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1 Intro duction

1.1 What is Bash?

Bash is the shell, or command languageinterpreter, for the gnu operating system. The
name is an acrorym for the ‘Bourne-Again SHell', a pun on StephenBourne, the author
of the direct ancestorof the current Unix shell sh, which appearedin the Sewenth Edition
Bell Labs Researt version of Unix.

Bash is largely compatible with sh and incorporates useful features from the Korn shell
ksh and the C shell csh. It is intended to be a conformarnt implementation of the ieee
posix Shell and Tools speci cation (ieee Working Group 1003.2). It o®ersfunctional
improvemerts over sh for both interactive and programming use.

While the gnu operating system provides other shells,including a version of csh, Bash
is the default shell. Like other gnu software, Bash is quite portable. It currently runs on
nearly every version of Unix and a few other operating systems;j independertly-supported
ports exist for ms-dos, 0s/2 , and Windows platforms.

1.2 What is a shell?

At its base, a shell is simply a macro processorthat executescommands. The term
macro processormeansfunctionality wheretext and symbols are expandedto create larger
expressions.

A Unix shell is both a command interpreter and a programming language. As a com-
mand interpreter, the shell provides the userinterface to the rich set of gnu utilities. The
programming languagefeaturesallow these utilitites to be combined. Files cortaining com-
mands can be created, and becomecommandsthemselwes. These new commandshave the
samestatus as system commandsin directories such as /bin ', allowing usersor groups to
establish custom ervironments to automate their common tasks.

Shellsmay be usedinteractively or non-interactively. In interactive mode, they accept
input typedfrom the keyboard. When executing non-interactiv ely, shellsexecutecommands
read from a Te.

A shell allows execution of gnu commands, both syndironously and asyndironously.
The shell waits for synchronous commandsto complete before accepting more input; asyn-
chronouscommandscontin ueto executein parallel with the shellwhile it readsand executes
additional commands. The redirection constructs permit ne-grained cortrol of the input
and output of those commands. Moreover, the shell allows cortrol over the contents of
commands' ervironments.

Shells also provide a small set of built-in commands (builtins) implementing function-
ality impossible or inconveniert to obtain via separate utilities. For example, cd, break,
continue , and exec) cannot be implemented outside of the shell becausethey directly
manipulate the shell itself. The history , getopts , kill , or pwdbuiltins, among others,
could be implemented in separate utilities, but they are more conveniernt to useas builtin
commands. All of the shell builtins are described in subsequen sections.
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While executing commandsis essetial, most of the power (and complexity) of shells
is due to their embedded programming languages. Like any high-level language, the shell
provides variables, °ow cortrol constructs, quoting, and functions.

Shellso®erfeaturesgearedspeci cally for interactive userather than to augmert the pro-
gramming language. These interactiv e features include job cortrol, command line editing,
command history and aliases. Each of thesefeaturesis described in this manual.
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2 De nitions

Thesede nitions are usedthroughout the remainder of this manual.

POSIX A family of open system standards based on Unix. Bash is concernedwith
posix 1003.2,the Shell and Tools Standard.

blank A spaceor tab character.

builtin A command that is implemerted internally by the shell itself, rather than by
an executableprogram somewherein the Te system.

control operator
A word that performsa cortrol function. It isanewline or oneof the following:

0 && & 5 (Y or )

exit status
The value returned by a commandto its caller. The value is restricted to eight
bits, sothe maximum value is 255.

field A unit of text that is the result of one of the shell expansions. After expansion,

when executinga command, the resulting elds are usedasthe commandname
and argumerts.

flename A string of characters usedto identify a Tle.

job A set of processesomprising a pipeline, and any processeglescendedrom it,
that are all in the sameprocessgroup.

job control
A medhanism by which userscan selectively stop (suspend) and restart (resume)
execution of processes.

metacharacter
A character that, when unquoted, separateswords. A metacharacter is a blank
or one of the following characters: | ', &, ', (', )', <, or >

name A word consisting solely of letters, numbers, and underscores,and beginning

with aletter or underscore.Namsare usedasshell variable and function names.
Also referred to as an identifier

operator A control operator or a redirection operator . SeeSection 3.6 [Redirec-
tions], page 24, for a list of redirection operators.

process group
A collection of related processesad having the sameprocessgroup id.

process group ID
A unique identifer that represeits a process group during its lifetime.

reserved word
A word that hasa special meaningto the shell. Most resered words intro duce
shell “ow cortrol constructs, such asfor and while .

return status
A synorym for exit status .
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signal A medanism by which a processmay be noti ed by the kernel of an event
occurring in the system.

special builtin
A shell builtin commandthat hasbeenclassi ed as special by the posix 1003.2
standard.

token A sequenceof characters considereda single unit by the shell. It is either a
word or an operator .

word A token that is not an operator .
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3 Basic Shell Features

Bashis an acronym for ‘Bourne-Again SHell'. The Bourne shellis the traditional Unix
shell originally written by StephenBourne. All of the Bourne shell builtin commandsare
available in Bash, The rules for evaluation and quoting are taken from the posix speci ca-
tion for the “standard' Unix shell.

This chapter brie°’y summarizesthe shell's “building blocks': commands,cortrol struc-
tures, shell functions, shell parameters shell expansions,redirections, which are a way to
direct input and output from and to named les, and how the shell executescommands.

3.1 Shell Syntax

When the shell readsinput, it proceedsthrough a sequenceof operations. If the input
indicates the beginning of a commen, the shell ignoresthe commen symbol (‘#), and the
rest of that line.

Otherwise, roughly speaking, the shell readsits input and divides the input into words
and operators, employing the quoting rulesto selectwhich meaningsto assignvarious words
and characters.

The shell then parsesthese tokensinto commandsand other constructs, removes the
special meaning of certain words or characters, expandsothers, redirects input and output
asneeded,executesthe speci ed command, waits for the command'sexit status, and makes
that exit status available for further inspection or processing.

3.1.1 Shell Operation

The following is a brief description of the shell's operation when it readsand executesa
command. Basically, the shell doesthe following:

1. Readsits input from a le (see Section 3.8 [Shell Scripts], page 31), from a string
supplied asan argumert to the *-c' invocation option (seeSection 6.1 [Invoking Bash],
page 63), or from the user'sterminal.

2. Breaks the input into words and operators, obeying the quoting rules described in
Section3.1.2[Quoting], page6. Thesetokensare separatedby metacharacters . Alias
expansionis performed by this step (seeSection 6.6 [Aliases], page 71).

3. Parsesthe tokensinto simple and compound commands(see Section 3.2 [Shell Com-
mands], page 8).

4. Performs the various shell expansions(see Section 3.5 [Shell Expansions], page 16),
breaking the expandedtokensinto lists of lenames (see Section 3.5.8 [Filename Ex-
pansion], page 22) and commandsand argumerts.

5. Performs any necessaryredirections (see Section 3.6 [Redirections], page 24) and re-
movesthe redirection operators and their operandsfrom the argumert list.

6. Executesthe command (seeSection 3.7 [Executing Commands], page 28).

7. Optionally waits for the command to complete and collects its exit status (see Sec-
tion 3.7.5[Exit Status], page30).
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3.1.2 Quoting

Quoting is usedto remove the special meaningof certain charactersor wordsto the shell.
Quoting can be usedto disable special treatment for special characters, to prevent resened
words from being recognizedas such, and to prevent parameter expansion.

Each of the shellmetacharacters (seeChapter 2 [De nitions], page3) hasspecialmeaning
to the shell and must be quoted if it is to represen itself. When the command history
expansion facilities are being used, the history expansion character, usually !, must be
qguoted to prevert history expansion. SeeSection9.1 [Bash History Facilities], page 109, for
more details concerning history expansion.

There are three quoting mechanisms: the escape character, single quotes, and double
quotes.

3.1.2.1 Escape Character

A non-quoted backslash'\' is the Bash escape character. It presenesthe literal value of
the next character that follows, with the exception of newline . If a\newline pair appears,
and the badkslashitself is not quoted, the \newline is treated asa line cortinuation (that
is, it is removed from the input stream and e®ectiely ignored).

3.1.2.2 Single Quotes

Enclosing characters in single quotes (™' ') presenesthe literal value of ead character
within the quotes. A single quote may not occur betweensingle quotes, even when preceded
by a badslash.

3.1.2.3 Double Quotes

Enclosing characters in double quotes (""") presenesthe literal value of all characters
within the quotes, with the exceptionof '$, ™', and \'. The characters'$ and ™' retain
their special meaning within double quotes (see Section 3.5 [Shell Expansions], page 16).
The badkslashretains its special meaning only when followed by one of the following char-
acters: '$, 7', ™', "\, or newline . Within double quotes, badslashesthat are followed
by one of these characters are removed. Backslashesprecedingcharacters without a special
meaning are left unmodi ed. A double quote may be quoted within double quotes by pre-
ceding it with a badslash. When command history is being used, the double quote may
not be usedto quote the history expansioncharacter.

The special parameters *' and “@ have special meaning when in double gquotes (see
Section 3.5.3[Shell Parameter Expansion], page 18).

3.1.2.4 ANSI-C Quoting

Words of the form $' string ' are treated specially. The word expandsto string, with
backslash-escapd characters replaced as speci ed by the ANSI C standard. Backslash
escape sequencesif presen, are decaled as follows:
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\a alert (bell)

\b badkspace

\e an escaje character (not ANSI C)

\f form feed

\n newline

\r carriage return

\t horizontal tab

\v vertical tab

\\ badkslash

\ single quote

\nnn the eight-bit character whosevalue is the octal value nnn (one to three digits)

\x HH the eight-bit character whosevalue is the hexadecimalvalue HH (one or two
hex digits)

\c x a cortrol-x character

The expandedresult is single-quoted,asif the dollar sign had not beenpresert.
3.1.2.5 Locale-Speci c Translation

A double-quotedstring precededby a dollar sign (‘'$) will causethe string to be trans-
lated accordingto the current locale. If the current localeis Cor POSIX the dollar signis
ignored. If the string is translated and replaced, the replacemer is double-quoted.

Somesystemsusethe messageatalog selectedby the LC_MESSAG#H®I variable. Others
create the name of the messagecatalog from the value of the TEXTDOMABMell variable,
possibly adding a sutx of .mo. If you usethe TEXTDOMAMMriable, you may needto set
the TEXTDOMAINDI&riable to the location of the messageatalog les. Still othersuseboth
variablesin this fashion: TEXTDOMAINDIEC_MESSAGES MESSAGES/ TEXTDOMAIMD.

3.1.3 Commen ts

In a non-interactive shell, or an interactive shell in which the interactive_comments
option to the shopt builtin is enabled (see Section 4.2 [Bash Builtins], page 39), a word
beginningwith “# causeghat word and all remaining characterson that line to be ignored.
An interactive shell without the interactive_comments option enabled does not allow
commerts. The interactive_comments option is on by default in interactive shells. See
Section 6.3 [Interactive Shells],page 67, for a description of what makesa shell interactive.
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3.2 Shell Commands

A simple shell command sudh as echo a b ¢ consistsof the command itself followed by
argumerts, separatedby spaces.

More complex shell commandsare composedof simple commandsarranged together in
a variety of ways: in a pipeline in which the output of one command becomesthe input of
a second,in a loop or conditional construct, or in someother grouping.

3.2.1 Simple Commands

A simple commandis the kind of command encourtered most often. It's just a sequence
of words separatedby blank s, terminated by one of the shell's cortrol operators (seeChap-
ter 2 [De nitions], page3). The rst word generally speci es a command to be executed,
with the rest of the words being that command's argumerts.

The return status (seeSection 3.7.5 [Exit Status], page 30) of a simple command is its
exit status as provided by the posix 1003.1waitpid function, or 128+n if the command
was terminated by signal n.

3.2.2 Pip elines

A pipeline is a sequenceof simple commandsseparatedby | .
The format for a pipeline is
[time [-p]] [ commandl]| command2.. ]

The output of eadh command in the pipeline is connectedvia a pipe to the input of the
next command. That is, eadr command readsthe previous command's output.

The resened word time causestiming statistics to be printed for the pipeline onceiit
“nishes. The statistics currently consist of elapsed(wall-clock) time and user and system
time consumedby the command's execution. The -p' option changesthe output format
to that speci ed by posix. The TIMEFORMA/@riable may be set to a format string that
speci es how the timing information should be displayed. SeeSection5.2 [Bash Variables],
page55, for a description of the available formats. The useof time asa resered word per-
mits the timing of shell builtins, shell functions, and pipelines. An external time command
cannot time these easily.

If the pipeline is not executedasyndironously (seeSection 3.2.3[Lists], page9), the shell
waits for all commandsin the pipeline to complete.

Each commandin a pipelineis executedin its own subshell(seeSection3.7.3[Command
Execution Environment], page 29). The exit status of a pipeline is the exit status of the
last command in the pipeline, unlessthe pipefail  option is enabled (seeSection 4.3 [The
Set Builtin], page50). If pipefail is enabled,the pipeline's return status is the value of
the last (rightmost) commandto exit with a non-zerostatus, or zeroif all commandsexit
successfully If the resened word *!'' precedesthe pipeline, the exit status is the logical
negation of the exit status as described above. The shell waits for all commandsin the
pipeline to terminate before returning a value.
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3.2.3 Lists of Commands

A list is a sequenceof one or more pipelinesseparatedby one of the operators 7; ', “&,
&&, or || ', and optionally terminated by one of ;', "&, or a newline .

Of theselist operators, '&& and || ' have equal precedencefollowed by ;' and "&, which
have equal precedence.

A sequenceof one or more newlinesmay appearin alist to delimit commands,equiv-
alent to a semicolon.

If a commandis terminated by the cortrol operator "&, the shell executesthe command
asyndironously in a subshell. This is known as executing the commandin the badground.
The shell doesnot wait for the commandto nish, and the return status is O (true). When
job cortrol is not active (see Chapter 7 [Job Control], page 79), the standard input for
asyndironous commands, in the absenceof any explicit redirections, is redirected from
/dev/null

Commandsseparatedby a *; ' are executedsequettially; the shellwaits for ead command
to terminate in turn. The return status is the exit status of the last command executed.

The cortrol operators "&& and || ' denoteand lists and or lists, respectively. An and
list hasthe form

commandl1&& command?2
command2 is executedif, and only if, commandl returns an exit status of zero.
An or list hasthe form
commandl|| command2
command2 is executedif, and only if, command1 returns a non-zeroexit status.

The return status of and and or lists is the exit status of the last command executed
in the list.

3.2.4 Comp ound Commands

Compound commands are the shell programming constructs. Each construct begins
with a reserved word or control operator and is terminated by a corresponding resened
word or operator. Any redirections (see Section 3.6 [Redirections], page 24) assaiated
with a compound commandapply to all commandswithin that compound commandunless
explicitly overridden.

Bash provides looping constructs, conditional commands, and medanisms to group
commandsand executethem as a unit.

3.2.4.1 Looping Constructs

Bash supports the following looping constructs.

Note that wherewer a ;' appearsin the description of a command's syntax, it may be
replacedwith one or more newlines.

until The syntax of the untii commandis:
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until test-commands; do consequent-commands done

Execute consequettcommands as long as test-commands has an exit status
which is not zero. The return status is the exit status of the last command
executedin consequetrcommands, or zero if none was executed.

The syntax of the while commandis:
while test-commands; do consequent-commands done

Execute consequetrcommands as long as test-commands has an exit status
of zero. The return status is the exit status of the last command executedin
consequeircommands or zeroif none was executed.

The syntax of the for command is:
for name[in words ... ]; do commands done

Expand words, and executecommandsonce for eacx member in the resultant
list, with name bound to the current member. If 'in words' is not presen, the
for command executesthe commandsoncefor ead positional parameter that
is set, asif 'in "$@" had beenspeci ed (seeSection 3.4.2[Special Parameters],
pagelb). The return status is the exit status of the last commandthat executes.
If there are no items in the expansionof words, no commandsare executed,and
the return status is zero.

An alternate form of the for command is also supported:
for (( exprl ; expr2 ; expr3 )) ; do commands; done

First, the arithmetic expressionexprl is evaluated accordingto the rules de-
scribed below (see Section 6.5 [Shell Arithmetic], page 70). The arithmetic
expressionexpr2 is then evaluated repeatedly until it evaluatesto zero. Each
time expr2 evaluatesto a non-zerovalue, commandsare executedand the arith-
metic expressionexpr3 is evaluated. If any expressionis omitted, it behavesas
if it evaluatesto 1. The return value is the exit status of the last command in
list that is executed,or falseif any of the expressionss invalid.

The break and continue builtins (seeSection4.1 [Bourne Shell Builtins], page33) may
be usedto control loop execution.

3.2.4.2 Conditional Constructs

if

The syntax of the if commandis:

if test-commands; then
consequent-commands
[elif  more-test-commands; then
more-consequents ;]
[else alternate-consequents ;]
fi
The test-commands list is executed, and if its return status is zero, the
consequetrcommands list is executed. If test-commands returns a non-zero
status, ead elif list is executedin turn, and if its exit status is zero, the
corresponding more-consequets is executed and the command completes. If



Chapter 3: Basic Shell Features 11

case

select

‘else alternate-consequents ' is presen, and the nal commandin the nal
if or elif clause has a non-zero exit status, then alternate-consequets is
executed. The return status is the exit status of the last command executed,
or zeroif no condition tested true.

The syntax of the case commandi is:
case word in [ [(] pattern [| pattern ]... ) command-list ;;]...

case will selectiwely executethe command-list corresponding to the rst pat-
tern that matchesword. The °|' is usedto separate multiple patterns, and
the °)' operator terminates a pattern list. A list of patterns and an assciated
command-list is known as a clause Each clausemust be terminated with ~;; '.
The word undergoestilde expansion,parameter expansion,command substitu-
tion, arithmetic expansion, and quote removal before matching is attempted.
Each pattern undergoestilde expansion, parameter expansion,command sub-
stitution, and arithmetic expansion.

There may be an arbitrary number of case clauses,eat terminated by a ;
The rst pattern that matchesdeterminesthe command-list that is executed.

Here is an example using case in a script that could be usedto describe one
interesting feature of an animal:

echo -n "Enter the nameof an animal:
read ANIMAL
echo -n "The $ANIMALhas "
case $ANIMALIn
horse | dog | cat) echo -n “four";;
man| kangaroo ) echo -n "two";;
*) echo -n "an unknown number of";;
esac

echo " legs."

The return status is zeroif no pattern is matched. Otherwise, the return status
is the exit status of the command-list executed.

The select construct allows the easygeneration of merus. It has almost the
samesyntax asthe for command:

select name[in words ... ]; do commands done

The list of words following in is expanded, generating a list of items. The
set of expanded words is printed on the standard error output stream, eath
precededby a number. If the 'in words' is omitted, the positional parameters
areprinted, asif 'in "$@" had beenspecifed. The PS3prompt is then displayed
and a line is read from the standard input. If the line consistsof a number
corresponding to one of the displayed words, then the value of name is set to
that word. If the line is empty, the words and prompt are displayed again. If
EOHs read, the select commandcompletes. Any other value read causesname
to be setto null. The line read is saved in the variable REPLY

The commands are executed after ead selection until a break command is
executed,at which point the select command completes.

esac
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Here is an example that allows the user to pick a Tename from the current
directory, and displays the name and index of the Te selected.

select fname in *,

do

echo you picked $fname \($REPLY\)

break;

done

(( expression ))

The arithmetic expressionis evaluated according to the rules described below
(see Section 6.5 [Shell Arithmetic], page 70). If the value of the expressionis
non-zero,the return status is 0; otherwisethe return status is 1. This is exactly
equivalent to

let "expression

SeeSection4.2 [Bash Builtins], page39, for a full description of the let builtin.

[[ expression 1]]

Return a status of 0 or 1 depending on the evaluation of the conditional expres-
sion expression Expressionsare composedof the primaries described below in
Section 6.4 [Bash Conditional Expressions],page 69. Word splitting and Te-
name expansionare not performed on the words betweenthe [ ' and 7] '; tilde
expansion, parameter and variable expansion, arithmetic expansion,command
substitution, processsubstitution, and quote removal are performed. Condi-
tional operators such as -f ' must be unquoted to be recognizedas primaries.

When the == and "!="' operators are used,the string to the right of the operator
is considereda pattern and matched according to the rules described below in
Section 3.5.8.1[Pattern Matching], page23. The return value is O if the string
matchesor doesnot match the pattern, respectively, and 1 otherwise. Any part
of the pattern may be quoted to forceit to be matched as a string.

An additional binary operator, '=~, is available, with the sameprecedenceas
‘== and I=". When it is used,the string to the right of the operator is consid-
ered an extended regular expressionand matched accordingly (as in regex3)).
The return value is 0 if the string matchesthe pattern, and 1 otherwise. If
the regular expressionis syntactically incorrect, the conditional expression'sre-
turn value is 2. If the shell option nocaseglob (seethe description of shopt
in Section 4.2 [Bash Builtins], page 39) is enabled, the match is performed
without regard to the caseof alphabetic characters. Substrings matched by
parenthesized subexpressionswithin the regular expressionare saved in the
array variable BASH_REMATCHne elemen of BASH_REMAT®@Iith index O is
the portion of the string matching the ertire regular expression. The elemen
of BASH_REMATW®Ith index n is the portion of the string matching the nth
parernthesized subexpression.

Expressionsmay be combined using the following operators, listed in decreasing
order of precedence:
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( expression )
Returns the value of expression This may be usedto override the
normal precedenceof operators.

I expression
True if expressionis false.

expressionl &&expression2
True if both expressionland expression2are true.

expressionl || expression2
True if either expressionlor expression2is true.

The &&and || operators do not evaluate expression2if the value of expressionl
is suxcient to determine the return value of the entire conditional expression.

3.2.4.3 Grouping Commands

Bash providestwo ways to group a list of commandsto be executedasa unit. When com-
mands are grouped, redirections may be applied to the entire command list. For example,
the output of all the commandsin the list may be redirected to a single stream.

0
( list )
Placing a list of commandsbetween parenthesescausesa subshellenvironment
to be created (seeSection 3.7.3[Command Execution Environment], page 29),
and ead of the commandsin list to be executedin that subshell. Sincethe list
is executedin a subshell, variable assignmems do not remain in e®ectafter the
subshellcompletes.

{
{ list ; }
Placing a list of commandsbetweencurly bracescausesthe list to be executed
in the current shell corntext. No subshellis created. The semicolon(or newline)
following list is required.

In addition to the creation of a subshell, there is a subtle di®erencebetweenthesetwo
constructs due to historical reasons. The braces are reserved words, so they must be
separatedfrom the list by blank s. The parenthesesare operators , and are recognizedas
separatetokensby the shell even if they are not separatedfrom the list by whitespace.

The exit status of both of these constructs is the exit status of list.
3.3 Shell Functions

Shell functions are a way to group commandsfor later execution using a single name for
the group. They are executedjust like a "regular’ command. When the name of a shell
function is used as a simple command name, the list of commands assiated with that
function nameis executed. Shell functions are executedin the current shell context; no new
processis createdto interpret them.

Functions are declaredusing this syntax:
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[ function ] name () compound-command redirections ]

This de nes a shell function named name The resened word function is optional. If
the function resened word is supplied, the parenthesesare optional. The body of the
function is the compound command compound-command (see Section 3.2.4 [Compound
Commands], page9). That command is usually a list enclosedbetween{ and }, but may
be any compound command listed above. compound-commandis executedwhenewer name
is speci ed as the name of a command. Any redirections (see Section 3.6 [Redirections],
page 24) assaiated with the shell function are performed when the function is executed.

The exit status of a function de nition is zerounlessa syntax error occurs or a readonly
function with the samename already exists. When executed, the exit status of a function
is the exit status of the last command executedin the body.

Note that for historical reasons,n the most commonusagethe curly bracesthat surround
the body of the function must be separatedfrom the body by blank s or newlines. This
is becausethe bracesare resened words and are only recognizedas such when they are
separated by whitespace. Also, when using the braces, the list must be terminated by a
semicolon,a "&, or a newline.

When a function is executed, the argumerts to the function becomethe positional pa-
rameters during its execution (see Section 3.4.1 [Positional Parameters], page 15). The
special parameter # that expandsto the number of positional parametersis updated to
re°ect the change. Special parameter 0 is unchanged. The rst elemen of the FUNCNAME
variable is setto the name of the function while the function is executing. All other aspects
of the shell execution environment are identical betweena function and its caller with the
exceptionthat the DEBU@ap below) is not inherited unlessthe function hasbeengiventhe
trace attribute using the declare builtin or the -o functrace option has been enabled
with the set builtin, (in which caseall functions inherit the DEBU®@ap). SeeSection4.1
[Bourne Shell Builtins], page 33, for the description of the trap builtin.

If the builtin command return is executedin a function, the function completesand
executionresumeswith the next commandafter the function call. Any commandassaiated
with the RETURMap is executed before execution resumes. When a function completes,
the values of the positional parameters and the special parameter ‘# are restored to the
valuesthey had prior to the function's execution. If a numeric argumert is givento return ,
that is the function's return status; otherwise the function's return status is the exit status
of the last command executedbefore the return .

Variables local to the function may be declaredwith the local builtin. Thesevariables
are visible only to the function and the commandsit invokes.

Function namesand de nitions may be listed with the *-f ' option to the declare or
typeset builtin commands(see Section 4.2 [Bash Builtins], page 39). The -F' option to
declare or typeset will list the function namesonly (and optionally the source Te and
line number, if the extdebug shell option is enabled). Functions may be exported so that
subshellsautomatically have them de ned with the *-f ' option to the export builtin (see
Section 4.1 [Bourne Shell Builtins], page 33). Note that shell functions and variables with
the samename may result in multiple identically-named entries in the environment passed
to the shell's children. Care should be taken in caseswhere this may causea problem.

Functions may be recursive. No limit is placed on the number of recursive calls.
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3.4 Shell Parameters

A parameter is an entity that storesvalues. It can be a name a number, or one of the
special characters listed below. A variable is a parameter denoted by a name A variable
has a value and zero or more attributes . Attributes are assignedusing the declare builtin
command (seethe description of the declare builtin in Section4.2[BashBuiltins], page39).

A parameteris setif it hasbeenassigneda value. The null string is a valid value. Once
a variable is set, it may be unset only by using the unset builtin command.

A variable may be assignedto by a statemert of the form
name=[ value ]

If value is not given, the variable is assignedthe null string. All values undergotilde ex-
pansion, parameter and variable expansion, command substitution, arithmetic expansion,
and quote removal (detailed below). If the variable has its integer attribute set, then
value is evaluated as an arithmetic expressioneven if the $((... )) expansionis not used
(seeSection 3.5.5 [Arithmetic Expansion], page 21). Word splitting is not performed, with
the exception of "$@" as explained below. Filename expansionis not performed. Assign-
ment statemerts may also appear as argumerts to the alias , declare , typeset , export ,
readonly , and local builtin commands.

3.4.1 Positional Parameters

A positional parameter is a parameter denoted by one or more digits, other than the
single digit 0. Positional parameters are assignedfrom the shell's argumerts when it is
invoked, and may be reassignedusing the set builtin command. Positional parameter N
may be referencedas ${N}, or as$Nwhen Nconsistsof a single digit. Positional parameters
may not be assignedto with assignmen statemerts. The set and shift builtins are used
to set and unset them (seeChapter 4 [Shell Builtin Commands], page 33). The positional
parametersare temporarily replacedwhen a shellfunction is executed(seeSection3.3 [Shell
Functions], page 13).

When a positional parameter consisting of more than a single digit is expanded,it must
be enclosedin braces.

3.4.2 Special Parameters

The shell treats seweral parametersspecially. Theseparametersmay only be referenced;
assignmen to them is not allowed.

* Expands to the positional parameters, starting from one. When the expansion
occurswithin double quotes, it expandsto a single word with the value of ead
parameter separatedby the rst character of the IFS special variable. That is,
"$*" is equivalert to "$1c$2c... ", wherec is the rst character of the value
of the IFS variable. If IFS is unset, the parametersare separatedby spaces.|f
IFS is null, the parametersare joined without intervening separators.

@ Expands to the positional parameters, starting from one. When the expan-
sion occurs within double quotes, ead parameter expandsto a separateword.
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That is, "$@" is equivalent to "$1" "$2" ... . When there are no positional
parameters,"$@" and $@expand to nothing (i.e., they are removed).

# Expands to the number of positional parametersin decimal.

? Expands to the exit status of the most recertly executedforeground pipeline.

- (A hyphen.) Expands to the current option °ags as speci ed upon invocation,
by the set builtin command, or those set by the shell itself (such asthe i *
option).

$ Expands to the processid of the shell. In a () subshell, it expandsto the
processid of the invoking shell, not the subshell.

! Expands to the processid of the most recertly executed badkground (asyn-
chronous) command.

0 Expandsto the nameof the shell or shellscript. This is setat shellinitialization.
If Bash is invoked with a Te of commands (see Section 3.8 [Shell Scripts],
page 31), $0 is set to the name of that Te. If Bash is started with the "-c'
option (see Section 6.1 [Invoking Bash], page 63), then $0 is set to the rst
argumert after the string to be executed,if oneis preser. Otherwise, it is set
to the Tename usedto invoke Bash, as given by argumert zero.

(An underscore.) At shell startup, setto the absolute Tename of the shell or
shell script being executed as passedin the argumert list. Subsequetly, ex-
pands to the last argumert to the previous command, after expansion. Also
set to the full pathname of eadr command executedand placedin the erviron-
ment exported to that command. When chedking mail, this parameter holds
the name of the mail Te.

3.5 Shell Expansions

Expansion is performed on the command line after it hasbeensplit into tokens. There
are seen kinds of expansionperformed:

2 prace expansion

2 tilde expansion

2 parameter and variable expansion

2 command substitution

2 arithmetic expansion

2 word splitting

2 Tename expansion

The order of expansionsis: brace expansion,tilde expansion, parameter, variable, and

arithmetic expansion and command substitution (done in a left-to-right fashion), word
splitting, and Tename expansion.

On systemsthat can support it, there is an additional expansion available: process
substitution. This is performed at the sametime as parameter, variable, and arithmetic
expansionand command substitution.
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Only brace expansion, word splitting, and Tename expansioncan change the number
of words of the expansion; other expansionsexpand a single word to a single word. The
only exceptionsto this are the expansionsof "$@" (see Section 3.4.2 [Special Parameters],
page 15) and "${ namd@]}" (seeSection 6.7 [Arrays], page 72).

After all expansions,quote removal (see Section 3.5.9 [Quote Removal], page 24) is
performed.

3.5.1 Brace Expansion

Brace expansionis a medanism by which arbitrary strings may be generated. This med-
anism is similar to Tename expansion (see Section 3.5.8 [Filename Expansion], page 22),
but the Te namesgeneratedneednot exist. Patterns to be brace expandedtake the form
of an optional preamble, followed by either a seriesof comma-separatedstrings or a sequnce
expressionbetween a pair of braces, followed by an optional postscript. The preanble is
pre xed to ead string contained within the braces,and the postscript is then appendedto
ead resulting string, expanding left to right.

Brace expansionsmay be nested. The results of ead expanded string are not sorted;
left to right order is presened. For example,

bash$ echo a{d,c,b}e
ade ace abe

A sequenceexpressiontakesthe form {x.. y}, wherex andy are either integersor single
characters. When integersare supplied, the expressionexpandsto eath number betweenx
and vy, inclusive. When characters are supplied, the expressionexpandsto ead character
lexicographically betweenx and vy, inclusive. Note that both x and y must be of the same

type.

Brace expansionis performed before any other expansions,and any characters special
to other expansionsare presened in the result. It is strictly textual. Bash doesnot apply
any syntactic interpretation to the context of the expansionor the text betweenthe braces.
To avoid con’icts with parameter expansion, the string "${' is not consideredeligible for
brace expansion.

A correctly-formed brace expansionmust contain unquoted opening and closing braces,
and at least one unquoted commaor a valid sequenceexpression. Any incorrectly formed
brace expansionis left unchanged.

A { or*,' may be quoted with a badkslashto prevert its being consideredpart of a brace
expression. To avoid con®icts with parameter expansion, the string "${' is not considered
eligible for brace expansion.

