac

done

continue  processing  remaining  args

6 Variables

Assignto variablesusing= with no surroundingspacebetweervariablenameandvalue. Accessthe valueof variableby using
a$ beforethevariablename e.g. $showWarnings

$ color=red # correct

$ color= red # WRONG,space after equal

$echo | want a $colorder than $color shirt # | want a redder than red shirt

If thereis ary ambiguitywhat the variablenameis, you canuse${varname }. In the precedingexample,seehow we
echo’ed’redder”.

Shellvariablescontainstring values thoughyou canusethe valuesnumerically Normalvariablesarelocal/privateto the
shellandareonly accessiblgor visible) to the shellin which they areset.

6.1 Environment (or public) variables

Publicor ervironmentvariablesareaccessibldy all child processes/jobsf the shell.




6.2 Common environmentvariables

PATH dirsto searchfor commands

SHELL pathof shell

TERM terminaltype

USER user(login) name

HOME homedir of user

PS1 maininteractize prompt(ba/k/sh)
CDFATH | dirsto searchwhenyoudoacd or pushd

6.3 Conditional Assignment

Many timeswe wantaconditionallyassigravalueto avariableVVV. ThesyntaxVVV=${ZZZ:-DefaultVal }isequivalent
to

if [ “$zzz"
VVV=$27Z

else
VVV=DefaultVal

= "™ ] then

Thuswe assigrthevalueof $2ZZ to VVV if ZZZ hasavalue,otherwisewe assignDefaultVal.

7 Expansions

Theshell expandthefollowing strings.
Expansion| Youtype theshellgenerates
~ your homedirectory($HOME
-alison homedirectoryfor useralison

{1,blue,dot.cony | 1bluedot.com
x{0,11}y{2,33}z | x0y2zx0y33zx0yzx11y2zx11y33zx1lyz

7.1 Globbing

Onacommandine, thefollowing charactersiave specialmeaning.This processs calledglobbing

* Any sequencef charactersiot cont: ga/

? Any singlecharacter

is fine, too

I (G E)] # just
=$(( k +=1i ))
done

9 Embedding verbatim text

If you needto print outtext nearlyverbatim,e.g. you needto generate standardtO-linedisclaimer thenusea heredocument
Thegenerahotationis asfollows, whereyou canuseary stringof your choiceto replaceENDDELIMITER.

cat <<-END_DELIMITER
verbatim  text

END_DELIMITER

Theoptionalminussign- beforeEND_DELIMITER tells bashto ignorebeginningwhitespacen eachline of theverbatim
text, soyou canindentthis text. The shellwill evaluateshellvariables backtickexpansionand (bash)arithmeticexpressions
in theverbatimtext. To suppresshis evaluation,put singlequotesaroundEND_DELIMITER.

Hereis amorerealisticexample wherewe generatanHTML headeto thefile $out .

htmldoc=...

cat >> $out <<-EOS
<IDOCTYPE HTML PUBLIC "-//W3C//IDTD HTML 3.2//[EN">
<HTML><HEAD>
<TITLE>The HMTLdoc: $htmldoc on ‘date'</TITLE>
</HEAD>

EOS

10 Processnanagement

The shell canmanageseveral processegjobs/tasks). The currentor selectediob (which mustbe suspendear runningthe
background)s markedwith a+ whenyoutypejobs . A foregroundprocesss onethatis currentlyrunningandhascontrol of
theterminal.E.g. your keyboardinput goesto theforegroundprocess.

Command| What

jobs list thejobsrunningon this shell
bg[Proc] | runselectedob in thebackground

fg [Proc]

runselectedob in the foreground

[aeiou]

Any singlea, e,i, 0 or u character

[~aeiou]

Any charactenota, e,i, ooru

A leading* and? will notmatchaleading. , to preventfrom matching. and.. whichwould normally causehavoc.
The shellreadscommandine agumentsandappliesglobbingto thelist of filenamesin the currentdirectory, by default.
Thusmostpeoplethink globbingis the sameasfile nameexpansion.

8 Arithmetic

In ksh,bastuse$(( expression )) to performarithmeticoperationsNotethatinside$(( expression )) ,youdo
notneedto prefix variableswith a$.

echo 'using $(( var + 1)) style’
i=0 j=0 k=0 I=0
while [ $i -le 4] do
echo $i & $k $ll
=$( i + 1)) # OKto use $i

CTL-Z suspendhe currentjob
For example,l hadthreenetscapes andsomeotherprocessesunningandtypedjobsandgot:

hostest 972 “/bin$ netscape & # jobs5

hostest 973 “/bin$ fg 6 # resume running less

CTL-Z # suspend less

hostest 974 ~/bin$  jobs

[1] Running ( cd 7 netscape-v304 ) & (wd: ")

[3] Running oclock & (wd: 7)

[4] Running netscape -geometry =720x700 & (wd: “/ftp)

[5]- Running netscape -geometry =720x700 & (wd: “/ftp)

[6]+ Stopped less -c -s -M ./summary-01-21-01.out (wd: /tmp/tmp/tmp)

hostest 974 “/bin$ fg

In ashellscript,thewait commandill wait for all backgroundobsto finish beforeproceeding.




commandOne -a -x -b &
commandTwo -vwv filel  file2 &
wait # waits for the two previous commands to finish

