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NAME
pcregrep - a grep with Perl-compatible regular expressions.

SYNOPSIS
pcregrep [options] [long options] [pattern] [pathl path2 ...]

DESCRIPTION

pcregrep searches files for character patterns, in the same way as other grep commanti dsed
the PCRE regular expression library to support patterns that are compatible witgullae eres-
sions of Perl 5. Seggcrepattern(3) for a full description of syntax and semantics of the regulares-
sions that PCRE supports.

Paterns, whether supplied on the command line or in a separate fileyarevihout delimiters. Br
example:

pcregrep Thursday /etc/motd

If you attempt to use delimiters (fokample, by surrounding a pattern with slashes, as is common in
Perl scripts), theare interpreted as part of the pattern. Quotes can of course be used on the command
line because thyeare interpreted by the shell, and indeedythes required if a pattern contains white
space or shell metacharacters.

The first argument that follows wption settings is treated as the single pattern to be matched when
neither-e nor -f is present.Corversely, when one or both of these options are used to specify patterns,
all arguments are treated as path names. At least eae-fhfor an agument pattern must be prided.

If no files are specifiedycregrep reads the standard input. The standard input can also be referenced
by a name consisting of a singlgphen. Br example:

pcregrep some-pattern ffilel - ffile3

By default, each line that matches the pattern is copied to the standard output, and if there is more than
one file, the file name is output at the start of each lineei#, there are options that can changerho
pcregrep behaes. In particularthe -M option makes it possible to search for patterns that span line
boundaries. What defines a line boundary is controlled byNtifenewline) option.

Paterns are limited to 8K or BUFSIZ characters, whighnes the greater BUFSIZ is defined in
<stdio.h>.

If the LC_ALL or LC_CTYPE environment variable is seficregrep uses the value to set a locale
when calling the PCRE libraryThe--locale option can be used toeride this.

OPTIONS

-- This terminate the list of options. It is useful if thexnigem on the command line starts
with a hyphen bt is not an option. This allows for the processing of patterns and filenames
that start with hyphens.

-A number --after-context=number
Outputnumberlines of contat after each matching line. If flenames and/or line numbers
are being output, aybhen separator is used instead of a colon for the context lines. A line
containing "--" is output between each group of lines, unlegsaigein fact contiguous in
the input file. The value afumberis expected to be reladly small. Havever, pcregrep
guarantees to ka p to 8K of following text aailable for context output.

-B number --before-context=number
Outputnumberlines of cont&t before each matching line. If filenames and/or line num-
bers are being output, a hyphen separator is used instead of a colon for tkielioesteA
line containing "--" is output between each group of lines, unlegsatken fact contigu-
ous in the input file. The value ofumberis expected to be relattly small. Havever,
pcregrep guarantees to kra W to 8K of preceding textailable for context output.
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-C number --context=number
Outputnumberlines of context both before and after each matching liriés is equi-
alent to setting bothA and-B to the same value.

-c, --count Do not output individual lines; instead just output a count of the number of lines that
would otherwise hee been output. If seeral files are gien, a count is output for each of
them. In this mode, theé\, -B, and -C options are ignored.

--colour, --color
If this option is g¥en without ary data, it is equialent to "--colour=auto". If data is
required, it must be gén in the same shell item, separated by an equals sign.

--colour=value --color=value
This option specifies under what circumstances the part of a line that matched a pattern
should be coloured in the output. The value may beehdthe default), "alvays", or
"auto". In the latter case, colouring happens only if the standard output is connected to a
terminal. The colour can be specified by setting the environment variable PCRE-
GREP_COLOUR or PCREGREP_COLOR. Thaue of this variable should be a string
of two numbers, separated by a semicoldiney are copied directly into the control string
for setting colour on a terminal, so it is your responsibility to ensure thatrthle snse.
If neither of the environment variables is set, the default is "1;31", whiek gid.

-D action, --devices=action
If an input path is not a gelar file or a directory'action" specifies he it is to be go-
cessed. Valid values are "read" (the default) or "skip" (silently skip the path).

-d action, --directories=action
If an input path is a directgryaction” specifies he it is to be pocessed. &lid values are
"read" (the default), "recurse" (egdlient to the-r option), or "skip" (silently skip the
path). In the defult case, directories are read as if/tivere ordinary files. In some operat-
ing systems the effect of reading a directorg likis is an immediate end-of-file.

-e pattern --regex=pattern
--regexp=patternSpecify a pattern to be matched. This option can be used multiple times
in order to specify seral patterns. It can also be used as a way of specifying a single pat-
tern that starts with a hyphen. Wheris used, no argument pattern is taken from the com-
mand line; all aguments are treated as file names. There isvaralbmaximum of 100
patterns. The are applied to each line in the order in whichytlaee defined until one
matches (or fails to match¥ is used). Iff is used with-e, the command line patterns are
matched first, followed by the patterns from the file, independent of the order in which
these options are specified. Note that multiple use isf not the same as a single pattern
with alternatves. For example, X|Y finds the first character in a line that is X wh¥reas
if the two patterns are gen separatelypcregrep finds X if it is present,\en if it f ollows
Y in the line. It finds Y only if there is no X in the line. This really matters only if you are
using-o to shav the portion of the line that matched.

--exclude=pattern
Whenpcregrep is searching the files in a directory as a consequence ef {hecursve
search) option, anfiles whose names match the pattern are excluded. The pattern is a
PCRE regular xpression. If a file name matches botinclude and --exclude it is
excluded. There is no short form for this option.

-F, --fixed-strings
Interpret each pattern as a list of fixed strings, separated by newlines, instead @fuas a re
lar expression. Thew (match as a ard) and-x (match whole line) options can be used
with -F. They apply to each of the fixed strings. A line is selected yf afithe fixed strings
are found in it (subject tav or -x, if present).

-f filename --file=filename
Read a number of patterns from the file, one per line, and match them against each line of
input. A data line is output if grof the patterns match it. The filename can lvergas “"
to refer to the standard input. Whehis used, patterns specified on the command line
using-e may also be present; there tested before the fikpatterns. Hwever, no other
pattern is taken from the command line; afjuanents are treated as file names. There is an
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overall maximum of 100 patterns. Trailing white space is nasddrom each line, and
blank lines are ignored. An empty file contains no patterns and therefore matches nothing.

-H, --with-filename
Force the inclusion of the filename at the start of output lines when searching a single file.
By default, the filename is not shown in this case. For matching lines, the filename is fol-
lowed by a colon and a space; for context lines, a hyphen separator is used. If a line num-
ber is also being output, it follows the file name without a space.

-h, --no-filename
Suppress the output filenames when searching multiple files. Bylgeflenames are
shavn when multiple files are searchear Fnatching lines, the filename is followed by a
colon and a space; for context lines, a hyphen separator is used. If a line number is also
being output, it follows the file name without a space.

--help Output a brief help message and exit.

-i, --ignore-case
Ignore upper/lower case distinctions during comparisons.

--include=pattern
Whenpcregrep is searching the files in a directory as a consequence ef {hecursve
search) option, only those files whose names match the pattern are included. The pattern is
a RCRE regular expression. If a file name matches bdatitclude and --exclude it is
excluded. There is no short form for this option.

-L, --files-without-match
Instead of outputting lines from the files, just output the names of the files that do not con-
tain ary lines that would ha keen output. Each file name is output once, on a separate
line.

-1, --files-with-matches
Instead of outputting lines from the files, just output the names of the files containing lines
that would hge keen output. Each file name is output once, on a separate line. Searching
stops as soon as a matching line is found in a file.

--label=name
This option supplies a name to be used for the standard input when file names are being
output. If not supplied, "(standard input)" is used. There is no short form for this option.

--locale=locale-name
This option specifies a locale to be used for pattern matchingertides the value in the
LC ALL or LC_CTYPE ernvironment variables. If no locale is specified, the PCRE
library’s default (usually the "C" locale) is used. There is no short form for this option.

-M, --multiline
Allow patterns to match more than one line. When this optiorven gpatterns may use-
fully contain literal navline characters and internal occurrences of ~ and $ characters. The
output for ag one match may consist of more than one line. When this option is set, the
PCRE library is called in "multiline" mode. There is a limit to the number of lines that can
be matched, imposed by the way tpategrep buffers the input file as it scans it. Wo
eva, pcregrep ensures that at least 8K characters or the rest of the document (@hishe
the shorter) arevailable for forwnard matching, and similarly the previous 8K characters
(or all the previous characters, if fewer than 8K) are guaranteed t@itadble for lookbe-
hind assertions.

-N newline-type--newline=newline-type
The PCRE library supports four different g@entions for indicating the ends of lines. The
are the single-character sequences CR (carriage return) and LF (linefeedp-thatac-
ter sequence CRL.Bnd an "any" cowvention, in which ag Unicode line ending sequence
is assumed to end a line. The Unicode sequences are the three just mentioned, plus VT
(vertical tab, U+000B), FF (formfeed, U+000C), NEL Xhéne, U+0085), LS (line sepa-
rator, U+2028), and PS (paragraph separdiet0029).

When the PCRE library isuiit, a default line-ending sequence is specified. This is
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normally the standard sequence for the operating system. Unless otherwise specified by
this option,pcregrep uses the librarg default. Thepossible values for this option are CR,

LF, CRLF, or ANY. This makes it possible to ugeregrep on files that hee mwme from

other environments without having to modify their line endings. If the data that is being
scanned does not agree with thevention set by this optiornpcregrep may behge in

strange ways.

-n, --line-number
Precede each output line by its line number in the file, followed by a colon and a space for
matching lines or a hyphen and a space for context lines. If the flename is also being out-
put, it precedes the line number.

