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Bash Reference M anual

This text is a brief description of the featuresttare present in the Bash shell.

This is Edition 2.5b, last updated 15 July 2002Ttef GNU Bash Reference Manual, for Bash, Version 2.05b.

Copyright (C) 1991-2002 Free Software Foundation, |

http://www.gnu.org/software/bash/manual/bashrefl

Bash contains features that appear in other pophkilts, and some features that only appear in.BE&se of the shells that Bash has
borrowed concepts from are the Bourne Shsil (), the Korn Shell'¢sh' ), and the C-shelfdsh

and its successorgsh'
following menu breaks the features up into categobiased upon which one of these other shells@tsie feature.

). The

This manual is meant as a brief introduction tdufess found in Bash. The Bash manual page shoultsée as the definitive reference
on shell behavior.

1

2

. Introduction An introduction to the shell.
. Definitions Some definitions used in the rest of this manual.

. Basic Shell FeaturesThe shell "building blocks".

. Shell Builtin CommandsCommands that are a part of the shell.

8.

. Shell Variables Variables used or set by Bash.
. Bash FeaturesrFeatures found only in Bash.

. Job Control A chapter describing what job control is and H8&sh allows you to use it.

Command Line EditingChapter describing the command line editing fiesstu

9.

Using History Interactively Chapter dealing with history expansion rules.

10. Installing Bash How to build and install Bash on your system.

A. Reporting Bugs How to report bugs in Bash.

B. Major Differences From The Bourne SheA terse list of the differences between Bashlgstbrical versions of /bin/sh.

Index of Shell Builtin Commandsindex of Bash builtin commands.

Index of Shell Reserved Words$ndex of Bash reserved words.

Parameter and Variable IndeQuick reference helps you find the variable yanty

Function Index Index of bindable Readline functions.

Concept Index General index for concepts described in this manu
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1. Introduction

1.1 What is Bash?A short description of Bash.

1.2 What is a shell?A brief introduction to shells.
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1.1 What isBash?

Bash is the shell, or command language interprigethe GNU operating system. The name is an gondor the Bourne-Again
SHell , a pun on Stephen Bourne, the author of the diecéstor of the current Unix shalh/sh | which appeared in the Seventh
Edition Bell Labs Research version of Unix.

Bash is largely compatible withh and incorporates useful features from the Koril kie and the C shellsh. It is intended to be a
conformant implementation of the IEEE POSIX Shalll & ools specification (IEEE Working Group 100312pffers functional
improvements ovesh for both interactive and programming use.

While the GNU operating system provides other sheicluding a version akh, Bash is the default shell. Like other GNU softeyar
Bash is quite portable. It currently runs on neaxlgry version of Unix and a few other operatingtesms - independently-supported
ports exist for MS-DOS, 0OS/2, Windows 95/98, anchildiws NT.

[<][>] [<<][Vp]l[>>] [Top] [Content$[Index] [ ?]
1.2 What isa shdll?

At its base, a shell is simply a macro processat éliecutes commands. A Unix shell is both a condniaterpreter, which provides the
user interface to the rich set of GNU utilitiesgdanprogramming language, allowing these utilitttebe combined. Files containing
commands can be created, and become commands thesn3dese new commands have the same statustamsyommands in
directories such asmin' , allowing users or groups to establish customrenments.

A shell allows execution of GNU commands, both $ypoously and asynchronously. The shell waits yockronous commands to
complete before accepting more input; asynchrogoaogmands continue to execute in parallel with tiedlsvhile it reads and executes
additional commands. Thredirection constructs permit fine-grained control of the inand output of those commands. Moreover, the
shell allows control over the contents of commaedsironments. Shells may be used interactivelyoorinteractively: they accept input
typed from the keyboard or from a file.

Shells also provide a small set of built-in commafudiltins) implementing functionality impossible or inconvent to obtain via
separate utilities. For exampta,, break , continue , andexec ) cannot be implemented outside of the shell bexthey directly
manipulate the shell itself. Thstory |, getopts , kill , or pwd builtins, among others, could be implemented pasate utilities, but
they are more convenient to use as builtin commahitisf the shell builtins are described in subsent sections.

While executing commands is essential, most opthweer (and complexity) of shells is due to theibesded programming languages.
Like any high-level language, the shell providesalzes, flow control constructs, quoting, and flimrs.

Shells offer features geared specifically for iatgive use rather than to augment the programraimguage. These interactive features
include job control, command line editing, histand aliases. Each of these features is describisimanual.
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2. Definitions

These definitions are used throughout the remaiatidis manual.

POSIX
A family of open system standards based on UnishBs concerned with POSIX 1003.2, the Shell anolsTStandard.

blank
A space or tab character.

builtin
A command that is implemented internally by thellsteelf, rather than by an executable programewhrere in the file system.

control operator
A word that performs a control function. It i;ewline or one of the following|| ,&& ,& ,>' ,% 1 ,°(¢ ,o0r)
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exit status
The value returned by a command to its caller. Vdlee is restricted to eight bits, so the maximwiug is 255.

field
A unit of text that is the result of one of the lflegpansions. After expansion, when executingraroand, the resulting fields are
used as the command name and arguments.

filename
A string of characters used to identify a file.

job
A set of processes comprising a pipeline, and aoggsses descended from it, that are all in thegaotess group.

job control
A mechanism by which users can selectively stoppend) and restart (resume) execution of processes.

metacharacter
A character that, when unquoted, separates wordsetacharacter istgank or one of the following characters: , & ,;' ,
L) L, ors

name
A word consisting solely of letters, numbers, and undees;; and beginning with a letter or undersceagnes are used as shell
variable and function names. Also referred to aseniffier

operator
A control operator or aredirection operator . See sectioB.6 Redirectionsfor a list of redirection operators.

process group
A collection of related processes each having #meesprocess group ID.

process group 1D
A unique identifer that representgracess group  during its lifetime.

reserved word
A word that has a special meaning to the shell. Mostvedavords introduce shell flow control construstsch asor andwhile .

return status
A synonym forexit status

signal
A mechanism by which a process may be notifiechiykernel of an event occurring in the system.

special builtin
A shell builtin command that has been classified@esial by the POSIX 1003.2 standard.

token
A sequence of characters considered a single utiitebshell. It is either &@ord or anoperator

word
A token that is not amperator

[<1[>] [<<][Up][>>]  [Top|[Content§[Index] [ ?]

3. Basic Shell Features

Bash is an acronym foBourne-Again SHell . The Bourne shell is the traditional Unix sheibarally written by Stephen Bourne. All
of the Bourne shell builtin commands are availablBash, and the rules for evaluation and quotiegtaken from the POSIX 1003.2
specification for the “standard' Unix shell.

This chapter briefly summarizes the shell's “baidblocks': commands, control structures, shelktfions, shelparameters, shell
expansionsredirections, which are a way to direct input and output framd &0 named files, and how the shell executes camdma

3.1 Shell Syntax What your input means to the shell.
3.2 Shell Commands The types of commands you can use.
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3.3 Shell Functions Grouping commands by name.
3.4 Shell Parameters  Special shell variables.
3.5 Shell Expansions ~ How Bash expands variables and the various eiganavailable.

3.6 Redirections A way to control where input and output go.
3.7 Executing Command$Vhat happens when you run a command.
3.8 Shell Scripts Executing files of shell commands.
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3.1 Shell Syntax

3.1.1 Shell OperationThe basic operation of the shell.

3.1.2 Quoting How to remove the special meaning from characters

3.1.3 CommentsHow to specify comments.

When the shell reads input, it proceeds througigaence of operations. If the input indicates thgitning of a comment, the shell
ignores the comment symbok( ), and the rest of that line. Otherwise, roughlgadping, the shell reads its input and divides tiperi
into words and operators, employing the quotingsub select which meanings to assign various wamdscharacters.

The shell then parses these tokens into commartisthar constructs, removes the special meaniegréin words or characters,
expands others, redirects input and output as deedecutes the specified command, waits for tiencand's exit status, and makes
that exit status available for further inspectiopmcessing.
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3.1.1 Shell Operation

The following is a brief description of the shetiiseration when it reads and executes a commarsicdlg, the shell does the following:

1. Reads its input from a file (see sect®B Shell Scripfs from a string supplied as an argument to'#he invocation option (see
section6.1 Invoking Bash or from the user's terminal.

2. Breaks the input into words and operators, obetfiegjuoting rules described3nl.2 Quoting These tokens are separated by
metacharacters . Alias expansion is performed by this step (seti@e6.6 Aliases.

3. Parses the tokens into simple and compound comnfaedssectio.2 Shell Commands

4. Performs the various shell expansions (see se8ttoB8hell Expansionsbreaking the expanded tokens into lists of filees (see
section3.5.8 Filename Expansipand commands and arguments.

5. Performs any necessary redirections (see se8tbRedirectionsand removes the redirection operators and thperands from
the argument list.

6. Executes the command (see sec8ohExecuting Commanils

7. Optionally waits for the command to complete anliects its exit status (see secti®s7.5 Exit Status
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3.1.2 Quoting

3.1.2.1 Escape Charactdrdow to remove the special meaning from a singkracter.

3.1.2.2 Single Quotes  How to inhibit all interpretation of a sequendebaracters.

3.1.2.3 Double Quotes How to suppress most of the interpretation cf@uence of characters.
3.1.2.4 ANSI-C Quoting How to expand ANSI-C sequences in quoted strings.

3.1.2.5 Locale-Specific TranslatioiHow to translate strings into different languages
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Quoting is used to remove the special meaning éirecharacters or words to the shell. Quotingleamsed to disable special
treatment for special characters, to prevent resewords from being recognized as such, and toepteparameter expansion.

Each of the shell metacharacters (see segti@efinitiong has special meaning to the shell and must beedubit is to represent itself.
When the command history expansion facilities aiadpused, thbistory expansion character, usually , must be quoted to prevent
history expansion. See secti@rl Bash History Facilitiegor more details concerning history expansioreréhare three quoting
mechanisms: thescape character, single quotes, and double quotes.
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3.1.2.1 Escape Character
A non-quoted backslash is the Bash escape character. It preserves #nallitalue of the next character that follows, vtite

exception ohewline . If a\newline pair appears, and the backslash itself is notegljdheénewline is treated as a line continuation
(that is, it is removed from the input stream afidaively ignored).
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3.1.2.2 Single Quotes

Enclosing characters in single quotes { preserves the literal value of each characterimihe quotes. A single quote may not occur
between single quotes, even when preceded by @lbabk
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3.1.2.3 Double Quotes

Enclosing characters in double quotes § preserves the literal value of all characterfiwithe quotes, with the exception'sf , >
and\' . The character$' and™ retain their special meaning within double qudtes sectioB.5 Shell ExpansiofsThe backslash
retains its special meaning only when followed bg of the following characters , ™ ,™ ,*\' , ornewline . Within double quotes,
backslashes that are followed by one of these ctesare removed. Backslashes preceding charadgtemit a special meaning are
left unmodified. A double quote may be quoted wittouble quotes by preceding it with a backslash.

The special parameters and @' have special meaning when in double quotes (s#®88.5.3 Shell Parameter Expansion
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3.1.2.4 ANSI-C Quoting

Words of the forng' string' are treated specially. The word expandstrimg, with backslash-escaped characters replaced asisge
by the ANSI C standard. Backslash escape sequehpessent, are decoded as follows:

\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
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v
single quote
\' nnn
the eight-bit character whose value is the octalesann (one to three digits)
\x HH
the eight-bit character whose value is the hexadoralueHH (one or two hex digits)
\c x
a controlx character

The expanded result is single-quoted, as if thiadsign had not been present.
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3.1.2.5 Locale-Specific Trandation

A double-quoted string preceded by a dollar sign ) will cause the string to be translated accordinthe current locale. If the current
locale isc or POsIX, the dollar sign is ignored. If the string is tskated and replaced, the replacement is doubleaduot

Some systems use the message catalog selectegllny tlESSAGEShell variable. Others create the name of the agessatalog from

the value of th@exTDoMAINshell variable, possibly adding a suffix'efie’ . If you use theExTDOMAINvariable, you may need to set the
TEXTDOMAINDIRvariable to the location of the message cataleg.fiStill others use both variables in this fashio
TEXTDOMAINDIRLC_MESSAGEEC_MESSAGESIEXTDOMAINTO.
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3.1.3 Comments

In a non-interactive shell, or an interactive skrelvhich theinteractive_comments option to theshopt builtin is enabled (see section
4.2 Bash Builtin Commanilsa word beginning withy causes that word and all remaining characterbatlihe to be ignored. An
interactive shell without thiateractive_comments option enabled does not allow comments. ihitegactive_comments option is on
by default in interactive shells. See sectioB Interactive Shellgor a description of what makes a shell intekexti

[<][>] [=<][Up]l[>>] [Top] [Content$[Index] [ ?]
3.2 Shell Commands

A simple shell command such@&soabc consists of the command itself followed by argutegseparated by spaces.

More complex shell commands are composed of siepiemands arranged together in a variety of waya:pipeline in which the
output of one command becomes the input of a sedodloop or conditional construct, or in somkeestgrouping.

3.2.1 Simple Commands The most common type of command.

3.2.2 Pipelines Connecting the input and output of several comiaan
3.2.3 Lists of Commands How to execute commands sequentially.

3.2.4 Looping Constructs  Shell commands for iterative action.

3.2.5 Conditional ConstructsShell commands for conditional execution.

3.2.6 Grouping Commands Ways to group commands.
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3.2.1 Simple Commands

A simple command is the kind of command encounterest often. It's just a sequence of words sepétatelank s, terminated by one
of the shell's control operators (see secfioDefinitiong. The first word generally specifies a commanbtdcexecuted, with the rest of

the words being that command's arguments.

The return status (see sect®d.5 Exit Statusof a simple command is its exit status as praviokethe POSIX 1003 .d:aitpid
function, or 128+ if the command was terminated by signal
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3.2.2 Pipelines

A pipeline  is a sequence of simple commands separatgd by

The format for a pipeline is
[time [-p]] [] commandl || command2 .. ]

The output of each command in the pipeline is cotatkvia a pipe to the input of the next commarthtTs, each command reads the
previous command's output.

The reserved wortime causes timing statistics to be printed for thee|aii@ once it finishes. The statistics currentipgist of elapsed
(wall-clock) time and user and system time consulnethe command's execution. The option changes the output format to that
specified by POSIX. TheIMEFORMATvariable may be set to a format string that spescifiow the timing information should be
displayed. See sectidn2 Bash Variabledor a description of the available formats. Tise oftme as a reserved word permits the
timing of shell builtins, shell functions, and piipes. An externaime command cannot time these easily.

If the pipeline is not executed asynchronously &aion3.2.3 Lists of Commangisthe shell waits for all commands in the pipelioe
complete.

Each command in a pipeline is executed in its owoskell (see sectidh 7.3 Command Execution Environmerihe exit status of a
pipeline is the exit status of the last commanth@pipeline. If the reserved word precedes the pipeline, the exit status is thetdgi
negation of the exit status of the last command.
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3.2.3 Lists of Commands

Alist is a sequence of one or more pipelines separgtedéof the operators , &' ,°&& , or’|| , and optionally terminated by one
of ;' , & , or anewline .
Of these list operators&' and’| have equal precedence, followed py and'&' , which have equal precedence.

A sequence of one or more newlines may appeardn ato delimit commands, equivalent to a semicolon.

If a command is terminated by the control operaor, the shell executes the command asynchronousglsitbshell. This is known as
executing the command in thackground. The shell does not wait for the command to finehd the return status is 0 (true). When job
control is not active (see sectianJob Contrgl the standard input for asynchronous commandbgeimbsence of any explicit
redirections, is redirected frofev/mnull

Commands separated by'a are executed sequentially; the shell waits foheammmand to terminate in turn. The return steguke
exit status of the last command executed.

The control operatorg& and'| denote AND lists and OR lists, respectively. AnB\Nst has the form
commandl && conmmand?2

command2 is executed if, and only iEommandl returns an exit status of zero.

An OR list has the form
commandl || command2

command2 is executed if, and only iEommandl returns a non-zero exit status.

The return status of AND and OR lists is the etdtiss of the last command executed in the list.
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3.2.4 Looping Constructs

Bash supports the following looping constructs.
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Note that wherevera appears in the description of a command's syittexay be replaced with one or more newlines.

until
The syntax of thenti command is:
until  test-commands;do consequent - conmands; done
Executeconsequent-commands as long asest-commands has an exit status which is not zero. The rettatus is the exit status of
the last command executedoonsequent-commands, or zero if none was executed.
while

The syntax of theshile command is:
while test-commands;do consequent-comrands; done

Executeconsequent-commands as long asest-commands has an exit status of zero. The return statusei®xit status of the last
command executed gonsequent-commands, or zero if none was executed.

for
The syntax of theor command is:

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

Expandwords, and executeommands once for each member in the resultant list, wéme bound to the current member:itf

wor ds' is not present, ther command executes tikiemmands once for each positional parameter that is sef, ass@" had
been specified (see secti®rl.2 Special Paramet@rI he return status is the exit status of thedastmand that executes. If there
are no items in the expansionvadrds, no commands are executed, and the return stahesa.

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

First, the arithmetic expressierprl is evaluated according to the rules describedibéee sectiob.5 Shell Arithmetiy. The
arithmetic expressioexpr2 is then evaluated repeatedly until it evaluatezeto. Each timexpr2 evaluates to a non-zero value,
commands are executed and the arithmetic expresexpn3 is evaluated. If any expression is omitted, itdads as if it evaluates
to 1. The return value is the exit status of ttet t@mmand itist that is executed, or false if any of the expressis invalid.

Thebreak andcontinue builtins (see sectiof.1 Bourne Shell Builtijsmay be used to control loop execution.
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3.2.5 Conditional Constructs

The syntax of th& command is:

if test-commands;then
consequent - conmands;

[elif nor e-t est - conmands; then
nor e- consequent s;]

[else al t ernat e-consequents;]

fi

Thetest-commands list is executed, and if its return status is zémeconsequent-commands list is executed. Ifest-commands
returns a non-zero status, eath list is executed in turn, and if its exit statazero, the correspondingpre-consequents is
executed and the command completexidé al t er nat e- consequent s* is present, and the final command in the finabr
elif clause has a non-zero exit status, #ésrnate-consequents is executed. The return status is the exit statttise last
command executed, or zero if no condition testee. tr

case
The syntax of thease command is:

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

case Will selectively execute theommand-list corresponding to the firgattern that matchesvord. The'| is used to separate
multiple patterns, and th operator terminates a pattern list. A list of pais and an associated command-list is known as a
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clause. Each clause must be terminated with . Theword undergoes tilde expansion, parameter expansiommemnd
substitution, arithmetic expansion, and quote reahbefore matching is attempted. Eguelttern undergoes tilde expansion,
parameter expansion, command substitution, arldnaeiic expansion.

There may be an arbitrary numberade clauses, each terminated by;a . The first pattern that matches determines the
command-list that is executed.

Here is an example usirgse in a script that could be used to describe orerd@sting feature of an animal:

echo -n "Enter the name of an animal: "
read ANIMAL
echo -n "The $ANIMAL has "
case $ANIMAL in

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 pattern is matched. Otherwise, the return status is tlitestatus of the&eommand-list executed.
select
Theselect construct allows the easy generation of mendgdtalmost the same syntax asféhecommand:

select nane[in words .. ];do conmands; done

The list of words followingn is expanded, generating a list of items. The ekpanded words is printed on the standard error
output stream, each preceded by a number. litheaor ds' is omitted, the positional parameters are pringsdfin "$@" had
been specifed. Thes3 prompt is then displayed and a line is read froengtandard input. If the line consists of a number
corresponding to one of the displayed words, thenvalue ohame is set to that word. If the line is empty, the d®and prompt
are displayed again. HOFis read, theelect command completes. Any other value read cana®e to be set to null. The line
read is saved in the varial#epLy.

The commands are executed after each selection uniitak command is executed, at which point ¢hiect command
completes.

Here is an example that allows the user to pidleadme from the current directory, and displaysriame and index of the file
selected.

select fname in *;

do
echo you picked $fname \($REPLY\)
break;

done

.. )

(( expression))

The arithmetiexpression is evaluated according to the rules describedbéee sectioB.5 Shell Arithmetig. If the value of the
expression is non-zero, the return status is @rafise the return status is 1. This is exactly egjent to
let" expression"

See sectiod.2 Bash Builtin Command$or a full description of thet builtin.

.. 1

[[ expressionl]]

Return a status of 0 or 1 depending on the evaluati the conditional expressi@rpression. Expressions are composed of the
primaries described below 4 Bash Conditional Expressioord splitting and filename expansion are nofqrered on the
words between thg' and] ;tilde expansion, parameter and variable expansidgthmetic expansion, command substitution,
process substitution, and quote removal are pegdrm

When the=="and'!=" operators are used, the string to the right obfherator is considered a pattern and matched diagoto
the rules described below $5.8.1 Pattern Matching he return value is 0 if the string matches azdoot match the pattern,
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respectively, and 1 otherwise. Any part of theqratimay be quoted to force it to be matched asragst
Expressions may be combined using the followingatoes, listed in decreasing order of precedence:

( expression)
Returns the value @xpression. This may be used to override the normal preceglefoperators.

| expression
True if expression is false.

expressi onl && expressi on2
True if bothexpressionl andexpression2 are true.

expressionl]|| expression2

True if eitherexpressionl or expression2 is true.
The&&and|| operators do not evaluatepression? if the value ofexpressionl is sufficient to determine the return value of the
entire conditional expression.
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3.2.6 Grouping Commands

Bash provides two ways to group a list of commandse executed as a unit. When commands are grotgsicections may be applied
to the entire command list. For example, the outpatl the commands in the list may be rediredted single stream.

0
(list)

Placing a list of commands between parenthesegsausubshell to be created, and each of the codmiralmst to be executed in
that subshell. Since thist is executed in a subshell, variable assignment®ticemain in effect after the subshell completes.

¢
{ list;}

Placing a list of commands between curly bracesesthe list to be executed in the current sheliecd. No subshell is created.
The semicolon (or newline) followingst is required.

In addition to the creation of a subshell, thera &ibtle difference between these two construasal historical reasons. The braces are
reserved words , SO they must be separated fromliseby blank s. The parentheses afgrators , and are recognized as separate
tokens by the shell even if they are not separfated thelist by whitespace.

The exit status of both of these constructs isttiestatus ofist.
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3.3 Shell Functions

Shell functions are a way to group commands farlekecution using a single name for the groupy&iie executed just like a
"regular" command. When the name of a shell fundsaused as a simple command name, the list ofr@ords associated with that
function name is executed. Shell functions are etezLin the current shell context; no new processéated to interpret them.

Functions are declared using this syntax:
[ function ] nare () { comand-list;}

This defines a shell function nameame. The reserved woridnction  is optional. If theunction  reserved word is supplied, the
parentheses are optional. Taely of the function is theommand-list between { and }. This list is executed whenename is specified
as the name of a command. The exit status of difumis the exit status of the last command exatirtghe body.

Note that for historical reasons, the curly brabas surround the body of the function must be sspd from the body bylank s or
newlines. This is because the braces are reseromts\and are only recognized as such when thesegr@rated by whitespace. Also, the
command-list must be terminated with a semicolon or a newline.
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When a function is executed, the arguments touhetion become the positional parameters duringxezution (see secti@4.1
Positional ParametérsThe special parameter that expands to the number of positional parareésenpdated to reflect the change.
Positional parameteris unchanged. TheUNCNAMREariable is set to the name of the function witike function is executing.

If the builtin commandeturn is executed in a function, the function completed execution resumes with the next command dfeer t
function call. When a function completes, the valoéthe positional parameters and the speciahpeter'# are restored to the values
they had prior to the function's execution. If amauic argument is given teturn , that is the function's return status; otherwiee t
function's return status is the exit status oflis command executed before téern

Variables local to the function may be declaredhlitelocal  builtin. These variables are visible only to thedtion and the commands
it invokes.

Functions may be recursive. No limit is placed leenmumber of recursive calls.

[<][>] [=<][Up][>>] [Top] [Content¥[Index] [ ?]
3.4 Shell Parameters

3.4.1 Positional Parameter$he shell's command-line arguments.
3.4.2 Special Parameters Parameters with special meanings.

A parameter is an entity that stores values. It can barge, a number, or one of the special characters listdolw. For the shell's
purposes, aariable is a parameter denoted byisne. A variable has &alue and zero or morattributes. Attributes are assigned using
thedeclare builtin command (see the description of tleelare  builtin in 4.2 Bash Builtin Commanils

A parameter is set if it has been assigned a value null string is a valid value. Once a variablset, it may be unset only by using the
unset builtin command.

A variable may be assigned to by a statement ofctitme
nanme=[ val ue]

If value is not given, the variable is assigned the nuihgt All values undergo tilde expansion, parameter and variatgaresion,
command substitution, arithmetic expansion, andejuemoval (detailed below). If the variable hasnieger  attribute set, thewalue
is subject to arithmetic expansion even ifsfie.. )) expansion is not used (see sec8dn5 Arithmetic ExpansignWord splitting is
not performed, with the exception'sfa" as explained below. Filename expansion is nobpad. Assignment statements may also
appear as arguments to thelare , typeset , export , readonly , andiocal builtin commands.

[<][>] [=<][Up][>>] [Top] [Content¥[Index] [ ?]
3.4.1 Positional Parameters

A positional parameter is a parameter denoted by one or more digitsy ¢ktae the single digit. Positional parameters are assigned
from the shell's arguments when it is invoked, aray be reassigned using #ee builtin command. Positional parametemay be
referenced as{N} , or assN whenN consists of a single digit. Positional parameteay not be assigned to with assignment statements.
Theset andshiit builtins are used to set and unset them (seenpgektShell Builtin CommandsThe positional parameters are
temporarily replaced when a shell function is exedysee sectioB.3 Shell Functions

When a positional parameter consisting of more thamgle digit is expanded, it must be enclosduraices.

[<1[>] [<<][Up][>>]  [Top|[Content}[Index] [ ?]
3.4.2 Special Parameters

The shell treats several parameters specially.élhasgameters may only be referenced; assignméméno is not allowed.

*

Expands to the positional parameters, starting fwomn When the expansion occurs within double gudtexpands to a single

word with the value of each parameter separatetidfirst character of thes special variable. That iss* is equivalent to

"$1 c$2c... ", wherec is the first character of the value of the variable. IfiFs is unset, the parameters are separated by spaces.
If IFs is null, the parameters are joined without intaimg separators.
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Expands to the positional parameters, starting fwosn When the expansion occurs within double quetech parameter expands
to a separate word. That i$@" is equivalent tos1*"$2* .. . When there are no positional paramets®@; ands@expand to
nothing (i.e., they are removed).

#
Expands to the number of positional parametergaindal.
?
Expands to the exit status of the most recentlgebesl foreground pipeline.
(A hyphen.) Expands to the current option flagsecified upon invocation, by tket builtin command, or those set by the shell
itself (such as their  option).
$
Expands to the process ID of the shell. (n @ubshell, it expands to the process ID of thekingyshell, not the subshell.
!
Expands to the process ID of the most recently @eecbackground (asynchronous) command.
0

Expands to the name of the shell or shell scripis 75 set at shell initialization. If Bash is irkenl with a file of commands (see
section3.8 Shell Scripfs $0 is set to the name of that file. If Bash is stntéth the'-ct  option (see sectioB.1 Invoking Bash
thenso is set to the first argument after the stringecelzecuted, if one is present. Otherwise, it iss#ie filename used to
invoke Bash, as given by argument zero.

(An underscore.) At shell startup, set to the alisdilename of the shell or shell script beingared as passed in the argument
list. Subsequently, expands to the last argumettitet@revious command, after expansion. Also stitedull pathname of each
command executed and placed in the environmentrdgto that command. When checking mail, this peter holds the name
of the malil file.
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3.5 Shell Expansions

Expansion is performed on the command line afteadt been split inteken s. There are seven kinds of expansion performed:

* brace expansion

tilde expansion

parameter and variable expansion
command substitution

arithmetic expansion

word splitting

filename expansion

3.5.1 Brace Expansion Expansion of expressions within braces.

3.5.2 Tilde Expansion Expansion of the ~ character.

3.5.3 Shell Parameter Expansiodow Bash expands variables to their values.
3.5.4 Command Substitution  Using the output of a command as an argument.
3.5.5 Arithmetic Expansion How to use arithmetic in shell expansions.

