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1 In tro duction

1.1 What is Bash?

Bash is the shell, or command languageinterpreter, for the gnu operating system. The
name is an acronym for the `Bourne-Again SHell ', a pun on StephenBourne, the author
of the direct ancestorof the current Unix shell sh, which appeared in the Seventh Edition
Bell Labs Research 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 conformant implementation of the ieee
posix Shell and Tools speci¯cation (ieee Working Group 1003.2). It o®ers functional
improvements 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 versionof Unix and a few other operating systems¡ independently-supported
ports exist for ms-dos, os/2 , and Windows platforms.

1.2 What is a shell?

At its base, a shell is simply a macro processorthat executescommands. The term
macro processormeansfunctionalit y where text 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 user interface to the rich set of gnu utilities. The
programming languagefeaturesallow theseutilitites to be combined. Files containing com-
mands can be created, and becomecommandsthemselves. Thesenew commandshave the
samestatus as system commandsin directories such as /̀bin ', allowing usersor groups to
establish custom environments to automate their common tasks.

Shells may be used interactively or non-interactively. In interactive mode, they accept
input typed from the keyboard. When executingnon-interactively, shellsexecutecommands
read from a ¯le.

A shell allows execution of gnu commands, both synchronously and asynchronously.
The shell waits for synchronous commandsto complete beforeaccepting more input; asyn-
chronouscommandscontinue to executein parallel with the shell while it readsand executes
additional commands. The redirection constructs permit ¯ne-grained control of the input
and output of those commands. Moreover, the shell allows control over the contents of
commands' environments.

Shells also provide a small set of built-in commands(builtins ) implementing function-
alit y impossibleor inconvenient to obtain via separateutilities. 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 pwd builtins, among others,
could be implemented in separateutilities, but they are more convenient to use as builtin
commands. All of the shell builtins are described in subsequent sections.
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While executing commands is essential, 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 control constructs, quoting, and functions.

Shellso®erfeaturesgearedspeci¯cally for interactiveuserather than to augment the pro-
gramming language. These interactive features include job control, command line editing,
command history and aliases.Each of thesefeatures is 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 implemented internally by the shell itself, rather than by
an executableprogram somewherein the ¯le system.

control operator
A word that performsa control function. It is a newline or oneof the following:
|̀| ', `&&', `&', ;̀ ', ;̀; ', |̀ ', (̀ ', or )̀ '.

exit status
The value returned by a command to its caller. The value is restricted to eight
bits, so the maximum value is 255.

field A unit of text that is the result of oneof the shell expansions.After expansion,
when executinga command, the resulting ¯elds are usedasthe commandname
and arguments.

filename A string of characters usedto identify a ¯le.

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

job control
A mechanismby which userscanselectively 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 a letter or underscore.Names are usedasshell variable and function names.
Also referred to as an identifier .

operator A control operator or a redirection operator . SeeSection 3.6 [Redirec-
tions], page24, for a list of redirection operators.

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

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

reserved word
A word that has a special meaning to the shell. Most reserved words intro duce
shell °ow control constructs, such as for and while .

return status
A synonym for exit status .
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signal A mechanism 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 asspecial 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

Bash is an acronym for `Bourne-Again SHell '. The Bourne shell is the traditional Unix
shell originally written by Stephen Bourne. 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,control 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 reads input, it proceedsthrough a sequenceof operations. If the input
indicates the beginning of a comment, the shell ignoresthe comment symbol (`#'), and the
rest of that line.

Otherwise, roughly speaking, the shell reads its input and divides the input into words
and operators, employing the quoting rules to selectwhich meaningsto assignvarious words
and characters.

The shell then parsesthese tokens into commands and 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 Op eration

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

1. Reads its input from a ¯le (see Section 3.8 [Shell Scripts], page 31), from a string
supplied asan argument to the -̀c ' invocation option (seeSection6.1 [Invoking Bash],
page63), or from the user's terminal.

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], page71).

3. Parsesthe tokens into simple and compound commands(seeSection 3.2 [Shell Com-
mands], page8).

4. Performs the various shell expansions(see Section 3.5 [Shell Expansions], page 16),
breaking the expanded tokens into lists of ¯lenames (seeSection 3.5.8 [Filename Ex-
pansion], page22) and commandsand arguments.

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

6. Executesthe command (seeSection 3.7 [Executing Commands],page28).

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 words to the shell.
Quoting can be usedto disablespecial treatment for special characters, to prevent reserved
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 represent itself. When the command history
expansion facilities are being used, the history expansion character, usually !̀ ', must be
quoted to prevent history expansion. SeeSection9.1 [Bash History Facilities], page109, for
more details concerninghistory 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 preservesthe literal value of
the next character that follows, with the exception of newline . If a \newline pair appears,
and the backslash itself is not quoted, the \newline is treated as a line continuation (that
is, it is removed from the input stream and e®ectively ignored).

3.1.2.2 Single Quotes

Enclosing characters in single quotes (`' ') preserves the literal value of each character
within the quotes. A singlequote may not occur betweensinglequotes,even when preceded
by a backslash.

3.1.2.3 Double Quotes

Enclosing characters in double quotes (`" ') preserves the literal value of all characters
within the quotes, with the exception of `$', `̀ ', and \̀ '. The characters `$' and `̀ ' retain
their special meaning within double quotes (seeSection 3.5 [Shell Expansions], page 16).
The backslash retains its special meaning only when followed by one of the following char-
acters: `$', `̀ ', "̀ ', \̀ ', or newline . Within double quotes, backslashesthat are followed
by oneof thesecharacters 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 backslash. 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 quotes (see
Section 3.5.3 [Shell Parameter Expansion], page18).

3.1.2.4 ANSI-C Quoting

Words of the form $' string ' are treated specially. The word expandsto string, with
backslash-escaped characters replaced as speci¯ed by the ANSI C standard. Backslash
escape sequences,if present, are decoded as follows:
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\a alert (bell)

\b backspace

\e an escape character (not ANSI C)

\f form feed

\n newline

\r carriage return

\t horizontal tab

\v vertical tab

\\ backslash

\' 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 hexadecimal value HH (one or two
hex digits)

\c x a control- x character

The expandedresult is single-quoted,as if the dollar sign had not beenpresent.

3.1.2.5 Lo cale-Speci¯c Translation

A double-quotedstring precededby a dollar sign (`$') will causethe string to be trans-
lated according to the current locale. If the current locale is C or POSIX, the dollar sign is
ignored. If the string is translated and replaced, the replacement is double-quoted.

Somesystemsusethe messagecatalogselectedby the LC_MESSAGESshellvariable. Others
create the name of the messagecatalog from the value of the TEXTDOMAINshell variable,
possibly adding a su±x of .̀mo'. If you use the TEXTDOMAINvariable, you may needto set
the TEXTDOMAINDIRvariable to the location of the messagecatalog¯les. Still othersuseboth
variables in this fashion: TEXTDOMAINDIR/ LC_MESSAGES/LC MESSAGES/TEXTDOMAIN.mo.

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 (seeSection 4.2 [Bash Builtins], page 39), a word
beginning with `#' causesthat word and all remaining characterson that line to be ignored.
An interactive shell without the interactive_comments option enabled does not allow
comments. The interactive_comments option is on by default in interactive shells. See
Section 6.3 [Interactive Shells],page67, for a description of what makesa shell interactive.
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3.2 Shell Commands

A simple shell command such as echo a b c consistsof the command itself followed by
arguments, 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 command is the kind of commandencountered most often. It's just a sequence
of words separatedby blank s, terminated by oneof the shell's control operators (seeChap-
ter 2 [De¯nitions], page 3). The ¯rst word generally speci¯es a command to be executed,
with the rest of the words being that command's arguments.

The return status (seeSection 3.7.5 [Exit Status], page30) 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]] [!] command1[| command2... ]

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

The reserved word time causestiming statistics to be printed for the pipeline once it
¯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 TIMEFORMATvariable may be set to a format string that
speci¯es how the timing information should be displayed. SeeSection 5.2 [Bash Variables],
page55, for a description of the available formats. The useof time as a reserved word per-
mits the timing of shell builtins, shell functions, and pipelines. An external time command
cannot time theseeasily.

If the pipeline is not executedasynchronously (seeSection3.2.3[Lists], page9), the shell
waits for all commandsin the pipeline to complete.

Each commandin a pipeline is 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], page 50). If pipefail is enabled, the pipeline's return status is the value of
the last (rightmost) command to exit with a non-zerostatus, or zero if all commandsexit
successfully. If the reserved word !̀ ' precedesthe pipeline, the exit status is the logical
negation of the exit status as described above. The shell waits for all commands in 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 ;̀ ', `&',
`&&', or |̀| ', and optionally terminated by one of ;̀ ', `&', or a newline .

Of theselist operators, `&&' and |̀| ' have equalprecedence,followed by ;̀ ' and `&', which
have equal precedence.

A sequenceof one or more newlinesmay appear in a list to delimit commands,equiv-
alent to a semicolon.

If a command is terminated by the control operator `&', the shell executesthe command
asynchronously in a subshell. This is known as executing the command in the background.
The shell doesnot wait for the command to ¯nish, and the return status is 0 (true). When
job control is not active (see Chapter 7 [Job Control], page 79), the standard input for
asynchronous commands, in the absenceof any explicit redirections, is redirected from
/dev/null .

Commandsseparatedby a ;̀ ' areexecutedsequentially; the shellwaits for each command
to terminate in turn. The return status is the exit status of the last command executed.

The control operators `&&' and |̀| ' denote and lists and or lists, respectively. An and
list has the form

command1&& command2

command2 is executedif, and only if, command1 returns an exit status of zero.

An or list has the form

command1|| 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 reserved
word or operator. Any redirections (see Section 3.6 [Redirections], page 24) associated
with a compound commandapply to all commandswithin that compound commandunless
explicitly overridden.

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

3.2.4.1 Lo oping Constructs

Bash supports the following looping constructs.

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

until The syntax of the until command is:



10 Bash ReferenceManual

until test-commands; do consequent-commands; done

Execute consequent-commands 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 consequent-commands, or zero if none was executed.

while The syntax of the while command is:

while test-commands; do consequent-commands; done

Execute consequent-commands as long as test-commands has an exit status
of zero. The return status is the exit status of the last command executed in
consequent-commands, or zero if none was executed.

for The syntax of the for command is:

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

Expand words, and executecommandsonce for each member in the resultant
list, with name bound to the current member. If ìn words' is not present, the
for command executesthe commandsoncefor each positional parameter that
is set, as if ìn "$@"' had beenspeci¯ed (seeSection3.4.2 [Special Parameters],
page15). 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 (( expr1 ; expr2 ; expr3 )) ; do commands; done

First, the arithmetic expressionexpr1 is evaluated according to the rules de-
scribed below (see Section 6.5 [Shell Arithmetic], page 70). The arithmetic
expressionexpr2 is then evaluated repeatedly until it evaluates to zero. Each
time expr2 evaluatesto a non-zerovalue, commandsareexecutedand the arith-
metic expressionexpr3 is evaluated. If any expressionis omitted, it behavesas
if it evaluates to 1. The return value is the exit status of the last command in
list that is executed,or false if any of the expressionsis 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 command is:

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
consequent-commands list is executed. If test-commands returns a non-zero
status, each elif list is executed in turn, and if its exit status is zero, the
corresponding more-consequents is executed and the command completes. If
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`else alternate-consequents ' is present, and the ¯nal command in the ¯nal
if or elif clause has a non-zero exit status, then alternate-consequents is
executed. The return status is the exit status of the last command executed,
or zero if no condition tested true.

case The syntax of the case command is:

case word in [ [(] pattern [| pattern ]... ) command-list ;;]... esac

case will selectively execute the command-list corresponding to the ¯rst pat-
tern that matches word. The |̀ ' is used to separate multiple patterns, and
the )̀ ' operator terminates a pattern list. A list of patterns and an associated
command-list is known as a clause. Each clausemust be terminated with ;̀; '.
The word undergoestilde expansion,parameter expansion,commandsubstitu-
tion, arithmetic expansion, and quote removal before matching is attempted.
Each pattern undergoes tilde expansion,parameter expansion,command sub-
stitution, and arithmetic expansion.

There may be an arbitrary number of case clauses,each 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 used to 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 zero if no pattern is matched. Otherwise, the return status
is the exit status of the command-list executed.

select

The select construct allows the easygeneration of menus. It has almost the
samesyntax as the 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, each
precededby a number. If the ìn words' is omitted, the positional parameters
are printed, asif ìn "$@"' had beenspecifed. The PS3prompt is then displayed
and a line is read from the standard input. If the line consists of 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
EOFis read, the select commandcompletes. Any other value read causesname
to be set to null. The line read is saved in the variable REPLY.

The commands are executed after each selection until a break command is
executed,at which point the select command completes.
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Here is an example that allows the user to pick a ¯lename from the current
directory, and displays the name and index of the ¯le selected.

select fname in *;
do
echo you picked $fname \($REPLY\)
break;
done

((... ))

(( expression ))

The arithmetic expressionis evaluated according to the rules described below
(seeSection 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 ]]

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 ¯le-
nameexpansionare not performedon the words betweenthe [̀[ ' and ]̀] '; 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 areused,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 0 if the string
matchesor doesnot match the pattern, respectively, and 1 otherwise. Any part
of the pattern may be quoted to force it to be matched as a string.

An additional binary operator, `=~', is available, with the sameprecedenceas
`==' and !̀= '. 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 matches the pattern, and 1 otherwise. If
the regular expressionis syntactically incorrect, the conditional expression'sre-
turn value is 2. If the shell option nocaseglob (see the 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_REMATCH. The element of BASH_REMATCHwith index 0 is
the portion of the string matching the entire regular expression. The element
of BASH_REMATCHwith index n is the portion of the string matching the nth
parenthesizedsubexpression.

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.

! expression
True if expressionis false.

expression1 &&expression2
True if both expression1and expression2are true.

expression1 || expression2
True if either expression1or expression2is true.

The &&and || operators do not evaluate expression2if the value of expression1
is su±cient to determine the return value of the entire conditional expression.

3.2.4.3 Grouping Commands

Bashprovidestwo ways to group a list of commandsto beexecutedasa 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.

()
( list )

Placing a list of commandsbetweenparenthesescausesa subshellenvironment
to be created (seeSection 3.7.3 [Command Execution Environment], page29),
and each of the commandsin list to be executedin that subshell. Sincethe list
is executedin a subshell,variable assignments do not remain in e®ectafter the
subshellcompletes.

{}
{ list ; }

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

In addition to the creation of a subshell, there is a subtle di®erencebetween these two
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 theseconstructs is the exit status of list .

3.3 Shell Functions

Shell functions are a way to group commandsfor later execution using a singlenamefor
the group. They are executed just like a " regular" command. When the name of a shell
function is used as a simple command name, the list of commands associated with that
function nameis executed. Shell functions are executedin the current shell context; no new
processis created to 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 reserved word function is optional. If
the function reserved 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 executedwhenever name
is speci¯ed as the name of a command. Any redirections (seeSection 3.6 [Redirections],
page24) associated with the shell function are performed when the function is executed.

The exit status of a function de¯nition is zerounlessa syntax error occursor 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,in the most commonusagethe curly bracesthat surround
the body of the function must be separated from the body by blank s or newlines. This
is becausethe braces are reserved words and are only recognizedas such when they are
separatedby whitespace. Also, when using the braces, the list must be terminated by a
semicolon,a `&', or a newline.

When a function is executed, the arguments to the function becomethe positional pa-
rameters during its execution (see Section 3.4.1 [Positional Parameters], page 15). The
special parameter `#' that expands to the number of positional parameters is updated to
re°ect the change. Special parameter 0 is unchanged. The ¯rst element of the FUNCNAME
variable is set to the nameof the function while the function is executing. All other aspects
of the shell execution environment are identical betweena function and its caller with the
exception that the DEBUGtrap below) is not inherited unlessthe function hasbeengiven the
trace attribute using the declare builtin or the -o functrace option has been enabled
with the set builtin, (in which caseall functions inherit the DEBUGtrap). SeeSection 4.1
[Bourne Shell Builtins], page33, for the description of the trap builtin.

If the builtin command return is executed in a function, the function completesand
executionresumeswith the next commandafter the function call. Any commandassociated
with the RETURNtrap 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 argument is given to 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(seeSection 4.2 [Bash Builtins], page 39). The -̀F ' option to
declare or typeset will list the function namesonly (and optionally the source¯le 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], page33). 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 entit y that stores values. 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 parameter is set if it has beenassigneda 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 statement of the form

name=[ value ]

If value is not given, the variable is assignedthe null string. All values undergo tilde 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 $((... )) expansionis not used
(seeSection 3.5.5 [Arithmetic Expansion], page21). Word splitting is not performed, with
the exception of "$@" as explained below. Filename expansion is not performed. Assign-
ment statements may also appear as arguments 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 arguments when it is
invoked, and may be reassignedusing the set builtin command. Positional parameter N
may be referencedas${N} , or as$Nwhen Nconsistsof a singledigit. Positional parameters
may not be assignedto with assignment statements. The set and shift builtins are used
to set and unset them (seeChapter 4 [Shell Builtin Commands],page33). The positional
parametersare temporarily replacedwhen a shell function is executed(seeSection3.3 [Shell
Functions], page13).

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 several parametersspecially. Theseparametersmay only be referenced;
assignment to them is not allowed.

* Expands to the positional parameters,starting from one. When the expansion
occurs within double quotes, it expandsto a single word with the value of each
parameter separatedby the ¯rst character of the IFS special variable. That is,
"$*" is equivalent to "$1c $2c ... " , where c is the ¯rst character of the value
of the IFS variable. If IFS is unset, the parametersare separatedby spaces.If
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, each 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 parameters in decimal.

? Expands to the exit status of the most recently 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 as the -̀i '
option).

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

! Expands to the processid of the most recently executed background (asyn-
chronous) command.

0 Expandsto the nameof the shell or shell script. This is setat shell initialization.
If Bash is invoked with a ¯le of commands (see Section 3.8 [Shell Scripts],
page 31), $0 is set to the name of that ¯le. If Bash is started with the -̀c '
option (see Section 6.1 [Invoking Bash], page 63), then $0 is set to the ¯rst
argument after the string to be executed,if one is present. Otherwise, it is set
to the ¯lename usedto invoke Bash, as given by argument zero.

_ (An underscore.) At shell startup, set to the absolute ¯lename of the shell or
shell script being executed as passedin the argument list. Subsequently , ex-
pands to the last argument to the previous command, after expansion. Also
set to the full pathname of each command executedand placed in the environ-
ment exported to that command. When checking mail, this parameter holds
the name of the mail ¯le.

3.5 Shell Expansions

Expansion is performed on the command line after it has beensplit into token s. There
are seven kinds of expansionperformed:

² brace expansion

² tilde expansion

² parameter and variable expansion

² command substitution

² arithmetic expansion

² word splitting

² ¯lename expansion

The order of expansionsis: brace expansion, tilde expansion,parameter, variable, and
arithmetic expansion and command substitution (done in a left-to-righ t fashion), word
splitting, and ¯lename expansion.

On systems that 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 ¯lename expansion can change the number
of words of the expansion; other expansionsexpand a single word to a single word. The
only exceptionsto this are the expansionsof "$@" (seeSection 3.4.2 [Special Parameters],
page15) and "${ name[@]}" (seeSection 6.7 [Arrays], page72).

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

3.5.1 Brace Expansion

Braceexpansionis a mechanismby which arbitrary strings may begenerated.This mech-
anism is similar to ¯lename expansion (seeSection 3.5.8 [Filename Expansion], page 22),
but the ¯le 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 preamble is
pre¯xed to each string contained within the braces,and the postscript is then appendedto
each resulting string, expanding left to right.

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

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

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

Brace expansion is performed before any other expansions,and any characters special
to other expansionsare preserved 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 comma or a valid sequenceexpression. Any incorrectly formed
brace expansionis left unchanged.

A { or ,̀ ' may be quoted with a backslashto prevent 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/{ucb/{ex,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 characters in 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 HOMEshell variable. If HOMEis unset,
the home directory of the user executing the shell is substituted instead. Otherwise, the
tilde-pre¯x is replacedwith the home directory associated with the speci¯ed login name.

If the tilde-pre¯x is `~+', the value of the shell variable PWDreplacesthe tilde-pre¯x. If
the tilde-pre¯x is `~- ', the value of the shell variable OLDPWD, if it is set, is substituted.

If the characters following the tilde in the tilde-pre¯x consist of a number N, optionally
pre¯xed by a `+' or a -̀ ', the tilde-pre¯x is replacedwith the corresponding element from the
directory stack, as it would be displayed by the dirs builtin invoked with the characters
following tilde in the tilde-pre¯x as an argument (see Section 6.8 [The Directory Stack],
page 73). If the tilde-pre¯x, sansthe tilde, consistsof a number without a leading `+' or
-̀ ', `+' is assumed.