-0, --only-matching
Shaw only the part of the line that matched a pattern. In this mode, no contextis.sho
That is, theA, -B, and -C options are ignored.

-q, --quiet Work quietly, that is, display nothingxeept error messages. The exit status indicates
whether or not anmatches were found.

-r, --recursive
If any given path is a directoryrecursvely scan the files it contains, taking note offan
--include and--exclude settings. By default, a directory is read as a normal file; in some
operating systems thisvgs an mmediate end-of-file. This option is a shorthand for set-
ting the-d option to "recurse”.

-S, --N0-messages
Suppress error messages about non-existent or unreadable files. Such files are quietly
skipped. Howeer, the return code is still 2yen if matches were found in other files.

-u, --utf-8 Operate in UTF-8 mode. This option igaable only if PCRE has been compiled with
UTF-8 support. Both patterns and subject lines must be valid strings of UTF-8 characters.

-V, --version
Write the version numbers ptregrepand the PCRE library that is being used to the stan-
dard error stream.

-v, --invert-match
Invert the sense of the match, so that lines whicimatomatch ag of the patterns are the
ones that are found.

-w, --word-regex, --word-regexp
Force the patterns to match only wholerds. This is equalent to having \b at the start
and end of the pattern.

-X, --line-regex, --line-regexp
Force the patterns to be anchored (each must start matching agiheirge of a line) and
in addition, require them to match entire lines. This is\atpiit to having ~ and $ charac-
ters at the start and end of each altevedtianch in gery pattern.

ENVIRONMENT VARIABLES

The environment ariablesLC_ALL andLC_CTYPE are examined, in that orddor a locale. The
first one that is set is used. This can berridden by the-locale option. If no locale is set, the PCRE
library's default (usually the "C" locale) is used.

NEWLINES

The -N (--newline) option allavs pcregrep to scan files with different newline ogemtions from the
default. Hovever, the setting of this option does not affect the way in whictegrep writes informa-

tion to the standard error and output streams. It uses the string "\rgrintff) calls to indicate ne-

lines, relying on the C I/O library to ceert this to an appropriate sequence if the output is sent to a
file.

OPTIONS COMPAT IBILITY

The majority of short and long forms péregrep's options are the same as in the Gitdp program.
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Any long option of the form-xxx-regexp (GNU terminology) is alsoailable as--xxx-regex (PCRE
terminology). Howeer, the--locale, -M, --multiline , -u, and --utf-8 options are specific focregrep.

OPTIONS WITH D ATA

There are four different ways in which an option with data can be specified. If a short form option is
used, the data may folloimmediatelyor in the next command line item. For example:

-flsome/file
-f Isome/file

If a long form option is used, the data may appear in the same command line item, separated by an
equals characteor (with one exception) it may appear in the next command line item. For example:

--file=/someffile
--file /[some/file

Note, havever, that if you want to supply a file name beginning with ™ as data in a shell command, and
have the shell expand ~ to a home directgrgu must separate the file name from the option, because
the shell does not treat ~ specially unless it is at the start of an item.

The exception to the abe is the --colour (or --color) option, for which the data is optional. If this
option does ha data, it must be gen in the first form, using an equals charac@therwise it will be
assumed that it has no data.

MATCHING ERRORS

It is possible to supply a regular expression that takes a very long tirai to fatch certain lines.
Such patterns normallyvnlve nested indefinite repeats, for example: (a+)*\d when matched against a
line of as with no final digit. The PCRE matching function has a resource limit that causes it to abort in
these circumstances. If this happegpsiegrep outputs an error message and the line that caused the
problem to the standard error stream. If there are more than 20 suchpenegysep gives up.

DIAGNOSTICS

Exit status is 0 if anmatches were found, 1 if no matches were found, and 2 for syntax errors and non-
existent or inacessible filesy@n if matches were found in other files) or too mamatching errors.
Using the-s option to suppress error messages about inaccessble files does not affect the return code.

SEE ALSO

pcrepattern(3), pcretest(1).
AUTHOR

Philip Hazel
University Computing Service
Cambridge CB2 3QH, England.

Last updated: 29 Nember 2006
Copyright (c) 1997-2006 Uwérsity of Cambridge.
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NAME
pcretest - a program for testing Perl-compatible regular expressions.

SYNOPSIS
pcretest [options] [source] [destination]

pcretestwas written as a test program for the PCRE regular expression library itseif,dan also be

used for experimenting with galar expressions. This document describes the features of the test pro-
gram; for details of the regular expressions themselves, spertépattern documentation. For details

of the PCRE library function calls and their options, segtheapi documentation.

OPTIONS

-b Behave & if each rgex has the/B (shav bytecode) modifier; the internal form is output
after compilation.

-C Output the version number of the PCRE libraayd all available information about the
optional features that are included, and then exit.

-d Behave @ if each rgex has the/D (detug) modifier; the internal form and information
about the compiled pattern is output after compilatidis equvaent to-b -i.

-dfa Behave @ if each data line contains the \D escape sequence; this causes the\adternati
matching functionpcre_dfa_exec()to be sed instead of the standgydre_exec()func-
tion (more detail is gien below).

-help Output a brief summary these options and then exit.

i Behave & if each r@ex has the/l modifier; information about the compiled pattern is
given dter compilation.

-m Output the size of each compiled pattern after it has been compiled. Thisvidestjub
adding/M to each regular expressiororfeompatibility with earlier versions of pcretest,
is a synonym form.

-0o0size  Set the number of elements in the outpetter that is used when callipgre_exec()or
pcre_dfa_exec()to beosize The default value is 45, which is enough for 14 capturing
subepressions fopcre_exec()or 22 diferent matches fopcre_dfa_exec() The \ector
size can be changed for imtlual matching calls by including \O in the data line (see
below).

-p Behave @ if each rgex has the/P modifier; the POSIX wrapper APl is used to call PCRE.
None of the other options hasyaaffect whenp is set.

-q Do not output the version numberpretestat the start ofxecution.
-Ssize On Unix-like systems, set the size of the runtime stackizemegabytes.

-t Run each compile, studsnd match maytimes with a timerand output resulting time per
compile or match (in milliseconds). Do not set with -t, because you will then get the
size output a zillion times, and the timing will be distortedl ¥an control the number of
iterations that are used for timing by fellmg -t with a number (as a separate item on the
command line). For example, "-t 1000" would iterate 1000 times. The default is to iterate
500000 times.

-tm This is like -t except that it times only the matching phase, not the compile or study
phases.

DESCRIPTION

If pcretestis given two filename arguments, it reads from the first and writes to the second. If it is
given only one filename argument, it reads from that file and writes to stdout. Otherwise, it reads from
stdin and writes to stdout, and prompts for each line of input, using "re>" to prompt for regués-e
sions, and "data>" to prompt for data lines.

The program handles wmumber of sets of input on a single input file. Each set starts withuéare
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expression, and continues withyamumber of data lines to be matched against the pattern.

Each data line is matched separately and independénthu want to do multi-line matches, youwkea

to use the \n escape sequence (or \r or \r\n, etc., depending on the newline setting) in a single line of
input to encode the newline sequences. There is no limit on the length of data lines; thefiaepig b
automatically extended if it is too small.

An empty line signals the end of the data lines, at which pointaregilar expression is read. The
regular epressions are gén enclosed in ay non-alphanumeric delimiters other than backslash, for
example:

/(a]bc)x+yz/

White space before the initial delimiter is ignored. A regular expression may be contietseveaal
input lines, in which case the newline characters are included within it. It is possible to include the
delimiter within the pattern by escaping it, for example

/abcVdef/

If you do so, the escape and the delimiter form part of the pattérsinge delimiters arewadys non-
alphanumeric, this does noffedt its interpretation. If the terminating delimiter is immediately fol-
lowed by a backslash, for example,

/abc/\

then a backslash is added to the end of the pattern. This is doneitte @avay of testing the error
condition that arises if a pattern finishes with a backslash, because

/abcV

is interpreted as the first line of a pattern that starts with "abc/", causing pcretest to reatlihe ag
a wntinuation of the regular expression.

PATTERN MODIFIERS

A pattern may be followed by gmumber of modifiers, which are mostly single charactesowing

Perl usage, these are referred to Wweds, for example, "thé modifier", evzen though the delimiter of

the pattern need notvedys be a slash, and no slash is used when writing modifiers. Whitespace may
appear between the final pattern delimiter and the first modifieetween the modifiers themsesy

Theli, /Im, /s, and /x modifiers set the PCRE_CASELESS, PCRE_MUINE, PCRE_DOJALL, or
PCRE_EXTENDED options, respeday, whenpcre_compile()is called. These four modifier letters
have the same effect as theo in Rerl. For example:

/caselessl/i

The following table shows additional modifiers for setting PCRE options that do not correspoyd to an
thing in Perl:

/A PCRE_ANCHORED

IC  PCRE_AUTO_CALLOUT
JE  PCRE_DOLLAR_ENDONLY
i PCRE_FIRSTLINE

/3 PCRE_DUPNAMES

IN  PCRE_NO_AUTO_CAPTURE
/U  PCRE_UNGREEDY

/X  PCRE_EXTRA

J<cr> PCRE_NEWLINE_CR
/<If> PCRE_NEWLINE_LF
J<crlf> PCRE_NEWLINE_CRLF
/<any> PCRE_NEWLINE_ANY
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Those specifying line ending sequencess are literal strings as shown. This example sets multiline
matching with CRLF as the line ending sequence:

[abc/m<crlf>

Details of the meanings of these PCRE options aen gn the pcreapi documentation.
Finding all matches in a string

Searching for all possible matches within each subject string can be requestefglor tiiemodifier.