This construct is typically usedas shorthand when the common pre x of the strings to
be generatedis longer than in the above example:

mkdir /usr/local/src/bash/{old,new,dist,bugs}
or

chown root /usr/{ucbiex,edit},lib/{ex?.?*,how_ex}}
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3.5.2 Tilde Expansion

If a word begins with an unquoted tilde character ("~), all of the characters up to
the rst unquoted slash (or all characters, if there is no unquoted slash) are considereda
tilde-pre x . If none of the characters in the tilde-pre x are quoted, the charactersin the
tilde-pre x following the tilde are treated asa possiblelogin name. If this login nameis the
null string, the tilde is replacedwith the value of the HOMEhell variable. If HOMES unset,
the home directory of the user executing the shell is substituted instead. Otherwise, the
tilde-pre x is replacedwith the home directory assaiated with the speci ed login name.

If the tilde-pre x is ~+, the value of the shell variable PWDeplacesthe tilde-pre x. If
the tilde-pre x is "~-', the value of the shell variable OLDPW®D it is set, is substituted.

If the characters following the tilde in the tilde-pre x consistof a number N, optionally
pre xed by a’+ ora’-', the tilde-pre x is replacedwith the corresponding elemert from the
directory stadk, asit would be displayed by the dirs builtin invoked with the characters
following tilde in the tilde-pre X as an argumert (see Section 6.8 [The Directory Stad],
page 73). If the tilde-pre X, sansthe tilde, consistsof a number without a leading '+ or
'+ is assumed.

If the login nameis invalid, or the tilde expansionfails, the word is left unchanged.

Each variable assignmen is cheded for unquoted tilde-pre xes immediately following a

" or '=. In thesecasestilde expansionis also performed. Consequetly, one may use le
nameswith tildes in assignmets to PATHMAILPATHand CDPATHnd the shell assignsthe
expandedvalue.

The following table shows how Bash treats unquoted tilde-pre xes:
~ The value of SHOME
~/foo "$HOME/fob

~fred/foo
The subdirectory foo of the home directory of the userfred

~+/foo “$PWD/fod

~-/foo "${OLDPWD-'~-}/foo

~N The string that would be displayed by “dirs +N'
~+N\ The string that would be displayed by “dirs +N'
~-N The string that would be displayed by “dirs -N

3.5.3 Shell Parameter Expansion

The "$' character intro ducesparameter expansion,command substitution, or arithmetic
expansion. The parameter nameor symbol to be expandedmay be enclosedn braces,which
are optional but serwe to protect the variable to be expandedfrom characters immediately
following it which could be interpreted as part of the name.

When braces are used, the matching ending brace is the rst '}' not escamd by a
badkslash or within a quoted string, and not within an embedded arithmetic expansion,
command substitution, or parameter expansion.
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The basic form of parameter expansionis ${ parameter}. The value of parameter is
substituted. The bracesare required when parameter is a positional parameter with more
than one digit, or when parameter is followed by a character that is not to be interpreted
as part of its name.

If the rst character of parameter is an exclamation point, a level of variable indirection
is introduced. Bash usesthe value of the variable formed from the rest of parameter as
the name of the variable; this variable is then expandedand that value is usedin the rest
of the substitution, rather than the value of parameter itself. This is known as indirect
expansion. The exceptionsto this are the expansionsof ¥ !pre x* } and ${'name[@}
described below. The exclamation point must immediately follow the left bracein order to
intro duce indirection.

In ead of the casesbelow, word is subject to tilde expansion, parameter expansion,
command substitution, and arithmetic expansion.

When not performing substring expansion, Bash tests for a parameter that is unset or
null; omitting the colon results in a test only for a parameter that is unset. Put another
way, if the colon is included, the operator tests for both existenceand that the value is not
null; if the colon is omitted, the operator tests only for existence.

${parameter : j word}
If parameter is unset or null, the expansionof word is substituted. Otherwise,
the value of parameter is substituted.

${ parameter :=word}
If parameter is unset or null, the expansionof word is assignedto parameter.
The value of parameter is then substituted. Positional parametersand special
parameters may not be assignedto in this way.

${ parameter :? word}
If parameter is null or unset, the expansionof word (or a messagdo that e®ect
if word is not presen) is written to the standard error and the shell, if it is not
interactive, exits. Otherwise, the value of parameter is substituted.

${ parameter :+word}
If parameter is null or unset, nothing is substituted, otherwise the expansion
of word is substituted.

${ parameter : offset }

${ parameter : offset :length }
Expands to up to length characters of parameter starting at the character
speci ed by o®set If length is omitted, expandsto the substring of parameter
starting at the character speci ed by o®set length and o®setare arithmetic
expressions(see Section 6.5 [Shell Arithmetic], page70). This is referredto as
Substring Expansion.

length must evaluate to a number greater than or equalto zero. If o®setevalu-
atesto a number lessthan zero,the value is usedasan o®setfrom the end of the
value of parameter. If parameteris "@ the result is length positional parameters
beginning at o®set If parameter is an array nameindexed by "@or ™', the re-
sult is the length membersof the array beginningwith ${ parameter [ offset ]} .
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Substring indexing is zero-basedunlessthe positional parameters are used, in
which casethe indexing starts at 1.

${! prefix *}

${! prefix @}
Expands to the namesof variables whose namesbegin with pre x, separated
by the rst character of the IFS special variable.

${! namd@]}

${! namd*]}
If nameis an array variable, expandsto the list of array indices (keys) assigned
in name. If nameis not an array, expandsto 0 if name s setand null otherwise.
When "@ is used and the expansion appears within double quotes, eah key
expandsto a separateword.

${#parameter }
The length in characters of the expanded value of parameter is substituted.
If parameter is *' or ‘@ the value substituted is the number of positional
parameters. If parameter is an array name subscripted by ™' or @ the value
substituted is the number of elemerts in the array.

${ parameter #word}

${ parameter ##word}

The word is expandedto produce a pattern just asin Tename expansion(see
Section 3.5.8 [Filename Expansion], page 22). If the pattern matchesthe be-
ginning of the expandedvalue of parameter, then the result of the expansionis
the expandedvalue of parameter with the shortest matching pattern (the “#
case)or the longestmatching pattern (the ‘## case)deleted. If parameteris @
or *', the pattern removal operation is applied to ead positional parameter in
turn, and the expansionis the resultant list. If parameter is an array variable
subscripted with "@ or *', the pattern removal operation is applied to eadh
member of the array in turn, and the expansionis the resultant list.

${ parameter %vord}
${ parameter %%ord}

The word is expandedto produce a pattern just asin lename expansion. If
the pattern matches a trailing portion of the expanded value of parameter,
then the result of the expansionis the value of parameter with the shortest
matching pattern (the "% case)or the longest matching pattern (the %%case)
deleted. If parameter is '@ or *', the pattern removal operation is applied to
ead positional parameter in turn, and the expansionis the resultant list. If
parameter is an array variable subscripted with “@ or *', the pattern removal
operation is applied to each member of the array in turn, and the expansionis
the resultant list.

${ parameter / pattern /string }
${ parameter // pattern /string }

The pattern is expandedto produce a pattern just asin lename expansion.
Parameter is expanded and the longest match of pattern against its value is
replaced with string. In the rst form, only the rst match is replaced. The
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secondform causesall matchesof pattern to be replacedwith string. If pattern
beginswith “*#, it must match at the beginning of the expanded value of pa-
rameter. If pattern beginswith "% it must match at the end of the expanded
value of parameter. If string is null, matchesof pattern are deleted and the /
following pattern may be omitted. If parameter is '@ or *', the substitution
operation is applied to ead positional parameter in turn, and the expansionis
the resultant list. If parameter is an array variable subscripted with "@ or ™*',
the substitution operation is applied to ead member of the array in turn, and
the expansionis the resultant list.

3.5.4 Command Substitution

Command substitution allows the output of a commandto replacethe command itself.
Command substitution occurs when a command is enclosedas follows:

$(commany
or
“command

Bash performs the expansion by executing command and replacing the command sub-
stitution with the standard output of the command, with any trailing newlines deleted.
Embedded newlines are not deleted, but they may be removed during word splitting. The
commandsubstitution $(cat file ) canbereplacedby the equivalent but faster $(< file ).

When the old-style badckquote form of substitution is used, badkslash retains its literal
meaning except when followed by "$, ™', or \'. The rst badquote not precededby a
badkslash terminates the command substitution. When using the $(commany form, all
characters betweenthe parenthesesmake up the command; none are treated specially.

Command substitutions may be nested. To nestwhen using the badquoted form, escape
the inner badkquotes with badkslashes.

If the substitution appearswithin double quotes, word splitting and Tename expansion
are not performed on the results.

3.5.5 Arithmetic Expansion

Arithmetic expansionallows the evaluation of an arithmetic expressionand the substi-
tution of the result. The format for arithmetic expansionis:

$(( expression ))

The expressionis treated asif it were within double quotes, but a double quote inside
the parenthesesis not treated specially. All tokensin the expressionundergo parameter ex-
pansion, command substitution, and quote removal. Arithmetic expansionsmay be nested.

The evaluation is performed according to the rules listed below (see Section 6.5 [Shell
Arithmetic], page70). If the expressionis invalid, Bash prints a messagandicating failure
to the standard error and no substitution occurs.
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3.5.6 Pro cess Substitution

Processsubstitution is supported on systemsthat support named pipes (fif os) or the

‘/dev/fd ' method of naming open Tes. It takesthe form of

<(list )
or

>(list )
The procesdlist is run with its input or output connectedto afif o or some le in /dev/fd .
The name of this Te is passedas an argumert to the current command as the result of the
expansion. If the >(list ) form is used,writing to the ‘Te will provide input for list. If the
<(list ) form is used,the Te passedasan argumert should be readto obtain the output of

list. Note that no spacemay appear betweenthe < or > and the left parenthesis, otherwise
the construct would be interpreted as a redirection.

When available, processsubstitution is performed simultaneously with parameter and
variable expansion,command substitution, and arithmetic expansion.

3.5.7 Word Splitting

The shell scansthe results of parameter expansion, command substitution, and arith-
metic expansionthat did not occur within double quotes for word splitting.

The shell treats ead character of $IFS as a delimiter, and splits the results of the
other expansionsinto words on these characters. If IFS is unset, or its value is exactly
<space><tab><newline>, the default, then any sequenceof IFS charactersseresto delimit
words. If IFS hasa value other than the default, then sequence®f the whitespacecharacters
space and tab areignored at the beginning and end of the word, aslong asthe whitespace
character is in the value of IFS (an IFS whitespacecharacter). Any character in IFS that
is not IFS whitespace,along with any adjacert IFS whitespacecharacters, delimits a eld.
A sequenceof IFS whitespacecharactersis also treated as a delimiter. If the value of IFS
is null, no word splitting occurs.

Explicit null argumeris (" or " ) are retained. Unquoted implicit null argumerts,
resulting from the expansionof parametersthat have no values,are removed. If a parameter
with no value is expandedwithin double quotes, a null argumernt results and is retained.

Note that if no expansionoccurs, no splitting is performed.

3.5.8 Filename Expansion

After word splitting, unlessthe -f ' option hasbeenset(seeSection4.3[The SetBuiltin],
page50), Bash scanseat word for the characters *', *?', and ['. If one of thesecharacters
appears,then the word is regardedas a pattern, and replacedwith an alphabetically sorted
list of Te namesmatching the pattern. If no matching Te namesare found, and the shell
option nullglob is disabled, the word is left unchanged. If the nullglob option is set, and
no matches are found, the word is removed. If the failglob  shell option is set, and no
matches are found, an error messageis printed and the command is not executed. If the
shell option nocaseglob is enabled, the match is performed without regard to the caseof
alphabetic characters.
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When a pattern is usedfor Tename generation,the character *. ' at the start of a Tename
or immediately following a slashmust be matched explicitly, unlessthe shell option dotglob
is set. When matching a Te name, the slash character must always be matched explicitly .
In other casesithe ".' character is not treated specially.

Seethe description of shopt in Section4.2 [Bash Builtins], page 39, for a description of
the nocaseglob, nullglob , failglob , and dotglob options.

The GLOBIGNOREell variable may be usedto restrict the set of Tenames matching a
pattern. If GLOBIGNOREset, eadh matching Tename that also matchesone of the patterns
in GLOBIGNOREremoved from the list of matches. The Tenames ".' and ".. ' are always
ignored when GLOBIGNORESset and not null. However, setting GLOBIGNOR® a non-null
value has the e®ectof enabling the dotglob shell option, so all other Tenames beginning
with a "' will match. To get the old behavior of ignoring Tenames beginning with a
', make ".* ' one of the patterns in GLOBIGNOREhe dotglob option is disabled when
GLOBIGNOREuUNset.

3.5.8.1 Pattern Matc hing

Any character that appearsin a pattern, other than the special pattern characters de-
scribed below, matchesitself. The nul character may not occur in a pattern. A badckslash
escaes the following character; the escapingbadkslash is discarded when matching. The
special pattern characters must be quoted if they are to be matched literally .

The special pattern characters have the following meanings:

* Matchesany string, including the null string.
? Matchesany single character.
[ ] Matchesany oneof the enclosedcharacters. A pair of charactersseparatedby a

hyphen denotesa range expression any character that sorts betweenthose two
characters, inclusive, using the current locale'scollating sequenceand character
set, is matched. If the "rst character following the ['isa ™' or a ' then any
character not encloseds matched. A i ' may be matched by including it asthe
‘rst or last character in the set. A ']' may be matched by including it asthe
‘rst character in the set. The sorting order of charactersin range expressionss
determined by the current localeand the value of the LC_COLLATdhell variable,
if set.

For example, in the default C locale, [a-dx-z] ' is equivalernt to ‘[abcdxyz] .
Many locales sort characters in dictionary order, and in these locales
[a-dx-z] ' is typically not equivalent to ‘[abcdxyz] '; it might be equivalent
to [aBbCcDdxXyYZz)] for example. To obtain the traditional interpretation of
rangesin bracket expressions,you can force the use of the C locale by setting
the LC_COLLAT& LC_ALLernvironment variable to the value "C.

Within ['and ], character classesanbe speci ed usingthe syntax [: class] ,
where classis one of the following classesde ned in the posix 1003.2standard:

alnum alpha  ascii blank  cntrl digit graph  lower
print punct space upper word xdigit
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A character class matches any character belonging to that class. The word
character classmatchesletters, digits, and the character ™.

Within ' and]', an equivalenceclasscan be speci ed using the syntax [=c=],
which matchesall characterswith the samecollation weight (as de ned by the
current locale) asthe character c.

Within ['and]’, the syntax [. symbol.] matchesthe collating symbol symbol.

If the extglob shell option is enabledusing the shopt builtin, seweral extended pattern
matching operators are recognized. In the following description, a pattern-list is a list of
one or more patterns separatedby a | . Composite patterns may be formed using one or
more of the following sub-patterns:

?(pattern-list )
Matcheszero or one occurrenceof the given patterns.

*( pattern-list )
Matches zero or more occurrencesof the given patterns.

+(pattern-list )
Matchesone or more occurrencesof the given patterns.

@pattern-list )
Matches exactly one of the given patterns.

I( pattern-list )
Matchesanything except one of the given patterns.

3.5.9 Quote Removal

After the precedingexpansions,all unquoted occurrencesof the characters\', ™', and
that did not result from one of the above expansionsare removed.

NN

3.6 Redirections

Before a command is executed, its input and output may be redirected using a special
notation interpreted by the shell. Redirection may also be usedto open and close les for
the current shell execution ervironment. The following redirection operators may precede
or appear anywhere within a simple command or may follow a command. Redirections are
processedn the order they appear, from left to right.

In the following descriptions, if the Te descriptor number is omitted, and the rst char-
acter of the redirection operator is "<, the redirection refers to the standard input (e
descriptor 0). If the rst character of the redirection operator is >, the redirection refers
to the standard output (‘le descriptor 1).

The word following the redirection operator in the following descriptions, unlessother-
wisenoted, is subjected to braceexpansion,tilde expansion,parameterexpansion,command
substitution, arithmetic expansion,quote removal, Tename expansion,and word splitting.
If it expandsto more than one word, Bash reports an error.

Note that the order of redirections is signi cant. For example,the command
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Is > dirlist 2>&1
directs both standard output (‘le descriptor 1) and standard error (‘le descriptor 2) to the
“Te dirlist, while the command

Is 2>&1 > dirlist
directs only the standard output to Te dirlist, becausethe standard error was duplicated
as standard output beforethe standard output was redirected to dirlist .

Bash handlesse\eral Tenames specially when they are usedin redirections, as described

in the following table:

/dev/fd/ fd
If fd is a valid integer, Te descriptor fd is duplicated.

/dev/stdin
File descriptor O is duplicated.

/dev/stdout
File descriptor 1 is duplicated.

/dev/stderr
File descriptor 2 is duplicated.

/devitcp/ host / port
If host is a valid hostname or Internet address,and port is an integer port
number or service name, Bash attempts to open a TCP connection to the
corresponding socket.

/dev/udp/ host / port
If host is a valid hostname or Internet address,and port is an integer port
number or service name, Bash attempts to open a UDP connection to the
corresponding socket.

A failure to open or createa le causesthe redirection to fail.

3.6.1 Redirecting Input

Redirection of input causesthe le whosename results from the expansionof word to
be opened for reading on Te descriptor n, or the standard input (Te descriptor 0) if n is
not speci ed.

The generalformat for redirecting input is:
[ n]J<word

3.6.2 Redirecting Output

Redirection of output causesthe Te whosename results from the expansionof word to
be openedfor writing on Te descriptor n, or the standard output (‘le descriptor 1) if n is
not speci ed. If the Te doesnot exist it is created; if it doesexist it is truncated to zero
size.

The generalformat for redirecting output is:
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[n]~[]] word
If the redirection operator is >, and the noclobber option to the set builtin hasbeen
enabled, the redirection will fail if the Te whosename results from the expansionof word
exists and is a regular Te. If the redirection operator is *>|', or the redirection operator is
*>' and the noclobber option is not enabled, the redirection is attempted even if the Te
named by word exists.

3.6.3 App ending Redirected Output

Redirection of output in this fashion causesthe Te whosename results from the expan-
sion of word to be openedfor appending on Te descriptor n, or the standard output (e
descriptor 1) if n is not speci ed. If the Te doesnot exist it is created.

The generalformat for appending output is:

[ n]>>word

3.6.4 Redirecting Standard Output and Standard Error

Bash allows both the standard output (Te descriptor 1) and the standard error output
(Te descriptor 2) to be redirected to the Te whosenameis the expansionof word with this
construct.

There are two formats for redirecting standard output and standard error:

&>word

and
>&word

Of the two forms, the rst is preferred. This is semariically equivalent to
>word 2>&1

3.6.5 Here Documents

This type of redirection instructs the shell to read input from the current sourceuntil a
line containing only word (with no trailing blanks) is seen.All of the lines read up to that
point are then usedasthe standard input for a command.

The format of here-dacumerts is:

<<[j Jword
here-document
delimiter

No parameter expansion,command substitution, arithmetic expansion,or lename ex-
pansion is performed on word. If any charactersin word are quoted, the delimiter is the
result of quote removal on word, and the lines in the here-dacumert are not expanded.
If word is unquoted, all lines of the here-dacumen are subjected to parameter expansion,
command substitution, and arithmetic expansion. In the latter case,the character sequence
\newline isignored, and \' must be usedto quote the characters™\', '$, and ™"

If the redirection operator is "<<-', then all leadingtab charactersare stripp ed from input
lines and the line containing delimiter. This allows here-dacumerts within shell scripts to
be indented in a natural fashion.
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3.6.6 Here Strings

A variant of here documerts, the format is:
<<< word
The word is expandedand supplied to the command on its standard input.

3.6.7 Duplicating File Descriptors

The redirection operator
[ n]<&word

is usedto duplicate input Te descriptors. If word expandsto one or more digits, the Te
descriptor denoted by n is made to be a copy of that Te descriptor. If the digits in word
do not specify a Te descriptor open for input, a redirection error occurs. If word evaluates
to *-', "le descriptor n is closed. If n is not speci ed, the standard input (Te descriptor 0)
is used.

The operator
[ n]>&word

is used similarly to duplicate output Te descriptors. If n is not speci ed, the standard
output (Te descriptor 1) is used. If the digits in word do not specify a Te descriptor open
for output, a redirection error occurs. As a special case,if n is omitted, and word does
not expandto one or more digits, the standard output and standard error are redirected as
described previously.

3.6.8 Moving File Descriptors

The redirection operator
[ n]<&digit -

movesthe Te descriptor digit to Te descriptor n, or the standard input (‘le descriptor 0)
if n is not speci ed. digit is closedafter being duplicated to n.

Similarly, the redirection operator
[ n]>&digit -

movesthe Te descriptor digit to e descriptor n, or the standard output (Te descriptor 1)
if n is not speci ed.

3.6.9 Opening File Descriptors for Reading and Writing

The redirection operator
[ n]<>word

causesthe Te whosename is the expansion of word to be opened for both reading and
writing on le descriptor n, or on Te descriptor 0 if n is not speci ed. If the Te doesnot
exist, it is created.
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3.7 Executing Commands

3.7.1 Simple Command Expansion

When a simple command is executed, the shell performs the following expansions,as-
signmerts, and redirections, from left to right.

1. The words that the parser has marked as variable assignmens (those preceding the
command name) and redirections are saved for later processing.

2. The words that are not variable assignmeits or redirections are expanded (see Sec-
tion 3.5 [Shell Expansions], page 16). If any words remain after expansion, the rst
word is taken to be the name of the command and the remaining words are the argu-
mens.

3. Redirectionsare performedasdescribed above (seeSection 3.6 [Redirections], page24).

4. The text after the '=' in ead variable assignmen undergoestilde expansion,parameter
expansion, command substitution, arithmetic expansion, and quote removal before
being assignedto the variable.

If no command name results, the variable assignmems a®ectthe current shell environ-
ment. Otherwise, the variablesare addedto the environment of the executedcommandand
do not a®ectthe current shell environment. If any of the assignmers attempts to assign
a value to a readonly variable, an error occurs, and the command exits with a non-zero
status.

If no command name results, redirections are performed, but do not a®ectthe current
shell ervironment. A redirection error causesthe commandto exit with a non-zerostatus.

If there is a command name left after expansion,execution proceedsas described below.
Otherwise, the command exits. If one of the expansionscontained a command substitu-
tion, the exit status of the command is the exit status of the last command substitution
performed. If there were no command substitutions, the command exits with a status of
zero.

3.7.2 Command Search and Execution

After a command has been split into words, if it results in a simple command and an
optional list of argumerts, the following actions are taken.

1. If the commandnamecontains no slashesthe shellattempts to locateit. If there exists
a shellfunction by that name,that function is invoked asdescribedin Section3.3[Shell
Functions], page13.

2. If the name does not match a function, the shell seardes for it in the list of shell
builtins. If a match is found, that builtin is invoked.

3. If the name is neither a shell function nor a builtin, and contains no slashes,Bash
searthes eadh elemen of $PATHor a directory cortaining an executable Te by that
name. Bash usesa hash table to remenber the full pathnames of executable Tes to
avoid multiple PATHseardes (seethe description of hash in Section 4.1 [Bourne Shell
Builtins], page33). A full searth of the directories in $PATHs performed only if the
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command is not found in the hashtable. If the seard is unsuccessfulthe shell prints
an error messageand returns an exit status of 127.

If the seard is successful,or if the command hame contains one or more slashes,the
shell executesthe named program in a separate execution ervironment. Argument O
is setto the name given, and the remaining argumerts to the command are set to the
argumerts supplied, if any.

If this execution fails becausethe Te is not in executableformat, and the Te is not
a directory, it is assumedto be a shell script and the shell executesit as described in
Section 3.8 [Shell Scripts], page 31.

If the command was not begun asyncronously, the shell waits for the command to
complete and collectsits exit status.

3.7.3 Command Execution Environmen t

2

The shell has an execution environment, which consistsof the following:

open les inherited by the shell at invocation, as modi ed by redirections supplied to
the exec builtin

the current working directory assetby cd, pushd, or popd, or inherited by the shell at
invocation

the Te creation mode mask as set by umaskor inherited from the shell's parent
current traps set by trap

shell parametersthat are set by variable assignmem or with set or inherited from the
shell's parert in the ervironment

shell functions de ned during execution or inherited from the shell's parent in the
ervironment

options enabled at invocation (either by default or with command-line argumerts) or
by set

options enabledby shopt
shell aliasesde ned with alias (seeSection 6.6 [Aliases], page 71)

various processids, including those of badkground jobs (see Section 3.2.3 [Lists],
page9), the value of $$, and the value of $PPID

When a simple command other than a builtin or shell function is to be executed, it is

invoked in a separateexecutionenvironment that consistsof the following. Unlessotherwise
noted, the valuesare inherited from the shell.

2

the shell's open les, plus any modi cations and additions speci ed by redirections to
the command

the current working directory
the ‘Te creation mode mask

shell variables and functions marked for export, along with variables exported for the
command, passedin the environment (seeSection 3.7.4 [Environment], page 30)

traps caugh by the shell are resetto the valuesinherited from the shell's parent, and
traps ignored by the shell are ignored



30 Bash ReferenceManual

A command invoked in this separate ervironment cannot a®ectthe shell's execution
ervironment.

Command substitution, commandsgrouped with parentheses,and asyndironous com-
mands are invoked in a subshellervironment that is a duplicate of the shell ervironment,
except that traps caugh by the shell are resetto the valuesthat the shell inherited from
its parent at invocation. Builtin commandsthat are invoked as part of a pipeline are also
executedin a subshell environment. Changesmade to the subshell environment cannot
a®ectthe shell's execution environment.

If a command is followed by a "& and job cortrol is not active, the default standard
input for the command is the empty Te “/dev/null '. Otherwise, the invoked command
inherits the Te descriptors of the calling shell as modi ed by redirections.

3.7.4 Environmen t

When a program is invoked it is given an array of strings called the environment. This
is a list of name-\alue pairs, of the form name=value

Bash provides seweral ways to manipulate the environment. On invocation, the shell
scansits own ernvironment and createsa parameter for eadh name found, automatically
marking it for export to child processesExecuted commandsinherit the ervironment. The
export and “declare -x' commandsallow parameters and functions to be added to and
deletedfrom the ervironment. If the value of a parameterin the environment is modi ed, the
new value becomespart of the ernvironment, replacing the old. The environment inherited
by any executedcommand consistsof the shell's initial ervironment, whosevaluesmay be
modi ed in the shell, lessany pairs removed by the unset and ‘export -n' commands,plus
any additions via the export and “declare -x' commands.

The environment for any simple command or function may be augmerted temporarily
by pre xing it with parameter assignmets, as described in Section 3.4 [Shell Parameters],
page 15. Theseassignmenm statemerts a®ectonly the environment seenby that command.

If the -k’ option is set (seeSection 4.3 [The Set Builtin], page50), then all parameter
assignmets are placedin the environment for a command, not just those that precedethe
command name.

When Bash invokesan external command, the variable °$ ' is setto the full path name
of the command and passedto that commandin its environment.

3.7.5 Exit Status

For the shell's purposes,a command which exits with a zero exit status has succeeded.
A non-zeroexit status indicates failure. This seeminglycounter-intuitiv e schemeis usedso
there is one well-de ned way to indicate successand a variety of ways to indicate various
failure modes. When a command terminates on a fatal signal whose number is N, Bash
usesthe value 128+N asthe exit status.

If a command is not found, the child processcreatedto executeit returns a status of
127. If acommandis found but is not executable,the return status is 126.

If a command fails becauseof an error during expansionor redirection, the exit status
is greater than zero.
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The exit status is used by the Bash conditional commands (see Section 3.2.4.2 [Con-
ditional Constructs], page 10) and some of the list constructs (see Section 3.2.3 [Lists],
page9).

All of the Bash builtins return an exit status of zero if they succeedand a non-zero
status on failure, sothey may be usedby the conditional and list constructs. All builtins
return an exit status of 2 to indicate incorrect usage.

3.7.6 Signals

When Bash s interactive, in the absenceof any traps, it ignores SIGTERN6o that ‘kill
0' doesnot kill an interactive shell), and SIGINT is caught and handled (so that the wait
builtin is interruptible). When Bashreceivesa SIGINT, it breaksout of any executingloops.
In all cases,Bash ignoresSIGQUIT If job control is in e®ect(seeChapter 7 [Job Control],
page 79), Bash ignoresSIGTTIN SIGTTOUand SIGTSTP

Non-builtin commandsstarted by Bash have signal handlers set to the valuesinherited
by the shell from its parent. When job cortrol is not in e®ect,asyndironous commands
ignore SIGINT and SIGQUITin addition to theseinherited handlers. Commandsrun as a
result of command substitution ignore the keyboard-generatedjob cortrol signalsSIGTTIN
SIGTTOUand SIGTSTP

The shell exits by default upon receipt of a SIGHUP Before exiting, an interactive shell
resendsthe SIGHURo all jobs, running or stopped. Stopped jobs are sert SIGCONTo
ensurethat they receive the SIGHUP To prevernt the shell from sendingthe SIGHURiIgnal
to a particular job, it should be removed from the jobs table with the disown builtin (see
Section 7.2 [Job Control Builtins], page80) or marked to not receive SIGHURising disown
-h.

If the huponexit shell option has beenset with shopt (seeSection 4.2 [Bash Builtins],
page 39), Bash sendsa SIGHURo all jobs when an interactive login shell exits.

If Bash is waiting for a command to complete and receives a signal for which a trap
has been set, the trap will not be executeduntil the command completes. When Bash is
waiting for an asyndironous command via the wait builtin, the reception of a signal for
which a trap has beenset will causethe wait builtin to return immediately with an exit
status greater than 128, immediately after which the trap is executed.

3.8 Shell Scripts

A shell script is a text le containing shell commands. When such a e is used as
the rst non-option argumert when invoking Bash, and neither the *-c' nor *-s' option is
supplied (see Section 6.1 [Invoking Bash], page 63), Bash reads and executescommands
from the Te, then exits. This mode of operation createsa non-interactive shell. The shell
“rst seardesfor the ‘Te in the current directory, and looksin the directories in $PATHf not
found there.

When Bash runs a shell script, it setsthe special parameter 0 to the name of the Te,
rather than the name of the shell, and the positional parameters are set to the remain-
ing argumerts, if any are given. If no additional argumens are supplied, the positional
parametersare unset.
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A shell script may be made executable by using the chmodcommand to turn on the
execute bit. When Bash nds such a Te while searhing the $PATHfor a command, it
spawns a subshellto executeit. In other words, executing

filename arguments
is equivalent to executing
bash filename arguments

if filename is an executableshell script. This subshellreinitializes itself, sothat the e®ect
is as if a new shell had beeninvoked to interpret the script, with the exception that the
locations of commandsremenberedby the parent (seethe description of hash in Section4.1
[Bourne Shell Builtins], page 33) are retained by the child.

Most versions of Unix make this a part of the operating system's command execution
mecanism. If the rst line of a script beginswith the two characters #!', the remainder
of the line speci es an interpreter for the program. Thus, you can specify Bash, awk Perl,
or someother interpreter and write the rest of the script Te in that language.

The argumerts to the interpreter consist of a single optional argumert following the
interpreter name on the rst line of the script Te, followed by the name of the script Te,
followed by the rest of the argumerts. Bash will perform this action on operating systems
that do not handleit themselves. Note that someolder versionsof Unix limit the interpreter
name and argumert to a maximum of 32 characters.

Bash scripts often begin with #! /bin/bash (assumingthat Bash has beeninstalled in
“/bin "), sincethis ensuresthat Bashwill be usedto interpret the script, evenif it is executed
under another shell.
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4 Shell Builtin  Commands

Builtin commandsare contained within the shellitself. When the name of a builtin com-
mand is usedasthe rst word of a simple command (seeSection 3.2.1[Simple Commands],
page8), the shellexecutesthe commanddirectly, without invoking another program. Builtin
commandsare necessaryto implement functionality impossible or inconveniert to obtain
with separateutilities.

This section brie°y the builtins which Bash inherits from the Bourne Shell, as well as
the builtin commandswhich are unique to or have beenextendedin Bash.

Seweral builtin commands are described in other chapters: builtin  commands which
provide the Bashinterfaceto the job cortrol facilities (seeSection7.2[Job Control Builtins],
page 80), the directory stack (see Section 6.8.1 [Directory Stadk Builtins], page 73), the
commandhistory (seeSection9.2 [Bash History Builtins], pagel09), and the programmable
completion facilities (see Section 8.7 [Programmable Completion Builtins], page 105).

Many of the builtins have beenextended by posix or Bash.

Unlessotherwisenoted, ead builtin commanddocumenrted asacceptingoptions preceded
by *-' accepts™-- ' to signify the end of the options.

4.1 Bourne Shell Builtins

The following shell builtin commandsare inherited from the Bourne Shell. These com-
mands are implemented as speci ed by the posix 1003.2standard.