3.5.6 Process Substitution A way to write and read to and from a command.

3.5.7 Word Splitting How the results of expansion are split into safaarguments.
3.5.8 Filename Expansion A shorthand for specifying filenames matchinggais.

3.5.9 Quote Removal How and when quote characters are removed frordswvo

The order of expansions is: brace expansion, éigmnsion, parameter, variable, and arithmetic sipa and command substitution
(done in a left-to-right fashion), word splittingnd filename expansion.

On systems that can support it, there is an additiexpansion availablerocess substitution. This is performed at the same time as
parameter, variable, and arithmetic expansion anghtand substitution.

Only brace expansion, word splitting, and filenaampansion can change the number of words of tharesipn; other expansions
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expand a single word to a single word. The onlyeptions to this are the expansionssg@" (see sectio8.4.2 Special Parametg@and
"${ nane[@])" (see sectioB.7 Arrays.

After all expansionsjuote removal  (See sectiof.5.9 Quote Removpis performed.

[<][>] [=<][Up][>>]  [Topl[Content[Index][?]
3.5.1 Brace Expansion

Brace expansion is a mechanism by which arbitraitygs may be generated. This mechanism is sirtdlfitename expansion (see
section3.5.8 Filename Expansiprbut the file names generated need not existefatto be brace expanded take the form of aorugti
preamble, followed by a series of comma-separated striegwéden a pair of braces, followed by an optigustscript. The preamble is
prefixed to each string contained within the braeesl the postscript is then appended to eachtiregsstring, expanding left to right.

Brace expansions may be nested. The results ofeequainded string are not sorted; left to right oid@reserved. For example,

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

Brace expansion is performed before any other esipas, and any characters special to other expansi@ preserved in the result. It is
strictly textual. Bash does not apply any syntaictierpretation to the context of the expansiothertext between the braces. To avoid
conflicts with parameter expansion, the stris{g is not considered eligible for brace expansion.

A correctly-formed brace expansion must containuated opening and closing braces, and at leastiogeoted comma. Any
incorrectly formed brace expansion is left unchange

This construct is typically used as shorthand wihencommon prefix of the strings to be generatddriger 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 first unquotiadis (or all characters, if there is no
unquoted slash) are consideretilde-prefix. If none of the characters in the tilde-prefix gumted, the characters in the tilde-prefix
following the tilde are treated as a possliogin name. If this login name is the null string, the tildereplaced with the value of ti®ME
shell variable. IHOMES unset, the home directory of the user executiegshell is substituted instead. Otherwise, ithe-prefix is
replaced with the home directory associated wi¢hsipecified login name.

If the tilde-prefix is~+ , the value of the shell varial#evoreplaces the tilde-prefix. If the tilde-prefix'is' , the value of the shell
variableoLDPWDIf it is set, is substituted.

If the characters following the tilde in the tilgeefix consist of a numbe, optionally prefixed by a+ or a*- , the tilde-prefix is
replaced with the corresponding element from theodbry stack, as it would be displayed bydhe builtin invoked with the characters
following tilde in the tilde-prefix as an arguméggeee sectio.8 The Directory Stagklf the tilde-prefix, sans the tilde, consistsaof
number without a leading’ or*- , + is assumed.

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

Each variable assignment is checked for unquoldetirefixes immediately followinga or =" . In these cases, tilde expansion is
also performed. Consequently, one may use file samith tildes in assignments @ TH MAILPATH, andCDPATH and the shell assigns
the expanded value.

The following table shows how Bash treats unqutitdd-prefixes:

The value ofsSHOME
~/foo
“$HOME/foo'

~fred/foo
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The subdirectoryvo of the home directory of the userd

~+/foo
“$PWD/foo'

~-/foo
“${OLDPWD-'~-}/foo’

The string that would be displayed fays + N

..+N
The string that would be displayed fays + N

~N
The string that would be displayed fays- N
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3.5.3 Shell Parameter Expansion

The'$' character introduces parameter expansion, coms#stitution, or arithmetic expansion. The paramedene or symbol to be
expanded may be enclosed in braces, which arenaptimit serve to protect the variable to be expariden characters immediately
following it which could be interpreted as parttioé name.

When braces are used, the matching ending brabe fgst'} not escaped by a backslash or within a quotedigstand not within an
embedded arithmetic expansion, command substitutioparameter expansion.

The basic form of parameter expansion ipgdémeter}. The value ofparameter is substituted. The braces are required wizeameter
is a positional parameter with more than one dagitvhenparameter is followed by a character that is not to be ipteted as part of its
name.

If the first character gbarameter is an exclamation point, a level of variable iedtion is introduced. Bash uses the value of thiabiz
formed from the rest gdarameter as the name of the variable; this variable is #rgranded and that value is used in the rest of the
substitution, rather than the valuepafameter itself. This is known amdirect expansion . The exception to this is the expansion of
${! prefix*} described below.

In each of the cases beloword is subject to tilde expansion, parameter expansiemmand substitution, and arithmetic expansion.

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

${ par anet er :- wor d}
If parameter is unset or null, the expansionwbrd is substituted. Otherwise, the valuepafameter is substituted.

${ par anmet er := wor d}
If parameter is unset or null, the expansionwadrd is assigned tparameter. The value oparameter is then substituted. Positional
parameters and special parameters may not be aeddigim this way.

${ par anet er :? wor d}
If parameter is null or unset, the expansionwdrd (or a message to that effectibrd is not present) is written to the standard
error and the shell, if it is not interactive, exiDtherwise, the value parameter is substituted.

${ par armet er :+ wor d}
If parameter is null or unset, nothing is substituted, otheentise expansion eford is substituted.

${ par anmet er: of f set }

${ par anet er: of f set : | engt h}
Expands to up ttength characters gbarameter starting at the character specifieddffiget. If length is omitted, expands to the
substring ofparameter starting at the character specifieddfiget. length andoffset are arithmetic expressions (see secdbidn
Shell Arithmetig. This is referred to as Substring Expansion.

length must evaluate to a number greater than or equadrtm Ifoffset evaluates to a number less than zero, the valuseid as an
offset from the end of the value jpdirameter. If parameter is @', the result idength positional parameters beginningoffset. If
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parameter is an array name indexed 1@ or* , the result is théength members of the array beginning with
${ paranet er [ of f set ]} . Substring indexing is zero-based unless theipositparameters are used, in which case the indexi
starts at 1.

${! prefix*}
Expands to the names of variables whose names bitiprefix, separated by the first character of & special variable.

${# par anet er}
The length in characters of the expanded valysuameter is substituted. Iparameter is** or @', the value substituted is the
number of positional parameterspHrameter is an array hame subscripted by or @', the value substituted is the number of
elements in the array.

${ par anet er #wor d}

${ par anet er ##wor d}
Theword is expanded to produce a pattern just as in fifenaxpansion (see secti8rb.8 Filename Expansiprf the pattern
matches the beginning of the expanded valysidmeter, then the result of the expansion is the expandéade ofparameter
with the shortest matching pattern (the case) or the longest matching pattern {##e case) deleted. Jarameter is @' or
+  the pattern removal operation is applied to gaditional parameter in turn, and the expansighagesultant list. If
parameter is an array variable subscripted wigh or** , the pattern removal operation is applied to eaember of the array in
turn, and the expansion is the resultant list.

${ par anet er %or d}

${ par anet er %%or d}
Theword is expanded to produce a pattern just as in fitenaxpansion. If the pattern matches a trailingigoiof the expanded
value ofparameter, then the result of the expansion is the valugacdmeter with the shortest matching pattern (the case) or
the longest matching pattern (the®' case) deleted. farameter is*@' or** , the pattern removal operation is applied to each
positional parameter in turn, and the expansidhdsesultant list. |parameter is an array variable subscripted wigx or**
the pattern removal operation is applied to eactnibez of the array in turn, and the expansion is¢iseltant list.

${ par anet er/ pattern/string}
${ paraneter// pattern/string}

Thepattern is expanded to produce a pattern just as in fitenexpansiorParameter is expanded and the longest match of
pattern against its value is replaced witning. In the first form, only the first match is reptat The second form causes all
matches opattern to be replaced withring. If pattern begins with# , it must match at the beginning of the expandédevaf
parameter. If pattern begins with%' , it must match at the end of the expanded valym@tmeter. If string is null, matches of
pattern are deleted and thefollowing pattern may be omitted. Iparameter is* @' or* , the substitution operation is applied to
each positional parameter in turn, and the exparisithe resultant list. lfarameter is an array variable subscripted wigh or

+  the substitution operation is applied to each bemof the array in turn, and the expansion igdisaltant list.
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3.5.4 Command Substitution

Command substitution allows the output of a comntanéplace the command itself. Command substiiudicurs when a command is
enclosed as follows:
$( conmand)

or
*comand’

Bash performs the expansion by executiagmand and replacing the command substitution with ta@dard output of the command,
with any trailing newlines deleted. Embedded negdiare not deleted, but they may be removed durangd splitting. The command
substitutions(cat file) can be replaced by the equivalent but fasterfile).

When the old-style backquote form of substituti@mised, backslash retains its literal meaning eéxgkpn followed bys' , ™ , or'v
The first backquote not preceded by a backslashinates the command substitution. When usingtkermand) form, all characters
between the parentheses make up the command; rtreaed specially.

Command substitutions may be nested. To nest wsieg the backquoted form, escape the inner backgqwuith backslashes.

If the substitution appears within double quotesrdasplitting and filename expansion are not penfmt on the results.
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3.5.5 Arithmetic Expansion

Arithmetic expansion allows the evaluation of aithametic expression and the substitution of theillte$ he format for arithmetic
expansion is:

$(( expression))
The expression is treated as if it were within dewquotes, but a double quote inside the parenghisset treated specially. All tokens
in the expression undergo parameter expansion, emhrsubstitution, and quote removal. Arithmeticssilitions may be nested.

The evaluation is performed according to the rlifted below (see sectidh5 Shell Arithmetil. If the expression is invalid, Bash prints
a message indicating failure to the standard emdrno substitution occurs.
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3.5.6 Process Substitution

Process substitution is supported on systems tipgiost named pipes (FIFOs) or theeviid  method of naming open files. It takes the
form of
<(list)

or
>(1ist)

The procestist is run with its input or output connected to a®16r some file in/deviid . The name of this file is passed as an
argument to the current command as the resulteoétipansion. If the(1ist) form is used, writing to the file will provide inpfor list.
If the <(1ist) form is used, the file passed as an argument ghpmitead to obtain the outputlist. Note that no space may appear
between the or > and the left parenthesis, otherwise the conswoald be interpreted as a redirection.

When available, process substitution is perforniedianeously with parameter and variable expangiommand substitution, and
arithmetic expansion.
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3.5.7 Word Splitting

The shell scans the results of parameter expansiommand substitution, and arithmetic expansionhdithnot occur within double
quotes for word splitting.

The shell treats each charactesieE as a delimiter, and splits the results of the oéxpansions into words on these characterssif

is unset, or its value is exactypace><tab><newline> , the default, then any sequencersf characters serves to delimit wordsiF§

has a value other than the default, then sequeritbe whitespace charactegsce andtab are ignored at the beginning and end of the
word, as long as the whitespace character is inadhe ofiFs (aniFs whitespace character). Any charactelrs that is notrs
whitespace, along with any adjac&fg whitespace characters, delimits a field. A seqaariccs whitespace characters is also treated
as a delimiter. If the value @fs is null, no word splitting occurs.

Explicit null arguments'{ or") are retained. Unquoted implicit null argumenésulting from the expansion of parameters that nave
values, are removed. If a parameter with no vaiexpanded within double quotes, a null argumentlteand is retained.

Note that if no expansion occurs, no splittingesfprmed.
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3.5.8 Filename Expansion

3.5.8.1 Pattern MatchingHow the shell matches patterns.

After word splitting, unless thefr  option has been set (see sectldh The Set Builtih Bash scans each word for the characters
2 ,andT . If one of these characters appears, then the isoatjarded asattern, and replaced with an alphabetically sorted list o
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file names matching the pattern. If no matching fiames are found, and the shell optigfglob  is disabled, the word is left
unchanged. If theuliglob  option is set, and no matches are found, the vgor@imoved. If the shell optiotvcaseglob is enabled, the
match is performed without regard to the case miabetic characters.

When a pattern is used for filename generationghizeacter.: at the start of a filename or immediately follogia slash must be
matched explicitly, unless the shell optiinglob  is set. When matching a file name, the slash ctaranust always be matched
explicitly. In other cases, the character is not treated specially.

See the description efiopt in 4.2 Bash Builtin Commang$or a description of theocaseglob , nullglob , anddotglob  options.

The GLOBIGNORBhell variable may be used to restrict the séitmfames matching a pattern d£OBIGNORES set, each matching
filename that also matches one of the patterea @BIGNORES removed from the list of matches. The filenamesand...  are always
ignored, even wheGLOBIGNOREHS set. However, settingLOBIGNORHas the effect of enabling therglob  shell option, so all other
filenames beginning with'a  will match. To get the old behavior of ignoringefiames beginning with-a , make'.* one of the
patterns irGLOBIGNOREThedotglob  option is disabled wheBLOBIGNORES unset.
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3.5.8.1 Pattern Matching

Any character that appears in a pattern, other tiaspecial pattern characters described belotghes itself. The NUL character may
not occur in a pattern. The special pattern charachust be quoted if they are to be matched liyera

The special pattern characters have the followiegmmngs:

*

Matches any string, including the null string.
Matches any single character.

Matches any one of the enclosed characters. Aopaimaracters separated by a hyphen denatasge expression; any character
that sorts between those two characters, inclugsiag the current locale's collating sequenceciradacter set, is matched. If the
first character following thg' isa'r ora~ then any character not enclosed is matched. Anay be matched by including
it as the first or last character in the set]’ A may be matched by including it as the first chemain the set. The sorting order of
characters in range expressions is determinedebguirent locale and the value of tle coLLATEshell variable, if set.

For example, in the default C local;dx-z] is equivalent tofabcdxyz] . Many locales sort characters in dictionary order,
and in these localef-dx-z]' is typically not equivalent tgabcdxyz] ; it might be equivalent tgaBbCcDdxXyYz]' , for
example. To obtain the traditional interpretatiémamges in bracket expressions, you can forceisieeof the C locale by setting
theLC_COLLATEOr LC_ALL environment variable to the valu@ .

Within [ and'] , character classes can be specified using the syntaxlass] , whereclass is one of the following classes
defined in the POSIX 1003.2 standard:

alnum alpha ascii blank cntrl digit gra ph lower
print punct space upper word xdigit

A character class matches any character belongititat class. Theord character class matches letters, digits, andhheacter

Within [ and] , anequivalence class can be specified using the syntax=] , which matches all characters with the same
collation weight (as defined by the current locas)}he charactex

Within [ and] , the syntaf. symbol.] matches the collating symbsimbol.

If the extglob  shell option is enabled using tsipt builtin, several extended pattern matching opesaace recognized. In the
following description, gattern-list is a list of one or more patterns separated iy aComposite patterns may be formed using one or
more of the following sub-patterns:

?(pattern-1ist)
Matches zero or one occurrence of the given pattern

*( pattern-1ist)
Matches zero or more occurrences of the given ipatte

+(pattern-list)
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Matches one or more occurrences of the given patter

@pattern-1list)
Matches exactly one of the given patterns.

I( pattern-1list)
Matches anything except one of the given patterns.
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3.5.9 Quote Removal

After the preceding expansions, all unquoted oerwes of the characteks , ™ , and™ that did not result from one of the above
expansions are removed.
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3.6 Redirections

Before a command is executed, its input and outpayt beredirected using a special notation interpreted by the sRairection may
also be used to open and close files for the ctigtegll execution environment. The following rediten operators may precede or
appear anywhere within a simple command or magyioh command. Redirections are processed in ther thidy appear, from left to
right.

In the following descriptions, if the file descripthnumber is omitted, and the first character efréadirection operator ig' , the
redirection refers to the standard input (file diggor 0). If the first character of the redirectioperator is>' , the redirection refers to
the standard output (file descriptor 1).

The word following the redirection operator in flolowing descriptions, unless otherwise notedubjected to brace expansion, tilde
expansion, parameter expansion, command substif#iéhmetic expansion, quote removal, filenameagsion, and word splitting. If it
expands to more than one word, Bash reports an erro

Note that the order of redirections is significdfar example, the command
Is> dirlist 2>&1

directs both standard output (file descriptor 1 atandard error (file descriptor 2) to the flielist, while the command
Is2>&1> dirlist

directs only the standard output to filielist, because the standard error was duplicated adesthoutput before the standard output was
redirected tairlist.

Bash handles several filenames specially whendheysed in redirections, as described in theviatig table:

/dev/fd/ fd
If fd is a valid integer, file descriptdd is duplicated.

/dev/stdin
File descriptor 0 is duplicated.

/dev/stdout
File descriptor 1 is duplicated.

/dev/stderr
File descriptor 2 is duplicated.

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

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

A failure to open or create a file causes the esdion to fail.

18 de 109 16/05/2007 02:08 p.I



Bash Reference Manual: http://www.gnu.org/software/bash/manual/bashrefl

[<1[>] [<<][Up][>>]  [Top[Content§[Index] [ ?]

3.6.1 Redirecting I nput

Redirection of input causes the file whose nameali®from the expansion @ford to be opened for reading on file descriptpor the
standard input (file descriptor O)rifis not specified.

The general format for redirecting input is:
[ n]J< word
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3.6.2 Redirecting Output

Redirection of output causes the file whose narselt®from the expansion wford to be opened for writing on file descriptaror the
standard output (file descriptor 1)nfis not specified. If the file does not exist itigated; if it does exist it is truncated to zseime.

The general format for redirecting output is:

[n>{I] word

If the redirection operator is' , and thenoclobber option to theset builtin has been enabled, the redirection will fiaihe file whose
name results from the expansionaaird exists and is a regular file. If the redirectigreator is>|' , or the redirection operatoris
and thenoclobber  option is not enabled, the redirection is attemgteen if the file named byord exists.

[<1[>] [=<I[Up][>>]  [Topl[Content[Index] [ ?]
3.6.3 Appending Redirected Output

Redirection of output in this fashion causes thkeviihose name results from the expansiowaf to be opened for appending on file
descriptom, or the standard output (file descriptor 1 i not specified. If the file does not exist itieated.

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

[<1[>] [<<][Up][>>]  [Top][Content§[Index] [ ?]

3.6.4 Redirecting Standard Output and Standard Error

Bash allows both the standard output (file desorify) and the standard error output (file descrig)ado be redirected to the file whose
name is the expansion wbrd with this construct.

There are two formats for redirecting standard ouémd standard error:
&>wor d

and
>&wor d

Of the two forms, the first is preferred. This &rantically equivalent to
>wor d 2>&1

[<1[>] [<<][Up][>>]  [Top|[Content§[Index] [ ?]

3.6.5 Here Documents

This type of redirection instructs the shell todéaput from the current source until a line coniag onlyword (with no trailing blanks)
is seen. All of the lines read up to that pointthen used as the standard input for a command.
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The format of here-documents is:

<<[-] word
her e- docunent
delinmter

No parameter expansion, command substitution,raetic expansion, or filename expansion is perforomedord. If any characters in
word are quoted, thdelimiter is the result of quote removal @rd, and the lines in the here-document are not exgrarifiword is
unguoted, all lines of the here-document are stibjeio parameter expansion, command substitutiwhaathmetic expansion. In the
latter case, the character sequeneeline is ignored, and' must be used to quote the characters's , and™ .

If the redirection operator ig<-' , then all leading tab characters are stripped frgouat lines and the line containidglimiter. This
allows here-documents within shell scripts to eimted in a natural fashion.

[<1[>] [<<][Up][>>]  [Top|[Content§[Index][?]

3.6.6 Here Strings

A variant of here documents, the format is:
<<< word

Theword is expanded and supplied to the command on itslatd input.

[<][>] [=<][Up][>>]  [Topl[Content[Index] [ ?]
3.6.7 Duplicating File Descriptors

The redirection operator
[ n]<& wor d

is used to duplicate input file descriptorswird expands to one or more digits, the file descrigmoted by is made to be a copy of
that file descriptor. If the digits iword do not specify a file descriptor open for inputedirection error occurs. Word evaluates to ,
file descriptom is closed. Ifn is not specified, the standard input (file degor®) is used.

The operator
[ nN]>& wor d

is used similarly to duplicate output file desooiigt Ifn is not specified, the standard output (file dgsori1) is used. If the digits in
word do not specify a file descriptor open for oututedirection error occurs. As a special casejsfomitted, andvord does not
expand to one or more digits, the standard outpditstéandard error are redirected as describedquglyi

[<][>] [<<][Up][>>]  [Topl[Content[Index] [ ?]
3.6.8 Moving File Descriptors

The redirection operator
[n]<&digit-

moves the file descriptdigit to file descripton, or the standard input (file descriptor Ohifs not specifieddigit is closed after being
duplicated tan.

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

moves the file descriptdaligit to file descripton, or the standard output (file descriptor 1 i6 not specified.

[<][>] [=<<][Up][>>]  [Topl[Content[Index] [ ?]
3.6.9 Opening File Descriptorsfor Reading and Writing

The redirection operator
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[ n]J<> word

causes the file whose name is the expansiovoad to be opened for both reading and writing ondiescriptom, or on file descriptor O
if nis not specified. If the file does not exist sitcreated.

[<1[>] [<<][Up][>>]  [Top|[Content§[Index] [ ?]

3.7 Executing Commands

3.7.1 Simple Command Expansiohlow Bash expands simple commands before exectitérg.

3.7.2 Command Search and Executibiow Bash finds commands and runs them.

3.7.3 Command Execution Environmefithe environment in which Bash executes commdmatsare not shell builtins.

3.7.4 Environment The environment given to a command.
3.7.5 Exit Status The status returned by commands and how Bastpiets it.

3.7.6 Signals What happens when Bash or a command it runsveai signal.

[<]1[>] [=<][Up][>>]  [Top|[Content§[Index][?]
3.7.1 Simple Command Expansion

When a simple command is executed, the shell pagfithe following expansions, assignments, andeetions, from left to right.

1. The words that the parser has marked as variabigrasents (those preceding the command name) divéctons are saved for
later processing.

2. The words that are not variable assignments oreetilbns are expanded (see sec8dhShell Expansions|f any words remain
after expansion, the first word is taken to bertame of the command and the remaining words ararthenents.

3. Redirections are performed as described abovesgsg®mn3.6 Redirections

4. The text after the= in each variable assignment undergoes tilde expansarameter expansion, command substitution,
arithmetic expansion, and quote removal beforeghagsigned to the variable.

If no command name results, the variable assigrsraffect the current shell environment. Otherwtise,variables are added to the
environment of the executed command and do nottatffe current shell environment. If any of theigmsients attempts to assign a
value to a readonly variable, an error occurs,theccommand exits with a non-zero status.

If no command name results, redirections are pewdd; but do not affect the current shell environmArredirection error causes the
command to exit with a non-zero status.

If there is a command name left after expansioacetion proceeds as described below. Otherwisesdhenand exits. If one of the

expansions contained a command substitution, thetatus of the command is the exit status ofdlsecommand substitution
performed. If there were no command substitutitims command exits with a status of zero.

[<]1[>] [=<<][Up][>>] [Top] [Content$[Index] [ ?]
3.7.2 Command Sear ch and Execution

After a command has been split into words, if #ules in a simple command and an optional listrgliments, the following actions are
taken.

1. If the command name contains no slashes, the atethpts to locate it. If there exists a shell fioxcby that name, that function
is invoked as described $13 Shell Functions

2. If the name does not match a function, the shalldees for it in the list of shell builtins. If aatch is found, that builtin is invoked.
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3. If the name is neither a shell function nor a liuiland contains no slashes, Bash searches eanhrelef$sPATHfor a directory
containing an executable file by that name. Bags ashash table to remember the full pathnameseaisable files to avoid
multiple PATHsearches (see the descriptiomah in 4.1 Bourne Shell Builtins A full search of the directories #PATHis
performed only if the command is not found in tlsHtable. If the search is unsuccessful, the phialls an error message and
returns an exit status of 127.

4. If the search is successful, or if the command neoméains one or more slashes, the shell exedutesamed program in a
separate execution environment. Argument O isostitet name given, and the remaining argumentstedmmand are set to the
arguments supplied, if any.

5. If this execution fails because the file is noekecutable format, and the file is not a directdaris assumed to beshell script
and the shell executes it as describe8.&Shell Scripts

6. If the command was not begun asynchronously, te# whits for the command to complete and colléstexit status.

[<1[>] [<<][Up][>>]  [Top[Content§[Index] [ ?]

3.7.3 Command Execution Environment

The shell has aexecution environment, which consists of the following:
» open files inherited by the shell at invocationnasified by redirections supplied to teec builtin
» the current working directory as setday; pushd , orpopd, or inherited by the shell at invocation
« the file creation mode mask as setbwsk or inherited from the shell's parent
e current traps set hyap
» shell parameters that are set by variable assignonevithset or inherited from the shell's parent in the envinent
» shell functions defined during execution or intettifrom the shell's parent in the environment
¢ options enabled at invocation (either by defaulvith command-line arguments) or &t
e options enabled byhopt
» shell aliases defined withias (see sectioB.6 Aliase}

¢ various process IDs, including those of backgrooihd (see sectioB.2.3 Lists of Commandisthe value of$, and the value of
$PPID

When a simple command other than a builtin or shelttion is to be executed, it is invoked in aa@pe execution environment that
consists of the following. Unless otherwise noted, values are inherited from the shell.

» the shell's open files, plus any modifications additions specified by redirections to the command
¢ the current working directory
* the file creation mode mask

¢ shell variables marked for export, along with valés exported for the command, passed in the envient (see sectidh7.4
Environmeny

o traps caught by the shell are reset to the vahlesrited from the shell's parent, and traps ignbsethe shell are ignored
A command invoked in this separate environment aaafiect the shell's execution environment.

Command substitution and asynchronous commands\arked in a subshell environment that is a dupdic the shell environment,
except that traps caught by the shell are regbetwalues that the shell inherited from its paggrihvocation. Builtin commands that are
invoked as part of a pipeline are also executedsnbshell environment. Changes made to the sulestvilonment cannot affect the
shell's execution environment.

If a command is followed by& and job control is not active, the default staddaput for the command is the empty file
*/devinull’ . Otherwise, the invoked command inherits thed#scriptors of the calling shell as modified byirections.
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[<1[>] [<<][Up][>>]  [Top|[Content§[Index] [ ?]

3.7.4 Environment

When a program is invoked it is given an arraytohgs called thenvironment. This is a list of name-value pairs, of the form
name=value .

Bash provides several ways to manipulate the emwiemt. On invocation, the shell scans its own emvitent and creates a parameter
for each name found, automatically marking itégport to child processes. Executed commands inhergtiv@onment. Thexport
and-declare -x' commands allow parameters and functions to bechtidand deleted from the environment. If the vaifia
parameter in the environment is modified, the nalu& becomes part of the environment, replacin@ltheThe environment inherited
by any executed command consists of the sheltlalienvironment, whose values may be modifiechmghell, less any pairs removed
by theunset andexport -n' commands, plus any additions via thgort and'declare -x' commands.

The environment for any simple command or functiy be augmented temporarily by prefixing it witrgmeter assignments, as
described ir8.4 Shell Parameter¥hese assignment statements affect only the@mmwient seen by that command.

If the -k option is set (see sectidi3 The Set Builtiy then all parameter assignments are placed ierkigonment for a command,
not just those that precede the command name.

When Bash invokes an external command, the variableis set to the full path name of the command ars$g@ to that command in
its environment.

[<][>] [=<<][Up][>>] [Top] [Content$[Index] [ ?]
3.7.5 Exit Status

For the shell's purposes, a command which exits avitero exit status has succeeded. A non-zerastaxits indicates failure. This
seemingly counter-intuitive scheme is used so tlseoae well-defined way to indicate success amdrgety of ways to indicate various
failure modes. When a command terminates on adagahl whose number ¢, Bash uses the value 1284as the exit status.

If a command is not found, the child process ciéadeexecute it returns a status of 127. If a condria found but is not executable, the
return status is 126.

If a command fails because of an error during egjmmnor redirection, the exit status is greatenthero.