After finding a match, PCRE is called again to search the remainder of the subject stringfefhe dif
ence betweefg and/G is that the former uses tistartoffsetargument tgpcre_exec(to start searching

at a nev point within the entire string (which is in effect what Perl does), whereas the latter passes o

a shortened substring. This makes a difference to the matching process if the pattern begins with a
lookbehind assertion (including \b or \B).

If any call to pcre_exec()in a/g or /G sequence matches an empty string, the next call is done with the
PCRE_NOEMPTY and PCRE_ANCHORED flags set in order to search for anatherempty,
match at the same point. If this second matils,fthe start offset is advanced by one, and the normal
match is retried. This imitates the way Perl handles such cases when usgqmtidifier or thesplit()
function.

Other modifiers

There are yet more modifiers for controlling the \payetestoperates.

The/+ modifier requests that as well as outputting the substring that matched the entire pattern, pcretest
should in addition output the remainder of the subject string. This is useful for tests where the subject
contains multiple copies of the same substring.

The/B maodifier is a debugging feature. It requests fitattestoutput a representation of the compiled
byte code after compilation.

The/L modifier must be followed directly by the name of a locale, for example,
/pattern/Lfr_FR

For this reason, it must be the last modifiEhe given locale is setpcre_maketables()is called to
build a set of character tables for the locale, and this is then pagsei teompile()when compiling
the regular expression. Without Anmodifier, NULL is passed as the tables pointer; thatlisapplies
only to the expression on which it appears.

The /I modifier requests thgicretest output information about the compiled pattern (whether it is
anchored, has a fixed first characéad so on). It does this by callimgre_fullinfo() after compiling a
pattern. If the pattern is studied, the results of that are also output.

The /D modifier is a PCRE delgging feature, and is egalent to/Bl, that is, both théB and the/l
modifiers.

The /F modifier causepcretestto flip the byte order of the fields in the compiled pattern that contain
2-byte and 4-byte numbers. Thiflity is for testing the feature in PCRE that allows itxtecate pat-
terns that were compiled on a host with a different endianness. This feature vsilabteawhen the
POSIX interface to PCRE is being used, that is, wheriRhpattern modifier is specified. See also the
section about saving and reloading compiled patternsvbelo

The /S modifier causepcre_study() to be called after the expression has been compiled, and the
results used when the expression is matched.

The/M modifier causes the size of memory block used to hold the compiled pattern to be output.

The /P modifier causegpcretestto call PCRE via the POSIX wrapper API rather than itsvaadPl.
When this is done, all other modifiergcept/i, /m, and /+ are ignored. REG_ICASE is set/ifis
present, and REG_NEWLINE is set /ih is present. The wrapper functions force PCRE_DOL-
LAR_ENDONLY always, and PCRE_DTALL unless REG_NEWLINE is set.

The /8 modifier causegcretestto call PCRE with the PCRE_UTF8 option set. This turns on support
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for UTF-8 character handling in PCRE, provided thataswompiled with this support enabled. This
modifier also causes ymon-printing characters in output strings to be printed using the \x{hh...} nota-
tion if they are valid UTF-8 sequences.

If the /? modifier is used with/8, it causes pcretest to call pcre_compile() with the
PCRE_NO_UTF8_CHECK option, to suppress the checking of the string for UTF-8 validity.

DATA L INES

Before each data line is passedotoe exec() leading and trailing whitespace is rered, and it is

then scanned for \ escapes. Some of these are pretty esoteric features, intended for checking out some
of the more complicated features of PCRE. If you are just testing "ordingyfareexpressions, you
probably dont need ag of these. The following escapes are recognized:

\a alarm(BEL, \x07)
\b backspac€x08)
\e escapf\x27)

\f formfeed(\x0c)

\n nevline (\x0a)

\qdd  sethe PCRE_MATCH_LIMIT limit to dd
(any number of digits)

\r carriagereturn (\x0d)

\t tab(\x09)

\v vertical tab (\x0b)

\nnn octalcharacter (up to 3 octal digits)

\xhh hexadecimal character (up to 2xhdigits)

\x{hh...} hexadecimal characteany number of digits
in UTF-8 mode

\A passthe PCRE_ANCHORED option facre_exec()
or pcre_dfa_exec()

\B passhe PCRE_NOTBOL option tpcre_exec()
or pcre_dfa_exec()

\Cdd callpcre_copy_substring() for substring dd
after a successful match (number less than 32)

\Cname calpcre_copy_named_substring() for substring
"name" after a successful match (name termin-
ated by next non alphanumeric character)

\C+ shav the current captured substrings at callout

time

\C- donot supply a callout function

\CIn returnl instead of 0 when callout number n is
reached

\C!Inlm returnl instead of O when callout number n is
reached for the nth time

\C*n passhe number n (may be gaive) as @llout
data; this is used as the callout return value

\D usethepcre_dfa_exec(match function

\F onlyshortest match fqucre_dfa_exec()

\Gdd callpcre_get_substring() for substring dd
after a successful match (number less than 32)

\Gname calpcre_get named_substring() for substring
"name" after a successful match (name termin-
ated by next non-alphanumeric character)

\L call pcre_get_substringlist() after a
successful match

\M discover the minimum MATCH_LIMIT and
MATCH_LIMIT_RECURSION settings

\N passhe PCRE_NOTEMPTY option tacre_exec()
or pcre_dfa_exec()

\Odd sethe size of the output vector passed to
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pcre_exec()Xo dd (aiy number of digits)
\P pasghe PCRE_PARTIAL option tpcre_exec()
or pcre_dfa_exec()
\Qdd  sethe PCRE_MATCH_LIMIT_RECURSION limit to dd

(any number of digits)
\R pasgshe PCRE_DFA_RESTARoption topcre_dfa_exec()
\S outputdetails of memory get/free calls during matching

\Z passhe PCRE_NOTEOL option facre_exec()
or pcre_dfa_exec()

\? pasgthe PCRE_NO_UTF8 CHECK option to
pcre_exec(Jor pcre_dfa_exec()

\>dd starthe match at offset dd (mmumber of digits);
this sets thaetartoffsetargument fopcre_exec()
or pcre_dfa_exec()

\<cr> pasghe PCRE_NEWLINE_CR option facre_exec()
or pcre_dfa_exec()

\<If> passthe PCRE_NEWLINE_LF option tpcre_exec()
or pcre_dfa_exec()

\<crlf> passhe PCRE_NEWLINE_CRLF option focre_exec()
or pcre_dfa_exec()

\<ary> passhe PCRE_NEWLINE_ANY option tpcre_exec()
or pcre_dfa_exec()

The escapes that specify line ending sequences are literal strings, exactly as shown. No more than one
newline setting should be present ity aata line.

A backslash followed by anything else just escapes the anything else. Erthéast character is a
backslash, it is ignored. Thisvgs a way of passing an empty line as data, since a real empty line ter
minates the data input.

If \M is presentpcretestcalls pcre_exec()several times, with different values in theatch_limitand
match_limit_recursiorfields of thepcre_extra data structure, until it finds the minimum numbers for
each parameter that allopcre_exec()to complete. Thematch_limitnumber is a measure of the
amount of backtracking that & place, and checking it out can be instvectFor most simple
matches, the number is quite smallt for patterns with very large numbers of matching possibilities,
it can become lge very quickly with increasing length of subject string. Tegch_limit_recursion
number is a measure ofwanuch stack (qrif PCRE is compiled with NO_RECURSE, Wwanuch
heap) memory is needed to complete the match attempt.

When \O is used, the value specified may be higher or lower than the size set®gdnemand line
option (or defaulted to 45); \O applies only to the cappat_exec(¥or the line in which it appears.

If the /P modifier was present on the pattern, causing the POSIX wrapper API to be used, the only
option-setting sequences thatvlaany €&ect are \B and \Z, causing REG_TNBOL and
REG_NOTEOL, respeately, to be m@ssed taegexec()

The use of \x{hh...} to represent UTF-8 characters is not dependent on the uséohtikfier on the
pattern. It is recognizedvadys. There may be gmumber of hexadecimal digits inside the braces. The
result is from one to six bytes, encoded according to the UTF-8 rules.

THE ALTERN AT IVE MATCHING FUNCTION

10

By default, pcretestuses the standard PCRE matching functmmme _exec()to match each data line.
From release 6.0, PCRE supports an altar@atatching functionpcre_dfa_test() which operates in
a dfferent vay, and has some restrictions. The differences between théutvetions are described in
the pcrematching documentation.

If a data line contains the \D escape sequence, or if the command line contaiifa thation, the
alternatve matching function is called. This function finds all possible matches atea point. If,

however, the \F escape sequence is present in the data line, it stops after the first match is found. This is
always the shortest possible match.
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DEFAULT OUTPUT FROM PCRETEST

This section describes the output when the normal matching funptien,exec() is being used.

When a match succeeds, pcretest outputs the list of captured substrimgsethexec()returns, start-

ing with number 0 for the string that matched the whole pattern. Otherwise, it outputs "No match" or
"Partial match" wherpcre_exec(returns PCRE_ERBR_NOMATCH or PCRE_ERRR_PARTIAL,
respectiely, and otherwise the PCRE gaive aror number Here is an example of an interaeti
pcretestrun.