11 Relational operators

12 Syntaxof control structures

Whenissuecontrol constructionsuchasfor, while or if statementsthe ba/k/shshellsneedeitheranewline ora; (semi-
colon)delimitersto parseyourinput. In thefollowing,» meansitheranewline ora; . Thusthefollowing four if-statements
areall equivalent.

if EXPRS$.S$ then STMT(S) $3 fi # general  syntax

if [ -f /binf/mv ]$.$ then echo "looks like unix" $.$ fi

if [ -f /binf/mv ]; then echo "looks like ; fi

if [ -f /binfmv ]; then

echo "looks like unix"

[ £ /oinfmv ]
then
echo "looks like unix" ; fi

if EXPR. thenSTMT(S). fi

if EXPR. thenSTMT(S). elif EXPR; thenSTMT(S). fi

Thecontrolconstructsare for for VAR in LIST . do STMT(S). done

while | while EXPR.do STMT(S). done

case | caseVALUE in[[ PATTERN[ — PATTERNS] ) STMTS;; ] esac

121 If
12.2 Case

The casestatementets you determineif a string SSS,whicl
several”cases”.For examplewe testwhich statea traffic signal

almostalways containedby a variableVVV, matchesary of
invia:

case $trafficLight in
red ) echo "stop"
yellow | orange ) echo "decision time..."
green ) echo "GO"
default ) echo "Unknown color ($trafficLight)" N
esac

13 Readinginput
14 Someusefulfunctions

15 Tips for writing scripts

15.1 Seeingvariables

Hereis ahandyba/k/shfunctionthatprintsout the valuesof variablesgiventheir namesl list it first sincel useit often.
7

# showVals varname [ varname(s) ]
shawvals () {

for i in $% do

eval echo
done

W SiE\(\$8I)"

}

showVals USER HOMEPS1 outFile  nflag

15.2 Doing glob matching
In bashandshyou mustusecase Hereis ahandyfunction,globmatch , thatletsyou glob matcharywhere.

# Ex: matches [ -q ] string globpattern
# Does $1 match the glob expr $2 ?

# -q flag = set return status to O (true) or 1 (false)
# no -q flag = echo "1" (true) or ' (false)
# Unfortunately, the return status is opposite from the echo’ed string
globmatches () {
if [ $1 =" ], then
shift
case "$1" in
$2 ) true
* ) false ;;
esac
else

case "$1" in
$2 ) echo 1 ; true ;;
* ) echo 0 ; false ;;

esac
fi

}

if globmatches -q $file "*.tar" ; then
echo “"Found a tar file"

elif  globmatches -q $file ™zip" ; then

echo "Found a zip file"
if
15.3 Extracting data

Youwill oftengetdatawith multiple fieldsor words To extractandprint the K-th word, wherethefirst wordis K=1, useeither
of

set - .. | echo $K # purely shell based solution
| awk { print $K; } # requires  awk or nawk or gawk
| cut f K-s '’ # least preferred method

For simpletasks,usingthe shell built in set is easiest.It is betterto useawk (or gavk or nawk) becauseawk handles
wordsseparatéy spacesandtabscorrectly Thecut program(asof 2001)is quite stupidandassumegpreciselyonespace
betweerwords.

To extractthe K-th, M-th andP-thwords,useeitherof

awk { print $K, $M, $P; ¥
cut -f KMP -s '~




15.4 Precededebugging/verbosemessagesvith common prefix

| personallylike '#' becausehis is the commentcharacterfor both scriptsandperl. Sometimespneshell scriptgenerates
secondscript,in which casel mustprecedeoptionalmessagewith acommentharacter
echo "# Do not modify this script. Auto-generated by master script =~ $0"

echo "# FYI, variable color=$color"

15.5 Nofull paths

Do not put full pathsin your script, becauseéf the pathis wrong, sayon a differentOS/platform,you have to changeall the
pathsin your script. Insteadaugmenthe PATH asnecessaryE.qg. if your scriptneedto run /usr/ucb/whoami , thenput
thefollowing in your script. On a differentplatform,you only have to augmenthe PATH differently.
PATH=/usr/ucb:$PATH

whoami

15.6 Simpleregular expressionsubstitution

To changeor substitutethetext FROMX to TOX, usesed . You canspecifyregularexpressiongor FROMX. A
sed -e "s/FROMX/TOX/" # subst first occurrence

sed -e "s/FROMX/TOX/g" # subst all occurrences
# strip  off domain name (remove .in20pages.com)
echo "speedster.in20pages.com” | sed -e "s/[]*$/"
# keep domain name (remove speedster.)
echo “speedster.in20pages.com” | sed -e "s/ [ ][I

15.7 Floating point math and basecalculations

Usedc, thepostfixor RPN calculator or bc which takeshumanfamiliar infix notation.! stronglypreferdc. In thefollowing
examples| storetheresultsin variablesrx , rhex andwacko . In dc, thecommands , o, k meansettheinput base output
base calculationprecision respectiely. In dc, p meansprint thetop of the stack.
# calculate (2718 + 1.414) / (3.141 - 2) to 5 decimal places
rx=‘echo 5 k 2718 1414 + 3141 2 - / p | dc'
# convert 12345 to hex (base 16)
rhex="‘echo 16 o 12345 p | dc'
# convert 12345 base 7 to octal (base 8) [All your base are belong to us]
wacky=‘echo 7 i 8 o 12345 p | dc'

15.8 Oneliners

e Usepushd andpopd to changeandrestorethe currentdirectory
e Usemkdir -p tocreatedirectories.
e Usecase todoglobmatching.