The exit status is used by the Bash conditionalmands (see sectidh2.5 Conditional Construgtand some of the list constructs (see
section3.2.3 Lists of Commanils

All of the Bash builtins return an exit status efa if they succeed and a non-zero status on &isa they may be used by the
conditional and list constructs. All builtins reuan exit status of 2 to indicate incorrect usage.

[<][>] [=<][Up][>>]  [Topl[Content[Index] [ ?]
3.7.6 Signals

When Bash is interactive, in the absence of ampstriignoreSIGTERM(S0 thatkill o' does not kill an interactive shell), aasINT
is caught and handled (so that ## builtin is interruptible). When Bash receivesiaINT , it breaks out of any executing loops. In all
cases, Bash ignoressQuIT. If job control is in effect (see secti@nJob Contrgl Bash ignoresSIGTTIN, SIGTTOU, andSIGTSTP.

Commands started by Bash have signal handlere ## tvalues inherited by the shell from its pargvtien job control is not in effect,
asynchronous commands ign@&eINT andsIGQUIT as well. Commands run as a result of command isutist ignore the
keyboard-generated job control SigngISTTIN , SIGTTOU, andSIGTSTP.

The shell exits by default upon receipt agfiaHUP. Before exiting, an interactive shell resendsdteiurto all jobs, running or stopped.
Stopped jobs are sesitGCONTto ensure that they receive theHUP. To prevent the shell from sending #ieHuPsignal to a particular
job, it should be removed from the jobs table whithdisown builtin (see sectiofi.2 Job Control Builtinsor marked to not receive
SIGHUP usingdisown -h

If the huponexit  shell option has been set witlopt (see sectiod.2 Bash Builtin CommanisBash sends siGHUPto all jobs when an
interactive login shell exits.

When Bash receives a signal for which a trap has lset while waiting for a command to complete ttap will not be executed until
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the command completes. When Bash is waiting faxsymchronous command via that builtin, the reception of a signal for which a
trap has been set will cause thet builtin to return immediately with an exit staigieater than 128, immediately after which the tsap
executed.

[<1[>] [<<][Up][>>]  [Top|[Content}[Index] [ ?]
3.8 Shell Scripts

A shell script is a text file containing shell comnas. When such a file is used as the first noipirgument when invoking Bash, and
neither the-cc  nor*-s' option is supplied (see secti6rl Invoking Bas) Bash reads and executes commands from theHda,exits.
This mode of operation creates a non-interactiedl.shhe shell first searches for the file in therent directory, and looks in the
directories ibPATHIf not found there.

When Bash runs a shell script, it sets the speeigimeten to the name of the file, rather than the naméefshell, and the positional
parameters are set to the remaining argumentsyiéee given. If no additional arguments are s@aplthe positional parameters are
unset.

A shell script may be made executable by usingtihed command to turn on the execute bit. When Bashsfswth a file while
searching thgPATHfor a command, it spawns a subshell to execube d@ther words, executing
filename argunents

is equivalent to executing
bash filename argunent s

if filename is an executable shell script. This subshell tigilies itself, so that the effect is as if a r&vell had been invoked to
interpret the script, with the exception that tbeations of commands remembered by the parenti{eedescription ofiash in 4.1
Bourne Shell Builtinsare retained by the child.

Most versions of Unix make this a part of the ofiegasystem’'s command execution mechanism. Ifiteeline of a script begins with
the two characterg! , the remainder of the line specifies an interprigiethe program. Thus, you can specify Basix, Perl, or some
other interpreter and write the rest of the sdilptin that language.

The arguments to the interpreter consist of a singtional argument following the interpreter naonethe first line of the script file,
followed by the name of the script file, followed the rest of the arguments. Bash will perform #ison on operating systems that do
not handle it themselves. Note that some olderiaesof Unix limit the interpreter name and arguitrtera. maximum of 32 characters.

Bash scripts often begin with /bin/bash (assuming that Bash has been installedim ), since this ensures that Bash will be used
to interpret the script, even if it is executed endnother shell.

[<1[>] [<<][Up][>>]  [Top|[Content§[Index] [ ?]

4. Shell Builtin Commands

4.1 Bourne Shell Builtins  Builtin commands inherited from the Bourne Shell.
4.2 Bash Builtin CommandsTable of builtins specific to Bash.

4.3 The Set Builtin This builtin is so overloaded it deserves its @eotion.
4.4 Special Builtins Builtin commands classified specially by POSIX.2.

Builtin commands are contained within the she#litsWhen the name of a builtin command is usethadirst word of a simple
command (see secti@?2.1 Simple Commanjighe shell executes the command directly, withioubking another program. Builtin
commands are necessary to implement functionafipossible or inconvenient to obtain with separditdies.

This section briefly the builtins which Bash inhigrirom the Bourne Shell, as well as the builtimegands which are unique to or have
been extended in Bash.

Several builtin commands are described in otheptehs: builtin commands which provide the Bashrfiatee to the job control facilities
(see sectio.2 Job Control Builtins the directory stack (see secti@8.1 Directory Stack Builtisthe command history (see section
9.2 Bash History Builtins and the programmable completion facilities (seetion8.7 Programmable Completion Builtjns

Many of the builtins have been extended by POSIRash.
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[<][>] [=<][Up]l[>>] [Top] [Content$[Index] [ ?]
4.1 Bourne Shell Builtins

The following shell builtin commands are inherifeaim the Bourne Shell. These commands are implezdess specified by the POSIX
1003.2 standard.

: (a colon)
;[ argunents]

Do nothing beyond expandirmgguments and performing redirections. The return statuei®.

. (a period)
. filenane [ argunents]

Read and execute commands fromftlemame argument in the current shell contexfilléname does not contain a slash, therH
variable is used to finfilename. When Bash is not in POSIX mode, the current dirgds searched filename is not found in
$PATH If anyarguments are supplied, they become the positional parametbenfilename is executed. Otherwise the positional
parameters are unchanged. The return status exihstatus of the last command executed, or Zearo commands are executed.
If filename is not found, or cannot be read, the return statnsn-zero. This builtin is equivalentdeurce .

break
break [ n]

Exit from afor , while ,until , orselect loop. Ifnis supplied, th@th enclosing loop is exitet. must be greater than or equal to
1. The return status is zero unleds not greater than or equal to 1.

cd
cd [-L]-P] [ directory]

Change the current working directorydioectory. If directory is not given, the value of theomeshell variable is used. If the shell
variableCcDPATHexists, it is used as a search pathliréctory begins with a slasltbPATHS not used. Ther' option means to
not follow symbolic links; symbolic links are folled by default or with theL' option. Ifdirectory is - , it is equivalent to
$OLDPWDT he return status is zero if the directory iscassfully changed, non-zero otherwise.

continue
continue[ nj

Resume the next iteration of an enclosing, while , unti , orselect loop. Ifnis supplied, the execution of thtéh enclosing
loop is resumech must be greater than or equal to 1. The retutnsta zero unlessis not greater than or equal to 1.

eval
eval[ argunents]

The arguments are concatenated together into Eesingymand, which is then read and executed, arekit status returned as the
exit status otval . If there are no arguments or only empty argumehésreturn status is zero.

exec
exec [-cl] [-a name][ command [ ar gunent s]]

If command is supplied, it replaces the shell without cregimew process. If the  option is supplied, the shell places a dash at
the beginning of the zeroth arg passedommand. This is what théogin program does. Thec'  option causesommand to be
executed with an empty environment- is supplied, the shell passesne as the zeroth argumentdommand. If no

command is specified, redirections may be used to affeetaurrent shell environment. If there are no esdion errors, the return
status is zero; otherwise the return status isz&vo-

exit
exit[ n]

Exit the shell, returning a statusrofo the shell's parent. ifis omitted, the exit status is that of the laghowmnd executed. Any
trap oneXIT is executed before the shell terminates.

export
export [-fn] [-p] [ name[= val ue]]
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Mark eachname to be passed to child processes in the environrtfghe -  option is supplied, theames refer to shell
functions; otherwise the names refer to shell \dem The-n'  option means to no longer mark eaeme for export. If nonames
are supplied, or if thep' option is given, a list of exported names is @igptl. The-p' option displays output in a form that
may be reused as input. The return status is zdessian invalid option is supplied, one of the eas not a valid shell variable
name, or-f is supplied with a name that is not a shell fuorctti

getopts

hash

pwd

getopts optstring name [ args]

getopts IS used by shell scripts to parse positional patars.optstring contains the option characters to be recognifed; i
character is followed by a colon, the option isextpd to have an argument, which should be sepkirat it by white space. The
colon (' ) and question marky ) may not be used as option characters. Each tilménivoked getopts  places the next option

in the shell variableame, initializing name if it does not exist, and the index of the nexjLement to be processed into the variable
OPTIND. OPTIND s initialized to 1 each time the shell or a slseliipt is invoked. When an option requires an argut,getopts

places that argument into the variabkTARG The shell does not reseTIND automatically; it must be manually reset between
multiple calls tagetopts  within the same shell invocation if a new set afgmeters is to be used.

When the end of options is encountergthpts  exits with a return value greater than ze&®TIND is set to the index of the first
non-option argument, andme is set to?' .

getopts normally parses the positional parameters, buioife arguments are givenangs, getopts ~ parses those instead.

getopts can report errors in two ways. If the first chaeaofoptstring is a colonsilent error reporting is used. In normal
operation diagnostic messages are printed whefidnyations or missing option arguments are encenad. If the variable
OPTERRS set to 0, no error messages will be displagedn if the first character oeftstring  is not a colon.

If an invalid option is seemgtopts places? into name and, if not silent, prints an error message arsRtsOPTARGIf getopts
is silent, the option character found is placedmARGNd no diagnostic message is printed.

If a required argument is not found, agtbpts is not silent, a question mark'() is placed imame, OPTARGS unset, and a
diagnostic message is printedgéfopts is silent, then a colon:( ) is placed imame andOPTARGS set to the option character
found.

hash [-'r] [-p filenane] [-dt] [ nane]

Remember the full pathnames of commands specifiedrae arguments, so they need not be searched for @egubent
invocations. The commands are found by searchimgitiin the directories listed #PATH The'-p'  option inhibits the path
search, anfllename is used as the location sdme. The*-r  option causes the shell to forget all remembevedtions. The-d'
option causes the shell to forget the rememberetitm of eacmame. If the -t option is supplied, the full pathname to which
eachname corresponds is printed. If multipleme arguments are supplied with  thename is printed before the hashed full
pathname. Thael option causes output to be displayed in a forimatt inay be reused as input. If no arguments aengir if
only-I' is supplied, information about remembered commangdsnted. The return status is zero unlesaree is not found or
an invalid option is supplied.

pwd [-LP]

Print the absolute pathname of the current worklingctory. If the-P*  option is supplied, the pathname printed will cotain
symbolic links. If the-L' option is supplied, the pathname printed may dorgtgmbolic links. The return status is zero unkess
error is encountered while determining the namgaefcurrent directory or an invalid option is suegl

readonly

return
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readonly [-apf] [ nane]

Mark eachname as readonly. The values of these names may nchidreged by subsequent assignment. If-the option is
supplied, eachame refers to a shell function. The' option means eaatame refers to an array variable. If mame arguments
are given, or if thep' option is supplied, a list of all readonly namegiiinted. The-p' option causes output to be displayed in
a format that may be reused as input. The retatnsis zero unless an invalid option is suppleea of thename arguments is not
a valid shell variable or function name, or the option is supplied with a name that is not a sheilttion.

return [  n]

Cause a shell function to exit with the return ealulf n is not supplied, the return value is the exitugadf the last command
executed in the function. This may also be usedrtminate execution of a script being executed thiéh (or source ) builtin,
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shift

test

times

trap
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returning eithen or the exit status of the last command executéaimihe script as the exit status of the scripte Teturn status is
non-zero ifreturn is used outside a function and not during the eti@c of a script by or source .

shift [ n]

Shift the positional parameters to the leftrbyrhe positional parameters framl ... $# are renamed t&t ... $#-n+1. Parameters
represented by the numberston+1 are unsen must be a non-negative number less than or eqgal tf nis zero or greater
thans#, the positional parameters are not changenlidfnot supplied, it is assumed to be 1. The restaitus is zero unlesss
greater thas# or less than zero, non-zero otherwise.

Evaluate a conditional expressiexpr. Each operator and operand must be a separat@@ngLExpressions are composed of the
primaries described below 4 Bash Conditional Expressions

When thg form is used, the last argument to the command baug] .
Expressions may be combined using the followingatoes, listed in decreasing order of precedence.

I expr
True ifexpr is false.

( expr)
Returns the value axpr. This may be used to override the normal preceslehoperators.

exprl-a expr2
True if bothexprl andexpr2 are true.

exprl-o expr2
True if eitherexprl or expr2 is true.

Thetest and[ builtins evaluate conditional expressions usirsgteof rules based on the number of arguments.

0 arguments
The expression is false.

1 argument
The expression is true if and only if the argunmismtot null.

2 arguments
If the first argument ig' , the expression is true if and only if the secargliment is null. If the first argument is oneuoé t
unary conditional operators (see sectiofh Bash Conditional Expressignthe expression is true if the unary test is.ttfie
the first argument is not a valid unary operatoe, éxpression is false.

3 arguments
If the second argument is one of the binary coowiti operators (see sectiért Bash Conditional Expressionthe result of
the expression is the result of the binary testgtie first and third arguments as operandselfitist argument ia* , the
value is the negation of the two-argument testgudie second and third arguments. If the first amgyot is exactly¢ and
the third argument is exactly , the result is the one-argument test of the seeogdment. Otherwise, the expression is
false. The-aw and-o' operators are considered binary operators ircess.

4 arguments
If the first argument ig' , the result is the negation of the three-argure&ptession composed of the remaining arguments.
Otherwise, the expression is parsed and evaluatamding to precedence using the rules listed above

5 or more arguments
The expression is parsed and evaluated accordimgtedence using the rules listed above.

times

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

trap [-1p] [ arg][ sigspec .. ]
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The commands iarg are to be read and executed when the shell recsigralsigspec. If arg is absent or equal to , all

specified signals are reset to the values theyiamh the shell was started alfg is the null string, then the signal specified by
eachsigspec is ignored by the shell and commands it invokkeard is not present and' has been supplied, the shell displays
the trap commands associated with esigépec. If no arguments are supplied, or only is given,rap prints the list of
commands associated with each signal number imatftat may be reused as shell input. Esgépec is either a signal name
such asIGINT (with or without thesiG prefix) or a signal number. Ifsigspec iso or EXIT, arg is executed when the shell exits. If
asigspec is DEBUG the commandrg is executed after every simple command.diiggpec is ERR the commanadrg is executed
whenever a simple command has a non-zero exitsstAheERRtrap is not executed if the failed command is p&gnunti  or

while loop, part of anf statement, part of@ or|| list, or if the command's return status is bemgeited using . The'-I

option causes the shell to print a list of sigrethes and their corresponding numbers.

Signals ignored upon entry to the shell cannotdyeped or reset. Trapped signals are reset todhginal values in a child
process when it is created.

The return status is zero unlessgspec does not specify a valid signal.

umask
umask [-p] [-S] [ node]

Set the shell process's file creation maskade. If mode begins with a digit, it is interpreted as an octamber; if not, it is
interpreted as a symbolic mode mask similar to dleaepted by thenmod command. limode is omitted, the current value of the
mask is printed. If thes' option is supplied without mode argument, the mask is printed in a symbolic forrifahe -p'

option is supplied, anahode is omitted, the output is in a form that may based as input. The return status is zero if theenied
successfully changed or if maode argument is supplied, and non-zero otherwise.

Note that when the mode is interpreted as an actaber, each number of the umask is subtracted frarhus, a umask ab2
results in permissions @65.

unset
unset [-fv] [ nane]

Each variable or functioname is removed. If no options are supplied, orthe option is given, eachame refers to a shell
variable. If the-f  option is given, th@ames refer to shell functions, and the function deiim is removed. Readonly variables
and functions may not be unset. The return stataerio unless mame does not exist or is readonly.

[<][>] [=<][Up][>>] [Top] [Content¥[Index] [ ?]
4.2 Bash Builtin Commands

This section describes builtin commands which aique to or have been extended in Bash. Some sétbemmands are specified in
the POSIX 1003.2 standard.

alias
alias [-p] [ nane[=val ue] .. ]

Without arguments or with thep'  option,alias  prints the list of aliases on the standard ouitpatform that allows them to be
reused as input. If arguments are supplied, as &idefined for eachame whosevalue is given. If novalue is given, the name
and value of the alias is printed. Aliases are diesd in6.6 Aliases

bind
bind -m  keynap] [-IpsvPSV]
bind -m  keymap] [-q function][-u function][-r keyseq]
bind [-m keymap]-f  filenane
bind -m  keymap]-x keyseq: shel | - coomand
bind [-m keymap] keyseq: functi on-nane
bind readl i ne- conmand

Display current Readline (see sect®rCommand Line Editifgkey and function bindings, bind a key sequence Readline
function or macro, or set a Readline variable. Bamftoption argument is a command as it would apipea a Readline
initialization file (see sectioB.3 Readline Init Filg but each binding or command must be passedeaparate argument; e.g.,
*"\C-x\C-r":re-read-init-file' . Options, if supplied, have the following meanings

-m keymap

Usekeymap as the keymap to be affected by the subsequeditigs Acceptabléeymap names aremacs,
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builtin

command

-V

emacs-standard , emacs-meta , emacs-ctlx , vi , vi-move , vi-command , andvi-insert  .vi IS equivalent t@i-command ;
emacs iS equivalent temacs-standard

List the names of all Readline functions.

Display Readline function names and bindings irhsugvay that they can be used as input or in alReaditialization file.

List current Readline function names and bindings.

Display Readline variable names and values in sushy that they can be used as input or in a Readiitialization file.

List current Readline variable names and values.

Display Readline key sequences bound to macroshenstrings they output in such a way that theylmnsed as input or
in a Readline initialization file.

Display Readline key sequences bound to macroshenstrings they output.

fil enanme

Read key bindings frorfilename.

function

Query about which keys invoke the nanfiettion.

function

Unbind all keys bound to the namfemction.

keyseq

Remove any current binding fleyseq.

-X keyseq: shel | - command

Causeshell-command to be executed whenevayseq is entered.

The return status is zero unless an invalid opgs@upplied or an error occurs.

builtin [ shell-builtin[ args]]

Run a shell builtin, passingatgs, and return its exit status. This is useful whefirdng a shell function with the same name as a
shell builtin, retaining the functionality of thaittin within the function. The return status ismpero ifshell-builtin is not a shell
builtin command.

command [-pVv] command [ argunents .. ]

Runscommand with arguments ignoring any shell function namedmmand. Only shell builtin commands or commands found by
searching theAaTHare executed. If there is a shell function namedunning commandIs’  within the function will execute the
external commang instead of calling the function recursively. The option means to use a default valueHarHthat is
guaranteed to find all of the standard utilitieeeTeturn status in this case is 12@afmand cannot be found or an error
occurred, and the exit statusomimmand otherwise.

If either the-v'  or*-v' option is supplied, a description@mmand is printed. The-v  option causes a single word indicating
the command or file name used to invakenmand to be displayed; thev' option produces a more verbose description. b thi
case, the return status is zerodfnmand is found, and non-zero if not.

declare
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declare [-afFirtx] [-p] [ name[= val ue]]

Declare variables and give them attributes. Ihames are given, then display the values of variabistead.
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The-p' option will display the attributes and values atlkename. When'-p' is used, additional options are ignored. T-he
option inhibits the display of function definitignenly the function name and attributes are printed implies-# . The
following options can be used to restrict outputaoiables with the specified attributes or to giregiables attributes:

-a
Eachnameis an array variable (see sectiid Arrays.

Use function names only.

The variable is to be treated as an integer; agttmevaluation (see sectiérb Shell Arithmetigis performed when the
variable is assigned a value.

Make names readonly. These names cannot then be assignsebuay subsequent assignment statements or unset.

-t
Give eacmame thetrace attribute. Traced functions inherit tbeBudrap from the calling shell. The trace attribuées Imo
special meaning for variables.

-X
Mark eachname for export to subsequent commands via the enviemim

Using+ instead of- turns off the attribute instead. When used inrefion,declare  makes eachame local, as with the
local command.

The return status is zero unless an invalid ogs@ncountered, an attempt is made to define aiimasing'-f foo=bar' , an
attempt is made to assign a value to a readonighlar an attempt is made to assign a value toray @ariable without using the
compound assignment syntax (see sedi@rArrayd, one of thenamesis not a valid shell variable name, an attemptasle to
turn off readonly status for a readonly variable attempt is made to turn off array status for mayavariable, or an attempt is
made to display a non-existent function with .

echo
echo [-neE] [ arg ... |

Output theargs, separated by spaces, terminated with a newlme return status is always 0.-f is specified, the trailing
newline is suppressed. If the' option is given, interpretation of the followingdkslash-escaped characters is enabled. The
-E' option disables the interpretation of these eschpeacters, even on systems where they are ietetpby default. The
xpg_echo shell option may be used to dynamically determihether or noécho expands these escape characters by dedatuut.
interprets the following escape sequences:
\a
alert (bell)
\b
backspace
\c
suppress trailing newline
\e
escape
\f
form feed
\n
new line
\r
carriage return
\t
horizontal tab
\v
vertical tab
\
backslash
\O nnn
the eight-bit character whose value is the octalesann (zero to three octal digits)
\' nnn
the eight-bit character whose value is the octhlesmann (one to three octal digits)
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\x HH
the eight-bit character whose value is the hexadlcralueHH (one or two hex digits)

enable
enable [-n] [-p] [-f fil enane] [-ads] [ name .. ]

Enable and disable builtin shell commands. Disghdirbuiltin allows a disk command which has theesaame as a shell builtin
to be executed without specifying a full pathnamesn though the shell normally searches for builtiefore disk commands. If
-n'is used, th@ames become disabled. Otherwisames are enabled. For example, to usedkie binary found vigPATH
instead of the shell builtin version, typ@able -n test'

If the*-p* option is supplied, or nbame arguments appear, a list of shell builtins is f@dh With no other arguments, the list
consists of all enabled shell builtins. The option means to list each builtin with an indioatof whether or not it is enabled.

The -+ option means to load the new builtin commaadhe from shared objedilename, on systems that support dynamic
loading. The-d* option will delete a builtin loaded withr

If there are no options, a list of the shell bodtis displayed. Thes' option restrictenable to the POSIX special builtins. If
s is used with-f , the new builtin becomes a special builtin (sextiger4.4 Special Builtink

The return status is zero unlessaae is not a shell builtin or there is an error loagdanew builtin from a shared object.

help
help [-s] [ pattern]

Display helpful information about builtin commandfspattern is specifiedhelp gives detailed help on all commands matching
pattern, otherwise a list of the builtins is printed. Tke option restricts the information displayed to arslusage synopsis. The
return status is zero unless no command mafodtes n.

let
let expression][ expression]

Thelet builtin allows arithmetic to be performed on shaltiables. Eackxpression is evaluated according to the rules given
below in6.5 Shell Arithmeticlf the lastexpression evaluates to Qgt returns 1; otherwise 0 is returned.

local
local[ option] nane[=val ue]

For each argument, a local variable namame is created, and assignealue. Theoption can be any of the options accepted by
declare .local can only be used within a function; it makes thdablename have a visible scope restricted to that functiod a
its children. The return status is zero unless is used outside a function, an invatiame is supplied, oname is a readonly
variable.

logout
logout[ n]

Exit a login shell, returning a statusrofo the shell's parent.

printf
printf format [ argunents]

Write the formattecrguments to the standard output under the control offtheat. Theformat is a character string which
contains three types of objects: plain charactenich are simply copied to standard output, charaescape sequences, which are
converted and copied to the standard output, amdafiospecifications, each of which causes printihtne next successive
argument. In addition to the standapantf(1) formats, %b' causesrintt to expand backslash escape sequences in the
correspondingrgument, and'%q' causesrintf  to output the correspondirggument in a format that can be reused as shell
input.

Theformat is reused as necessary to consume all cdritpements. If the format requires morarguments than are supplied, the
extra format specifications behave as if a zeraevak null string, as appropriate, had been sugplibe return value is zero on
success, non-zero on failure.

read
read [-ers] [-a anane] [-d delin[-n nchar s] [-p pronpt] [t timeout][-u fd]l[ name .. ]

One line is read from the standard input, or fromfile descriptofd supplied as an argument to the option, and the first word
is assigned to the firslame, the second word to the secamaine, and so on, with leftover words and their inteimgrseparators
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shopt
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assigned to the lastime. If there are fewer words read from the inputastniehan names, the remaining names are assigndg emp
values. The characters in the value ofitige variable are used to split the line into wordse Blackslash character may be

used to remove any special meaning for the nextacker read and for line continuation. If no namessupplied, the line read is
assigned to the variabfEPLY. The return code is zero, unless end-of-file isoeimteredread times out, or an invalid file

descriptor is supplied as the argumernitdo . Options, if supplied, have the following meanings

-a anane
The words are assigned to sequential indices ddittegy variableaname, starting at 0. All elements are removed framme
before the assignment. Othwme arguments are ignored.

-d delim
The first character alelimis used to terminate the input line, rather thawlme.

Readline (see sectidh Command Line Editings used to obtain the line.

-n nchars
read returns after readingchars characters rather than waiting for a complete dihimput.

-p pronpt
Displayprompt, without a trailing newline, before attemptingréad any input. The prompt is displayed only ifuhis
coming from a terminal.

If this option is given, backslash does not acmgscape character. The backslash is considebedpart of the line. In
particular, a backslash-newline pair may not belwasea line continuation.

-S
Silent mode. If input is coming from a terminal achcters are not echoed.

-t timeout
Causeead to time out and return failure if a complete lofenput is not read withitimeout seconds. This option has no
effect ifread is not reading input from the terminal or a pipe.

-u fd
Read input from file descriptdd.
shopt [-pgsu] [-0] [ optnanme ... ]

Toggle the values of variables controlling optiosia¢ll behavior. With no options, or with thg  option, a list of all settable
options is displayed, with an indication of whetbenot each is set. The' option causes output to be displayed in a forrh tha
may be reused as input. Other options have thewily meanings:
-S

Enable (set) eaotptname.

Disable (unset) eaabptname.

Suppresses normal output; the return status ireicahether theptname is set or unset. If multipleptname arguments are
given with*-q' , the return status is zero if ajftnames are enabled; non-zero otherwise.

Restricts the values aptname to be those defined for the' option to theset builtin (see sectiod.3 The Set Builtin

If either*-s' or*-u' is used with n@ptname arguments, the display is limited to those optiwh&ch are set or unset,
respectively.

Unless otherwise noted, thieopt options are disabled (off) by default.

The return status when listing options is zerdlibptnames are enabled, non-zero otherwise. When settingnsetting options,
the return status is zero unlessopimame is not a valid shell option.