$ pcretest
PCRE version 7.0 30-Nov-2006

re> ["abc(\d+)/
data> abc123
0: abcl123
1:123
data> xyz
No match

If the strings contain gmon-printing characters, thiere output as \Ox escapes, or as \x{...} escapes if
the/8 modifier was present on the pattern. Seevbétw the definition of non-printing characters. If the
pattern has thé+ modifier, the output for substring O is folleed by the the rest of the subject string,
identified by "0+" lile this:

re> [cat/+
data> cataract
0: cat

0+ aract

If the pattern has thég or /G modifier, the results of successi matching attempts are output in
sequence, lik this:

re> \Bi(\w\w)/g
data> Mississippi
0: iss
ss
iss
ss
ipp
pp

RPoROR

"No match" is output only if the first match attempt fails.

If any of the sequence<, \G, or \L are present in a data line that is successfully matched, the sub-
strings extracted by the oammience functions are output with C, G, or L after the string number
instead of a colon. This is in addition to the normal full list. The string length (that is, the return from
the extraction function) is gén in parentheses after each stringGrand\G.

Note that whereas patterns can be continwvedsveal lines (a plain ">" prompt is used for continua-
tions), data lines may not. Mever newlines can be included in data by means of the \n escape (or \r
\n\n, etc., depending on the newline sequence setting).

OUTPUT FROM THE ALTERN ATIVE MATCHING FUNCTION
When the alternate matching functionpcre_dfa_exec()is used (by means of the \D escape sequence
or the-dfa command line option), the output consists of a list of all the matches that start at the first
point in the subject where there is at least one match. For example:

re> /(tang|tangerine|tan)/
data> yellov tangerine\D

11
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0: tangerine
1: tang
2:tan

(Using the normal matching function on this data finds only "tang".) The longest matching string is
always given first (and numbered zero).

If /g is present on the pattern, the search for further matches resumes at the end of the longest match.
For example:

re> /(tang|tangerine|tan)/g
data> yellov tangerine and tangy sultana\D
0: tangerine
1: tang
2:tan
0: tang
1: tan
0: tan

Since the matching function does not support substring capture, the escape sequences that are con-
cerned with captured substrings are notvale

RESTARTING AFTER A PARTIAL MATCH

When the alternate matching function has gén the PCRE_ERRR_PARIAL return, indicating that
the subject partially matched the pattern, you can restart the match with additional subject data by
means of the \R escape sequence. For example:

re> /"
data> %ﬁgﬂmm mar|apr|may]jun]jullaug|sep|oct|nov|dec)
Patial match: 23ja ¥
data> nO5\R\D

0: n05

For further information about partial matching, seepbeepartial documentation.
CALLOUTS

If the pattern contains grcallout requestgpcretests callout function is called during matching. This
works with both matching functions. By deflt, the called function displays the callout numlies
start and current positions in thetet the callout time, and the next pattern item to be testad. F
example, the output

--->pqrabcdef
0 "~ d

indicates that callout number 0 occurred for a match attempt starting at the fourth character of the sub-
ject string, when the pointer was at thees¢h character of the data, and when thet pattern item
was \d. Just one circumfigs output if the start and current positions are the same.

Callouts numbered 255 are assumed to be automatic callouts, inserted as a resi@t mrditteen mod-
ifier. In this case, instead of showing the callout numtber offset in the pattern, preceded by a plus, is
output. For example:

re> Nd?[A-E]\*/C

data> E*
___>E*

+0° \d?
+37  [A-E]
+87 \*
+10°"

12
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0: E*

The callout function irpcretestreturns zero (carry on matching) by default, but you can use a \C item
in a data line (as described abpto change this.

Inserting callouts can be helpful when usjpayetestto check complicated regular expressions: F
further information about callouts, see ff@ecallout documentation.

NON-PRINTING CHARACTERS

When pcretest is outputting text in the compiled version of a pattern, bytes other than 32-126 are
always treated as non-printing characters are are therefore showx e hjges.

Whenpcretestis outputting text that is a matched part of a subject string, iveelathe same way,
unless a different locale has been set for the pattern (usidly thedifier). In this case, thisprint()
function to distinguish printing and non-printing characters.

SAVING AND RELOADING COMPILED P ATTERNS

The facilities described in this section are nadilable when the POSIX inteface to PCRE is being
used, that is, when tHE pattern modifier is specified.

When the POSIX interface is not in use, you can cposstestto write a compiled pattern to a file, by
following the modifiers with > and a file namEor example:

/pattern/im >/some/file

See thepcreprecompiledocumentation for a discussion about saving and re-using compiled patterns.

The data that is written is binaryhe first eight bytes are the length of the compiled pattern data fol-
lowed by the length of the optional study data, each written as four bytes in big-endian order (most sig-
nificant byte first). If there is no study data (either the pattexs mot studied, or studying did not
return ai data), the second length is zero. The lengths arenfetidoy an exact cgpof the compiled
pattern. If there is additional study data, this follows immediately after the compiled pattern. After writ-
ing the file,pcretestexpects to read a mepattern.

A savel pattern can be reloaded inparetestby specifing < and a file name instead of a pattern. The
name of the file must not contain a < chara@smherwisepcretestwill interpret the line as a pattern
delimited by < characterd-or example:

re> </someffile
Compiled rege loaded from /someffile
No study data

When the pattern has been loadextetestproceeds to read data lines in the usual way.

You can copy a file written bypcretestto a diferent host and reload it theraen if the nev host has
opposite endianness to the one on which the pattern was compiledafmie you can compile on an
i86 machine and run on a SPARC machine.

File names for sang and reloading can be absolute or retatbut note that the shell facility of
expanding a file name that starts with a tilde (7) is natl@le.

The ability to sae and reload files imcretestis intended for testing andgerimentation. It is not
intended for production use because only a single pattern can be written to a file. Furthermore, there is
no facility for supplying custom character tables for use with a reloaded pattern. If the original pattern
was compiled with custom tables, an attempt to match a subject string using a reloaded pattyn is lik

to causepcretestto crash. Finally, if you attempt to load a file that is not in the correct format, the
result is undefined.

SEE ALSO

pcre(3), pcreapi(3), pcrecallout(3), pcrematching(3), pcrepartial (d), pcrepattern(3), pcreprecom-
pile(3).

13
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NAME
PCRE - Perl-compatible regular expressions

INTRODUCTION

The PCRE library is a set of functions that implemegtila expression pattern matching using the
same syntax and semantics as Perl, with justwadifferences. (Certain features that appeared in
Python and PCRE before thappeared in Perl are alswadlable using the Python syntax.)

The current implementation of PCRE (release 7.x) corresponds approximately with Perl 5.10, including
support for UTF-8 encoded strings and Unicode generajaat@roperties. Hoever, UTF-8 and Uni-

code support has to be explicitly enabled; it is not the default. The Unicode tables correspond to Uni-
code release 5.0.0.

In addition to the Perl-compatible matching function, PCRE contains an akernatiching function
that matches the same compiled patterns infardift way. In certain circumstances, the altermati
function has some advantageer B discussion of the twmatching algorithms, see tiperematching
page.

PCRE is written in C and released as a C librAmumber of people h& written wrappers and inter
faces of various kinds. In particujg@oogle Inc. have provided a comprehenst C++ wrapper This is
now included as part of the PCRE distribution. ueecpp page has details of this interface. Other
peoples contributions can be found in ti@ontrib directory at the primary FTP site, which is:

ftp://ftp.csx.cam.ac.uk/pub/software/programming/pcre

Details of exactly which Perl regulaxgression features are and are not supported by PCREvane gi
in separate documents. See pleeepattern andpcrecompatpages.

Some features of PCRE can be included, excluded, or changed when the library is bpdteThen-
fig() function makes it possible for a client to digeowhich features arevailable. The features them-
seles are described in tiperebuild page. Documentation about building PCRE fariaus operating
systems can be found in tREADME file in the source distribution.

The library contains a number of undocumented internal functions and data tables that are used by
more than one of thexported external functions, but which are not intended for use by external callers.
Their names all lgn with " _pcre_", which hopefully will not pxmke aiy name clashes. In some
ervironments, it is possible to control which external symbols spereed when a shared library is

built, and in these cases the undocumented symbols are not exported.

USER DOCUMENTATION

The user documentation for PCRE comprises a numberfefatit sections. In the "man" format, each
of these is a separate "man page". In the HTML format, each is a separate page, linked from the inde
page. In the plain text format, all the sections are concatenated, for ease of searching. The sections are

as follows:
pcre thisdocument
pcreapi detailof PCRES native C API

pcrehuild optionsfor building PCRE

pcrecallout  detailsf the callout feature

pcrecompat discussiaf Perl compatibility

pcrecpp detailsf the C++ wrapper

pcregrep descriptiomf thepcregrep command

pcrematching  discussiaf the two matching algorithms

pcrepartial  detailsf the partial matching facility

pcrepattern  syntaand semantics of supported
regular expressions

pcreperform  discussioof performance issues

pcreposix thé®?OSIX-compatible C API

pcreprecompile detailsf saving and re-using precompiled patterns

pcresample discussiaf the sample program

15
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pcrestack discussiasf stack usage
pcretest descriptioaf the pcretesttesting command

In addition, in the "man" and HTML formats, there is a short page for each C library function, listing
its arguments and results.

LIMIT ATIONS

There are some size limitations in PCRE but it is hoped thattilenever in practice be rebeant.

The maximum length of a compiled pattern is 65539 (sic) bytes if PCRE is compiled withahk def
internal linkage size of 2. If you want to process regular expressions that are truly enormous, you can
compile PCRE with an internal linkage size of 3 or 4 (sedRtBARDME file in the source distriltion

and thepcrebuild documentation for details). In these cases the limit is substantiajir. I&toweve,

the speed ofx@cution is slower.

All values in repeating quantifiers must be less than 65536. The maximum compiled length of subpat-
tern with an gplicit repeat count is 30000 bytes. The maximum number of capturing subpatterns is
65535.