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

Each variable assignment is checked for unquoted tilde-pre¯xes immediately following a
:̀ ' or `='. In thesecases,tilde expansionis also performed. Consequently , one may use¯le

nameswith tildes in assignments to PATH, MAILPATH, and CDPATH, and the shell assignsthe
expandedvalue.

The following table shows how Bash treats unquoted tilde-pre¯xes:

~ The value of $HOME

~/foo `$HOME/foo'

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

~+/foo `$PWD/foo'

~-/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,commandsubstitution, or arithmetic
expansion. The parameternameor symbol to beexpandedmay beenclosedin braces,which
are optional but serve 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 escaped by a
backslash 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 expansion is ${ 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 intro duced. 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 used in the rest
of the substitution, rather than the value of parameter itself. This is known as indirect
expansion . The exceptions to this are the expansionsof ${ !pre¯x* } and ${ !name[@]}
described below. The exclamation point must immediately follow the left brace in order to
intro duce indirection.

In each 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 : ¡ 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
parametersmay not be assignedto in this way.

${ parameter :? word}
If parameter is null or unset, the expansionof word (or a messageto that e®ect
if word is not present) 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(seeSection 6.5 [Shell Arithmetic], page70). This is referred to as
Substring Expansion.

length must evaluate to a number greater than or equal to zero. If o®setevalu-
atesto a number lessthan zero, the value is usedasan o®setfrom the end of the
valueof parameter. If parameter is `@', the result is length positional parameters
beginning at o®set. If parameter is an array name indexed 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 whosenamesbegin with pre¯x , separated
by the ¯rst character of the IFS special variable.

${! name[@]}
${! name[*]}

If name is an array variable, expandsto the list of array indices (keys) assigned
in name. If name is not an array, expandsto 0 if name is set and null otherwise.
When `@' is used and the expansion appears within double quotes, each 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 elements in the array.

${ parameter #word}
${ parameter ##word}

The word is expandedto produce a pattern just as in ¯lename expansion(see
Section 3.5.8 [Filename Expansion], page 22). If the pattern matches the 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 parameter is `@'
or `* ', the pattern removal operation is applied to each 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 %word}
${ parameter %%word}

The word is expanded to produce a pattern just as in ¯lename expansion. If
the pattern matches a trailing portion of the expanded value of parameter,
then the result of the expansion is 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
each positional parameter in turn, and the expansion is 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 expanded to produce a pattern just as in ¯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
begins with `#', it must match at the beginning of the expandedvalue 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 each 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 each member of the array in turn, and
the expansionis the resultant list.

3.5.4 Command Substitution

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

$( command)

or

` command̀

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.
Embeddednewlinesare not deleted, but they may be removed during word splitting. The
commandsubstitution $(cat file ) canbereplacedby the equivalent but faster $(< file ) .

When the old-style backquote form of substitution is used, backslash retains its literal
meaning except when followed by `$', `̀ ', or \̀ '. The ¯rst backquote not precededby a
backslash terminates the command substitution. When using the $( command) form, all
characters betweenthe parenthesesmake up the command; none are treated specially.

Commandsubstitutions may be nested. To nest when using the backquoted form, escape
the inner backquotes with backslashes.

If the substitution appearswithin double quotes,word splitting and ¯lename 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 as if it were within double quotes, but a double quote inside
the parenthesesis not treated specially. All tokensin the expressionundergoparameter ex-
pansion, commandsubstitution, and quote removal. Arithmetic expansionsmay be nested.

The evaluation is performed according to the rules listed below (seeSection 6.5 [Shell
Arithmetic], page70). If the expressionis invalid, Bash prints a messageindicating 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 ¯les. It takesthe form of

<( list )
or

>( list )
The processlist is run with its input or output connectedto a fif o or some¯le in /̀dev/fd '.
The name of this ¯le is passedas an argument to the current command as the result of the
expansion. If the >( list ) form is used,writing to the ¯le will provide input for list . If the
<( list ) form is used,the ¯le passedasan argument should be read to 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 each 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 charactersservesto delimit
words. If IFS hasa valueother than the default, then sequencesof the whitespacecharacters
space and tab are ignored at the beginning and end of the word, as long as the whitespace
character is in the value of IFS (an IFS whitespacecharacter). Any character in IFS that
is not IFS whitespace,along with any adjacent IFS whitespacecharacters, delimits a ¯eld.
A sequenceof IFS whitespacecharacters is also treated as a delimiter. If the value of IFS
is null, no word splitting occurs.

Explicit null arguments ("" or '' ) are retained. Unquoted implicit null arguments,
resulting from the expansionof parametersthat have no values,are removed. If a parameter
with no value is expandedwithin double quotes, a null argument 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 scanseach word for the characters `* ', `?', and [̀ '. If oneof thesecharacters
appears,then the word is regardedasa pattern, and replacedwith an alphabetically sorted
list of ¯le namesmatching the pattern. If no matching ¯le 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 ¯lename generation,the character .̀ ' at the start of a ¯lename
or immediately following a slashmust be matched explicitly , unlessthe shell option dotglob
is set. When matching a ¯le name, the slashcharacter must always be matched explicitly .
In other cases,the .̀ ' character is not treated specially.

Seethe description of shopt in Section 4.2 [Bash Builtins], page39, for a description of
the nocaseglob , nullglob , failglob , and dotglob options.

The GLOBIGNOREshell variable may be used to restrict the set of ¯lenames matching a
pattern. If GLOBIGNOREis set, each matching ¯lename that alsomatchesoneof the patterns
in GLOBIGNOREis removed from the list of matches. The ¯lenames .̀ ' and .̀. ' are always
ignored when GLOBIGNOREis set and not null. However, setting GLOBIGNOREto a non-null
value has the e®ectof enabling the dotglob shell option, so all other ¯lenames beginning
with a .̀ ' will match. To get the old behavior of ignoring ¯lenames beginning with a
.̀ ', make .̀* ' one of the patterns in GLOBIGNORE. The dotglob option is disabled when

GLOBIGNOREis unset.

3.5.8.1 Pattern Matc hing

Any character that appears in a pattern, other than the special pattern characters de-
scribed below, matches itself. The nul character may not occur in a pattern. A backslash
escapes the following character; the escapingbackslash 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 rangeexpression; any character that sorts betweenthose two
characters, inclusive, using the current locale'scollating sequenceand character
set, is matched. If the ¯rst character following the [̀ ' is a !̀ ' or a `̂ ' then any
character not enclosedis matched. A ¡̀ ' may be matched by including it asthe
¯rst or last character in the set. A ]̀ ' may be matched by including it as the
¯rst character in the set. The sorting order of characters in rangeexpressionsis
determinedby the current localeand the valueof the LC_COLLATEshell variable,
if set.

For example, in the default C locale, [̀a-dx-z] ' is equivalent 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 [̀aBbCcDdxXyYz]', for example. To obtain the traditional interpretation of
rangesin bracket expressions,you can force the use of the C locale by setting
the LC_COLLATEor LC_ALLenvironment variable to the value `C'.

Within [̀ ' and ]̀ ', character classescan be speci¯ed using the syntax [: class:] ,
whereclassis oneof 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 classmatches letters, digits, and the character `_'.

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

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

If the extglob shell option is enabledusing the shopt builtin, several extendedpattern
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 )
Matcheszero or more occurrencesof the given patterns.

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

@(pattern-list )
Matchesexactly one of the given patterns.

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

3.5.9 Quote Remo val

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

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 used to open and close¯les for
the current shell execution environment. The following redirection operators may precede
or appear anywhere within a simple command or may follow a command. Redirections are
processedin the order they appear, from left to right.

In the following descriptions, if the ¯le descriptor number is omitted, and the ¯rst char-
acter of the redirection operator is `<', the redirection refers to the standard input (¯le
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, ¯lename 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



Chapter 3: Basic Shell Features 25

ls > dirlist 2>&1

directs both standard output (¯le descriptor 1) and standard error (¯le descriptor 2) to the
¯le dirlist , while the command

ls 2>&1 > dirlist

directs only the standard output to ¯le dirlist , becausethe standard error was duplicated
as standard output before the standard output was redirected to dirlist .

Bash handlesseveral ¯lenames specially when they are usedin redirections, asdescribed
in the following table:

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

/dev/stdin
File descriptor 0 is duplicated.

/dev/stdout
File descriptor 1 is duplicated.

/dev/stderr
File descriptor 2 is duplicated.

/dev/tcp/ 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 create a ¯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 ¯le descriptor n, or the standard input (¯le descriptor 0) if n is
not speci¯ed.

The general format for redirecting input is:

[ n]< word

3.6.2 Redirecting Output

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

The general format for redirecting output is:
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[ n]>[|] word
If the redirection operator is `>', and the noclobber option to the set builtin has been

enabled, the redirection will fail if the ¯le whosename results from the expansionof word
exists and is a regular ¯le. If the redirection operator is `>| ', or the redirection operator is
`>' and the noclobber option is not enabled, the redirection is attempted even if the ¯le
named by word exists.

3.6.3 App ending Redirected Output

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

The general format for appending output is:
[ n]>>word

3.6.4 Redirecting Standard Output and Standard Error

Bash allows both the standard output (¯le descriptor 1) and the standard error output
(¯le descriptor 2) to be redirected to the ¯le 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 semantically equivalent to
>word 2>&1

3.6.5 Here Do cumen ts

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 usedas the standard input for a command.

The format of here-documents is:
<<[ ¡ ] word

here-document
delimiter

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

If the redirection operator is `<<-', then all leading tab charactersarestripp ed from input
lines and the line containing delimiter . This allows here-documents within shell scripts to
be indented in a natural fashion.
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3.6.6 Here Strings

A variant of here documents, 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 used to duplicate input ¯le descriptors. If word expands to one or more digits, the ¯le
descriptor denoted by n is made to be a copy of that ¯le descriptor. If the digits in word
do not specify a ¯le 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 (¯le descriptor 0)
is used.

The operator

[ n]>&word

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

3.6.8 Mo ving File Descriptors

The redirection operator

[ n]<&digit -

moves the ¯le descriptor digit to ¯le 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 ¯le descriptor digit to ¯le descriptor n, or the standard output (¯le descriptor 1)
if n is not speci¯ed.

3.6.9 Op ening File Descriptors for Reading and Writing

The redirection operator

[ n]<>word

causesthe ¯le whose name is the expansion of word to be opened for both reading and
writing on ¯le descriptor n, or on ¯le descriptor 0 if n is not speci¯ed. If the ¯le does not
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-
signments, and redirections, from left to right.

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

2. The words that are not variable assignments 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-
ments.

3. Redirectionsare performedasdescribed above (seeSection3.6 [Redirections],page24).

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

If no command name results, the variable assignments a®ectthe current shell environ-
ment. Otherwise, the variablesare addedto the environment of the executedcommandand
do not a®ect the current shell environment. If any of the assignments 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 environment. A redirection error causesthe command to exit with a non-zerostatus.

If there is a commandname left after expansion,execution proceedsasdescribed 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 arguments, the following actions are taken.

1. If the commandnamecontains no slashes,the shell attempts to locate it. If there exists
a shell function by that name, that function is invoked asdescribed in Section3.3 [Shell
Functions], page13.

2. If the name does not match a function, the shell searches 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
searches each element of $PATHfor a directory containing an executable ¯le by that
name. Bash usesa hash table to remember the full pathnames of executable ¯les to
avoid multiple PATHsearches (seethe description of hash in Section 4.1 [Bourne Shell
Builtins], page 33). A full search of the directories in $PATHis performed only if the
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command is not found in the hash table. If the search is unsuccessful,the shell prints
an error messageand returns an exit status of 127.

4. If the search is successful,or if the command name contains one or more slashes,the
shell executesthe named program in a separateexecution environment. Argument 0
is set to the name given, and the remaining arguments to the command are set to the
arguments supplied, if any.

5. If this execution fails becausethe ¯le is not in executable format, and the ¯le is not
a directory, it is assumedto be a shell script and the shell executesit as described in
Section 3.8 [Shell Scripts], page31.

6. If the command was not begun asynchronously, the shell waits for the command to
complete and collects its exit status.

3.7.3 Command Execution Environmen t

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

² open ¯les inherited by the shell at invocation, as modi¯ed by redirections supplied to
the exec builtin

² the current working directory as set by cd, pushd, or popd, or inherited by the shell at
invocation

² the ¯le creation mode mask as set by umaskor inherited from the shell's parent

² current traps set by trap

² shell parametersthat are set by variable assignment or with set or inherited from the
shell's parent in the environment

² shell functions de¯ned during execution or inherited from the shell's parent in the
environment

² options enabledat invocation (either by default or with command-line arguments) or
by set

² options enabledby shopt

² shell aliasesde¯ned with alias (seeSection 6.6 [Aliases], page71)

² various process id s, including those of background 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

² the current working directory

² the ¯le creation mode mask

² shell variables and functions marked for export, along with variables exported for the
command, passedin the environment (seeSection 3.7.4 [Environment], page30)

² traps caught by the shell are reset to the values inherited from the shell's parent, and
traps ignored by the shell are ignored
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A command invoked in this separate environment cannot a®ect the shell's execution
environment.

Command substitution, commandsgrouped with parentheses,and asynchronous com-
mands are invoked in a subshell environment that is a duplicate of the shell environment,
except that traps caught by the shell are reset to the values that the shell inherited from
its parent at invocation. Builtin commandsthat are invoked as part of a pipeline are also
executed in a subshell environment. Changesmade to the subshell environment cannot
a®ectthe shell's execution environment.

If a command is followed by a `&' and job control is not active, the default standard
input for the command is the empty ¯le /̀dev/null '. Otherwise, the invoked command
inherits the ¯le 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-value pairs, of the form name=value.

Bash provides several ways to manipulate the environment. On invocation, the shell
scans its own environment and creates a parameter for each name found, automatically
marking it for export to child processes.Executed commandsinherit the environment. The
export and `declare -x ' commandsallow parameters and functions to be added to and
deletedfrom the environment. If the valueof a parameter in the environment is modi¯ed, the
new value becomespart of the environment, replacing the old. The environment inherited
by any executedcommand consistsof the shell's initial environment, 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 augmented temporarily
by pre¯xing it with parameter assignments, as described in Section 3.4 [Shell Parameters],
page15. Theseassignment statements a®ectonly the environment seenby that command.

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

When Bash invokesan external command, the variable `$_' is set to the full path name
of the command and passedto that command in 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 whosenumber is N, Bash
usesthe value 128+N as the exit status.

If a command is not found, the child processcreated to execute it returns a status of
127. If a command is 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, so they may be used by the conditional and list constructs. All builtins
return an exit status of 2 to indicate incorrect usage.

3.7.6 Signals

When Bash is interactive, in the absenceof any traps, it ignoresSIGTERM(so that `kill
0' does not kill an interactive shell), and SIGINT is caught and handled (so that the wait
builtin is interruptible). When Bash receivesa SIGINT, it breaksout of any executing loops.
In all cases,Bash ignoresSIGQUIT. If job control is in e®ect(seeChapter 7 [Job Control],
page79), Bash ignoresSIGTTIN, SIGTTOU, and SIGTSTP.

Non-builtin commandsstarted by Bash have signal handlers set to the values inherited
by the shell from its parent. When job control is not in e®ect,asynchronous commands
ignore SIGINT and SIGQUITin addition to these inherited handlers. Commands run as a
result of commandsubstitution ignore the keyboard-generatedjob control signalsSIGTTIN,
SIGTTOU, and SIGTSTP.

The shell exits by default upon receipt of a SIGHUP. Before exiting, an interactive shell
resendsthe SIGHUPto all jobs, running or stopped. Stopped jobs are sent SIGCONTto
ensurethat they receive the SIGHUP. To prevent the shell from sending the SIGHUPsignal
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 SIGHUPusing disown
-h .

If the huponexit shell option has beenset with shopt (seeSection 4.2 [Bash Builtins],
page39), Bash sendsa SIGHUPto 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 asynchronous command via the wait builtin, the reception of a signal for
which a trap has been set 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 ¯le is used as
the ¯rst non-option argument 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 ¯le, then exits. This mode of operation createsa non-interactive shell. The shell
¯rst searchesfor the ¯le in the current directory, and looks in the directories in $PATHif not
found there.

When Bash runs a shell script, it sets the special parameter 0 to the name of the ¯le,
rather than the name of the shell, and the positional parameters are set to the remain-
ing arguments, if any are given. If no additional arguments 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 ¯le while searching the $PATHfor a command, it
spawns a subshell to executeit. In other words, executing

filename arguments

is equivalent to executing

bash filename arguments

if filename is an executableshell script. This subshell reinitializes itself, so that the e®ect
is as if a new shell had been invoked to interpret the script, with the exception that the
locations of commandsrememberedby the parent (seethe description of hash in Section4.1
[Bourne Shell Builtins], page33) are retained by the child.

Most versionsof Unix make this a part of the operating system's command execution
mechanism. If the ¯rst line of a script begins with 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 ¯le in that language.

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

Bash scripts often begin with #! /bin/bash (assuming that Bash has been installed in
/̀bin '), sincethis ensuresthat Bashwill be usedto interpret the script, even if it is executed
under another shell.
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4 Shell Builtin Commands

Builtin commandsare contained within the shell itself. When the nameof a builtin com-
mand is usedas the ¯rst word of a simple command(seeSection3.2.1 [Simple Commands],
page8), the shellexecutesthe commanddirectly, without invoking another program. Builtin
commandsare necessaryto implement functionalit y impossibleor inconvenient 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 beenextended in Bash.

Several builtin commands are described in other chapters: builtin commands which
provide the Bash interfaceto the job control facilities (seeSection7.2 [Job Control Builtins],
page 80), the directory stack (see Section 6.8.1 [Directory Stack Builtins], page 73), the
commandhistory (seeSection9.2 [BashHistory Builtins], page109), and the programmable
completion facilities (seeSection 8.7 [Programmable Completion Builtins], page105).

Many of the builtins have beenextendedby posix or Bash.

Unlessotherwisenoted, each builtin commanddocumented 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. Thesecom-
mands are implemented as speci¯ed by the posix 1003.2standard.

: (a colon)
: [ arguments]

Do nothing beyond expanding arguments and performing redirections. The
return status is zero.

. (a period)
. filename [ arguments]

Read and executecommandsfrom the ¯lename argument in the current shell
context. If ¯lename doesnot contain a slash, the PATHvariable is used to ¯nd
¯lename. When Bash is not in posix mode, the current directory is searched
if ¯lename is not found in $PATH. If any arguments are supplied, they become
the positional parameterswhen ¯lename 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 ¯lename 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
enclosing loop is exited. n must be greater than or equal to 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 HOMEshell variable is used. If the shell variable CDPATHexists,
it is usedasa search path. If directory beginswith a slash,CDPATHis 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 $OLDPWD.

If a non-empty directory name from CDPATHis used, or if -̀ ' is the ¯rst argu-
ment, and the directory changeis successful,the absolutepathname of the new
working directory is written to the standard output.

The return status is zero if 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 unless n is not greater
than or equal to 1.

eval

eval [ arguments]

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

exec

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

If command is supplied, it replacesthe shell without creating a new process.If
the -̀l ' 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
causescommand to be executedwith an empty environment. If -̀a ' is supplied,
the shell passesname as the zeroth argument to command. If no command is
speci¯ed, redirections may be used to a®ect the current shell environment. 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 parent. If n is omitted, the
exit status is that of the last commandexecuted. Any trap on EXIT is executed
before the shell terminates.

export

export [-fn] [-p] [ name[= value ]]

Mark each name to be passedto child processesin the environment. If the
-̀f ' option is supplied, the names refer to shell functions; otherwise the names

refer to shell variables. The -̀n ' option means to no longer mark each name
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for export. If no names are supplied, or if the -̀p ' option is given, a list of
exported names is displayed. The -̀p ' option displays output in a form that
may be reusedas input. 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 name that is not a
shell function.

getopts

getopts optstring name [ args ]

getopts is usedby shell scripts to parsepositional parameters. optstring con-
tains the option characters to be recognized; if a character is followed by a
colon, the option is expected to have an argument, 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 places the next
option in the shell variable name, initializing name if it doesnot exist, and the
index of the next argument to be processedinto the variable OPTIND. OPTIND
is initialized to 1 each time the shell or a shell script is invoked. When an
option requires an argument, getopts placesthat argument into the variable
OPTARG. The shell does not reset OPTINDautomatically; it must be manually
reset between multiple calls to getopts within the sameshell invocation if a
new set of parameters is to be used.

When the end of options is encountered, getopts exits with a return value
greater than zero. OPTINDis set to the index of the ¯rst non-option argument,
and nameis set to `?'.

getopts normally parsesthe positional parameters,but if more arguments are
given in args, getopts parsesthose instead.