The list ofshopt options is:
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cdable_vars
If this is set, an argument to the builtin command that is not a directory is assutieelde the name of a variable whose
value is the directory to change to.

cdspell
If set, minor errors in the spelling of a directegmponent in ad command will be corrected. The errors checkedfer
transposed characters, a missing character, ahdraater too many. If a correction is found, theected path is printed,
and the command proceeds. This option is only bgedteractive shells.

checkhash
If this is set, Bash checks that a command fourttérhash table exists before trying to executé d.hashed command no
longer exists, a normal path search is performed.

checkwinsize
If set, Bash checks the window size after each canthand, if necessary, updates the valuesies andCOLUMNS

cmdhist
If set, Bash attempts to save all lines of a migtlme command in the same history entry. Thievadl easy re-editing of
multi-line commands.

dotglob
If set, Bash includes filenames beginning with' &the results of filename expansion.

execfail
If this is set, a non-interactive shell will notieik it cannot execute the file specified as aguanent to thexec builtin
command. An interactive shell does not exixéc fails.

expand_aliases
If set, aliases are expanded as described beloer Wiises5.6 Aliases This option is enabled by default for interactive
shells.

extglob
If set, the extended pattern matching featuresriestabove (see secti@b.8.1 Pattern Matchin@re enabled.

histappend
If set, the history list is appended to the fileneal by the value of thelSTFILE variable when the shell exits, rather than
overwriting the file.

histreedit
If set, and Readline is being used, a user is giveropportunity to re-edit a failed history sutaion.

histverify
If set, and Readline is being used, the resultssbbry substitution are not immediately passetthéoshell parser. Instead,
the resulting line is loaded into the Readlineiadibuffer, allowing further modification.

hostcomplete
If set, and Readline is being used, Bash will attetm perform hostname completion when a word doimtg a*@' is being
completed (see secti@¥.6 Letting Readline Type For Ypurhis option is enabled by default.

huponexit
If set, Bash will sendiGHUPto all jobs when an interactive login shell eXgse sectio.7.6 Signals

interactive_comments
Allow a word beginning with# to cause that word and all remaining charactetthanline to be ignored in an interactive
shell. This option is enabled by default.

lithist
If enabled, and thendhist option is enabled, multi-line commands are sawvdtid history with embedded newlines rather
than using semicolon separators where possible.
login_shell
The shell sets this option if it is started asgirfishell (see sectigh 1 Invoking Bash The value may not be changed.
mailwarn
If set, and a file that Bash is checking for maittbeen accessed since the last time it was chetbleethessagahe mail
in mail file hasbeen read" is displayed.
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no_empty_cmd_completion
If set, and Readline is being used, Bash will ttatrapt to search theaTHfor possible completions when completion is
attempted on an empty line.

nocaseglob
If set, Bash matches filenames in a case-inseadiishion when performing filename expansion.

nuliglob
If set, Bash allows filename patterns which mataliiles to expand to a null string, rather thamtlelves.

progcomp
If set, the programmable completion facilities (seetion8.6 Programmable Completipare enabled. This option is enabled
by default.

promptvars
If set, prompt strings undergo variable and paramexpansion after being expanded (see se6t®ontrolling the
Promp}. This option is enabled by default.

restricted_shell
The shell sets this option if it is started in ries¢d mode (see secti@10 The Restricted ShellThe value may not be
changed. This is not reset when the startup filese&ecuted, allowing the startup files to discovbether or not a shell is
restricted.

shift_verbose
If this is set, thehift  builtin prints an error message when the shifint@xceeds the number of positional parameters.

sourcepath
If set, thesource builtin uses the value efaTHto find the directory containing the file suppliagl an argument. This option
is enabled by default.

xpg_echo
If set, theecho builtin expands backslash-escape sequences hyldefa

The return status when listing options is zerdlibptnames are enabled, non-zero otherwise. When settingnsetting options,
the return status is zero unlessoptname is not a valid shell option.

source
source fil enane

A synonym for. (see sectiod.1 Bourne Shell Builtins

type
type [-afptP] [ name .. ]
For eacmame, indicate how it would be interpreted if used aommand name.
If the -t option is usedype prints a single word which is one afias' , “function’ , “builtin’ , file'  orkeyword' , if
name is an alias, shell function, shell builtin, dislef or shell reserved word, respectively. If tieene is not found, then nothing is
printed, andype returns a failure status.
If the -p' option is usedype either returns the name of the disk file that wideg executed, or nothing'if  would not return
“file'
The -p' option forces a path search for eaelme, even if-t  would not returntile’
If a command is hashedp' and-p' print the hashed value, not necessarily the lfid¢ &ppears first isPATH
If the>-a* option is usedype returns all of the places that contain an exedetadmedile. This includes aliases and functions,
if and only if the'-p' option is not also used.
If the-f option is usedype does not attempt to find shell functions, as wigacommand builtin.
The return status is zero if any of theenes are found, non-zero if none are found.
typeset

typeset [-afFrxi] [-p] [ nane[= val ue]]
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Thetypeset command is supplied for compatibility with the ikashell; however, it has been deprecated in faf/trexeclare
builtin command.
ulimit
ulimit [-acdflmnpstuvSH] [ limt]

ulimit  provides control over the resources availablerdagsses started by the shell, on systems that allch control. If an
option is given, it is interpreted as follows:

-S

Change and report the soft limit associated witbsaurce.
-H

Change and report the hard limit associated withsaurce.
-a

All current limits are reported.
-C

The maximum size of core files created.
-d

The maximum size of a process's data segment.
£

The maximum size of files created by the shell.

The maximum size that may be locked into memory.
-m

The maximum resident set size.
-n

The maximum number of open file descriptors.
-p

The pipe buffer size.

The maximum stack size.
-t
The maximum amount of cpu time in seconds.

The maximum number of processes available to desirggr.

The maximum amount of virtual memory availablette process.

If limit is given, it is the new value of the specifiedotgse; the specidimit valueshard , soft , andunlimited  stand for the
current hard limit, the current soft limit, and lmait, respectively. Otherwise, the current valdete soft limit for the specified
resource is printed, unless thie option is supplied. When setting new limits, ifther*-H* nor>-s' is supplied, both the hard
and soft limits are set. If no option is given,rthe@ is assumed. Values are in 1024-byte incrementgmxXor-t , which is in
seconds;-p' , which is in units of 512-byte blocks, andl and*-u' , which are unscaled values.

The return status is zero unless an invalid optioargument is supplied, or an error occurs whektirsy a new limit.

unalias
unalias [-a] [ name .. |

Remove eachame from the list of aliases. fa' is supplied, all aliases are removed. Aliaseslaseribed ir6.6 Aliases
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4.3 The Set Builtin

This builtin is so complicated that it deserveitg section.
set
set [--abefhkmnptuvxBCHP] [-0 option][ argument .. ]
If no options or arguments are supplies, displays the names and values of all shell vagmbhd functions, sorted according to
the current locale, in a format that may be rewssethput.

When options are supplied, they set or unset siteibutes. Options, if specified, have the follogimeanings:

-a
Mark variables and function which are modified ceated for export to the environment of subsequoemmands.

-b
Cause the status of terminated background jobs teforted immediately, rather than before printirgnext primary
prompt.

-e
Exit immediately if a simple command (see sec8cdhl1 Simple Commanjlexits with a non-zero status, unless the
command that fails is part of anti  orwhile loop, part of aff statement, part of@.or|| list, or if the command's
return status is being inverted usingA trap oneRR if set, is executed before the shell exits.

£
Disable file name generation (globbing).

-h
Locate and remember (hash) commands as they &edag for execution. This option is enabled byadéf

&
All arguments in the form of assignment statemangsplaced in the environment for a command, rsitthose that precede
the command name.

-m

Job control is enabled (see sectiodob Contrgl
Read commands but do not execute them; this magéx to check a script for syntax errors. Thisowpis ignored by
interactive shells.
-0 option-name
Set the option correspondingdption-name:

allexport
Same asa.

braceexpand
Same asB.

emacs
Use aremacs-style line editing interface (see sect®inCommand Line Editing

errexit
Same ase .

hashall
Same ash .

histexpand
Same asH.

history
Enable command history, as describefl.ihBash History FacilitiesT his option is on by default in interactive skell
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ignoreeof
An interactive shell will not exit upon reading EOF

keyword
Same as .

monitor
Same asm.

noclobber
Same asc.

noexec
Same asn .

noglob
Same asf .

nolog
Currently ignored.

notify
Same asb .

nounset
Same asu .

onecmd
Same ast .

physical
Same asP.

posix
Change the behavior of Bash where the default tipardiffers from the POSIX 1003.2 standard to rhate
standard (see sectiénll Bash POSIX ModeThis is intended to make Bash behave as a strjmrset of that
standard.

privileged
Same asp .

verbose
Same asv .

Vi
Use avi -style line editing interface.

xtrace

Same asx .

Turn on privileged mode. In this mode, #BASH_ENvandseENVfiles are not processed, shell functions are miwiited from
the environment, and tleELLOPTSVariable, if it appears in the environment, isaged. If the shell is started with the
effective user (group) id not equal to the reargeoup) id, and the option is not supplied, these actions are takeh an
the effective user id is set to the real userfithé-p option is supplied at startup, the effective udés not reset. Turning
this option off causes the effective user and glidsfo be set to the real user and group ids.

Exit after reading and executing one command.

Treat unset variables as an error when performamgmeter expansion. An error message will be wriibethe standard
error, and a non-interactive shell will exit.

Print shell input lines as they are read.
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Print a trace of simple commands and their argusnefter they are expanded and before they are dcu

B
The shell will perform brace expansion (see se@iénl Brace ExpansidnThis option is on by default.
-C
Prevent output redirection using , >& , and'<>" from overwriting existing files.
-H
Enable style history substitution (see sect@B History Expansion This option is on by default for interactive Bbe
-P

If set, do not follow symbolic links when perforngicommands such as which change the current directory. The physical
directory is used instead. By default, Bash folldhes logical chain of directories when performirgramands which change
the current directory.
For example, if/usr/sys' is a symbolic link to/usr/local/sys' then:

$ cd /usr/sys; echo $SPWD

usr/sys

$cd..; pwd
lusr

If set-P is on, then:

$ cd /usr/sys; echo $SPWD
Just/local/sys

$cd..; pwd

Jusr/local

If no arguments follow this option, then the pasitl parameters are unset. Otherwise, the poditi@mameters are set to
thearguments, even if some of them begin with-a .

Signal the end of options, cause all remairdrguments to be assigned to the positional parameters.kheand -v
options are turned off. If there are no argumethis positional parameters remain unchanged.

Using'+ rather than causes these options to be turned off. The optianslso be used upon invocation of the shell. The
current set of options may be foundsin

The remaining Narguments are positional parameters and are assigned, er,daii1, $2, ... $N. The special parametetis set to
N.

The return status is always zero unless an inggiithn is supplied.

[<1[>] [<<][Up][>>]  [Top|[Content}[Index] [ ?]
4.4 Special Builtins

For historical reasons, the POSIX 1003.2 standasdchassified several builtin commandsaesial. When Bash is executing in POSIX
mode, the special builtins differ from other builiommands in three respects:

1. Special builtins are found before shell functionsig command lookup.
2. If a special builtin returns an error status, a-imgaractive shell exits.
3. Assignment statements preceding the command s&fjeat in the shell environment after the commeaonhpletes.

When Bash is not executing in POSIX mode, theskitmibehave no differently than the rest of thetBhuiltin commands. The Bash
POSIX mode is described éh11 Bash POSIX Mode

These are the POSIX special builtins:

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

5.1 Bourne Shell Variablesvariables which Bash uses in the same way aBdhiene Shell.
5.2 Bash Variables List of variables that exist in Bash.

This chapter describes the shell variables thah Bass. Bash automatically assigns default vatuesiumber of variables.
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5.1 Bourne Shell Variables

Bash uses certain shell variables in the same w#yeaBourne shell. In some cases, Bash assigefaaldvalue to the variable.

CDPATH
A colon-separated list of directories used as ecbegaath for thed builtin command.

HOME
The current user's home directory; the defaultiferd builtin command. The value of this variable isoalsed by tilde expansion
(see sectio3.5.2 Tilde Expansion

IFS
A list of characters that separate fields; usednithe shell splits words as part of expansion.

MAIL
If this parameter is set to a filename andmia@PATH variable is not set, Bash informs the user ofatra/al of mail in the
specified file.

MAILPATH
A colon-separated list of filenames which the sheliodically checks for new mail. Each list entan specify the message that is
printed when new mail arrives in the mail file lgparating the file name from the message with aWhen used in the text of
the message, expands to the name of the current mail file.

OPTARG
The value of the last option argument processethédyetopts  builtin.

OPTIND
The index of the last option argument processeithdyetopts  builtin.

PATH
A colon-separated list of directories in which #ell looks for commands.

PS1
The primary prompt string. The default value\dsws * . See sectiof.9 Controlling the Prompfor the complete list of escape
sequences that are expanded befsreis displayed.

PS2
The secondary prompt string. The default value is .
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5.2 Bash Variables

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

A few variables used by Bash are described in wiffechapters: variables for controlling the jolntrol facilities (see section.3 Job
Control Variablek

BASH
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The full pathname used to execute the currentricstaf Bash.

BASH_ENV
If this variable is set when Bash is invoked toaie a shell script, its value is expanded and asdtie name of a startup file to
read before executing the script. See sed@i@rBash Startup Files

BASH_VERSION
The version number of the current instance of Bash.

BASH_VERSINFO
A readonly array variable (see secttid Array§ whose members hold version information for thistance of Bash. The values
assigned to the array members are as follows:

BASH_VERSINFO[0]
The major version number (thelease).

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

BASH_VERSINFO[2]
The patch level.

BASH_VERSINFO[3]
The build version.

BASH_VERSINFO[4]
The release status (e.getal).

BASH_VERSINFO[5]
The value oMACHTYPE

COLUMNS
Used by theelect builtin command to determine the terminal widthemtprinting selection lists. Automatically set ugexeipt
of aSIGWINCH

COMP_CWORD
An index intos{compP_wWORDSpf the word containing the current cursor positibhis variable is available only in shell functson
invoked by the programmable completion facilitised sectio®.6 Programmable Completipn

COMP_LINE
The current command line. This variable is avadainily in shell functions and external commandsked by the programmable
completion facilities (see secti@®6 Programmable Completipn

COMP_POINT
The index of the current cursor position relativghte beginning of the current command. If the entricursor position is at the end
of the current command, the value of this variablequal tas{#CcoMP_LINE} . This variable is available only in shell functsoand
external commands invoked by the programmable ostiopl facilities (see sectidh6 Programmable Completipn

COMP_WORDS
An array variable consisting of the individual wsiid the current command line. This variable isilatte only in shell functions
invoked by the programmable completion facilitised sectio®.6 Programmable Completipn

COMPREPLY
An array variable from which Bash reads the possioimpletions generated by a shell function invdikgthe programmable
completion facility (see sectidh6 Programmable Completipn

DIRSTACK
An array variable containing the current conteriithe directory stack. Directories appear in ttaektin the order they are
displayed by theirs builtin. Assigning to members of this array vateammay be used to modify directories already indtaek,
but thepushd andpopd builtins must be used to add and remove directoAssignment to this variable will not change ¢herent
directory. IfDIRSTACKIs unset, it loses its special properties, evétisfsubsequently reset.

EUID
The numeric effective user id of the current uéiis variable is readonly.

FCEDIT
The editor used as a default by the option to thec builtin command.
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FIGNORE

A colon-separated list of suffixes to ignore whemnfprming filename completion. A file name whoséigunatches one of the
entries inFIGNOREis excluded from the list of matched file namesaiple value iso:~

FUNCNAME
The name of any currently-executing shell functibhis variable exists only when a shell functioexecuting. Assignments to

FUNCNAMBave no effect and return an error statusUNCNAMIS unset, it loses its special properties, evénisfsubsequently
reset.

GLOBIGNORE
A colon-separated list of patterns defining thecddilenames to be ignored by filename expansdiiba.flename matched by a
filename expansion pattern also matches one gdhterns incLOBIGNOREIt is removed from the list of matches.

GROUPS
An array variable containing the list of groupsadfich the current user is a member. AssignmentsRtmuPhave no effect and
return an error status. fROUPSs unset, it loses its special properties, evénisfsubsequently reset.

histchars
Up to three characters which control history expamsjuick substitution, and tokenization (seeise@.3 History Expansion
The first character is th@story expansion character, that is, the character which signifiesstart of a history expansion, normally
I . The second character is the character whichfsgniquick substitution' when seen as the firstrabter on a line, normally
~, The optional third character is the charactercilindicates that the remainder of the line ismment when found as the
first character of a word, usually . The history comment character causes historytisutisn to be skipped for the remaining
words on the line. It does not necessarily causesitiell parser to treat the rest of the line asnancent.

HISTCMD

The history number, or index in the history lidtftee current command. HiSTCMDiIs unset, it loses its special properties, evén if
is subsequently reset.

HISTCONTROL
A value ofignorespace’ means to not enter lines which begin with a spadab into the history list. A value dfnoredups'
means to not enter lines which match the last edtkme. A value ofignoreboth’ combines the two options. Unset, or set to any
other value than those above, means to save @dl 6n the history list. The second and subseqina# bf a multi-line compound
command are not tested, and are added to theyhisigardless of the value BfSTCONTROL

HISTFILE
The name of the file to which the command histergaved. The default value igbash_history'

HISTFILESIZE
The maximum number of lines contained in the histibe. When this variable is assigned a value history file is truncated, if
necessary, to contain no more than that numbéned.| The history file is also truncated to thizesafter writing it when an
interactive shell exits. The default value is 500.

HISTIGNORE
A colon-separated list of patterns used to decidielwcommand lines should be saved on the histstryHach pattern is anchored
at the beginning of the line and must match thepeta line (no implicit* is appended). Each pattern is tested againsirthe |
after the checks specified BysTCONTROLare applied. In addition to the normal shell patimatching characterg' matches the
previous history line& may be escaped using a backslash; the backslesimésved before attempting a match. The second and
subsequent lines of a multi-line compound commanchat tested, and are added to the history regssdif the value of
HISTIGNORE

HISTIGNORE subsumes the function BfSTCONTROLA pattern of&' is identical tagnoredups , and a pattern of [* is
identical toignorespace . Combining these two patterns, separating themm aitolon, provides the functionality igfioreboth

HISTSIZE
The maximum number of commands to remember onigerh list. The default value is 500.

HOSTFILE
Contains the name of a file in the same formateaghosts' that should be read when the shell needs to ceenplbostname.
The list of possible hostname completions may l@ghd while the shell is running; the next timethase completion is
attempted after the value is changed, Bash addtitents of the new file to the existing listHiSSTFILE is set, but has no value,

Bash attempts to rea@tc/hosts' to obtain the list of possible hostname completi®ihenHOSTFILE is unset, the hostname list
is cleared.

HOSTNAME
The name of the current host.
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HOSTTYPE
A string describing the machine Bash is running on.

IGNOREEOF
Controls the action of the shell on receipt ofacharacter as the sole input. If set, the valuetmsthe number of consecutive
EOFcharacters that can be read as the first charactan input line before the shell will exit. Ifetlvariable exists but does not
have a numeric value (or has no value) then thaultes 10. If the variable does not exist, tte@® signifies the end of input to the
shell. This is only in effect for interactive skl

INPUTRC
The name of the Readline initialization file, ovéimg the default of~/.inputrc’

LANG
Used to determine the locale category for any cayegot specifically selected with a variable staytwith LC_.

LC_ALL
This variable overrides the valuewgiNGand any otherc_ variable specifying a locale category.

LC_COLLATE
This variable determines the collation order usbémsorting the results of flename expansion,detdrmines the behavior of
range expressions, equivalence classes, and nglgiguences within filename expansion and pattetching (see sectidh5.8
Filename Expansion

LC_CTYPE
This variable determines the interpretation of aters and the behavior of character classes witemame expansion and
pattern matching (see secti8rb.8 Filename Expansipn

LC_MESSAGES
This variable determines the locale used to tramslauble-quoted strings preceded by a(see sectioB.1.2.5 Locale-Specific
Translation.

LC_NUMERIC
This variable determines the locale category useddmber formatting.

LINENO
The line number in the script or shell functionremtly executing.

LINES
Used by theselect  builtin command to determine the column lengthgionting selection lists. Automatically set up@teipt of a
SIGWINCH

MACHTYPE
A string that fully describes the system type oriciwtBash is executing, in the standard G&pu-company-system format.

MAILCHECK
How often (in seconds) that the shell should cHecknail in the files specified in thealLPATHOr MAIL variables. The default is
60 seconds. When it is time to check for mail,ghell does so before displaying the primary prorfiphis variable is unset, or set
to a value that is not a number greater than oaldquzero, the shell disables mail checking.

OLDPWD
The previous working directory as set by thebuiltin.

OPTERR
If set to the value 1, Bash displays error messggasrated by thgetopts  builtin command.

OSTYPE
A string describing the operating system Bash iising on.

PIPESTATUS
An array variable (see secti6r/ Array3 containing a list of exit status values from fltecesses in the most-recently-executed
foreground pipeline (which may contain only a ssngpmmand).

POSIXLY_CORRECT
If this variable is in the environment whessh starts, the shell enters POSIX mode (see se6tidhBash POSIX Modeefore
reading the startup files, as if th@osix  invocation option had been supplied. If it is\wétle the shell is runningash enables
POSIX mode, as if the command

42 de 109 16/05/2007 02:08 p.I



Bash Reference Manual: http://www.gnu.org/software/bash/manual/bashrefl

set -0 posix
had been executed.

PPID
The process ID of the shell's parent process. Vdriable is readonly.

PROMPT_COMMAND
If set, the value is interpreted as a command éz@te before the printing of each primary pronsps().

PS3
The value of this variable is used as the prompttfeselect command. If this variable is not set, teect command prompts
with “#?"

PS4
The value is the prompt printed before the commiguedis echoed when thec  option is set (see sectidi3 The Set Builtih
The first character afs4 is replicated multiple times, as necessary, ticaté multiple levels of indirection. The defadt+*

PWD
The current working directory as set by tdebuiltin.

RANDOM
Each time this parameter is referenced, a randtegen between 0 and 32767 is generated. Assigniadua to this variable seeds
the random number generator.

REPLY
The default variable for thead builtin.

SECONDS
This variable expands to the number of second® gl shell was started. Assignment to this vagiabsets the count to the value
assigned, and the expanded value becomes theasdigned plus the number of seconds since thenassig.

SHELLOPTS
A colon-separated list of enabled shell optionsiBaord in the list is a valid argument for the option to theset builtin
command (see sectign3 The Set Builtin The options appearing 8HELLOPTSare those reported as' by set-o' . If this
variable is in the environment when Bash startseaph shell option in the list will be enabled befeeading any startup files. This
variable is readonly.

SHLVL
Incremented by one each time a new instance of Basthrted. This is intended to be a count of deeply your Bash shells are
nested.

TIMEFORMAT

The value of this parameter is used as a formatgsspecifying how the timing information for pijpeds prefixed with theéme
reserved word should be displayed. The character introduces an escape sequence thgidsdsd to a time value or other
information. The escape sequences and their meaanegas follows; the braces denote optional pwtio

%%
A literal "%’ .

%[p]INR
The elapsed time in seconds.

%[p][NU
The number of CPU seconds spent in user mode.

%[p]ll]S
The number of CPU seconds spent in system mode.

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

The optionab is a digit specifying the precision, the numbefrattional digits after a decimal point. A valueOocauses no
decimal point or fraction to be output. At mostethiplaces after the decimal point may be specifialdies ofp greater than 3 are
changed to 3. Ip is not specified, the value 3 is used.

The optional specifies a longer format, including minutes,la& formMMmSSFFs. The value op determines whether or not the
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fraction is included.

If this variable is not set, Bash acts as if it lizel value
$'\nreal\t%3IR\nuser\t%3lU\nsys\t%3IS'

If the value is null, no timing information is digged. A trailing newline is added when the formsiaing is displayed.

TMOUT
If set to a value greater than zersiouTis treated as the default timeout for tea builtin (see sectiod.2 Bash Builtin
Commandg Theselect command (see secti@?2.5 Conditional Construdtterminates if input does not arrive aftefout
seconds when input is coming from a terminal.

In an interative shell, the value is interpretedhessnumber of seconds to wait for input afteriisguhe primary prompt when the
shell is interactive. Bash terminates after thahber of seconds if input does not arrive.

uiD
The numeric real user id of the current user. Vhargable is readonly.
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6. Bash Features

This section describes features unique to Bash.

6.1 Invoking Bash Command line options that you can give to Bash.

6.2 Bash Startup Files When and how Bash executes scripts.

6.3 Interactive Shells What an interactive shell is.

6.4 Bash Conditional ExpressionBrimitives used in composing expressions fondke builtin.
6.5 Shell Arithmetic Arithmetic on shell variables.

6.6 Aliases Substituting one command for another.

6.7 Arrays Array Variables.

6.8 The Directory Stack History of visited directories.

6.9 Controlling the Prompt Controlling the PS1 string.

6.10 The Restricted Shell A more controlled mode of shell execution.

6.11 Bash POSIX Mode Making Bash behave more closely to what the PGs3#Xidard specifies.
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6.1 Invoking Bash

bash [long-opt] [-ir] [-abefhkmnptuvxdBCDHP] [-0 option][-O shopt_option][ argument .. ]
bash [long-opt] [-abefhkmnptuvxdBCDHP] [-0 option][-O shopt_option]-c string[ argunent .. ]
bash [long-opt] -s [-abefhkmnptuvxdBCDHP] [-0 option][-O shopt_option][ argument .. ]

In addition to the single-character shell command-bptions (see sectigh3 The Set Builtijy there are several multi-character options
that you can use. These options must appear arothenand line before the single-character optioriztoecognized.

--dump-po-strings
A list of all double-quoted strings preceded dy is printed on the standard ouput in the Giddext PO (portable object) file
format. Equivalent toD' except for the output format.

--dump-strings
Equivalent to-D' .

--help

Display a usage message on standard output ansueeissfully.
--init-file filenane
--rcfile fil enanme

Execute commands frofilename (instead of~/.bashrc’ ) in an interactive shell.
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--login
Equivalent to-I

--noediting
Do not use the GNU Readline library (see seddioBommand Line Editingo read command lines when the shell is intevacti

--noprofile
Don't load the system-wide startup filec/profile’ or any of the personal initialization fileg.bash_profile'
*~/.bash_login' , Or *~/.profile’ when Bash is invoked as a login shell.

--norc
Don't read the~/.bashrc' initialization file in an interactive shell. This on by default if the shell is invoked sis

--posix
Change the behavior of Bash where the default tipardiffers from the POSIX 1003.2 standard to rhate standard. This is
intended to make Bash behave as a strict supdreitestandard. See sectidril Bash POSIX Moddor a description of the
Bash POSIX mode.

--restricted
Make the shell a restricted shell (see sedid® The Restricted Shgll

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

--version
Show version information for this instance of Bastthe standard output and exit successfully.

There are several single-character options thatheagupplied at invocation which are not availatith theset builtin.
-c string

Read and execute commands frainng after processing the options, then exit. Any rerimg arguments are assigned to the
positional parameters, starting witt.

Force the shell to run interactively. Interactihels are described B3 Interactive Shells

Make this shell act as if it had been directly iked by login. When the shell is interactive, tligquivalent to starting a login
shell with exec -1 bash’ . When the shell is not interactive, the login sb&rtup files will be executetkxec bash -I or

“exec bash --login' will replace the current shell with a Bash logirels. See sectiofi.2 Bash Startup File$or a description of
the special behavior of a login shell.

Make the shell a restricted shell (see sedid® The Restricted Shgll

If this option is present, or if no arguments remeliter option processing, then commands are mead the standard input. This
option allows the positional parameters to be $&tminvoking an interactive shell.

A list of all double-quoted strings preceded ®y is printed on the standard ouput. These are thegstthat are subject to
language translation when the current locale irwtPosix (see sectio8.1.2.5 Locale-Specific TranslatiprThis implies the
-n' option; no commands will be executed.

[-+]O[ shopt_option]
shopt_option is one of the shell options accepted bystiwpt builtin (see sectiod. Shell Builtin CommandsIf shopt_option is
present;-0' sets the value of that optiorp' unsets it. Iishopt_option is not supplied, the names and values of the shétns

accepted byhopt are printed on the standard output. If the inviocabption is+0' , the output is displayed in a format that may
be reused as input.

A -- signals the end of options and disables furthéoogrocessing. Any arguments after theare treated as filenames and
arguments.

A login shell is one whose first character of argumem ¥, or one invoked with the-login' option.

An interactive shell is one started without non-option argumeamtéess-s' is specified, without specifying the: option, and whose
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input and output are both connected to terminalgiédermined bigatty(3) ), or one started with the'  option. See sectiof.3
Interactive Shellsfor more information.

If arguments remain after option processing, aritheethe™-c  nor the™-s'  option has been supplied, the first argumentssmagd to
be the name of a file containing shell commands §setior8.8 Shell Scripfs When Bash is invoked in this fashi@o, is set to the
name of the file, and the positional parametersat¢o the remaining arguments. Bash reads araitssscommands from this file, then
exits. Bash's exit status is the exit status ofdsecommand executed in the script. If no comreaare executed, the exit status is 0.
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6.2 Bash Startup Files

This section describs how Bash executes its stéditegp If any of the files exist but cannot bedeBash reports an error. Tildes are
expanded in file names as described above undde Ekpansion (see secti8rb.2 Tilde Expansion

Interactive shells are described6ir® Interactive Shells

Invoked as an interactive login shell, or with *--login’

When Bash is invoked as an interactive login sloelgs a non-interactive shell with théogin' option, it first reads and executes
commands from the filgetc/profile’ , if that file exists. After reading that file,ldoks for*~/.bash_profile' , “~I.bash_login' ,
and’~/.profile' , in that order, and reads and executes commaouisthe first one that exists and is readable. Theprofile’

option may be used when the shell is started tibiinttis behavior.