There is no limit to the number of parenthesized subpattarhthdre can be no more than 65535 cap-
turing subpatterns.

The maximum length of name for a named subpattern is 32 characters, and the maximum number of
named subpatterns is 10000.

The maximum length of a subject string is the largest pesitimber that an integer variable can hold.
However, when using the traditional matching function, PCRE uses recursion to handle subpatterns and
indefinite repetition. This means that theitable stack space may limit the size of a subject string
that can be processed by certain patterns. For a discussion of stack issueg@estttek documen-

tation.

UTF-8 AND UNICODE PROPERTY SUPPORT

16

From release 3.3, PCRE has had some support for character strings encoded in the UTF-8format. F
release 4.0 this was greatly extended tgecmost common requirements, and in release 5.0 additional
support for Unicode general category properties was added.

In order process UTF-8 strings, you mustld PCRE to include UTF-8 support in the code, and, in
addition, you must calpcre_compile()with the PCRE_UTF8 option flag. When you do this, both the
pattern and ansubject strings that are matched against it are treated as UTF-8 strings instead of just
strings of bytes.

If you compile PCRE with UTF-8 supportutodo not use it at run time, the library will be a bit bigger
but the additional run timewerhead is limited to testing the PCRE_UTF8 flag occasignsdiyhould
not be very big.

If PCRE is built with Unicode character property support (which implies UTF-8 support), the escape
sequences \p{..}, \P{..}, and \X are supportethe ailable properties that can be tested are limited to
the general category properties such as Lu for an upper case letter or Nd for a decimaltherdbéer

code script names such as Arabic or Han, and theedgmioperties Ay and L&. A full list is given in

the pcrepattern documentation. Only the short names for properties are suppootegkample, \p{L}
matches a lettetts Perl synonym, \p{Letter}, is not supported. Furthermore, in Perlympiaperties

may optionally be prefixed by "Is", for compatibility with Perl 5.6. PCRE does not support this.

The following comments apply when PCRE is running in UTF-8 mode:

1. When you set the PCRE_UTF8 flag, the strings passed as patterns and subjects edefaheck
validity on entry to the relant functions. If an imalid UTF-8 string is passed, an error return igegi

In some situations, you may already Wwnilat your strings are valid, and therefore want to skip these
checks in order to impve performance. If you set the PCRE_NO_UTF8 CHECK flag at compile time
or at run time, PCRE assumes that the pattern or subject ters (g@spectiely) contains only slid
UTF-8 codes. In this case, it does not diagnose \atidnUTF-8 string. If you pass anvaid UTF-8
string to PCRE when PCRE_NO_UTF8 CHECK is set, the results are undefinedrggram may
crash.
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2. An unbraced headecimal escape sequence (such as \xb3) matches a two-byte UTF-8 character if the
value is greater than 127.

3. Octal numbers up to \777 are recognized, and matutbyte UTF-8 characters for values greater
than \177.

4. Repeat quantifiers apply to complete UTF-8 characters, not to individual bytexafople:
\x{100}{3}.

5. The dot metacharacter matches one UTF-8 character instead of a single byte.

6. The escape sequence \C can be used to match a single byte in UTF-8 mode, but its use can lead to
some strange fefcts. This facility is not wilable in the alternate matching function,
pcre_dfa_exec()

7. The character escapes \b, \B, \d, \D, \s, \Said/\W correctly test characters ofyatode value, bt

the characters that PCRE recognizes as digits, spaces, or word characters remain the same set as before,
all with values less than 256. This remains truenevhen PCRE includes Unicode property support,
because to do otherwise wouldwgldown PCRE in mag common cases. If you really want to test for

a wider sense of, saydigit", you must use Unicode property tests such as \p{Nd}.

8. Similarly, characters that match the POSIX named character classes are all low-valued characters.

9. Case-insensite matching applies only to characters whoakugs are less than 128, unless PCRE is
built with Unicode property support. Even when Unicode property suppovtilatale, PCRE still uses

its own character tables when checking the casewe¥/#dued characters, so as not tg@ee perfor
mance. TheJnicode property information is used only for characters with higher values. Even when
Unicode property support isvalable, PCRE supports case-insensitimatching only when there is a
one-to-one mapping between a letadses. There are a small number of yammone mappings in
Unicode; these are not supported by PCRE.

AUTHOR
Philip Hazel

University Computing Service,
Cambridge CB2 3QH, England.

Putting an actual email address here seemsv® leen a spam magnet, sod'taken it avay. If you
want to email me, use my initial and surname, separated by a dot, at the domain ucs.cam.ac.uk.

Last updated: 23 Nember 2006
Copyright (c) 1997-2006 Uwérsity of Cambridge.
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NAME

PCRE - Perl-compatible regular expressions

PCRE NAT IVE API

18

#include <pcre.h>

pcre *pcre_compile(const char pattern int options
const char **errptr, int * erroffset
const unsigned char tableptn;

pcre *pcre_compile2(const char pattern int options
int * errorcodepts
const char **errptr, int * erroffset
const unsigned char tableptn;

pcre_extra *pcre_study(const pce *code int options
const char **errptr);

int pcre_exec(const poe *code const pcre_extra *extra,
const char *subject int length int startoffset
int options int *ovector, int ovecsizg;

int pcre_dfa_exec(const pa *code const pcre_extra exra,
const char *subject int length int startoffset
int options int *ovector, int ovecsize
int * workspaceint wscouny;

int pcre_copy_named_substring(const p& *code
const char *subject int * ovector,
int stringcount const char *stringname
char *buffer, int buffersizé;

int pcre_copy_substring(const char $ubject int * ovector,
int stringcount int stringnumbeychar * buffer,
int buffersize;

int pcre_get_named_substring(const p& *code
const char *subject int * ovector,
int stringcount const char *stringname
const char **stringptr);

int pcre_get_stringnumber(const pce *code
const char 'namg;

int pcre_get_stringtable_entries(const pae *code
const char *name char ** first, char ** last);

int pcre_get_substring(const char subject int * ovector,
int stringcount int stringnumbey
const char **stringptr);

int pcre_get_substring_list(const char subject
int * ovector, int stringcount const char *** listptr);

void pcre_free_substring(const char stringptr);
void pcre_free_substring_list(const char *stringptr);
const unsigned char *pcre_maketables(void);

int pcre_fullinfo(const pcre *code const pcre_extra *exra,
int what void *wherg;

int pcre_info(const pcre *code int * optptr, int * firstcharptp);
int pcre_refcount(pcre *code int adjus);
int pcre_config(int what, void *where;

PCREAPI(3)
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char *pcre_version(void);

void *(*pcre_malloc)(size_t);

void (*pcre_free)(void *);

void *(*pcre_stack_malloc)(size_t);

void (*pcre_stack free)(void *);

int (*pcre_callout)(pcre_callout_block *);
PCRE API OVERVIEW

PCRE has its own nat API, which is described in this document. There are also some wrapper func-
tions that correspond to the POSIXuéar expression API. These are described irptineposixdocu-
mentation. Both of these APIs define a set of C function calls. A C++ wrapper isudéstrivith
PCRE. It is documented in tiperecpp page.

The natve API C function prototypes are defined in the headerpfike.h, and on Unix systems the
library itself is calledibpcre. It can normally be accessed by addipgre to the command for link-

ing an application that uses PCRE. The header file defines the macros PCRE_MAJOR and
PCRE_MINOR to contain the major and minor release numbers for the likaplications can use

these to include support for different releases of PCRE.

The functiongpocre_compile() pcre_compile2() pcre_study() and pcre_exec()are used for compil-
ing and matching regular expressions in a Perl-compatible malrexmple program that demon-
strates the simplest way of using them is provided in the file gatlelemo.dn the source distrile
tion. Thepcresampledocumentation describeswdo run it.

A second matching functiorpcre_dfa_exec() which is not Perl-compatible, is also pided. This
uses a different algorithm for the matching. The alteraagorithm finds all possible matches (at a
given point in the subject), and scans the subject just onogekén, this algorithm does not return cap-
tured substrings. A description of theotwatching algorithms and their advantages and desatdges
is given in the pcrematching documentation.

In addition to the main compiling and matching functions, there ansegi@mce functions foreract-
ing captured substrings from a subject string that is matchpdrbyexec() They are:

pcre_copy_substring()
pcre_copy_hamed_substring()
pcre_get_substring()

pcre_get named_substring()
pcre_get substring_list()
pcre_get_stringnumber()
pcre_get_stringtable _entries()

pcre_free_substring()andpcre_free_substring_list()are also provided, to free the memory used for
extracted strings.

The functionpcre_maketables()is used to bild a set of character tables in the current locale for pass-
ing topcre_compile() pcre_exec() or pcre_dfa_exec() This is an optional facility that is provided for
specialist use. Most commonlyo gecial tables are passed, in which case internal tables that are gen-
erated when PCRE is built are used.

The functionpcre_fullinfo() is used to find out information about a compiled patteere_info() is an
obsolete version that returns only some of thalable information, but is retained for backwards com-
patibility. The functionpcre_version()returns a pointer to a string containing the version of PCRE and
its date of release.

The functionpcre_refcount() maintains a reference count in a data block containing a compiled pat-
tern. This is provided for the benefit of object-oriented applications.