. (a colon)
. [arguments]
Do nothing beyond expanding argumerts and performing redirections. The
return status is zero.

. (a period)
. filename [arguments]

Read and execute commandsfrom the lename argumert in the current shell
context. If Tename doesnot corntain a slash,the PATHvariable is usedto nd

‘Tename. When Bash is not in posix mode, the current directory is seardhed
if Tename is not found in $PATHIf any argumerts are supplied, they become
the positional parameterswhen Tename is executed. Otherwise the positional
parameters are unchanged. The return status is the exit status of the last
command executed, or zero if no commandsare executed. If Tename is not
found, or cannot beread, the return status is non-zero. This builtin is equivalent

to source.

break

break [n]

Exit from a for , while , until , or select loop. If n is supplied, the nth
enclosingloop is exited. n must be greater than or equalto 1. The return
status is zero unlessn is not greater than or equal to 1.

cd
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cd [-L|-P] [directory ]
Change the current working directory to directory. If directory is not given,
the value of the HOMBEhell variable is used. If the shell variable CDPATHEXxists,
it is usedasa seart path. If directory beginswith a slash, CDPATI4 not used.

The *-P' option meansto not follow symbolic links; symbolic links are followed
by default or with the *-L' option. If directory is -, it is equivalent to $SOLDPWD

If a non-empty directory name from CDPATI$ used, or if *-' is the rst argu-
ment, and the directory changeis successfulthe absolute pathname of the new
working directory is written to the standard output.

The return status is zeroif the directory is successfullychanged, non-zerooth-
erwise.

continue
continue [n]

Resumethe next iteration of an enclosingfor , while , until , or select loop.
If n is supplied, the execution of the nth enclosingloop is resumed. n must be
greater than or equal to 1. The return status is zero unlessn is not greater
than or equalto 1.

eval
eval [arguments]

The argumerts are concatenatedtogether into a single command, which is then
read and executed, and its exit status returned as the exit status of eval . If
there are no argumerts or only empty argumerts, the return status is zero.

exec
exec [-cl] [-a namg [command] arguments]]

If command is supplied, it replacesthe shell without creating a new process. If
the *-1 ' option is supplied, the shell placesa dashat the beginning of the zeroth
arg passedto command This is what the login program does. The "-c' option
causescommandto be executedwith an empty ervironment. If -a' is supplied,
the shell passesname as the zeroth argument to command If nho command is
speci ed, redirections may be usedto a®ectthe current shell ervironment. If
there are no redirection errors, the return status is zero; otherwise the return
status is non-zero.

exit
exit [n]
Exit the shell, returning a status of n to the shell's parert. If n is omitted, the
exit status is that of the last command executed. Any trap on EXIT is executed
beforethe shell terminates.
export
export [-fn] [-p] [namd=value ]]

Mark ead name to be passedto child processesn the environment. If the
-f ' option is supplied, the names refer to shell functions; otherwise the names
refer to shell variables. The *-n' option meansto no longer mark eady hame
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getopts

hash

for export. If no names are supplied, or if the -p' option is given, a list of
exported namesis displayed. The “-p' option displays output in a form that
may be reusedasinput. If a variable name is followed by =value, the value of
the variable is set to value.

The return status is zero unlessan invalid option is supplied, one of the names
is not a valid shell variable name, or *-f ' is supplied with a namethat is not a
shell function.

getopts optstring name [ args ]

getopts is usedby shell scripts to parse positional parameters. optstring con-

tains the option characters to be recognized;if a character is followed by a

colon, the option is expectedto have an argumert, which should be separated
from it by white space. The colon (":") and question mark ("?") may not be

used as option characters. Each time it is invoked, getopts placesthe next

option in the shell variable name, initializing name if it doesnot exist, and the

index of the next argumert to be processedinto the variable OPTIND OPTIND
is initialized to 1 ead time the shell or a shell script is invoked. When an

option requires an argumert, getopts placesthat argumert into the variable

OPTARGThe shell does not reset OPTINDautomatically; it must be manually

reset between multiple calls to getopts within the sameshell invocation if a

new set of parametersis to be used.

When the end of options is encourtered, getopts exits with a return value
greater than zero. OPTINDSs set to the index of the "rst non-option argumert,
and nameis setto 7"

getopts normally parsesthe positional parameters, but if more argumerts are
givenin args, getopts parsesthoseinstead.

getopts can report errors in two ways. If the rst character of optstring is a
colon, silent error reporting is used. In normal operation diagnostic messages
are printed when invalid options or missing option argumerts are encourtered.
If the variable OPTERR setto 0, no error messagewill be displayed, even if
the rst character of optstring is not a colon.

If an invalid option is seen,getopts places ?' into name and, if not silert,
prints an error messageand unsets OPTARGIf getopts is silert, the option
character found is placedin OPTAR@&Nd no diagnostic messages printed.

If arequired argumert is not found, and getopts is not silent, a question mark
("?") is placedin name, OPTARIS unset, and a diagnostic messages printed. If
getopts is silent, then a colon (*:") is placedin name and OPTARIS set to the
option character found.

hash [-'r] [-p filename ] [-dt] [nam§
Remenber the full pathnames of commandsspeci ed as name argumerts, so
they neednot be searded for on subsequenh invocations. The commandsare
found by searting through the directories listed in $PATH The “-p' option
inhibits the path seard, and ITename is used as the location of name The
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pwd

readonly

return

shift

Bash ReferenceManual

-r ' option causesthe shell to forget all remenbered locations. The *-d' option
causesthe shell to forget the remenbered location of each name If the -t
option is supplied, the full pathnameto which each name correspondsis printed.
If multiple name argumerts are supplied with -t ' the name is printed before
the hashedfull pathname. The *-| ' option causesoutput to be displayed in a
format that may be reusedasinput. If no argumerts are given, or if only - '
is supplied, information about rememnmbered commandsis printed. The return
status is zero unlessa name is not found or an invalid option is supplied.

pwd [-LP]
Print the absolute pathname of the current working directory. If the *-P' option
is supplied, the pathname printed will not contain symbolic links. If the *-L'
option is supplied, the pathname printed may contain symbolic links. The
return status is zerounlessan error is encourtered while determining the name
of the current directory or an invalid option is supplied.

readonly [-apf] [namd=value ]]

Mark ead name asreadonly. The valuesof thesenamesmay not be changedby
subsequehassignmen. If the -f ' option is supplied, each name refersto a shell
function. The "-a' option meansead name refersto an array variable. If no
name argumerts are given, or if the -p' option is supplied, a list of all readonly
namesis printed. The -p' option causesoutput to be displayed in a format
that may bereusedasinput. If avariable nameis followed by = value, the value
of the variable is setto value. The return status is zerounlessan invalid option
is supplied, one of the name argumerts is not a valid shell variable or function
name, or the *-f ' option is supplied with a namethat is not a shell function.

return [n]

Causea shell function to exit with the return value n. If n is not supplied, the
return value is the exit status of the last command executedin the function.
This may alsobe usedto terminate executionof a script being executedwith the
. (or source) builtin, returning either n or the exit status of the last command
executed within the script as the exit status of the script. Any command
assaiated with the RETURMNap is executedbefore execution resumesafter the
function or script. The return status is non-zeroif return is used outside a
function and not during the execution of a script by . or source.

shift [n]
Shift the positional parametersto the left by n. The positional parameters
from n+l ... $# arerenamedto $1 ... $#-n+1l. Parametersrepreserted by the
numbers $# to n+1 are unset. n must be a non-negative number lessthan or
equalto $#. If n is zero or greater than $#, the positional parameters are not
changed. If n is not supplied, it is assumedto be 1. The return status is zero
unlessn is greater than $# or lessthan zero, non-zero otherwise.
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test

Evaluate a conditional expressionexpr. Each operator and operand must be a
separateargumert. Expressionsare composedof the primaries described below
in Section 6.4 [Bash Conditional Expressions],page 69.

When the [ form is used,the last argumert to the commandmust bea].
Expressionsmay be combined using the following operators, listed in decreasing
order of precedence.

I expr

( expr )

True if expr is false.

Returns the value of expr. This may be usedto override the normal
precedenceof operators.

exprl -a expr2

True if both exprl and expr2 are true.

exprl -o expr2

True if either exprl or expr2 is true.

The test and [ builtins evaluate conditional expressionsusing a set of rules
basedon the number of argumerts.

0 argumerts

1 argumert

The expressionis false.

The expressionis true if and only if the argumert is not null.

2 argumerts

If the rst argumert is !, the expressionis true if and only if the
secondargumert is null. If the rst argumert is one of the unary
conditional operators (see Section 6.4 [Bash Conditional Expres-
sions], page 69), the expressionis true if the unary test is true. If
the “rst argumert is not a valid unary operator, the expressionis
false.

3 argumerts

If the secondargumert is one of the binary conditional operators
(seeSection6.4[Bash Conditional Expressions],page69), the result
of the expressionis the result of the binary test using the st
and third argumerts as operands. If the rst argumert is !, the
value is the negation of the two-argumert test using the secondand
third argumerts. If the rst argumert is exactly (' and the third
argumert is exactly °)', the result is the one-argumen test of the
secondargumert. Otherwise, the expressionis false. The *-a' and
*-0' operators are consideredbinary operators in this case.

4 argumerts

If the rst argumert is ', the result is the negation of the three-
argumert expressioncomposedof the remaining argumerts. Oth-
erwise, the expressionis parsed and evaluated accordingto prece-
denceusing the rules listed above.
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5 or more argumerts
The expressionis parsed and evaluated according to precedence
using the rules listed above.

times

Print out the user and system times used by the shell and its children. The
return status is zero.

trap [-Ip] [arg] [sigspec ... ]

The commandsin arg are to be read and executed when the shell receives
signal sigspec. If arg is absen (and there is a single sigspec) or equalto -,
ead speci ed signal's disposition is resetto the value it had when the shell was
started. If arg is the null string, then the signal speci ed by ead sigspec is
ignored by the shell and commandsit invokes. If arg is not presert and -p'
has been supplied, the shell displays the trap commandsassaiated with ead
sigspec If no argumerts are supplied, or only *-p"' is given, trap prints the list
of commandsassaiated with ead signal number in a form that may be reused
asshellinput. The -I ' option causeghe shellto print alist of signalnamesand
their corresponding numbers. Each sigspec is either a signal name or a signal
number. Signal namesare caseinsensitive and the SIG pre x is optional. If a
sigspecis 0 or EXIT, arg is executedwhen the shell exits. If a sigspecis DEBUG
the command arg is executed before every simple command, for command,
case command, select command, every arithmetic for command, and before
the rst command executesin a shell function. Referto the description of the
extglob option to the shopt builtin (seeSection 4.2 [Bash Builtins], page 39)
for details of its e®ecton the DEBU®ap. If a sigspecis ERRthe commandarg
is executedwhenewer a simple command has a non-zeroexit status, subject to
the following conditions. The ERRrap is not executedif the failed command
is part of the command list immediately following an until or while keyword,
part of the test in anif statemert, part of a &&or || list, or if the command's
return status is being inverted using ! . Theseare the sameconditions obeyed
by the errexit option. If a sigspec is RETURNhe command arg is executed
ead time a shell function or a script executedwith the . or source builtins
“nishes executing.

Signals ignored upon entry to the shell cannot be trapped or reset. Trapped
signalsare resetto their original valuesin a child processwhenit is created.

The return status is zero unlessa sigspec doesnot specify a valid signal.

umask[-p] [-S] [modg

Set the shell process's le creation maskto mode. If mode beginswith a digit,
it is interpreted asan octal number; if not, it is interpreted asa symbolic mode
mask similar to that acceptedby the chmodcommand. If mode is omitted, the
current value of the mask is printed. If the *-S' option is supplied without a
mode argumert, the mask is printed in a symbolic format. If the "-p' option



Chapter 4: Shell Builtin Commands 39

unset

is supplied, and mode is omitted, the output is in a form that may be reused
asinput. The return status is zeroif the mode is successfullychangedor if no
mode argumert is supplied, and non-zerootherwise.

Note that when the mode is interpreted as an octal number, eacdh number of
the umask is subtracted from 7. Thus, a umask of 022 results in permissions
of 755.

unset [-fv] [namg

Each variable or function name is removed. If no options are supplied, or the
-v' option is given, each name refersto a shell variable. If the "-f ' option is
given, the names refer to shell functions, and the function de nition is removed.
Readonly variables and functions may not be unset. The return status is zero
unlessa name is readonly.

4.2 Bash Builtin Commands

This section describes builtin commandswhich are unique to or have beenextendedin
Bash. Someof these commandsare speci ed in the posix 1003.2standard.

alias

bind

alias [-p] [namd=value] ... ]

Without argumerts or with the *-p' option, alias prints the list of aliases
on the standard output in a form that allows them to be reusedas input. If
argumerts are supplied, an alias is de ned for ead name whosevalue is given.
If no value is given, the name and value of the alias is printed. Aliases are
described in Section 6.6 [Aliases], page 71.

bind [-m keymag [-IpsvPSV]

bind [-m keymagd [-g function ] [-u function ] [-r keyseq]

bind [-m keymag -f filename

bind [-m keymagd -x keyseq:shell-command

bind [-m keymag keyseq:function-name

bind readline-command
Display current Readline (seeChapter 8 [Command Line Editing], page83) key
and function bindings, bind a key sequenceto a Readline function or macro,
or set a Readline variable. Eadh non-option argumert is a command as it
would appear in a a Readline initialization Te (seeSection 8.3 [Readline Init
File], page 86), but ead binding or command must be passedas a separate
argumert; e.g., "\C-x\C-r":re-read-init-file '. Options, if supplied, have
the following meanings:

-m keymap
Use keymap as the keymap to be a®ected by the subsequeh
bindings. Acceptable keymap namesare emacs emacs-standard ,
emacs-meta emacs-ctlx , vi, vi-move, vi-command and
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vi-insert . vi is equivalent to vi-command emacsis equivalent
to emacs-standard .

-l List the namesof all Readline functions.

-p Display Readline function namesand bindings in sud a way that
they can be usedasinput or in a Readline initialization Te.

-P List current Readline function namesand bindings.

-V Display Readlinevariable namesand valuesin sudh a way that they
can be usedasinput or in a Readline initialization Te.

-V List current Readline variable namesand values.

-S Display Readline key sequencesound to macros and the strings

they output in such a way that they can be usedasinput or in a
Readline initialization Te.

-S Display Readline key sequencedound to macros and the strings
they output.

-f filename
Read key bindings from Tename.

-q function
Query about which keysinvoke the named function.

-u function
Unbind all keys bound to the named function.

-r keyseq
Remove any current binding for keyseq

-x keyseq:shell-command
Causeshell-commandto be executedwheneer keyseqis entered.

The return status is zerounlessan invalid option is supplied or an error occurs.

builtin [ shell-builtin [args]]
Run a shell builtin, passingit args, and return its exit status. This is useful
when de ning a shell function with the samename as a shell builtin, retaining
the functionality of the builtin within the function. The return status is non-
zeroif shell-builtin is not a shell builtin command.

caller [expr]

Returns the context of any active subroutine call (a shell function or a script
executedwith the . or source builtins).

Without expr, caller displays the line number and source Tename of the
current subroutine call. If a non-negative integer is supplied as expr, caller
displays the line number, subroutine name, and source le corresponding to
that position in the current execution call stadk. This extra information may
be used, for example,to print a stad trace. The current frame is frame O.
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command

declare

The return value is 0 unlessthe shell is not executing a subroutine call or expr
doesnot correspond to a valid position in the call stack.

command-pVv] command] arguments ... ]

Runs command with argumerts ignoring any shell function named command
Only shell builtin commands or commands found by searding the PATHare
executed. If there is a shell function namedls , running ‘commands * within the
function will executethe external command s instead of calling the function
recursively. The *-p' option meansto use a default value for PATHthat is
guaranteed to nd all of the standard utilities. The return status in this case
is 127 if command cannot be found or an error occurred, and the exit status of
command otherwise.

If either the -V' or "-v' option is supplied, a description of command s printed.
The *-v' option causesa single word indicating the commandor Te name used
to invoke command to be displayed; the -V' option producesa more verbose
description. In this case,the return status is zero if command is found, and
non-zeroif not.

declare [-afFirtx] [-p] [namd=value ] ... ]

Declarevariables and give them attributes. If no names are given, then display
the valuesof variables instead.

The *-p"' option will display the attributes and valuesof each name When "-p'
is used, additional options are ignored. The -F' option inhibits the display of
function de nitions; only the function name and attributes are printed. If the
extdebug shell option is enabled using shopt (seeSection 4.2 [Bash Builtins],
page 39), the source Te name and line number where the function is de ned
are displayed as well. *-F' implies *-f '. The following options can be usedto
restrict output to variables with the speci ed attributes or to give variables
attributes:

-a Each name is an array variable (seeSection 6.7 [Arrays], page 72).
-f Use function namesonly.

-i The variable is to be treated as an integer; arithmetic evaluation
(seeSection 6.5 [Shell Arithmetic], page70) is performed when the
variable is assigneda value.

-r Make names readonly. Thesenamescannot then be assignedvalues
by subsequeh assignmem statemerts or unset.

-t Give eah name the trace attribute. Traced functions inherit the
DEBU®@ap from the calling shell. The trace attribute hasno special
meaning for variables.

-X Mark ead name for export to subsequeh commandsvia the ervi-
ronmert.
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Using + instead of ™' turns o®the attribute instead. When usedin a function,
declare makes eath name local, as with the local command. If a variable
name is followed by =value, the value of the variable is set to value.

The return status is zero unlessan invalid option is encourtered, an attempt
is made to de ne a function using -f foo=bar', an attempt is madeto assign
a value to a readonly variable, an attempt is made to assigna value to an
array variable without using the compound assignmemn syntax (seeSection6.7
[Arrays], page 72), one of the namesis not a valid shell variable name, an
attempt is madeto turn o®readonly status for a readonly variable, an attempt
is madeto turn o®array status for an array variable, or an attempt is madeto
display a non-existert function with *-f .

echo [-neE] [arg ... ]

Output the args, separatedby spaces,terminated with a newline. The return
status is always 0. If *-n" is speci ed, the trailing newline is suppressed.If the
“-e' option is given, interpretation of the following badkslash-escapd characters
is enabled. The -E' option disablesthe interpretation of these escape charac-
ters, even on systemswhere they are interpreted by default. The xpg_echo
shell option may be usedto dynamically determine whether or not echo ex-
pands these escape characters by default. echo interprets the following escape
sequences:

\a alert (bell)

\b badkspace

\c suppresstrailing newline
\e escae

\f form feed

\n new line

\r carriage return

\t horizontal tab

\v vertical tab

\\ badkslash

\O nnn the eight-bit character whosevalue is the octal value nnn (zero to

three octal digits)

\nnn the eight-bit character whosevalue is the octal value nnn (one to
three octal digits)

\x HH the eight-bit character whose value is the hexadecimal value HH
(one or two hex digits)
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help

let

local

logout

enable [-n] [-p] [-f filename ] [-ads] [name... ]

Enable and disable builtin shell commands. Disabling a builtin allows a disk
command which has the samename as a shell builtin to be executed without
specifying a full pathname, even though the shell normally seardesfor builtins
before disk commands. If -n' is used, the names becomedisabled. Otherwise
names are enabled. For example, to use the test binary found via $PATH
instead of the shell builtin version, type ‘enable -n test '

If the -p' option is supplied, or no name argumerts appear, a list of shell
builtins is printed. With no other argumerts, the list consistsof all enabled
shell builtins. The "-a' option meansto list ead builtin with an indication of
whether or not it is enabled.

The *-f ' option meansto load the new builtin command name from shared
object Tename, on systemsthat support dynamic loading. The *-d' option will
delete a builtin loaded with -f *.

If there are no options, a list of the shell builtins is displayed. The *-s' option
restricts enable to the posix special builtins. If *-s' is usedwith -f ', the new
builtin becomesa special builtin (see Section 4.4 [Special Builtins], page53).

The return status is zerounlessa name is not a shell builtin or there is an error
loading a new builtin from a shared object.

help [-s] [pattern ]

Display helpful information about builtin commands. If pattern is speci ed,
help givesdetailed help on all commandsmatching pattern, otherwise a list of
the builtins is printed. The "-s' option restricts the information displayed to
a short usagesynopsis. The return status is zero unlessno command matches
pattern.

let expression [expression ]

The let builtin allows arithmetic to be performed on shell variables. Each
expressionis evaluated according to the rules given below in Section 6.5 [Shell
Arithmetic], page 70. If the last expressionevaluates to O, let returns 1;
otherwise 0 is returned.

local [option ] namd=value] ...
For eadh argumert, alocal variable namedname is created, and assignedvalue.
The option can be any of the options acceptedby declare . local can only
be used within a function; it makes the variable name have a visible scope
restricted to that function and its children. The return status is zero unless
local is used outside a function, an invalid name is supplied, or name is a
readonly variable.

logout [n]
Exit a login shell, returning a status of n to the shell's parert.



44

printf

read

Bash ReferenceManual

printf  format [arguments]

Write the formatted argumerts to the standard output under the cortrol of the

format. The format is a character string which cortains three typesof objects:

plain characters, which are simply copiedto standard output, character escape
sequenceswhich are corverted and copiedto the standard output, and format

speci cations, ead of which causesprinting of the next successie argumert.

In addition to the standard printf(1)  formats, "%b causesprintf  to expand
badkslash escape sequencesn the corresponding argumert, (except that “\c¢'

terminates output, badkslashesin \' ', \"', and \?' are not removed, and

octal escapesbeginningwith \O' may cortain up to four digits), and "%(¢ causes
printf  to output the corresponding argumert in a format that can be reused
as shell input.

The format is reusedas necessaryto consumeall of the argumerts. If the for-
mat requiresmore argumerts than are supplied, the extra format speci cations
behave asif a zerovalue or null string, asappropriate, had beensupplied. The
return value is zero on successnon-zeroon failure.

read [-ers] [-a anamg [-d delim] [-n nchars] [-p prompt] [-t
out] [-u fd] [name... ]

One line is read from the standard input, or from the Te descriptor fd supplied
as an argumert to the *-u' option, and the rst word is assignedto the rst

name, the secondword to the secondname, and so on, with leftover words and
their intervening separatorsassignedto the last name If there are fewer words
read from the input stream than names, the remaining names are assigned
empty values. The charactersin the value of the IFS variable are usedto split

the line into words. The badkslash character \' may be usedto remove any
special meaning for the next character read and for line cortinuation. If no
namesare supplied, the line read is assignedto the variable REPLY The return

code is zero, unlessend-of- Te is encourtered, read times out, or an invalid Te

descriptor is supplied as the argumert to ~-u'. Options, if supplied, have the
following meanings:

-a aname The words are assignedto sequetial indices of the array variable
aname starting at 0. All elemerts are removed from aname before
the assignmen. Other name argumerts are ignored.

-d delim  The rst character of delim is usedto terminate the input line,
rather than newline.

-e Readline (seeChapter 8 [Command Line Editing], page83) is used
to obtain the line.

-n nchars
read returns after reading nchars characters rather than waiting
for a complete line of input.

time-
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shopt

-p prompt
Display prompt, without a trailing newline, before attempting to
read any input. The prompt is displayed only if input is coming
from a terminal.

-r If this option is given, badkslashdoesnot act asan escape character.
The badkslashis consideredto be part of the line. In particular, a
badkslash-newlinepair may not be usedas a line contin uation.

-S Silent mode. If input is coming from a terminal, characters are not
edoed.

-t timeout
Causeread to time out and return failure if a complete line of
input is not read within timeout seconds.This option hasno e®ect
if read is not reading input from the terminal or a pipe.

-u fd Readinput from Te descriptor fd.

shopt [-pgsu] [-0] [optname ... ]
Toggle the values of variables cortrolling optional shell behavior. With no
options, or with the *-p' option, a list of all settable options is displayed, with
an indication of whether or not ead is set. The "-p' option causesoutput to
be displayed in a form that may be reusedas input. Other options have the
following meanings:

-S Enable (set) ead optname.
-u Disable (unset) ead optname.
-q Suppressesiormal output; the return status indicates whether the

optname is set or unset. If multiple optname argumerts are given
with "-q', the return status is zero if all opthames are enabled;
non-zero otherwise.

-0 Restricts the values of optname to be those de ned for the -0
option to the set builtin (seeSection4.3[The SetBuiltin], page50).

If either *-s' or -u' is usedwith no optname argumerts, the display is limited
to those options which are set or unset, respectively.

Unlessotherwise noted, the shopt options are disabled (o®) by default.

The return status when listing options is zeroif all optnames are enabled, non-
zero otherwise. When setting or unsetting options, the return status is zero
unlessan optname is not a valid shell option.

The list of shopt options is:

cdable_vars
If this is set, an argumen to the cd builtin command that is not
a directory is assumedto be the name of a variable whosevalue is
the directory to changeto.
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If set, minor errorsin the spelling of a directory componert in a cd
command will be corrected. The errors cheded for are transposed
characters, a missing character, and a character too many. If a
correction is found, the correctedpath is printed, and the command
proceeds.This option is only usedby interactive shells.

If this is set, Bash cheds that a commandfound in the hashtable
exists before trying to executeit. If a hashedcommand no longer
exists, a normal path seart is performed.

checkwinsize

cmdhist

dotglob

execfail

If set, Bash cheds the window size after each command and, if
necessaryupdates the valuesof LINESand COLUMNS

If set, Bash attempts to save all lines of a multiple-line command
in the samehistory entry. This allows easyre-editing of multi-line
commands.

If set, Bashincludes Tenames beginningwith a." in the results of

“Tename expansion.

If this is set, a non-interactive shell will not exit if it cannot execute
the Te speci ed asan argumert to the exec builtin command. An
interactive shell doesnot exit if exec fails.

expand_aliases

extdebug

extglob

extquote

failglob

If set, aliasesare expandedas described below under Aliases, Sec-
tion 6.6 [Aliases], page 71. This option is enabled by default for
interactive shells.

If set, behavior intended for use by debuggersis enabled:

1. The *-F' option to the declare builtin (seeSection 4.2 [Bash
Builtins], page39) displays the source le nhameand line hum-
ber corresponding to ead function name supplied as an argu-
mert.

2. If the commandrun by the DEBU@ap returns a non-zerovalue,
the next command is skipped and not executed.

3. If the command run by the DEBU®&ap returns a value of 2,
and the shell is executing in a subroutine (a shell function or
a shell script executedby the . or source builtins), a call to
return is simulated.

If set, the extendedpattern matching featuresdescribed above (see
Section 3.5.8.1[Pattern Matching], page 23) are enabled.

If set, $ string ' and $"string " quoting is performed within
${ parameter } expansionsenclosedin double quotes. This option
is enabledby default.

If set, patterns which fail to match Tenames during pathname ex-
pansion result in an expansionerror.
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force_fignore

gnu_errfmt

histappend

histreedit

histverify

If set, the suxxes speci ed by the FIGNOREhell variable cause
words to be ignored when performing word completion even if the
ignored words are the only possible completions. SeeSection 5.2
[Bash Variables], page55, for a description of FIGNOREThis option
is enabledby default.

If set, shell error messagesre written in the standard gnu error
messageormat.

If set, the history list is appendedto the Te named by the value of
the HISTFILEvariable when the shell exits, rather than overwriting
the Te.

If set, and Readline is being used, a user is given the opportunity
to re-edit a failed history substitution.

If set, and Readline is being used, the results of history substitu-
tion are not immediately passedto the shell parser. Instead, the
resulting line is loaded into the Readline editing bu®er, allowing
further modi cation.

hostcomplete

huponexit

If set, and Readline is being used, Bash will attempt to perform
hostname completion when a word containing a "@ is being com-
pleted (see Section 8.4.6 [Commands For Completion], page 99).
This option is enabled by default.

If set, Bash will sendSIGHURo all jobs when an interactive login
shell exits (seeSection 3.7.6 [Signals], page 31).

interactive_comments

lithist

login_shell

mailwarn

Allow a word beginning with “# to causethat word and all remain-
ing characters on that line to be ignored in an interactive shell.
This option is enabledby default.

If enabled,and the cmdhist option is enabled, multi-line commands
are saved to the history with embeddednewlinesrather than using
semicolonseparatorswhere possible.

The shell setsthis option if it is started as a login shell (see Sec-
tion 6.1 [Invoking Bash], page63). The value may not be changed.

If set, and a Te that Bash is chedking for mail has beenaccessed
sincethe last time it wascheded, the messagé€The mail in mail-
file has beenread" is displayed.
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no_empty_cmd_completion
If set, and Readlineis being used,Bash will not attempt to seard
the PATHor possiblecompletionswhen completion is attempted on
an empty line.

nocaseglob
If set, Bash matches lenames in a case-insensitie fashion when
performing lename expansion.

nullglob If set, Bashallows Tename patterns which match no les to expand
to a null string, rather than themsehes.

progcomp If set, the programmable completion facilities (seeSection 8.6 [Pro-
grammable Completion], page 103) are enabled. This option is
enabledby default.

promptvars
If set, prompt strings undergo parameter expansion,commandsub-
stitution, arithmetic expansion,and quote removal after being ex-
panded as described below (see Section 6.9 [Printing a Prompt],
page 75). This option is enabledby default.

restricted_shell
The shell sets this option if it is started in restricted mode (see
Section 6.10 [The Restricted Shell], page 76). The value may not
be changed. This is not reset when the startup Tes are executed,
allowing the startup les to discover whether or not a shell is re-
stricted.

shift_verbose
If this is set, the shift builtin prints an error messagewhen the
shift count exceedsthe number of positional parameters.

sourcepath
If set, the source builtin usesthe value of PATHo nd the directory
cortaining the Te supplied asan argumert. This option is enabled
by default.

xpg_echo If set, the echo builtin expandsbadkslash-escap sequencedy de-
fault.

The return status whenlisting options is zeroif all opthamesare enabled,non-
zero otherwise. When setting or unsetting options, the return status is zero
unlessan optname is not a valid shell option.

source filename
A synorym for . (seeSection4.1 [Bourne Shell Builtins], page 33).

type [-afptP] [name... ]

For eath name, indicate how it would be interpreted if used as a command
name.
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typeset

ulimit

If the -t ' option is used, type prints a single word which is one of "alias ',
“function ', “builtin ', file ' or ‘keyword, if name is an alias, shell function,
shell builtin, disk Te, or shell resened word, respectively. If the name is not
found, then nothing is printed, and type returns a failure status.

If the "-p' option is used, type either returns the name of the disk Ie that

would be executed, or nothing if *-t ' would not return file '

The “-P' option forcesa path seart for eacd name, evenif -t ' would not return

file

If a commandis hashed, -p' and -P' print the hashedvalue, not necessarily
the Te that appearsrst in $PATH

If the -a' option is used, type returns all of the placesthat corntain an exe-
cutable named Te. This includes aliasesand functions, if and only if the *-p'

option is not also used.

If the *-f ' option is used,type doesnot attempt to nd shell functions, aswith
the commandbuiltin.

The return status is zero if any of the namesare found, non-zeroif none are
found.

typeset [-afFrxi] [-p] [namd=value ] ... ]

The typeset command is supplied for compatibilit y with the Korn shell; how-
ever, it hasbeendeprecatedin favor of the declare builtin command.

ulimit  [-acdflmnpstuvSH] [limit ]

ulimit  provides corntrol over the resourcesavailable to processestarted by the
shell, on systemsthat allow such cortrol. If an option is given, it is interpreted
as follows:

-S Changeand report the soft limit assaiated with a resource.
-H Changeand report the hard limit assaiated with a resource.
-a All current limits are reported.

-C The maximum size of core les created.

-d The maximum size of a process'sdata segmen.

-f The maximum size of les created by the shell.

-l The maximum sizethat may be locked into memory.

-m The maximum residert set size.

-n The maximum number of open Te descriptors.
-p The pipe bu®ersize.

-S The maximum stad size.

-t The maximum amourt of cpu time in seconds.
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-u The maximum number of processesvailable to a single user.
-V The maximum amount of virtual memory available to the process.

If limit is given, it is the new value of the speci ed resource;the special limit
valueshard, soft , and unlimited stand for the current hard limit, the current
soft limit, and no limit, respectively. Otherwise, the current value of the soft
limit for the speci ed resourceis printed, unlessthe *-H' option is supplied.
When setting new limits, if neither "-H' nor *-S' is supplied, both the hard and
soft limits are set. If no option is given, then *-f ' is assumed. Values are in
1024-kyte incremerts, exceptfor -t ', which isin seconds,-p"', which isin units
of 512-byte blocks, and -n' and "-u’', which are unscaledvalues.