When a login shell exits, Bash reads and execatesnands from the file-/.bash_logout' , if it exists.
Invoked as an inter active non-login shell

When an interactive shell that is not a login steeditarted, Bash reads and executes commands-ftoashre: |, if that file exists. This
may be inhibited by using thenorc'  option. The--rcfile file' option will force Bash to read and execute commsdrnaimnfile
instead of~/.bashrc'

So, typically, your~/.bash_profile' contains the line
if [ -f ~/.bashrc ]; then . ~/.bashrc; fi

after (or before) any login-specific initializati®n
Invoked non-interactively

When Bash is started non-interactively, to runellstript, for example, it looks for the varialdesH_ENvin the environment, expands
its value if it appears there, and uses the expghwdkie as the name of a file to read and exeBateh behaves as if the following
command were executed:

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

but the value of theaTHvariable is not used to search for the file name.

As noted above, if a non-interactive shell is inedkvith the'--login' option, Bash attempts to read and execute comnfesristhe
login shell startup files.

Invoked with name sh

If Bash is invoked with the nansa, it tries to mimic the startup behavior of histaliversions ofh as closely as possible, while
conforming to the POSIX standard as well.

When invoked as an interactive login shell, or asminteractive shell with thelogin' option, it first attempts to read and execute
commands fronvetc/profile' and’~/.profile’ , in that order. The&-noprofile' option may be used to inhibit this behavior.
When invoked as an interactive shell with the nameBash looks for the variabtny, expands its value if it is defined, and uses the
expanded value as the name of a file to read aeadua. Since a shell invokedstsdoes not attempt to read and execute commands
from any other startup files, thercfile’ option has no effect. A non-interactive shell iked with the nameh does not attempt to
read any other startup files.

When invoked ash, Bash enters POSIX mode after the startup filesead.
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Invoked in POSI X mode

When Bash is started in POSIX mode, as with'thesix'  command line option, it follows the POSIX standbodstartup files. In this
mode, interactive shells expand tevvariable and commands are read and executed frefilé whose name is the expanded value.
No other startup files are read.

Invoked by remote shell daemon

Bash attempts to determine when it is being ruthbyremote shell daemon, usuadiyd . If Bash determines it is being run by rshd, it
reads and executes commands framnashre’ , if that file exists and is readable. It will rdn this if invoked ash. The --norc’

option may be used to inhibit this behavior, arsl thcfile' option may be used to force another file to belrbatrshd does not
generally invoke the shell with those options dowalthem to be specified.

Invoked with unequal effective and real UID/GIDs
If Bash is started with the effective user (groigbhot equal to the real user (group) id, and-pheption is not supplied, no startup files
are read, shell functions are not inherited fromehvironment, theHELLOPTSvariable, if it appears in the environment, isaged, and

the effective user id is set to the real userfithd -p option is supplied at invocation, the startup hétras the same, but the effective
user id is not reset.
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6.3 Interactive Shells

6.3.1 What is an Interactive Shell?vhat determines whether a shell is Interactive.
6.3.2 Is this Shell Interactive?  How to tell if a shell is interactive.
6.3.3 Interactive Shell Behavior What changes in a interactive shell?
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6.3.1 What is an | nteractive Shell?

An interactive shell is one started without noni@parguments, unless' is specified, without specifiying the:  option, and whose
input and output are both connected to terminalsiédermined bigatty(3) ), or one started with the'  option.

An interactive shell generally reads from and verite a user's terminal.

The-s' invocation option may be used to set the positippeameters when an interactive shell is started.

[<1[>] [=<]J[Up][>>]  [Top][Content}[Index][ ?]

6.3.2 Isthis Shell I nteractive?

To determine within a startup script whether orBash is running interactively, test the valuehef't  special parameter. It contains
when the shell is interactive. For example:

case "$-"in

*i*) echo This shell is interactive ;;

*)  echo This shell is not interactive ;;
esac

Alternatively, startup scripts may examine the abléPsz; it is unset in non-interactive shells, and sdhteractive shells. Thus:

if [ -z "$PS1"]; then

echo This shell is not interactive
else

echo This shell is interactive
fi
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6.3.3 Interactive Shell Behavior

When the shell is running interactively, it change$ehavior in several ways.

1. Startup files are read and executed as describ@@ iBash Startup Files

2. Job Control (see sectiah Job Contrglis enabled by default. When job control is ireeff Bash ignores the keyboard-generated
job control signalsSIGTTIN, SIGTTOU, andSIGTSTP.

3. Bash expands and displagsi before reading the first line of a command, angbexis and displayss2 before reading the second
and subsequent lines of a multi-line command.

4. Bash executes the value of #ROMPT_CcOMMANMariable as a command before printing the prinpaoynpt,$Ps1 (see sectioh.2
Bash Variables

5. Readline (see sectiéh Command Line Editifgs used to read commands from the user's terminal

6. Bash inspects the value of tigeoreeof  option toset-o  instead of exiting immediately when it receivesaron its standard
input when reading a command (see secti@niThe Set Builtin

7. Command history (see sectiérl Bash History Facilitigsand history expansion (see sectoB History Expansionare enabled
by default. Bash will save the command histonh@sfile named bgHISTFILE when an interactive shell exits.

8. Alias expansion (see sectiérb Aliase$ is performed by default.
9. In the absence of any traps, Bash ignsieserM(see sectioB.7.6 Signals
10. In the absence of any tragsGINT is caught and handled ((see sec80h6 Signals SIGINT will interrupt some shell builtins.

11. An interactive login shell sendssacHUPto all jobs on exit if th@upoxexit  shell option has been enabled (see seftiori
Signals.

12. The -n' invocation option is ignored, angkt -n° ~ has no effect (see sectidr8 The Set Builtih

13. Bash will check for mail periodically, depending thre values of th®AiL, MAILPATH, andMAILCHECKShell variables (see section
5.2 Bash Variablgs

14. Expansion errors due to references to unbound eaedlbles afterset-u'  has been enabled will not cause the shell to(saé
section4.3 The Set Builtin

15. The shell will not exit on expansion errors caulgdar being unset or null ig{ var :? wor d} expansions (see sectidrb.3 Shell
Parameter Expansipn

16. Redirection errors encountered by shell builtink mat cause the shell to exit.

17. When running in POSIX mode, a special builtin reing an error status will not cause the shell tib @ee sectiot.11 Bash

POSIX Mods.

18. A failed exec will not cause the shell to exit (see sectloh Bourne Shell Builtins

19. Parser syntax errors will not cause the shell tb ex

20. Simple spelling correction for directory argumetatshecd builtin is enabled by default (see the descriptibthecdspell  option
to theshopt builtin in 4.2 Bash Builtin Commanils

21. The shell will check the value of theioutvariable and exit if a command is not read withia specified number of seconds after
printing $PS1 (see sectioh.2 Bash Variablgs
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6.4 Bash Conditional Expressions

Conditional expressions are used by[theompound command and tleet and[ builtin commands.
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Expressions may be unary or binary. Unary exprassioe often used to examine the status of alfilere are string operators and
numeric comparison operators as well. If fiheargument to one of the primaries is of the fokwvid/ N, then file descriptoN is

checked. If thdile argument to one of the primaries is one&/dav/stdin’

2, respectively, is checked.

-a
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file

True iffile exists.
file

True iffile exists and is a block special file.
file

True iffile exists and is a character special file.
file

True iffile exists and is a directory.
file

True iffile exists.
file

True iffile exists and is a regular file.
file

True iffile exists and its set-group-id bit is set.
file

True iffile exists and is a symbolic link.
file

True iffile exists and its "sticky" bit is set.
file

True iffile exists and is a named pipe (FIFO).
file

True iffile exists and is readable.
file

True iffile exists and has a size greater than zero.
fd

True if file descriptoffd is open and refers to a terminal.
file

True iffile exists and its set-user-id bit is set.
file

True iffile exists and is writable.
file

True iffile exists and is executable.
file

True iffile exists and is owned by the effective user id.
file

True iffile exists and is owned by the effective group id.
file

True iffile exists and is a symbolic link.
file

True iffile exists and is a socket.
file

True iffile exists and has been modified since it was last rea

, Or*/dev/stderr' , file descriptor 0, 1, or
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filel-nt file2
True iffilel is newer (according to modification date) tHie2, or if filel exists andile2 does not.

filel-ot file2
True iffilel is older tharfile2, or if file2 exists andilel does not.

filel-ef file2
True iffilel andfile2 refer to the same device and inode numbers.

-0 optnane
True if shell optioroptname is enabled. The list of options appears in thewdgtion of the-o'  option to theset builtin (see
sectiond.3 The Set Builtih

-z string
True if the length oftring is zero.

-n string
string

True if the length oftring is non-zero.

stringl== string2
True if the strings are equat: may be used in place B for strict POSIX compliance.

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

stringl< string2
True if stringl sorts beforetring2 lexicographically in the current locale.

stringl> string2
True if stringl sorts aftestring2 lexicographically in the current locale.

argl OP arg2
opPis one of-eq ,™-ne’ ,-It ,-le ,-gt ,o0r-ge’ .These arithmetic binary operators return truagfl is equal to, not

equal to, less than, less than or equal to, grélaaer, or greater than or equabig?, respectivelyArgl andarg2 may be positive
or negative integers.
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6.5 Shell Arithmetic

The shell allows arithmetic expressions to be eatald, as one of the shell expansions or byethebuiltin.

Evaluation is done in fixed-width integers with ctweck for overflow, though division by 0 is trappet flagged as an error. The
operators and their precedence and associativtthersame as in the C language. The followingfisperators is grouped into levels
of equal-precedence operators. The levels ardlisterder of decreasing precedence.

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

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

unary minus and plus

logical and bitwise negation

*k

exponentiation

*[ %
multiplication, division, remainder
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addition, subtraction

<< >>

left and right bitwise shifts

<=>=< >
comparison

equality and inequality

&
bitwise AND
bitwise exclusive OR
bitwise OR
&&
logical AND
I
logical OR

expr ? expr : expr
conditional evaluation

= *= [= U= += -= <<= >>= &= "= |:
assignment

exprl , expr2
comma

Shell variables are allowed as operands; pararegpansion is performed before the expression ikiated. Within an expression, shell
variables may also be referenced by name withanguke parameter expansion syntax. The valuevefiable is evaluated as an
arithmetic expression when it is referenced. Alskaiable need not have its integer attribute édron to be used in an expression.

Constants with a leading 0 are interpreted as octaibers. A leadingx or'ox' denotes hexadecimal. Otherwise, numbers take the
form [base#]n, wherebase is a decimal number between 2 and 64 represethtingrithmetic base, amds a number in that base. If
base# is omitted, then base 10 is used. The digits grehtin 9 are represented by the lowercase lethersippercase lettergy', and

_' ,inthat order. Ibase is less than or equal to 36, lowercase and uppeiedters may be used interchangably to repressnbers
between 10 and 35.

Operators are evaluated in order of precedenceegpiessions in parentheses are evaluated firstaycbverride the precedence rules
above.
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6.6 Aliases

Aliases allow a string to be substituted for a word whieis used as the first word of a simple commandt 3tell maintains a list of
aliases that may be set and unset withathe andunalias  builtin commands.

The first word of each simple command, if unquoteahecked to see if it has an alias. If so, Wt is replaced by the text of the
alias. The alias name and the replacement textomatain any valid shell input, including shell metaracters, with the exception that
the alias name may not contain . The first word of the replacement text is tedtechliases, but a word that is identical to aasli
being expanded is not expanded a second time.ndass that one may aligasto"is -F* , for instance, and Bash does not try to
recursively expand the replacement text. If thedharacter of the alias value is a space or tabagier, then the next command word
following the alias is also checked for alias exgian.

Aliases are created and listed with #ies command, and removed with thalias command.
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There is no mechanism for using arguments in thlacement text, as issh . If arguments are needed, a shell function shbeldsed
(see sectioB.3 Shell Functions

Aliases are not expanded when the shell is notantire, unless thexpand_aliases  shell option is set usirghopt (see sectiod.2
Bash Builtin Commands

The rules concerning the definition and use ofsaaare somewhat confusing. Bash always readasatdee complete line of input
before executing any of the commands on that Afiases are expanded when a command is read, ret wis executed. Therefore, an
alias definition appearing on the same line ast@ratommand does not take effect until the negt difinput is read. The commands
following the alias definition on that line are radfected by the new alias. This behavior is atsgsaue when functions are executed.
Aliases are expanded when a function definitiore&, not when the function is executed, becadigedion definition is itself a
compound command. As a consequence, aliases défimefinction are not available until after thamction is executed. To be safe,
always put alias definitions on a separate lind,@mnot uselias in compound commands.

For almost every purpose, shell functions are prefeover aliases.

[<1[>] [=<]J[Up][>>]  [Top][Content}[Index][ ?]

6.7 Arrays

Bash provides one-dimensional array variables. varable may be used as an array;dégare  builtin will explicitly declare an array.
There is no maximum limit on the size of an array, any requirement that members be indexed ograedicontiguously. Arrays are
zero-based.

An array is created automatically if any variald@ssigned to using the syntax
name[subscri pt ]= val ue

Thesubscript is treated as an arithmetic expression that nuadtiate to a number greater than or equal to Zexexplicitly declare an
array, use
declare -a name

The syntax
declare -a nane[ subscri pt]

is also accepted; trsabscript is ignored. Attributes may be specified for aragvariable using theeclare andreadonly  builtins. Each
attribute applies to all members of an array.

Arrays are assigned to using compound assignméttie éorm
name=(value 1 .. value n)

where eaclvalue is of the form[ subscri pt]=] string. If the optional subscript is supplied, that indexssigned to; otherwise the index
of the element assigned is the last index assitmby the statement plus one. Indexing starts it Zehis syntax is also accepted by the
declare builtin. Individual array elements may be assigteedsing thename[ subscript]= value syntax introduced above.

Any element of an array may be referenced usijimgne[ subscript]} . The braces are required to avoid conflicts whitn shell's filename
expansion operators. If tlsabscript is"@' or* , the word expands to all members of the anaye. These subscripts differ only when
the word appears within double quotes. If the wsrdouble-quoteds{name[*]} expands to a single word with the value of eachyar
member separated by the first character offtevariable, and{name[@]} expands each elementrame to a separate word. When
there are no array membesgiame[@]} expands to nothing. This is analogous to the esiparof the special parameteg and* .
${#name| subscript]} expands to the length sfname[ subscript]} . If subscript is*@' or* , the expansion is the number of elements in
the array. Referencing an array variable withostilascript is equivalent to referencing element zero

Theunset builtin is used to destroy arraysset name[subscript] destroys the array element at indeRscript. unset name, where
name is an array, removes the entire array. A subsofipt or'@' also removes the entire array.

Thedeclare ,local , andreadonly builtins each accept'ar  option to specify an array. Thead builtin accepts aa  option to
assign a list of words read from the standard itpain array, and can read values from the staridaud into individual array elements.
Theset anddeclare builtins display array values in a way that allatvsm to be reused as input.
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6.8 The Directory Stack
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6.8.1 Directory Stack BuiltinsBash builtin commands to manipulate the directbagk.

The directory stack is a list of recently-visiteidedtories. Theushd builtin adds directories to the stack as it charthe current
directory, and th@opd builtin removes specified directories from thecktand changes the current directory to the dirgetemoved.

Thedirs

builtin displays the contents of the directoryckta

The contents of the directory stack are also asitd the value of thmRSTACKshell variable.
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6.8.1 Directory Stack Builtins

dirs

popd

pushd
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dirs[+ NJ|- N][-clpv]

Display the list of currently remembered directsriBirectories are added to the list with hend command; th@opd command
removes directories from the list.
+N

Displays theNth directory (counting from the left of the listipied bydirs when invoked without options), starting with
zero.

Displays theNth directory (counting from the right of the listmted bydirs when invoked without options), starting with
zero.

Clears the directory stack by deleting all of theneents.
Produces a longer listing; the default listing fatrases a tilde to denote the home directory.
Causeglirs to print the directory stack with one entry peeli

Causeglirs to print the directory stack with one entry peeli prefixing each entry with its index in the g&tac

popd [+ N[- N [-n]

Remove the top entry from the directory stack, antb the new top directory. When no arguments arergpopd removes the
top directory from the stack and performaiao the new top directory. The elements are nuntbfrten O starting at the first

directory listed withdirs ; i.e.,popd is equivalent t@opd +0 .

+N

-N

Removes th&lth directory (counting from the left of the listipied bydirs ), starting with zero.
Removes thélth directory (counting from the right of the lisiqted bydirs ), starting with zero.

Suppresses the normal change of directory whenviemdirectories from the stack, so that only tteck is manipulated.

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

Save the current directory on the top of the dimgcstack and theed to dir. With no argumentgushd exchanges the top two
directories.

+N

dir

Brings theNth directory (counting from the left of the listipted bydirs , starting with zero) to the top of the list byatig
the stack.

Brings theNth directory (counting from the right of the lisited bydirs , starting with zero) to the top of the list by
rotating the stack.

Suppresses the normal change of directory whemgdtiiectories to the stack, so that only the sisckanipulated.

Makes the current working directory be the tophef stack, and then executes the equivaleniadit'. cds todir.
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6.9 Controlling the Prompt

The value of the variableROMPT_coMMAiDexamined just before Bash prints each primaoynpt. If PROMPT_COMMAI¢Dset and has a
non-null value, then the value is executed just aad been typed on the command line.

In addition, the following table describes the spkcharacters which can appear in the prompt kg

\a
A bell character.
\d
The date, in "Weekday Month Date" format (e.g.,éTay 26").
\D{ f or mat}
Theformat is passed teritime  (3) and the result is inserted into the promphgtran emptyormat results in a locale-specific
time representation. The braces are required.
\e
An escape character.
\h
The hostname, up to the first ".".

\H
The hostname.
\j
The number of jobs currently managed by the shell.
\
The basename of the shell's terminal device name.
\n
A newline.
\r
A carriage return.
\s
The name of the shell, the basenamgoadfthe portion following the final 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 username of the current user.
\v
The version of Bash (e.g., 2.00)
WV
The release of Bash, version + patchlevel (e.§0.Q)
\w
The current working directory.
W
The basename gPwD
\l
The history number of this command.
W
The command number of this command.
\$

If the effective uid is O, otherwises.
\'nnn
The character whose ASCII code is the octal vahre
\
A backslash.
\[
Begin a sequence of non-printing characters. Tdugdche used to embed a terminal control sequemodhe prompt.
\]
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End a sequence of non-printing characters.

The command number and the history number are lysiieierent: the history number of a command ssgbsition in the history list,
which may include commands restored from the hjditer (see sectio®.1 Bash History Facilitigswhile the command number is the
position in the sequence of commands executedglthincurrent shell session.

After the string is decoded, it is expanded vieapagter expansion, command substitution, arithneegi@nsion, and quote removal,
subject to the value of theomptvars  shell option (see sectigh2 Bash Builtin Commanils
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6.10 The Restricted Shell

If Bash is started with the namsh , or the --restricted' or>-r  option is supplied at invocation, the shell becemestricted. A
restricted shell is used to set up an environmemeroontrolled than the standard shell. A restiictieell behaves identically bash
with the exception that the following are disall@iva not performed:

¢ Changing directories with the builtin.

e Setting or unsetting the values of #ieELL, PATH ENV, or BASH_ENWariables.

¢ Specifying command names containing slashes.

» Specifying a filename containing a slash as anraggt to the builtin command.

¢ Specifying a filename containing a slash as anraegu to the-p'  option to thenash builtin command.
¢ Importing function definitions from the shell emmimment at startup.

¢ Parsing the value afHELLOPTSfrom the shell environment at startup.

e Redirecting output using the , > ,'<>' ,'>& ,°&>" , and>> redirection operators.
¢ Using theexec builtin to replace the shell with another command.

e Adding or deleting builtin commands with the and-d° options to thennable builtin.
e Using theenable builtin command to enable disabled shell builtins.

e Specifying the-p' option to thecommand builtin.

e Turning off restricted mode witlset +r  Or “set +o restricted'

These restrictions are enforced after any staiteip dére read.

When a command that is found to be a shell s@ipkecuted (see sectid8r8 Shell Scripfs rbash turns off any restrictions in the shell
spawned to execute the script.
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6.11 Bash POSI X Mode

Starting Bash with the-posix =~ command-line option or executingt -o posix’ while Bash is running will cause Bash to conform
more closely to the POSIX 1003.2 standard by chatie behavior to match that specified by POSIAreas where the Bash default
differs.

When invoked ash, Bash enters POSIX mode after reading the stéditesp
The following list is what's changed when "POSIXde(ds in effect:

1. When a command in the hash table no longer eBstsh will re-searckPATHto find the new location. This is also availabliéhw
“shopt -s checkhash’

2. The message printed by the job control code antrsuivhen a job exits with a non-zero status isng(status)'.

3. The message printed by the job control code antinaiwhen a job is stopped is “Stoppsgtame)’, wheresigname is, for
example SIGTSTP.

4. Reserved words may not be aliased.

5. The POSIX 1003.2s1 andpPs2 expansions of*  to the history number angt  to'r are enabled, and parameter expansion is
performed on the values B§1 andps2 regardless of the setting of themptvars  option.

6. Interactive comments are enabled by default. (Bashthem on by default anyway.)
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7. The POSIX 1003.2 startup files are executghy) rather than the normal Bash files.

8. Tilde expansion is only performed on assignmergsguing a command name, rather than on all assigrstetements on the

line.
9. The default history file i5-/.sh_history’ (this is the default value @HISTFILE ).
10. The output ofkill -I prints all the signal names on a single line, sztpd by spaces.

11. Non-interactive shells exit fflenamein . filename is not found.

12. Non-interactive shells exit if a syntax error inaithmetic expansion results in an invalid expi@ss

13. Redirection operators do not perform filename egjamon the word in the redirection unless thelsbéhteractive.
14. Redirection operators do not perform word splittimgthe word in the redirection.

15. Function names must be valid shelihes. That is, they may not contain characters othesn tetters, digits, and underscores, and
may not start with a digit. Declaring a functiorthwan invalid name causes a fatal syntax erroominteractive shells.

16. POSIX 1003.2 “special’ builtins are found beforellstunctions during command lookup.

17. If a POSIX 1003.2 special builtin returns an estatus, a non-interactive shell exits. The fatedrsrare those listed in the
POSIX.2 standard, and include things like pasgiagrirect options, redirection errors, variable gasient errors for assignments
preceding the command name, and so on.

18. If the cd builtin finds a directory to change to usLpPPATH the value it assigns to tie&Dvariable does not contain any symbolic
links, as if'cd-P*  had been executed.

19. If cDPATHS set, thed builtin will not implicitly append the current dictory to it. This means thed will fail if no valid directory
name can be constructed from any of the entrigsiATH even if the a directory with the same name asi#imee given as an
argument ted exists in the current directory.

20. A non-interactive shell exits with an error staifies variable assignment error occurs when no conthmame follows the
assignment statements. A variable assignment ecaurs, for example, when trying to assign a védug readonly variable.

21. A non-interactive shell exits with an error staifuhe iteration variable in #r statement or the selection variable iselact
statement is a readonly variable.

22. Process substitution is not available.
23. Assignment statements preceding POSIX 1003.2 dmgitins persist in the shell environment aftee builtin completes.

24. Assignment statements preceding shell functiors gafsist in the shell environment after the fuorctieturns, as if a POSIX
special builtin command had been executed.

25. Theexport andreadonly builtin commands display their output in the fotmequired by POSIX 1003.2.
26. Thetrap builtin displays signal names without the leading.
27. The. andsource builtins do not search the current directory far filename argument if it is not found by seargmnTH

28. Subshells spawned to execute command substittitibesit the value of thee' option from the parent shell. When not in POSIX
mode, Bash clears the' option in such subshells.

29. Alias expansion is always enabled, even in nonaative shells.
30. When theset builtin is invoked without options, it does nosgliay shell function names and definitions.

31. When theset builtin is invoked without options, it displaysneable values without quotes, unless they contaéll s
metacharacters, even if the result contains notipgitharacters.

32. When thecd builtin is invoked inlogical mode, and the pathname constructed fsemband the directory name supplied as an
argument does not refer to an existing directarywill fail instead of falling back tghysical mode.

There is other POSIX 1003.2 behavior that Bash doesmplement. Specifically:

1. Assignment statements affect the execution enviesrirof all builtins, not just special ones.
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2. When a subshell is created to execute a shelltsgitip execute permission, but without a leadi#ig , Bash setso to the full
pathname of the script as found by searchiigH rather than the command as typed by the user.

3. When using.' to source a shell script found$rATH bash checks execute permission bits rather #ch permission bits, just
as if it were searching for a command.
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7. Job Control

This chapter discusses what job control is, homoitks, and how Bash allows you to access its fasli

7.1 Job Control Basics How job control works.
7.2 Job Control Builtins Bash builtin commands used to interact with jobtool.
7.3 Job Control Variablesvariables Bash uses to customize job control.
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7.1 Job Control Basics

Job control refers to the ability to selectivelygms{suspend) the execution of processes and cenfieaume) their execution at a later
point. A user typically employs this facility viandnteractive interface supplied jointly by the tgys's terminal driver and Bash.

The shell associateg@b with each pipeline. It keeps a table of currepttgcuting jobs, which may be listed with {hies command.
When Bash starts a job asynchronously, it pridiiseathat looks like:
[1] 25647

indicating that this job is job number 1 and thmeg process ID of the last process in the pipelgs®eiated with this job is 25647. All of
the processes in a single pipeline are membetseafame job. Bash uses fbk abstraction as the basis for job control.

To facilitate the implementation of the user inded to job control, the operating system mainttiasotion of a current terminal
process group ID. Members of this process groupcgsses whose process group ID is equal to therdusrminal process group ID)
receive keyboard-generated signals suchi@s!T . These processes are said to be in the foregr@awkground processes are those
whose process group ID differs from the terminalg;sh processes are immune to keyboard-genergtealsi Only foreground processes
are allowed to read from or write to the termimgdckground processes which attempt to read froritgwo) the terminal are sent a
SIGTTIN (SIGTTOU signal by the terminal driver, which, unless datiguspends the process.

If the operating system on which Bash is runningpsuts job control, Bash contains facilities to its@yping thesuspend character
(typically ~z' , Control-Z) while a process is running causes fihatess to be stopped and returns control to Bagiing thedelayed
suspend character (typically~y' , Control-Y) causes the process to be stopped vitedtempts to read input from the terminal, and
control to be returned to Bash. The user then nudatips the state of this job, using Hgecommand to continue it in the background, the
fg command to continue it in the foreground, orkihe command to kill it. A~z takes effect immediately, and has the additioiu& s
effect of causing pending output and typeaheac tdiscarded.

There are a number of ways to refer to a job irstiel. The charactevs' introduces a job name.

Job numben may be referred to a&n' . The symbols»%' and %+ refer to the shell's notion of the current jobjakhis the last job
stopped while it was in the foreground or startethe background. The previous job may be refeird@nseng%-' . In output pertaining
to jobs (e.g., the output of thebs command), the current job is always flagged witk g and the previous job with'a .

A job may also be referred to using a prefix of tlagne used to start it, or using a substring thpéars in its command line. For
example,;%ce' refers to a stoppe job. Using'%?ce’ , on the other hand, refers to any job containiregstringce’ in its command
line. If the prefix or substring matches more tloae job, Bash reports an error.

Simply naming a job can be used to bring it int® fibreground:%1' is a synonym forig %1 , bringing job 1 from the background into
the foreground. Similarly%i1 & resumes job 1 in the background, equivalenigos1’

The shell learns immediately whenever a job chasgee. Normally, Bash waits until it is about tinpa prompt before reporting
changes in a job's status so as to not interrupotirer output. If the-b' option to theset builtin is enabled, Bash reports such changes
immediately (see sectigh3 The Set Builtih Any trap onsiIGCHLDis executed for each child process that exits.