The global ariablespcre_mallocandpcre_freeinitially contain the entry points of the standandl-

loc() andfree() functions, respeately. PCRE calls the memory management functions via thage v

ables, so a calling program can replace them if it wishes to intercept the calls. This should be done
before calling ap PCRE functions.
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The global ariablespcre_stack_mallocand pcre_stack freeare also indirections to memory man-
agement functions. These special functions are used only when PCRE is compiled to use the heap for
remembering data, instead of recuesfunction calls, when running theere_exec()function. See the
pcrebuild documentation for details of fwato do tis. It is a non-standard way of building PCRE, for

use in environments that Ve limited stacks. Because of the greater use of memory management, it
runs more shaly. Separate functions are provided so that special-purpose external code can be used for
this case. When used, these functions aneyal called in a stack-likk manner (last obtained, first

freed), and abays for memory blocks of the same size. There is a discussion aboutPERE'Usage

in thepcrestackdocumentation.

The global ariablepcre_calloutinitially contains NULL. It can be set by the caller to a "callout" func-
tion, which PCRE will then call at specified points during a matching operation. Detailsarénghe
pcrecallout documentation.

NEWLINES

PCRE supports four dédrent conentions for indicating line breaks in strings: a single CR (carriage
return) charactera sngle LF (linefeed) charactethe two-character sequence CRIoOF any Unicode

newline sequence. The Unicode newline sequences are the three just mentioned, plus the single charac-
ters VT (vertical tab, U+000B), FF (formfeed, U+000C), NEL (next line, U+0085), LS (line separator
U+2028), and PS (paragraph separdte2029).

Each of the first three ceentions is used by at least one operating system as its standéidene
sequence. When PCRE is built, aaléf can be specified. The default default is WFRich is the Unix
standard. When PCRE is run, the default canMegridden, either when a pattern is compiled, or when
it is matched.

In the PCRE documentation the wordwiiee" is used to mean "the character or pair of characters that
indicate a line break". The choice of newlineartiion afects the handling of the dot, circumflex, and
dollar metacharacters, the handling of #-comments in /x mode, and, when CRLF is a recognized line
ending sequence, the match positionasement for a non-anchored pattern. The choice wlime
cornvention does not affect the interpretation of the \n or \r escape sequences.

MULTITHREADING

The PCRE functions can be used in multi-threading applications, with the proviso that the memory
management functions pointed to bypcre mallog pcre free pcre_stack mallo¢ and
pcre_stack free and the callout function pointed to lpgre_callout, are shared by all threads.

The compiled form of a regular expression is not altered during matching, so the same compiled pattern
can safely be used byveeal threads at once.

SAVING PRECOMPILED P ATTERNS FOR LATER USE

The compiled form of a galar expression can beved and re-used at a later time, possibly by a dif-
ferent program, andven on a lost other than the one on which it was compiled. Details aea @i
the pcreprecompiledocumentation.

CHECKING BUILD-TIME OPTIONS

20

int pcre_config(int what, void *where;

The functionpcre_config() makes it possible for a PCRE client to digeowhich optional features
have keen compiled into the PCRE librafyhe pcrebuild documentation has more details about these
optional features.

The first agument forpcre_config()is an intger, pecifying which information is required; the second
argument is a pointer to a variable into which the information is placed. Thaifojjanformation is
available:

PCRE_CONFIG_UTF8

The output is an integer that is set to one if UTF-8 suppovkible; otherwise it is set to zero.

PCRE_CONFIG_UNICODE_PROPERTIES
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The output is an inger that is set to one if support for Unicode character propertigaileshde; other
wise it is set to zero.

PCRE_CONFIG_NEWLINE

The output is an integer whosalwe specifies the default character sequence that is recognized as
meaning "newline". The four values that are supported are: 10 fdr3L.#er CR, 3338 for CRLFand
-1 for ANY. The default should normally be the standard sequence for your operating system.

PCRE_CONFIG_LINK_SIZE

The output is an integer that contains the number of bytes used for internal linkage in corgpléed re
expressions. The value is 2, 3, or 4. Larger valuesvdilager regular expressions to be compiled, at
the expense of slower matching. Theaddtf value of 2 is sufficient for all but the most mesgiat-
terns, since it allows the compiled pattern to be up to 64K in size.

PCRE_CONFIG_POSIX_MALLOC_THRESHOLD

The output is an integer that contains the thresholdeatich the POSIX interface usezalloc() for
output vectors. Further details areai in the pcreposixdocumentation.

PCRE_CONFIG_MATCH_LIMIT

The output is an integer thatvgs the dehult limit for the number of internal matching function calls in
apcre_exec(execution. Further details arevgn with pcre_exec()below.

PCRE_CONFIG_MATCH_LIMIT_RECURSION

The output is an integer thatvgs the default limit for the depth of recursion when calling the internal
matching function in @cre_exec()execution. Further details arevgn with pcre_exec()below.

PCRE_CONFIG_SACKRECURSE

The output is an integer that is set to one if internal recursion when rupeciegexec()is imple-
mented by recurgé function calls that use the stack to remember their state. This is the aguhlaty
PCRE is compiled. The output is zero if PCR&sveompiled to use blocks of data on the heap instead
of recursve function calls. In this caspgcre_stack mallocandpcre_stack freeare called to manage
memory blocks on the heap, thumiding the use of the stack.

COMPILING A P ATTERN

pcre *pcre_compile(const char pattern int options
const char **errptr, int * erroffset
const unsigned char tableptn;

pcre *pcre_compile2(const char pattern int options
int * errorcodepts
const char **errptr, int * erroffset
const unsigned char tableptn;

Either of the functionpcre_compile()or pcre_compile2()can be called to compile a pattern into an
internal form. The only difference between th® twterfaces is thapcre _compile2()has an additional
argumenterrorcodeptr via which a numerical error code can be returned.

The pattern is a C string terminated by a binary zero, and is passedattdraargument. A pointer

to a single block of memory that is obtained p@e_mallocis returned. This contains the compiled
code and related data. There type is defined for the returned block; this is a typedef for a structure
whose contents are not externally defined. It is up to the caller to free the memeordviaee) when

it is no longer required.

Although the compiled code of a PCREjee is relocatable, that is, it does not depend on memory
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location, the completpcre data block is not fully relocatable, because it may contain g ebfhe
tableptrargument, which is an address (see below).

The optionsargument contains various bit settings thdéetf the compilation. It should be zero if no
options are required. Theailable options are described b@locSome of them, in particulathose that

are compatible with Perl, can also be set and unset from within the pattern (see the detailed description
in the pcrepattern documentation). & these options, the contents of thionsargument specifies

their initial settings at the start of compilation angeomition. The PCRE_ANCHORED and
PCRE_NEWLINE xxxoptions can be set at the time of matching as well as at compile time.

If errptr is NULL, pcre_compile()returns NULL immediately Otherwise, if compilation of a pattern
fails, pcre_compile()returns NULL, and sets the variable pointed tehptr to point to a tetual error
message. This is a static string that is part of the libwany must not try to free it. The offset from the
start of the pattern to the character where the error wasvdisdais placed in the variable pointed to
by erroffset which must not be NULL. If it is, an immediate error igegi.

If pcre_compile2()is used instead gdcre_compile() and theerrorcodeptrargument is not NULL, a
non-zero error code number is returned via this argument irvéhe @ an errarThis is in addition to
the textual error message. Error codes and messages are listed belo

If the final agumenttableptr, is NULL, PCRE uses a default set of character tables that are built when
PCRE is compiled, using the default C locale. Othervtidadeptr must be an address that is the result
of a call topcre_maketables() This value is stored with the compiled pattern, and useih duy
pcre_exec() unless another table pointer is passed toadt.rRore discussion, see the section on locale
support belar.

This code fragment shows a typical straightforward cglcte_compile(}

pcre *re;

const char *error;
int erroffset;

re = pcre_compile(

"AXZ", [* the pattern */

0, /* default options */

&error, [* for error message */

&erroffset,  /[*for error offset */

NULL); [* use default character tables */

The following names for option bits are defined inghee.h header file:
PCRE_ANCHORED

If this bit is set, the pattern is forced to be "anchored", that is, it is constrained to match only at the first
matching point in the string that is being searched (the "subject string"). This effect can also be
achieved by gopropriate constructs in the pattern itself, which is the only way to do it in Perl.

PCRE_AUTO_CALLOUT

If this bit is setpcre_compile()automatically inserts callout items, all with number 255, before each
pattern item. For discussion of the callout facilége thepcrecallout documentation.

PCRE_CASELESS

If this bit is set, letters in the pattern match both upper and lower case letters. vaeatito Perls fi
option, and it can be changed within a pattern by a (?i) option setting. In UTF-8 mode, R@RE al
understands the concept of case for characters whose values are less than 128, so caseless matching is
always possible. For characters with higher values, the concept of case is supported if PCRE is com-
piled with Unicode property support, but not otherwise. If yantio use caseless matching for ehar
acters 128 and abe you must ensure that PCRE is compiled with Unicode property support as well as
with UTF-8 support.

PCRE_DOLLAR_ENDONLY
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If this bit is set, a dollar metacharacter in the pattern matches only at the end of the subjectititring. W
out this option, a dollar also matches immediately before a newline at the end of the stringt (b
before ag other newlines). The PCRE_DOLLAR_ENDONLoption is ignored if PCRE_MULI-

LINE is set. There is no equdent to this option in Perl, and no way to set it within a pattern.

PCRE_DJALL

If this bit is set, a dot metacharater in the pattern matches all characters, including those that indicate
newline. Without it, a dot does not match when the current position is aikneeThis option is
equialent to Perls /s gotion, and it can be changed within a pattern by a (?s) option settingaivae

class such as ["a]wabys matches newline characters, independent of the setting of this option.

PCRE_DUPNAMES

If this bit is set, names used to identify capturing subpatterns need not be unique. This can be helpful
for certain types of pattern when it is known that only one instance of the named subpatteen lzan e
matched. There are more details of named subpatterns below; see pls@plad¢tern documentation.