The return status is zero unlessan invalid option or argumert is supplied, or
an error occurs while setting a new limit.

unalias [-a] [name.. ]

Remove eath name from the list of aliases. If -a' is supplied, all aliasesare
removed. Aliases are described in Section 6.6 [Aliases], page 71.

4.3 The Set Builtin

This builtin is socomplicated that it desenesits own section.

set

set [--abefhkmnptuvxBCHP] [-0 option ] [argument ... ]

If no options or argumerts are supplied, set displays the namesand values of
all shell variables and functions, sorted according to the current locale, in a
format that may be reusedasinput.

When options are supplied, they set or unset shell attributes. Options, if spec-
i ed, have the following meanings:

-a Mark variables and function which are modi ed or created for ex-
port to the ervironment of subsequeh commands.

-b Cause the status of terminated badground jobs to be reported
immediately, rather than beforeprinting the next primary prompt.

-e Exit immediately if a simple command (see Section 3.2.1 [Simple
Commands], page 8) exits with a non-zerostatus, unlessthe com-
mand that fails is part of the command list immediately following
a while or until keyword, part of the test in an if statemert,
part of a &&or || list, or if the command'sreturn status is being
inverted using ! . A trap on ERRIf set, is executedbeforethe shell

exits.
-f Disable Te name generation (globbing).
-h Locate and remenber (hash) commandsas they are looked up for

execution. This option is enabledby default.
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-k All argumerts in the form of assignmen statemers are placed in
the ervironment for a command, not just those that precedethe
command name.

-m Job cortrol

is enabled (seeChapter 7 [Job Control], page79).

-n Readcommandsbut do not executethem; this may be usedto chedk
a script for syntax errors. This option is ignored by interactive

shells.

-0 option-name

Set the option corresponding to option-name:

allexport
Sameas-a.
braceexpand
Sameas-B.
emacs Usean emacsstyle line editing interface (seeChapter 8
[Command Line Editing], page83).
errexit Sameas-e.
errtrace Sameas-E.
functrace
Sameas-T.
hashall Sameas-h.
histexpand
Sameas-H.
history Enable command history, as described in Section 9.1
[Bash History Facilities], page 109. This option is on
by default in interactive shells.
ignoreeof
An interactive shell will not exit upon reading EOF.
keyword Sameas-k.
monitor Sameas-m.
noclobber
Sameas-C.
noexec Sameas-n.
noglob Sameas-f .
nolog Currently ignored.
notify Sameas-b.
nounset  Sameas-u.
onecmd  Sameas-t .
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physical Sameas-P.

pipefail If set, the return value of a pipeline is the value of
the last (rightmost) commandto exit with a non-zero
status, or zeroif all commandsin the pipeline exit suc-
cessfully This option is disabled by default.

posix Changethe behavior of Bash where the default oper-
ation di®ersfrom the posix 1003.2standard to match
the standard (see Section 6.11 [Bash POSIX Mode],
page 76). This is intended to make Bash behave as a
strict supersetof that standard.

privileged
Sameas-p.

verbose Sameas-v.
Vi Usea vi -style line editing interface.
xtrace Sameas-x .

Turn on privileged mode. In this mode, the $BASH_ENahd SENV
‘Tes are not processed,shell functions are not inherited from the
ernvironment, and the SHELLOPT@&riable, if it appearsin the en-
vironment, is ignored. If the shellis started with the e®ecti\e user
(group) id not equal to the real user (group) id, and the -p option
is not supplied, these actions are taken and the e®ective user id
is set to the real userid. If the -p option is supplied at startup,
the e®ective userid is not reset. Turning this option o® causesthe
e®ective userand group ids to be setto the real userand group ids.

Exit after reading and executing one command.

Treat unset variables as an error when performing parameter ex-
pansion. An error messagewill be written to the standard error,
and a non-interactive shell will exit.

Print shell input lines asthey are read.

Print a trace of simple commands, \fBfor\fP commands,
\ fBcasa fP commands, \ fBselech fP commands, and arithmetic
\ fBfor\ fP commandsand their argumerts or assaiated word lists
after they are expandedand before they are executed. The value
of the PS4variable is expandedand the resultant value is printed
beforethe command and its expandedargumerts.

The shell will perform brace expansion (see Section 3.5.1 [Brace
Expansion], page 17). This option is on by default.

Prevent output redirection using >', >&, and ‘<> from overwriting
existing Tes.

If set, any trap on ERRIs inherited by shell functions, command
substitutions, and commandsexecutedin a subshell environment.
The ERRrap is normally not inherited in such cases.
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Enable ' style history substitution (see Section 9.3 [History In-
teraction], page 111). This option is on by default for interactive
shells.

If set, do not follow symbolic links when performing commands
such as cd which changethe current directory. The physical direc-
tory is usedinstead. By default, Bash follows the logical chain of
directories when performing commandswhich change the current
directory.

For example, if /usr/sys ' is a symbolic link to “/usr/local/sys
then:

$ cd /usr/sys; echo $PWD
lusr/sys
$cd.; pwd
lusr
If set -P is on, then:

$ cd /usr/sys; echo $PWD
/usr/local/sys

$cd.; pwd

{usr/local

If set, any trap on DEBU® inherited by shell functions, command
substitutions, and commandsexecutedin a subshell environment.
The DEBU®ap is normally not inherited in suc cases.

If no argumerts follow this option, then the positional parameters
are unset. Otherwise, the positional parameters are set to the ar-

[

gumerts, even if someof them begin with a *-".

Signal the end of options, causeall remaining argumerts to be
assignedto the positional parameters. The -x' and -v' options
areturned o®. If there are no argumerts, the positional parameters
remain unchanged.

Using '+ rather than "' causesheseoptions to be turned o®. The options can
also be used upon invocation of the shell. The current set of options may be
found in $-.

The remaining N argumerts are positional parameters and are assigned, in
order, to $1, $2, ... $N The special parameter # is setto N.

The return status is always zero unlessan invalid option is supplied.

4.4 Special Builtins

For historical reasonsthe posix 1003.2standard hasclassi ed sewral builtin commands
as special. When Bash is executing in posix mode, the special builtins di®er from other
builtin commandsin three respects:

1. Special builtins are found before shell functions during command lookup.
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2. If a special builtin returns an error status, a non-interactiv e shell exits.
3. Assignmern statemerts precedingthe command stay in e®ectin the shell environment
after the command completes.

When Bash is not executing in posix mode, these builtins behave no di®ererily than
the rest of the Bash builtin commands. The Bash posix mode is described in Section6.11
[Bash POSIX Mode], page 76.

Theseare the posix special builtins:

break : . continue eval exec exit export readonly return set
shift trap unset



Chapter 5: Shell Variables 55

5 Shell Variables

This chapter describes the shell variables that Bash uses. Bash automatically assigns
default valuesto a humber of variables.

5.1 Bourne Shell Variables

Bash usescertain shell variables in the sameway as the Bourne shell. In some cases,
Bash assignsa default value to the variable.

CDPATH A colon-separatedlist of directories used as a seart path for the cd builtin
command.

HOME The current user'shomedirectory; the default for the cd builtin command. The
value of this variable is also used by tilde expansion (see Section 3.5.2 [Tilde
Expansion], page 18).

IFS A list of charactersthat separate elds; usedwhen the shell splits words as part
of expansion.

MAIL If this parameteris setto a lename and the MAILPATHMariable is not set, Bash
informs the user of the arrival of mail in the speci ed Te.

MAILPATH A colon-separatedlist of Tenames which the shell periodically chedks for new
mail. Each list entry can specify the messagethat is printed when new mail
arrivesin the mail Te by separatingthe Te namefrom the messagewith a *?".
When usedin the text of the message$ expandsto the name of the current
mail Te.

OPTARG The value of the last option argument processedy the getopts builtin.
OPTIND The index of the last option argumert processedby the getopts builtin.

PATH A colon-separatedlist of directories in which the shell looks for commands. A
zero-length (null) directory name in the value of PATHindicates the current
directory. A null directory name may appear astwo adjacert colons, or asan
initial or trailing colon.

PS1 The primary prompt string. The default value is \s-\W\$ '. SeeSection 6.9
[Printing a Prompt], page75, for the completelist of escae sequenceshat are
expandedbefore PS1lis displayed.

PS2 The secondaryprompt string. The default value is ™>"'.
5.2 Bash Variables

These variables are set or used by Bash, but other shellsdo not normally treat them
specially.

A few variablesusedby Bash are describedin di®eren chapters: variablesfor controlling
the job cortrol facilities (seeSection 7.3 [Job Control Variables], page 82).

BASH The full pathname usedto executethe current instance of Bash.
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BASH_ARGC
An array variable whosevaluesare the number of parametersin ead frame of
the current bashexecution call stadk. The number of parametersto the current
subroutine (shell function or script executedwith . or source) is at the top of
the stadk. When a subroutine is executed,the number of parameters passedis
pushedonto BASH ARGC

BASH_ARGV
An array variable containing all of the parametersin the current bash execution
call stack. The nal parameter of the last subroutine call is at the top of the
stack; the rst parameter of the initial call is at the bottom. When a subroutine
is executed,the parameterssupplied are pushedonto BASH_ARGV

BASH_COMMAND
The command currently being executed or about to be executed, unlessthe
shell is executing a command as the result of a trap, in which caseit is the
command executing at the time of the trap.

BASH_ENVIf this variable is set when Bash is invoked to executea shell script, its value is
expanded and used as the name of a startup Ie to read before executing the
script. SeeSection 6.2 [Bash Startup Files], page 65.

BASH_EXECUTION_STRING
The command argumert to the -c' invocation option.

BASH_LINENO
An array variable whose members are the line numbers in source les corre-
sponding to eadh member of FUNCNAME . ${BASH_LINENO[$i]} is the line
number in the source Te where ${FUNCNAME[$ 1]} was called. The corre-
sponding source le name is ${BASH_SOURCE[$i1]} . Use LINENCo obtain
the current line number.

BASH_REMATCH
An array variable whose members are assignedby the "=~ binary operator
to the [[ conditional command (see Section 3.2.4.2 [Conditional Constructs],
page 10). The elemert with index 0 is the portion of the string matching the
entire regular expression. The elemert with index n is the portion of the string
matching the nth parenthesized subexpression.This variable is read-only.

BASH_SOURCE
An array variable whosemembersare the source lenames corresponding to the
elemerns in the FUNCNAMEay variable.

BASH_SUBSHELL
Incremerted by one eat time a subshell or subshell ervironment is spavned.
The initial valueis O.

BASH_VERSINFO
A readonly array variable (see Section 6.7 [Arrays], page 72) whose members
hold versioninformation for this instance of Bash. The valuesassignedto the
array members are as follows:
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BASH_VERSINFO[0]
The major version number (the releass.

BASH_VERSINFO[1]
The minor version number (the version).

BASH_VERSINFO[2]
The patch level.

BASH_VERSINFO[3]
The build version.

BASH_VERSINFO[4]
The releasestatus (e.g., betal).

BASH_VERSINFO[5]
The value of MACHTYPE

BASH_ VERSION
The version number of the current instance of Bash.

COLUMNS Used by the select builtin commandto determine the terminal width when
printing selectionlists. Automatically set upon receipt of a SIGWINCH

COMP_CWORD
An index into ${COMP_WORD@B}he word cortaining the current cursor po-
sition. This variable is available only in shell functions invoked by the pro-
grammable completion facilities (see Section 8.6 [Programmable Completion],
page 103).

COMP_LINE
The current command line. This variable is available only in shell functions
and external commandsinvoked by the programmable completion facilities (see
Section 8.6 [Programmable Completion], page 103).

COMP_POINT
The index of the current cursor position relative to the beginning of the current
command. If the current cursor position is at the end of the current command,
the value of this variable is equalto ${#COMP_LINE}This variable is available
only in shell functions and external commandsinvoked by the programmable
completion facilities (seeSection 8.6 [Programmable Completion], page 103).

COMP_WORDBREAKS
The set of charactersthat the Readlinelibrary treats asword separatorswhen
performing word completion. If COMP_WORDBRIBAKSet, it losesits special
properties, even if it is subsequetly reset.

COMP_WORDS
An array variable consisting of the individual words in the current command
line. This variable is available only in shell functions invoked by the pro-
grammable completion facilities (see Section 8.6 [Programmable Completion],
page 103).
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COMPREPLY

An array variable from which Bash reads the possible completions generated
by a shell function invoked by the programmable completion facility (see Sec-
tion 8.6 [Programmable Completion], page 103).

DIRSTACK An array variable containing the current contents of the directory stack. Direc-

EMACS

EUID
FCEDIT
FIGNORE

tories appear in the stad in the order they are displayed by the dirs builtin.
Assigning to members of this array variable may be usedto modify directories
already in the stac, but the pushd and popd builtins must be usedto add
and remove directories. Assignmert to this variable will not change the cur-
rent directory. If DIRSTACHKS unset, it losesits special properties, even if it is
subsequetly reset.

If Bash nds this variable in the environment when the shell starts with value
't', it assumesthat the shell is running in an emacsshell bu®er and disables
line editing.

The numeric e®ective userid of the current user. This variable is readonly.
The editor usedas a default by the "-e' option to the fc builtin command.

A colon-separatedlist of sutxes to ignore when performing lTename comple-
tion. A Te namewhosesutx matchesoneof the ertries in FIGNORE excluded
from the list of matched Te names. A samplevalue is ".0:~ '

FUNCNAMEN array variable containing the namesof all shell functions currently in the

execution call stack. The elemert with index 0 is the name of any currently-
executing shell function. The bottom-most elemert is "main". This variable
exists only when a shell function is executing. Assignmerts to FUNCNAMBve
no e®ectand return an error status. If FUNCNANMKEuUNset, it losesits special
properties, even if it is subsequetly reset.

GLOBIGNORE

GROUPS

histchars

A colon-separatedlist of patterns de ning the set of Tenames to be ignored
by Tename expansion. If a Tename matched by a Tename expansionpattern
also matches one of the patterns in GLOBIGNORE is removed from the list of
matches.

An array variable containing the list of groups of which the current useris a
member. Assignmens to GROUPSve no e®ectand return an error status. If
GROURS unset, it losesits special properties, evenif it is subsequetly reset.

Up to three characterswhich corntrol history expansion,quick substitution, and
tokenization (seeSection 9.3 [History Interaction], page111). The rst charac-
ter is the history expansioncharacter, that is, the character which signi es the
start of a history expansion,normally !'. The secondcharacter is the character
which signi es "quick substitution' when seenas the rst character on a line,

normally '. The optional third character is the character which indicates that

the remainder of the line is a commert when found asthe rst character of a
word, usually #. The history commert character causeshistory substitution

to be skipped for the remaining words on the line. It doesnot necessarilycause
the shell parserto treat the rest of the line asa commen.
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HISTCMD The history number, or index in the history list, of the current command. If
HISTCMIX unset, it losesits special properties, even if it is subsequetly reset.

HISTCONTROL

A colon-separatedlist of values cortrolling how commands are saved on the
history list. If the list of valuesincludes ‘ignorespace ', lines which begin with
a spacecharacter are not saved in the history list. A value of “ignoredups
causeslines which match the previous history entry to not be saved. A value
of “ignoreboth ' is shorthand for “ignorespace ' and ‘ignoredups '. A value of
‘erasedups' causesall previous lines matching the current line to be removed
from the history list before that line is saved. Any value not in the above
list is ignored. If HISTCONTR@.unset, or doesnot include a valid value, all
lines read by the shell parser are saved on the history list, subject to the value
of HISTIGNORE The secondand subsequen lines of a multi-line compound
command are not tested, and are added to the history regardlessof the value
of HISTCONTROL

HISTFILE The nameof the Te to which the command history is saved. The default value
is "~/.bash_history '

HISTFILESIZE
The maximum number of lines cortained in the history Te. When this variable
is assigneda value, the history e is truncated, if necessaryto contain no more
than that number of lines. The history le is also truncated to this size after
writing it when an interactive shell exits. The default value is 500.

HISTIGNORE

A colon-separatedlist of patterns usedto decidewhich command lines should
be saved on the history list. Each pattern is anchored at the beginning of the
line and must match the complete line (no implicit ™' is appended). Each
pattern is tested against the line after the cheds speci ed by HISTCONTROL
are applied. In addition to the normal shell pattern matching characters, &
matchesthe previous history line. '& may be escaped using a backslash; the
badkslash is removed before attempting a match. The secondand subsequeh
lines of a multi-line compound command are not tested, and are added to the
history regardlessof the value of HISTIGNORE

HISTIGNORS&iLIbsumeghe function of HISTCONTROA pattern of ‘& is identical
to ignoredups , and a pattern of T ]* ' is identical to ignorespace . Combining
thesetwo patterns, separating them with a colon, provides the functionality of
ignoreboth .

HISTSIZE The maximum number of commandsto remember on the history list. The
default value is 500.

HISTTIMEFORMAT
If this variable is set and not null, its value is used as a format string for
stritime to print the time stamp assaiated with ead history entry displayed
by the history builtin. If this variable is set, time stamps are written to the
history Te sothey may be presened acrossshell sessions.
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HOSTFILE Contains the name of a 'le in the sameformat as ‘/etc/hosts ' that should
be read when the shell needsto complete a hostname. The list of possible
hostname completionsmay be changedwhile the shellis running; the next time
hostname completion is attempted after the value is changed, Bash adds the
contents of the new le to the existing list. If HOSTFILES set, but hasno value,
Bash attempts to read ‘/etc/hosts ' to obtain the list of possible hostname
completions. When HOSTFILES unset, the hostnamelist is cleared.

HOSTNAMHhe name of the current host.
HOSTTYPEA string describing the machine Bash is running on.

IGNOREEOF
Controls the action of the shell on receipt of an EOFcharacter asthe soleinput.
If set, the value denotesthe number of consecutive EOFcharactersthat can be
read as the rst character on an input line before the shell will exit. If the
variable exists but does not have a numeric value (or has no value) then the
default is 10. If the variable doesnot exist, then EOFsigni es the end of input
to the shell. This is only in e®ectfor interactive shells.

INPUTRC The name of the Readline initialization Te, overriding the default of
“~l.inputrc '

LANG Usedto determine the locale category for any category not speci cally selected
with a variable starting with LC .

LC_ALL  This variable overridesthe value of LANGand any other LC_variable specifying
a locale category.

LC_COLLATE
This variable determinesthe collation order used when sorting the results of
‘Tename expansion, and determines the behavior of range expressions,equiv-
alenceclasses,and collating sequenceswithin Tename expansionand pattern
matching (seeSection 3.5.8 [Filename Expansion], page 22).

LC_CTYPEThis variable determinesthe interpretation of characters and the behavior of
character classeswithin Tename expansion and pattern matching (see Sec-
tion 3.5.8 [Filename Expansion], page 22).

LC_MESSAGES
This variable determinesthe locale usedto translate double-quotedstrings pre-
cededby a '$' (seeSection 3.1.2.5[Locale Translation], page 7).

LC_NUMERIC
This variable determinesthe locale category usedfor number formatting.

LINENO  The line number in the script or shell function currently executing.

LINES Usedby the select builtin commandto determine the column length for print-
ing selectionlists. Automatically setupon receipt of a SIGWINCH

MACHTYPEA string that fully describesthe systemtype on which Bashis executing, in the
standard gnu cpu-compary-system format.
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MAILCHECK
How often (in seconds)that the shell should ched for mail in the “Tes speci ed
in the MAILPATHr MAILvariables. The default is 60 seconds.When it is time
to ched for mail, the shell does so before displaying the primary prompt. If
this variable is unset, or set to a value that is not a number greater than or
equalto zero, the shell disablesmail cheding.

OLDPWD The previous working directory as set by the cd builtin.

OPTERR If setto the value 1, Bash displays error messagegjeneratedby the getopts
builtin command.

OSTYPE A string describing the operating system Bash is running on.

PIPESTATUS
An array variable (seeSection6.7 [Arrays], page72) containing a list of exit sta-
tus valuesfrom the processesn the most-recerly-executed foreground pipeline
(which may contain only a single command).

POSIXLY_CORRECT
If this variable is in the ervironment when bash starts, the shell enters posix
mode (seeSection6.11[Bash POSIX Mode], page76) beforereading the startup
‘Tes, asif the --posix ' invocation option had beensupplied. If it is set while
the shell is running, bash enablesposix mode, asif the command

set -0 posix
had beenexecuted.
PPID The processid of the shell's parent process.This variable is readonly.

PROMPT_COMMAND
If set, the value is interpreted as a commandto execute before the printing of
ead primary prompt ($PSJ.

PS3 The value of this variable is used as the prompt for the select command. If
this variable is not set, the select command prompts with #?'

PS4 The value is the prompt printed before the command line is echoed when the
-x ' option is set (seeSection4.3[The SetBuiltin], page50). The rst character
of PS4is replicated multiple times, as necessaryto indicate multiple levels of
indirection. The default is "+ .

PWD The current working directory as set by the cd builtin.

RANDOM Eacdh time this parameter is referenced,a random integer between0 and 32767
is generated. Assigning a value to this variable seedsthe random number gen-
erator.

REPLY The default variable for the read builtin.

SECONDS This variable expandsto the number of secondssince the shell was started.
Assignmen to this variable resetsthe count to the value assigned,and the
expanded value becomesthe value assignedplus the number of secondssince
the assignmer.
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The full pathname to the shell is kept in this environment variable. If it is not
set when the shell starts, Bash assignsto it the full pathname of the current
user'slogin shell.

SHELLOPTS

SHLVL

A colon-separatedlist of enabledshell options. Each word in the list is a valid
argumert for the "-0' option to the set builtin command (seeSection4.3[The
Set Builtin], page50). The options appearing in SHELLOPT&e those reported
as on' by ‘set -0'. If this variable is in the environment when Bash starts up,
ead shell option in the list will be enabled before reading any startup Ies.
This variable is readonly.

Incremerted by oneead time a newinstanceof Bashis started. This isintended
to be a count of how deeply your Bash shellsare nested.

TIMEFORMAT

TMOUT

uiD

The value of this parameter is usedas a format string specifying how the tim-

ing information for pipelines pre xed with the time resened word should be
displayed. The "% character intro ducesan escafe sequencehat is expandedto

a time value or other information. The escape sequencesand their meanings
are as follows; the bracesdenote optional portions.

%% A literal "%

%p]lR The elapsedtime in seconds.

%[p][I]U The number of CPU secondsspert in user mode.
%[pllllIS  The number of CPU secondsspert in system mode.
%P The CPU percertage, computed as (%0U + %S)/ %R.

The optional p is a digit specifying the precision,the number of fractional digits
after a decimal point. A value of O causesno decimal point or fraction to be
output. At most three placesafter the decimal point may be speci ed; values
of p greater than 3 are changedto 3. If p is not speci ed, the value 3 is used.

The optional | speci es a longer format, including minutes, of the form
MM mSSFFs. The value of p determines whether or not the fraction is
included.

If this variable is not set, Bash acts asif it had the value
$'\nreal\t%3IR\nuser\t%3lU\nsys\t%3IS'

If the value is null, no timing information is displayed. A trailing newline is

added when the format string is displayed.

If setto avalue greaterthan zero, TMOUIE treated asthe default timeout for the
read builtin (seeSection 4.2 [Bash Builtins], page39). The select command
(seeSection 3.2.4.2[Conditional Constructs], page 10) terminates if input does
not arrive after TMOU3econdswhen input is coming from a terminal.

In an interativ e shell, the value is interpreted asthe number of secondsto wait
for input after issuing the primary prompt when the shell is interactive. Bash
terminates after that number of secondsif input doesnot arrive.

The numeric real userid of the current user. This variable is readonly.
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6 Bash Features

This section describesfeatures unique to Bash.

6.1 Invoking Bash

bash [long-opt] [-if] [-abefhkmnptuvxdBCDHP] [-0 option ] [-O shopt_option ] [ar-

gument ... ]

bash [long-opt] [-abefhkmnptuvxdBCDHP] [-0 option ] [-O shopt_option ] -c string [ar-
gument ... ]

bash [long-opt] -s [-abefhkmnptuvxdBCDHP] [-0 option ] [-O shopt_option ] [ar-
gument ... ]

In addition to the single-daracter shell command-line options (seeSection 4.3 [The Set
Builtin], pageb50), there are sewveral multi-c haracter options that you can use. Theseoptions
must appear on the command line beforethe single-daracter options to be recognized.

--debugger
Arrange for the debuggerpro le to be executedbefore the shell starts. Turns
on extended debugging mode (see Section 4.2 [Bash Builtins], page 39 for a
description of the extdebug option to the shopt builtin) and shell function
tracing (see Section 4.3 [The Set Builtin], page 50 for a description of the -0
functrace option).

--dump-po-strings
A list of all double-quoted strings precededby “$' is printed on the standard
ouput in the gnu gettext PO (portable object) Te format. Equivalent to *-D'
exceptfor the output format.

--dump-strings
Equivalent to -D'.

--help Display a usagemessageon standard output and exit sucessfully

--init-file filename

--rcfile  filename
Execute commands from Tename (instead of ~/.bashrc ') in an interactive
shell.

--login Equivalert to - .

--noediting
Do not usethe gnu Readline library (seeChapter 8 [Command Line Editing],
page 83) to read command lines when the shell is interactive.

--noprofile
Don't load the system-widestartup Te ‘/etc/profile ' or any of the personal
initialization Tes "~/.bash_profile ', "~/.bash_login ', or "~/.profile ' when
Bash is invoked as a login shell.

--norc Don't read the "~/.bashrc ' initialization Te in an interactive shell. This is on
by default if the shell is invoked as sh.
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Changethe behavior of Bash wherethe default operation di®ersfrom the posix
1003.2standard to match the standard. This is intended to make Bash behave
as a strict superset of that standard. SeeSection 6.11 [Bash POSIX Mode],
page 76, for a description of the Bash posix mode.

Make the shell a restricted shell (see Section 6.10 [The Restricted Shell],
page76).

Equivalert to -v'. Print shell input lines asthey're read.

Show versioninformation for this instance of Bash on the standard output and
exit successfully

There are se\eral single-haracter options that may be supplied at invocation which are
not available with the set builtin.

-C string

Readand executecommandsfrom string after processingthe options, then exit.
Any remaining argumerts are assignedto the positional parameters, starting
with $0.

Forcethe shellto run interactively. Interactive shellsare describedin Section6.3
[Interactive Shells], page67.

Make this shell act asif it had beendirectly invoked by login. When the shell
is interactive, this is equivalent to starting a login shell with “exec -I bash'.
When the shell is not interactive, the login shell startup Tes will be executed.
‘exec bash -l ' or ‘exec bash --login ' will replace the current shell with a
Bash login shell. SeeSection6.2 [Bash Startup Files], page65, for a description
of the special behavior of a login shell.

Make the shell a restricted shell (see Section 6.10 [The Restricted Shell],
page76).

If this option is presen, or if no argumerts remain after option processingthen
commandsare read from the standard input. This option allows the positional
parametersto be set when invoking an interactive shell.

A list of all double-quoted strings precededby “$' is printed on the standard
ouput. These are the strings that are subject to language translation when
the current locale is not C or POSIX(see Section 3.1.2.5[Locale Translation],
page7). This implies the *-n' option; no commandswill be executed.

[-+]O [shopt_option ]

shopt_option is one of the shell options accepted by the shopt builtin (see
Chapter 4 [Shell Builtin Commands], page 33). If shopt_option is presern, -O'
sets the value of that option; '+O unsetsit. If shopt_option is not supplied,
the namesand valuesof the shell options acceptedby shopt are printed on the
standard output. If the invocation option is "+O, the output is displayed in a
format that may be reusedas input.
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- A -- signalsthe end of options and disables further option processing. Any
argumerts after the -- are treated as lenames and argumerts.

A login shellis onewhose rst character of argumert zerois *-', or oneinvoked with the
--login ' option.

An interactive shellis onestarted without non-option argumerts, unless™-s "' is speci ed,
without specifying the "-c' option, and whose input and output are both connectedto
terminals (asdetermined by isatty(3) ), or onestarted with the -i ' option. SeeSection6.3
[Interactive Shells],page 67, for more information.

If argumerts remain after option processing,and neither the *-¢' nor the *-s' option
has beensupplied, the rst argumert is assumedto be the name of a 'le containing shell
commands(see Section 3.8 [Shell Scripts], page 31). When Bash is invoked in this fashion,
$0 is set to the name of the Te, and the positional parameters are set to the remaining
argumerts. Bashreadsand executescommandsfrom this Te, then exits. Bash'sexit status
is the exit status of the last command executedin the script. If no commandsare executed,
the exit status is 0.

6.2 Bash Startup Files

This section describshow Bash executesits startup Tes. If any of the Tes exist but
cannot be read, Bashreports an error. Tildes are expandedin Te namesasdescribed above
under Tilde Expansion (seeSection 3.5.2[Tilde Expansion], page 18).

Interactive shellsare described in Section 6.3 [Interactive Shells], page 67.

Invoked as an interactiv e login shell, or with “--login

When Bash is invoked as an interactive login shell, or as a non-interactive shell with
the “--login ' option, it rst readsand executescommandsfrom the Te ‘/etc/profile ',
if that Te exists. After readingthat Tle, it looksfor *~/.bash_profile ', "~/.bash_login ',
and ~/.profile ', in that order, and readsand executescommandsfrom the rst onethat
exists and is readable. The "--noprofile ' option may be usedwhen the shell is started to

inhibit this behavior.

When a login shell exits, Bash reads and executes commands from the e
~/.bash_logout ', if it exists.

Invoked as an interactiv e non-login shell

When an interactive shell that is not a login shell is started, Bash reads and executes
commandsfrom “~/.bashrc ', if that Te exists. This may beinhibited by usingthe *--norc '
option. The “--rcfile  file ' option will force Bash to read and execute commandsfrom
‘Te instead of "~/.bashrc '

So, typically, your "~/.bash_profile ' contains the line
if [ -f ~/bashrc ]; then . ~/bashrc; fi
after (or before) any login-speci ¢ initializations.
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Invoked non-in teractiv ely

When Bashis started non-interactively, to run a shell script, for example, it looks for the
variable BASH_ENM the environment, expandsits value if it appearsthere, and usesthe
expandedvalue as the name of a Te to read and execute. Bash behavesasif the following
command were executed:

if [ -n "$BASH_ENVY, then . "$BASH_ENV"fi

but the value of the PATHvariable is not usedto seart for the Te name.

As noted above, if a non-interactive shell is invoked with the “--login
attempts to read and executecommandsfrom the login shell startup Tes.

option, Bash

Invoked with name sh

If Bashis invoked with the name sh, it tries to mimic the startup behavior of historical
versionsof sh as closely as possible,while conforming to the posix standard as well.

When invoked as an interactive login shell, or as a non-interactive shell with the
--login ' option, it rst attempts to read and execute commands from ‘/etc/profile '
and ~/.profile ', in that order. The --noprofile ' option may be usedto inhibit this
behavior. When invoked as an interactive shell with the name sh, Bash looks for the
variable ENV expandsits value if it is de ned, and usesthe expandedvalue as the name
of a Te to read and execute. Since a shell invoked as sh does not attempt to read and
execute commands from any other startup Tes, the *--rcfile ' option has no e®ect. A
non-interactive shell invoked with the name sh doesnot attempt to read any other startup
Tes.

When invoked as sh, Bash erters posix mode after the startup Tes are read.

Invoked in posix mode

When Bash is started in posix mode, as with the "--posix ' command line option, it
follows the posix standard for startup Tes. In this mode, interactive shellsexpand the ENV
variable and commandsare read and executed from the le whosename is the expanded
value. No other startup Tes are read.

Invoked by remote shell daemon

Bash attempts to determine when it is being run by the remote shell daemon, usually
rshd. If Bash determinesit is being run by rshd, it reads and executescommandsfrom
~/.bashrc ', if that Te exists and is readable. It will not do this if invoked as sh. The
--norc ' option may be usedto inhibit this behavior, and the “--rcfile ' option may be
usedto force another Te to beread, but rshd doesnot generally invoke the shellwith those
options or allow them to be speci ed.
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Invoked with unequal e®ective and real uid/gid s

If Bashis started with the e®ective user(group) id not equalto the real user (group) id,
and the -p option is not supplied, no startup les are read, shell functions are not inherited
from the environment, the SHELLOPTriable, if it appearsin the environment, is ignored,
and the e®ectie userid is setto the real userid. If the -p option is supplied at invocation,
the startup behavior is the same,but the e®ectiwe userid is not reset.

6.3 Interactiv e Shells

6.3.1 What is an Interactiv e Shell?

An interactiv e shell is one started without non-option argumerts, unless’-s ' is speci ed,
without speci ying the *-c' option, and whoseinput and error output are both connected
to terminals (as determined by isatty(3) ), or one started with the *-i ' option.