If an attempt to exit Bash is while jobs are staphpbe shell prints a message warning that therstapped jobs. Thebs command
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may then be used to inspect their status. If arskattempt to exit is made without an interveningnmand, Bash does not print another
warning, and the stopped jobs are terminated.
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7.2 Job Control Builtins

bg
bg [ j obspec]
Resume the suspended jobspec in the background, as if it had been started with If jobspec is not supplied, the current job is
used. The return status is zero unless it is ruervybb control is not enabled, or, when run with gontrol enabled, jiobspec was
not found oljobspec specifies a job that was started without job aantr
fg
fg[ j obspec]
Resume the jojpbspec in the foreground and make it the current jolpolepec is not supplied, the current job is used. Therretu
status is that of the command placed into the foratd, or non-zero if run when job control is digabor, when run with job
control enabledobspec does not specify a valid job mbspec specifies a job that was started without job aantr
jobs
jobs [-Inprs] [ j obspec]
jobs -x command [ ar gunment s]
The first form lists the active jobs. The optiormvé the following meanings:
-l
List process IDs in addition to the normal inforioat
-n
Display information only about jobs that have chehgtatus since the user was last notified of #tatus.
-p
List only the process ID of the job's process griaauler.
-r
Restrict output to running jobs.
-S
Restrict output to stopped jobs.
If jobspec is given, output is restricted to information abthat job. Ifjobspec is not supplied, the status of all jobs is listed.
If the -x* option is suppliedpbs replaces anjobspec found incommand or arguments with the corresponding process group ID,
and executesommand, passing iarguments, returning its exit status.
kill
kill [-s si gspec][-n signunj[- sigspec] jobspecor pid
kill -1 [ exit_status]
Send a signal specified kigspec or signum to the process named by job specificafimspec or process Ipid. sigspec is either a
signal name such &sGINT (with or without thesiG prefix) or a signal numbesignum s a signal number. Hgspec andsignum
are not presen§IGTERMis used. Thel'  option lists the signal names. If any argumengssaipplied when!' is given, the
names of the signals corresponding to the argunagatisted, and the return status is zexd. statusis a number specifying a
signal number or the exit status of a process tetad by a signal. The return status is zeroléaxt one signal was successfully
sent, or non-zero if an error occurs or an invapton is encountered.
wait

wait[ | obspec or pid]

Wait until the child process specified by procd3gid or job specificatiofobspec exits and return the exit status of the last
command waited for. If a job spec is given, allggsses in the job are waited for. If no argumerggéaven, all currently active
child processes are waited for, and the returmisiatzero. If neithgobspec nor pid specifies an active child process of the shell,
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the return status is 127.

disown
disown [-ar] [-h] [ j obspec .. ]

Without options, eacjobspec is removed from the table of active jobs. If the option is given, the job is not removed from the
table, but is marked so thaitGHUPis not sent to the job if the shell receivea@HUP. If jobspec is not present, and neither the

-a' nor’-r  option is supplied, the current job is used. ljotmspec is supplied, thea option means to remove or mark all
jobs; the-r  option without gobspec argument restricts operation to running jobs.

suspend
suspend [-f]

Suspend the execution of this shell until it reesigsiIGCONTsignal. The-#  option means to suspend even if the shell isia log
shell.

When job control is not active, tlh& andwait builtins do not accepbbspec arguments. They must be supplied process IDs.
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7.3 Job Control Variables

auto_resume
This variable controls how the shell interacts wvtita user and job control. If this variable exisisn single word simple
commands without redirections are treated as catedor resumption of an existing job. There iambiguity allowed; if there
is more than one job beginning with the string tpben the most recently accessed job will becseie The name of a stopped
job, in this context, is the command line usedt&ntst. If this variable is set to the valugact' , the string supplied must match
the name of a stopped job exactly; if sektostring  , the string supplied needs to match a substringeohame of a stopped
job. The substring' value provides functionality analogous to thte' job ID (see sectioi.1 Job Control BasigsIf set to any
other value, the supplied string must be a preffix stopped job's name; this provides functionaitplogous to thes' job ID.

[<1[>] [<<][Up][>>]  [Top|[Content§[Index] [ ?]

8. Command Line Editing

This chapter describes the basic features of thed @inmand line editing interface. Command lineiadits provided by the Readline
library, which is used by several different progsaincluding Bash.

8.1 Introduction to Line Editing Notation used in this text.

8.2 Readline Interaction The minimum set of commands for editing a line.

8.3 Readline Init File Customizing Readline from a user's view.

8.4 Bindable Readline Commands A description of most of the Readline commandsilakle for binding
8.5 Readline vi Mode A short description of how to make Readline beh#e the vi editor.
8.6 Programmable Completion How to specify the possible completions for acipgrcommand.

8.7 Programmable Completion BuiltinBuiltin commands to specify how to complete arguis for a particular command.
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8.1 Introduction to Line Editing

The following paragraphs describe the notation usedpresent keystrokes.
The textc-k is read as "Control-K' and describes the chargectetuced when thekey is pressed while the Control key is depressed.

The textm-k is read as "Meta-K' and describes the characteluged when the Meta key (if you have one) is degar@, and thie key is
pressed. The Meta key is labelad on many keyboards. On keyboards with two keysléabea T (usually to either side of the space
bar), theaLT on the left side is generally set to work as aai@ty. TheALT key on the right may also be configured to worladdeta
key or may be configured as some other modifiechsas a Compose key for typing accented characters.
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If you do not have a Meta aLT key, or another key working as a Meta key, thatidal keystroke can be generated by typEsgfirst,
and then typing. Either process is known awtafying thek key.

The textm-C-k is read as "Meta-Control-k' and describes theazttar produced byetafying C-k .

In addition, several keys have their own namesci@ipally, DEL, ESG LFD, SPG RET, andTAB all stand for themselves when seen in this
text, or in an init file (see sectiéh3 Readline Init File If your keyboard lacks eFD key, typingc-j will produce the desired character.
TheRETkey may be labeledeturn orEnter on some keyboards.
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8.2 Readline I nteraction

Often during an interactive session you type iarglline of text, only to notice that the first wlasn the line is misspelled. The Readline
library gives you a set of commands for maniputatime text as you type it in, allowing you to jéigtyour typo, and not forcing you to
retype the majority of the line. Using these edittommands, you move the cursor to the place gedscorrection, and delete or insert
the text of the corrections. Then, when you arisfiad with the line, you simply pre&eT. You do not have to be at the end of the line to
pressrET, the entire line is accepted regardless of thation of the cursor within the line.

8.2.1 Readline Bare Essentials The least you need to know about Readline.
8.2.2 Readline Movement Commands Moving about the input line.

8.2.3 Readline Killing Commands How to delete text, and how to get it back!
8.2.4 Readline Arguments Giving numeric arguments to commands.

8.2.5 Searching for Commands in the HistoBearching through previous lines.
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8.2.1 Readline Bare Essentials

In order to enter characters into the line, sintpbe them. The typed character appears where tisercwas, and then the cursor moves
one space to the right. If you mistype a charagtar,can use your erase character to back up daettdbe mistyped character.

Sometimes you may mistype a character, and natentie error until you have typed several otheradtars. In that case, you can type
C-b to move the cursor to the left, and then correct ynistake. Afterwards, you can move the cursdhéoright withc-f .

When you add text in the middle of a line, you wititice that characters to the right of the cueser'pushed over' to make room for the
text that you have inserted. Likewise, when yoetietext behind the cursor, characters to the afjtite cursor are “pulled back' to fill
in the blank space created by the removal of tkie £elist of the bare essentials for editing tegttof an input line follows.

C-b

Move back one character.
C-f

Move forward one character.
DEL Or Backspace

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-_ orCxC-u

Undo the last editing command. You can undo alWtag back to an empty line.

(Depending on your configuration, tBeckspace key be set to delete the character to the leth@ftursor and theeL key set to delete
the character underneath the cursor, ¢ike rather than the character to the left of the amuys

[<1[>] [<<][Up][>>]  [Top][Content§[Index] [ ?]

8.2.2 Readline M ovement Commands

The above table describes the most basic keysttbkégou need in order to do editing of the inlne. For your convenience, many
other commands have been added in additianbtpc-f , C-d, andDEL Here are some commands for moving more rapidiyigthe line.
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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 composed téte and digits.
M-b
Move backward a word.
(of

Clear the screen, reprinting the current line atttp.

Notice howc-f moves forward a character, whilef moves forward a word. It is a loose convention tumtrol keystrokes operate on
characters while meta keystrokes operate on words.
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8.2.3 Readline Killing Commands

Killing text means to delete the text from the line, bigave it away for later use, usuallyyanking (re-inserting) it back into the line.
("Cut' and “paste’ are more recent jargon for &il “yank'.)

If the description for a command says that it Skiléxt, then you can be sure that you can getetttéback in a different (or the same)
place later.

When you use a kill command, the text is savedkitlaing. Any number of consecutive kills save all of thikekl text together, so that
when you yank it back, you get it all. The kill gifs not line specific; the text that you killed amreviously typed line is available to be
yanked back later, when you are typing another line

Here is the list of commands for killing text.

C-k
Kill the text from the current cursor position teetend of the line.

M-d
Kill from the cursor to the end of the current wood, if between words, to the end of the next wdvdrd boundaries are the same
as those used by .

M-DEL
Kill from the cursor the start of the current wood, if between words, to the start of the previaasd. Word boundaries are the
same as those usediyp.

C-w
Kill from the cursor to the previous whitespaceisTis different tham-DEL because the word boundaries differ.

Here is how tgank the text back into the line. Yanking means to cthygymost-recently-killed text from the kill buffer

Cy
Yank the most recently killed text back into thdfbuat the cursor.

M-y
Rotate the kill-ring, and yank the new top. You caty do this if the prior command dsy or M-y.
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8.2.4 Readline Arguments

You can pass numeric arguments to Readline comm&adsetimes the argument acts as a repeat cobat, tohes it is thaign of the
argument that is significant. If you pass a negatitkgument to a command which normally acts imadead direction, that command will
act in a backward direction. For example, to leitttback to the start of the line, you might tyge c-k'

The general way to pass numeric arguments to a emhis to type meta digits before the commanddffirst “digit' typed is a minus
sign (- ), then the sign of the argument will be negat®ace you have typed one meta digit to get the aegaistarted, you can type
the remainder of the digits, and then the commBodexample, to give the-d command an argument of 10, you could type 0

c-d' , which will delete the next ten characters onitipait line.
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8.2.5 Searching for Commandsin the History

Readline provides commands for searching througlttéimmand history (see sect®i Bash History Facilitigdor lines containing a
specified string. There are two search mod&semental andnon-incremental.

Incremental searches begin before the user hahédityping the search string. As each charactirea$earch string is typed, Readline
displays the next entry from the history matching $tring typed so far. An incremental search megubnly as many characters as
needed to find the desired history entry. To sebegtkward in the history for a particular stringhec-r . Typingc-s searches forward
through the history. The characters present irvéthee of thesearch-terminators variable are used to terminate an incremental
search. If that variable has not been assignedle vheescandc-J characters will terminate an incremental seatah will abort an
incremental search and restore the original lineekthe search is terminated, the history entryatoimg the search string becomes the
current line.

To find other matching entries in the history lighec-r orc-s as appropriate. This will search backward or fadna the history for

the next entry matching the search string typefdusoAny other key sequence bound to a Readlinewamad will terminate the search
and execute that command. For instance awill terminate the search and accept the linerethng executing the command from the
history list. A movement command will terminate gearch, make the last line found the current lne, begin editing.

Readline remembers the last incremental seargfystfitwoc-r s are typed without any intervening charactersniledia new search
string, any remembered search string is used.

Non-incremental searches read the entire seaiioly &tefore starting to search for matching historgs. The search string may be typed
by the user or be part of the contents of the ctilee.
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8.3 Readlinelnit File

Although the Readline library comes with a set ofd€s-like keybindings installed by default, it @spible to use a different set of
keybindings. Any user can customize programs thatReadline by putting commands inigputrc file, conventionally in his home
directory. The name of this file is taken from tfeue of the shell variablePuTRC If that variable is unset, the default is
*~.inputrc'

When a program which uses the Readline librarysstgy, the init file is read, and the key bindiags set.
In addition, thec-x c-r command re-reads this init file, thus incorporgtimy changes that you might have made to it.

8.3.1 Readline Init File SyntaxSyntax for the commands in the inputrc file.

8.3.2 Conditional Init ConstructsConditional key bindings in the inputrc file.

8.3.3 Sample Init File An example inputrc file.
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8.3.1 Readline I nit File Syntax

There are only a few basic constructs allowed énReadline init file. Blank lines are ignored. Lsngeginning with & are comments.
Lines beginning with &' indicate conditional constructs (see sec8dh2 Conditional Init ConstrugtsOther lines denote variable
settings and key bindings.

Variable Settings
You can modify the run-time behavior of Readlinedltgring the values of variables in Readline usiset command within
the init file. The syntax is simple:

set variabl e val ue

Here, for example, is how to change from the défamacs-like key binding to use line editing commands:
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set editing-mode vi

Variable names and values, where appropriate eg@gnized without regard to case.

Thebind -v command lists the current Readline variable naanélsvalues. See sectidr?2 Bash Builtin Commands

A great deal of run-time behavior is changeablé Wit following variables.

bell-style
Controls what happens when Readline wants to hadgdrminal bell. If set toone' , Readline never rings the bell. If set to
visible' , Readline uses a visible bell if one is availabileet to‘audible’  (the default), Readline attempts to ring the
terminal's bell.

comment-begin
The string to insert at the beginning of the lineew thansert-comment  command is executed. The default valugis

completion-ignore-case
If set to'on' , Readline performs filename matching and compteitica case-insensitive fashion. The default vaduet

completion-query-items
The number of possible completions that determiviesn the user is asked whether he wants to sdistloé possibilities. If
the number of possible completions is greater themvalue, Readline will ask the user whetherairhe wishes to view
them; otherwise, they are simply listed. This Valeamust be set to an integer value greater thagual to 0. The default
limit is 100.

convert-meta
If setto'on' , Readline will convert characters with the eigbithset to an ASCII key sequence by stripping tighth bit
and prefixing aresccharacter, converting them to a meta-prefixeddegyuence. The default valueds' .

disable-completion
If set to*on' , Readline will inhibit word completion. Completiaharacters will be inserted into the line as étihad been
mapped tGelf-insert . The default isoff

editing-mode
Theediting-mode  variable controls which default set of key binding used. By default, Readline starts up in Emacs
editing mode, where the keystrokes are most sinol&macs. This variable can be set to eithasacs' or vi

enable-keypad
When set toon' , Readline will try to enable the application kegpehen it is called. Some systems need this toleriab
arrow keys. The default isff

expand-tilde
If set to'on' , tilde expansion is performed when Readline attemwprd completion. The default st

If setto'on' , the history code attempts to place point at #meslocation on each history line retrived with
previous-history Or next-history

horizontal-scroll-mode
This variable can be set to eitheir or-off . Setting it toon means that the text of the lines being edited seitbll
horizontally on a single screen line when theylanger than the width of the screen, instead ofppirgg onto a new screen
line. By default, this variable is set tof

input-meta
If setto'on' , Readline will enable eight-bit input (it will notear the eighth bit in the characters it readardless of what
the terminal claims it can support. The defaultieaboff . The nameneta-flag  is a synonym for this variable.

isearch-terminators
The string of characters that should terminatenareimental search without subsequently executiegliaracter as a
command (see secti@?2.5 Searching for Commands in the HisfoHythis variable has not been given a value, the
charactergscandc-J will terminate an incremental search.

keymap
Sets Readline's idea of the current keymap forkeging commands. Acceptalieymap hames aremacs,
emacs-standard , emacs-meta , emacs-ctlx , vi , vi-move , vi-command , andvi-insert  .vi IS equivalent t@i-command ;

emacs iS equivalent temacs-standard . The default value ismacs. The value of thediting-mode  variable also affects the
default keymap.
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mark-directories
If setto'on' , completed directory names have a slash appentheddefault ison' .

mark-modified-lines
This variable, when set ton' , causes Readline to display an asterisk)(at the start of history lines which have been
modified. This variable i»ff by default.

mark-symlinked-directories
If set to'on' , completed names which are symbolic links to diees have a slash appended (subject to the adlue
mark-directories ). The default isoff

match-hidden-files
This variable, when set ton' , causes Readline to match files whose names bétjira".' (hidden files) when
performing filename completion, unless the leadingis supplied by the user in the filename to be detepl. This variable
is on' by default.

output-meta
If set to'on' , Readline will display characters with the eighihset directly rather than as a meta-prefixedpssequence.
The default isoff

page-completions
If setto'on' , Readline uses an internadre-like pager to display a screenful of possible clatipns at a time. This variable
is on' by default.

print-completions-horizontally
If setto'on' , Readline will display completions with matchestsd horizontally in alphabetical order, rathentlitown the
screen. The default isff

show-all-if-ambiguous
This alters the default behavior of the complefiamctions. If set toon' , words which have more than one possible
completion cause the matches to be listed immdgimstead of ringing the bell. The default valgeoft

visible-stats
If setto'on' , a character denoting a file's type is appendehetdilename when listing possible completionse Tefault is
“off'

Key Bindings
The syntax for controlling key bindings in the ifile is simple. First you need to find the nameh®# command that you want to
change. The following sections contain tables efdtbmmand name, the default keybinding, if any,astort description of what
the command does.

Once you know the name of the command, simply ptece line in the init file the name of the key ywish to bind the command
to, a colon, and then the name of the commandnahe of the key can be expressed in different waggending on what you
find most comfortable.

In addition to command names, readline allows keys bound to a string that is inserted when thei& pressed (@acro).

Thebind-p command displays Readline function names and fugsdin a format that can put directly into an aligation file.
See sectiod.2 Bash Builtin Commands

keyname: function-name or macro
keyname is the name of a key spelled out in English. Bameple:

Control-u: universal-argument
Meta-Rubout: backward-kill-word
Control-o: "> output"

In the above example;u is bound to the functiomiversal-argument , M-DEL is bound to the function
backward-kill-word , andc-o is bound to run the macro expressed on the rightitside (that is, to insert the text
output' into the line).

A number of symbolic character names are recognigel processing this key binding synt®&L, ESC, ESCAPE, LFD,
NEWLINE, RET, RETURN, RUBOUT, SPACE, SPC, andTAB.

"keyseq": function-name or macro

keyseq differs fromkeyname above in that strings denoting an entire key segeiean be specified, by placing the key
sequence in double quotes. Some GNU Emacs styledapes can be used, as in the following exarptehe special
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character names are not recognized.

"\C-u": universal-argument
"\C-x\C-r": re-read-init-file
"\e[11~": "Function Key 1"

In the above example;u is again bound to the functianiversal-argument (just as it was in the first exampléed:x
c-r is bound to the functiore-read-init-file ,and'EsCc[11~ is bound to insert the teXunction Key 1'

The following GNU Emacs style escape sequenceaaiéable when specifying key sequences:

\C-

\M-

\e

\

control prefix

meta prefix

an escape character
backslash

", a double quotation mark

*, a single quote or apostrophe

In addition to the GNU Emacs style escape sequeacgescond set of backslash escapes is available:

\a

\b

\d

\f

\n

\r

\t

\v

\ nnn

\x HH

alert (bell)

backspace

delete

form feed

newline

carriage return

horizontal tab

vertical tab

the eight-bit character whose value is the octhlesann (one to three digits)

the eight-bit character whose value is the hexad@oralueHH (one or two hex digits)

When entering the text of a macro, single or dogpletes must be used to indicate a macro definitimguoted text is assumed to
be a function name. In the macro body, the bachstasapes described above are expanded. Backslbghote any other
character in the macro text, including and™ . For example, the following binding will makex\ insert a single'  into
the line:

"\Cx\: W
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8.3.2 Conditional I nit Constructs

Readline implements a facility similar in spiritttte conditional compilation features of the C poggssor which allows key bindings
and variable settings to be performed as the re§tdists. There are four parser directives used.

$if
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Readline. The text of the test extends to the étideoline; no characters are required to isolate i
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Themode= form of thesif directive is used to test whether Readline isiiacs orvi mode. This may be used in
conjunction with theset keymap'  command, for instance, to set bindings indfeacs-standard  andemacs-ctix ~ keymaps

only if Readline is starting out kmacs mode.

Theterm= form may be used to include terminal-specific keydings, perhaps to bind the key sequences obiptite

terminal's function keys. The word on the rightesid the'='

is tested against both the full name of the teatrémd the

portion of the terminal name before the fikst. This allowssun to match botlkun andsun-cmd , for instance.

application
Theapplication construct is used to include application-spedéttings. Each program using the Readline libraty the
application name, and you can test for a particular value. Thiddde used to bind key sequences to functions Uafa
specific program. For instance, the following comahadds a key sequence that quotes the currenédops word in

$endif

Bash:
$if Bash
# Quote the current or previous word
"\C-xq": "\eb\"\ef\""
$endif

This command, as seen in the previous examplejriates arsit command.

$else

Commands in this branch of thie directive are executed if the test fails.

$include

This directive takes a single filename as an arguiraed reads commands and bindings from thatRide example, the following
directive reads frontetc/inputrc'
$include /etc/inputrc
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Here is an example of anputrc file. This illustrates key binding, variable aswsigent, and conditional syntax.

# This file controls the behaviour of line input ed
# programs that use the GNU Readline library. Exis
# 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 variab
# 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

#

# Arrow keys in keypad mode

#
#"\M-OD":
#'\M-OC":
#"\M-OA":
#"\M-OB":
#

backward-char
forward-char
previous-history
next-history

# Arrow keys in ANSI mode

#

"\M-[D":
"\M-[C":
"\M-[A":
"\M-[B":
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backward-char
forward-char
previous-history
next-history

iting for
ting

the function name is ignored
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#

# 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
#"\M-\C-[A": previous-history
#"\M-\C-[B": next-history

C-q: quoted-insert
$endif

# An old-style binding. This happens to be the def
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-"

# 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\\": M\

# Quote the current or previous word

"\C-xq": "\eb\"\ef\""

# Add a binding to refresh the line, which is unbou
"\C-xr": redraw-current-line

# Edit variable on current line.

"\M-\C-v": "\C-a\C-k$\C-y\M-\C-e\C-a\C-y="
$endif

# use a visible bell if one is available
set bell-style visible

# don't strip characters to 7 bits when reading
set input-meta on

# allow iso-latinl characters to be inserted rather
# than converted to prefix-meta sequences
set convert-meta off

# display characters with the eighth bit set direct
# rather than as meta-prefixed characters
set output-meta on

# if there are more than 150 possible completions f
# a word, ask the user if he wants to see all of th
set completion-query-items 150

# For FTP

$if Ftp

"\C-xg": "get \M-?"
"\C-xt": "put \M-?"
"\M-.": yank-last-arg
$endif
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8.4 Bindable Readline Commands
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8.4.1 Commands For Moving
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Moving about the line.

8.4.2 Commands For Manipulating The Histofgetting at previous lines.

8.4.3 Commands For Changing Text
8.4.4 Killing And Yanking

8.4.5 Specifying Numeric Arguments
8.4.6 Letting Readline Type For You
8.4.7 Keyboard Macros

Commands for changing text.
Commands for killing and yanking.

Specifying numeric arguments, repeat counts.

Getting Readline to do the typing for you.
Saving and re-executing typed characters
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8.4.8 Some Miscellaneous Commands Other miscellaneous commands.

This section describes Readline commands that mdypbnd to key sequences. You can list your kegibgs by executingind -P  or,
for a more terse format, suitable foriaputrc file, bind -p . (See sectiod.2 Bash Builtin CommandsCommand names without an
accompanying key sequence are unbound by default.

In the following descriptiongoint refers to the current cursor position, amatk refers to a cursor position saved by ¢bemark
command. The text between the point and mark ermed to as theegion.

[<1[>] [<<][Up][>>]  [Top][Content§[Index] [ ?]

8.4.1 Commands For Moving

beginning-of-line (C-a)
Move to the start of the current line.

end-of-line (C-e)
Move to the end of the line.

forward-char (C-f)
Move forward a character.

backward-char (C-b)
Move back a character.

forward-word (M-f)
Move forward to the end of the next word. Words @mposed of letters and digits.

backward-word (M-b)
Move back to the start of the current or previowsdvWords are composed of letters and digits.

clear-screen (C-)
Clear the screen and redraw the current line, hggt¥ie current line at the top of the screen.

redraw-current-line ()
Refresh the current line. By default, this is untu

[<1[>] [<<][Up][>>]  [Top|[Content§[Index] [ ?]

8.4.2 Commands For Manipulating The History

accept-line (Newline or Return)
Accept the line regardless of where the cursdf this line is non-empty, add it to the historgtlaccording to the setting of the
HISTCONTROLANdHISTIGNORE variables. If this line is a modified history lintken restore the history line to its originaksta

previous-history (C-p)
Move “back' through the history list, fetching fhrevious command.

next-history (C-n)
Move “forward' through the history list, fetchirgetnext command.

beginning-of-history (M-<)
Move to the first line in the history.

end-of-history (M->)
Move to the end of the input history, i.e., theelzurrently being entered.

reverse-search-history (C-r)
Search backward starting at the current line andmgo up' through the history as necessary. Thaligncremental search.

forward-search-history (C-s)
Search forward starting at the current line andingpWdown' through the the history as necessaris iEtan incremental search.

non-incremental-reverse-search-history (M-p)
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Search backward starting at the current line andmgoup'’ through the history as necessary usingraincremental search for a
string supplied by the user.

non-incremental-forward-search-history (M-n)
Search forward starting at the current line andingpWdown' through the the history as necessamgusinon-incremental search
for a string supplied by the user.

history-search-forward ()
Search forward through the history for the strifiglmaracters between the start of the currentdimg:the point. This is a
non-incremental search. By default, this commandhisound.

history-search-backward ()
Search backward through the history for the stohgharacters between the start of the currentdimithe point. This is a
non-incremental search. By default, this commandhisound.

yank-nth-arg (M-C-y)
Insert the first argument to the previous commarsdidlly the second word on the previous line) attp@Vith an argument,
insert thenth word from the previous command (the words ingrevious command begin with word 0). A negativguanent
inserts thenth word from the end of the previous command.

yank-last-arg (M-. or M-_)
Insert last argument to the previous command gbkeword of the previous history entry). With aguanent, behave exactly like
yank-nth-arg . Successive calls t@ank-last-arg move back through the history list, inserting It argument of each line in
turn.

[<1[>] [=<I[Up][>>]  [Topl[Content[Index][?]
8.4.3 Commands For Changing Text

delete-char (C-d)
Delete the character at point. If point is at tiegibning of the line, there are no charactersdnlitie, and the last character typed
was not bound teelete-char , then return EOF.

backward-delete-char (Rubout)
Delete the character behind the cursor. A numegaraent means to kill the characters instead adtitg them.

forward-backward-delete-char ()
Delete the character under the cursor, unlessutscis at the end of the line, in which casedharacter 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 verbalihis is how to insert key sequences likg, for example.

self-insert (a, b, A, 1, !, )
Insert yourself.

transpose-chars (C-t)
Drag the character before the cursor forward dvercharacter at the cursor, moving the cursor fahaa well. If the insertion
point is at the end of the line, then this tranggdbe last two characters of the line. Negatigeiments have no effect.

transpose-words (M-t)
Drag the word before point past the word after pairoving point past that word as well. If the irtgm point is at the end of the
line, this transposes the last two words on the lin

upcase-word (M-u)
Uppercase the current (or following) word. Withegative argument, uppercase the previous wordjduabt move the cursor.

downcase-word (M-I)
Lowercase the current (or following) word. With egative argument, lowercase the previous worddbutot move the cursor.

capitalize-word (M-c)
Capitalize the current (or following) word. Witagative argument, capitalize the previous wortldonot move the cursor.

overwrite-mode ()
Toggle overwrite mode. With an explicit positivenneric argument, switches to overwrite mode. Witleaplicit non-positive
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numeric argument, switches to insert mode. Thisroand affects onlgmacs mode;vi mode does overwrite differently. Each call
toreadline()  starts in insert mode.

In overwrite mode, characters boundét-insert replace the text at point rather than pushingeketo the right. Characters
bound tobackward-delete-char replace the character before point with a space.

By default, this command is unbound.