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 arguments are encountered.
If the variable OPTERRis set to 0, no error messageswill 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 silent,
prints an error messageand unsets OPTARG. If getopts is silent, the option
character found is placed in OPTARGand no diagnostic messageis printed.

If a required argument is not found, and getopts is not silent, a question mark
(`?') is placed in name, OPTARGis unset, and a diagnostic messageis printed. If
getopts is silent, then a colon (`: ') is placed in name and OPTARGis set to the
option character found.

hash

hash [-'r] [-p filename ] [-dt] [ name]

Remember the full pathnames of commandsspeci¯ed as name arguments, so
they need not be searched for on subsequent invocations. The commandsare
found by searching through the directories listed in $PATH. The -̀p ' option
inhibits the path search, and ¯lename is used as the location of name. The
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-̀r ' option causesthe shell to forget all remembered locations. The -̀d ' option
causesthe shell to forget the remembered location of each name. If the -̀t '
option is supplied, the full pathnameto which each namecorrespondsis printed.
If multiple name arguments are supplied with -̀t ' the name is printed before
the hashedfull pathname. The -̀l ' option causesoutput to be displayed in a
format that may be reusedas input. If no arguments are given, or if only -̀l '
is supplied, information about remembered commandsis printed. The return
status is zero unlessa name is not found or an invalid option is supplied.

pwd
pwd [-LP]

Print the absolutepathname 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 encountered while determining the name
of the current directory or an invalid option is supplied.

readonly
readonly [-apf] [ name[= value ]] ...

Mark each name asreadonly. The valuesof thesenamesmay not be changedby
subsequent assignment. If the -̀f ' option is supplied, each namerefersto a shell
function. The -̀a ' option meanseach name refers to an array variable. If no
name arguments are given, or if the -̀p ' option is supplied, a list of all readonly
names is printed. The -̀p ' option causesoutput to be displayed in a format
that may be reusedasinput. If a variable nameis followed by = value, the value
of the variable is set to value. The return status is zerounlessan invalid option
is supplied, one of the name arguments is not a valid shell variable or function
name, or the -̀f ' option is supplied with a name that is not a shell function.

return
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 executed in the function.
This may alsobeusedto terminate executionof a script beingexecutedwith 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
associated with the RETURNtrap is executedbeforeexecution resumesafter the
function or script. The return status is non-zero if return is used outside a
function and not during the execution of a script by . or source .

shift
shift [ n]

Shift the positional parameters to the left by n. The positional parameters
from n+1 . . . $# are renamedto $1 . . . $#-n+1. Parametersrepresented by the
numbers $# to n+1 are unset. n must be a non-negative number less than or
equal to $#. 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-zerootherwise.
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test
[ Evaluate a conditional expressionexpr. Each operator and operand must be a

separateargument. Expressionsare composedof the primaries described below
in Section 6.4 [Bash Conditional Expressions],page69.

When the [ form is used, the last argument to the command must be a ] .

Expressionsmay be combined using the following operators, listed in decreasing
order of precedence.

! expr True if expr is false.

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

expr1 -a expr2
True if both expr1 and expr2 are true.

expr1 -o expr2
True if either expr1 or expr2 is true.

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

0 arguments
The expressionis false.

1 argument
The expressionis true if and only if the argument is not null.

2 arguments
If the ¯rst argument is !̀ ', the expressionis true if and only if the
secondargument is null. If the ¯rst argument is one of the unary
conditional operators (see Section 6.4 [Bash Conditional Expres-
sions], page69), the expressionis true if the unary test is true. If
the ¯rst argument is not a valid unary operator, the expressionis
false.

3 arguments
If the secondargument is one of the binary conditional operators
(seeSection6.4 [BashConditional Expressions],page69), the result
of the expression is the result of the binary test using the ¯rst
and third arguments as operands. If the ¯rst argument is !̀ ', the
value is the negation of the two-argument test using the secondand
third arguments. If the ¯rst argument is exactly (̀ ' and the third
argument is exactly )̀ ', the result is the one-argument test of the
secondargument. Otherwise, the expressionis false. The -̀a ' and
-̀o ' operators are consideredbinary operators in this case.

4 arguments
If the ¯rst argument is !̀ ', the result is the negation of the three-
argument expressioncomposedof the remaining arguments. Oth-
erwise, the expressionis parsed and evaluated according to prece-
denceusing the rules listed above.
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5 or more arguments
The expression is parsed and evaluated according to precedence
using the rules listed above.

times

times

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

trap

trap [-lp] [ arg ] [ sigspec ... ]

The commands in arg are to be read and executed when the shell receives
signal sigspec. If arg is absent (and there is a single sigspec) or equal to -̀ ',
each speci¯ed signal's disposition is reset to the value it had when the shell was
started. If arg is the null string, then the signal speci¯ed by each sigspec is
ignored by the shell and commands it invokes. If arg is not present and -̀p '
has been supplied, the shell displays the trap commandsassociated with each
sigspec. If no arguments are supplied, or only -̀p ' is given, trap prints the list
of commandsassociated with each signal number in a form that may be reused
asshell input. The -̀l ' option causesthe shell to print a list of signal namesand
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
sigspec is 0 or EXIT, arg is executedwhen the shell exits. If a sigspec is 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. Refer to the description of the
extglob option to the shopt builtin (seeSection 4.2 [Bash Builtins], page39)
for details of its e®ecton the DEBUGtrap. If a sigspec is ERR, the command arg
is executedwhenever a simple command has a non-zeroexit status, subject to
the following conditions. The ERRtrap is not executed if the failed command
is part of the command list immediately following an until or while keyword,
part of the test in an if statement, 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 RETURN, the command arg is executed
each time a shell function or a script executed with the . or source builtins
¯nishes executing.

Signals ignored upon entry to the shell cannot be trapped or reset. Trapped
signalsare reset to their original values in a child processwhen it is created.

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

umask

umask [-p] [-S] [ mode]

Set the shell process's̄ le creation mask to 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 argument, the mask is printed in a symbolic format. If the -̀p ' option
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is supplied, and mode is omitted, the output is in a form that may be reused
as input. The return status is zero if the mode is successfullychangedor if no
mode argument is supplied, and non-zerootherwise.

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

unset

unset [-fv] [ name]

Each variable or function name is removed. If no options are supplied, or the
-̀v ' option is given, each name refers to 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 describesbuiltin commandswhich are unique to or have beenextended in
Bash. Someof thesecommandsare speci¯ed in the posix 1003.2standard.

alias

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

Without arguments 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
arguments are supplied, an alias is de¯ned for each 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], page71.

bind

bind [-m keymap] [-lpsvPSV]
bind [-m keymap] [-q function ] [-u function ] [-r keyseq]
bind [-m keymap] -f filename
bind [-m keymap] -x keyseq:shell-command
bind [-m keymap] 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. Each non-option argument is a command as it
would appear in a a Readline initialization ¯le (seeSection 8.3 [Readline Init
File], page 86), but each binding or command must be passedas a separate
argument; 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 subsequent
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 such a way that
they can be usedas input or in a Readline initialization ¯le.

-P List current Readline function namesand bindings.

-v Display Readlinevariable namesand valuesin such a way that they
can be usedas input or in a Readline initialization ¯le.

-V List current Readline variable namesand values.

-s Display Readline key sequencesbound to macros and the strings
they output in such a way that they can be used as input or in a
Readline initialization ¯le.

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

-f filename
Read key bindings from ¯lename.

-q function
Query about which keys invoke 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 executedwhenever keyseqis entered.

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

builtin

builtin [ shell-builtin [ args ]]

Run a shell builtin, passing it args, and return its exit status. This is useful
when de¯ning a shell function with the samename as a shell builtin, retaining
the functionalit y of the builtin within the function. The return status is non-
zero if shell-builtin is not a shell builtin command.

caller

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 ¯lename 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 stack. This extra information may
be used, for example, to print a stack trace. The current frame is frame 0.
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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

command[-pVv] command[ arguments ... ]

Runs command with arguments ignoring any shell function named command.
Only shell builtin commands or commands found by searching the PATHare
executed. If there is a shell function namedls , running `commandls ' within the
function will executethe external command ls instead of calling the function
recursively. The -̀p ' option means to 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 is printed.
The -̀v ' option causesa single word indicating the commandor ¯le nameused
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-zero if not.

declare

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

Declarevariablesand 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 enabledusing shopt (seeSection 4.2 [Bash Builtins],
page 39), the source¯le name and line number where the function is de¯ned
are displayed as well. -̀F ' implies -̀f '. The following options can be used to
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], page72).

-f Use function namesonly.

-i The variable is to be treated as an integer; arithmetic evaluation
(seeSection6.5 [Shell Arithmetic], page70) is performed when the
variable is assigneda value.

-r Make names readonly. Thesenamescannot then be assignedvalues
by subsequent assignment statements or unset.

-t Give each name the trace attribute. Traced functions inherit the
DEBUGtrap from the calling shell. The trace attribute hasno special
meaning for variables.

-x Mark each name for export to subsequent commandsvia the envi-
ronment.
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Using `+' instead of -̀ ' turns o®the attribute instead. When usedin a function,
declare makes each 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 encountered, an attempt
is made to de¯ne a function using -̀f foo=bar ', an attempt is made to assign
a value to a readonly variable, an attempt is made to assign a value to an
array variable without using the compound assignment syntax (seeSection 6.7
[Arrays], page 72), one of the names is not a valid shell variable name, an
attempt is made to turn o®readonly status for a readonly variable, an attempt
is made to turn o®array status for an array variable, or an attempt is made to
display a non-existent function with -̀f '.

echo

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 backslash-escaped characters

is enabled. The -̀E' option disablesthe interpretation of theseescape charac-
ters, even on systems where they are interpreted by default. The xpg_echo
shell option may be used to dynamically determine whether or not echo ex-
pands theseescape characters by default. echo interprets the following escape
sequences:

\a alert (bell)

\b backspace

\c suppresstrailing newline

\e escape

\f form feed

\n new line

\r carriage return

\t horizontal tab

\v vertical tab

\\ backslash

\0 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)

enable
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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 executedwithout
specifying a full pathname, even though the shell normally searchesfor 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 arguments appear, a list of shell
builtins is printed. With no other arguments, the list consists of all enabled
shell builtins. The -̀a ' option meansto list each builtin with an indication of
whether or not it is enabled.
The -̀f ' option means to load the new builtin command name from shared
object ¯lename, 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 (seeSection 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 sharedobject.

help
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
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 expression evaluates to 0, let returns 1;
otherwise 0 is returned.

local
local [ option ] name[= value ] ...

For each argument, a local 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
logout [ n]

Exit a login shell, returning a status of n to the shell's parent.
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printf

printf format [ arguments]

Write the formatted arguments to the standard output under the control of the
format. The format is a character string which contains three typesof objects:
plain characters, which are simply copied to standard output, character escape
sequences,which are converted and copied to the standard output, and format
speci¯cations, each of which causesprinting of the next successive argument .
In addition to the standard printf(1) formats, `%b' causesprintf to expand
backslash escape sequencesin the corresponding argument , (except that \̀c '
terminates output, backslashesin \̀' ', \̀" ', and \̀? ' are not removed, and
octal escapesbeginning with \̀0 ' may contain up to four digits), and `%q' causes
printf to output the corresponding argument in a format that can be reused
as shell input.

The format is reusedas necessaryto consumeall of the arguments. If the for-
mat requiresmore arguments than are supplied, the extra format speci¯cations
behave as if a zero value or null string, as appropriate, had beensupplied. The
return value is zero on success,non-zeroon failure.

read

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

One line is read from the standard input, or from the ¯le descriptor fd supplied
as an argument 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 characters in the value of the IFS variable are usedto split
the line into words. The backslash character \̀ ' may be used to remove any
special meaning for the next character read and for line continuation. If no
namesare supplied, the line read is assignedto the variable REPLY. The return
code is zero, unlessend-of-¯le is encountered, read times out, or an invalid ¯le
descriptor is supplied as the argument to -̀u '. Options, if supplied, have the
following meanings:

-a aname The words are assignedto sequential indices of the array variable
aname, starting at 0. All elements are removed from aname before
the assignment. Other name arguments are ignored.

-d delim The ¯rst character of delim is used to 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.
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-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, backslashdoesnot act asan escapecharacter.
The backslash is consideredto be part of the line. In particular, a
backslash-newlinepair may not be usedas a line continuation.

-s Silent mode. If input is coming from a terminal, charactersare not
echoed.

-t timeout
Cause read 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 Read input from ¯le descriptor fd.

shopt

shopt [-pqsu] [-o] [ optname ... ]

Toggle the values of variables controlling 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 each 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) each optname.

-u Disable (unset) each optname.

-q Suppressesnormal output; the return status indicates whether the
optname is set or unset. If multiple optname arguments are given
with -̀q ', the return status is zero if all optnames are enabled;
non-zerootherwise.

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

If either -̀s ' or -̀u ' is usedwith no optname arguments, 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 zero if all optnamesare 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 argument 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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cdspell If set, minor errors in the spelling of a directory component in a cd
command will be corrected. The errors checked 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.

checkhash
If this is set, Bash checks that a command found in the hash table
exists before trying to executeit. If a hashedcommand no longer
exists, a normal path search is performed.

checkwinsize
If set, Bash checks the window size after each command and, if
necessary, updates the valuesof LINESand COLUMNS.

cmdhist 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.

dotglob If set, Bash includes ¯lenames beginning with a `.' in the results of
¯lename expansion.

execfail If this is set, a non-interactive shell will not exit if it cannot execute
the ¯le speci¯ed as an argument to the exec builtin command. An
interactive shell doesnot exit if exec fails.

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

extdebug If set, behavior intended for useby debuggersis enabled:

1. The -̀F ' option to the declare builtin (seeSection 4.2 [Bash
Builtins], page39) displays the source¯le nameand line num-
ber corresponding to each function name supplied as an argu-
ment.

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

3. If the command run by the DEBUGtrap 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.

extglob If set, the extendedpattern matching featuresdescribed above (see
Section 3.5.8.1[Pattern Matching], page23) are enabled.

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

failglob If set, patterns which fail to match ¯lenames during pathname ex-
pansion result in an expansionerror.
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force_fignore
If set, the su±xes speci¯ed by the FIGNOREshell variable cause
words to be ignored when performing word completion even if the
ignored words are the only possiblecompletions. SeeSection 5.2
[BashVariables],page55, for a description of FIGNORE. This option
is enabledby default.

gnu_errfmt
If set, shell error messagesare written in the standard gnu error
messageformat.

histappend
If set, the history list is appendedto the ¯le namedby the value of
the HISTFILEvariable when the shell exits, rather than overwriting
the ¯le.

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

histverify
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
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 enabledby default.

huponexit
If set, Bash will send SIGHUPto all jobs when an interactive login
shell exits (seeSection 3.7.6 [Signals],page31).

interactive_comments
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.

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

login_shell
The shell sets this option if it is started as a login shell (seeSec-
tion 6.1 [Invoking Bash], page63). The value may not be changed.

mailwarn If set, and a ¯le that Bash is checking for mail has been accessed
sincethe last time it waschecked, the message"The mail in mail-
file has been read" is displayed.
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no_empty_cmd_completion
If set, and Readline is being used,Bash will not attempt to search
the PATHfor possiblecompletionswhen completion is attempted on
an empty line.

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

nullglob If set, Bashallows ¯lename patterns which match no ¯les to expand
to a null string, rather than themselves.

progcomp If set, the programmablecompletion facilities (seeSection8.6 [Pro-
grammable Completion], page 103) are enabled. This option is
enabledby default.

promptvars
If set, prompt strings undergoparameter expansion,commandsub-
stitution, arithmetic expansion,and quote removal after being ex-
panded as described below (see Section 6.9 [Printing a Prompt],
page75). 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 ¯les 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 valueof PATHto ¯nd the directory
containing the ¯le supplied asan argument. This option is enabled
by default.

xpg_echo If set, the echo builtin expandsbackslash-escape sequencesby de-
fault.

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

source
source filename

A synonym for . (seeSection 4.1 [Bourne Shell Builtins], page33).

type
type [-afptP] [ name ... ]

For each name, indicate how it would be interpreted if used as a command
name.
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If the -̀t ' option is used, type prints a single word which is one of `alias ',
f̀unction ', `builtin ', f̀ile ' or `keyword', if name is an alias, shell function,

shell builtin, disk ¯le, or shell reserved 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 ¯le that
would be executed,or nothing if -̀t ' would not return f̀ile '.

The -̀P' option forcesa path search for each name, even if -̀t ' would not return
f̀ile '.

If a command is hashed, -̀p ' and -̀P' print the hashedvalue, not necessarily
the ¯le that appears¯rst in $PATH.

If the -̀a ' option is used, type returns all of the places that contain an exe-
cutable named ¯le . 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 names are found, non-zero if none are
found.

typeset

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

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

ulimit

ulimit [-acdflmnpstuvSH] [ limit ]

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

-S Changeand report the soft limit associated with a resource.

-H Changeand report the hard limit associated with a resource.

-a All current limits are reported.

-c The maximum sizeof core ¯les created.

-d The maximum sizeof a process'sdata segment.

-f The maximum sizeof ¯les created by the shell.

-l The maximum sizethat may be locked into memory.

-m The maximum resident set size.

-n The maximum number of open ¯le descriptors.

-p The pipe bu®ersize.

-s The maximum stack size.

-t The maximum amount of cpu time in seconds.
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-u The maximum number of processesavailable 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 resource is printed, unless the -̀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-byte increments, except for -̀t ', which is in seconds,̀ -p ', which is in units
of 512-byte blocks, and -̀n ' and -̀u ', which are unscaledvalues.

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

unalias

unalias [-a] [ name ... ]

Remove each name from the list of aliases. If -̀a ' is supplied, all aliasesare
removed. Aliases are described in Section 6.6 [Aliases], page71.

4.3 The Set Builtin

This builtin is so complicated that it deserves its own section.

set

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

If no options or arguments are supplied, set displays the namesand valuesof
all shell variables and functions, sorted according to the current locale, in a
format that may be reusedas input.

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 environment of subsequent commands.

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

-e Exit immediately if a simple command (seeSection 3.2.1 [Simple
Commands],page8) 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 statement,
part of a &&or || list, or if the command's return status is being
inverted using ! . A trap on ERR, if set, is executedbefore the shell
exits.

-f Disable ¯le name generation (globbing).

-h Locate and remember (hash) commandsas they are looked up for
execution. This option is enabledby default.
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-k All arguments in the form of assignment statements are placed in
the environment for a command, not just those that precedethe
command name.

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

-n Readcommandsbut do not executethem; this may beusedto check
a script for syntax errors. This option is ignored by interactive
shells.

-o option-name
Set the option corresponding to option-name:

allexport
Sameas -a .

braceexpand
Sameas -B.

emacs Usean emacs-style 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) command to exit with a non-zero
status, or zero if all commandsin the pipeline exit suc-
cessfully. This option is disabled by default.

posix Change the 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 superset of that standard.

privileged
Sameas -p .

verbose Sameas -v .

vi Use a vi -style line editing interface.

xtrace Sameas -x .

-p Turn on privileged mode. In this mode, the $BASH_ENVand $ENV
¯les are not processed,shell functions are not inherited from the
environment, and the SHELLOPTSvariable, if it appears in the en-
vironment, is ignored. If the shell is started with the e®ective 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 user id. If the -p option is supplied at startup,
the e®ective user id is not reset. Turning this option o®causesthe
e®ective userand group ids to be set to the real userand group ids.

-t Exit after reading and executing one command.

-u 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.

-v Print shell input lines as they are read.

-x Print a trace of simple commands, \ fBfor\ fP commands,
\ fBcase\ fP commands, \ fBselect\ fP commands, and arithmetic
\ fBfor\ fP commandsand their arguments or associated word lists
after they are expandedand before they are executed. The value
of the PS4variable is expandedand the resultant value is printed
before the command and its expandedarguments.

-B The shell will perform brace expansion (see Section 3.5.1 [Brace
Expansion], page17). This option is on by default.

-C Prevent output redirection using `>', `>&', and `<>' from overwriting
existing ¯les.

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

-P If set, do not follow symbolic links when performing commands
such as cd which changethe current directory. The physical direc-
tory is used instead. 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
/usr/sys
$ cd ..; pwd
/usr

If set -P is on, then:

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

-T If set, any trap on DEBUGis inherited by shell functions, command
substitutions, and commandsexecuted in a subshell environment.
The DEBUGtrap is normally not inherited in such cases.

-- If no arguments follow this option, then the positional parameters
are unset. Otherwise, the positional parameters are set to the ar-
guments, even if someof them begin with a -̀ '.

- Signal the end of options, cause all remaining arguments to be
assignedto the positional parameters. The -̀x ' and -̀v ' options
are turned o®. If there are no arguments, the positional parameters
remain unchanged.