An interactive shell generally readsfrom and writes to a user'sterminal.

The *-s' invocation option may be usedto setthe positional parameterswhen an inter-
active shell is started.

6.3.2 Is this Shell Interactiv e?

To determine within a startup script whether or not Bash is running interactively, test
the value of the *-' special parameter. It contains i when the shell is interactive. For
example:

case "$-" in
*i*) echo This shell is interactive 5
*) echo This shell is not interactive ;

esac
Alternativ ely, startup scripts may examinethe variable PS1 it is unsetin non-interactive
shells,and set in interactive shells. Thus:
if [ -z "$PS1"]; then
echo This shell is not interactive
else
echo This shell is interactive
fi

6.3.3 Interactiv e Shell Behavior

When the shell is running interactively, it changesits behavior in seeral ways.
1. Startup Tes are read and executed as described in Section 6.2 [Bash Startup Files],
page65.
2. Job Control (seeChapter 7 [Job Control], page 79) is enabled by default. When job

control is in e®ect,Bash ignoresthe keyboard-generatedjob cortrol signals SIGTTIN
SIGTTOUand SIGTSTP
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Bash expands and displays PS1before reading the rst line of a command, and ex-
pands and displays PS2before reading the secondand subsequen lines of a multi-line
command.

Bash executesthe value of the PROMPT_COMMARHDIe asa command before printing
the primary prompt, $PS1(seeSection 5.2 [Bash Variables], page55).

Readline (seeChapter 8 [Command Line Editing], page83) is usedto read commands
from the user'sterminal.

Bash inspects the value of the ignoreeof option to set -0 instead of exiting imme-
diately when it receives an EOFon its standard input when reading a command (see
Section 4.3 [The Set Builtin], page50).

Command history (see Section 9.1 [Bash History Facilities], page 109) and history
expansion(seeSection9.3[History Interaction], pagelll)are enabledby default. Bash
will savethe commandhistory to the Te namedby $HISTFILEwhen an interactive shell
exits.

8. Alias expansion(seeSection 6.6 [Aliases], page 71) is performed by default.

9. In the absenceof any traps, BashignoresSIGTERNseeSection3.7.6[Signals],page31).

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

In the absenceof any traps, SIGINTis caught and handled ((see Section3.7.6 [Signals],
page31). SIGINTwill interrupt someshell builtins.

An interactive login shell sendsa SIGHURo all jobs on exit if the hupoxexit shell
option has beenenabled (seeSection 3.7.6 [Signals], page 31).

The -n' invocation option is ignored, and ‘set -n' has no e®ect(seeSection 4.3 [The
Set Builtin], page50).

Bash will ched for mail periodically, depending on the valuesof the MAIL MAILPATH
and MAILCHEC#hell variables (see Section 5.2 [Bash Variables], page 55).

Expansion errors due to referencesto unbound shell variables after 'set -u' has been
enabledwill not causethe shell to exit (seeSection 4.3 [The Set Builtin], page50).

The shell will not exit on expansion errors caused by var being unset or null in
${var :? word} expansions(seeSection 3.5.3 [Shell Parameter Expansion], page 18).

Redirection errors encourtered by shell builtins will not causethe shell to exit.

When running in posix mode, a special builtin returning an error status will not cause
the shell to exit (seeSection 6.11 [Bash POSIX Mode], page 76).

A failed exec will not causethe shell to exit (see Section 4.1 [Bourne Shell Builtins],
page 33).

Parser syntax errors will not causethe shell to exit.

Simple spelling correction for directory argumernts to the cd builtin is enabledby default

(seethe description of the cdspell option to the shopt builtin in Section 4.2 [Bash
Builtins], page39).

The shell will ched the value of the TMOU7Variable and exit if a command is not
read within the speci ed number of secondsafter printing $PS1(seeSection5.2 [Bash
Variables], page 55).



Chapter 6: Bash Features 69

6.4 Bash Conditional Expressions

Conditional expressionsare used by the [[ compound command and the test and [
builtin commands.

Expressionsmay be unary or binary. Unary expressionsare often usedto examinethe
status of a Te. There are string operators and numeric comparisonoperators aswell. If the
‘Te argumert to one of the primaries is of the form “/dev/fd/ N, then Te descriptor N is

cheded. If the Te argumert to oneof the primaries is one of /dev/stdin ', “/dev/stdout ',
or ‘/dev/stderr ', le descriptor 0, 1, or 2, respectively, is chedked.

-a file True if Te exists.

-b file True if Te existsand is a block special Te.

-c file True if Te exists and is a character special Te.
-d file True if Te exists and is a directory.

-e file True if Te exists.

-f file True if Te existsand is a regular Te.

-g file True if Te exists and its set-group-id bit is set.
-h file True if Te exists and is a symbolic link.

-k file True if Te exists and its "sticky" bit is set.

-p file True if Te exists and is a named pipe (FIF O).

-r file True if Te existsand is readable.

-s file True if Te exists and has a size greater than zero.

-t fd True if Te descriptor fd is open and refersto a terminal.
-u file True if Te existsand its set-user-idbit is set.

-w file True if Te existsand is writable.

-x file True if Te existsand is executable.

-0 file True if Te exists and is owned by the e®ectiwe userid.
-G file True if Te exists and is owned by the e®ective group id.
-L file True if Te exists and is a symbolic link.

-S file True if Te existsand is a sacket.

-N file True if Te exists and hasbeenmodi ed sinceit waslast read.
filel -nt file2

Trueif Tel is newer (accordingto modi cation date) than Te2, orif Tel exists
and Te2 doesnot.

filel -ot file2
True if Tel is older than Te2, or if Te2 exists and Tel doesnot.
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filel -ef file2
True if Tel and Te2 refer to the samedevice and inode numbers.

-0 optname
True if shell option optname is enabled. The list of options appearsin the
description of the "-0' option to the set builtin (seeSection4.3[The SetBuiltin],

page 50).
-z string
True if the length of string is zero.
-n string
string True if the length of string is non-zero.

stringl == string2
True if the strings are equal. =
compliance.

may be usedin place of == for strict posix

stringl != string2
True if the strings are not equal.
stringl < string2
True if stringl sorts before string2 lexicographically in the current locale.

stringl > string2
True if stringl sorts after string2 lexicographically in the current locale.

argl OParg2
OPis one of -eq’, -ne', -lt ', *-le ', "-gt ', or -ge'. Thesearithmetic binary
operators return true if argl is equal to, not equal to, lessthan, lessthan or

equalto, greaterthan, or greaterthan or equalto arg2, respectively. Argl and
arg2 may be positive or negative integers.

6.5 Shell Arithmetic

The shell allows arithmetic expressionsto be evaluated, as one of the shell expansions
or by the let and the *-i ' option to the declare builtins.

Evaluation is donein xed-width integerswith no ched for over°ow, though division by
0 is trapp ed and °agged asan error. The operators and their precedenceassaiativit y, and
values are the sameasin the C language. The following list of operators is grouped into
levels of equal-precedenc@perators. The levelsare listed in order of decreasingprecedence.

id ++id --
variable post-incremert and post-decremen

+Hd --id

variable pre-increment and pre-decremen
-+ unary minus and plus
I ~ logical and bitwise negation

* exponertiation
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* [ % multiplication, division, remainder
+ - addition, subtraction
<< >> left and right bitwise shifts

<=>=<> comparison

==1= equality and inequality

& bitwise AND

N bitwise exclusive OR
| bitwise OR

&& logical AND

Il logical OR

expr ? expr : expr
conditional operator

=*= [= Ofp=+=-= <<=>>=8&="= I:
assignmen

exprl , expr2
comma

Shell variables are allowed as operands; parameter expansionis performed before the
expressionis evaluated. Within an expression, shell variables may also be referencedby
name without using the parameter expansionsyntax. A shell variable that is null or unset
evaluates to 0 when referencedby name without using the parameter expansion syntax.
The value of a variable is evaluated as an arithmetic expressionwhen it is referenced,or
when a variable which has beengiven the integer attribute using ‘declare -i ' is assigned
a value. A null value evaluatesto 0. A shell variable need not have its integer attribute
turned on to be usedin an expression.

Constants with a leading 0 are interpreted as octal numbers. A leading '0x' or "0X
denoteshexadecimal. Otherwise, numbers take the form [base#|n, where baseis a decimal
number between?2 and 64 represetting the arithmetic base,and n is a number in that base.
If baset is omitted, then base 10 is used. The digits greater than 9 are represened by
the lowercaseletters, the uppercaseletters, "@ and "', in that order. If baseis lessthan
or equal to 36, lowercaseand uppercaseletters may be used interchangably to represen
numbers between 10 and 35.

Operators are evaluated in order of precedence. Sub-expressionsin parenthesesare
ewvaluated rst and may override the precedencerules above.

6.6 Aliases

Aliases allow a string to be substituted for a word when it is usedasthe rst word of a
simple command. The shell maintains a list of aliasesthat may be set and unset with the
alias and unalias builtin commands.
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The rst word of each simple command, if unquoted, is cheded to seeif it hasan alias.
If so,that word is replacedby the text of the alias. The characters™ ', °$', ™', "= and any of
the shell metacharactersor quoting characterslisted above may not appearin an alias name.
The replacemen text may contain any valid shellinput, including shellmetacharacters. The
‘rst word of the replacemern text is tested for aliases,but a word that is identical to an
alias being expandedis not expandeda secondtime. This meansthat one may aliasls to
"Is -F", for instance, and Bash doesnot try to recursively expand the replacemernt text.
If the last character of the alias value is a spaceor tab character, then the next command

word following the alias is also cheded for alias expansion.

Aliases are created and listed with the alias command, and removed with the unalias
command.

There is no medanism for using argumerts in the replacemen text, asin csh. If
argumerts are needed,a shell function should be used (see Section 3.3 [Shell Functions],
page13).

Aliases are not expandedwhen the shell is not interactive, unlessthe expand_aliases
shell option is set using shopt (seeSection 4.2 [Bash Builtins], page 39).

The rules concerning the de nition and use of aliasesare somewhat confusing. Bash
always reads at least one complete line of input before executing any of the commands
on that line. Aliases are expanded when a command is read, not when it is executed.
Therefore, an alias de nition appearing on the sameline as another command does not
take e®ectuntil the next line of input is read. The commandsfollowing the alias de nition
on that line are not a®ectedby the new alias. This behavior is also an issuewhen functions
are executed. Aliasesare expandedwhen a function de nition is read, not whenthe function
is executed,becausea function de nition is itself a compound command. As a consequence,
aliasesde ned in a function are not available until after that function is executed. To be
safe, always put alias de nitions on a separateline, and do not use alias in compound
commands.

For almost every purpose,shell functions are preferred over aliases.

6.7 Arrays

Bash provides one-dimensionalarray variables. Any variable may be used as an array;
the declare builtin will explicitly declarean array. There is no maximum limit on the size
of an array, nor any requiremert that menbersbe indexed or assignedcortiguously. Arrays
are zero-based.

An array is created automatically if any variable is assignedto using the syntax
namefsubscript ]=value

The subscript is treated asan arithmetic expressionthat must evaluate to a number greater
than or equalto zero. To explicitly declarean array, use

declare -a name
The syntax
declare -a namd subscript ]
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is also accepted;the subscript is ignored. Attributes may be speci ed for an array variable
using the declare and readonly builtins. Each attribute applies to all members of an
array.

Arrays are assignedto using compound assignmetts of the form
name=(valuel ... valuen)

where ead value is of the form [[ subscript ]=] string. If the optional subscript is sup-
plied, that index is assignedto; otherwise the index of the elemen assignedis the last
index assignedto by the statemert plus one. Indexing starts at zero. This syntax is also
acceptedby the declare builtin. Individual array elemens may be assignedto using the
namefsubscript]=value syntax introduced above.

Any elemen of an array may be referencedusing ${name[subscript]} . The bracesare
required to avoid con®icts with the shell's Tename expansionoperators. If the subscript is
‘@or *', the word expandsto all members of the array name These subscripts di®er only
when the word appears within double quotes. If the word is double-quoted, ${name[*]}
expandsto a singleword with the value of eat array member separatedby the rst character
of the IFS variable, and ${name[@]} expands ead elemer of hame to a separate word.
When there are no array members, ${name[@]} expandsto nothing. This is analogousto
the expansionof the special parameters '@ and *'. ${#name[subscript]} expandsto the
length of ${name[subscript]} . If subscript is ‘@ or *', the expansionis the number of
elemerns in the array. Referencingan array variable without a subscript is equivalert to
referencingelemern zero.

The unset builtin is usedto destroy arrays. unset name[subscript] destroys the array
elemen at index subscript. unset name, where name is an array, removesthe ertire array.
A subscript of ™*' or @ also removesthe ertire array.

The declare , local , andreadonly builtins ead accepta -a' option to specify an array.
The read builtin acceptsa -a' option to assigna list of words read from the standard input
to an array, and can read values from the standard input into individual array elemerns.
The set and declare builtins display array valuesin a way that allows them to be reused
asinput.

6.8 The Directory Stack

The directory stadk is a list of recertly-visited directories. The pushd builtin addsdirec-
tories to the stack asit changesthe current directory, and the popd builtin removesspeci ed
directories from the stack and changesthe current directory to the directory removed. The
dirs builtin displays the contents of the directory stack.

The cortents of the directory stack are also visible as the value of the DIRSTACKhell
variable.

6.8.1 Directory Stack Builtins

dirs
dirs [+N | -N] [-clpv]
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Display the list of currently remenbered directories. Directories are added to
the list with the pushd command;the popd commandremovesdirectories from
the list.

+N Displays the Nth directory (counting from the left of the list printed
by dirs when invoked without options), starting with zero.

-N Displays the Nth directory (counting from the right of the list
printed by dirs wheninvoked without options), starting with zero.

-C Clearsthe directory stack by deleting all of the elemers.

-l Producesa longer listing; the default listing format usesa tilde to
denote the home directory.

-p Causesdirs to print the directory stadk with oneentry per line.

-V Causesdirs to print the directory stadk with one eniry per line,
pre xing ead entry with its index in the stack.

popd [+N | -N] [-n]
Remove the top entry from the directory stack, and cd to the newtop directory.
When no argumerts are given, popd removesthe top directory from the stack
and performs a cd to the new top directory. The elemens are numbered from
0 starting at the rst directory listed with dirs ; i.e., popdis equivalent to popd
+0.

+N Removesthe Nth directory (counting from the left of the list printed
by dirs ), starting with zero.

-N Removes the Nth directory (counting from the right of the list
printed by dirs ), starting with zero.

-n Suppresseghe normal change of directory when removing directo-
ries from the stad, sothat only the stadk is manipulated.

pushd [dir | +N | -N] [-n]
Save the current directory on the top of the directory stadk and then cd to dir.
With no argumerts, pushd exchangesthe top two directories.

+N Brings the Nth directory (counting from the left of the list printed
by dirs , starting with zero) to the top of the list by rotating the
stack.

-N Brings the Nth directory (counting from the right of the list printed
by dirs , starting with zero) to the top of the list by rotating the
stack.

-n Suppresseghe normal changeof directory when adding directories

to the stadk, sothat only the stadk is manipulated.

dir Makesthe current working directory be the top of the stadk, and
then executesthe equivalent of “cd dir'. cdsto dir.
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6.9 Controlling the Prompt

The value of the variable PROMPT_COMMANRamined just before Bash prints eadh
primary prompt. If PROMPT_COMMANEt and has a non-null value, then the value is
executedjust asif it had beentyped on the command line.

In addition, the following table describesthe special characters which can appear in the
prompt variables:

\a A bell character.
\d The date, in "Weekdg Month Date" format (e.g., " Tue May 26").

\D{ format }
The format is passedto strftime (3) and the result is inserted into the prompt
string; an empty format results in a locale-speci ¢ time represenation. The
bracesare required.

\e An escape character.

\h The hostname,up to the rst "'

\H The hostname.

\j The number of jobs currently managedby the shell.

\I The basenameof the shell's terminal device name.

\n A newline.

\r A carriage return.

\s The nameof the shell, the basenameof $0 (the portion following the nal slash).
\t The time, in 24-hour HH:MM:SS format.

\T The time, in 12-hour HH:MM:SS format.

\@ The time, in 12-hour am/pm format.

\A The time, in 24-hour HH:MM format.

\u The usernameof the current user.

\v The version of Bash (e.g., 2.00)

\V The releaseof Bash, version + patchlevel (e.g., 2.00.0)

\w The current working directory, with $HOMBbbreviated with a tilde.
\W The basenameof $PWDwith $HOMEBbbreviated with a tilde.
\! The history number of this command.

\# The command number of this command.

\$ If the e®ectiwe uid is 0, #, otherwise $.

\nnn The character whoseASCII code is the octal value nnn.

\\ A badkslash.
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\[ Begin a sequenceof non-printing characters. This could be usedto embed a
terminal control sequencento the prompt.

\] End a sequenceof non-printing characters.

The commandnumber and the history number are usually di®eren: the history number
of a commandis its position in the history list, which may include commandsrestored from
the history Te (see Section 9.1 [Bash History Facilities], page 109), while the command
number is the position in the sequenceof commands executed during the current shell
session.

After the string is decaled, it is expandedvia parameter expansion,command substi-
tution, arithmetic expansion, and quote removal, subject to the value of the promptvars
shell option (seeSection 4.2 [Bash Builtins], page 39).

6.10 The Restricted Shell

If Bashis started with the namerbash, or the “--restricted ' or *-r ' option is supplied
at invocation, the shell becomesrestricted. A restricted shell is usedto set up an erviron-
ment more cortrolled than the standard shell. A restricted shell behavesidentically to bash
with the exceptionthat the following are disallowed or not performed:

2 Changing directories with the cd builtin.

2 Setting or unsetting the valuesof the SHELLPATHENY or BASH_ENWariables.

2 Specifying command namescortaining slashes.

2 Specifying a Tename containing a slashas an argumert to the . builtin command.

2 Specifying a Tename containing a slashas an argumert to the *-p' option to the hash
builtin command.

2 |Importing function de nitions from the shell environment at startup.

2 Parsing the value of SHELLOPT®om the shell environment at startup.

2 Redirecting output using the >', *>|', <>, >&, "&3, and >> redirection operators.
2 Using the exec builtin to replacethe shell with another command.

2 Adding or deleting builtin commandswith the -f ' and -d' options to the enable
builtin.

2 Using the enable builtin commandto enabledisabled shell builtins.

2 Specifying the ~-p' option to the commandbuiltin.

2 Turning o®restricted mode with “set +r' or ‘set +orestricted .
Theserestrictions are enforcedafter any startup les are read.

When a command that is found to be a shell script is executed (see Section 3.8 [Shell
Scripts], page31), rbash turns o®any restrictions in the shell spavnedto executethe script.

6.11 Bash POSIX Mo de

Starting Bashwith the “--posix ' command-lineoption or executing'set -0 posix ' while
Bash is running will causeBash to conform more closelyto the posix 1003.2standard by
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changing the behavior to match that speci ed by posix in areaswhere the Bash default
di®ers.

1.

10.
11.
12.

13.

14.

15.

16.
17.

18.

19.

When invoked as sh, Bash enters posix mode after reading the startup Tes.
The following list is what's changedwhen "posix mode' is in e®ect:

When a commandin the hashtable no longer exists, Bash will re-seard&y $PATHo nd
the new location. This is also available with “shopt -s checkhash'.

The messageprinted by the job control code and builtins when a job exits with a
non-zerostatus is “Done(status)'.

The messageprinted by the job cortrol code and builtins when a job is stopped is
“Stopped(signame', where signameis, for example, SIGTSTP

Resened words may not be aliased.

The posix 1003.2PSland PS2expansionsof ' to the history number and !! ' to
I are enabled, and parameter expansionis performed on the values of PSland PS2
regardlessof the setting of the promptvars option.

The posix 1003.2startup Tes are executed ($ENY rather than the normal Bash Tes.

Tilde expansionis only performed on assignmets precedinga command name, rather
than on all assignmen statemerts on the line.

The default history Te is "~/.sh_history ' (this is the default value of $HISTFILE).

The output of kill -l ' prints all the signal nameson a singleline, separatedby spaces,
without the "SIG pre x.

The kill  builtin doesnot acceptsignal nameswith a "SIG pre X.
Non-interactive shellsexit if Tename in . "Tename is not found.

Non-interactive shells exit if a syntax error in an arithmetic expansionresults in an
invalid expression.

Redirection operators do not perform Tename expansionon the word in the redirection
unlessthe shell is interactive.

Redirection operators do not perform word splitting on the word in the redirection.

Function namesmust be valid shell names. That is, they may not contain characters
other than letters, digits, and underscores,and may not start with a digit. Declaring
a function with an invalid name causesa fatal syntax error in non-interactive shells.

posix 1003.2 special’ builtins are found beforeshell functions during commandlookup.

If a posix 1003.2special builtin returns an error status, a non-interactive shell exits.
The fatal errors are those listed in the POSIX.2 standard, and include things like
passingincorrect options, redirection errors, variable assignmen errors for assignmers
precedingthe command name, and so on.

If the cd builtin nds a directory to changeto using $CDPATHhe value it assignsto
the PWDariable doesnot cortain any symbolic links, asif “cd -P' had beenexecuted.

If CDPATI$ set, the cd builtin will not implicitly append the current directory to it.
This meansthat cd will fail if no valid directory name can be constructed from any of
the entries in $CDPATHven if the a directory with the samename as the name given
asan argumert to cd existsin the current directory.
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20.

21.

22.
23.

24,

25.

26.
27.

28.

29.

30.
31.

32.

33.

34.

1.

2.

3.
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A non-interactive shell exits with an error status if a variable assignme error occurs
when no command name follows the assignmei statemerts. A variable assignmen
error occurs, for example, when trying to assigna value to a readonly variable.

A non-interactive shell exits with an error status if the iteration variable in a for
statemernt or the selectionvariable in a select statemert is a readonly variable.

Processsubstitution is not available.

Assignmen statemerts precedingposix 1003.2special builtins persistin the shell en-
vironment after the builtin completes.

Assignmert statemerts preceding shell function calls persist in the shell environment
after the function returns, asif a posix special builtin command had beenexecuted.

The export and readonly builtin commandsdisplay their output in the format re-
quired by posix 1003.2.

The trap builtin displays signal nameswithout the leading SIG.

The trap builtin doesn't ched the rst argumert for a possiblesignal speci cation and
revert the signal handling to the original disposition if it is. If userswant to resetthe
handler for a given signal to the original disposition, they should use *-' asthe rst
argumert.

The . andsource builtins do not seard the current directory for the Tename argumert
if it is not found by searding PATH

Subshellsspavnedto executecommandsubstitutions inherit the value of the “-e " option
from the parent shell. When not in posix mode, Bash clearsthe "-e' option in sud
subshells.

Alias expansionis always enabled, even in non-interactive shells.

When the alias builtin displays alias de nitions, it does not display them with a
leading "alias ' unlessthe "-p' option is supplied.

When the set builtin is invoked without options, it does not display shell function
namesand de nitions.

When the set builtin is invoked without options, it displays variable values without
guotes, unlessthey contain shell metacharacters, evenif the result contains nonprinting
characters.

When the cd builtin is invoked in logical mode, and the pathname constructed from
$PWINnd the directory name supplied as an argumert does not refer to an existing
directory, cd will fail instead of falling badk to physical mode.

There is other posix 1003.2behavior that Bash doesnot implement. Speci cally:

Assignmernt statemerts a®ectthe execution environment of all builtins, not just special
ones.

When a subshellis createdto executea shell script with executepermission,but without
a leading #!', Bash sets $0 to the full pathname of the script as found by searding
$PATHrather than the command astyped by the user.

When using . ' to sourcea shell script found in $PATHbash cheds executepermission
bits rather than read permissionbits, just asif it were searding for a command.
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7 Job Control

This chapter discusseswhat job cortrol is, how it works, and how Bash allows you to
accesdts facilities.

7.1 Job Control Basics

Job cortrol refersto the ability to selectively stop (suspend) the execution of processes
and cortin ue (resume)their executionat a later point. A usertypically employs this facility
via an interactive interface supplied jointly by the system'sterminal driver and Bash.

The shell assaiatesa job with ead pipeline. It keepsa table of currently executingjobs,
which may be listed with the jobs command. When Bash starts a job asyndironously, it
prints a line that looks like:

[1] 25647

indicating that this job is job number 1 and that the processid of the last processin the
pipeline assaiated with this job is 25647. All of the processesin a single pipeline are
members of the samejob. Bash usesthe job abstraction asthe basisfor job cortrol.

To facilitate the implementation of the userinterfaceto job cortrol, the operating system
maintains the notion of a current terminal processgroup id. Members of this processgroup
(processesvhoseprocessgroup id is equalto the current terminal processgroup id) receive
keyboard-generatedsignalssuc asSIGINT. Theseprocessesresaidto bein the foreground.
Background processesare those whose processgroup id di®ersfrom the terminal's; sud
processesre immune to keyboard-generatedsignals. Only foreground processeare allowed
to read from or write to the terminal. Background processesvhich attempt to read from
(write to) the terminal are sert a SIGTTIN(SIGTTOWsignal by the terminal driver, which,
unlesscaugh, suspendsthe process.

If the operating system on which Bash is running supports job control, Bash contains
facilities to useit. Typing the suspend character (typically Z', Control-Z) while a process
is running causesthat processto be stopped and returns control to Bash. Typing the
delayed suspend character (typically "Y', Control-Y) causesthe processto be stopped
whenit attempts to read input from the terminal, and control to be returned to Bash. The
user then manipulates the state of this job, using the bg commandto cortinue it in the
badkground, the fg command to cortinue it in the foreground, or the kil command to
kill it. A Z' takese®ectimmediately, and hasthe additional side e®ectof causingpending
output and typeaheadto be discarded.

There are a number of ways to refer to a job in the shell. The character "% introduces
a job name.

Job number n may be referredto as %n The symbols "%%and "%+ refer to the shell's
notion of the current job, which is the last job stopped while it was in the foreground
or started in the badkground. The previous job may be referencedusing *%-. In output
pertaining to jobs (e.g., the output of the jobs command), the current job is always “agged
with a "+, and the previousjob with a *-".

A job may also be referred to using a pre x of the name usedto start it, or using a
substring that appearsin its commandline. For example, %cé refersto a stopped ce job.
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Using "%?cé& on the other hand, refersto any job corntaining the string ‘ce' in its command
line. If the pre X or substring matchesmore than one job, Bash reports an error.

Simply naming a job can be usedto bring it into the foreground: %1 is a synorym for
fg %1, bringing job 1 from the badkground into the foreground. Similarly, %1& resumes
job 1in the badkground, equivalert to "bg %1

The shell learns immediately wheneer a job changesstate. Normally, Bash waits until
it is about to print a prompt beforereporting changesin a job's status soasto not interrupt
any other output. If the -b' option to the set builtin is enabled,Bash reports suc changes
immediately (seeSection4.3 [The Set Builtin], page50). Any trap on SIGCHLDs executed
for ead child processthat exits.

If an attempt to exit Bash is made while jobs are stopped, the shell prints a message
warning that there are stopped jobs. The jobs commandmay then be usedto inspect their
status. If a secondattempt to exit is made without an intervening command, Bash does
not print another warning, and the stopped jobs are terminated.

7.2 Job Control Builtins

bg
bg [jobspec ]
Resumethe suspendedjob jobspec in the badkground, asif it had beenstarted
with "&. If jobspecis not supplied, the current job is used. The return status
is zero unlessit is run when job cortrol is not enabled, or, when run with job
cortrol enabled, if jobspec was not found or jobspec speci es a job that was
started without job cortrol.

fg
fg [jobspec ]
Resumethe job jobspec in the foreground and make it the current job. If
jobspec is not supplied, the current job is used. The return status is that of
the command placed into the foreground, or non-zeroif run when job cortrol
is disabled or, when run with job control enabled, jobspec does not specify a
valid job or jobspec speci es a job that was started without job cortrol.

jobs
jobs [-Inprs]  [jobspec ]
jobs -x command[ arguments]
The rst form lists the active jobs. The options have the following meanings:

-l List processids in addition to the normal information.

-n Display information only about jobs that have changedstatus since
the userwas last noti ed of their status.

-p List only the processid of the job's processgroup leader.

-r Restrict output to running jobs.

-S Restrict output to stopped jobs.



Chapter 7: Job Control 81

kill

wait

disown

suspend

If jobspecis given, output is restricted to information about that job. If jobspec
is not supplied, the status of all jobs is listed.

If the *-x"' option is supplied, jobs replacesany jobspec found in command or
argumerts with the corresponding processgroup id, and executescommand
passingit argumerts, returning its exit status.

kil [-s sigspec ] [-n signum] [- sigspec ] jobspec or pid
kil -l [exit_status ]

Senda signal speci ed by sigspec or signum to the processnamedby job speci -
cation jobspec or processid pid. sigspecis either a case-insensitie signal name
such as SIGINT (with or without the SIG pre x) or a signal number; signum is
a signal number. If sigspec and signum are not presen, SIGTERN&s used. The
-l ' option lists the signal names. If any argumerts are supplied when ™| ' is
given, the namesof the signals corresponding to the argumerts are listed, and
the return status is zero. exit_status is a number specifying a signal number or
the exit status of a processterminated by a signal. The return status is zero
if at least one signal was successfullysert, or non-zeroif an error occursor an
invalid option is encounered.

wait [jobspec or pid ]
Wait until the child processspeci ed by processid pid or job speci cation
jobspec exits and return the exit status of the last command waited for. If a
job specis given, all processesn the job are waited for. If no argumens are
given, all currently active child processesare waited for, and the return status
is zero. If neither jobspec nor pid speci es an active child processof the shell,
the return status is 127.

disown [-ar] [-h] [jobspec ... ]

Without options, ead jobspec is removed from the table of active jobs. If the
-h' option is given, the job is not removed from the table, but is marked so
that SIGHURs not sert to the job if the shell receivesa SIGHUP If jobspec is
not presen, and neither the -a' nor *-r ' option is supplied, the current job is
used. If no jobspec is supplied, the "-a' option meansto remove or mark all
jobs; the "-r ' option without a jobspec argumert restricts operation to running
jobs.

suspend [-f]
Suspend the execution of this shell until it receivesa SIGCONSignal. The *-f
option meansto suspend even if the shell is a login shell.

When job cortrol is not active, the kill and wait builtins do not acceptjobspec argu-
ments. They must be supplied processids.
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7.3 Job Control Variables

auto_resume

This variable cortrols how the shell interacts with the userand job cortrol. If
this variable exists then single word simple commandswithout redirections are
treated as candidatesfor resumption of an existing job. There is no ambiguity
allowed; if there is more than onejob beginning with the string typed, then the
most recertly accessedob will be selected. The name of a stopped job, in this
context, is the commandline usedto start it. If this variable is setto the value
‘exact', the string supplied must match the name of a stopped job exactly; if
setto ‘substring ', the string supplied needsto match a substring of the name
of a stopped job. The ‘substring ' value provides functionality analogousto
the "%? job id (seeSection 7.1 [Job Control Basics], page 79). If setto any
other value, the supplied string must be a pre x of a stopped job's name; this
provides functionality analogousto the "% job id.
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8 Command Line Editing

This chapter describes the basic features of the gnu command line editing interface.
Command line editing is provided by the Readlinelibrary, which is usedby seweral di®erert
programs, including Bash.

8.1 Intro duction to Line Editing

The following paragraphsdescribe the notation usedto represen keystrokes.

The text C-k is read as "Control-K' and describesthe character produced when the K
key is pressedwhile the Control key is depressed.

The text M-k is read as "Meta-K' and describesthe character produced when the Meta
key (if you have one) is depressedand the ti key is pressed.The Meta key is labeled mLTi
on many keyboards. On keyboardswith two keyslabeledsLTi (usually to either side of the
spacebar), the LTI on the left sideis generally setto work asa Meta key. The LTI key
on the right may also be con gured to work as a Meta key or may be con gured as some
other modi er, such asa Composekey for typing acceried characters.

If you do not have a Meta or LTI key, or another key working asa Meta key, the identical
keystroke can be generatedby typing fEsCi rst, and then typing . Either processis known
as metafying the ti key.

The text M-C-k is read as "Meta-Control-k' and describes the character produced by
metafying C-k.