[<1[>] [<<][Up][>>]  [Top|[Content§[Index] [ ?]
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 loétcurrent line.

kill-whole-line ()
Kill all characters on the current line, no mattdrere point is. By default, this is unbound.

kill-word (M-d)
Kill from point to the end of the current word, ibbetween words, to the end of the next word. Wawdndaries are the same as

forward-word

backward-kill-word (M-DEL)
Kill the word behind point. Word boundaries are flagne agackward-word

unix-word-rubout (C-w)
Kill the word behind point, using white space agad boundary. The killed text is saved on the .

delete-horizontal-space ()
Delete all spaces and tabs around point. By deftidtis unbound.

kill-region ()
Kill the text in the current region. By defaultjsttommand is unbound.

copy-region-as-kill ()
Copy the text in the region to the kill buffer,iscan be yanked right away. By default, this comth& unbound.

copy-backward-word ()
Copy the word before point to the kill buffer. TWwerd boundaries are the saméebasward-word . By default, this command is
unbound.

copy-forward-word ()
Copy the word following point to the kill buffer hie word boundaries are the saméagrd-word . By default, this command is
unbound.

yank (C-y)
Yank the top of the kill ring into the buffer atipb

yank-pop (M-y)
Rotate the kill-ring, and yank the new top. You caty do this if the prior command yank or yank-pop .

[<1[>] [=<]J[Up][>>]  [Top][Content}[Index][ ?]

8.4.5 Specifying Numeric Arguments

digit-argument (M-0, M-1, e M-9)
Add this digit to the argument already accumulatingstart a new argumem:- starts a negative argument.
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universal-argument ()
This is another way to specify an argument. If tienmand is followed by one or more digits, optlgnaith a leading minus
sign, those digits define the argument. If the camdhis followed by digits, executingiversal-argument again ends the
numeric argument, but is otherwise ignored. Asexigh case, if this command is immediately folloviyda character that is
neither a digit or minus sign, the argument coontltie next command is multiplied by four. The angumt count is initially one, so
executing this function the first time makes thguanent count four, a second time makes the arguozemtt sixteen, and so on.
By default, this is not bound to a key.

[<1[>] [=<<][Up][>>]  [Top|[Content}[Index] [ ?]
8.4.6 Letting Readline Type For You

complete (TAB)
Attempt to perform completion on the text beforénpolhe actual completion performed is applicatspecific. Bash attempts
completion treating the text as a variable (if tivet begins withs' ), username (if the text begins with ), hostname (if the text
begins with'@'), or command (including aliases and functiongum. If none of these produces a match, filenaomeptetion is
attempted.

possible-completions (M-?)
List the possible completions of the text beforanpo

insert-completions (M-*)
Insert all completions of the text before pointtthvauld have been generateddoysible-completions

menu-complete ()
Similar tocomplete , but replaces the word to be completed with alsingatch from the list of possible completions. Eaed
execution ofmenu-complete  steps through the list of possible completionsefting each match in turn. At the end of thedfst
completions, the bell is rung (subject to the sgttifbell-style ) and the original text is restored. An argument ofovesn
positions forward in the list of matches; a negaivgument may be used to move backward througlisth&his command is
intended to be bound @B, but is unbound by default.

delete-char-or-list ()
Deletes the character under the cursor if noteabtginning or end of the line (likelete-char ). If at the end of the line, behaves
identically topossible-completions . This command is unbound by default.

complete-filename (M-/)
Attempt filename completion on the text before poin

possible-filename-completions (C-x /)
List the possible completions of the text beforapdreating it as a filename.

complete-username (M-~)
Attempt completion on the text before point, tregtit as a username.

possible-username-completions (C-x ~)
List the possible completions of the text beforapdreating it as a username.

complete-variable (M-$)
Attempt completion on the text before point, tregtit as a shell variable.

possible-variable-completions (C-x $)
List the possible completions of the text beforepdreating it as a shell variable.

complete-hostname (M-@)
Attempt completion on the text before point, tregfit as a hostname.

possible-hostname-completions (C-x @)
List the possible completions of the text beforenpdreating it as a hostname.

complete-command (M-!)
Attempt completion on the text before point, tregtit as a command name. Command completion attetmphatch the text
against aliases, reserved words, shell functidred] builtins, and finally executable filenamestliat order.

possible-command-completions (C-x !)
List the possible completions of the text beforefpdreating it as a command name.
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dynamic-complete-history (M-TAB)
Attempt completion on the text before point, conmpgithe text against lines from the history list fmssible completion matches.

complete-into-braces (M-{)
Perform filename completion and insert the lispoa$sible completions enclosed within braces sdighes available to the shell
(see sectio.5.1 Brace Expansipn

[<1[>] [<<][Up][>>]  [Top|[Content}[Index] [ ?]
8.4.7 Keyboard Macros

start-kbd-macro (C-x ()
Begin saving the characters typed into the cutkeylboard macro.

end-kbd-macro (C-x ))
Stop saving the characters typed into the curreyibdard macro and save the definition.

call-last-kbd-macro (C-x e)
Re-execute the last keyboard macro defined, bymgatkie characters in the macro appear as if typdoedkeyboard.

[<1[>] [=<<][Up][>>] [Top] [Content$[Index] [ ?]
8.4.8 Some Miscellaneous Commands

re-read-init-file (C-x C-r)
Read in the contents of thaputrc file, and incorporate any bindings or variableéga®ents found there.

abort (C-g)
Abort the current editing command and ring the teat’s bell (subject to the setting gfil-style ).

do-uppercase-version (M-a, M-b, M- Xy e )
If the metafied characteris lowercase, run the command that is bound t@dheesponding uppercase character.

prefix-meta (ESC)
Metafy the next character typed. This is for keylsawithout a meta key. Typingsc f is equivalent to typingi-f .

undo (C-_ or C-x C-u)
Incremental undo, separately remembered for eaeh li

revert-line (M-r)
Undo all changes made to this line. This is likeaxing theindo command enough times to get back to the beginning.

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

set-mark (C-@)
Set the mark to the point. If a numeric argumesuigplied, the mark is set to that position.

exchange-point-and-mark (C-x C-x)
Swap the point with the mark. The current cursaitpmn is set to the saved position, and the oldauposition is saved as the
mark.

character-search (C-])
A character is read and point is moved to the pegtirrence of that character. A negative countchesrfor previous occurrences.

character-search-backward (M-C-])
A character is read and point is moved to the press/bccurrence of that character. A negative ceeatches for subsequent
occurrences.

insert-comment (M-#)
Without a numeric argument, the value of thement-begin  variable is inserted at the beginning of the aurli@e. If a numeric
argument is supplied, this command acts as a tofjglee characters at the beginning of the linendomatch the value of
comment-begin , the value is inserted, otherwise the charactetsniment-begin  are deleted from the beginning of the line. In
either case, the line is accepted as if a newlatebdeen typed. The default valuecafiment-begin  causes this command to make
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the current line a shell comment. If a numeric argot causes the comment character to be remowetinéhwill be executed by
the shell.

dump-functions ()
Print all of the functions and their key bindingstihe Readline output stream. If a numeric argurisestipplied, the output is
formatted in such a way that it can be made paaihafiputrc file. This command is unbound by default.

dump-variables ()
Print all of the settable variables and their valteethe Readline output stream. If a numeric aequris supplied, the output is
formatted in such a way that it can be made paanafiputrc file. This command is unbound by default.

dump-macros ()
Print all of the Readline key sequences bound torossand the strings they output. If a numeric argnt is supplied, the output is
formatted in such a way that it can be made paanafiputrc file. This command is unbound by default.

glob-complete-word (M-g)
The word before point is treated as a pattern &hmpame expansion, with an asterisk implicitly aygfeal. This pattern is used to
generate a list of matching file names for possiol@pletions.

glob-expand-word (C-x *)
The word before point is treated as a pattern &hmame expansion, and the list of matching filmesis inserted, replacing the
word. If a numeric argument is supplied*a is appended before pathname expansion.

glob-list-expansions (C-x g)
The list of expansions that would have been geedrayglob-expand-word is displayed, and the line is redrawn. If a numeri
argument is supplied,’a is appended before pathname expansion.

display-shell-version (C-x C-v)
Display version information about the current inst& of Bash.

shell-expand-line (M-C-e)
Expand the line as the shell does. This perforias aind history expansion as well as all of thdl sl@d expansions (see section
3.5 Shell Expansions

history-expand-line (M-")
Perform history expansion on the current line.

magic-space ()
Perform history expansion on the current line arsg:it a space (see sectth History Expansidn

alias-expand-line ()
Perform alias expansion on the current line (seé®e6.6 Aliase$.

history-and-alias-expand-line ()
Perform history and alias expansion on the culieet

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

operate-and-get-next (C-0)
Accept the current line for execution and fetchrikgt line relative to the current line from thetbiy for editing. Any argument is
ignored.

edit-and-execute-command (C-xC-e)

Invoke an editor on the current command line, armatete the result as shell commands. Bash attempisoke$FCEDIT,
$EDITOR, andemacs as the editor, in that order.

[<][>] [=<][Up]l[>>] [Top] [Content$[Index] [ ?]
8.5 Readlinevi Mode

While the Readline library does not have a fullafet editing functions, it does contain enough to alkmple editing of the line. The
Readlinevi mode behaves as specified in the POSIX 1003.2iaten

In order to switch interactively betweemacs andvi editing modes, use theet -o emacs' and'set -o vi' commands (see section
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4.3 The Set Builtih The Readline default isnacs mode.

When you enter a line i mode, you are already placed in “insertion' madef you had typed an . Pressingescswitches you into
‘command’ mode, where you can edit the text ofitlgewith the standard movement keys, move to previous history lines with and
subsequent lines with , and so forth.

[<1[>] [<<][Up][>>]  [Top|[Content§[Index] [ ?]

8.6 Programmable Completion

When word completion is attempted for an argumeiat tommand for which a completion specificationd@pspec) has been defined
using thecomplete builtin (see sectioB.7 Programmable Completion Builtjpshe programmable completion facilities are inek

First, the command name is identified. If a compdpes been defined for that command, the compspesed to generate the list of
possible completions for the word. If the commarwtdhis a full pathname, a compspec for the fulhpatne is searched for first. If no
compspec is found for the full pathname, an attamptade to find a compspec for the portion follegvthe final slash.

Once a compspec has been found, it is used toaertée list of matching words. If a compspec isfaond, the default Bash
completion described above (see sec8igh6 Letting Readline Type For Ypis performed.

First, the actions specified by the compspec age .uUSnly matches which are prefixed by the worshpeiompleted are returned. When
the*- or-d° option is used for filename or directory name chatipn, the shell variableiIGNOREis used to filter the matches. See
section5.2 Bash Variabledor a description ofIGNORE

Any completions specified by a filename expansiatiqun to the-G' option are generated next. The words generatéldebpattern
need not match the word being completed. b@sIGNORBhell variable is not used to filter the matchmsg,theFIGNOREshell variable
is used.

Next, the string specified as the argument to4lve option is considered. The string is first splilngsthe characters in thes special
variable as delimiters. Shell quoting is honoreaicliEword is then expanded using brace expanside,gkpansion, parameter and
variable expansion, command substitution, arithenetpansion, and pathname expansion, as desctioed ésee sectioBl5 Shell
Expansions The results are split using the rules descridsale (see sectidh5.7 Word Splittin The results of the expansion are
prefix-matched against the word being completed,the matching words become the possible compketion

After these matches have been generated, anyfghelion or command specified with the and-c' options is invoked. When the
command or function is invoked, tke@MP_LINEandCOMP_POINTariables are assigned values as described abegeséctioh.2 Bash
Variables. If a shell function is being invoked, toemp_woRm@EHdCOMP_CWORM@riables are also set. When the function or conthig
invoked, the first argument is the name of the camdnwhose arguments are being completed, the secgnthent is the word being
completed, and the third argument is the word pfiexgethe word being completed on the current conthiaue. No filtering of the
generated completions against the word being cdetple performed; the function or command has cetedteedom in generating the
matches.

Any function specified with-F is invoked first. The function may use any of gell facilities, including theompgen builtin described
below (see sectiod.7 Programmable Completion Built)pso generate the matches. It must put the pessiinpletions in the
COMPREPLarray variable.

Next, any command specified with the' option is invoked in an environment equivalentéonmand substitution. It should print a list
of completions, one per ling, to the standard dutpackslash may be used to escape a newlinecéssary.

After all of the possible completions are generatay filter specified with thex: option is applied to the list. The filter is a feah as
used for pathname expansionga in the pattern is replaced with the text of thedvoeing completed. A literat: may be escaped
with a backslash; the backslash is removed befteenpting a match. Any completion that matchespigern will be removed from the
list. A leading’ negates the pattern; in this case any complettbmatching the pattern will be removed.

Finally, any prefix and suffix specified with the® and'-s' options are added to each member of the complisipmnd the result is
returned to the Readline completion code as thefligossible completions.

If the previously-applied actions do not generaig matches, and the dirnames’ option was supplied tmplete when the
compspec was defined, directory name completiattémpted.

By default, if a compspec is found, whatever itgaes is returned to the completion code as thedtiof possible completions. The

default Bash completions are not attempted, andRdalline default of filename completion is disdblé the -0 default’ option was
supplied tacomplete  when the compspec was defined, Readline's defanpletion will be performed if the compspec getesano
matches.
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When a compspec indicates that directory name cgtioplis desired, the programmable completion fionstforce Readline to append
a slash to completed names which are symbolic timkbrectories, subject to the value of thark-directories Readline variable,
regardless of the setting of thark-symlinked-directories Readline variable.
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8.7 Programmable Completion Builtins

Two builtin commands are available to manipulateghogrammable completion facilities.

compgen
compgen[ option][ word]

Generate possible completion matchesaford according to theptions, which may be any option accepted byddsplete
builtin with the exception ofp' and'-r , and write the matches to the standard output.nMiseng the-F  or*-c' options, the
various shell variables set by the programmableptetion facilities, while available, will not haweseful values.

The matches will be generated in the same waythg ifrogrammable completion code had generated dhirectly from a
completion specification with the same flagswtird is specified, only those completions matchivagd will be displayed.

The return value is true unless an invalid opt®@atpplied, or no matches were generated.

complete
complete [-abcdefgjksuv] [-0 conp-option][-A action][-G globpat][-W wordlist]
[[P prefix][-S suffix][-X filterpat][-F function]
[-C conmand] nane[ nanme .. ]
complete -pr [ nane .. |

Specify how arguments to easéime should be completed. If the option is supplied, or if no options are suppliexisting
completion specifications are printed in a way tiliws them to be reused as input. The option removes a completion
specification for eachame, or, if nonames are supplied, all completion specifications.

The process of applying these completion specifinatwhen word completion is attempted is descridaule (see sectidh6
Programmable Completidpn

Other options, if specified, have the following migs. The arguments to the' ,-w' , and-x' options (and, if necessary, the
P and-s' options) should be quoted to protect them fromaespon before theomplete  builtin is invoked.

-0 conp-option
The comp-option controls several aspects of the compspec's behaeyond the simple generation of completions.
comp-option may be one of:

default
Use Readline's default filename completion if tbenpspec generates no matches.

dirnames
Perform directory name completion if the compsperagates no matches.

filenames
Tell Readline that the compspec generates filenasaeis can perform any filename\-specific procegglike adding
a slash to directory names or suppressing trafipages). This option is intended to be used wigl fimctions
specified with-F' .

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

-A action
Theaction may be one of the following to generate a ligbafsible completions:

alias
Alias names. May also be specifiedas .

arrayvar
Array variable names.
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binding
Readline key binding names (see secfighBindable Readline Commands

builtin
Names of shell builtin commands. May also be sptis-b’

command
Command names. May also be specifiedas.

directory
Directory names. May also be specified-as .

disabled
Names of disabled shell builtins.

enabled
Names of enabled shell builtins.

export
Names of exported shell variables. May also beifipd@s -e'

file
File names. May also be specifiedds .

function
Names of shell functions.

group
Group names. May also be specified-gs .

helptopic
Help topics as accepted by thgp builtin (see sectiod.2 Bash Builtin Commaniis

hostname
Hostnames, as taken from the file specified by-#beTFILE shell variable (see secti@n2 Bash Variablgs

job
Job names, if job control is active. May also becé#iged as-j

keyword
Shell reserved words. May also be specifiedias.

running
Names of running jobs, if job control is active.

service
Service names. May also be specifiedas .

setopt
Valid arguments for theo' option to theset builtin (see sectiod.3 The Set Builtin

shopt
Shell option names as accepted bystwgt builtin (see sectiod.2 Bash Builtin Commanils

signal
Signal names.

stopped
Names of stopped jobs, if job control is active.

user
User names. May also be specified-as .

variable
Names of all shell variables. May also be speciisav

-G gl obpat
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The filename expansion pattegiobpat is expanded to generate the possible completions.

-W wor dl i st
Thewordlist is split using the characters in tifs special variable as delimiters, and each resuitand is expanded. The
possible completions are the members of the reduit which match the word being completed.

-C command
command is executed in a subshell environment, and itpudtis used as the possible completions.

-F function
The shell functiorfunction is executed in the current shell environment. Wihéinishes, the possible completions are
retrieved from the value of th@oMPREPLarray variable.

-X filterpat
filterpat is a pattern as used for filename expansion.dpgied to the list of possible completions getextdy the
preceding options and arguments, and each compleiachindilterpat is removed from the list. A leading in filterpat
negates the pattern; in this case, any completiomatchingfilterpat is removed.

-P prefix
prefix is added at the beginning of each possible coiplefter all other options have been applied.

-S suffix
suffix is appended to each possible completion aftestladir options have been applied.

The return value is true unless an invalid opt®adpplied, an option other thapt or -r is supplied without aame
argument, an attempt is made to remove a complsfienification for aname for which no specification exists, or an error @t
adding a completion specification.

[<][>] [<<][Up][>>] [Topl[Content}[index] 2]

9. Using History Interactively

This chapter describes how to use the GNU Histdoyaly interactively, from a user's standpoinsHbuld be considered a user's guide.
For information on using the GNU History Libraryadther programs, see the GNU Readline Library Manua

9.1 Bash History FacilitiesHow Bash lets you manipulate your command history
9.2 Bash History Builtins The Bash builtin commands that manipulate theroard history.
9.3 History Expansion ~ What it feels like using History as a user.
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9.1 Bash History Facilities

When the-o history' option to theset builtin is enabled (see sectidr8 The Set Builtijy the shell provides access to tleenmand
history, the list of commands previously typed. The valfitheHISTSIZE shell variable is used as the number of commamdave in a
history list. The text of the lasHiSTSIZE commands (default 500) is saved. The shell semeh command in the history list prior to
parameter and variable expansion but after histepansion is performed, subject to the valueseftiell variablesiSTIGNORE and
HISTCONTROL

When the shell starts up, the history is initiadiZeom the file named by thesTFILE variable (default~/.bash_history' ). The file
named by the value 6fiSTFILE is truncated, if necessary, to contain no mora tha number of lines specified by the value of the
HISTFILESIZE variable. When an interactive shell exits, theé $assTSIZE lines are copied from the history list to the filemed by
$HISTFILE . If thehistappend ~ shell option is set (see sectiér2 Bash Builtin Commaniisthe lines are appended to the history file,
otherwise the history file is overwritten.HfSTFILE is unset, or if the history file is unwritablegthistory is not saved. After saving the
history, the history file is truncated to contammore thar$HISTFILESIZE lines. IfHISTFILESIZE is not set, no truncation is performed.

The builtin command may be used to list or edit and re-execute agodf the history list. Theistory  builtin may be used to display
or modify the history list and manipulate the higtfile. When using command-line editing, searclmomands are available in each
editing mode that provide access to the histotydise sectioB.4.2 Commands For Manipulating The Hisory

The shell allows control over which commands akedan the history list. ThelISTCONTROLANAHISTIGNORE variables may be set to
cause the shell to save only a subset of the comsnamtered. Thendhist shell option, if enabled, causes the shell towgiteo save
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each
lithist

line of a multi-line command in the same Iysemtry, adding semicolons where necessary tepresyntactic correctness. The
shell option causes the shell to save the commaéthcembedded newlines instead of semicolons.shbg builtin is used to

set these options. See sectbh Bash Builtin Command$or a description ofhopt .
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9.2 Bash History Builtins

Bash

fc

history

78 de 109

provides two builtin commands which maniputatehistory list and history file.

fc [-e enane] [-nir] [ first][ last]
fc-s[ pat=rep][ comrand]

Fix Command. In the first form, a range of commafdm first to last is selected from the history list. Bdihst andlast may be
specified as a string (to locate the most recemincand beginning with that string) or as a numberiigdex into the history list,
where a negative number is used as an offset fnencurrent command number)ldft is not specified it is set forst. If first is

not specified it is set to the previous commancefiiting and -16 for listing. If ther  flag is given, the commands are listed on
standard output. Then' flag suppresses the command numbers when lisimg-r  flag reverses the order of the listing.
Otherwise, the editor given lepame is invoked on a file containing those commandsnéime is not given, the value of the
following variable expansion is USEHFCEDIT:-${EDITOR:-vi}} . This says to use the value of #/&EDIT variable if set, or the
value of theeDITOR variable if that is set, ot if neither is set. When editing is complete, théexl commands are echoed and
executed.

In the second formgommand is re-executed after each instanceaifin the selected command is replaceddyy
A useful alias to use with tHe command is=fc -s' , SO that typingrcc'  runs the last command beginning withand

typing'r re-executes the last command (see seétibrhliases.

history [ n]

history -c

history -d of f set

history [-anrw] [ filenane]
history -ps arg

With no options, display the history list with limeimbers. Lines prefixed witha have been modified. An argumentrolists
only the lash lines. Options, if supplied, have the followinganéigs:

-C
Clear the history list. This may be combined with bther options to replace the history list corghje

-d of fset
Delete the history entry at positioffset. offset should be specified as it appears when the higatisplayed.

Append the new history lines (history lines enteside the beginning of the current Bash sessmti)e history file.

Append the history lines not already read fromttistory file to the current history list. These éines appended to the
history file since the beginning of the current Basssion.

Read the current history file and append its cdstenthe history list.

Write out the current history to the history file.

Perform history substitution on tlaegs and display the result on the standard outptibowt storing the results in the history
list.

Theargs are added to the end of the history list as glesientry.
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When any of thew ,-r ,>-a ,or-n' options is used, filename is given, then it is used as the history filendt, then the
value of theHISTFILE variable is used.
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9.3 History Expansion

The History library provides a history expansioatfee that is similar to the history expansion ted bycsh . This section describes
the syntax used to manipulate the history inforamati

History expansions introduce words from the histmtyinto the input stream, making it easy to @psmmands, insert the arguments to
a previous command into the current input lingjoerrors in previous commands quickly.

History expansion takes place in two parts. The fg to determine which line from the history Bsiould be used during substitution.
The second is to select portions of that line hatusion into the current one. The line selectedfthe history is called thewent, and
the portions of that line that are acted upon afkedwords. Variousmodifiers are available to manipulate the selected words.lifie is
broken into words in the same fashion that Basls,da@that several words surrounded by quotesomsdered one word. History
expansions are introduced by the appearance tfistary expansion character, whichtis by default. Onlyv  and™ may be used
to escape the history expansion character.

Several shell options settable with #hept builtin (see sectiod.2 Bash Builtin Commangisnay be used to tailor the behavior of
history expansion. If theistverify shell option is enabled, and Readline is beingl usistory substitutions are not immediately passed
to the shell parser. Instead, the expanded linglésded into the Readline editing buffer for fa@rtimodification. If Readline is being
used, and theistreedit shell option is enabled, a failed history expamsidll be reloaded into the Readline editing bufiar

correction. The-p'  option to thenistory  builtin command may be used to see what a hig®pansion will do before using it. The

-s' option to thenistory  builtin may be used to add commands to the erldeohistory list without actually executing thero,that

they are available for subsequent recall. Thisastmseful in conjunction with Readline.

The shell allows control of the various charactessd by the history expansion mechanism withiehars  variable.

9.3.1 Event DesignatorsHow to specify which history line to use.
9.3.2 Word DesignatorsSpecifying which words are of interest.
9.3.3 Madifiers Modifying the results of substitution.
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9.3.1 Event Designators

An event designator is a reference to a commaiedeliniry in the history list.

!
Start a history substitution, except when follovisgca space, tab, the end of the lire, or

Refer to command line.

Refer to the commandllines back.

Refer to the previous command. This is a synonymi-fio

I'string
Refer to the most recent command starting witimg.

1? string[?]
Refer to the most recent command contairsinigng. The trailing?> may be omitted if thetring is followed immediately by a
newline.

Astringl”fstring2”
Quick Substitution. Repeat the last command, répdeatringl with string2. Equivalent tat:s/  stringl/string2/.
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The entire command line typed so far.
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9.3.2 Word Designators

Word designators are used to select desired woodsthe event. A*  separates the event specification from the wosigdator. It
may be omitted if the word designator begins with g °$¢' , ™ ,*- , or'% . Words are numbered from the beginning of the, hivith
the first word being denoted by 0 (zero). Wordsiaserted into the current line separated by sisghes.

For example,

1
designates the preceding command. When you typettid preceding command is repeated in toto.

:$
designates the last argument of the preceding cominiéhis may be shortened:¢o.

Ifi:2
designates the second argument of the most recemhand starting with the lettefrs.

Here are the word designators:
0 (zero)
Theoth word. For many applications, this is the commeaodd.

Thenth word.

The first argument; that is, word 1.

$
The last argument.
%
The word matched by the most recemit ri ng? search.
X-y
A range of words;- y* abbreviateso- y' .
All of the words, except theth. This is a synonym for-$' . It is not an error to use if there is just one word in the event; the
empty string is returned in that case.
X*

Abbreviates x-$'

Abbreviates x-$' like * x* , but omits the last word.

If a word designator is supplied without an evergdification, the previous command is used as Yeate
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9.3.3 Modifiers

After the optional word designator, you can adéguence of one or more of the following modifierach preceded by'a .
h
Remove a trailing pathname component, leaving thrdyhead.

Remove all leading pathname components, leavintaihe
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Remove a trailing suffix of the form suf fi x*, leaving the basename.

Remove all but the trailing suffix.

p
Print the new command but do not execute it.
q
Quote the substituted words, escaping further gubets.
X
Quote the substituted words as with, but break into words at spaces, tabs, and nesvline
s/ ol d/ new
Substitutenew for the first occurrence afld in the event line. Any delimiter may be used iaga of . The delimiter may be
quoted inold andnew with a single backslash. ¥ appears imew, it is replaced bwld. A single backslash will quote the .
The final delimiter is optional if it is the lasharacter on the input line.
&
Repeat the previous substitution.
g9

Cause changes to be applied over the entire ementlsed in conjunction witls' , as ings/ ol d/ new , or with"&' .
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10. Installing Bash

This chapter provides basic instructions for ifstgIBash on the various supported platforms. Tis&itution supports the GNU
operating systems, nearly every version of Unix} several non-Unix systems such as BeOS and Intether independent ports exist
for MS-DOS, 0S/2, Windows 95/98, and Windows NT.

10.1 Basic Installation Installation instructions.

10.2 Compilers and OptiongHow to set special options for various systems.

10.3 Compiling For Multiple How to compile Bash for more than one kind of systeom the same source
Architectures tree.

10.4 Installation NamesHow to set the various paths used by the ingi@tia

10.5 Specifying the System Typé&low to configure Bash for a particular system.

10.6 Sharing DefaultsHow to share default configuration values amomjJGrograms.

10.7 Operation ControlsOptions recognized by the configuration program.

10.8 Optional FeaturesHow to enable and disable optional features whelding Bash.
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10.1 Basic I nstallation

These are installation instructions for Bash.
The simplest way to compile Bash is:

1. cd to the directory containing the source code apé tyconfigure' to configure Bash for your system. If you're usisig on an
old version of System V, you might need to tyge./configure’ instead to preverth from trying to executeonfigure itself.
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Runningconfigure  takes some time. While running, it prints messdghiag which features it is checking for.
2. Type'make' to compile Bash and build tlhashbug bug reporting script.
3. Optionally, typemake tests'  to run the Bash test suite.
4. Type make install to installbash andbashbug . This will also install the manual pages and Hifa

Theconfigure ~ shell script attempts to guess correct valuesdaious system-dependent variables used during itatiop. It uses those
values to create ‘aakefile’  in each directory of the package (the top dirggtibre builtins' , doc’ , and'support  directories,
each directory undelib' , and several others). It also createsafig.h' file containing system-dependent definitions. Hindt
creates a shell script namethfig.status that you can run in the future to recreate theesurconfiguration, a fileconfig.cache'

that saves the results of its tests to speed unfigaring, and a fileconfig.log' containing compiler output (useful mainly for
debuggingonfigure ). If at some pointconfig.cache’ contains results you don't want to keep, you neayave or edit it.