Using `+' rather than -̀ ' causestheseoptions 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 arguments are positional parameters and are assigned, in
order, to $1, $2, . . . $N. The special parameter # is set to N.

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

4.4 Special Builtins

For historical reasons,the posix 1003.2standard hasclassi¯ed several 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 beforeshell functions during command lookup.
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2. If a special builtin returns an error status, a non-interactive shell exits.

3. Assignment statements 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®erently than
the rest of the Bash builtin commands. The Bash posix mode is described in Section 6.11
[Bash POSIX Mode], page76.

Theseare the posix special builtins:

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

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

5.1 Bourne Shell Variables

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

CDPATH A colon-separatedlist of directories used as a search 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 (seeSection 3.5.2 [Tilde
Expansion], page18).

IFS A list of characters that separate¯elds; usedwhen the shell splits words aspart
of expansion.

MAIL If this parameter is set to a ¯lename and the MAILPATHvariable is not set, Bash
informs the user of the arrival of mail in the speci¯ed ¯le.

MAILPATH A colon-separatedlist of ¯lenames which the shell periodically checks for new
mail. Each list entry can specify the messagethat is printed when new mail
arrivesin the mail ¯le by separating the ¯le name from the messagewith a `?'.
When used in the text of the message,$_ expandsto the name of the current
mail ¯le.

OPTARG The value of the last option argument processedby the getopts builtin.

OPTIND The index of the last option argument 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 as two adjacent colons, or as an
initial or trailing colon.

PS1 The primary prompt string. The default value is \̀s-\v\$ '. SeeSection 6.9
[Printing a Prompt], page75, for the complete list of escape sequencesthat are
expandedbeforePS1is displayed.

PS2 The secondaryprompt string. The default value is `> '.

5.2 Bash Variables

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

A few variablesusedby Bash are described in di®erent chapters: variablesfor controlling
the job control facilities (seeSection 7.3 [Job Control Variables], page82).

BASH The full pathname usedto executethe current instance of Bash.
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BASH_ARGC
An array variable whosevaluesare the number of parameters in each frame of
the current bashexecutioncall stack. The number of parametersto the current
subroutine (shell function or script executedwith . or source ) is at the top of
the stack. When a subroutine is executed,the number of parameterspassedis
pushedonto BASH_ARGC.

BASH_ARGV
An array variable containing all of the parametersin the current bashexecution
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, unless the
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
expandedand used as the name of a startup ¯le to read before executing the
script. SeeSection 6.2 [Bash Startup Files], page65.

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

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

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

BASH_SOURCE
An array variable whosemembersare the source¯lenames corresponding to the
elements in the FUNCNAMEarray variable.

BASH_SUBSHELL
Incremented by one each time a subshell or subshell environment is spawned.
The initial value is 0.

BASH_VERSINFO
A readonly array variable (seeSection 6.7 [Arrays], page 72) whosemembers
hold version information 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 release).

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., beta1).

BASH_VERSINFO[5]
The value of MACHTYPE.

BASH_VERSION
The version number of the current instance of Bash.

COLUMNS Used by the select builtin command to determine the terminal width when
printing selection lists. Automatically set upon receipt of a SIGWINCH.

COMP_CWORD
An index into ${COMP_WORDS}of the word containing the current cursor po-
sition. This variable is available only in shell functions invoked by the pro-
grammable completion facilities (seeSection 8.6 [Programmable Completion],
page103).

COMP_LINE
The current command line. This variable is available only in shell functions
and external commandsinvoked by the programmablecompletion facilities (see
Section 8.6 [Programmable Completion], page103).

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 equal to ${#COMP_LINE}. This variable is available
only in shell functions and external commandsinvoked by the programmable
completion facilities (seeSection 8.6 [Programmable Completion], page103).

COMP_WORDBREAKS
The set of characters that the Readline library treats as word separatorswhen
performing word completion. If COMP_WORDBREAKSis unset, it losesits special
properties, even if it is subsequently 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 (seeSection 8.6 [Programmable Completion],
page103).
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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 facilit y (seeSec-
tion 8.6 [Programmable Completion], page103).

DIRSTACK An array variable containing the current contents of the directory stack. Direc-
tories appear in the stack 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 stack, but the pushd and popd builtins must be used to add
and remove directories. Assignment to this variable will not change the cur-
rent directory. If DIRSTACKis unset, it losesits special properties, even if it is
subsequently reset.

EMACS If Bash ¯nds this variable in the environment when the shell starts with value
t̀ ', it assumesthat the shell is running in an emacsshell bu®er and disables
line editing.

EUID The numeric e®ective user id of the current user. This variable is readonly.

FCEDIT The editor usedas a default by the -̀e ' option to the fc builtin command.

FIGNORE A colon-separatedlist of su±xes to ignore when performing ¯lename comple-
tion. A ¯le namewhosesu±x matchesoneof the entries in FIGNOREis excluded
from the list of matched ¯le names. A samplevalue is .̀o:~ '

FUNCNAMEAn array variable containing the namesof all shell functions currently in the
execution call stack. The element with index 0 is the name of any currently-
executing shell function. The bottom-most element is " main" . This variable
exists only when a shell function is executing. Assignments to FUNCNAMEhave
no e®ectand return an error status. If FUNCNAMEis unset, it losesits special
properties, even if it is subsequently reset.

GLOBIGNORE
A colon-separatedlist of patterns de¯ning the set of ¯lenames to be ignored
by ¯lename expansion. If a ¯lename matched by a ¯lename expansionpattern
also matchesone of the patterns in GLOBIGNORE, it is removed from the list of
matches.

GROUPS An array variable containing the list of groups of which the current user is a
member. Assignments to GROUPShave no e®ectand return an error status. If
GROUPSis unset, it losesits special properties, even if it is subsequently reset.

histchars
Up to three characterswhich control 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 comment when found as the ¯rst character of a
word, usually `#'. The history comment character causeshistory substitution
to be skipped for the remaining words on the line. It doesnot necessarilycause
the shell parser to treat the rest of the line as a comment.
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HISTCMD The history number, or index in the history list, of the current command. If
HISTCMDis unset, it losesits special properties, even if it is subsequently reset.

HISTCONTROL
A colon-separatedlist of values controlling how commands are saved on the
history list. If the list of valuesincludes ìgnorespace ', lines which begin with
a spacecharacter are not saved in the history list. A value of ìgnoredups '
causeslines which match the previous history entry to not be saved. A value
of ìgnoreboth ' is shorthand for ìgnorespace ' and ìgnoredups '. 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 HISTCONTROLis unset, or does not 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 subsequent 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 ¯le to which the commandhistory is saved. The default value
is `~/.bash_history '.

HISTFILESIZE
The maximum number of lines contained in the history ¯le. When this variable
is assigneda value, the history ¯le is truncated, if necessary, to 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 used to 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 checks speci¯ed by HISTCONTROL
are applied. In addition to the normal shell pattern matching characters, `&'
matches the previous history line. `&' may be escaped using a backslash; the
backslash is removed before attempting a match. The secondand subsequent
lines of a multi-line compound command are not tested, and are added to the
history regardlessof the value of HISTIGNORE.

HISTIGNOREsubsumesthe function of HISTCONTROL. A pattern of `&' is identical
to ignoredups , and a pattern of [̀ ]* ' is identical to ignorespace . Combining
thesetwo patterns, separating them with a colon, provides the functionalit y of
ignoreboth .

HISTSIZE The maximum number of commands to 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
strftime to print the time stamp associated with each history entry displayed
by the history builtin. If this variable is set, time stamps are written to the
history ¯le so they may be preserved acrossshell sessions.
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HOSTFILE Contains the name of a ¯le in the same format as /̀etc/hosts ' that should
be read when the shell needs to complete a hostname. The list of possible
hostnamecompletionsmay be changedwhile the shell is 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 HOSTFILEis set, but hasno value,
Bash attempts to read /̀etc/hosts ' to obtain the list of possible hostname
completions. When HOSTFILEis unset, the hostnamelist is cleared.

HOSTNAMEThe 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 as the soleinput.
If set, the value denotesthe number of consecutive EOFcharacters that 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 ¯le, overriding the default of
`~/.inputrc '.

LANG Usedto determine the localecategory for any category not speci¯cally selected
with a variable starting with LC_.

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

LC_COLLATE
This variable determines the collation order used when sorting the results of
¯lename expansion, and determines the behavior of range expressions,equiv-
alenceclasses,and collating sequenceswithin ¯lename expansionand pattern
matching (seeSection 3.5.8 [Filename Expansion], page22).

LC_CTYPEThis variable determines the interpretation of characters and the behavior of
character classeswithin ¯lename expansion and pattern matching (see Sec-
tion 3.5.8 [Filename Expansion], page22).

LC_MESSAGES
This variable determinesthe localeusedto translate double-quotedstrings pre-
cededby a `$' (seeSection 3.1.2.5[Locale Translation], page7).

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 selection lists. Automatically set upon receipt of a SIGWINCH.

MACHTYPEA string that fully describesthe systemtype on which Bash is executing, in the
standard gnu cpu-company-system format.
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MAILCHECK
How often (in seconds)that the shell should check for mail in the ¯les speci¯ed
in the MAILPATHor MAILvariables. The default is 60 seconds.When it is time
to check 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
equal to zero, the shell disablesmail checking.

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

OPTERR If set to the value 1, Bash displays error messagesgeneratedby 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 processesin the most-recently-executed foreground pipeline
(which may contain only a single command).

POSIXLY_CORRECT
If this variable is in the environment when bash starts, the shell enters posix
mode(seeSection6.11[BashPOSIX Mode], page76) beforereading the startup
¯les, as if the -̀-posix ' invocation option had beensupplied. If it is set while
the shell is running, bash enablesposix mode, as if the command

set -o 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 command to executebefore the printing of
each primary prompt ($PS1).

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 Set Builtin], page50). The ¯rst character
of PS4is replicated multiple times, as necessary, to indicate multiple levels of
indirection. The default is `+ '.

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

RANDOM Each 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 expands to the number of secondssince the shell was started.
Assignment to this variable resets the count to the value assigned,and the
expandedvalue becomesthe value assignedplus the number of secondssince
the assignment.
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SHELL 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's login shell.

SHELLOPTS
A colon-separatedlist of enabledshell options. Each word in the list is a valid
argument for the -̀o ' option to the set builtin command (seeSection 4.3 [The
Set Builtin], page50). The options appearing in SHELLOPTSare those reported
as `on' by `set -o '. If this variable is in the environment when Bash starts up,
each shell option in the list will be enabled before reading any startup ¯les.
This variable is readonly.

SHLVL Incremented by oneeach time a newinstanceof Bashis started. This is intended
to be a count of how deeply your Bash shellsare nested.

TIMEFORMAT
The value of this parameter is usedas a format string specifying how the tim-
ing information for pipelines pre¯xed with the time reserved word should be
displayed. The `%' character intro ducesan escape sequencethat is expandedto
a time value or other information. The escape sequencesand their meanings
are as follows; the bracesdenote optional portions.

%% A literal `%'.

%[p][l]R The elapsedtime in seconds.

%[p][l]U The number of CPU secondsspent in user mode.

%[p][l]S The number of CPU secondsspent in system mode.

%P The CPU percentage, computed as (%U + %S) / %R.

The optional p is a digit specifying the precision, the number of fractional digits
after a decimal point. A value of 0 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 l speci¯es a longer format, including minutes, of the form
MM mSS.FF s. The value of p determines whether or not the fraction is
included.
If this variable is not set, Bash acts as if it had the value

$'\nreal\t%3lR\nuser\t%3lU\nsys\t%3lS'
If the value is null, no timing information is displayed. A trailing newline is
added when the format string is displayed.

TMOUT If set to a valuegreater than zero,TMOUTis treated asthe default timeout for the
read builtin (seeSection 4.2 [Bash Builtins], page39). The select command
(seeSection 3.2.4.2[Conditional Constructs], page10) terminates if input does
not arrive after TMOUTsecondswhen input is coming from a terminal.
In an interativ e shell, the value is interpreted as the 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.

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

This section describesfeatures unique to Bash.

6.1 In voking Bash

bash [long-opt] [-ir] [-abefhkmnptuvxdBCDHP] [-o option ] [-O shopt_option ] [ ar-
gument ... ]
bash [long-opt] [-abefhkmnptuvxdBCDHP] [-o option ] [-O shopt_option ] -c string [ ar-
gument ... ]
bash [long-opt] -s [-abefhkmnptuvxdBCDHP] [-o option ] [-O shopt_option ] [ ar-
gument ... ]

In addition to the single-character shell command-line options (seeSection 4.3 [The Set
Builtin], page50), there are several multi-character options that you can use. Theseoptions
must appear on the command line before the single-character 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 (seeSection 4.3 [The Set Builtin], page 50 for a description of the -o
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) ¯le format. Equivalent to -̀D'
except for 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 ¯lename (instead of `~/.bashrc ') in an interactive
shell.

--login Equivalent to -̀l '.

--noediting
Do not usethe gnu Readline library (seeChapter 8 [Command Line Editing],
page83) to read command lines when the shell is interactive.

--noprofile
Don't load the system-widestartup ¯le /̀etc/profile ' or any of the personal
initialization ¯les `~/.bash_profile ', `~/.bash_login ', or `~/.profile ' when
Bash is invoked as a login shell.

--norc Don't read the `~/.bashrc ' initialization ¯le in an interactive shell. This is on
by default if the shell is invoked as sh.
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--posix 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],
page76, for a description of the Bash posix mode.

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

--verbose
Equivalent to -̀v '. Print shell input lines as they're read.

--version
Show version information for this instance of Bash on the standard output and
exit successfully.

There are several single-character 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 arguments are assignedto the positional parameters, starting
with $0.

-i Forcethe shell to run interactively. Interactiveshellsaredescribed in Section6.3
[Interactive Shells],page67.

-l Make this shell act as if it had beendirectly invoked by login. When the shell
is interactive, this is equivalent to starting a login shell with `exec -l bash'.
When the shell is not interactive, the login shell startup ¯les 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.

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

-s If this option is present, or if no arguments remain after option processing,then
commandsare read from the standard input. This option allows the positional
parameters to be set when invoking an interactive shell.

-D 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(seeSection 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],page33). If shopt option is present, -̀O'
sets the value of that option; `+O' unsets it. 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 -- signals the end of options and disables further option processing. Any
arguments after the -- are treated as ¯lenames and arguments.

A login shell is onewhose¯rst character of argument zero is -̀ ', or one invoked with the
-̀-login ' option.

An interactive shell is onestarted without non-option arguments, unless -̀s ' is speci¯ed,
without specifying the -̀c ' option, and whose input and output are both connected to
terminals (asdeterminedby isatty(3) ), or onestarted with the -̀i ' option. SeeSection6.3
[Interactive Shells],page67, for more information.

If arguments remain after option processing,and neither the -̀c ' nor the -̀s ' option
has been supplied, the ¯rst argument is assumedto be the name of a ¯le containing shell
commands(seeSection 3.8 [Shell Scripts], page31). When Bash is invoked in this fashion,
$0 is set to the name of the ¯le, and the positional parameters are set to the remaining
arguments. Bash readsand executescommandsfrom this ¯le, then exits. Bash'sexit status
is the exit status of the last commandexecutedin the script. If no commandsare executed,
the exit status is 0.

6.2 Bash Startup Files

This section describs how Bash executesits startup ¯les. If any of the ¯les exist but
cannot be read, Bash reports an error. Tildes are expandedin ¯le namesasdescribed above
under Tilde Expansion (seeSection 3.5.2 [Tilde Expansion], page18).

Interactive shellsare described in Section 6.3 [Interactive Shells],page67.

In voked as an in teractiv 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 reads and executescommandsfrom the ¯le /̀etc/profile ',
if that ¯le exists. After reading that ¯le, it looks for `~/.bash_profile ', `~/.bash_login ',
and `~/.profile ', in that order, and readsand executescommandsfrom the ¯rst one that
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 ¯le
`~/.bash_logout ', if it exists.

In voked as an in teractiv e non-login shell

When an interactive shell that is not a login shell is started, Bash reads and executes
commandsfrom `~/.bashrc ', if that ¯le exists. This may be inhibited by using the -̀-norc '
option. The -̀-rcfile file ' option will force Bash to read and executecommandsfrom
¯le instead of `~/.bashrc '.

So, typically, your `~/.bash_profile ' contains the line

if [ -f ~/.bashrc ]; then . ~/.bashrc; fi

after (or before) any login-speci¯c initializations.
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In voked non-in teractiv ely

When Bash is started non-interactively, to run a shell script, for example,it looks for the
variable BASH_ENVin the environment, expands its value if it appears there, and usesthe
expandedvalue as the name of a ¯le to read and execute. Bash behavesas if the following
command were executed:

if [ -n "$BASH_ENV"]; then . "$BASH_ENV";fi

but the value of the PATHvariable is not usedto search for the ¯le name.

As noted above, if a non-interactive shell is invoked with the -̀-login ' option, Bash
attempts to read and executecommandsfrom the login shell startup ¯les.

In voked with name sh

If Bash is 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 used to inhibit this
behavior. When invoked as an interactive shell with the name sh, Bash looks for the
variable ENV, expands its value if it is de¯ned, and usesthe expanded value as the name
of a ¯le to read and execute. Since a shell invoked as sh does not attempt to read and
execute commands from any other startup ¯les, the -̀-rcfile ' option has no e®ect. A
non-interactive shell invoked with the name sh doesnot attempt to read any other startup
¯les.

When invoked as sh, Bash enters posix mode after the startup ¯les are read.

In voked in posix mo de

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

In voked by remote shell daemon

Bash attempts to determine when it is being run by the remote shell daemon, usually
rshd . If Bash determines it is being run by rshd, it reads and executescommands from
`~/.bashrc ', if that ¯le exists and is readable. It will not do this if invoked as sh. The
-̀-norc ' option may be used to inhibit this behavior, and the -̀-rcfile ' option may be

usedto force another ¯le to be read, but rshd doesnot generally invoke the shell with those
options or allow them to be speci¯ed.
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In voked with unequal e®ectiv e and real uid/gid s

If Bash is started with the e®ective user (group) id not equal to 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 SHELLOPTSvariable, if it appearsin the environment, is ignored,
and the e®ective user id is set to the real user id. If the -p option is supplied at invocation,
the startup behavior is the same,but the e®ective user id is not reset.

6.3 In teractiv e Shells

6.3.1 What is an In teractiv e Shell?

An interactive shell is onestarted without non-option arguments, 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's terminal.
The -̀s ' invocation option may be usedto set the positional parameterswhen an inter-

active shell is started.

6.3.2 Is this Shell In teractiv 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 ;;
*) echo This shell is not interactive ;;
esac

Alternativ ely, startup scripts may examinethe variable PS1; it is unset in 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 In teractiv e Shell Behavior

When the shell is running interactively, it changesits behavior in several ways.
1. Startup ¯les 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 ignores the keyboard-generatedjob control signals SIGTTIN,
SIGTTOU, and SIGTSTP.
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3. Bash expands and displays PS1before reading the ¯rst line of a command, and ex-
pands and displays PS2before reading the secondand subsequent lines of a multi-line
command.

4. Bash executesthe value of the PROMPT_COMMANDvariable asa commandbeforeprinting
the primary prompt, $PS1(seeSection 5.2 [Bash Variables], page55).

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

6. Bash inspects the value of the ignoreeof option to set -o 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).

7. Command history (see Section 9.1 [Bash History Facilities], page 109) and history
expansion(seeSection9.3 [History Interaction], page111) are enabledby default. Bash
will save the commandhistory to the ¯le namedby $HISTFILEwhenan interactiveshell
exits.

8. Alias expansion(seeSection 6.6 [Aliases], page71) is performed by default.

9. In the absenceof any traps, Bash ignoresSIGTERM(seeSection3.7.6[Signals],page31).

10. In the absenceof any traps, SIGINTis caught and handled ((seeSection3.7.6 [Signals],
page31). SIGINT will interrupt someshell builtins.

11. An interactive login shell sendsa SIGHUPto all jobs on exit if the hupoxexit shell
option has beenenabled(seeSection 3.7.6 [Signals],page31).

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

13. Bash will check for mail periodically, depending on the valuesof the MAIL, MAILPATH,
and MAILCHECKshell variables (seeSection 5.2 [Bash Variables], page55).

14. 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).

15. 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], page18).

16. Redirection errors encountered by shell builtins will not causethe shell to exit.

17. 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], page76).

18. A failed exec will not causethe shell to exit (seeSection 4.1 [Bourne Shell Builtins],
page33).

19. Parser syntax errors will not causethe shell to exit.

20. Simplespelling correction for directory arguments to the cd builtin is enabledby default
(see the description of the cdspell option to the shopt builtin in Section 4.2 [Bash
Builtins], page39).