PCRE_EXTENDED

If this bit is set, whitespace data characters in the pattern are totally igixosd when escaped or

inside a character class. Whitespace does not include the VT character (code 11). In addition, charac-
ters between an unescaped # outside a character class and the next newline, areladso ignored.

This is equwidlent to Perls /x gption, and it can be changed within a pattern by a (?x) option setting.

This option makes it possible to include comments inside complicated patiotes. havever, that
this applies only to data characters. Whitespace characters w&yapgeear within special character
sequences in a pattern, for example within the sequence (?( which introduces a conditional subpattern.

PCRE_EXTRA

This option was imented in order to turn on additional functionality of PCRE that is incompatible with
Perl, but it is currently of very little use. When sety backslash in a pattern that is followed by a letter
that has no special meaning causes an,éhus reserving these combinations for future expansion. By
default, as in Perl, a backslash folled by a letter with no special meaning is treated as a literal. (Perl
can, havever, be persuaded to gé a varning for this.) There are at present no other features controlled
by this option. It can also be set by a (?X) option setting within a pattern.

PCRE_FIRSTLINE

If this option is set, an unanchored pattern is required to match before or at the first newline in the sub-
ject string, though the matched text may continee the newline.

PCRE_MULTILINE

By default, PCRE treats the subject string as consisting of a single line of charageibi{@ctually
contains nelines). The "start of line" metacharacter () matches only at the start of the string, while the
"end of line" metacharacter ($) matches only at the end of the string, or before a terminaliimg ne
(unless PCRE_DOLLAR_ENDONLIs set). This is the same as Perl.

When PCRE_MUTILINE it is set, the "start of line" and "end of line" constructs match immediately
following or immediately before internal newlines in the subject string, regggctis well as at the
very start and end. This is egalent to Perls /m tion, and it can be changed within a pattern by a
(?m) option setting. If there are nowlimes in a subject string, or no occurrences of ~ or $ in a pattern,
setting PCRE_MULTILINE has no effect.

PCRE_NEWLINE_CR
PCRE_NEWLINE_LF
PCRE_NEWLINE_CRLF
PCRE_NEWLINE_ANY
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These optionswerride the default newline definition that was chosen when PCé&Ewilt. Setting the

first or the second specifies that avtiee is indicated by a single character (CR or tdspectiely).

Setting PCRE_NEWLINE_CRLF specifies that a newline is indicated by the two-character CRLF
sequence. Setting PCRE_NEWLINE_ANY specifies thgtldmicode naline sequence should be rec-
ognized. The Unicode newline sequences are the three just mentioned, plus the single characters VT
(vertical tab, U+000B), FF (formfeed, U+000C), NEL Xhdine, U+0085), LS (line separator
U+2028), and PS (paragraph separdte2029). The last tavare recognized only in UTF-8 mode.

The navline setting in the options word uses three bits that are treated as a ngivibgreight possi-
bilities. Currently only fie ae used (default plus the four values )0 This means that if you set
more than one nmdine option, the combination may or may not be sensible. Fample,
PCRE_NEWLINE_CR with PCRE_NEWLINE_LF is egdient to PCRE_NEWLINE_CRLFbut
other combinations yield unused numbers and cause an error.

The only time that a line break is specially recognized when compiling a pattern is if
PCRE_EXTENDED is set, and an unescaped # outside a character class is encountered. This indicates
a oomment that lasts until after the xtdine break sequence. In other circumstances, line break
sequences are treated as literal data, except that in PCRE_EXTENDED mode, both CR and LF are
treated as whitespace characters and are therefore ignored.

The newline option that is set at compile time becomes treullgéhat is used fopcre_exec()and
pcre_dfa_exec()but it can be wverridden.

PCRE_NO_AUTO_CAPTURE

If this option is set, it disables the use of numbered capturing parentheses in the pajtepeniay
parenthesis that is not followed by ? bedsaas if it were followed by ?: it named parentheses can still
be used for capturing (and thacquire numbers in the usual way). There is nowetpiit of this option

in Perl.

PCRE_UNGREEDY

This option iverts the "greediness" of the quantifiers so that tne not greedy by defilt, but become
greedy if folloved by "?". It is not compatible with Perl. It can also be set by a (?U) option setting
within the pattern.

PCRE_UTF8

This option causes PCRE togeed both the pattern and the subject as strings of UTF-8 characters
instead of single-byte character stringsweer, it is available only when PCRE is built to include
UTF-8 support. If not, the use of this option ykes an eror. Details of hev this option changes the
behaviour of PCRE arewgin in the section on UTF-8 support in the mpare page.

PCRE_NO_UTF8_CHECK

When PCRE_UTF8 is set, thalidity of the pattern as a UTF-8 string is automatically checked. If an
invalid UTF-8 sequence of bytes is fourmtre_compile() returns an erroif you already knev that

your pattern is valid, and you want to skip this check for performance reasons, you can set the
PCRE_NO_UTF8_CHECK option. When it is set, the effect of passingvaliditvTF-8 string as a
pattern is undefined. It may cause your program to crisiie that this option can also be passed to
pcre_exec(jandpcre_dfa_exec()to suppress the UTF-8 validity checking of subject strings.

COMPILATION ERROR CODES

The following table lists the error codes than may be returngatigy compile2() dong with the error
messages that may be returned by both compiling functions. As PCRE/Hapei@, some error codes
have fallen out of use.d@avoid confusion, thg havenot been re-used.

0 no aror

1 \at end of pattern
2 \c at end of pattern
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

unrecognized character follows \
numbers out of order in {} quantifier
number too big in {} quantifier
missing terminating ] for character class
invdid escape sequence in character class
range out of order in character class
nothing to repeat

[thiscode is not in use]

internalerror: unexpected repeat
unrecognizedharacter after (?

POSIXnamed classes are supported only within a class
missing)

referencéo non-existent subpattern

errofset passed as NULL

unknevn option bit(s) set

missing) after comment

[thiscode is not in use]

regular expression too large

failed to get memory

unmatchegarentheses

internalerror: code werflow

unrecognizedharacter after (?<
lookbehindassertion is not fixed length
malformechumber or name after (?(
conditionalgroup contains more thanavioranches
assertiomxpected after (?(

(?Ror (?digits must be followed by )

unknevn POSIX class hame

POSIXcollating elements are not supported
thisversion of PCRE is not compiled with PCRE_UTF8 support
[thiscode is not in use]

charactevalue in \x{...} sequence is too large

invalid condition (?(0)

\Cnot allowed in lookbehind assertion

PCREdoes not support \L, \I, \N, \U, or \u
numbemfter (?C is > 255

closing) for (?C expected

recursie all could loop indefinitely
unrecognizedharacter after (?P

syntaxerror in subpattern name (missing terminator)
two named subpatterns v&the same name

invalid UTF-8 string

supporfor \P, \p, and \X has not been compiled
malformedP or \p sequence

unknevn property name after \P or \p
subpattermame is too long (maximum 32 characters)
toomary named subpatterns (maximum 10,000)
repeatedubpattern is too long

octalvalue is greater than \377 (not in UTF-8 mode)
internalerror: overran compiling workspace
internalerror: previously-checked referenced subpattern not found
DEFINEgroup contains more than one branch
repeatinga DEFINE group is not allowed
inconsistenNEWLINE options"

STUDYING A PATTERN

pcre_extra *pcre_study(const pce *code int options

const char **errptr);
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If a compiled pattern is going to be usedesal times, it is worth spending more time analyzing it in
order to speed up the time &kfor matching. The functigocre _study()takes a pointer to a compiled
pattern as its first argument. If studying the pattern produces additional information that will help speed
up matchingpcre_study()returns a pointer to pcre_extrablock, in which thestudy datdield points

to the results of the study.

The returned value fromcre_study() can be passed directly pere_exec() Howeve, apcre_extra
block also contains other fields that can be set by the caller before the block is passed; these are
described belo in the section on matching a pattern.

If studying the pattern does not producg arditional informatiorpcre_study() returns NULL. In that
circumstance, if the calling program wants to pagsodithe other fields tpcre_exec() it must set up
its ownpcre_extrablock.

The second argument pére_study() contains option bits. At present, no options are defined, and this
argument should wafays be zero.

The third argument fopcre_study()is a pointer for an error message. If studying succeeds {feno
data is returned), the variable it points to is set to NULL. Otherwise it is set to pointxtoa &ror
message. This is a static string that is part of the lib¥any must not try to free it. You should test the
error pointer for NULL after callingcre_study(), to be sire that it has run successfully.

This is a typical call tgpcre_study():

pcre_extra *pe;
pe = pcre_study(

re, [* result of pcre_compile() */
0, [* no options exist */
&error); /* set to NULL or points to a message */

At present, studying a pattern is useful only for non-anchored patterns that doeat gmgle fixed
starting characteA bitmap of possible starting bytes is created.

LOCALE SUPPORT

26

PCRE handles caseless matching, and determines whether characters are letters digitsegriywhate
reference to a set of tables, irde by character value. When running in UTF-8 mode, this applies only

to characters with codes less than 128. Higlatred codes mer match escapes such as \w or \dt b

can be tested with \p if PCRE is built with Unicode character property support. The use of locales with
Unicode is discouraged.

An internal set of tables is created in the default C locale when PCRAtisThis is used when the
final argument opcre_compile()is NULL, and is sufcient for may applications. An alternate st
of tables can, heever, be aupplied. These may be created in dedént locale from the default. As
more and more applications change to using Unicode, the need for this locale supjpedtideto die
away.