In addition, seeral keys have their own names. Speci cally, IDELi, FESCi, LFDI, ISPCi,
{ReTi, and rABi all stand for themselwes when seenin this text, or in an init Te (see
Section 8.3 [Readline Init File], page 86). If your keyboard lacks a iiFbi key, typing (c4i
will producethe desiredcharacter. The RETi key may be labeled fReturni Or tEnteri on some
keyboards.

8.2 Readline Interaction

Often during an interactive sessionyou typein along line of text, only to notice that the
‘rst word on the line is misspelled. The Readline library givesyou a set of commandsfor
manipulating the text asyou typeit in, allowing you to just x your typo, and not forcing
you to retype the majority of the line. Using these editing commands,you move the cursor
to the place that needscorrection, and delete or insert the text of the corrections. Then,
when you are satis ed with the line, you simply presstReTi. You do not have to be at the
end of the line to presstReTi; the ertire line is acceptedregardlessof the location of the
cursor within the line.

8.2.1 Readline Bare Essentials

In order to enter charactersinto the line, simply typethem. The typed character appears
where the cursor was, and then the cursor moves one spaceto the right. If you mistype a
character, you can useyour erasecharacter to badk up and delete the mistyped character.
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Sometimesyou may mistype a character, and not notice the error until you have typed
seeral other characters. In that case,you cantype C-b to move the cursor to the left, and
then correct your mistake. Afterwards, you can move the cursor to the right with C-f.

When you add text in the middle of a line, you will notice that charactersto the right
of the cursor are "pushedover' to make room for the text that you have inserted. Likewise,
when you delete text behind the cursor, characters to the right of the cursor are “pulled
badc' to Tl in the blank spacecreatedby the removal of the text. A list of the bare essetials
for editing the text of an input line follows.

C-b Move bad one character.

C-f Move forward one character.

IDELi Or IBackspace
Delete the character to the left of the cursor.

C-d Delete the character underneath the cursor.

Printing characters
Insert the character into the line at the cursor.

C- _orC-xC-u
Undo the last editing command. You can undo all the way badk to an empty
line.

(Depending on your con guration, the tBackspacd key be setto delete the character to the
left of the cursor and the DELi key setto delete the character underneath the cursor, like
C-d, rather than the character to the left of the cursor.)

8.2.2 Readline Movement Commands

The above table describesthe most basic keystrokesthat you needin order to do editing
of the input line. For your corvenience,many other commandshave beenaddedin addition
to C-b, C-f, C-d, and IbELi. Here are somecommandsfor moving more rapidly about the
line.

C-a Move to the start of the line.

C-e Move to the end of the line.

M-f Move forward a word, where a word is composedof letters and digits.
M-b Move badkward a word.

C-l Clear the screen,reprinting the current line at the top.

Notice how C-f movesforward a character, while M-f movesforward a word. It is aloose
convention that control keystrokesoperate on characters while meta keystrokes operate on
words.
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8.2.3 Readline Killing Commands

Killing text meansto delete the text from the line, but to save it away for later use,
usually by yanking (re-inserting) it back into the line. ("Cut' and “paste' are more recen
jargon for “kill' and “yank'.)

If the description for a command says that it “kills' text, then you can be sure that you
can get the text badk in a di®erer (or the same)place later.

When you usea kill command, the text is savedin akill-ring . Any number of consecutive
kills save all of the killed text together, sothat when you yank it bad, you get it all. The
kill ring is not line speci c; the text that you killed on a previously typed line is available
to be yanked back later, when you are typing another line.

Here s the list of commandsfor killing text.
C-k Kill the text from the current cursor position to the end of the line.

M-d Kill from the cursor to the end of the current word, or, if betweenwords, to the
end of the next word. Word boundariesare the sameas those usedby M-f.

M-DELi Kill from the cursor the start of the current word, or, if betweenwords, to the
start of the previous word. Word boundaries are the same as those used by
M-b.

C-w Kill from the cursor to the previous whitespace. This is di®eren than M-DELi

becausethe word boundariesdi®er.

Here is how to yank the text back into the line. Yanking meansto copy the most-
recenly-killed text from the kill bu®er.

C-y Yank the most recertly killed text badk into the bu®erat the cursor.

M-y Rotate the kill-ring, and yank the new top. You can only do this if the prior
commandis C-y or M-y.

8.2.4 Readline Argumen ts

You can passhumeric argumerts to Readline commands. Sometimesthe argumen acts
as a repeat court, other times it is the sign of the argumert that is signi cant. If you
passa negative argumert to a command which normally acts in a forward direction, that
command will act in a badkward direction. For example, to kill text back to the start of
the line, you might type "M-- C-k'.

The generalway to passnumeric argumens to a commandis to type meta digits before
the command. If the rst “digit' typedis a minus sign (*-'), then the sign of the argumert
will be negative. Once you have typed one meta digit to get the argumert started, you
cantype the remainder of the digits, and then the command. For example,to give the C-d
command an argument of 10, you could type ‘M-10 C-d', which will delete the next ten
characters on the input line.
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8.2.5 Searching for Commands in the History

Readline provides commandsfor searting through the commandhistory (seeSection9.1
[Bash History Facilities], page 109) for lines cortaining a speci ed string. There are two
searcy modes: incremertal and non-incremenal.

Incremental searthesbegin beforethe userhas nished typing the seard string. As eath
character of the seard string is typed, Readline displays the next ertry from the history
matching the string typed sofar. An incremental seard requiresonly asmany charactersas
neededto nd the desiredhistory entry. To seard backward in the history for a particular
string, type C-r. Typing C-s seardiesforward through the history. The characters presen
in the value of the isearch-terminators  variable are usedto terminate an incremenal
seard. If that variable has not been assigneda value, the tEsci and C-J characters will
terminate an incremerntal seard. C-g will abort an incremental seard and restore the
original line. When the seard is terminated, the history entry containing the seard string
becomesthe current line.

To nd other matching ertries in the history list, type C-r or C-s as appropriate. This
will seard backward or forward in the history for the next entry matching the seart string
typed so far. Any other key sequencebound to a Readline command will terminate the
seard and executethat command. For instance,a tReTi will terminate the seard and accept
the line, thereby executing the command from the history list. A movemert command will
terminate the seard, make the last line found the current line, and begin editing.

Readline remenbers the last incremertal seard string. If two C-rs are typed without
any intervening characters de ning a new seard string, any remenbered seart string is
used.

Non-incremertal seartes read the ertire seard string before starting to seart for
matching history lines. The seart string may be typed by the user or be part of the
contents of the current line.

8.3 Readline Init File

Although the Readline library comeswith a set of Emacs-like keybindings installed
by default, it is possibleto use a di®erert set of keybindings. Any user can customize
programs that use Readline by putting commandsin an inputrc Te, corvertionally in his
home directory. The name of this Te is taken from the value of the shell variable INPUTRC
If that variable is unset, the default is "~/.inputrc '

When a program which usesthe Readline library starts up, the init le is read, and the
key bindings are set.

In addition, the C-x C-r commandre-readsthis init "le, thusincorporating any changes
that you might have madeto it.

8.3.1 Readline Init File Syntax

There are only a few basic constructs allowed in the Readline init Te. Blank lines are
ignored. Lines beginning with a '# are commerts. Lines beginning with a '$' indicate
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conditional constructs (see Section 8.3.2 [Conditional Init Constructs], page 91). Other
lines denote variable settings and key bindings.

Variable Settings
You can modify the run-time behavior of Readline by altering the values of
variables in Readline using the set command within the init Te. The syntax
is simple:
set variable value

Here, for example, is how to changefrom the default Emacs-like key binding to
usevi line editing commands:

set editing-mode i

Variable namesand values, where appropriate, are recognizedwithout regard
to case.

The bind -V command lists the current Readline variable namesand values.
SeeSection 4.2 [Bash Builtins], page 39.

A great deal of run-time behavior is changeablewith the following variables.

bell-style
Controls what happens when Readline wants to ring the termi-
nal bell. If setto ‘non€, Readline never rings the bell. If setto
‘visible ', Readline usesa visible bell if oneis available. If setto
‘audible ' (the default), Readline attempts to ring the terminal's
bell.

comment-begin
The string to insert at the beginning of the line when the insert-
commentcommand is executed. The default value is "#" .

completion-ignore-case
If setto “on’, Readline performs Tename matching and completion
in a case-insensitie fashion. The default value is "off .

completion-query-items
The number of possiblecompletionsthat determineswhenthe user
is asked whether the list of possibilities should be displayed. If the
number of possiblecompletionsis greater than this value, Readline
will askthe userwhether or not he wishesto view them; otherwise,
they are simply listed. This variable must be setto an integer value
greater than or equalto 0. The default limit is 100.

convert-meta
If setto ‘on', Readlinewill corvert characterswith the eighth bit set
to an ascii key sequencey stripping the eighth bit and pre xing an
fESCi character, converting them to a meta-pre xed key sequence.
The default value is “on'.

disable-completion
If setto "On, Readline will inhibit word completion. Completion
characterswill be insertedinto the line asif they had beenmapped
to self-insert . The default is “off .
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editing-mode
The editing-mode variable controls which default set of key bind-
ingsis used. By default, Readline starts up in Emacsediting mode,
where the keystrokesare most similar to Emacs. This variable can
be set to either "'emacs or vi .

enable-keypad
When setto ‘on’, Readlinewill try to enablethe application keypad
whenit is called. Somesystemsneedthis to enablethe arrow keys.
The default is "off '.

expand-tilde
If setto “on', tilde expansionis performed when Readline attempts
word completion. The default is “off .

If setto “on', the history code attempts to place point at the same
location on ead history line retrieved with previous-history  or
next-history

horizontal-scroll-mode
This variable can be set to either “on' or “off '. Setting it to “on'
meansthat the text of the lines being edited will scroll horizontally
on a single screenline when they are longer than the width of the
screen,instead of wrapping onto a new screenline. By default, this
variable is setto "off .

input-meta
If setto “on', Readline will enableeight-bit input (it will not clear
the eighth bit in the characters it reads), regardlessof what the
terminal claims it can support. The default value is "off . The
name meta-flag is a synonym for this variable.

isearch-terminators
The string of characters that should terminate an incremertal
seard without subsequetly executingthe character asa command
(see Section 8.2.5 [Searting], page 86). If this variable has not
beengiven a value, the characterstesci and C-J will terminate an
incremertal seard.

keymap  Sets Readline's idea of the current keymap for key binding com-
mands. Acceptable keymapnames are emacs emacs-standard,
emacs-metag emacs-ctlx , vi, vi-move, vi-command and
vi-insert . vi is equivalent to vi-command emacsis equivalent
to emacs-standard. The default value is emacs The value of the
editing-mode variable also a®ectsthe default keymap.

mark-directories
If setto "on', completed directory nameshave a slash appended.
The default is “on'.
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mark-modified-lines
This variable, when set to “on’, causesReadline to display an as-
terisk ("*') at the start of history lines which have been modi ed.
This variable is “off ' by default.

mark-symlinked-directories
If setto ‘on’, completed names which are symbolic links to di-
rectories have a slash appended (subject to the value of mark-
directories ). The default is “off .

match-hidden-files
This variable, whensetto “on', causesReadlineto match Tes whose
names begin with a "."' (hidden Tes) when performing Tename
completion, unlessthe leading "." is supplied by the user in the
‘Tename to be completed. This variable is ‘on' by default.

output-meta
If setto ‘on', Readline will display characters with the eighth bit
set directly rather than as a meta-pre xed escap sequence. The
default is “off .

page-completions
If setto “on', Readline usesan internal morelike pagerto display
a screenfulof possiblecompletions at a time. This variable is “on'
by default.

print-completions-horizontally
If setto ‘on’, Readlinewill display completionswith matchessorted
horizontally in alphabetical order, rather than down the screen.
The default is “off .

show-all-if-ambiguous
This alters the default behavior of the completion functions. If set
to “on', words which have more than one possiblecompletion cause
the matchesto be listed immediately instead of ringing the bell.
The default value is “off .

show-all-if-unmodified
This alters the default behavior of the completion functions in a
fashion similar to show-all-if-ambiguous If setto “on', words which
have more than one possiblecompletion without any possiblepar-
tial completion (the possible completions don't share a common
pre X) causethe matchesto be listed immediately instead of ring-
ing the bell. The default value is "off '.

visible-stats
If setto “on', a character denoting a le's type is appendedto the
“Tename when listing possiblecompletions. The default is “off '.

Key Bindings
The syntax for cortrolling key bindings in the init Te is simple. First you
needto nd the name of the commandthat you want to change. The following
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sectionscontain tables of the command name, the default keybinding, if any,
and a short description of what the command does.

Once you know the name of the command, simply place on a line in the init
‘Te the name of the key you wish to bind the command to, a colon, and then
the name of the command. The name of the key can be expressedin di®eren
ways, depending on what you nd most comfortable.

In addition to command names, readline allows keysto be bound to a string
that is inserted when the key is pressed(a macro).

The bind -p command displays Readline function names and bindings in a
format that can put directly into an initialization Te. SeeSection 4.2 [Bash
Builtins], page 39.

keyname function-name or macro
keynameis the name of a key spelled out in English. For example:

Control-u:  universal-argument
Meta-Rubout: backward-kill-word
Control-o: "> output”

In the above example, C-u is bound to the function universal-
argument, M-DELis bound to the function backward-kill-word
and C-o is bound to run the macro expressedon the right hand
side (that is, to insert the text "> output ' into the line).

A number of symbolic character namesare recognizedwhile pro-
cessingthis key binding syntax: DEL, ESC, ESCAPE, LFD, NEW-
LINE, RET, RETURN, RUBOUT, SPACE, SPC, and TAB.

"keysed : function-name or macro
keyseqdi®ersfrom keyname above in that strings denoting an en-
tire key sequencecan be speci ed, by placing the key sequencen
double quotes. Somegnu Emacsstyle key escapescan be used, as
in the following example, but the special character namesare not
recognized.

"\C-u": universal-argument

"\C-x\C-r": re-read-init-file

"\e[11~": "Function Key 1"
In the above example, C-u is again bound to the function
universal-argument  (just asit was in the rst example), "C-x
C-r' is bound to the function re-read-init-file , and ‘fEsci hi
i i K& is bound to insert the text "Function Key1'.

The following gnu Emacsstyle escape sequencesre available when specifying
key sequences:

\C- cortrol pre x
\M- meta pre x
\e an escape character

\\ badkslash
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\" Hi, a double quotation mark
\ hi, a single quote or apostrophe

In addition to the gnu Emacsstyle escape sequencesa secondset of badkslash
escapesis available:

\a alert (bell)

\b badkspace

\d delete

\f form feed

\n newline

\r carriage return

\t horizontal tab

\v vertical tab

\ nnn the eight-bit character whosevalue is the octal value nnn (one to
three digits)

\x HH the eight-bit character whose value is the hexadecimal value HH

(one or two hex digits)

When entering the text of a macro, single or double quotes must be usedto
indicate a macrode nition. Unquoted text is assumedo beafunction name. In
the macrobody, the badkslashescapesdescribed above are expanded. Backslash

will quote any other character in the macro text, including ™' and ™'. For
example,the following binding will make "C-x \' insert a single '\ into the line:
"“\C-x\\": "\

8.3.2 Conditional Init Constructs

Readline implements a facility similar in spirit to the conditional compilation features

of the C preprocessorwhich allows key bindings and variable settings to be performed as
the result of tests. There are four parser directivesused.

$if

The $if construct allows bindings to be made basedon the editing mode, the
terminal being used, or the application using Readline. The text of the test
extendsto the end of the line; no characters are required to isolate it.

mode The mode=form of the $if directiveis usedto test whether Readline
is in emacsor vi mode. This may be usedin conjunction with the
‘set keymap command, for instance, to set bindings in the emacs-
standard and emacs-ctlx keymapsonly if Readlineis starting out
in emacsmode.

term The term= form may be usedto include terminal-speci ¢ key bind-
ings, perhapsto bind the key sequencesutput by the terminal's
function keys. The word on the right side of the "=' is tested against
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$endif
$else

$include

application
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both the full name of the terminal and the portion of the terminal
name beforethe rst -'. This allows sun to match both sun and
sun-cmd, for instance.

The application construct is usedto include application-speci ¢ set-
tings. Each program using the Readlinelibrary setsthe application
name and you cantest for a particular value. This could be usedto
bind key sequencego functions useful for a speci ¢ program. For
instance, the following command adds a key sequencethat quotes
the current or previous word in Bash:

$if Bash

# Quote the current or previous word

"“C-xq":  "\eb\"\ef\""

$endif

This command, as seenin the previous example, terminates an $if command.
Commandsin this branch of the $if directive are executedif the test fails.

This directive takes a single lename as an argumert and reads commands
and bindings from that Te. For example, the following directive reads from
“letc/inputrc

$include /etc/inputrc

8.3.3 Sample Init File

Here is an example of an inputrc Te. This illustrates key binding, variable assignmen,
and conditional syntax.
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# This file controls the behaviour of line input editng for
programs that use the GNUReadline library. Existing
programs include FTP, Bash, and GDB.

You can re-read the inputrc file with C-x C-r.

#

#

#

#

# Lines beginning with '# are comments.
#

# First, include any systemwide bindings and variable
# assignments from /etc/Inputrc
$include /etc/Inputrc
#

# Set various bindings for emacs mode.

set editing-mode emacs

$if mode=emacs

Meta-Control-h: backward-kill-word ~ Text after the function
#

# Arrow keys in keypad mode

#

#'\M-OD™: backward-char
#'\M-0OC™ forward-char
#"'\M-OA": previous-history
#'\M-OB": next-history

#

# Arrow keys in ANSI mode

#

“\M-[D": backward-char
"\M-[C": forward-char
"\M-[A™: previous-history
"\M-[B": next-history

#

# Arrow keys in 8 bit keypad mode
#

#'\M-\C-OD": backward-char
#'\M-\C-0C™: forward-char
#"\M-\C-OA™: previous-history
#"\M-\C-OB": next-history

#

# Arrow keys in 8 bit ANSI mode
#

#'\M-\C-[D™: backward-char

#\M-\C-[C":

forward-char

nameis
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#"'\M-\C-[A": previous-history
#"'\M-\C-[B": next-history

C-gq: quoted-insert
$endif

# An old-style  binding.  This happens to be the default.
TAB: complete

# Macros that are convenient for shell interaction
$if Bash

# edit the path

"\C-xp": "PATH=${PATH}e\C-e\C-a\ef\C-f"

# prepare to type a quoted word --

# insert open and close double quotes

# and moveto just after the open quote

“C-x\"": "\"\"\C-b"

# insert a backslash (testing backslash escapes
# in sequences and macros)

"“\C-x\\": "\

# Quote the current or previous word

"“C-xg™:  "\eb\"\ef\""

# Add a binding to refresh the line, which is unbound
"“\C-xr":  redraw-current-line

# Edit variable on current line.

"\M-\C-v":  "\C-a\C-k$\C-y\M-\C-e\C-a\C-y="

$endif

# use a visible bell if one is available
set bell-style visible

# don't strip characters to 7 bits when reading
set input-meta on

# allow iso-latinl characters to be inserted rather
# than converted to prefix-meta sequences
set convert-meta off

# display characters with the eighth bit set directly
# rather than as meta-prefixed characters
set output-meta on

# if there are more than 150 possible completions for
# a word, ask the user if he wants to see all of them
set completion-query-items 150
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# For FTP

$if Ftp

"C-xg": "get \M-?"
"“\C-xt":  "put \M-?"
"\M-.":  yank-last-arg
$endif

8.4 Bindable Readline Commands

This section describes Readline commandsthat may be bound to key sequences.You
can list your key bindings by executingbind -P or, for a more terse format, suitable for an
inputrc Te, bind -p. (SeeSection 4.2 [Bash Builtins], page39.) Command nameswithout
an accomparying key sequenceare unbound by default.

In the following descriptions, point refersto the current cursor position, and mark refers
to a cursor position saved by the set-mark command. The text betweenthe point and
mark is referred to asthe region.

8.4.1 Commands For Moving

beginning-of-line (C-a)

Move to the start of the current line.
end-of-line  (C-e)

Move to the end of the line.

forward-char (C-f)
Move forward a character.

backward-char (C-b)
Move badk a character.

forward-word (M-f)
Move forward to the end of the next word. Words are composedof letters and
digits.

backward-word (M-b)
Move badck to the start of the current or previous word. Words are composed
of letters and digits.

clear-screen (C-l)
Clear the screenand redraw the current line, leaving the current line at the top
of the screen.

redraw-current-line 0
Refreshthe current line. By default, this is unbound.

8.4.2 Commands For Manipulating The History

accept-line  (Newline or Return)
Accept the line regardlessof wherethe cursoris. If this line is non-empty, add it
to the history list accordingto the setting of the HISTCONTR@hd HISTIGNORE
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variables. If this line is a modi ed history line, then restore the history line to
its original state.

previous-history  (C-p)
Move "bad’ through the history list, fetching the previous command.

next-history  (C-n)
Move “forward' through the history list, fetching the next command.

beginning-of-history (M-<)
Move to the rst line in the history.

end-of-history  (M->)
Move to the end of the input history, i.e., the line currently being entered.

reverse-search-history (C-n
Seard backward starting at the current line and moving "up' through the his-
tory asnecessary This is an incremental seard.

forward-search-history (C-s)
Seard forward starting at the current line and moving “down' through the the
history as necessary This is an incremertal seard.

non-incremental-reverse-search-history (M-p)
Seard backward starting at the current line and moving "up' through the his-
tory as necessaryusing a non-incremertal seard for a string supplied by the
user.

non-incremental-forward-search-history (M-n)
Seardt forward starting at the current line and moving "down’ through the the
history asnecessaryusing a non-incremertal seard for a string supplied by the
user.

history-search-forward 0
Seart forward through the history for the string of characters between the
start of the current line and the point. This is a non-incremertal seard. By
default, this commandis unbound.

history-search-backward ()
Seart badkward through the history for the string of characters betweenthe
start of the current line and the point. This is a non-incremertal seart. By
default, this command is unbound.

yank-nth-arg (M-C-y)
Insert the rst argumert to the previous command (usually the secondword on
the previousline) at point. With an argumert n, insert the nth word from the
previous command (the words in the previous commandbegin with word 0). A
negative argumert inserts the nth word from the end of the previous command.

yank-last-arg (M-. or M-_)
Insert last argumert to the previous command (the last word of the previous
history entry). With an argumert, behave exactly like yank-nth-arg . Succes-
sive calls to yank-last-arg  move badk through the history list, inserting the
last argument of ead line in turn.
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8.4.3 Commands For Changing Text

delete-char (C-d)
Delete the character at point. If point is at the beginning of the line, there
are no characters in the line, and the last character typed was not bound to
delete-char , then return eof .

backward-delete-char (Rubout)
Delete the character behind the cursor. A numeric argumert meansto kill the
characters instead of deleting them.

forward-backward-delete-char ()
Delete the character under the cursor, unlessthe cursor is at the end of the
line, in which casethe character behind the cursor is deleted. By default, this
is not bound to a key.

guoted-insert  (C-q or C-v)
Add the next character typed to the line verbatim. This is how to insert key
sequencedike C-q, for example.

self<insert  (a, b, A, 1, !, ... )
Insert yourself.

transpose-chars (C-t)
Drag the character before the cursor forward over the character at the cursor,
moving the cursor forward as well. If the insertion point is at the end of the
line, then this transposesthe last two charactersof the line. Negative argumens
have no e®ect.

transpose-words (M-t)
Drag the word before point past the word after point, moving point past that
word aswell. If the insertion point is at the end of the line, this transposesthe
last two words on the line.

upcase-word (M-u)
Uppercasethe current (or following) word. With a negative argumernt, upper-
casethe previous word, but do not move the cursor.

downcase-word (M-1)
Lowercasethe current (or following) word. With a negative argumert, lowercase
the previous word, but do not move the cursor.

capitalize-word  (M-c)
Capitalize the current (or following) word. With a negative argumert, capitalize
the previous word, but do not move the cursor.

overwrite-mode ()
Toggle overwrite mode. With an explicit positive numeric argumert, switches
to overwrite mode. With an explicit non-positive numeric argumert, switchesto
insert mode. This command a®ectsonly emacsmode; vi mode doesoverwrite
di®erenly. Each call to readline() starts in insert mode.
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In overwrite mode, characters bound to self-insert  replacethe text at point
rather than pushing the text to the right. Characters bound to backward-
delete-char replacethe character before point with a space.

By default, this commandis unbound.
8.4.4 Kiling And Yanking

kill-line (C-k)
Kill the text from point to the end of the line.

backward-kill-line (C-x Rubout)
Kill backward to the beginning of the line.

unix-line-discard (C-u)
Kill badckward from the cursor to the beginning of the current line.

kill-whole-line 0
Kill all characters on the current line, no matter where point is. By default,
this is unbound.

kill-word  (M-d)
Kill from point to the end of the current word, or if betweenwords, to the end
of the next word. Word boundaries are the sameas forward-word .

backward-kill-word  (M-fDELi)
Kill the word behind point. Word boundariesare the sameas backward-word.

unix-word-rubout  (C-w)
Kill the word behind point, using white spaceas a word boundary. The killed
text is saved on the kill-ring.

unix-filename-rubout ()
Kill the word behind point, using white spaceand the slash character as the
word boundaries. The killed text is saved on the kill-ring.

delete-horizontal-space 0
Delete all spacesand tabs around point. By default, this is unbound.

kill-region ()
Kill the text in the current region. By default, this commandis unbound.

copy-region-as-Kkill 0
Copy the text in the region to the kill bu®er, soit can be yanked right away.
By default, this command is unbound.

copy-backward-word ()
Copy the word before point to the kill bu®er. The word boundaries are the
sameas backward-word. By default, this commandis unbound.

copy-forward-word ()
Copy the word following point to the kill bu®er. The word boundariesare the
sameas forward-word . By default, this commandis unbound.
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yank (C-y)

Yank the top of the kill ring into the bu®erat point.

yank-pop (M-y)

Rotate the kill-ring, and yank the new top. You can only do this if the prior
command is yank or yank-pop.

8.4.5 Specifying Numeric Argumen ts

digit-argument (M-0, M-1, ... M--)

Add this digit to the argumert already accunulating, or start a new argumert.
M-- starts a negative argumert.

universal-argument ()

This is another way to specify an argumert. If this commandis followed by one
or more digits, optionally with a leading minus sign, those digits de ne the ar-
gument. If the commandis followed by digits, executing universal-argument
again endsthe numeric argumert, but is otherwise ignored. As a special case,
if this command is immediately followed by a character that is neither a digit
or minus sign, the argumert count for the next command is multiplied by four.
The argumert court is initially one, so executing this function the rst time
makesthe argument count four, a secondtime makesthe argumert count six-
teen, and so on. By default, this is not bound to a key.

8.4.6 Letting Readline Type For You

complete (1TABi)

Attempt to perform completion on the text beforepoint. The actual completion
performed is application-speci c. Bash attempts completion treating the text
as a variable (if the text beginswith °$), username (if the text begins with
~), hostname (if the text beginswith "@), or command (including aliasesand
functions) in turn. If none of these producesa match, Tename completion is
attempted.

possible-completions  (M-?)

List the possiblecompletions of the text before point.

insert-completions  (M-*)

Insert all completions of the text before point that would have beengenerated
by possible-completions

menu-complete ()

Similar to complete, but replacesthe word to be completedwith a single match
from the list of possible completions. Repeated execution of menu-complete
steps through the list of possible completions, inserting eacd match in turn.
At the end of the list of completions, the bell is rung (subject to the setting
of bell-style ) and the original text is restored. An argumert of n movesn
positions forward in the list of matches; a negative argumert may be usedto
move badkward through the list. This command is intended to be bound to
HrABi, but is unbound by default.



100 Bash ReferenceManual

delete-char-or-list 0
Deletesthe character under the cursor if not at the beginning or end of the line
(like delete-char ). If at the end of the line, behavesidentically to possible-
completions . This commandis unbound by default.

complete-filename (M-/)
Attempt Tename completion on the text before point.

possible-filename-completions (C-x 1
List the possiblecompletions of the text beforepoint, treating it asa lename.

complete-username (M-~)
Attempt completion on the text before point, treating it asa username.

possible-username-completions  (C-x ~)
List the possiblecompletionsof the text beforepoint, treating it asa username.

complete-variable  (M-$)
Attempt completion on the text beforepoint, treating it asa shell variable.

possible-variable-completions (C-x 9$)
List the possible completions of the text before point, treating it as a shell
variable.

complete-hostname (M-@)
Attempt completion on the text before point, treating it asa hostname.

possible-hosthname-completions (C-x @)
List the possiblecompletionsof the text beforepoint, treating it asa hostname.

complete-command(M-!)
Attempt completion on the text before point, treating it asa command name.
Command completion attempts to match the text against aliases, resened
words, shell functions, shell builtins, and nally executable Tenames, in that
order.

possible-command-completions (C-x !)
List the possiblecompletions of the text beforepoint, treating it asa command
name.

dynamic-complete-history  (M-TABi)
Attempt completion on the text before point, comparing the text against lines
from the history list for possiblecompletion matches.

complete-into-braces  (M-{)
Perform Tename completion and insert the list of possiblecompletionsenclosed
within bracesso the list is available to the shell (see Section 3.5.1 [Brace Ex-
pansion], page 17).

8.4.7 Keyb oard Macros

start-kbd-macro  (C-x ()
Begin saving the characterstyped into the current keyboard macro.
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end-kbd-macro (C-x ))
Stop saving the characterstyped into the current keyboard macro and save the
de nition.

call-last-kbd-macro (C-x e)

Re-executethe last keyboard macro de ned, by making the charactersin the
macro appear asif typed at the keyboard.

8.4.8 Some Miscellaneous Commands

re-read-init-file (C-x C-r)
Readin the contents of the inputrc Te, and incorporate any bindings or variable
assignmets found there.

abort (C-g)
Abort the current editing commandand ring the terminal's bell (subject to the
setting of bell-style ).

do-uppercase-version (M-a, M-b, Mx, ... )
If the meta ed character x is lowercase,run the commandthat is bound to the
corresponding uppercasecharacter.

prefix-meta  (fESCi)
Metafy the next character typed. This is for keyboards without a meta key.
Typing fESCi f' is equivalent to typing M-f.

undo (C-_ or C-x C-u)
Incremertal undo, separately remembered for ead line.

revert-line  (M-r)
Undo all changesmade to this line. This is like executing the undo command
enoughtimes to get bad to the beginning.

tilde-expand (M-&)
Perform tilde expansionon the current word.

set-mark (C-@)
Set the mark to the point. If a numeric argumen is supplied, the mark is set
to that position.

exchange-point-and-mark (C-x C-x)
Swap the point with the mark. The current cursor position is setto the saved
position, and the old cursor position is saved as the mark.

character-search  (C-])
A character is read and point is moved to the next occurrenceof that character.
A negative court seartesfor previous occurrences.

character-search-backward (M-C-])
A character is read and point is moved to the previous occurrence of that
character. A negative count seardesfor subsequen occurrences.
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insert-comment (M-#)

Without a numeric argumert, the value of the comment-begin variable is in-
serted at the beginning of the current line. If a numeric argumert is supplied,
this command acts as a toggle: if the characters at the beginning of the line
do not match the value of comment-begin, the value is inserted, otherwise the
characters in comment-begin are deleted from the beginning of the line. In
either case,the line is acceptedas if a newline had beentyped. The default
value of comment-begin causesthis commandto make the current line a shell
commert. If a numeric argumert causeshe commern character to be removed,
the line will be executedby the shell.

dump-functions ()
Print all of the functions and their key bindings to the Readline output stream.
If a numeric argumernt is supplied, the output is formatted in such a way that
it can be made part of an inputrc Te. This commandis unbound by default.

dump-variables ()
Print all of the settable variablesand their valuesto the Readlineoutput stream.
If a numeric argumert is supplied, the output is formatted in suc a way that
it can be made part of an inputrc Te. This commandis unbound by default.

dump-macros()
Print all of the Readline key sequencesound to macrosand the strings they
output. If a numeric argumert is supplied, the output is formatted in suc a
way that it can be made part of an inputrc Te. This commandis unbound by
default.

glob-complete-word (M-Q)
The word beforepoint is treated as a pattern for pathname expansion,with an
asteriskimplicitly appended. This pattern is usedto generatea list of matching
‘e namesfor possiblecompletions.

glob-expand-word (C-x *)
The word before point is treated as a pattern for pathname expansion, and
the list of matching Te namesis inserted, replacing the word. If a numeric
argumert is supplied, a *' is appendedbefore pathname expansion.

glob-list-expansions (C-x 9)
The list of expansionsthat would have beengeneratedby glob-expand-word
is displayed, and the line is redrawn. If a numeric argumert is supplied, a ™'
is appended before pathname expansion.

display-shell-version (C-x C-v)
Display version information about the current instance of Bash.

shell-expand-line  (M-C-e)
Expand the line as the shell does. This performs alias and history expansion
as well as all of the shell word expansions(see Section 3.5 [Shell Expansions],
page 16).

history-expand-line (M-")
Perform history expansionon the current line.
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magic-space ()
Perform history expansionon the current line and insert a space(seeSection9.3
[History Interaction], page111).

alias-expand-line ()
Perform alias expansionon the current line (seeSection 6.6 [Aliases], page71).

history-and-alias-expand-line 0
Perform history and alias expansionon the current line.

insert-last-argument (M-. or M-))
A synorym for yank-last-arg

operate-and-get-next  (C-0)
Accept the current line for execution and fetch the next line relative to the
current line from the history for editing. Any argumert is ignored.

edit-and-execute-command (C-xC-e)
Invoke an editor on the current command line, and executethe result as shell
commands. Bash attempts to invoke $VISUAL $EDITORand emacsas the
editor, in that order.