21. The shell will check the value of the TMOUTvariable and exit if a command is not
read within the speci¯ed number of secondsafter printing $PS1(seeSection 5.2 [Bash
Variables], page55).
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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 used to examine the
status of a ¯le. There are string operators and numeric comparisonoperators aswell. If the
¯le argument to one of the primaries is of the form /̀dev/fd/ N', then ¯le descriptor N is
checked. If the ¯le argument to oneof the primaries is oneof /̀dev/stdin ', /̀dev/stdout ',
or /̀dev/stderr ', ¯le descriptor 0, 1, or 2, respectively, is checked.

-a file True if ¯le exists.

-b file True if ¯le exists and is a block special ¯le.

-c file True if ¯le exists and is a character special ¯le.

-d file True if ¯le exists and is a directory.

-e file True if ¯le exists.

-f file True if ¯le exists and is a regular ¯le.

-g file True if ¯le exists and its set-group-id bit is set.

-h file True if ¯le exists and is a symbolic link.

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

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

-r file True if ¯le exists and is readable.

-s file True if ¯le exists and has a sizegreater than zero.

-t fd True if ¯le descriptor fd is open and refers to a terminal.

-u file True if ¯le exists and its set-user-idbit is set.

-w file True if ¯le exists and is writable.

-x file True if ¯le exists and is executable.

-O file True if ¯le exists and is owned by the e®ective user id.

-G file True if ¯le exists and is owned by the e®ective group id.

-L file True if ¯le exists and is a symbolic link.

-S file True if ¯le exists and is a socket.

-N file True if ¯le exists and has beenmodi¯ed since it was last read.

file1 -nt file2
True if ¯le1 is newer (according to modi¯cation date) than ¯le2, or if ¯le1 exists
and ¯le2 doesnot.

file1 -ot file2
True if ¯le1 is older than ¯le2, or if ¯le2 exists and ¯le1 doesnot.
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file1 -ef file2
True if ¯le1 and ¯le2 refer to the samedeviceand inode numbers.

-o optname
True if shell option optname is enabled. The list of options appears in the
description of the -̀o ' option to the set builtin (seeSection4.3[The SetBuiltin],
page50).

-z string
True if the length of string is zero.

-n string
string True if the length of string is non-zero.

string1 == string2
True if the strings are equal. `=' may be used in place of `==' for strict posix
compliance.

string1 != string2
True if the strings are not equal.

string1 < string2
True if string1 sorts beforestring2 lexicographically in the current locale.

string1 > string2
True if string1 sorts after string2 lexicographically in the current locale.

arg1 OParg2
OPis one of -̀eq ', -̀ne ', -̀lt ', -̀le ', -̀gt ', or -̀ge '. These arithmetic binary
operators return true if arg1 is equal to, not equal to, less than, less than or
equal to, greater than, or greater than or equal to arg2, respectively. Arg1 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 done in ¯xed-width integerswith no check for over°ow, though division by
0 is trapped and °agged asan error. The operators and their precedence,associativit y, and
values are the sameas in the C language. The following list of operators is grouped into
levelsof equal-precedenceoperators. The levelsare listed in order of decreasingprecedence.

id ++ id --
variable post-increment and post-decrement

++id -- id
variable pre-increment and pre-decrement

- + unary minus and plus

! ~ logical and bitwise negation

** exponentiation
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* / % multiplication, division, remainder

+ - addition, subtraction

<< >> left and right bitwise shifts

<= >= < > comparison

== != equality and inequality

& bitwise AND

^ bitwise exclusive OR

| bitwise OR

&& logical AND

|| logical OR

expr ? expr : expr
conditional operator

= *= /= %=+= -= <<= >>= &=^= |=
assignment

expr1 , expr2
comma

Shell variables are allowed as operands; parameter expansion is 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 evaluates to 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 base is a decimal
number between2 and 64 representing the arithmetic base,and n is a number in that base.
If base# is omitted, then base 10 is used. The digits greater than 9 are represented by
the lowercaseletters, the uppercaseletters, `@', and `_', in that order. If base is lessthan
or equal to 36, lowercaseand uppercaseletters may be used interchangably to represent
numbers between10 and 35.

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

6.6 Aliases

Aliases allow a string to be substituted for a word when it is usedas the ¯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 checked to seeif it has an alias.
If so, that word is replacedby the text of the alias. The characters /̀ ', `$', `̀ ', `=' and any of
the shell metacharactersor quoting characterslisted abovemay not appear in an alias name.
The replacement text may contain any valid shell input, including shellmetacharacters. The
¯rst word of the replacement text is tested for aliases,but a word that is identical to an
alias being expandedis not expandeda secondtime. This meansthat one may alias ls to
"ls -F" , for instance, and Bash does not try to recursively expand the replacement text.
If the last character of the alias value is a spaceor tab character, then the next command
word following the alias is also checked for alias expansion.

Aliasesare createdand listed with the alias command, and removed with the unalias
command.

There is no mechanism for using arguments in the replacement text, as in csh. If
arguments are needed,a shell function should be used (seeSection 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], page39).

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 same line 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 alsoan issuewhen functions
areexecuted. Aliasesareexpandedwhena function de¯nition is read, not when the 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 separate line, and do not use alias in compound
commands.

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

6.7 Arra ys

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 requirement that membersbe indexed or assignedcontiguously. Arrays
are zero-based.

An array is created automatically if any variable is assignedto using the syntax

name[subscript ]= value

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

declare -a name

The syntax

declare -a name[ 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 assignments of the form

name=(value1 ... value n)

where each value is of the form [[ subscript ]=] string. If the optional subscript is sup-
plied, that index is assignedto; otherwise the index of the element assignedis the last
index assignedto by the statement plus one. Indexing starts at zero. This syntax is also
acceptedby the declare builtin. Individual array elements may be assignedto using the
name[subscript]= value syntax intro duced above.

Any element of an array may be referencedusing ${name[subscript]} . The bracesare
required to avoid con°icts with the shell's ¯lename expansionoperators. If the subscript is
`@' or `* ', the word expandsto all members of the array name. Thesesubscripts di®er only
when the word appears within double quotes. If the word is double-quoted, ${name[*]}
expandsto a singleword with the valueof each array member separatedby the ¯rst character
of the IFS variable, and ${name[@]} expands each element of name to a separateword.
When there are no array members, ${name[@]} expandsto nothing. This is analogousto
the expansionof the special parameters `@' and `* '. ${#name[subscript]} expands to the
length of ${name[subscript]} . If subscript is `@' or `* ', the expansion is the number of
elements in the array. Referencingan array variable without a subscript is equivalent to
referencingelement zero.

The unset builtin is used to destroy arrays. unset name[subscript] destroys the array
element at index subscript. unset name, where name is an array, removesthe entire array.
A subscript of `* ' or `@' also removesthe entire array.

The declare , local , and readonly builtins each 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 elements.
The set and declare builtins display array values in a way that allows them to be reused
as input.

6.8 The Directory Stack

The directory stack is a list of recently-visited directories. The pushd builtin addsdirec-
tories to the stack asit changesthe current directory, and the popdbuiltin 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 contents of the directory stack are also visible as the value of the DIRSTACKshell
variable.

6.8.1 Directory Stack Builtins

dirs

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

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

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

-c Clears the directory stack by deleting all of the elements.

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

-p Causesdirs to print the directory stack with one entry per line.

-v Causesdirs to print the directory stack with one entry per line,
pre¯xing each entry with its index in the stack.

popd
popd [+ N | - N] [-n]

Remove the top entry from the directory stack, and cd to the new top directory.
When no arguments are given, popd removes the top directory from the stack
and performs a cd to the new top directory. The elements are numbered from
0 starting at the ¯rst directory listed with dirs ; i.e., popd is equivalent to popd
+0.

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

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

-n Suppressesthe normal changeof directory when removing directo-
ries from the stack, so that only the stack is manipulated.

pushd
pushd [ dir | +N | -N] [-n]

Save the current directory on the top of the directory stack and then cd to dir .
With no arguments, pushd exchangesthe top two directories.

+N Brings the N th 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 N th 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 Suppressesthe normal changeof directory when adding directories
to the stack, so that only the stack is manipulated.

dir Makes the current working directory be the top of the stack, and
then executesthe equivalent of `cd dir '. cds to dir .
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6.9 Con trolling the Prompt

The value of the variable PROMPT_COMMANDis examined just before Bash prints each
primary prompt. If PROMPT_COMMANDis set and has a non-null value, then the value is
executedjust as if 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 " Weekday 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¯c time representation. 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.

\l The basenameof the shell's terminal devicename.

\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 $HOMEabbreviated with a tilde.

\W The basenameof $PWD, with $HOMEabbreviated with a tilde.

\! The history number of this command.

\# The command number of this command.

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

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

\\ A backslash.
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\[ Begin a sequenceof non-printing characters. This could be used to embed a
terminal control sequenceinto the prompt.

\] End a sequenceof non-printing characters.

The commandnumber and the history number are usually di®erent: the history number
of a commandis its position in the history list, which may include commandsrestored from
the history ¯le (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 decoded, 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], page39).

6.10 The Restricted Shell

If Bash is started with the namerbash, or the -̀-restricted ' or -̀r ' option is supplied
at invocation, the shell becomesrestricted. A restricted shell is used to set up an environ-
ment more controlled than the standard shell. A restricted shell behavesidentically to bash
with the exception that the following are disallowed or not performed:

² Changing directories with the cd builtin.

² Setting or unsetting the valuesof the SHELL, PATH, ENV, or BASH_ENVvariables.

² Specifying command namescontaining slashes.

² Specifying a ¯lename containing a slashas an argument to the . builtin command.

² Specifying a ¯lename containing a slashas an argument 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 SHELLOPTSfrom the shell environment at startup.

² Redirecting output using the `>', `>| ', `<>', `>&', `&>', and `>>' redirection operators.

² Using the exec builtin to replacethe shell with another command.

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

² Using the enable builtin command to enabledisabled shell builtins.

² Specifying the -̀p ' option to the commandbuiltin.

² Turning o®restricted mode with `set +r ' or `set +o restricted '.

Theserestrictions are enforcedafter any startup ¯les are read.

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

6.11 Bash POSIX Mo de

Starting Bashwith the -̀-posix ' command-lineoption or executing`set -o posix ' while
Bash is running will causeBash to conform more closely to 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.

When invoked as sh, Bash enters posix mode after reading the startup ¯les.

The following list is what's changedwhen `posix mode' is in e®ect:

1. When a command in the hash table no longer exists, Bash will re-search $PATHto ¯nd
the new location. This is also available with `shopt -s checkhash'.

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

3. The messageprinted by the job control code and builtins when a job is stopped is
`Stopped(signame)', where signameis, for example,SIGTSTP.

4. Reserved words may not be aliased.

5. The posix 1003.2 PS1and PS2expansionsof !̀ ' to the history number and !̀! ' to
!̀ ' are enabled, and parameter expansion is performed on the values of PS1and PS2

regardlessof the setting of the promptvars option.

6. The posix 1003.2startup ¯les are executed($ENV) rather than the normal Bash ¯les.

7. Tilde expansionis only performed on assignments precedinga command name, rather
than on all assignment statements on the line.

8. The default history ¯le is `~/.sh_history ' (this is the default value of $HISTFILE).

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

10. The kill builtin doesnot accept signal nameswith a `SIG' pre¯x.

11. Non-interactive shellsexit if ¯lename in . ¯lename is not found.

12. Non-interactive shells exit if a syntax error in an arithmetic expansion results in an
invalid expression.

13. Redirection operators do not perform ¯lename expansionon the word in the redirection
unlessthe shell is interactive.

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

15. 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.

16. posix 1003.2`special' builtins are found beforeshell functions during commandlookup.

17. 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 assignment errors for assignments
precedingthe command name, and so on.

18. If the cd builtin ¯nds a directory to change to using $CDPATH, the value it assignsto
the PWDvariable doesnot contain any symbolic links, as if `cd -P' had beenexecuted.

19. If CDPATHis 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 $CDPATH, even if the a directory with the samename as the name given
as an argument to cd exists in the current directory.
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20. A non-interactive shell exits with an error status if a variable assignment error occurs
when no command name follows the assignment statements. A variable assignment
error occurs, for example,when trying to assigna value to a readonly variable.

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

22. Processsubstitution is not available.

23. Assignment statements precedingposix 1003.2special builtins persist in the shell en-
vironment after the builtin completes.

24. Assignment statements preceding shell function calls persist in the shell environment
after the function returns, as if a posix special builtin command had beenexecuted.

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

26. The trap builtin displays signal nameswithout the leading SIG.

27. The trap builtin doesn't check the ¯rst argument for a possiblesignal speci¯cation and
revert the signal handling to the original disposition if it is. If userswant to reset the
handler for a given signal to the original disposition, they should use -̀ ' as the ¯rst
argument.

28. The . and source builtins do not search the current directory for the ¯lename argument
if it is not found by searching PATH.

29. Subshellsspawnedto executecommandsubstitutions inherit the valueof the -̀e ' option
from the parent shell. When not in posix mode, Bash clears the -̀e ' option in such
subshells.

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

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

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

33. When the set builtin is invoked without options, it displays variable values without
quotes,unlessthey contain shell metacharacters,even if the result contains nonprinting
characters.

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

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

1. Assignment statements a®ectthe executionenvironment of all builtins, not just special
ones.

2. When a subshellis createdto executea shellscript with executepermission,but without
a leading `#! ', Bash sets $0 to the full pathname of the script as found by searching
$PATH, rather than the command as typed by the user.

3. When using .̀ ' to sourcea shell script found in $PATH, bash checks executepermission
bits rather than read permissionbits, just as if it were searching for a command.
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7 Job Con trol

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

7.1 Job Con trol Basics

Job control refers to the abilit y to selectively stop (suspend) the execution of processes
and continue (resume)their executionat a later point. A user typically employs this facilit y
via an interactive interface supplied jointly by the system's terminal driver and Bash.

The shell associatesa job with each pipeline. It keepsa table of currently executing jobs,
which may be listed with the jobs command. When Bash starts a job asynchronously, 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 associated with this job is 25647. All of the processesin a single pipeline are
members of the samejob. Bash usesthe job abstraction as the basis for job control.

To facilitate the implementation of the userinterfaceto job control, the operating system
maintains the notion of a current terminal processgroup id . Membersof this processgroup
(processeswhoseprocessgroup id is equal to the current terminal processgroup id ) receive
keyboard-generatedsignalssuch asSIGINT. Theseprocessesaresaid to be in the foreground.
Background processesare those whoseprocessgroup id di®ers from the terminal's; such
processesare immune to keyboard-generatedsignals. Only foregroundprocessesare allowed
to read from or write to the terminal. Background processeswhich attempt to read from
(write to) the terminal are sent a SIGTTIN(SIGTTOU) signal by the terminal driver, which,
unlesscaught, suspendsthe process.

If the operating system on which Bash is running supports job control, Bash contains
facilities to useit. Typing the suspend character (t ypically `̂ Z', Control-Z) while a process
is running causesthat processto be stopped and returns control to Bash. Typing the
delayed suspend character (t ypically `̂ Y', Control-Y) causesthe processto be stopped
when it 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 command to continue it in the
background, the fg command to continue it in the foreground, or the kill command to
kill it. A `̂ Z' takese®ectimmediately, and has the additional sidee®ectof causingpending
output and typeaheadto be discarded.

There are a number of ways to refer to a job in the shell. The character `%' intro duces
a job name.

Job number n may be referred to 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 background. 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 previous job with a -̀ '.

A job may also be referred to using a pre¯x of the name used to start it, or using a
substring that appears in its command line. For example, `%ce' refers to a stopped ce job.
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Using `%?ce', on the other hand, refersto any job containing 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 synonym for
f̀g %1', bringing job 1 from the background into the foreground. Similarly, `%1&' resumes
job 1 in the background, equivalent to `bg %1'

The shell learns immediately whenever 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 such changes
immediately (seeSection 4.3 [The Set Builtin], page50). Any trap on SIGCHLDis executed
for each 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 Con trol Builtins

bg

bg [ jobspec ]

Resumethe suspendedjob jobspec in the background, as if it had beenstarted
with `&'. If jobspec is not supplied, the current job is used. The return status
is zero unlessit is run when job control is not enabled,or, when run with job
control enabled, if jobspec was not found or jobspec speci¯es a job that was
started without job control.

fg

fg [ jobspec ]

Resume the 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-zero if run when job control
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 control.

jobs

jobs [-lnprs] [ jobspec ]
jobs -x command[ arguments]

The ¯rst form lists the active jobs. The options have the following meanings:

-l List processid s in addition to the normal information.

-n Display information only about jobs that have changedstatus since
the user was 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.
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If jobspec is 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
arguments with the corresponding processgroup id , and executescommand,
passingit arguments, returning its exit status.

kill

kill [-s sigspec ] [-n signum] [- sigspec ] jobspec or pid
kill -l [ exit_status ]

Senda signal speci¯ed by sigspec or signum to the processnamedby job speci¯-
cation jobspec or processid pid. sigspec is either a case-insensitive 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 present, SIGTERMis used. The
-̀l ' option lists the signal names. If any arguments are supplied when -̀l ' is
given, the namesof the signalscorresponding to the arguments 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 successfullysent, or non-zero if an error occurs or an
invalid option is encountered.

wait

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 spec is given, all processesin the job are waited for. If no arguments 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

disown [-ar] [-h] [ jobspec ... ]

Without options, each 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 SIGHUPis not sent to the job if the shell receives a SIGHUP. If jobspec is
not present, and neither the -̀a ' nor -̀r ' option is supplied, the current job is
used. If no jobspec is supplied, the -̀a ' option means to remove or mark all
jobs; the -̀r ' option without a jobspec argument restricts operation to running
jobs.

suspend

suspend [-f]

Suspend the execution of this shell until it receivesa SIGCONTsignal. The -̀f '
option meansto suspend even if the shell is a login shell.

When job control is not active, the kill and wait builtins do not accept jobspec argu-
ments. They must be supplied processid s.
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7.3 Job Con trol Variables

auto_resume
This variable controls how the shell interacts with the user and job control. If
this variable exists then single word simple commandswithout redirections are
treated as candidatesfor resumption of an existing job. There is no ambiguit y
allowed; if there is more than one job beginning with the string typed, then the
most recently accessedjob will be selected.The name of a stopped job, in this
context, is the command line usedto start it. If this variable is set to the value
`exact ', the string supplied must match the name of a stopped job exactly; if
set to `substring ', the string supplied needsto match a substring of the name
of a stopped job. The `substring ' value provides functionalit y analogousto
the `%?' job id (seeSection 7.1 [Job Control Basics], page 79). If set to any
other value, the supplied string must be a pre¯x of a stopped job's name; this
provides functionalit y 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 Readline library , which is usedby several di®erent
programs, including Bash.

8.1 In tro duction to Line Editing

The following paragraphsdescribe the notation usedto represent keystrokes.

The text C-k is read as `Control-K' and describes the character produced when the hki

key is pressedwhile the Control key is depressed.

The text M-k is read as `Meta-K' and describes the character produced when the Meta
key (if you have one) is depressed,and the hki key is pressed.The Meta key is labeled hAL T i

on many keyboards. On keyboardswith two keyslabeled hAL T i (usually to either sideof the
spacebar), the hAL T i on the left side is generally set to work as a Meta key. The hAL T i 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 as a Composekey for typing accented characters.

If you do not havea Meta or hAL T i key, or another key working asa Meta key, the identical
keystrokecanbegeneratedby typing hESCi ¯rst , and then typing hki . Either processis known
as metafying the hki key.

The text M-C-k is read as `Meta-Control-k' and describes the character produced by
metafying C-k.

In addition, several keys have their own names. Speci¯cally, hDEL i , hESCi , hLFD i , hSPCi ,
hRET i , and hTAB i all stand for themselves when seen in this text, or in an init ¯le (see
Section 8.3 [Readline Init File], page 86). If your keyboard lacks a hLFD i key, typing hC-j i

will produce the desiredcharacter. The hRET i key may be labeled hReturn i or hEnteri on some
keyboards.

8.2 Readline In teraction

Often during an interactive sessionyou type in a long 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 as you type it in, allowing you to just ¯x your typo, and not forcing
you to retype the majorit y of the line. Using theseediting 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 presshRET i . You do not have to be at the
end of the line to press hRET i ; the entire 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 type them. The typed character appears
where the cursor was, and then the cursor movesone spaceto the right. If you mistype a
character, you can useyour erasecharacter to back up and delete the mistyped character.
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Sometimesyou may mistype a character, and not notice the error until you have typed
several other characters. In that case,you can type 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 characters to 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
back' to ¯ll in the blank spacecreatedby the removal of the text. A list of the bareessentials
for editing the text of an input line follows.

C-b Move back one character.

C-f Move forward one character.

hDEL i or hBackspacei

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-_ or C-x C-u
Undo the last editing command. You can undo all the way back to an empty
line.