To find out more about the options and argumerasttieconfigure  script understands, type

bash-2.04%$ ./configure --help

at the Bash prompt in your Bash source directory.

If you need to do unusual things to compile Basbage try to figure out howenfigure  could check whether or not to do them, and mail
diffs or instructions tdbash-maintainers@gnu.osg they can be considered for the next release.

The file “configure.in' is used to creatnfigure by a program called Autoconf. You only neeshfigure.in' if you want to
change it or regeneratenfigure  using a newer version of Autoconf. If you do ttmske sure you are using Autoconf version 2.50 or
newer.

You can remove the program binaries and objed filem the source code directory by typingke clean' . To also remove the files
thatconfigure ~ created (so you can compile Bash for a differémd kf computer), typamake distclean’
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10.2 Compilersand Options

Some systems require unusual options for compilatidinking that theonfigure  script does not know about. You can givsfigure
initial values for variables by setting them in #revironment. Using a Bourne-compatible shell, gao do that on the command line like
this:

CC=c89 CFLAGS=-02 LIBS=-Iposix ./configure

On systems that have thev program, you can do it like this:

env CPPFLAGS=-l/usr/local/include LDFLAGS=-s ./conf igure

The configuration process uses GCC to build Bagtisfavailable.
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10.3 Compiling For Multiple Architectures

You can compile Bash for more than one kind of cot@pat the same time, by placing the object fileach architecture in their own
directory. To do this, you must use a versiomaife that supports therATHvariable, such as GNidake. cd to the directory where you
want the object files and executables to go andharonfigure  script from the source directory. You may needupply the
*--srcdir=PATH' argument to telbonfigure  where the source files am@nfigure  automatically checks for the source code in the

directory thatonfigure isinandin "..".

If you have to use make that does not supports thieaTHvariable, you can compile Bash for one architecatra time in the source code
directory. After you have installed Bash for onehdtecture, usémake distclean’ before reconfiguring for another architecture.

Alternatively, if your system supports symbolickiin you can use theupport/mkclone' script to create a build tree which has
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symbolic links back to each file in the source dioey. Here's an example that creates a build @ingin the current directory from a
source directorylusr/gnu/src/bash-2.0'

bash /usr/gnu/src/bash-2.0/support/mkclone -s /usr/ gnu/src/bash-2.0 .

Themkclone script requires Bash, so you must have alreadyBash for at least one architecture before youaaate build directories
for other architectures.
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10.4 Installation Names

By default,"make install will install into “/usr/local/bin’ , “lusr/local/man’ , etc. You can specify an installation prefix other
than /usr/local’ by givingconfigure  the option--prefix=  PATH , or by specifying a value for thEESTDIR 'make' variable when
running make install

You can specify separate installation prefixesaimhitecture-specific files and architecture-indegent files. If you giveonfigure  the
option “--exec-prefix= PATH , ‘make install will use PATH as the prefix for installing programs and librariBocumentation and
other data files will still use the regular prefix.
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10.5 Specifying the System Type

There may be some featuresfigure can not figure out automatically, but need to dabee by the type of host Bash will run on.
Usuallyconfigure  can figure that out, but if it prints a messaggrggit can not guess the host type, give it'thest=TYPE'  option.
"TYPE' can either be a short name for the system tymd, asisun4' , or a canonical name with three fieltdsPU-COMPANY-SYSTEM!
(e.g.,"i386-unknown-freebsd4.2' ).

See the filesupport/config.sub’ for the possible values of each field.
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10.6 Sharing Defaults

If you want to set default values famfigure  scripts to share, you can create a site sheptscailedconfig.site that gives default
values for variables likeG cache_file , andprefix . configure  l0oks forPREFIX/share/config.site' if it exists, then
*PREFIX/etc/config.site' if it exists. Or, you can set tlidNFIG_SITE environment variable to the location of the sigpt. A
warning: the Bashonfigure  looks for a site script, but not abinfigure ~ scripts do.
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10.7 Operation Controls

configure ~ recognizes the following options to control howjierates.

--cache-file= file
Use and save the results of the testdéinstead of ./config.cache’ . Setfile to */dev/nulr to disable caching, for debugging
configure

--help

Print a summary of the optionsdanfigure , and exit.

--quiet
--silent
-q
Do not print messages saying which checks are breadg.
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--sredir= dir
Look for the Bash source code in directdity Usuallyconfigure  can determine that directory automatically.

--version
Print the version of Autoconf used to generatectieégure  script, and exit.

configure  also accepts some other, not widely used, bod&Fmptions:configure --help’ prints the complete list.
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10.8 Optional Features

The Bastronfigure  has a number of-enable- feature' options, wherdeature indicates an optional part of Bash. There are also
several--with-  package' options, whergackage is something likébash-malloc’ or purify’ . To turn off the default use of a
package, use-without-  package' . To configure Bash without a feature that is eedltly default, use-disable-  feature' .

Here is a complete list of theenable-' and--with-" options that the Bastonfigure  recognizes.

--with-afs
Define if you are using the Andrew File System fréransarc.

--with-bash-malloc
Use the Bash version eflloc in “lib/malloc/malloc.c’ . This is not the samealloc that appears in GNU libc, but an older
version derived from the 4.2 BShalloc . Thismalloc is very fast, but wastes some space on each dinc@his option is
enabled by default. TheoTES' file contains a list of systems for which this slibbe turned off, ancbnfigure  disables this
option automatically for a number of systems.

--with-curses
Use the curses library instead of the termcapybrehis should be supplied if your system hasreudéquate or incomplete
termcap database.

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

--with-installed-readline[= PREFI X]
Define this to make Bash link with a locally-ind¢al version of Readline rather than the versiontifieadline’ . This works
only with Readline 4.3 and later versionsPREFIX isyes or not suppliedsonfigure  uses the values of the make variables
includedir ~ andiibdir , which are subdirectories pfefix by default, to find the installed version of Readlif it is not in the
standard system include and library directoriePREFIX is no, Bash links with the version ifib/readline’ . If PREFIXis set
to any other valuesonfigure  treats it as a directory pathname and looks feiiristalled version of Readline in subdirectories o
that directory (include files iIRREFIX/include and the library irPREFIX/iib ).

--with-purify
Define this to use the Purify memory allocationaltes from Rational Software.

--enable-minimal-config
This produces a shell with minimal features, clasthe historical Bourne shell.

There are severalenable- options that alter how Bash is compiled and linkather than changing run-time features.
--enable-largefile
Enable support fdarge filesif the operating system requires special compifgtions to build programs which can access large
files. This is enabled by default, if the operataygtem provides large file support.

--enable-profiling
This builds a Bash binary that produces profilinfpimation to be processed tiyrof each time it is executed.

--enable-static-link
This causes Bash to be linked staticallygcif is being used. This could be used to build a wars use as root's shell.

The *minimal-config' option can be used to disable all of the followipgions, but it is processed first, so individaptions may be
enabled usingenable- feature' .

All of the following options except fodisabled-builtins' and'xpg-echo-default are enabled by default, unless the operating
system does not provide the necessary support.
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--enable-alias
Allow alias expansion and include thiss andunalias builtins (see sectiof.6 Aliase’.

--enable-arith-for-command
Include support for the alternate form of the command that behaves like the C languagestatement (see secti8r2.4
Looping Construcls

--enable-array-variables
Include support for one-dimensional array shellalzles (see sectidh7 Array3.

--enable-bang-history
Include support foesh -like history substitution (see secti@r8 History Expansion

--enable-brace-expansion
Includecsh -like brace expansionb{a,b}c ==>bacbbc ). See3.5.1 Brace Expansiofior a complete description.

--enable-command-timing
Include support for recognizingne as a reserved word and for displaying timing stias for the pipeline followingme (see
section3.2.2 Pipelineks This allows pipelines as well as shell builtarsd functions to be timed.

--enable-cond-command
Include support for thg conditional command (see secti®2.5 Conditional Construgts

--enable-directory-stack
Include support for ash -like directory stack and theishd , popd, anddirs builtins (see sectiof.8 The Directory Stagk

--enable-disabled-builtins
Allow builtin commands to be invoked Visuiltin xxx' even aftekxx has been disabled usirgable -n xxx' . See4.2 Bash
Builtin Commandsfor details of thewiltin ~ andenable builtin commands.

--enable-dparen-arithmetic
Include support for thg ... )) command (see secti@2.5 Conditional Construgts

--enable-extended-glob
Include support for the extended pattern matchédgures described above und€s.8.1 Pattern Matching

--enable-help-builtin
Include thehelp builtin, which displays help on shell builtins avariables (see sectigh2 Bash Builtin Commanils

--enable-history
Include command history and the andhistory  builtin commands (see sectifrl Bash History Faciliti§s

--enable-job-control
This enables the job control features (see seétidob Contrd| if the operating system supports them.

--enable-net-redirections
This enables the special handling of filenamesefformidevitcp/  host/ port andideviudp/ host/ port when used in
redirections (see secti@6 Redirections

--enable-process-substitution
This enables process substitution (see se8tidl Process Substitutipif the operating system provides the necessgrpat.

--enable-prompt-string-decoding
Turn on the interpretation of a number of backskestaped characters in trs1, $PS2, $PS3, and$PSs4 prompt strings. Se@.9
Controlling the Promptfor a complete list of prompt string escape seqas.

--enable-progcomp
Enable the programmable completion facilities @=&ion8.6 Programmable Completiprif Readline is not enabled, this option
has no effect.

--enable-readline
Include support for command-line editing and higteith the Bash version of the Readline librarye(sectiorB. Command Line

Editing).

--enable-restricted
Include support for aestricted shell. If this is enabled, Bash, when calledtash , enters a restricted mode. $£&0 The
Restricted Shellfor a description of restricted mode.
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--enable-select
Include theselect  builtin, which allows the generation of simple rasr{see sectioB.2.5 Conditional Construgts

--enable-usg-echo-default
A synonym for--enable-xpg-echo-default

--enable-xpg-echo-default
Make theecho builtin expand backslash-escaped characters mutiefvithout requiring thee' option. This sets the default
value of thexpg_echo shell option tan, which makes the Basdtho behave more like the version specified in the Bitnix
Specification, version 2. See sect®f Bash Builtin Command$or a description of the escape sequencesthatrecognizes.

The file config-top.h' contains C Preprocesseatefine’  statements for options which are not settable fratfigure . Some of
these are not meant to be changed; beware of tte=goences if you do. Read the comments assogiétedach definition for more
information about its effect.

[<1[>] [<<][Up][>>]  [Top|[Content§[Index] [ ?]

A. Reporting Bugs

Please report all bugs you find in Bash. But fiyst) should make sure that it really is a bug, t#uadl it appears in the latest version of
Bash that you have.

Once you have determined that a bug actually exisestherashbug command to submit a bug report. If you have ayfoy are
encouraged to mail that as well! Suggestions ahifogophical' bug reports may be mailedbtm-bash@gnu.orgr posted to the Usenet
newsgroupnu.bash.bug

All bug reports should include:

The version number of Bash.

The hardware and operating system.

The compiler used to compile Bash.

A description of the bug behaviour.

o A short script or “recipe' which exercises the bad may be used to reproduce it.

bashbug inserts the first three items automatically irite template it provides for filing a bug report.

Please send all reports concerning this manugiét@po.CWRU.Edu

[<1[>] [<<][Up][>>]  [Top][Content}[Index][ ?]

B. Major Differences From The Bourne Shell

Bash implements essentially the same grammar, gaeamnd variable expansion, redirection, and ggas the Bourne Shell. Bash
uses the POSIX 1003.2 standard as the specificatibow these features are to be implemented. Téreraome differences between
the traditional Bourne shell and Bash; this sectjoitkly details the differences of significancendmber of these differences are
explained in greater depth in previous sectionss $éction uses the versionsafincluded in SVR4.2 as the baseline reference.

e Bash is POSIX-conformant, even where the POSIXifipation differs from traditionash behavior (see sectidghll Bash POSIX
Mode).

* Bash has multi-character invocation options (seé@®e6.1 Invoking Bash

e Bash has command-line editing (see seddioBommand Line Editifgand thebind builtin.

¢ Bash provides a programmable word completion mdsha(see sectiofi.6 Programmable Completiprand two builtin
commandsgomplete andcompgen, to manipulate it.

¢ Bash has command history (see secidnBash History Faciliti@sand thenistory andfc builtins to manipulate it.

* Bash implementssh -like history expansion (see secti@8 History Expansion

¢ Bash has one-dimensional array variables (seeosdcll Array3, and the appropriate variable expansions andrmasgint syntax
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to use them. Several of the Bash builtins takeooptio act on arrays. Bash provides a number dfibwarray variables.

e Theg .. ' quoting syntax, which expands ANSI-C backslastapsd characters in the text between the singleequist
supported (see secti@l.2.4 ANSI-C Quoting

e Bash supports thg ... " quoting syntax to do locale-specific translatiénhe characters between the double quotes.-Dhe
*--dump-strings' , and'--dump-po-strings' invocation options list the translatable stringsrfd in a script (see sectiril.2.5
Locale-Specific Translatign

» Bash implements thekeyword to negate the return value of a pipelgez(sectioB.2.2 Pipelines Very useful when ain
statement needs to act only if a test fails.

e Bash has theme reserved word and command timing (see se&i@r2 Pipelines The display of the timing statistics may be
controlled with theriIMEFORMATVariable.

e Bash implements ther (  expril; expr2; expr3)) arithmetic for command, similar to the C languégge sectio.2.4
Looping Construcls

¢ Bash includes theelect compound command, which allows the generationngle menus (see secti@2.5 Conditional
Constructs

e Bash includes thg compound command, which makes conditional tegtarg of the shell grammar (see sect®?.5 Conditional
Constructs

¢ Bash includes brace expansion (see se&ibri Brace Expansidmnd tilde expansion (see sectb.2 Tilde Expansion

e Bash implements command aliases anchihe andunalias  builtins (see sectio6.6 Aliase$.

* Bash provides shell arithmetic, ttie compound command (see sect®B.5 Conditional Construgtsand arithmetic expansion
(see sectioB.5 Shell Arithmetid.

* Variables present in the shell's initial environinare automatically exported to child processe& Bbourne shell does not
normally do this unless the variables are expjiaitarked using thexport command.

e Bash includes the POSIX pattern remowal, ‘# , %% and## expansions to remove leading or trailing subsgrifngm
variable values (see secti8rb.3 Shell Parameter Expansion

e The expansios{#xx} , which returns the length éfxx} , is supported (see sectidrb.3 Shell Parameter Expansion

e The expansios{var: offset[: length]} , which expands to the substringvaf 's value of lengttength, beginning abffset, is
present (see secti@b5.3 Shell Parameter Expansion

e The expansiog{var/[/]  pattern/ replacement]} , which matchegattern and replaces it witheplacement in the value ofar , is
available (see sectidh5.3 Shell Parameter Expansion

e The expansios{! prefix}* expansion, which expands to the names of all shaeilhbles whose names begin wgittefix, is
available (see sectidh5.3 Shell Parameter Expansion

* Bash hasndirect variable expansion usirigword} (see sectio.5.3 Shell Parameter Expansion

¢ Bash can expand positional parameters begonding${ nunt .

e The POSIX$() form of command substitution is implemented (ss&ien3.5.4 Command Substitutinrand preferred to the
Bourne shell's (which is also implemented for backwards compkitypi

* Bash has process substitution (see se@ibr6 Process Substitutipn

¢ Bash automatically assigns variables that prowvifiarimation about the current usert{, EUID, andGROUP} the current host
(HOSTTYPEOSTYPE MACHTYPEandHOSTNAME and the instance of Bash that is runniewsH BASH_VERSIONand
BASH_VERSINFQ. See sectioB.2 Bash Variabledor details.

* Thelrs variable is used to split only the results of engdan, not all words (see secti8rb.7 Word Splittiny} This closes a
longstanding shell security hole.

e Bash implements the full set of POSIX 1003.2 filmeaexpansion operators, includictiaracter classes, equivalence classes, and
collating symbols (see sectio.5.8 Filename Expansihn
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e Bash implements extended pattern matching featines theextglob  shell option is enabled (see sectbB.8.1 Pattern

Matching.

¢ |t is possible to have a variable and a functiotihhie same namet does not separate the two name spaces.

» Bash functions are permitted to have local varbking theéocal builtin, and thus useful recursive functions mayritten (see
section4.2 Bash Builtin Commanils

¢ Variable assignments preceding commands affectthalycommand, even builtins and functions (seé®e8.7.4 Environment
In sh, all variable assignments preceding commandslabalgunless the command is executed from thesfitgem.

¢ Bash performs filename expansion on filenames fipd@s operands to input and output redirecticerajors (see sectid6
Redirection.

e Bash contains the>' redirection operator, allowing a file to be opefi@dboth reading and writing, and the>' redirection
operator, for directing standard output and stashéaror to the same file (see sect®f Redirections

» Bash treats a number of filenames specially whew #ne used in redirection operators (see se8t®Redirections
* Bash can open network connections to arbitrary imashand services with the redirection operatas &ectior8.6 Redirections

e Thenoclobber option is available to avoid overwriting existifigs with output redirection (see sectiér8 The Set Builtih The
>|' redirection operator may be used to overrigtgobber

e The Bashed andpwd builtins (see sectio.1 Bourne Shell Builtinseach take-L' and-P' options to switch between logical and
physical modes.

» Bash allows a function to override a builtin wittetsame name, and provides access to that builtiétionality within the
function via theouiltin -~ andcommand builtins (see sectiof.2 Bash Builtin Commanils

¢ Thecommand builtin allows selective disabling of functions @hcommand lookup is performed (see secti@Bash Builtin

Commands

¢ Individual builtins may be enabled or disabled gdimeenable builtin (see sectiod.2 Bash Builtin Commanils

o The Bashexec builtin takes additional options that allow usgrgontrol the contents of the environment paseeld executed
command, and what the zeroth argument to the comhsan be (see sectighl Bourne Shell Builtins

* Shell functions may be exported to children viaghgironment usingxport -f  (see sectio8.3 Shell Functions

e The Bashexport , readonly , anddeclare builtins can take ar  option to act on shell functions;-@ option to display
variables with various attributes set in a fornhattcan be used as shell inputna option to remove various variable attributes,
and'name=value’ arguments to set variable attributes and valumalsneously.

e The Bashash builtin allows a name to be associated with aitranty filename, even when that filename cannotduad by
searching th@PATH using'hash -p  (see sectiod.1 Bourne Shell Builtins

e Bash includes &elp builtin for quick reference to shell facilitieses sectior.2 Bash Builtin Commanils

e Theprintf  builtin is available to display formatted outpseé sectiod.2 Bash Builtin Commanils

e The Bashead builtin (see sectiod.2 Bash Builtin Commanisvill read a line ending in*  with the*-r  option, and will use
theREPLYvariable as a default if no non-option argumengssaipplied. The Bashad builtin also accepts a prompt string with the
-p' option and will use Readline to obtain the lineewlgiven the-e' option. Theread builtin also has additional options to
control input: the-s'  option will turn off echoing of input characters they are read, the  option will allowread to time out
if input does not arrive within a specified numbéseconds, then' option will allow reading only a specified numfmr
characters rather than a full line, and tde option will read until a particular character matlthan newline.

e Thereturn builtin may be used to abort execution of scrgpecuted with the orsource builtins (see sectiof.1 Bourne Shell
Builtins).

¢ Bash includes thehopt builtin, for finer control of shell optional capisities (see sectiod.2 Bash Builtin Commanjisand allows
these options to be set and unset at shell invmtédiee sectiofi.1 Invoking Bash

e Bash has much more optional behavior controllalik theset builtin (see sectiod.3 The Set Builtih

Thetest builtin (see sectiod.1 Bourne Shell Builtinsis slightly different, as it implements the POSilgorithm, which specifies
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the behavior based on the number of arguments.

Thetrap builtin (see sectiod.1 Bourne Shell Builtinsallows abEBU@seudo-signal specification, similare®iT. Commands
specified with eDEBUGrap are executed after every simple command.DEsedrap is not inherited by shell functions unless th
function has been given tirace attribute.

Thetrap builtin (see sectiod.1 Bourne Shell Builtinsallows arerRRpseudo-signal specification, similargrIT andDEBUG
Commands specified with @arRtrap are executed after a simple command faily, avfew exceptions. THeRRtrap is not
inherited by shell functions.

The Bashype builtin is more extensive and gives more informathbout the names it finds (see sectichBash Builtin

Commandy

The Bashumask builtin permits a-p' option to cause the output to be displayed irfdhm of aumask command that may be
reused as input (see sectibil Bourne Shell Builtins

Bash implements &sh -like directory stack, and provides théshd , popd, anddirs builtins to manipulate it (see sectiér8 The
Directory Stack Bash also makes the directory stack visibldhas/alue of th@IRsTACKshell variable.

Bash interprets special backslash-escaped chasacttire prompt strings when interactive (see saéi9 Controlling the
Promp}.

The Bash restricted mode is more useful (see se@tid The Restricted Shglthe SVR4.2 shell restricted mode is too limited.

Thedisown builtin can remove a job from the internal sheb fable (see sectiah2 Job Control Builtinsor suppress the sending
of sSIGHUPto a job when the shell exits as the result sicuUP.

The SVRA4.2 shell has two privilege-related builtfimgimode andpriv ) not present in Bash.
Bash does not have th@p ornewgrp builtins.
Bash does not use tlselaccTvariable or perform shell accounting.

The SVR4.%h uses aIMEOUTVvariable like Bash usesiouTt

More features unigue to Bash may be founfl.iBash Features

[<1[>] [<<][Up][>>]  [Top][Content}[index][ ?]

B.1 Implementation Differences From The SVR4.2 Shell

Since Bash is a completely new implementationp@&sdnot suffer from many of the limitations of 8%¢R4.2 shell. For instance:
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Bash does not fork a subshell when redirecting déntout of a shell control structure such as aor while statement.

Bash does not allow unbalanced quotes. The SVRIRsill silently insert a needed closing quoteatunder certain
circumstances. This can be the cause of some bdiddterrors.

The SVRA4.2 shell uses a baroque memory managewctesing based on trappis@SEGV If the shell is started from a process
with sIGSEGVblocked (e.g., by using thgstem() C library function call), it misbehaves badly.

In a questionable attempt at security, the SVRHAel swhen invoked without thep'  option, will alter its real and effective UID
and GID if they are less than some magic threstalide, commonly 100. This can lead to unexpectsdit®

The SVRA4.2 shell does not allow users to 8BFSEGV, SIGALRM Of SIGCHLD
The SVRA4.2 shell does not allow tiss , MAILCHECK PATH PS1, or PS2 variables to be unset.
The SVR4.2 shell treats  as the undocumented equivalentjof.

Bash allows multiple option arguments when it imked (x-v ); the SVR4.2 shell allows only one option argumet). In
fact, some versions of the shell dump core if #@ad argument begins with-a .

The SVRA4.2 shell exits a script if any builtin &iBash exits a script only if one of the POSIX 3.@0special builtins fails, and
only for certain failures, as enumerated in the PQOIM03.2 standard.
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e The SVR4.2 shell behaves differently when invokegra (it turns on job control).
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backward-kill-line (C-x Rubout)

backward-kill-word (M- DELD
backward-kill-word (M- DEL)
backward-word (M-b)
backward-word (M-b)
beginning-of-history (M-&#60;)

beginning-of-history (M-&#60;)

beginning-of-line (C-a)

beginning-of-line (C-a)
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call-last-kbd-macro (C-x e)

call-last-kbd-macro (C-x e)

capitalize-word (M-c)

capitalize-word (M-c)

character-search (C-])

character-search (C-])
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clear-screen (C-I)

complete TAB
complete ( TAB)

complete-command (M-!)

complete-command (M-!)

complete-filename (M-/)

complete-filename (M-/)

complete-hostname (M-@)

complete-hostname (M-@)

complete-into-braces (M-{)

complete-into-braces (M-{)

complete-username (M-~)

complete-username (M-~)

complete-variable (M-$)

complete-variable (M-$)

copy-backward-word ()

copy-backward-word ()

copy-forward-word ()

copy-forward-word ()

copy-region-as-kill ()

copy-region-as-kill ()
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delete-char (C-d)
delete-char (C-d)

delete-char-or-list ()

delete-char-or-list ()
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digit-argument ( M-0, M-1, <small>...</small>

display-shell-version (C-x C-v)

display-shell-version (C-x C-v)

do-uppercase-version (M-a, M-b, M- X, <small>...</small>)

8.4.3 Commands For Changing Text

8.4.3 Commands For Changing Text

8.4.6 Letting Readline Type For You

8.4.6 Letting Readline Type For You

8.4.4 Killing And Yanking

8.4.4 Killing And Yanking

8.4.5 Specifying Numeric Arguments

8.4.5 Specifying Numeric Arguments

8.4.8 Some Miscellaneous Commands

8.4.8 Some Miscellaneous Commands
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8.4.8 Some Miscellaneous Commands

downcase-word (M-1)

downcase-word (M-)

dump-functions ()

dump-functions ()

dump-macros ()

dump-macros ()

dump-variables ()

dump-variables ()

dynamic-complete-history (M- TAB)

dynamic-complete-history (M- TAB)

8.4.8 Some Miscellaneous Commands
8.4.3 Commands For Changing Text
8.4.3 Commands For Changing Text
8.4.8 Some Miscellaneous Commands
8.4.8 Some Miscellaneous Commands
8.4.8 Some Miscellaneous Commands
8.4.8 Some Miscellaneous Commands
8.4.8 Some Miscellaneous Commands
8.4.8 Some Miscellaneous Commands
8.4.6 Letting Readline Type For You
8.4.6 Letting Readline Type For You

99 de 109

edit-and-execute-command (C-xC-e)
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end-of-history (M-&#62;)

end-of-line (C-e)

end-of-line (C-e)

exchange-point-and-mark (C-x C-x)

exchange-point-and-mark (C-x C-x)
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forward-backward-delete-char ()

forward-backward-delete-char ()
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forward-search-history (C-s)
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self-insert (a, b, A, 1, |, <small>...</small>)

self-insert (a, b, A, 1, !, <small>...</small>)

set-mark (C-@)
set-mark (C-@)
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tilde-expand (M-&#38;)
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undo (C-_ or C-x C-u)
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builtin 2. Definitions

C

command editing
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command search
command substitution
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directory stack

6.8 The Directory Stack
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3.7.4 Environment
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exit status
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expansion, pathname

3.5.8 Filename Expansion

expansion, tilde
expressions, arithmetic

3.5.2 Tilde Expansion
6.5 Shell Arithmetic

expressions, conditional

6.4 Bash Conditional Expressions
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filename
filename expansion
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functions, shell
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3.5.8 Filename Expansion
7.1 Job Control Basics
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history builtins
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history expansion
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identifier
initialization file, readline
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8.3 Readline Init File

installation
interaction, readline
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interactive shell
internationalization

6.1 Invoking Bash
6.3 Interactive Shells
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job control 7.1 Job Control Basics
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O
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parameter expansion 3.5.3 Shell Parameter Expansion
parameters 3.4 Shell Parameters

parameters, positional

3.4.1 Positional Parameters

parameters, special
pathname expansion

3.4.2 Special Parameters
3.5.8 Filename Expansion

pattern matching
pipeline

POSIX

POSIX Mode

Process group

process group ID
process substitution

3.5.8.1 Pattern Matching
3.2.2 Pipelines
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6.11 Bash POSIX Mode
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prompting 6.9 Controlling the Prompt
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quoting, ANSI 3.1.2.4 ANSI-C Quoting
R
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return status

2. Definitions
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shell script
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\[Index] ‘ Index ‘conceptindex ‘
‘ [?] ‘ About ‘thispage ‘

where theExample assumes that the current position iSuttsubsection One-Two-Three of a document of the following structure:

e 1. Section One

o 1.1 Subsection One-One
L e

o 1.2 Subsection One-Two
» 1.2.1 Subsubsection One-Two-One
» 1.2.2 Subsubsection One-Two-Two
» 1.2.3 Subsubsection One-Two-Three== Current Position
= 1.2.4 Subsubsection One-Two-Four

o 1.3 Subsection One-Three
| ]

o 1.4 Subsection One-Four
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