8.5 Readline vi Mo de

While the Readlinelibrary doesnot have a full setof vi editing functions, it doescontain
enoughto allow simple editing of the line. The Readline vi mode behaves as speci ed in
the posix 1003.2standard.

In order to switch interactively betweenemacsand vi editing modes, use the “set -0
emacs and ‘set -0 vi ' commands(seeSection4.3[The SetBuiltin], page50). The Readline
default is emacsmode.

When you enter a line in vi mode, you are already placedin “insertion' mode, asif you
had typedan i '. Pressingfesci switchesyou into "command' mode, whereyou can edit the
text of the line with the standard vi movemert keys, move to previous history lines with
k' and subsequen lines with 7j ', and soforth.

8.6 Programmable Completion

When word completion is attempted for an argumert to a commandfor which a comple-
tion speci cation (a compspec) hasbeende ned using the complete builtin (seeSection8.7
[Programmable Completion Builtins], pagel05),the programmable completion facilities are
invoked.

First, the commandnameisidenti ed. If acompspechasbeende ned for that command,
the compspec is used to generate the list of possible completions for the word. If the
command word is a full pathname, a compspec for the full pathname is searted for rst.
If no compspecis found for the full pathname, an attempt is madeto nd a compspec for
the portion following the nal slash.

Once a compsyec has beenfound, it is usedto generatethe list of matching words. If
a compspec is not found, the default Bash completion described above (see Section 8.4.6
[Commands For Completion], page 99) is performed.
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First, the actions speci ed by the compspec are used. Only matcheswhich are pre xed
by the word being completedare returned. When the *-f ' or *-d' option is usedfor Tename
or directory name completion, the shell variable FIGNORE usedto Tter the matches. See
Section 5.2 [Bash Variables], page55, for a description of FIGNORE

Any completions speci ed by a Tename expansionpattern to the -G' option are gener-
ated next. The words generatedby the pattern neednot match the word being completed.
The GLOBIGNORSEell variable is not usedto Tter the matches, but the FIGNOREhell
variable is used.

Next, the string speci ed as the argumert to the -W option is considered. The string
is rst split using the charactersin the IFS special variable as delimiters. Shell quoting is
honored. Each word is then expandedusing braceexpansion,tilde expansion,parameterand
variable expansion,command substitution, arithmetic expansion,and pathname expansion,
as described above (seeSection 3.5 [Shell Expansions],page 16). The results are split using
the rules described above (see Section 3.5.7 [Word Splitting], page 22). The results of the
expansionare pre x-matc hed against the word being completed, and the matching words
becomethe possiblecompletions.

After these matcheshave beengenerated,any shell function or command speci ed with
the -F' and *-C' options is invoked. When the command or function is invoked, the COMP_
LINEand COMP_POINariablesare assignedvaluesasdescribed above (seeSection’5.2 [Bash
Variables], page55). If a shell function is being invoked, the COMP_WORID& COMP_CWORD
variables are also set. When the function or command is invoked, the rst argumert is
the name of the command whoseargumerts are being completed, the secondargumernt is
the word being completed, and the third argumert is the word preceding the word being
completed on the current command line. No Tltering of the generatedcompletions against
the word being completedis performed; the function or command has complete freedomin
generating the matches.

Any function speci ed with *-F' is invoked rst. The function may useany of the shell
facilities, including the compgenbuiltin described below (see Section 8.7 [Programmable
Completion Builtins], page105), to generatethe matches. It must put the possiblecomple-
tions in the COMPREPA&Ifay variable.

Next, any commandspeci ed with the *-C' option is invokedin an ervironment equivalert
to command substitution. It should print alist of completions, one per line, to the standard
output. Backslashmay be usedto escape a newline, if necessary

After all of the possible completions are generated, any TIter speci ed with the *-X'
option is applied to the list. The Tter is a pattern as usedfor pathname expansion;a "&
in the pattern is replaced with the text of the word being completed. A literal ‘& may
be escamd with a badkslash; the badslash is removed before attempting a match. Any
completion that matchesthe pattern will be removed from the list. A leading ' negates
the pattern; in this caseany completion not matching the pattern will be removed.

Finally, any pre x and su+x speci ed with the -P' and *-S' options are added to eat
member of the completion list, and the result is returned to the Readline completion code
asthe list of possiblecompletions.

If the previously-applied actions do not generateany matches,and the -0 dirnames' op-
tion was suppliedto complete whenthe compspecwas de ned, directory name completion
is attempted.
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If the -0 plusdirs ' option was supplied to complete when the compspec was de ned,
directory name completion is attempted and any matches are added to the results of the
other actions.

By default, if a compspecis found, whatever it generatesis returned to the completion
code asthe full setof possiblecompletions. The default Bash completionsare not attempted,
and the Readline default of Tename completion is disabled. If the -0 bashdefault ' option
wassuppliedto complete whenthe compspecwasde ned, the default Bash completionsare
attempted if the compspecgeneratesno matches. If the -0 default ' option wassuppliedto
complete when the compspecwas de ned, Readline's default completion will be performed
if the compspec (and, if attempted, the default Bash completions) generateno matches.

When a compspecindicatesthat directory namecompletion is desired,the programmable
completion functions force Readline to append a slashto completed nameswhich are sym-
bolic links to directories, subject to the value of the mark-directories Readline variable,
regardlessof the setting of the mark-symlinked-directories Readline variable.

8.7 Programmable Completion Builtins

Two builtin commandsare available to manipulate the programmable completion facil-
ities.
compgen
compgen| option | [word]
Generatepossiblecompletion matchesfor word accordingto the options, which
may be any option acceptedby the complete builtin with the exception of *-p'
and “-r ', and write the matchesto the standard output. When using the "-F'

or -C' options, the various shell variables set by the programmable completion
facilities, while available, will not have useful values.

The matcheswill be generatedin the sameway as if the programmable com-
pletion code had generatedthem directly from a completion speci cation with
the same°ags. If word is speci ed, only those completions matching word will
be displayed.

The return valueis true unlessan invalid option is supplied, or no matcheswere
generated.

complete

complete [-abcdefgjksuv] [-0 comp-option ] [-A action ] [-G glob-
pat] [-W wordlist ]

[-P prefix ] [-S suffix ] [-X filterpat ] [-F function ]

[-C commant name [name ... ]

complete -pr [name... ]

Specify how arguments to ead hame should be completed. If the -p' option
is supplied, or if no options are supplied, existing completion speci cations are
printed in a way that allows them to be reused as input. The “-r ' option
removesa completion speci cation for eadh name, or, if no names are supplied,
all completion speci cations.
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The processof applying these completion speci cations when word completion
is attempted is described above (see Section 8.6 [Programmable Completion],

page 103).

Other options, if speci ed, have the following meanings. The argumerts to
the -G, -W, and *-X' options (and, if necessarythe -P' and *-S' options)
should be quoted to protect them from expansionbeforethe complete builtin

is invoked.

-0 comp-option
The comp-option controls seweral aspects of the compspec'sbehav-
ior beyond the simple generation of completions. comp-option may

-A action

be one of:

bashdefault

default

dirnames

filenames

nospace

Perform the rest of the default Bash completionsif the
compspec generatesno matches.

UseReadline'sdefault Tename completion if the comp-
spec generatesno matches.

Perform directory name completion if the compspec
generatesno matches.

Tell Readline that the compspec generates lenames,
soit can perform any Tename-speci ¢ processing(lik e
adding a slashto directory namesor suppressingtrail-
ing spaces). This option is intended to be used with
shell functions speci ed with -F".

Tell Readline not to append a space(the default) to
words completed at the end of the line.

The action may be one of the following to generatea list of possible
completions:

alias
arrayvar

binding

builtin

command

directory

disabled

enabled

Alias names. May also be speci ed as -a'.
Array variable names.

Readline key binding names(see Section 8.4 [Bindable
Readline Commands], page 95).

Namesof shellbuiltin commands. May alsobe speci ed
as-b".

Command names. May also be speci ed as *-c .

Directory names. May also be speci ed as ™-d".
Namesof disabled shell builtins.

Namesof enabled shell builtins.
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export

file
function

group
helptopic

hostname

job

keyword
running
service

setopt

shopt

signal
stopped
user
variable

-G globpat
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Names of exported shell variables. May also be speci-
ed as-e'.

File names. May also be speci ed as -f .

Namesof shell functions.

Group names. May also be speci ed as *-g".

Help topics as acceptedby the help builtin (see Sec-
tion 4.2 [Bash Builtins], page39).

Hostnames, as taken from the e specied by
the HOSTFILEshell variable (see Section 5.2 [Bash
Variables], page 55).

Job names,if job cortrol is active. May also be speci-
ed as 4 ".

Shell resened words. May also be speci ed as -k .
Namesof running jobs, if job cortrol is active.
Servicenames. May also be speci ed as *-s .

Valid argumerts for the "-0' option to the set builtin
(seeSection 4.3 [The Set Builtin], page50).

Shell option names as accepted by the shopt builtin
(seeSection 4.2 [Bash Builtins], page 39).

Signal names.

Namesof stopped jobs, if job cortrol is active.

User names. May also be speci ed as *-u'.

Names of all shell variables. May also be speci ed as

N 1

-V

The Tename expansion pattern globpat is expandedto generate
the possiblecompletions.

-Wwordlist

The wordlist is split using the charactersin the IFS special variable
as delimiters, and ead resultant word is expanded. The possible
completions are the members of the resultant list which match the
word being completed.

-C command

command is executedin a subshellernvironment, and its output is
usedasthe possiblecompletions.

-F function

The shell function function is executedin the current shell erviron-
ment. When it “nishes, the possiblecompletionsare retrieved from
the value of the COMPREPA&Nay variable.
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-X filterpat
‘Tterpat is a pattern asusedfor Tename expansion. It is applied to
the list of possiblecompletions generatedby the precedingoptions
and argumerts, and eac completion matching Tterpat is removed
from the list. A leading ! in Tterpat negatesthe pattern; in this
case,any completion not matching Iterpat is removed.

-P prefix
pre x is added at the beginning of ead possible completion after
all other options have beenapplied.

-S suffix
suxx isappendedto ead possiblecompletion after all other options
have beenapplied.

The return value is true unlessan invalid option is supplied, an option other
than -p' or -r ' is supplied without a name argumert, an attempt is made to
remove a completion speci cation for a name for which no speci cation exists,
or an error occurs adding a completion speci cation.
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9 Using History Interactiv ely

This chapter describeshow to usethe gnu History Library interactively, from a user's
standpoint. It should be considereda user's guide. For information on using the gnu
History Library in other programs, seethe gnu Readline Library Manual.

9.1 Bash History Facilities

When the -0 history ' option to the set builtin is enabled (see Section 4.3 [The Set
Builtin], page50), the shell provides accesso the command history, the list of commands
previously typed. The value of the HISTSIZEshell variable is used as the number of com-
mands to save in a history list. The text of the last $HISTSIZEcommands (default 500)
is saved. The shell stores eath command in the history list prior to parameter and vari-
able expansionbut after history expansionis performed, subject to the values of the shell
variables HISTIGNOREnd HISTCONTROL

When the shell starts up, the history is initialized from the Te namedby the HISTFILE
variable (default *~/.bash_history '). The Te namedby the value of HISTFILEis truncated,
if necessaryto contain no more than the number of lines speci ed by the value of the
HISTFILESIZEvariable. When an interactiv e shell exits, the last $HISTSIZElines are copied
from the history list to the Te namedby $HISTFILE If the histappend shell option is set
(seeSection4.2[BashBuiltins], page39), the lines are appendedto the history le, otherwise
the history e is overwritten. If HISTFILEis unset, or if the history e is unwritable, the
history is not saved. After saving the history, the history le is truncated to contain no
more than $HISTFILESIZElines. If HISTFILESIZEis not set, no truncation is performed.

If the HISTTIMEFORM/STset, the time stamp information assaiated with ead history
entry is written to the history Ie.

The builtin commandfc may be usedto list or edit and re-executea portion of the history
list. The history builtin may be usedto display or modify the history list and manipulate
the history le. When using command-line editing, seardqy commandsare available in eat
editing mode that provide accessto the history list (see Section 8.4.2 [Commands For
History], page95).

The shell allows cortrol over which commands are saved on the history list. The
HISTCONTR@hd HISTIGNOR#ariables may be setto causethe shell to save only a subset
of the commandsentered. The cmdhist shell option, if enabled,causeshe shellto attempt
to save ead line of amulti-line commandin the samehistory entry, adding semicolonswhere
necessaryto presene syntactic correctness. The lithist  shell option causesthe shell to
save the commandwith embeddednewlinesinstead of semicolons.The shopt builtin is used
to set theseoptions. SeeSection4.2 [Bash Builtins], page 39, for a description of shopt.

9.2 Bash History Builtins

Bash provides two builtin commandswhich manipulate the history list and history Te.

fc
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fc [-e enamg [-nIr] [first ] [last ]
fc -s [pat=rep] [commanp

Fix Command. In the rst form, a range of commandsfrom rst to last is
selectedfrom the history list. Both rst and last may be speci ed as a string

(to locate the most recert commandbeginning with that string) or asa number
(an index into the history list, where a negative number is usedasan o®setfrom

the current command number). If last is not speci ed it is setto rst. If rst is
not speci ed it is set to the previous command for editing and j 16 for listing.

If the -l ' °ag is given, the commandsare listed on standard output. The -n'

°ag suppresseghe command numbers when listing. The “-r ' °ag reversesthe
order of the listing. Otherwise, the editor given by enameis invoked on a Te

containing those commands. If enameis not given, the value of the following
variable expansionis used: ${FCEDIT:-${EDITOR:-vi}} . This sas to usethe
value of the FCEDITvariable if set, or the value of the EDITORvariable if that

is set, or vi if neither is set. When editing is complete, the edited commands
are echoed and executed.

In the secondform, command is re-executedafter ead instance of pat in the
selectedcommand s replacedby rep.

A useful alias to usewith the fc commandis r='fc -s' , sothat typing r cc'
runs the last command beginning with cc and typing r' re-executesthe last
command (seeSection 6.6 [Aliases], page 71).

history [n]

history -c

history -d offset

history [-anrw] [filename ]

history -ps arg
With no options, display the history list with line numbers. Lines pre xed with
a *' have beenmodi ed. An argumert of n lists only the last n lines. If the
shell variable HISTTIMEFORMMTset and not null, it is usedas a format string
for strftime to display the time stamp assaiated with ead displayed history
ertry. No intervening blank is printed betweenthe formatted time stamp and
the history line.

Options, if supplied, have the following meanings:

-C Clear the history list. This may be combined with the other options
to replacethe history list completely.

-d offset
Delete the history entry at position o®set o®setshould be speci ed
asit appearswhen the history is displayed.

-a Append the new history lines (history lines entered since the be-
ginning of the current Bash session)to the history Te.

-n Append the history lines not already read from the history Te to

the current history list. Theseare lines appendedto the history Te
sincethe beginning of the current Bash session.
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-r Readthe current history Te and appendits contents to the history
list.

-W Write out the current history to the history Te.

-p Perform history substitution on the args and display the result on

the standard output, without storing the results in the history list.

-S The args are added to the end of the history list asa single entry.

When any of the -w', *-r ', *-a’, or *-n"' options is used,if Tename is given, then
it is usedasthe history le. If not, then the value of the HISTFILE variable is
used.

9.3 History Expansion

The History library provides a history expansionfeature that is similar to the history
expansionprovided by csh. This sectiondescribesthe syntax usedto manipulate the history
information.

History expansionsintro duce words from the history list into the input stream, making
it easyto repeat commands,insert the argumerts to a previous commandinto the current
input line, or x errors in previous commandsquickly.

History expansiontakesplacein two parts. The rst is to determine which line from the
history list should be usedduring substitution. The secondis to selectportions of that line
for inclusion into the current one. The line selectedfrom the history is called the evernt, and
the portions of that line that areactedupon are calledwords. Various modi ers are available
to manipulate the selectedwords. The line is broken into words in the samefashion that
Bash does, so that seweral words surrounded by quotes are consideredone word. History
expansionsare introduced by the appearanceof the history expansioncharacter, which is
1" by default. Only \'" and ™' may be usedto escape the history expansioncharacter.

Several shell options settable with the shopt builtin (see Section 4.2 [Bash Builtins],
page 39) may be usedto tailor the behavior of history expansion. If the histverify  shell
option is enabled, and Readline is being used, history substitutions are not immediately
passedto the shell parser. Instead, the expandedline is reloadedinto the Readline editing
bu®erfor further modi cation. If Readlineis being used,and the histreedit  shell option
is enabled, a failed history expansionwill be reloadedinto the Readline editing bu®er for
correction. The *-p' option to the history builtin command may be usedto seewhat
a history expansionwill do before using it. The "-s' option to the history builtin may
be usedto add commandsto the end of the history list without actually executing them,
so that they are available for subsequen recall. This is most useful in conjunction with
Readline.

The shell allows cortrol of the various characters used by the history expansionmeda-
nism with the histchars variable.

9.3.1 Event Designators

An ewvernt designatoris a referenceto a command line ertry in the history list.



112 Bash ReferenceManual

! Start a history substitution, except when followed by a space,tab, the end of
the line, "= or (' (when the extglob shell option is enabled using the shopt
builtin).

I'n Referto commandline n.

- n Refer to the command n lines bad.

I Refer to the previous command. This is a synorym for 'I-1 .
I string Referto the most recert command starting with string.

1? string [?]
Refer to the most recert command containing string. The trailing ?' may be
omitted if the string is followed immediately by a newline.

Astringl Astring2 A
Quick Substitution. Repeat the last command, replacing stringl with string2.
Equivalent to !:s/ stringl /string2 /.

I# The entire command line typed so far.

9.3.2 Word Designators

Word designatorsare usedto selectdesired words from the event. A *:' separatesthe
evert speci cation from the word designator. It may be omitted if the word designator
beginswith a ™', °$, ™', *-', or % Words are numbered from the beginning of the line,
with the rst word being denoted by 0 (zero). Words are inserted into the current line
separatedby single spaces.

For example,

Il designatesthe precedingcommand. When you type this, the precedingcom-
mand is repeatedin toto.

n$ designateshe last argumert of the precedingcommand. This may be shortened
to !$.

Ifi:2 designatesthe secondargumert of the most recert command starting with the
letters fi .

Here are the word designators:
0 (zero) The Oth word. For many applications, this is the command word.
n The nth word.

A The rst argumert; that is, word 1.

$ The last argumert.

% The word matched by the most recent "?string ?' seard.

X-y A range of words; *-y' abbreviates 0-y".

* All of the words, exceptthe Oth. This is a synorym for "1-$'. It is not an error

to use ™' if there is just oneword in the evert; the empty string is returned in
that case.
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X* Abbreviates "x-$'
X- Abbreviates x-$' like x*', but omits the last word.

If a word designator is supplied without an event speci cation, the previous command
is usedasthe evern.

9.3.3 Mo di ers

After the optional word designator,you canadd a sequencef one or more of the following
modi ers, eat precededby a ;.

h Remove a trailing pathname componen, leaving only the head.

t Remove all leading pathname componerts, leaving the tail.

-

Remove a trailing suxx of the form . suffix ', leaving the basename.
Remove all but the trailing suzxx.
Print the new command but do not executeit.

Quote the substituted words, escapingfurther substitutions.

X O T o

Quote the substituted words aswith °g', but break into words at spaces.tabs,
and newlines.

s/ old / new
Substitute new for the rst occurrenceof old in the evert line. Any delimiter
may be usedin placeof /'. The delimiter may be quoted in old and new with a
single badkslash. If & appearsin new, it is replacedby old. A single badkslash
will quote the "&. The nal delimiter is optional if it is the last character on
the input line.

& Repeat the previous substitution.
g
a Cause changesto be applied over the ertire evert line. Used in conjunction

with 's', asin gs/old / new , or with "&.

G Apply the following 's' modi er onceto ead word in the evert.
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10 Installing Bash

This chapter provides basic instructions for installing Bash on the various supported
platforms. The distribution supports the gnu operating systems, nearly every version of
Unix, and seweral non-Unix systemssud as BeOS and Interix. Other independert ports
exist for ms-dos, 0s/2 , and Windows platforms.

10.1 Basic Installation

Theseare installation instructions for Bash.
The simplest way to compile Bashis:

1. cd to the directory containing the source code and type "./configure ' to con gure
Bash for your system. If you're using csh on an old version of SystemV, you might
needto type ‘sh ./configure 'insteadto prevert csh from trying to executeconfigure
itself.

Running configure takessometime. While running, it prints messageselling which
featuresit is cheding for.

2. Type ‘make to compile Bash and build the bashbug bug reporting script.
3. Optionally, type ‘'maketests ' to run the Bash test suite.

4. Type makeinstall ' to install bash and bashbug This will also install the manual
pagesand Info Te.

The configure shellscript attempts to guesscorrect valuesfor various system-dependert
variables used during compilation. It usesthose valuesto create a "Makefile ' in eath
directory of the padkage(the top directory, the “builtins ', "doc', and “support ' directories,
ead directory under ‘lib ', and seeral others). It also createsa ‘config.h ' Te containing
system-dependent de nitions. Finally, it createsa shell script named config.status  that
you can run in the future to recreatethe current con guration, a le ‘config.cache ' that
savesthe results of its tests to speedup recon guring, and a Te ‘config.log ' corntaining
compiler output (useful mainly for debuggingconfigure ). If at somepoint ‘config.cache '
contains results you don't want to keep,you may remove or edit it.

To nd out more about the options and argumerts that the configure script under-
stands, type

bash-2.04$ ./configure --help
at the Bash prompt in your Bash sourcedirectory.

If you need to do unusual things to compile Bash, pleasetry to gure out how
configure could chedk whether or not to do them, and mail di®s or instructions to
bash-maintainers@gnu.org sothey can be consideredfor the next release.

The Te “configure.in ' is usedto createconfigure by a program called Auto conf. You
only need configure.in ' if you want to changeit or regenerateconfigure using a newer
versionof Auto conf. If you do this, make sureyou are using Auto conf version2.500r newer.

You can remove the program binaries and object Tes from the sourcecode directory by
typing ‘'makeclean'. To alsoremove the les that configure created (so you can compile
Bash for a di®eren kind of computer), type ‘'makedistclean .
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10.2 Compilers and Options

Some systemsrequire unusual options for compilation or linking that the configure
script doesnot know about. You can give configure initial valuesfor variables by setting
them in the environment. Using a Bourne-compatible shell, you cando that onthe command
line like this:

CC=c89CFLAGS=-ORIBS=-Iposix ./configure
On systemsthat have the env program, you can do it like this:

env CPPFLAGS=-l/usrt/local/include = LDFLAGS=-s/configure
The con guration processusesGCC to build Bashif it is available.

10.3 Compiling For Multiple Arc hitectures

You can compile Bash for more than onekind of computer at the sametime, by placing
the object Tes for ead architecture in their own directory. To do this, you must use a
version of makethat supports the VPATHariable, such as GNU make cd to the directory
whereyou want the object les and executablesto go and run the configure script from the
sourcedirectory. You may needto supply the “--srcdir=PATH ' argumert to tell configure
where the source les are. configure automatically chedks for the source code in the

directory that configure isin andin ".."

If you haveto usea makethat doesnot supports the VPATNariable, you cancompile Bash
for one architecture at a time in the sourcecode directory. After you have installed Bash
for one architecture, use ‘makedistclean ' beforerecon guring for another architecture.

Alternativ ely, if your systemsupports symbolic links, you canusethe “support/mkclone
script to createa build tree which hassymbolic links badk to ead Te in the sourcedirectory.
Here's an example that createsa build directory in the current directory from a source
directory “/usr/gnu/src/bash-2.0 "

bash /usr/gnu/src/bash-2.0/support/mkclone -s lusr/gnu/src/bash-2.0

The mkclone script requires Bash, so you must have already built Bash for at least one
architecture before you can create build directories for other architectures.

10.4 Installation Names

By default, ‘'makeinstall ' will install into /usr/local/bin ', ‘/usr/local/man ', etc.
You can specify an installation pre x other than “/usr/local ' by giving configure the
option “--prefix= PATH or by specifying a value for the DESTDIRmakeé variable when
running “‘makeinstall

You can specify separate installation pre xes for architecture-specic les and
architecture-independert ‘Tes. If you give configure the option “--exec-prefix= PATH
‘'makeinstall ' will use PATH as the pre x for instaling programs and libraries.
Documertation and other data Tes will still usethe regular pre x.
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10.5 Specifying the System Type

There may be somefeatures configure can not gure out automatically, but needto
determine by the type of host Bash will run on. Usually configure can gure that out,
but if it prints a messagesaying it can not guessthe host type, give it the *--host=TYPE'
option. "TYPEcan either be a short namefor the systemtype, suc as 'sun4’, or a canonical
name with three elds: "CPU-COMPANY-SYSTE&ML, i386-unknown-freebsd4.2 ).

Seethe le “support/config.sub ' for the possiblevaluesof ead eld.
10.6 Sharing Defaults

If you want to set default valuesfor configure scripts to share, you can create a site
shell script called config.site  that gives default values for variables like CC cache_
file , and prefix . configure looks for 'PREFIX/share/config.site ' if it exists, then
'PREFIX/etc/config.site ' if it exists. Or, you cansetthe CONFIG_SITEnvironment vari-
able to the location of the site script. A warning: the Bash configure looks for a site
script, but not all configure scripts do.

10.7 Operation Controls

configure recognizesthe following options to control how it operates.

--cache-file= file
Use and save the results of the tests in Te instead of "./config.cache '. Set
‘Te to /dev/null ' to disable cading, for debuggingconfigure .

--help Print a summary of the options to configure , and exit.
--quiet

--silent

-q Do not print messagesaying which cheds are being made.
--srcdir= dir

Look for the Bash sourcecode in directory dir. Usually configure can deter-
mine that directory automatically.

--version
Print the version of Auto conf usedto generatethe configure script, and exit.

configure also acceptssome other, not widely used, boilerplate options. “configure
--help ' prints the complete list.

10.8 Optional Features

The Bash configure has a number of --enable- feature ' options, where feature in-
dicates an optional part of Bash. There are also seweral "--with- package' options, where
padkage is something like bash-malloc ' or “purify '. To turn o®the default useof a padck-
age, use --without- package'. To con gure Bash without a feature that is enabled by
default, use --disable- feature '
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Hereis acompletelist of the *--enable- ' and --with- ' optionsthat the Bashconfigure
recognizes.

--with-afs
De ne if you are using the Andrew File Systemfrom Transarc.

--with-bash-malloc
Use the Bash version of malloc in ‘lib/malloc/malloc.c . This is not the
samemalloc that appearsin gnu libc, but an older version derived from the
4.2 bsd malloc. This malloc is very fast, but wastes some spaceon eath
allocation. This option is enabledby default. The 'NOTESIe contains a list of
systemsfor which this should be turned o®,and configure disablesthis option
automatically for a number of systems.

--with-curses
Usethe curseslibrary instead of the termcap library. This should be supplied
if your system has an inadequate or incomplete termcap database.

--with-gnu-malloc
A synorym for --with-bash-malloc

--with-installed-readline[= PREFIX

De ne this to make Bashlink with a locally-installed version of Readline rather
than the version in ’lib/readline '. This works only with Readline 4.3 and
later versions. If PREFIX is yes or not supplied, configure usesthe valuesof
the make variablesincludedir and libdir , which are subdirectories of prefix
by default, to nd the installed version of Readlineif it is not in the standard
system include and library directories. If PREFIX is no, Bash links with the
version in ‘lib/readline '. If PREFIX is setto any other value, configure
treats it asa directory pathname and looks for the installed version of Readline
in subdirectories of that directory (include les in PREFIX /include and the
library in PREFIX /lib ).

--with-purify
De ne this to usethe Purify memory allocation cheder from Rational Software.

--enable-minimal-config
This producesa shellwith minimal features, closeto the historical Bourne shell.

There are se\eral --enable- ' options that alter how Bashis compiled and linked, rather
than changing run-time features.

--enable-largefile
Enable support for large les (http://www.sas.com/standards/large_
file/x_open.20Mar96.html ) if the operating systemrequires special compiler
options to build programs which can accesslarge les. This is enabled by
default, if the operating system provides large e support.

--enable-profiling
This builds a Bash binary that producespro ling information to be processed
by gprof ead time it is executed.
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--enable-static-link
This causesBash to be linked statically, if gcc is being used. This could be
usedto build a versionto useasroot's shell.

The ‘minimal-config ' option can be usedto disable all of the following options, but it
is processedrst, soindividual options may be enabledusing “enable- feature .

All of the following options except for ‘disabled-builtins ' and “xpg-echo-default
are enabledby default, unlessthe operating systemdoesnot provide the necessarysupport.

--enable-alias
Allow alias expansion and include the alias and unalias builtins (see Sec-
tion 6.6 [Aliases], page71).

--enable-arith-for-command
Include support for the alternate form of the for commandthat behaveslikethe
C languagefor statemen (seeSection 3.2.4.1[Looping Constructs], page 9).

--enable-array-variables
Include support for one-dimensionalarray shell variables (see Section 6.7 [Ar-
rays|, page72).

--enable-bang-history
Include support for csh-like history substitution (see Section 9.3 [History In-
teraction], page111).

--enable-brace-expansion
Include csh-like brace expansion ( b{a,b}c 7! bac bbc ). SeeSection 3.5.1
[Brace Expansion], page 17, for a complete description.

--enable-command-timing
Include support for recognizing time as a resened word and for displaying
timing statistics for the pipeline following time (see Section 3.2.2 [Pipelines],
page8). This allows pipelinesaswell asshell builtins and functions to betimed.

--enable-cond-command
Include support for the [[ conditional command. (see Section 3.2.4.2 [Condi-
tional Constructs], page 10).

--enable-cond-regexp
Include support for matching POSIX regular expressionsusing the =~ binary
operator in the [[ conditional command. (seeSection3.2.4.2[Conditional Con-
structs], page 10).

--enable-directory-stack
Include support for a csh-like directory stadk and the pushd, popd, and dirs
builtins (seeSection 6.8 [The Directory Stadc], page 73).

--enable-disabled-builtins
Allow builtin commandsto be invoked via “builtin  xxx' even after xxx has
beendisabled using ‘enable -n xxx'. SeeSection 4.2 [Bash Builtins], page 39,
for details of the builtin  and enable builtin commands.

--enable-dparen-arithmetic
Include support for the ((... )) command (see Section 3.2.4.2 [Conditional
Constructs], page 10).
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--enable-extended-glob
Include support for the extended pattern matching features described above
under Section 3.5.8.1[Pattern Matching], page 23.

--enable-help-builtin
Include the help builtin, which displays help on shell builtins and variables (see
Section 4.2 [Bash Builtins], page 39).

--enable-history
Include command history and the fc and history builtin commands(seeSec-
tion 9.1 [Bash History Facilities], page 109).

--enable-job-control
This enablesthe job cortrol features (seeChapter 7 [Job Control], page79), if
the operating system supports them.

--enable-multibyte
This enablessupport for multib yte charactersif the operating system provides
the necessarysupport.

--enable-net-redirections
This enablesthe special handling of Tenames of the form /dev/tcp/ host / port
and /dev/udp/ host / port when usedin redirections (seeSection 3.6 [Redirec-
tions], page24).

--enable-process-substitution
This enables process substitution (see Section 3.5.6 [Process Substitution],
page 22) if the operating system provides the necessarysupport.

--enable-prompt-string-decoding
Turn on the interpretation of a number of badkslash-escapd characters in
the $PS1 $PS2 $PS3 and $PS4prompt strings. SeeSection 6.9 [Printing a
Prompt], page 75, for a complete list of prompt string escage sequences.