(Depending on your con¯guration, the hBackspacei key be set to delete the character to the
left of the cursor and the hDEL i key set to delete the character underneath the cursor, like
C-d, rather than the character to the left of the cursor.)

8.2.2 Readline Mo vement Commands

The above table describesthe most basickeystrokesthat you needin order to do editing
of the input line. For your convenience,many other commandshave beenaddedin addition
to C-b, C-f , C-d, and hDEL i . 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 backward 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 a loose
convention that control keystrokesoperate on characters while meta keystrokesoperate on
words.
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8.2.3 Readline Killing Commands

Killing text means to 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 recent
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 back in a di®erent (or the same)place later.

When you usea kill command,the text is saved in a kill-ring . Any number of consecutive
kills save all of the killed text together, so that when you yank it back, 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 is 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-hDEL i 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®erent than M-hDEL i

becausethe word boundariesdi®er.

Here is how to yank the text back into the line. Yanking means to copy the most-
recently-killed text from the kill bu®er.

C-y Yank the most recently killed text back 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
command is C-y or M-y.

8.2.4 Readline Argumen ts

You can passnumeric arguments to Readline commands. Sometimesthe argument acts
as a repeat count, other times it is the sign of the argument that is signi¯cant. If you
passa negative argument to a command which normally acts in a forward direction, that
command will act in a backward direction. For example, to kill text back to the start of
the line, you might type `M-- C-k'.

The generalway to passnumeric arguments to a command is to type meta digits before
the command. If the ¯rst `digit' typed is a minus sign (`- '), then the sign of the argument
will be negative. Once you have typed one meta digit to get the argument started, you
can type 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-1 0 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

Readlineprovidescommandsfor searching through the commandhistory (seeSection9.1
[Bash History Facilities], page 109) for lines containing a speci¯ed string. There are two
search modes: incremental and non-incremental .

Incremental searchesbegin beforethe userhas¯nished typing the search string. As each
character of the search string is typed, Readline displays the next entry from the history
matching the string typed sofar. An incremental search requiresonly asmany charactersas
neededto ¯nd the desiredhistory entry . To search backward in the history for a particular
string, type C-r . Typing C-s searchesforward through the history. The characters present
in the value of the isearch-terminators variable are used to terminate an incremental
search. If that variable has not been assigneda value, the hESCi and C-J characters will
terminate an incremental search. C-g will abort an incremental search and restore the
original line. When the search is terminated, the history entry containing the search string
becomesthe current line.

To ¯nd other matching entries in the history list, type C-r or C-s as appropriate. This
will search backward or forward in the history for the next entry matching the search string
typed so far. Any other key sequencebound to a Readline command will terminate the
search and executethat command. For instance,a hRET i will terminate the search and accept
the line, thereby executing the command from the history list. A movement command will
terminate the search, make the last line found the current line, and begin editing.

Readline remembers the last incremental search string. If two C-r s are typed without
any intervening characters de¯ning a new search string, any remembered search string is
used.

Non-incremental searches read the entire search string before starting to search for
matching history lines. The search 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 comes with a set of Emacs-like keybindings installed
by default, it is possible to use a di®erent set of keybindings. Any user can customize
programs that useReadline by putting commandsin an inputrc ¯le, conventionally in his
home directory. The name of this ¯le 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, thus incorporating any changes
that you might have made to it.

8.3.1 Readline Init File Syntax

There are only a few basic constructs allowed in the Readline init ¯le. Blank lines are
ignored. Lines beginning with a `#' are comments. 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 ¯le. 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 vi

Variable namesand values, where appropriate, are recognizedwithout regard
to case.

The bind -V command lists the current Readline variable names and values.
SeeSection 4.2 [Bash Builtins], page39.

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 set to `none', Readline never rings the bell. If set to
`visible ', Readline usesa visible bell if one is available. If set to
`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 set to `on', Readline performs ¯lename matching and completion
in a case-insensitive fashion. The default value is `off '.

completion-query-items
The number of possiblecompletions that determineswhen the user
is asked whether the list of possibilities should be displayed. If the
number of possiblecompletions is greater than this value, Readline
will ask the userwhether or not he wishesto view them; otherwise,
they are simply listed. This variable must be set to an integer value
greater than or equal to 0. The default limit is 100.

convert-meta
If set to `on', Readlinewill convert characterswith the eighth bit set
to an asci i key sequenceby stripping the eighth bit and pre¯xing an
hESCi character, converting them to a meta-pre¯xed key sequence.
The default value is `on'.

disable-completion
If set to `On', Readline will inhibit word completion. Completion
characterswill be inserted into the line as if 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-
ings is used. By default, Readlinestarts up in Emacsediting mode,
where the keystrokesare most similar to Emacs. This variable can
be set to either `emacs' or `vi '.

enable-keypad
When set to `on', Readlinewill try to enablethe application keypad
when it is called. Somesystemsneedthis to enablethe arrow keys.
The default is `off '.

expand-tilde
If set to `on', tilde expansionis performed when Readline attempts
word completion. The default is `off '.

If set to `on', the history code attempts to place point at the same
location on each 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 set to `off '.

input-meta
If set to `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 incremental
search without subsequently executing the character asa command
(see Section 8.2.5 [Searching], page 86). If this variable has not
beengiven a value, the characters hESCi and C-J will terminate an
incremental search.

keymap Sets Readline's idea of the current keymap for key binding com-
mands. Acceptable keymapnames are emacs, emacs-standard ,
emacs-meta, 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 set to `on', completed directory names have 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 set to `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, whenset to `on', causesReadlineto match ¯les whose
names begin with a .̀ ' (hidden ¯les) when performing ¯lename
completion, unless the leading .̀ ' is supplied by the user in the
¯lename to be completed. This variable is `on' by default.

output-meta
If set to `on', Readline will display characters with the eighth bit
set directly rather than as a meta-pre¯xed escape sequence.The
default is `off '.

page-completions
If set to `on', Readline usesan internal more-like pager to display
a screenfulof possiblecompletions at a time. This variable is `on'
by default.

print-completions-horizontally
If set to `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 onepossiblecompletion cause
the matches to 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 set to `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 set to `on', a character denoting a ¯le's type is appendedto the
¯lename when listing possiblecompletions. The default is `off '.

Key Bindings
The syntax for controlling key bindings in the init ¯le is simple. First you
needto ¯nd the nameof the command that 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
¯le 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®erent
ways, depending on what you ¯nd most comfortable.

In addition to command names, readline allows keys to 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 ¯le. SeeSection 4.2 [Bash
Builtins], page39.

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.

" keyseq" : function-name or macro
keyseqdi®ersfrom keyname above in that strings denoting an en-
tire key sequencecan be speci¯ed, by placing the key sequencein
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 as it was in the ¯rst example), `C-x
C-r ' is bound to the function re-read-init-file , and `hESCi h[i

h1i h1i h~i ' is bound to insert the text `Function Key 1'.

The following gnu Emacsstyle escape sequencesare available when specifying
key sequences:

\C- control pre¯x

\M- meta pre¯x

\e an escape character

\\ backslash
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\ " h" i , a double quotation mark

\' h'i , a single quote or apostrophe

In addition to the gnu Emacsstyle escape sequences,a secondset of backslash
escapes is available:

\a alert (bell)

\b backspace

\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 used to
indicate a macrode¯nition. Unquoted text is assumedto bea function name. In
the macrobody, the backslashescapesdescribedaboveareexpanded. 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 facilit y 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
extends to the end of the line; no characters are required to isolate it.

mode The mode=form of the $if directive is 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 Readline is starting out
in emacsmode.

term The term= form may be usedto include terminal-speci¯c key bind-
ings, perhaps to bind the key sequencesoutput by the terminal's
function keys. The word on the right sideof the `=' is tested against
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both the full name of the terminal and the portion of the terminal
name before the ¯rst -̀ '. This allows sun to match both sun and
sun-cmd, for instance.

application
The application construct is usedto include application-speci¯c set-
tings. Each program using the Readline library setsthe application
name, and you can test for a particular value. This could be usedto
bind key sequencesto functions useful for a speci¯c 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

$endif This command, as seenin the previous example, terminates an $if command.

$else Commandsin this branch of the $if directive are executedif the test fails.

$include This directive takes a single ¯lename as an argument and reads commands
and bindings from that ¯le. For example, the following directive reads from
/̀etc/inputrc ':

$include /etc/inputrc

8.3.3 Sample Init File

Here is an exampleof an inputrc ¯le. This illustrates key binding, variable assignment,
and conditional syntax.
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# This file controls the behaviour of line input editing 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 nameis ignored

#
# Arrow keys in keypad mode
#
#"\M-OD": backward-char
#"\M-OC": 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-OC": 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
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#"\M-\C-[A": previous-history
#"\M-\C-[B": next-history

C-q: 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 move to 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-xq": "\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-latin1 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 executing bind -P or, for a more terse format, suitable for an
inputrc ¯le, bind -p . (SeeSection 4.2 [Bash Builtins], page39.) Command nameswithout
an accompanying 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 between the point and
mark is referred to as the region.

8.4.1 Commands For Mo ving

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 back 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 back 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 ()
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 cursor is. If this line is non-empty, add it
to the history list accordingto the setting of the HISTCONTROLand 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 `back' 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-r)
Search backward starting at the current line and moving `up' through the his-
tory as necessary. This is an incremental search.

forward-search-history (C-s)
Search forward starting at the current line and moving `down' through the the
history as necessary. This is an incremental search.

non-incremental-reverse-search-history (M-p)
Search backward starting at the current line and moving `up' through the his-
tory as necessaryusing a non-incremental search for a string supplied by the
user.

non-incremental-forward-search-history (M-n)
Search forward starting at the current line and moving `down' through the the
history asnecessaryusing a non-incremental search for a string supplied by the
user.

history-search-forward ()
Search forward through the history for the string of characters between the
start of the current line and the point. This is a non-incremental search. By
default, this command is unbound.

history-search-backward ()
Search backward through the history for the string of characters between the
start of the current line and the point. This is a non-incremental search. By
default, this command is unbound.

yank-nth-arg (M-C-y)
Insert the ¯rst argument to the previous command(usually the secondword on
the previous line) at point. With an argument n, insert the nth word from the
previous command(the words in the previous commandbegin with word 0). A
negative argument inserts the nth word from the end of the previous command.

yank-last-arg (M-. or M-_)
Insert last argument to the previous command (the last word of the previous
history entry). With an argument, behave exactly like yank-nth-arg . Succes-
sive calls to yank-last-arg move back through the history list, inserting the
last argument of each line in turn.



Chapter 8: Command Line Editing 97

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 argument meansto kill the
characters instead of deleting them.

forward-backward-delete-char ()
Delete the character under the cursor, unless the 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.

quoted-insert (C-q or C-v)
Add the next character typed to the line verbatim. This is how to insert key
sequenceslike 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. Negativearguments
have no e®ect.

transpose-words (M-t)
Drag the word before point past the word after point, moving point past that
word as well. 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 argument, upper-
casethe previous word, but do not move the cursor.

downcase-word (M-l)
Lowercasethe current (or following) word. With a negativeargument, lowercase
the previous word, but do not move the cursor.

capitalize-word (M-c)
Capitalize the current (or following) word. With a negativeargument, capitalize
the previous word, but do not move the cursor.

overwrite-mode ()
Toggleoverwrite mode. With an explicit positive numeric argument, switches
to overwrite mode. With an explicit non-positivenumeric argument, switchesto
insert mode. This command a®ectsonly emacsmode; vi mode doesoverwrite
di®erently . 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 beforepoint with a space.

By default, this command is unbound.

8.4.4 Killing 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 backward from the cursor to the beginning of the current line.

kill-whole-line ()
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 boundariesare the sameas forward-word .

backward-kill-word (M-hDEL i )
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 ()
Delete all spacesand tabs around point. By default, this is unbound.

kill-region ()
Kill the text in the current region. By default, this command is unbound.

copy-region-as-kill ()
Copy the text in the region to the kill bu®er, so it 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 command is unbound.

copy-forward-word ()
Copy the word following point to the kill bu®er. The word boundariesare the
sameas forward-word . By default, this command is 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 argument already accumulating, or start a new argument.
M-- starts a negative argument.

universal-argument ()
This is another way to specify an argument. If this commandis followed by one
or more digits, optionally with a leading minus sign, those digits de¯ne the ar-
gument. If the command is followed by digits, executing universal-argument
again ends the numeric argument, 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 argument count for the next command is multiplied by four.
The argument count is initially one, so executing this function the ¯rst time
makes the argument count four, a secondtime makes the argument count six-
teen, and so on. By default, this is not bound to a key.

8.4.6 Letting Readline T yp e For You

complete ( hTAB i )
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 begins with `$'), username(if the text begins with
`~'), hostname(if the text beginswith `@'), or command (including aliasesand
functions) in turn. If none of these producesa match, ¯lename completion is
attempted.

possible-completions (M-?)
List the possiblecompletions of the text beforepoint.

insert-completions (M-*)
Insert all completions of the text beforepoint that would have beengenerated
by possible-completions .

menu-complete ()
Similar to complete , but replacesthe word to be completedwith a singlematch
from the list of possible completions. Repeated execution of menu-complete
steps through the list of possible completions, inserting each 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 argument of n moves n
positions forward in the list of matches; a negative argument may be used to
move backward through the list. This command is intended to be bound to
hTAB i , but is unbound by default.
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delete-char-or-list ()
Deletesthe character under the cursor if not at the beginning or end of the line
(lik e delete-char ). If at the end of the line, behavesidentically to possible-
completions . This command is unbound by default.

complete-filename (M-/)
Attempt ¯lename completion on the text beforepoint.

possible-filename-completions (C-x /)
List the possiblecompletions of the text beforepoint, treating it as a ¯lename.

complete-username (M-~)
Attempt completion on the text beforepoint, treating it as a 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 as a shell variable.

possible-variable-completions (C-x $)
List the possible completions of the text before point, treating it as a shell
variable.

complete-hostname (M-@)
Attempt completion on the text beforepoint, treating it as a hostname.

possible-hostname-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 as a command name.
Command completion attempts to match the text against aliases, reserved
words, shell functions, shell builtins, and ¯nally executable ¯lenames, in that
order.

possible-command-completions (C-x !)
List the possiblecompletionsof the text beforepoint, treating it asa command
name.

dynamic-complete-history (M-hTAB i )
Attempt completion on the text beforepoint, comparing the text against lines
from the history list for possiblecompletion matches.

complete-into-braces (M-{)
Perform ¯lename completion and insert the list of possiblecompletionsenclosed
within bracesso the list is available to the shell (seeSection 3.5.1 [Brace Ex-
pansion], page17).

8.4.7 Keyb oard Macros

start-kbd-macro (C-x ()
Begin saving the characters typed into the current keyboard macro.
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end-kbd-macro (C-x ))
Stop saving the characters typed 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 characters in the
macro appear as if typed at the keyboard.

8.4.8 Some Miscellaneous Commands

re-read-init-file (C-x C-r)
Readin the contents of the inputrc ¯le, and incorporate any bindings or variable
assignments 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, M-x, ... )
If the meta¯ed character x is lowercase,run the command that is bound to the
corresponding uppercasecharacter.

prefix-meta ( hESCi )
Metafy the next character typed. This is for keyboards without a meta key.
Typing `hESCi f ' is equivalent to typing M-f .

undo (C-_ or C-x C-u)
Incremental undo, separately remembered for each line.

revert-line (M-r)
Undo all changesmade to this line. This is like executing the undo command
enoughtimes to get back to the beginning.

tilde-expand (M-&)
Perform tilde expansionon the current word.

set-mark (C-@)
Set the mark to the point. If a numeric argument 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 set to 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 count searchesfor 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 searchesfor subsequent occurrences.
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insert-comment (M-#)
Without a numeric argument, the value of the comment-begin variable is in-
serted at the beginning of the current line. If a numeric argument 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 been typed. The default
value of comment-begin causesthis command to make the current line a shell
comment. If a numeric argument causesthe comment character to be removed,
the line will be executedby the shell.

dump-functions ()
Print all of the functions and their key bindings to the Readlineoutput stream.
If a numeric argument is supplied, the output is formatted in such a way that
it can be made part of an inputrc ¯le. This command is unbound by default.

dump-variables ()
Print all of the settablevariablesand their valuesto the Readlineoutput stream.
If a numeric argument is supplied, the output is formatted in such a way that
it can be made part of an inputrc ¯le. This command is unbound by default.

dump-macros()
Print all of the Readline key sequencesbound to macros and the strings they
output. If a numeric argument is supplied, the output is formatted in such a
way that it can be made part of an inputrc ¯le. This command is unbound by
default.

glob-complete-word (M-g)
The word beforepoint is treated as a pattern for pathname expansion,with an
asterisk implicitly appended. This pattern is usedto generatea list of matching
¯le namesfor possiblecompletions.

glob-expand-word (C-x *)
The word before point is treated as a pattern for pathname expansion, and
the list of matching ¯le names is inserted, replacing the word. If a numeric
argument is supplied, a `* ' is appendedbeforepathname expansion.

glob-list-expansions (C-x g)
The list of expansionsthat would have been generatedby glob-expand-word
is displayed, and the line is redrawn. If a numeric argument is supplied, a `* '
is appendedbeforepathname 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(seeSection 3.5 [Shell Expansions],
page16).

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 ()
Perform history and alias expansionon the current line.

insert-last-argument (M-. or M-_)
A synonym for yank-last-arg .

operate-and-get-next (C-o)
Accept the current line for execution and fetch the next line relative to the
current line from the history for editing. Any argument 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, $EDITOR, and emacs as the
editor, in that order.

8.5 Readline vi Mo de

While the Readlinelibrary doesnot have a full set of vi editing functions, it doescontain
enough to allow simple editing of the line. The Readline vi mode behaves as speci¯ed in
the posix 1003.2standard.

In order to switch interactively between emacsand vi editing modes, use the `set -o
emacs' and `set -o vi ' commands(seeSection4.3 [The SetBuiltin], page50). The Readline
default is emacsmode.

When you enter a line in vi mode, you are already placed in `insertion' mode, as if you
had typed an ì '. PressinghESCi switchesyou into `command' mode, whereyou can edit the
text of the line with the standard vi movement keys, move to previous history lines with
`k' and subsequent lines with j̀ ', and so forth.

8.6 Programmable Completion

When word completion is attempted for an argument to a commandfor which a comple-
tion speci¯cation (a compspec) hasbeende¯ned using the complete builtin (seeSection8.7
[ProgrammableCompletion Builtins], page105), the programmablecompletion facilities are
invoked.

First, the commandnameis identi¯ed. If a compspechasbeende¯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 searched for ¯rst.
If no compspec is found for the full pathname, an attempt is made to ¯nd a compspec for
the portion following the ¯nal slash.

Once a compspec has been found, it is used to generatethe list of matching words. If
a compspec is not found, the default Bash completion described above (seeSection 8.4.6
[CommandsFor Completion], page99) 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 ¯lename
or directory name completion, the shell variable FIGNOREis usedto ¯lter the matches. See
Section 5.2 [Bash Variables], page55, for a description of FIGNORE.

Any completions speci¯ed by a ¯lename expansionpattern to the -̀G' option are gener-
ated next. The words generatedby the pattern neednot match the word being completed.
The GLOBIGNOREshell variable is not used to ¯lter the matches, but the FIGNOREshell
variable is used.

Next, the string speci¯ed as the argument to the -̀W' option is considered. The string
is ¯rst split using the characters in the IFS special variable as delimiters. Shell quoting is
honored. Each word is then expandedusingbraceexpansion,tilde expansion,parameterand
variable expansion,commandsubstitution, arithmetic expansion,and pathname expansion,
asdescribed above (seeSection3.5 [Shell Expansions],page16). The results are split using
the rules described above (seeSection 3.5.7 [Word Splitting], page22). The results of the
expansionare pre¯x-matc hed against the word being completed, and the matching words
becomethe possiblecompletions.

After thesematcheshave 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_POINTvariablesareassignedvaluesasdescribedabove (seeSection5.2 [Bash
Variables], page55). If a shell function is being invoked, the COMP_WORDSand COMP_CWORD
variables are also set. When the function or command is invoked, the ¯rst argument is
the name of the command whosearguments are being completed, the secondargument is
the word being completed, and the third argument is the word preceding the word being
completed on the current command line. No ¯ltering of the generatedcompletions against
the word being completed is 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 COMPREPLYarray variable.

Next, any commandspeci¯ed with the -̀C' option is invokedin an environment equivalent
to commandsubstitution. It should print a list of completions,oneper line, to the standard
output. Backslash may be usedto escape a newline, if necessary.

After all of the possible completions are generated, any ¯lter speci¯ed with the -̀X'
option is applied to the list. The ¯lter is a pattern as used for pathname expansion;a `&'
in the pattern is replaced with the text of the word being completed. A literal `&' may
be escaped with a backslash; the backslash is removed before attempting a match. Any
completion that matches the 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 each
member of the completion list, and the result is returned to the Readline completion code
as the list of possiblecompletions.

If the previously-applied actions do not generateany matches,and the -̀o dirnames' op-
tion was supplied to complete when the compspec was de¯ned, directory namecompletion
is attempted.
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If the -̀o 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 compspec is found, whatever it generatesis returned to the completion
codeasthe full setof possiblecompletions. The default Bashcompletionsarenot attempted,
and the Readlinedefault of ¯lename completion is disabled. If the -̀o bashdefault ' option
wassupplied to complete when the compspecwasde¯ned, the default Bashcompletionsare
attempted if the compspecgeneratesno matches. If the -̀o default ' option wassupplied to
complete when the compspecwasde¯ned, Readline'sdefault completion will be performed
if the compspec (and, if attempted, the default Bash completions) generateno matches.

When a compspecindicates that 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 matches to the standard output. When using the -̀F '
or -̀C' options, the various shell variables set by the programmablecompletion
facilities, while available, will not have useful values.

The matches will 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 value is true unlessan invalid option is supplied, or no matcheswere
generated.

complete

complete [-abcdefgjksuv] [-o comp-option ] [-A action ] [-G glob-
pat ] [-W wordlist ]
[-P prefix ] [-S suffix ] [-X filterpat ] [-F function ]
[-C command] name [ name ... ]
complete -pr [ name ... ]

Specify how arguments to each name 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 each name, or, if no names are supplied,
all completion speci¯cations.
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The processof applying thesecompletion speci¯cations when word completion
is attempted is described above (seeSection 8.6 [Programmable Completion],
page103).

Other options, if speci¯ed, have the following meanings. The arguments to
the -̀G', -̀W', and -̀X' options (and, if necessary, the -̀P' and -̀S' options)
should be quoted to protect them from expansionbefore the complete builtin
is invoked.

-o comp-option
The comp-option controls several aspectsof the compspec'sbehav-
ior beyond the simple generationof completions. comp-option may
be one of:

bashdefault
Perform the rest of the default Bash completions if the
compspec generatesno matches.

default UseReadline'sdefault ¯lename completion if the comp-
spec generatesno matches.

dirnames Perform directory name completion if the compspec
generatesno matches.

filenames
Tell Readline that the compspec generates¯lenames,
so it can perform any ¯lename-speci¯c 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 '.

nospace Tell Readline not to append a space(the default) to
words completed at the end of the line.

-A action
The action may be oneof the following to generatea list of possible
completions:

alias Alias names. May also be speci¯ed as -̀a '.

arrayvar Array variable names.

binding Readline key binding names(seeSection 8.4 [Bindable
Readline Commands],page95).

builtin Namesof shellbuiltin commands.May alsobespeci¯ed
as -̀b '.

command Command names. May also be speci¯ed as -̀c '.

directory
Directory names. May also be speci¯ed as -̀d '.

disabled Namesof disabled shell builtins.

enabled Namesof enabledshell builtins.
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export Namesof exported shell variables. May also be speci-
¯ed as -̀e '.

file File names. May also be speci¯ed as -̀f '.

function Namesof shell functions.

group Group names. May also be speci¯ed as -̀g '.

helptopic
Help topics as acceptedby the help builtin (seeSec-
tion 4.2 [Bash Builtins], page39).

hostname Hostnames, as taken from the ¯le speci¯ed by
the HOSTFILEshell variable (see Section 5.2 [Bash
Variables], page55).

job Job names,if job control is active. May also be speci-
¯ed as -̀j '.

keyword Shell reserved words. May also be speci¯ed as -̀k '.

running Namesof running jobs, if job control is active.

service Servicenames. May also be speci¯ed as -̀s '.

setopt Valid arguments for the -̀o ' option to the set builtin
(seeSection 4.3 [The Set Builtin], page50).

shopt Shell option names as accepted by the shopt builtin
(seeSection 4.2 [Bash Builtins], page39).

signal Signal names.

stopped Namesof stopped jobs, if job control is active.

user User names. May also be speci¯ed as -̀u '.

variable Names of all shell variables. May also be speci¯ed as
-̀v '.

-G globpat
The ¯lename expansion pattern globpat is expanded to generate
the possiblecompletions.

-Wwordlist
The wordlist is split using the characters in the IFS special variable
as delimiters, and each 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 subshell environment, and its output is
usedas the possiblecompletions.

-F function
The shell function function is executedin the current shell environ-
ment. When it ¯nishes, the possiblecompletionsare retrieved from
the value of the COMPREPLYarray variable.
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-X filterpat
¯lterpat is a pattern asusedfor ¯lename expansion. It is applied to
the list of possiblecompletions generatedby the precedingoptions
and arguments, and each completion matching ¯lterpat is removed
from the list. A leading !̀ ' in ¯lterpat negatesthe pattern; in this
case,any completion not matching ¯lterpat is removed.

-P prefix
pre¯x is added at the beginning of each possiblecompletion after
all other options have beenapplied.

-S suffix
su±x is appendedto each 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 argument, 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 In teractiv ely

This chapter describes how to use the 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 -̀o history ' option to the set builtin is enabled (seeSection 4.3 [The Set
Builtin], page50), the shell provides accessto the command history, the list of commands
previously typed. The value of the HISTSIZEshell variable is usedas the number of com-
mands to save in a history list. The text of the last $HISTSIZEcommands(default 500)
is saved. The shell stores each command in the history list prior to parameter and vari-
able expansionbut after history expansionis performed, subject to the valuesof the shell
variables HISTIGNOREand HISTCONTROL.

When the shell starts up, the history is initialized from the ¯le named by the HISTFILE
variable (default `~/.bash_history '). The ¯le namedby the valueof HISTFILEis truncated,
if necessary, to contain no more than the number of lines speci¯ed by the value of the
HISTFILESIZEvariable. When an interactive shell exits, the last $HISTSIZElines are copied
from the history list to the ¯le named by $HISTFILE. If the histappend shell option is set
(seeSection4.2 [BashBuiltins], page39), the linesareappendedto the history ¯le, otherwise
the history ¯le is overwritten. If HISTFILE is unset, or if the history ¯le 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 HISTTIMEFORMATis set, the time stamp information associated with each history
entry is written to the history ¯le.

The builtin commandfc may beusedto 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, search commandsare available in each
editing mode that provide accessto the history list (see Section 8.4.2 [Commands For
History], page95).

The shell allows control over which commands are saved on the history list. The
HISTCONTROLand HISTIGNOREvariables may be set to causethe shell to save only a subset
of the commandsentered. The cmdhist shell option, if enabled,causesthe shell to attempt
to saveeach line of a multi-line commandin the samehistory entry , adding semicolonswhere
necessaryto preserve syntactic correctness. The lithist shell option causesthe shell to
save the commandwith embeddednewlinesinstead of semicolons.The shopt builtin is used
to set theseoptions. SeeSection 4.2 [Bash Builtins], page39, for a description of shopt .

9.2 Bash History Builtins

Bash provides two builtin commandswhich manipulate the history list and history ¯le.

fc
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fc [-e ename] [-nlr] [ first ] [ last ]
fc -s [ pat =rep ] [ command]

Fix Command. In the ¯rst form, a range of commands from ¯rst to last is
selectedfrom the history list. Both ¯rst and last may be speci¯ed as a string
(to locate the most recent commandbeginning with that string) or asa number
(an index into the history list, wherea negative number is usedasan o®setfrom
the current commandnumber). If last is not speci¯ed it is set to ¯rst . If ¯rst is
not speci¯ed it is set to the previous command for editing and ¡ 16 for listing.
If the -̀l ' °ag is given, the commandsare listed on standard output. The -̀n '
°ag suppressesthe command numbers when listing. The -̀r ' °ag reversesthe
order of the listing. Otherwise, the editor given by ename is invoked on a ¯le
containing those commands. If ename is not given, the value of the following
variable expansionis used: ${FCEDIT:-${EDITOR:-vi}} . This says to use the
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 each instance of pat in the
selectedcommand is replacedby rep.
A useful alias to usewith the fc command is r='fc -s' , so that typing r̀ cc'
runs the last command beginning with cc and typing r̀ ' re-executesthe last
command (seeSection 6.6 [Aliases], page71).

history
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 been modi¯ed. An argument of n lists only the last n lines. If the
shell variable HISTTIMEFORMATis set and not null, it is usedas a format string
for strftime to display the time stamp associated with each displayed history
entry . No intervening blank is printed between the formatted time stamp and
the history line.
Options, if supplied, have the following meanings:

-c Clear the history list. This may becombined with the other options
to replacethe history list completely.

-d offset
Delete the history entry at position o®set. o®setshould be speci¯ed
as it 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 ¯le.

-n Append the history lines not already read from the history ¯le to
the current history list. Theseare lines appendedto the history ¯le
sincethe beginning of the current Bash session.
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-r Read the current history ¯le and append its contents to the history
list.

-w Write out the current history to the history ¯le.

-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 as a single entry .

When any of the -̀w', -̀r ', -̀a ', or -̀n ' options is used,if ¯lename is given, then
it is usedas the history ¯le. If not, then the value of the HISTFILE variable is
used.

9.3 History Expansion

The History library provides a history expansion feature 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 arguments to a previous command into the current
input line, or ¯x errors in previous commandsquickly.

History expansiontakesplace in 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 event , and
the portions of that line that areactedupon arecalledwords. Variousmodi¯ers areavailable
to manipulate the selectedwords. The line is broken into words in the samefashion that
Bash does, so that several words surrounded by quotes are consideredone word. History
expansionsare intro duced by the appearanceof the history expansioncharacter, which is
!̀ ' 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],
page39) may be used to 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®er for further modi¯cation. If Readline is being used,and the histreedit shell option
is enabled, a failed history expansionwill be reloaded into the Readline editing bu®er for
correction. The -̀p ' option to the history builtin command may be used to seewhat
a history expansion will do before using it. The -̀s ' option to the history builtin may
be used to add commandsto the end of the history list without actually executing them,
so that they are available for subsequent recall. This is most useful in conjunction with
Readline.

The shell allows control of the various characters usedby the history expansionmecha-
nism with the histchars variable.

9.3.1 Event Designators

An event designator is a referenceto a command line entry in the history list.
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! 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).

! n Refer to command line n.

!- n Refer to the command n lines back.

!! Refer to the previous command. This is a synonym for !̀-1 '.

! string Refer to the most recent command starting with string.

!? string [?]
Refer to the most recent command containing string. The trailing `?' may be
omitted if the string is followed immediately by a newline.

^string1 ^string2 ^
Quick Substitution. Repeat the last command, replacing string1 with string2.
Equivalent to !!:s/ string1 / string2 / .

!# The entire command line typed so far.

9.3.2 Word Designators

Word designatorsare used to select desired words from the event. A :̀ ' separatesthe
event speci¯cation from the word designator. It may be omitted if the word designator
begins with 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,

!! designatesthe preceding command. When you type this, the preceding com-
mand is repeated in toto.

!!:$ designatesthe last argument of the precedingcommand. This may beshortened
to !$ .

!fi:2 designatesthe secondargument of the most recent command starting with the
letters fi .

Here are the word designators:

0 (zero) The 0th word. For many applications, this is the command word.

n The nth word.

^ The ¯rst argument; that is, word 1.

$ The last argument.

% The word matched by the most recent `?string ?' search.

x- y A range of words; -̀ y ' abbreviates `0- y '.

* All of the words, except the 0th. This is a synonym for `1-$ '. It is not an error
to use`* ' if there is just one word in the event; 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 usedas the event.

9.3.3 Mo di¯ers

After the optional word designator,you canadd a sequenceof oneor moreof the following
modi¯ers, each precededby a :̀ '.

h Remove a trailing pathname component, leaving only the head.

t Remove all leading pathname components, leaving the tail.

r Remove a trailing su±x of the form .̀ suffix ', leaving the basename.

e Remove all but the trailing su±x.

p Print the new command but do not executeit.

q Quote the substituted words, escapingfurther substitutions.

x Quote the substituted words as with `q', but break into words at spaces,tabs,
and newlines.

s/ old / new/
Substitute new for the ¯rst occurrenceof old in the event line. Any delimiter
may be usedin placeof /̀ '. The delimiter may be quoted in old and new with a
single backslash. If `&' appearsin new, it is replacedby old. A single backslash
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 entire event line. Used in conjunction

with `s', as in gs/ old / new/ , or with `&'.

G Apply the following `s' modi¯er onceto each word in the event.
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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 several non-Unix systemssuch as BeOS and Interix. Other independent ports
exist for ms-dos, os/2 , and Windows platforms.

10.1 Basic Installation

Theseare installation instructions for Bash.

The simplest way to compile Bash is:

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 System V, you might
needto type`sh ./configure ' insteadto prevent csh from trying to executeconfigure
itself.

Running configure takessometime. While running, it prints messagestelling which
features it is checking 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 ¯le.

The configure shell script attempts to guesscorrect valuesfor varioussystem-dependent
variables used during compilation. It uses those values to create a `Makefile ' in each
directory of the package(the top directory, the `builtins ', `doc', and `support ' directories,
each directory under l̀ib ', and several others). It also createsa `config.h ' ¯le containing
system-dependent de¯nitions. Finally, it createsa shell script named config.status that
you can run in the future to recreate the current con¯guration, a ¯le `config.cache ' that
saves the results of its tests to speed up recon¯guring, and a ¯le `config.log ' containing
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 arguments 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, please try to ¯gure out how
configure could check whether or not to do them, and mail di®s or instructions to
bash-maintainers@gnu.org so they can be consideredfor the next release.

The ¯le `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 version2.50or newer.

You can remove the program binaries and object ¯les from the sourcecode directory by
typing `makeclean '. To also remove the ¯les that configure created (so you can compile
Bash for a di®erent kind of computer), type `makedistclean '.
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10.2 Compilers and Options

Some systems require 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-compatibleshell, you cando that on the command
line like this:

CC=c89CFLAGS=-O2LIBS=-lposix ./configure

On systemsthat have the env program, you can do it like this:

env CPPFLAGS=-I/usr/local/include LDFLAGS=-s./configure

The con¯guration processusesGCC to build Bash if it is available.

10.3 Compiling For Multiple Arc hitectures

You can compile Bash for more than one kind of computer at the sametime, by placing
the object ¯les for each architecture in their own directory. To do this, you must use a
version of makethat supports the VPATHvariable, such as GNU make. cd to the directory
whereyou want the object ¯les and executablesto goand run the configure script from the
sourcedirectory. You may needto supply the -̀-srcdir=PATH ' argument to tell configure
where the source ¯les are. configure automatically checks for the source code in the
directory that configure is in and in `..'.

If you haveto usea makethat doesnot supports the VPATHvariable, you cancompileBash
for one architecture at a time in the sourcecode directory. After you have installed Bash
for one architecture, use`makedistclean ' before recon¯guring for another architecture.

Alternativ ely, if your systemsupports symbolic links, you canusethe `support/mkclone '
script to createa build tree which hassymbolic links back to each ¯le in the sourcedirectory.
Here's an example that creates a 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 /usr/gnu/src/bash-2.0 .

The mkclone script requires Bash, so you must have already built Bash for at least one
architecture beforeyou 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 DESTDIR̀make' variable when
running `makeinstall '.

You can specify separate installation pre¯xes for architecture-speci¯c ¯les and
architecture-independent ¯les. If you give configure the option -̀-exec-prefix= PATH',
`makeinstall ' will use PATH as the pre¯x for installing programs and libraries.
Documentation and other data ¯les will still usethe regular pre¯x.
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10.5 Specifying the System T yp e

There may be somefeatures configure can not ¯gure out automatically, but need to
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. `TYPE' can either be a short namefor the systemtype, such as`sun4', or a canonical
name with three ¯elds: `CPU-COMPANY-SYSTEM' (e.g., ì386-unknown-freebsd4.2 ').

Seethe ¯le `support/config.sub ' for the possiblevaluesof each ¯eld.

10.6 Sharing Defaults

If you want to set default values for 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 can set the CONFIG_SITEenvironment 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 Op eration Con trols

configure recognizesthe following options to control how it operates.

--cache-file= file
Use and save the results of the tests in ¯le instead of .̀/config.cache '. Set
¯le to /̀dev/null ' to disable caching, for debuggingconfigure .

--help Print a summary of the options to configure , and exit.

--quiet
--silent
-q Do not print messagessaying which checks 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 acceptssomeother, 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 several -̀-with- package' options, where
package is something like `bash-malloc ' or `purify '. To turn o®the default useof a pack-
age, use -̀-without- package'. To con¯gure Bash without a feature that is enabled by
default, use -̀-disable- feature '.
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Hereis a completelist of the -̀-enable- ' and -̀-with- ' options that the Bashconfigure
recognizes.

--with-afs
De¯ne if you are using the Andrew File System from Transarc.

--with-bash-malloc
Use the Bash version of malloc in l̀ib/malloc/malloc.c '. This is not the
samemalloc that appears in gnu lib c, but an older version derived from the
4.2 bsd malloc . This malloc is very fast, but wastes some space on each
allocation. This option is enabledby default. The `NOTES' ¯le contains a list of
systemsfor which this should be turned o®,and configure disablesthis option
automatically for a number of systems.

--with-curses
Use the curseslibrary instead of the termcap library . This should be supplied
if your system has an inadequateor incomplete termcap database.

--with-gnu-malloc
A synonym for --with-bash-malloc .

--with-installed-readline[= PREFIX]
De¯ne this to make Bash link with a locally-installed versionof Readlinerather
than the version in l̀ib/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 Readline if it is not in the standard
system include and library directories. If PREFIX is no, Bash links with the
version in l̀ib/readline '. If PREFIX is set to any other value, configure
treats it asa directory pathname and looks for the installed versionof 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 checker from Rational Software.

--enable-minimal-config
This producesa shell with minimal features,closeto the historical Bourne shell.

There are several -̀-enable- ' options that alter how Bash is 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 systemrequiresspecial compiler
options to build programs which can accesslarge ¯les. This is enabled by
default, if the operating system provides large ¯le support.

--enable-profiling
This builds a Bash binary that producespro¯ling information to be processed
by gprof each 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 version to useas root's shell.

The `minimal-config ' option can be usedto disable all of the following options, but it
is processed̄ rst, so individual 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 behaveslike the
C languagefor statement (seeSection 3.2.4.1[Looping Constructs], page9).

--enable-array-variables
Include support for one-dimensionalarray shell variables (seeSection 6.7 [Ar-
rays], page72).

--enable-bang-history
Include support for csh-like history substitution (seeSection 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], page17, for a complete description.

--enable-command-timing
Include support for recognizing time as a reserved word and for displaying
timing statistics for the pipeline following time (seeSection 3.2.2 [Pipelines],
page8). This allows pipelinesaswell asshell builtins and functions to be timed.

--enable-cond-command
Include support for the [[ conditional command. (seeSection 3.2.4.2 [Condi-
tional Constructs], page10).

--enable-cond-regexp
Include support for matching POSIX regular expressionsusing the `=~' binary
operator in the [[ conditional command. (seeSection3.2.4.2[Conditional Con-
structs], page10).

--enable-directory-stack
Include support for a csh-like directory stack and the pushd, popd, and dirs
builtins (seeSection 6.8 [The Directory Stack], page73).

--enable-disabled-builtins
Allow builtin commands to be invoked via `builtin xxx' even after xxx has
beendisabled using `enable -n xxx'. SeeSection 4.2 [Bash Builtins], page39,
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], page10).
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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], page23.

--enable-help-builtin
Include the help builtin, which displays help on shell builtins and variables(see
Section 4.2 [Bash Builtins], page39).

--enable-history
Include command history and the fc and history builtin commands(seeSec-
tion 9.1 [Bash History Facilities], page109).

--enable-job-control
This enablesthe job control features (seeChapter 7 [Job Control], page79), if
the operating system supports them.

--enable-multibyte
This enablessupport for multib yte characters if the operating system provides
the necessarysupport.

--enable-net-redirections
This enablesthe specialhandling of ¯lenamesof 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],
page22) if the operating system provides the necessarysupport.

--enable-prompt-string-decoding
Turn on the interpretation of a number of backslash-escaped characters in
the $PS1, $PS2, $PS3, and $PS4prompt strings. SeeSection 6.9 [Printing a
Prompt], page75, for a complete list of prompt string escape sequences.

--enable-progcomp
Enable the programmablecompletion facilities (seeSection8.6 [Programmable
Completion], page103). If Readline is 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], page83).

--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],
page76, for a description of restricted mode.

--enable-select
Include the select builtin, which allows the generation of simple menus (see
Section 3.2.4.2[Conditional Constructs], page10).