--enable-progcomp
Enable the programmable completion facilities (seeSection 8.6 [Programmable
Completion], page 103). If Readlineis not enabled, this option has no e®ect.

--enable-readline
Include support for command-line editing and history with the Bash version of
the Readline library (seeChapter 8 [Command Line Editing], page 83).

--enable-restricted
Include support for a restricted shell. If this is enabled, Bash, when called
as rbash, enters a restricted mode. SeeSection 6.10 [The Restricted Shell],
page 76, for a description of restricted mode.

--enable-select
Include the select builtin, which allows the generation of simple merus (see
Section 3.2.4.2[Conditional Constructs], page 10).

--enable-usg-echo-default
A synorym for --enable-xpg-echo-default
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--enable-xpg-echo-default
Make the echo builtin expand badkslash-escapd charactersby default, without
requiring the "-e' option. This setsthe default value of the xpg_echo shell
option to on, which makesthe Bash echo behave more like the versionspeci ed
in the Single Unix Speci cation, version 2. See Section 4.2 [Bash Builtins],
page 39, for a description of the escape sequenceghat echo recognizes.

The Te “config-top.h ' cortains C Preprocessor#define ' statemerts for options which
are not settable from configure . Someof these are not meart to be changed; beware of
the consequences you do. Read the commerts assa@iated with ead de nition for more
information about its e®ect.
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App endix A Reporting Bugs

Pleasereport all bugsyou nd in Bash. But rst, you should make sure that it really
is a bug, and that it appearsin the latest version of Bash. The latest version of Bash is
always available for FTP from ftp://ftp.gnu.org/pub/bash/

Once you have determined that a bug actually exists, use the bashbug command to
submit a bug report. If you have a x, you are encouragedto mail that aswell! Suggestions
and “philosophical' bug reports may be mailed to bug-bash@gnu.orgor postedto the Usenet
newsgroupgnu.bash.bug .

All bug reports should include:

2 The version number of Bash.

2 The hardware and operating system.

2 The compiler usedto compile Bash.

2 A description of the bug behaviour.

2 A short script or “recipe' which exercisesthe bug and may be usedto reproduceit.
bashbuginserts the rst three items automatically into the template it providesfor Ting a
bug report.

Pleasesendall reports concerningthis manual to chet@po.CWRU.Edu
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App endix B Ma jor Di®erences From The Bourne
Shell

Bashimplemerts essetially the samegrammar, parameter and variable expansion,redi-
rection, and quoting asthe Bourne Shell. Bash usesthe posix 1003.2standard asthe spec-
i cation of how thesefeaturesare to be implemented. There are somedi®erencesetween
the traditional Bourne shell and Bash; this section quickly details the di®erencesf signif-
icance. A number of these di®erencesare explained in greater depth in previous sections.
This section usesthe version of sh included in SVR4.2 asthe baselinereference.

2 Bash is posix -conformart, even where the posix speci cation di®ersfrom traditional
sh behavior (seeSection 6.11[Bash POSIX Mode], page 76).

2 Bash has multi-c haracter invocation options (seeSection 6.1 [Invoking Bash], page63).

2 Bash hascommand-line editing (seeChapter 8 [Command Line Editing], page83) and
the bind builtin.

2 Bash provides a programmable word completion medanism (see Section 8.6 [Pro-
grammable Completion], page103), and two builtin commands,complete and compgen
to manipulate it.

2 Bash hascommandhistory (seeSection9.1 [Bash History Facilities], page109) and the
history and fc builtins to manipulate it. The Bash history list maintains timestamp
information and usesthe value of the HISTTIMEFORMAdriable to display it.

2 Bash implements csh-like history expansion (see Section 9.3 [History Interaction],
page111l).

2 Bash has one-dimensionalarray variables (see Section 6.7 [Arrays], page 72), and the
appropriate variable expansionsand assignmen syntax to usethem. Sewral of the
Bash builtins take options to act on arrays. Bash provides a number of built-in array
variables.

2 The $'... ' quoting syntax, which expands ANSI-C badkslash-escapd characters in
the text betweenthe single quotes, is supported (seeSection 3.1.2.4[ANSI-C Quoting],
page6).

2 Bash supports the $"... " quoting syntax to do locale-speci ¢ translation of
the characters between the double quotes. The *-D', “--dump-strings ', and
--dump-po-strings ' invocation options list the translatable strings found in a script
(seeSection 3.1.2.5[Locale Translation], page7).

2 Bash implements the ! keyword to negate the return value of a pipeline (see Sec-
tion 3.2.2[Pipelines], page 8). Very usefulwhen an if statement needsto act only if
a test fails.

2 Bash hasthe time resened word and command timing (see Section 3.2.2 [Pipelines],
page 8). The display of the timing statistics may be controlled with the TIMEFORMAT
variable.

2 Bashimplemerts the for (( exprl ; expr2 ; expr3 )) arithmetic for command,sim-
ilar to the C language(seeSection 3.2.4.1[Looping Constructs], page9).

2 Bashincludesthe select compound command, which allows the generation of simple
mernus (seeSection 3.2.4.2[Conditional Constructs], page 10).

2 Bashincludesthe [[ compound command, which makesconditional testing part of the
shell grammar (seeSection 3.2.4.2[Conditional Constructs], page 10).
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2 Bashincludes brace expansion(seeSection 3.5.1[Brace Expansion], page 17) and tilde
expansion(seeSection 3.5.2 [Tilde Expansion], page 18).

2 Bashimplements commandaliasesand the alias and unalias builtins (seeSection6.6
[Aliases], page 71).

2 Bash provides shell arithmetic, the (( compound command (seeSection 3.2.4.2[Con-
ditional Constructs], page 10), and arithmetic expansion(see Section 6.5 [Shell Arith-
metic], page 70).

2 Variables present in the shell'sinitial ernvironment are automatically exported to child
processes.The Bourne shelldoesnot normally do this unlessthe variablesare explicitly
marked using the export command.

2 Bash includes the posix pattern removal "% #, %%and ‘## expansionsto remove
leading or trailing substrings from variable values (see Section 3.5.3 [Shell Parameter
Expansion], page 18).

2 The expansion ${#xx} , which returns the length of ${xx} , is supported (see Sec-
tion 3.5.3 [Shell Parameter Expansion], page 18).

2 The expansion${var: o®sef: length]} , which expandsto the substring of var's value
of length length, beginning at o®set is presen (see Section 3.5.3 [Shell Parameter
Expansion], page 18).

2 The expansion${var/[/] pattern[/ replacemen]} , which matchespattern and replaces
it with replacemer in the value of var, is available (seeSection 3.5.3[Shell Parameter
Expansion], page 18).

2 The expansion${! prefix }* expansion,which expandsto the namesof all shell vari-
ables whose namesbegin with pre x, is available (see Section 3.5.3 [Shell Parameter
Expansion], page 18).

2 Bashhasindirect variable expansionusing ${!word} (seeSection3.5.3[Shell Parameter
Expansion], page 18).

2 Bash can expand positional parametersbeyond $9 using ${nunt .

2 The posix $() form of command substitution is implemented (seeSection 3.5.4[Com-
mand Substitution], page 21), and preferred to the Bourne shell's = (which is also
implemented for backwards compatibilit y).

2 Bash has processsubstitution (seeSection 3.5.6 [ProcessSubstitution], page22).

2 Bash automatically assigns variables that provide information about the current
user (UID, EUIDQ and GROUPSthe current host (HOSTTYPESTYPEMACHTYPENd
HOSTNAMEand the instance of Bash that is running (BASH BASH_VERSIQIldnd
BASH_VERSINEF@eeSection 5.2 [Bash Variables], page 55, for details.

2 The IFS variable is usedto split only the results of expansion, not all words (see
Section 3.5.7 [Word Splitting], page?22). This closesa longstanding shell security hole.

2 Bash implemerts the full set of posix 1003.2 Tename expansionoperators, including
character classesequivalenceclassesand collating symbols (seeSection3.5.8[Filename
Expansion], page 22).

2 Bash implements extended pattern matching features when the extglob shell option
is enabled (seeSection 3.5.8.1[Pattern Matching], page 23).

2 |t is possibleto have a variable and a function with the samename;sh doesnot separate
the two name spaces.
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2 Bash functions are permitted to have local variables using the local builtin, and thus
useful recursive functions may be written (seeSection 4.2 [Bash Builtins], page 39).

2 Variable assignmets precedingcommandsa®ectonly that command, even builtins and
functions (see Section 3.7.4 [Environment], page 30). In sh, all variable assignmems
precedingcommandsare global unlessthe command is executedfrom the Te system.

2 Bash performs lename expansion on Ienames speci ed as operands to input and
output redirection operators (see Section 3.6 [Redirections], page 24).

2 Bash cortains the <> redirection operator, allowing a le to be openedfor both read-
ing and writing, and the "&=> redirection operator, for directing standard output and
standard error to the same le (seeSection 3.6 [Redirections], page 24).

2 Bashtreats a number of Tenames specially whenthey are usedin redirection operators
(seeSection 3.6 [Redirections], page 24).

2 Bash can open network connectionsto arbitrary machines and serviceswith the redi-
rection operators (see Section 3.6 [Redirections], page 24).

2 The noclobber option is available to avoid overwriting existing Tes with output redi-
rection (seeSection4.3 [The Set Builtin], page50). The ">|' redirection operator may
be usedto override noclobber .

2 The Bash cd and pwdbuiltins (see Section 4.1 [Bourne Shell Builtins], page 33) each
take -L' and "-P' options to switch betweenlogical and physical modes.

2 Bashallows a function to override a builtin with the samename, and provides accesso
that builtin's functionality within the function via the builtin  and commandbuiltins
(seeSection 4.2 [Bash Builtins], page 39).

2 The commanduiltin allows selective disabling of functions when command lookup is
performed (seeSection 4.2 [Bash Builtins], page 39).

2 Individual builtins may be enabledor disabledusing the enable builtin (seeSection4.2
[Bash Builtins], page39).

2 The Bash exec builtin takesadditional options that allow usersto cortrol the contents
of the environment passedto the executed command, and what the zeroth argument
to the commandis to be (seeSection 4.1 [Bourne Shell Builtins], page 33).

2 Shell functions may be exported to children via the ernvironment using export -f (see
Section 3.3 [Shell Functions], page 13).

2 The Bash export , readonly , and declare builtins can take a -f ' option to act on
shell functions, a -p"' option to display variableswith various attributes setin a format
that canbe usedasshellinput, a -n' option to remove various variable attributes, and
‘name=valueé argumerts to setvariable attributes and valuessimultaneously.

2 The Bash hash builtin allows a name to be assaiated with an arbitrary Tename,
even when that Tename cannot be found by searding the $PATHusing "hash -p' (see
Section 4.1 [Bourne Shell Builtins], page 33).

2 Bashincludesa help builtin for quick referenceto shell facilities (seeSection4.2 [Bash
Builtins], page39).

2 The printf  builtin is available to display formatted output (see Section 4.2 [Bash
Builtins], page 39).

2 The Bashread builtin (seeSection4.2 [Bash Builtins], page39) will read a line ending
in \'" with the *-r ' option, and will usethe REPL¥ariable asa default if no non-option



128 Bash ReferenceManual

argumerts are supplied. The Bash read builtin also acceptsa prompt string with the
-p' option and will use Readline to obtain the line when given the *-e' option. The
read builtin also has additional options to cortrol input: the "-s' option will turn o®
edoing of input characters as they are read, the -t ' option will allow read to time
out if input doesnot arrive within a speci ed number of seconds,the -n" option will
allow reading only a speci ed number of charactersrather than a full line, and the *-d'
option will read until a particular character rather than newline.

2 The return builtin may be usedto abort execution of scripts executedwith the . or
source builtins (seeSection 4.1 [Bourne Shell Builtins], page 33).

2 Bash includes the shopt builtin, for ner control of shell optional capabilities (see
Section 4.2 [Bash Builtins], page 39), and allows these options to be set and unset at
shell invocation (seeSection 6.1 [Invoking Bash], page 63).

2 Bash hasmuch more optional behavior cortrollable with the set builtin (seeSection4.3
[The Set Builtin], page50).

2 The "-x' (xtrace ) option displays commandsother than simple commandswhen per-
forming an execution trace (seeSection 4.3 [The Set Builtin], page50).

2 The test builtin (seeSection4.1 [Bourne Shell Builtins], page33) is slightly di®eren,
asit implemerts the posix algorithm, which speci esthe behavior basedon the number
of argumerts.

2 Bash includesthe caller builtin, which displays the context of any active subroutine
call (a shell function or a script executedwith the . or source builtins). This supports
the bash debugger.

2 The trap builtin (see Section 4.1 [Bourne Shell Builtins], page 33) allows a DEBUG
pseudo-signalspeci cation, similar to EXIT. Commands speci ed with a DEBU®&ap
are executed before every simple command, for command, case command, select
command, every arithmetic for command, and before the rst command executesin
a shell function. The DEBU@®ap is not inherited by shell functions unlessthe function
has been given the trace attribute or the functrace option has been enabled using
the shopt builtin. The extdebug shell option has additional e®ectson the DEBUGap.

The trap builtin (seeSection4.1[Bourne ShellBuiltins], page33) allowsan ERRpseudo-
signal speci cation, similar to EXIT and DEBUGCommandsspeci ed with an ERRrap
are executed after a simple command fails, with a few exceptions. The ERRtrap is
not inherited by shell functions unlessthe -o errtrace option to the set builtin is
enabled.

The trap builtin (see Section 4.1 [Bourne Shell Builtins], page 33) allows a RETURN
pseudo-signalspeci cation, similar to EXIT and DEBUGCommands speci ed with an
RETURMap are executed before execution resumesafter a shell function or a shell
script executedwith . or source returns. The RETURMap is not inherited by shell
functions.

2 The Bashtype builtin is more extensive and gives more information about the names
it nds (seeSection 4.2 [Bash Builtins], page39).

2 The Bash umaskbuiltin permits a *-p' option to causethe output to be displayed in
the form of a umaskcommand that may be reusedas input (see Section 4.1 [Bourne
Shell Builtins], page33).
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2

2

Bash implements a csh-like directory stadk, and provides the pushd, popd, and dirs
builtins to manipulate it (see Section 6.8 [The Directory Stad], page 73). Bash also
makesthe directory stadk visible asthe value of the DIRSTACKhell variable.

Bash interprets special badkslash-escapd charactersin the prompt strings when inter-
active (seeSection 6.9 [Printing a Prompt], page75).

The Bash restricted mode is more useful (see Section 6.10 [The Restricted Shell],
page 76); the SVR4.2 shell restricted mode is too limited.

The disown builtin can remove a job from the internal shell job table (seeSection7.2
[Job Control Builtins], page 80) or suppressthe sendingof SIGHURo a job when the
shell exits asthe result of a SIGHUP

The SVR4.2 shell hastwo privilege-related builtins (mldmodeand priv ) not presern in
Bash.

Bash doesnot have the stop or newgrp builtins.

Bash doesnot usethe SHACC¥Variable or perform shell accourting.

The SVR4.2 sh usesa TIMEOUVariable like Bash usesTMOUT

More features unique to Bash may be found in Chapter 6 [Bash Features], page 63.

B.1 Implemen tation Di®erences From The SVR4.2 Shell

Since Bash is a completely new implementation, it does not su®erfrom many of the

limitations of the SVRA4.2 shell. For instance:

2

Bash doesnot fork a subshellwhen redirecting into or out of a shell cortrol structure
such asanif or while statemert.

Bash doesnot allow unbalancedquotes. The SVR4.2 shell will silerntly insert a needed
closing quote at EOFunder certain circumstances. This can be the causeof somehard-
to- nd errors.

The SVRA4.2 shell usesa baroque memory managememn scheme based on trapping
SIGSEGVIf the shell is started from a processwith SIGSEGWlocked (e.g., by using
the system() C library function call), it misbehavesbadly.

In a questionableattempt at security, the SVR4.2 shell, when invoked without the ~-p'
option, will alter its real and e®ective uid and gid if they are lessthan some magic
threshold value, commonly 100. This can lead to unexpected results.

The SVR4.2 shell doesnot allow usersto trap SIGSEGVSIGALRMor SIGCHLD

The SVR4.2 shell does not allow the IFS, MAILCHECKRATHPS1 or PS2variables to
be unset.

The SVR4.2 shell treats ' asthe undocumerted equivalert of 7| ".

Bash allows multiple option argumerts when it is invoked (-x -v); the SVR4.2 shell
allows only one option argumert (-xv). In fact, someversionsof the shell dump core
if the secondargumernt beginswith a *-".

The SVRA4.2 shell exits a script if any builtin fails; Bash exits a script only if one of
the posix 1003.2special builtins fails, and only for certain failures, as enumerated in
the posix 1003.2standard.

The SVR4.2 shell behavesdi®ererily when invoked asjsh (it turns on job cortrol).
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App endix C Copying This Man ual

C.1 GNU Free Documentation License

Version 1.2, November 2002

Copyright °c 2000,2001,200Free Software Foundation, Inc.
59 Temple Place, Suite 330, Boston, MA  02111-1307USA

Everyoneis permitted to copy and distribute verbatim copies
of this licensedocumert, but changingit is not allowed.

0. PREAMBLE

The purpose of this Licenseis to make a manual, textb ook, or other functional and
useful documert free in the senseof freedom: to assureeveryone the e®ective freedom
to copy and redistribute it, with or without modifying it, either commercially or non-
commercially. Secondarily this License presenes for the author and publisher a way
to get credit for their work, while not being consideredresponsible for modi cations
made by others.

This Licenseis a kind of \copyleft", which meansthat derivative works of the documert
must themselwes be free in the samesense. It complemerns the GNU General Public
License,which is a copyleft licensedesignedfor free software.

We have designedthis Licensein order to useit for manuals for free software, because
free software needsfree documenrtation: a free program should come with manuals
providing the samefreedomsthat the software does. But this Licenseis not limited to

software manuals; it can be usedfor any textual work, regardlessof subject matter or

whether it is published as a printed book. We recommendthis Licenseprincipally for

works whosepurposeis instruction or reference.

1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a
notice placed by the copyright holder saying it can be distributed under the terms
of this License. Sudh a notice grants a world-wide, royalty-free license, unlimited in
duration, to use that work under the conditions stated herein. The \Do cumen",
below, refersto any such manual or work. Any member of the public is a licensee,and
is addressedas\y ou". You acceptthe licenseif you copy, modify or distribute the work
in away requiring permissionunder copyright law.

A \Mo di'ed Version" of the Documert meansany work containing the Documert or
a portion of it, either copied verbatim, or with modi cations and/or translated into
another language.

A \Secondary Section" is a namedappendix or a front-matter sectionof the Documernt
that dealsexclusively with the relationship of the publishersor authors of the Documert
to the Documert's overall subject (or to related matters) and contains nothing that
could fall directly within that overall subject. (Thus, if the Documert is in part a
textb ook of mathematics, a SecondarySectionmay not explain any mathematics.) The
relationship could be a matter of historical connectionwith the subject or with related
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matters, or of legal, commercial, philosophical, ethical or political position regarding
them.

The \In variant Sections" are certain SecondarySectionswhosetitles are designated,as
being those of Invariant Sections,in the notice that says that the Documert is released
under this License. If a sectiondoesnot t the above de nition of Secondarythen it is
not allowed to be designatedas Invariant. The Documert may contain zero Invariant
Sections. If the Documert doesnot identify any Invariant Sectionsthen there are none.

The \Cover Texts" are certain short passagesf text that are listed, as Front-Cover
Texts or Back-Cover Texts, in the notice that says that the Documert is releasedunder
this License. A Front-Cover Text may be at most 5 words, and a Back-Cover Text may
be at most 25 words.

A \T ransparen" copy of the Documernt meansa macdhine-readable copy, represerted
in a format whose speci cation is available to the general public, that is suitable for
revising the documert straightforwardly with generictext editors or (for imagescom-
posedof pixels) genericpaint programsor (for drawings) somewidely available drawing
editor, and that is suitable for input to text formatters or for automatic translation to
a variety of formats suitable for input to text formatters. A copy madein an otherwise
Transparert Te format whose markup, or absenceof markup, has been arranged to
thwart or discouragesubsequeh modi cation by readersis not Transparert. An image
format is not Transparert if usedfor any substartial amourt of text. A copy that is
not \T ransparent” is called \Opaque".

Examples of suitable formats for Transparert copies include plain ascii without

markup, Texinfo input format, LaTEX input format, sgml or xml using a publicly

available dtd , and standard-conforming simple html , PostScript or pdf designedfor
human modi cation. Examples of transparent image formats include png, xcf and
jpg . Opaque formats include proprietary formats that can be read and edited only
by proprietary word processors,sgml or xml for which the dtd and/or processing
tools are not generally available, and the machine-generatedhtml , PostScript or pdf

produced by someword processorsfor output purposesonly.

The \Title Page" means,for a printed book, the title pageitself, plus sud following
pagesas are neededto hold, legibly, the material this Licenserequiresto appearin the
title page. For works in formats which do not have any title pageassud, \Title Page"
meansthe text near the most prominent appearanceof the work's title, precedingthe
beginning of the body of the text.

A section\Entitled XYZ" meansa named subunit of the Documert whosetitle either
is precisely XYZ or contains XYZ in parenthesesfollowing text that translates XYZ in
another language. (Here XYZ standsfor a speci ¢ sectionname mertioned below, such
as\Ac knowledgemerts”, \Dedications", \Endorsemernts", or \History".) To \Preserve
the Title" of such a section when you modify the Documernt meansthat it remains a
section\Entitled XYZ" accordingto this de nition.

The Documert may include Warranty Disclaimersnext to the notice which states that
this Licenseappliesto the Documert. These Warranty Disclaimers are consideredto
be included by referencein this License, but only as regards disclaiming warranties:
any other implication that these Warranty Disclaimers may have is void and has no
e®ecton the meaning of this License.
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2. VERBATIM COPYING

You may copy and distribute the Documert in any medium, either commercially or
noncommercially, provided that this License, the copyright notices, and the license
notice saying this Licenseapplies to the Document are reproduced in all copies,and
that you add no other conditions whatsoever to those of this License. You may not use
technical measuresto obstruct or cortrol the reading or further copying of the copies
you make or distribute. Howewer, you may acceptcompensationin exchangefor copies.
If you distribute a large enoughnumber of copiesyou must also follow the conditions
in section 3.

You may alsolend copies,under the sameconditions stated above, and you may publicly
display copies.

3. COPYING IN QUANTITY

If you publish printed copies(or copiesin mediathat commonly have printed covers) of
the Documert, numbering more than 100, and the Documert's licensenotice requires
Cover Texts, you must enclosethe copiesin covers that carry, clearly and legibly, all
these Cover Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on
the badk cover. Both covers must also clearly and legibly identify you asthe publisher
of these copies. The front cover must presert the full title with all words of the title
equally prominent and visible. You may add other material on the coversin addition.
Copying with changeslimited to the covers, as long as they presene the title of the
Document and satisfy these conditions, can be treated as verbatim copying in other
respects.

If the required texts for either cover are too voluminous to 't legibly, you should put
the rst oneslisted (as many as t reasonably)on the actual cover, and cortin ue the
rest onto adjacen pages.

If you publish or distribute Opaque copiesof the Documernt numbering more than 100,
you must either include a macdhine-readableTransparert copy along with ead Opaque
copy, or state in or with ead Opaque copy a computer-network location from which
the generalnetwork-using public hasaccesdo download using public-standard network
protocols a complete Transparert copy of the Documen, free of added material. If
you use the latter option, you must take reasonably prudent steps, when you begin
distribution of Opaque copiesin quartity, to ensurethat this Transparert copy will
remain thus accessibleat the stated location until at least one year after the last time
you distribute an Opaque copy (directly or through your agerts or retailers) of that
edition to the public.

It is requested,but not required, that you contact the authors of the Document well
beforeredistributing any large number of copies,to give them a chanceto provide you
with an updated version of the Documert.

4. MODIFICA TIONS

You may copy and distribute a Modi ed Versionof the Documert under the conditions
of sections2 and 3 above, provided that you releasethe Modi ed Versionunder precisely
this License,with the Modi ed Version Tling the role of the Documert, thus licensing
distribution and modi cation of the Modi ed Versionto whoever possessesa copy of
it. In addition, you must do thesethings in the Modi ed Version:
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Usein the Title Page(and on the covers, if any) a title distinct from that of the
Documen, and from those of previous versions (which should, if there were any,
be listed in the History section of the Documert). You may usethe sametitle as
a previous version if the original publisher of that version gives permission.

List on the Title Page,as authors, one or more personsor erntities responsible for
authorship of the modi cations in the Modi ed Version,together with at least v e
of the principal authors of the Documert (all of its principal authors, if it hasfewer
than v e), unlessthey releaseyou from this requiremert.

State on the Title pagethe name of the publisher of the Modi ed Version, as the
publisher.

Presene all the copyright notices of the Documert.

Add an appropriate copyright notice for your modi cations adjacert to the other
copyright notices.

Include, immediately after the copyright notices, a licensenotice giving the public
permissionto usethe Modi ed Versionunder the terms of this License,in the form
shown in the Addendum below.

Presenein that licensenotice the full lists of Invariant Sectionsand required Cover
Texts given in the Documert's licensenotice.

Include an unaltered copy of this License.

Presene the section Entitled \History", Presere its Title, and add to it an item
stating at least the title, year, new authors, and publisher of the Modi ed Version
as given on the Title Page. If there is no section Entitled \History" in the Docu-
mert, create one stating the title, year, authors, and publisher of the Documert
as given on its Title Page, then add an item describing the Modi ed Version as
stated in the previous sertence.

Presene the network location, if any, given in the Documernt for public accessto
a Transparert copy of the Documen, and likewisethe network locations given in
the Documert for previous versionsit was basedon. Thesemay be placedin the
\History" section. You may omit a network location for a work that was published
at least four years before the Documert itself, or if the original publisher of the
versionit refersto givespermission.

For any sectionEntitled \Ac knowledgemens" or \Dedications", Presene the Title
of the section, and presere in the sectionall the substanceand tone of ead of the
contributor adknowledgemerts and/or dedications given therein.

Presene all the Invariant Sectionsof the Documert, unaltered in their text and
in their titles. Section numbers or the equivalernt are not consideredpart of the
section titles.

Delete any section Entitled \Endorsements”. Sud a section may not be included
in the Modi ed Version.

Do not retitle any existing sectionto be Entitled \Endorsements" or to con’ict in
title with any Invariant Section.

Presene any Warranty Disclaimers.

If the Modi ed Versionincludes new front-matter sectionsor appendicesthat qualify
as SecondarySectionsand cortain no material copied from the Documern, you may at



Appendix C: Copying This Manual 135

your option designatesomeor all of these sectionsas invariant. To do this, add their
titles to the list of Invariant Sectionsin the Modi ed Version's licensenotice. These
tittes must be distinct from any other sectiontitles.

You may add a section Entitled \Endorsements", provided it contains nothing but
endorsemets of your Modi ed Version by various parties|for example, statemerts of
peerreview or that the text hasbeenapproved by an organization asthe authoritativ e
de nition of a standard.

You may add a passageof up to v e words as a Front-Cover Text, and a passageof up
to 25 words as a Back-Cover Text, to the end of the list of Cover Texts in the Modi ed
Version. Only one passageof Front-Cover Text and one of Back-Cover Text may be
added by (or through arrangemeris made by) any oneertity. If the Documert already
includes a cover text for the samecover, previously added by you or by arrangemen
made by the sameentity you are acting on behalf of, you may not add another; but
you may replacethe old one, on explicit permissionfrom the previous publisher that
added the old one.

The author(s) and publisher(s) of the Document do not by this Licensegive permission
to usetheir namesfor publicity for or to assertor imply endorsemen of any Modi ed
Version.

5. COMBINING DOCUMENTS

You may conmbine the Document with other documerts releasedunder this License,
under the terms de ned in section 4 above for modi ed versions, provided that you
include in the combination all of the Invariant Sectionsof all of the original documerts,
unmodi ed, and list them all asInvariant Sectionsof your combined work in its license
notice, and that you presene all their Warranty Disclaimers.

The combined work needonly contain one copy of this License,and multiple identical
Invariant Sectionsmay be replacedwith a single copy. If there are multiple Invariant
Sectionswith the samenamebut di®erert contents, make the title of eat such section
unigue by adding at the end of it, in parentheses,the name of the original author or
publisher of that sectionif known, or elsea unique number. Make the sameadjustmert
to the sectiontitles in the list of Invariant Sectionsin the licensenotice of the combined
work.

In the combination, you must combine any sections Entitled \History" in the vari-
ous original documerts, forming one section Entitled \History"; likewisecombine any
sectionsEntitled \Ac knowledgemerns”, and any sectionsEntitled \Dedications". You
must delete all sectionsEntitled \Endorsemerts."

6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Documert and other documerts released
under this License, and replace the individual copies of this Licensein the various
documens with a single copy that is included in the collection, provided that you
follow the rules of this Licensefor verbatim copying of ead of the documerts in all
other respects.

You may extract a single documert from suc a collection, and distribute it individu-
ally under this License, provided you insert a copy of this Licenseinto the extracted
documen, and follow this Licensein all other respects regarding verbatim copying of
that documert.
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7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Documernt or its derivativeswith other separateand independert
documerts or works, in or on a volume of a storage or distribution medium, is called
an \aggregate" if the copyright resulting from the compilation is not usedto limit the
legal rights of the compilation's usersbeyond what the individual works permit. When
the Documernt is included an aggregate,this Licensedoesnot apply to the other works
in the aggregatewhich are not themselves derivative works of the Documernt.

If the Cover Text requiremert of section3 is applicable to thesecopiesof the Document,
then if the Documert is lessthan onehalf of the ertire aggregate the Documert's Cover
Texts may be placedon coversthat bracket the Document within the aggregate,or the
electronic equivalent of coversif the Document is in electronic form. Otherwise they
must appear on printed coversthat bracket the whole aggregate.

8. TRANSLATION

Translation is considereda kind of modi cation, so you may distribute translations
of the Document under the terms of section 4. Replacing Invariant Sections with
translations requires special permission from their copyright holders, but you may
include translations of someor all Invariant Sectionsin addition to the original versions
of these Invariant Sections. You may include a translation of this License,and all the
license notices in the Documert, and any Warranty Disclaimers, provided that you
also include the original English version of this License and the original versions of
those notices and disclaimers. In caseof a disagreemeh betweenthe translation and
the original version of this Licenseor a notice or disclaimer, the original version will
prevail.

If a sectionin the Documert is Entitled \Ac knowledgemernts”, \Dedications", or \His-
tory”, the requiremen (section4) to Presene its Title (section 1) will typically require
changing the actual title.

9. TERMINA TION

You may not copy, modify, sublicense,or distribute the Documert exceptas expressly
provided for under this License. Any other attempt to copy, modify, sublicenseor
distribute the Documert is void, and will automatically terminate your rights under
this License. However, parties who have received copies,or rights, from you under this
Licensewill not have their licensesterminated so long as such parties remain in full
compliance.

10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free
Documertation Licensefrom time to time. Sud new versionswill be similar in spirit
to the presert version, but may di®er in detail to addressnew problems or concerns.
Seehttp://www.gnu.org/copyleft/

Each version of the Licenseis given a distinguishing version number. If the Document
speci es that a particular numbered version of this License\or any later version"
appliesto it, you have the option of following the terms and conditions either of that
speci ed version or of any later version that has been published (not as a draft) by
the Free Software Foundation. If the Documert doesnot specify a version number of
this License,you may chooseany version ever published (not as a draft) by the Free
Software Foundation.
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C.1.1 ADDENDUM: How to use this License for your documents

To usethis Licensein a documert you have written, include a copy of the Licensein the
document and put the following copyright and licensenotices just after the title page:

Copyright (C) year your name
Permission is granted to copy, distribute  and/or modify this document
under the terms of the GNUFree Documentation License, Version 1.2
or any later version published by the Free Software Foundation;
with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts.
A copy of the license is included in the section entitted “~GNU
Free Documentation License".
If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the
\with...T exts." line with this:

with the Invariant Sections being list their titles , with
the Front-Cover Texts being list , and with the Back-Cover Texts
being list
If you have Invariant Sectionswithout Cover Texts, or someother combination of the
three, mergethose two alternativ esto suit the situation.

If your documernt cortains nontrivial examplesof program code, we recommendreleasing
these examplesin parallel under your choice of free software license, such as the GNU
General Public License,to permit their usein free software.
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