--enable-usg-echo-default
A synonym for --enable-xpg-echo-default .
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--enable-xpg-echo-default
Make the echo builtin expandbackslash-escaped charactersby default, without
requiring the -̀e ' option. This sets the 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. SeeSection 4.2 [Bash Builtins],
page39, for a description of the escape sequencesthat echo recognizes.

The ¯le `config-top.h ' contains C Preprocessor̀ #define ' statements for options which
are not settable from configure . Someof these are not meant to be changed; beware of
the consequencesif you do. Read the comments associated with each de¯nition for more
information about its e®ect.
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App endix A Rep orting Bugs

Pleasereport all bugs you ¯nd in Bash. But ¯rst, you should make sure that it really
is a bug, and that it appears in 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 bemailed 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 reproduce it.

bashbug inserts the ¯rst three items automatically into the template it provides for ¯ling 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

Bash implements essentially the samegrammar, parameter and variable expansion,redi-
rection, and quoting as the Bourne Shell. Bash usesthe posix 1003.2standard as the spec-
i¯cation of how these features are to be implemented. There are somedi®erencesbetween
the traditional Bourne shell and Bash; this section quickly details the di®erencesof 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 as the baselinereference.

² Bash is posix -conformant, even where the posix speci¯cation di®ersfrom traditional
sh behavior (seeSection 6.11 [Bash POSIX Mode], page76).

² Bash hasmulti-character invocation options (seeSection6.1 [Invoking Bash], page63).

² Bash has command-lineediting (seeChapter 8 [Command Line Editing], page83) and
the bind builtin.

² Bash provides a programmable word completion mechanism (see Section 8.6 [Pro-
grammableCompletion], 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 HISTTIMEFORMATvariable to display it.

² Bash implements csh-like history expansion (see Section 9.3 [History Interaction],
page111).

² Bash has one-dimensionalarray variables (seeSection 6.7 [Arrays], page72), and the
appropriate variable expansionsand assignment syntax to use them. Several 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 backslash-escaped characters in
the text betweenthe singlequotes, is supported (seeSection3.1.2.4[ANSI-C Quoting],
page6).

² Bash supports the $"... " quoting syntax to do locale-speci¯c 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], page8). Very useful when an if statement needsto act only if
a test fails.

² Bash has the time reserved word and command timing (seeSection 3.2.2 [Pipelines],
page 8). The display of the timing statistics may be controlled with the TIMEFORMAT
variable.

² Bash implements the for (( expr1 ; expr2 ; expr3 )) arithmetic for command,sim-
ilar to the C language(seeSection 3.2.4.1[Looping Constructs], page9).

² Bash includes the select compound command, which allows the generation of simple
menus (seeSection 3.2.4.2[Conditional Constructs], page10).

² Bash includes the [[ compound command,which makesconditional testing part of the
shell grammar (seeSection 3.2.4.2[Conditional Constructs], page10).
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² Bash includesbraceexpansion(seeSection3.5.1 [Brace Expansion], page17) and tilde
expansion(seeSection 3.5.2 [Tilde Expansion], page18).

² Bash implements commandaliasesand the alias and unalias builtins (seeSection6.6
[Aliases], page71).

² Bash provides shell arithmetic, the (( compound command (seeSection 3.2.4.2 [Con-
ditional Constructs], page10), and arithmetic expansion(seeSection 6.5 [Shell Arith-
metic], page70).

² Variables present in the shell's initial environment are automatically exported to child
processes.The Bourne shell doesnot 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 (seeSection 3.5.3 [Shell Parameter
Expansion], page18).

² The expansion ${#xx} , which returns the length of ${xx} , is supported (see Sec-
tion 3.5.3 [Shell Parameter Expansion], page18).

² The expansion${var: o®set[: length]} , which expandsto the substring of var 's value
of length length, beginning at o®set, is present (see Section 3.5.3 [Shell Parameter
Expansion], page18).

² The expansion${var/[/] pattern[/ replacement ]} , which matchespattern and replaces
it with replacement in the value of var , is available (seeSection3.5.3 [Shell Parameter
Expansion], page18).

² The expansion${! prefix } * expansion,which expandsto the namesof all shell vari-
ables whosenamesbegin with pre¯x , is available (seeSection 3.5.3 [Shell Parameter
Expansion], page18).

² Bashhasindirect variable expansionusing${!word} (seeSection3.5.3[ShellParameter
Expansion], page18).

² Bash can expand positional parametersbeyond $9 using ${ num} .
² The posix $() form of commandsubstitution is implemented (seeSection3.5.4 [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, EUID, and GROUPS), the current host (HOSTTYPE, OSTYPE, MACHTYPE, and
HOSTNAME), and the instance of Bash that is running (BASH, BASH_VERSION, and
BASH_VERSINFO). SeeSection 5.2 [Bash Variables], page55, for details.

² The IFS variable is used to split only the results of expansion, not all words (see
Section 3.5.7 [Word Splitting], page22). This closesa longstanding shell security hole.

² Bash implements the full set of posix 1003.2¯lename expansionoperators, including
character classes, equivalenceclasses, and collating symbols (seeSection3.5.8[Filename
Expansion], page22).

² Bash implements extended pattern matching features when the extglob shell option
is enabled(seeSection 3.5.8.1[Pattern Matching], page23).

² It is possibleto havea 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], page39).

² Variable assignments precedingcommandsa®ectonly that command,even builtins and
functions (seeSection 3.7.4 [Environment], page 30). In sh, all variable assignments
precedingcommandsare global unlessthe command is executedfrom the ¯le system.

² Bash performs ¯lename expansion on ¯lenames speci¯ed as operands to input and
output redirection operators (seeSection 3.6 [Redirections], page24).

² Bash contains 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], page24).

² Bash treats a number of ¯lenames specially when they are usedin redirection operators
(seeSection 3.6 [Redirections], page24).

² Bash can open network connectionsto arbitrary machines and serviceswith the redi-
rection operators (seeSection 3.6 [Redirections], page24).

² The noclobber option is available to avoid overwriting existing ¯les with output redi-
rection (seeSection 4.3 [The Set Builtin], page50). The `>| ' redirection operator may
be usedto override noclobber .

² The Bash cd and pwdbuiltins (seeSection 4.1 [Bourne Shell Builtins], page 33) each
take -̀L ' and -̀P' options to switch betweenlogical and physical modes.

² Bash allows a function to override a builtin with the samename,and providesaccessto
that builtin's functionalit y within the function via the builtin and commandbuiltins
(seeSection 4.2 [Bash Builtins], page39).

² The commandbuiltin allows selective disabling of functions when command lookup is
performed (seeSection 4.2 [Bash Builtins], page39).

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 control the contents
of the environment passedto the executedcommand, and what the zeroth argument
to the command is to be (seeSection 4.1 [Bourne Shell Builtins], page33).

² Shell functions may be exported to children via the environment using export -f (see
Section 3.3 [Shell Functions], page13).

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 set in a format
that can be usedasshell input, a -̀n ' option to remove various variable attributes, and
`name=value' arguments to set variable attributes and valuessimultaneously.

² The Bash hash builtin allows a name to be associated with an arbitrary ¯lename,
even when that ¯lename cannot be found by searching the $PATH, using `hash -p ' (see
Section 4.1 [Bourne Shell Builtins], page33).

² Bash includesa 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], page39).

² The Bash read builtin (seeSection4.2 [Bash Builtins], page39) will read a line ending
in \̀ ' with the -̀r ' option, and will usethe REPLYvariable asa default if no non-option
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arguments 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 control input: the -̀s ' option will turn o®
echoing of input characters as they are read, the -̀t ' option will allow read to time
out if input does not arrive within a speci¯ed number of seconds,the -̀n ' option will
allow reading only a speci¯ed number of characters rather than a full line, and the -̀d '
option will read until a particular character rather than newline.

² The return builtin may be used to abort execution of scripts executedwith the . or
source builtins (seeSection 4.1 [Bourne Shell Builtins], page33).

² Bash includes the shopt builtin, for ¯ner control of shell optional capabilities (see
Section 4.2 [Bash Builtins], page39), and allows these options to be set and unset at
shell invocation (seeSection 6.1 [Invoking Bash], page63).

² Bashhasmuch moreoptional behavior controllable 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 (seeSection 4.1 [Bourne Shell Builtins], page33) is slightly di®erent,
asit implements the posix algorithm, which speci¯es the behavior basedon the number
of arguments.

² Bash includes the 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 DEBUGtrap
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 DEBUGtrap 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 hasadditional e®ectson the DEBUGtrap.

The trap builtin (seeSection4.1 [Bourne ShellBuiltins], page33) allowsan ERRpseudo-
signal speci¯cation, similar to EXIT and DEBUG. Commandsspeci¯ed with an ERRtrap
are executed after a simple command fails, with a few exceptions. The ERRtrap is
not inherited by shell functions unless the -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 DEBUG. Commands speci¯ed with an
RETURNtrap are executed before execution resumesafter a shell function or a shell
script executedwith . or source returns. The RETURNtrap is not inherited by shell
functions.

² The Bash type builtin is more extensive and givesmore 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 (seeSection 4.1 [Bourne
Shell Builtins], page33).
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² Bash implements a csh-like directory stack, and provides the pushd, popd, and dirs
builtins to manipulate it (seeSection 6.8 [The Directory Stack], page 73). Bash also
makesthe directory stack visible as the value of the DIRSTACKshell variable.

² Bash interprets special backslash-escaped characters in the prompt strings when inter-
active (seeSection 6.9 [Printing a Prompt], page75).

² The Bash restricted mode is more useful (see Section 6.10 [The Restricted Shell],
page76); the SVR4.2 shell restricted mode is too limited.

² The disown builtin can remove a job from the internal shell job table (seeSection 7.2
[Job Control Builtins], page80) or suppressthe sending of SIGHUPto a job when the
shell exits as the result of a SIGHUP.

² The SVR4.2 shell has two privilege-related builtins (mldmodeand priv ) not present in
Bash.

² Bash doesnot have the stop or newgrp builtins.
² Bash doesnot usethe SHACCTvariable or perform shell accounting.
² The SVR4.2 sh usesa TIMEOUTvariable like Bash usesTMOUT.

More features unique to Bash may be found in Chapter 6 [Bash Features],page63.

B.1 Implemen tation Di®erences From The SVR4.2 Shell

Since Bash is a completely new implementation, it does not su®er from many of the
limitations of the SVR4.2 shell. For instance:

² Bash doesnot fork a subshellwhen redirecting into or out of a shell control structure
such as an if or while statement.

² Bash doesnot allow unbalancedquotes. The SVR4.2 shell will silently insert a needed
closing quote at EOFunder certain circumstances.This can be the causeof somehard-
to-¯nd errors.

² The SVR4.2 shell uses a baroque memory management scheme based on trapping
SIGSEGV. If the shell is started from a processwith SIGSEGVblocked (e.g., by using
the system() C library function call), it misbehavesbadly.

² 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 less than somemagic
threshold value, commonly 100. This can lead to unexpected results.

² The SVR4.2 shell doesnot allow usersto trap SIGSEGV, SIGALRM, or SIGCHLD.
² The SVR4.2 shell does not allow the IFS, MAILCHECK, PATH, PS1, or PS2variables to

be unset.
² The SVR4.2 shell treats `̂ ' as the undocumented equivalent of |̀ '.
² Bash allows multiple option arguments when it is invoked (-x -v ); the SVR4.2 shell

allows only one option argument (-xv ). In fact, someversionsof the shell dump core
if the secondargument beginswith a -̀ '.

² The SVR4.2 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.

² The SVR4.2 shell behavesdi®erently when invoked as jsh (it turns on job control).
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App endix C Copying This Man ual

C.1 GNU Free Do cumen tation License

Version 1.2, November 2002

Copyright c° 2000,2001,2002Free Software Foundation, Inc.
59 Temple Place, Suite 330, Boston, MA 02111-1307,USA

Everyone is permitted to copy and distribute verbatim copies
of this licensedocument, but changing it is not allowed.

0. PREAMBLE

The purposeof this License is to make a manual, textb ook, or other functional and
useful document 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 Licensepreserves 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 document
must themselves be free in the samesense. It complements 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 needs free documentation: 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. Such a notice grants a world-wide, royalty-free license, unlimited in
duration, to use that work under the conditions stated herein. The \Do cument",
below, refers to 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 a way requiring permissionunder copyright law.

A \Mo di¯ed Version" of the Document meansany work containing the Document 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 Document
that dealsexclusively with the relationship of the publishersor authors of the Document
to the Document's overall subject (or to related matters) and contains nothing that
could fall directly within that overall subject. (Thus, if the Document 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 thoseof Invariant Sections,in the notice that says that the Document is released
under this License. If a sectiondoesnot ¯t the above de¯nition of Secondarythen it is
not allowed to be designatedas Invariant. The Document may contain zero Invariant
Sections. If the Document doesnot identify any Invariant Sectionsthen there are none.

The \Cover Texts" are certain short passagesof text that are listed, as Front-Cover
Texts or Back-Cover Texts, in the notice that says that the Document 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 ransparent" copy of the Document meansa machine-readablecopy, represented
in a format whosespeci¯cation is available to the general public, that is suitable for
revising the document straightforwardly with generic text 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 made in an otherwise
Transparent ¯le format whosemarkup, or absenceof markup, has been arranged to
thwart or discouragesubsequent modi¯cation by readersis not Transparent. An image
format is not Transparent if used for any substantial amount of text. A copy that is
not \T ransparent" is called \Opaque".

Examples of suitable formats for Transparent copies include plain asci i 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 page itself, plus such following
pagesas are neededto hold, legibly, the material this Licenserequires to appear in the
title page. For works in formats which do not have any title pageassuch, \Title Page"
meansthe text near the most prominent appearanceof the work's title, precedingthe
beginning of the body of the text.

A section \En titled XYZ" meansa named subunit of the Document whosetitle either
is preciselyXYZ or contains XYZ in parenthesesfollowing text that translates XYZ in
another language. (Here XYZ standsfor a speci¯c sectionnamementioned below, such
as \Ac knowledgements", \Dedications", \Endorsements", or \History".) To \Preserve
the Title" of such a section when you modify the Document meansthat it remains a
section \En titled XYZ" according to this de¯nition.

The Document may include Warranty Disclaimersnext to the notice which states that
this Licenseapplies to the Document. 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. VERBA TIM COPYING

You may copy and distribute the Document 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 thoseof this License. You may not use
technical measuresto obstruct or control the reading or further copying of the copies
you make or distribute. However, 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 media that commonly have printed covers) of
the Document, numbering more than 100, and the Document'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 back cover. Both covers must also clearly and legibly identify you as the publisher
of these copies. The front cover must present the full title with all words of the title
equally prominent and visible. You may add other material on the covers in addition.
Copying with changeslimited to the covers, as long as they preserve 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 continue the
rest onto adjacent pages.

If you publish or distribute Opaquecopiesof the Document numbering more than 100,
you must either include a machine-readableTransparent copy along with each Opaque
copy, or state in or with each Opaque copy a computer-network location from which
the generalnetwork-using public hasaccessto download using public-standard network
protocols a complete Transparent copy of the Document, free of added material. If
you use the latter option, you must take reasonably prudent steps, when you begin
distribution of Opaque copies in quantit y, to ensure that this Transparent 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 agents 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 Document.

4. MODIFICA TIONS

You may copy and distribute a Modi¯ed Versionof the Document under the conditions
of sections2 and 3 above, provided that you releasethe Modi¯ed Versionunder precisely
this License,with the Modi¯ed Version ¯lling the role of the Document, thus licensing
distribution and modi¯cation of the Modi¯ed Version to whoever possessesa copy of
it. In addition, you must do thesethings in the Modi¯ed Version:
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A. Use in the Title Page(and on the covers, if any) a title distinct from that of the
Document, and from those of previous versions(which should, if there were any,
be listed in the History section of the Document). You may use the sametitle as
a previous version if the original publisher of that version givespermission.

B. List on the Title Page,as authors, one or more personsor entities responsible for
authorship of the modi¯cations in the Modi¯ed Version, together with at least ¯v e
of the principal authors of the Document (all of its principal authors, if it hasfewer
than ¯v e), unlessthey releaseyou from this requirement.

C. State on the Title pagethe name of the publisher of the Modi¯ed Version, as the
publisher.

D. Preserve all the copyright notices of the Document.
E. Add an appropriate copyright notice for your modi¯cations adjacent to the other

copyright notices.
F. 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.

G. Preserve in that licensenotice the full lists of Invariant Sectionsand required Cover
Texts given in the Document's licensenotice.

H. Include an unaltered copy of this License.
I. Preserve the section Entitled \History", Preserve 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-
ment, create one stating the title, year, authors, and publisher of the Document
as given on its Title Page, then add an item describing the Modi¯ed Version as
stated in the previous sentence.

J. Preserve the network location, if any, given in the Document for public accessto
a Transparent copy of the Document, and likewisethe network locations given in
the Document for previous versionsit was basedon. Thesemay be placed in the
\History" section. You may omit a network location for a work that waspublished
at least four years before the Document itself, or if the original publisher of the
version it refers to givespermission.

K. For any sectionEntitled \Ac knowledgements" or \Dedications", Preserve the Title
of the section,and preserve in the sectionall the substanceand tone of each of the
contributor acknowledgements and/or dedications given therein.

L. Preserve all the Invariant Sectionsof the Document, unaltered in their text and
in their titles. Section numbers or the equivalent are not consideredpart of the
section titles.

M. Delete any section Entitled \Endorsements". Such a section may not be included
in the Modi¯ed Version.

N. Do not retitle any existing section to be Entitled \Endorsements" or to con°ict in
title with any Invariant Section.

O. Preserve any Warranty Disclaimers.

If the Modi¯ed Version includes new front-matter sectionsor appendicesthat qualify
as SecondarySectionsand contain no material copied from the Document, you may at
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your option designatesomeor all of thesesectionsas invariant. To do this, add their
titles to the list of Invariant Sections in the Modi¯ed Version's licensenotice. These
titles must be distinct from any other section titles.

You may add a section Entitled \Endorsements", provided it contains nothing but
endorsements of your Modi¯ed Version by various parties|for example,statements of
peer review or that the text hasbeenapproved by an organization as the 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 asa 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
addedby (or through arrangements madeby) any oneentit y. If the Document already
includes a cover text for the samecover, previously added by you or by arrangement
made by the sameentit y you are acting on behalf of, you may not add another; but
you may replace the old one, on explicit permission from 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 publicit y for or to assertor imply endorsement of any Modi¯ed
Version.

5. COMBINING DOCUMENTS

You may combine the Document with other documents 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 documents,
unmodi¯ed, and list them all as Invariant Sectionsof your combined work in its license
notice, and that you preserve 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®erent contents, make the title of each such section
unique by adding at the end of it, in parentheses,the name of the original author or
publisher of that section if known, or elsea unique number. Make the sameadjustment
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 documents, forming one section Entitled \History"; likewisecombine any
sectionsEntitled \Ac knowledgements", and any sectionsEntitled \Dedications". You
must delete all sectionsEntitled \Endorsements."

6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released
under this License, and replace the individual copies of this License in the various
documents with a single copy that is included in the collection, provided that you
follow the rules of this License for verbatim copying of each of the documents in all
other respects.

You may extract a single document from such a collection, and distribute it individu-
ally under this License,provided you insert a copy of this License into the extracted
document, and follow this Licensein all other respects regarding verbatim copying of
that document.
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7. AGGREGATION WITH INDEPENDENT WORKS
A compilation of the Document or its derivativeswith other separateand independent
documents 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 Document is included an aggregate,this Licensedoesnot apply to the other works
in the aggregatewhich are not themselvesderivative works of the Document.
If the Cover Text requirement of section3 is applicable to thesecopiesof the Document,
then if the Document is lessthan onehalf of the entire aggregate,the Document's Cover
Texts may be placedon covers that bracket the Document within the aggregate,or the
electronic equivalent of covers if the Document is in electronic form. Otherwise they
must appear on printed covers that bracket the whole aggregate.

8. TRANSLA TION
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 Document, 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 disagreement between the translation and
the original version of this Licenseor a notice or disclaimer, the original version will
prevail.
If a section in the Document is Entitled \Ac knowledgements", \Dedications", or \His-
tory", the requirement (section 4) to Preserve its Title (section 1) will typically require
changing the actual title.

9. TERMINA TION
You may not copy, modify, sublicense,or distribute the Document except as expressly
provided for under this License. Any other attempt to copy, modify, sublicenseor
distribute the Document is void, and will automatically terminate your rights under
this License. However, parties who have received copies,or rights, from you under this
License will 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
Documentation Licensefrom time to time. Such new versionswill be similar in spirit
to the present 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"
applies to 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 Document does not 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 documen ts

To usethis Licensein a document 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 entitled ``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 es to suit the situation.

If your document contains nontrivial examplesof program code, we recommendreleasing
these examples in parallel under your choice of free software license, such as the GNU
General Public License,to permit their use in free software.
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