External tables are built by calling there_maketables()function, which has no arguments, in the rel-

evant locale. The result can then be passgutte_compile()or pcre_exec()as often as necessaPpr

example, to build and use tables that are appropriate for the French locale (where accented characters
with values greater than 128 are treated as letters), the following code could be used:

setlocale(LC_CTYPE, "fr_FR");
tables = pcre_maketables();
re = pcre_compile(..., tables);

Whenpcre_maketables()runs, the tables are built in memory that is obtainecpegia_malloc It is
the callers responsibility to ensure that the memory containing the tables renvailabke for as long
as it is needed.

The pointer that is passed pore_compile()is saved with the compiled pattern, and the same tables
are used via this pointer tpcre_study() and normally also bpcre_exec() Thus, by default, for an
single pattern, compilation, studying and matching all happen in the same |lotaéfepent patterns
can be compiled in different locales.
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It is possible to pass a table pointer or NULL (indicating the use of the internal talpesg texec()
Although not intended for this purpose, this facility could be used to match a pattern farendif
locale from the one in which it was compiled. Passing table pointers at run time is discussdd belo
the section on matching a pattern.

INFORMATION ABOUT AP ATTERN

int pcre_fullinfo(const pcre *code const pcre_extra *exra,
int what void *wherg;

The pcre_fullinfo() function returns information about a compiled pattern. It replaces the obsolete
pcre_info() function, which is neertheless retained for backwards compability (and is documented
below).

The first argument fopcre_fullinfo() is a pointer to the compiled pattern. The second argument is the
result ofpcre_study() or NULL if the pattern vas not studied. The third argument specifies which
piece of information is required, and the fourth argument is a pointer to a variable ve teeaiata.

The yield of the function is zero for success, or one of the followiggime rumbers:

PCRE_ER®R_NULL  theargumentodewas NULL

the argumemivherewas NULL
PCRE_ERROR_BADMAIC the"magic number" was not found
PCRE_ERROR_BDOPTION thevalue ofwhatwas invdid

The "magic number" is placed at the start of each compiled pattern as an simple elmestkpagsing
an arbitrary memory pointerere is a typical call opcre_fullinfo(), to dbtain the length of the com-
piled pattern:

int rc;

size_t length;

rc = pcre_fullinfo(
re, [* result of pcre_compile() */
pe, [*result of pcre_study(), or NULL */
PCRE_INFO_SIZE, /twhat is required */
&length); /* where to put the data */

The possible values for the third argument are definpdrimh, and are as follows:
PCRE_INFO_RCKREFMAX

Return the number of the highest back reference in the pattern. The fountieat should point to an
int variable. Zero is returned if there are no back references.

PCRE_INFO_CAPTURECOUNT

Return the number of capturing subpatterns in the pattern. The fourth argument should point to an
variable.

PCRE_INFO_DERULT_TABLES
Return a pointer to the internal deft character tables within PCRE. The fourth argument should point
to anunsigned char *variable. This information call is provided for internal use byghee_study()
function. External callers can cause PCRE to use its internal tables by passing a NULL table pointer.
PCRE_INFO_FIRSTBYTE
Return information about the first byte ofyamatched string, for a non-anchored pattern. The fourth

argument should point to aint variable. (This option used to be called PCRE_INFO_FIRSTCHAR;
the old name is still recognized for backwards compatibility.)

If there is a fixed first byte, for example, from a pattern such as (ghtfgote), its value is returned.
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Otherwise, if either
(a) the pattern was compiled with the PCRE_MULTILINE option, amdyebranch starts with "™, or

(b) every branch of the pattern starts with ".*" and PCRE TBQL is not set (if it were set, the pattern
would be anchored),

-1 is returned, indicating that the pattern matches only at the start of a subject string o afésw an
line within the string. Otherwise -2 is returned. For anchored patterns, -2 is returned.

PCRE_INFO_FIRSTTABLE

If the pattern was studied, and this resulted in the construction of a 256-bit table indicating a fixed set
of bytes for the first byte in grmatching string, a pointer to the table is returned. Otherwise NULL is
returned. The fourth argument should point tarasigned char *variable.

PCRE_INFO_LASTLITERAL

Return the value of the rightmost literal byte that musitén ary matched string, other than at its
start, if such a byte has been recorded. The fourth argument should pointtoaiable. If there is

no such byte, -1 is returnedoanchored patterns, a last literal byte is recorded only if it follows some-
thing of variable length. Forxample, for the pattern /"a\d+z\d+/ the returned value is "z", but for
["a\dz\d/ the returned value is -1.

PCRE_INFO_NAMECOUNT
PCRE_INFO_NAMEENTRYSIZE
PCRE_INFO_NAMETABLE

PCRE supports the use of named as well as humbered capturing parentheses. The names are just an
additional vay of identifying the parentheses, which still acquire humbersr&ecorvenience func-

tions such apcre_get named_substring(are provided fordracting captured substrings by name. It

is also possible tox¢ract the data directl\y first coverting the name to a number in order to access

the correct pointers in the outpgotor (described witpcre_exec()below). To do the cowersion, you

need to use the name-to-number map, which is described by these three values.

The map consists of a number ofefiksize entries. PCRE_INFO_NAMECOUNTves the number of
entries, and PCRE_INFO AMEENTRYSIZE gives the size of each entry; both of these returiinan

value. The entry size depends on the length of the longest name. PCRE_INMETABLE returns a

pointer to the first entry of the table (a pointechar). The first tvo bytes of each entry are the num-

ber of the capturing parenthesis, most significant byte first. The rest of the entry is the corresponding
name, zero terminated. The names are in alphabetical yvtien PCRE_DUPNAMES is set, dupli-

cate names are in order of their parentheses numbersx&wiple, consider the following pattern
(assume PCRE_EXTENDED is set, so white space - including newlines - is ignored):

(?<date> (?<year>(\d\d)?\d\d) -
(?<month>\d\d) - (?<day>\d\d) )

There are four named subpatterns, so the table has four entries, and each entry in the table is eight bytes
long. The table is as folles, with non-printing bytes shows in hexadecimal, and undefined bytea sho
as ?7?:

000ldate @??
0005day M???
0004dmonth®
0002year @®@??

When writing code to extract data from named subpatterns using the name-to-number map, remember
that the length of the entries is likely to be different for each compiled pattern.
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PCRE_INFO_OPTIONS

Return a cop of the options with which the pattern was compiled. The fourth argument should point to
anunsigned long intvariable. These option bits are those specified in the cptir® compile() mod-
ified by ary top-level option settings within the pattern itself.

A pattern is automatically anchored by PCRE if all of its togHelternatives begn with one of the
following:

unless PCRE_MULTILINE is set
\A always
\G always
* if PCRE_DQALL is set and there are no back
references to the subpattern in which .* appears

For such patterns, the PCRE_ANCHORED bit is set in the options returnecr®yfullinfo().
PCRE_INFO_SIZE

Return the size of the compiled pattern, that is, the value that was passed as the arquoreenhd-
loc() when PCRE ws getting memory in which to place the compiled data. The fougtimant
should point to @ize_tvariable.

PCRE_INFO_STUDYSIZE

Return the size of the data block pointed to bystively datdield in apcre_extrablock. That is, it is
the value that was passedpore_malloc() when PCRE was getting memory into which to place the
data created bycre_study() The fourth argument should point tsiae_tvariable.

OBSOLETE INFO FUNCTION

int pcre_info(const pcre *code int * optptr, int *firstcharptp);

The pcre_info() function is nev obsolete because its interface is too restéctd return all the wail-
able data about a compiled patternwNarograms should uspcre_fullinfo() instead. The yield of
pcre_info() is the number of capturing subpatterns, or one of the followiggine rumbers:

PCRE_ER®R_NULL  theargumentodewas NULL
PCRE_ERROR_BADMA&IC the"magic number" was not found

If the optptr agument is not NULL, a cgpof the options with which the pattern was compiled is
placed in the integer it points to (see PCRE_INFO_OPTIONSenbo

If the pattern is not anchored and flretcharptrargument is not NULL, it is used to pass back infor
mation about the first character ofyanatched string (see PCRE_INFO_FIRSTBYTE a0

REFERENCE COUNTS

int pcre_refcount(pcre *code int adjus);

The pcre_refcount() function is used to maintain a reference count in the data block that contains a
compiled pattern. It is puided for the benefit of applications that operate in an object-oriented manner
where different parts of the application may be using the same compiled paiteyaulwant to free

the block when theare all done.

When a pattern is compiled, the reference count field is initialized to késocchanged only by calling
this function, whose action is to add thdjustvalue (which may be posite a negdive) to it. The
yield of the function is the mevalue. Havever, the \alue of the count is constrained to lie between 0
and 65535, incluse. If the nev value is outside these limits, it is forced to the appropriate limit value.

Except when it is zero, the reference count is not correctly preserved if a pattern is compiled on one
host and then transferred to a host whose byte-orderfésethf. (This seems a highly unlikely sce-
nario.)
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MATCHING A P ATTERN: THE TRADITIONAL FUNCTION

int pcre_exec(const poe *code const pcre_extra *extra,
const char *subject int length int startoffset
int options int *ovector, int ovecsizg,

The functionpcre_exec()is called to match a subject stringaagst a compiled pattern, which is passed

in the codeargument. If the pattern has been studied, the result of the study should be passed in the
exra agument. This function is the main matching facility of the librang it operates in a Perl-kk
manner For specialist use there is also an altemsatiatching function, which is described bsldon

the section about thecre_dfa_exec(¥unction.

In most applications, the pattern will\ieakeen compiled (and optionally studied) in the same process
that callspcre_exec() Howevae, it is possible to see cmpiled patterns and study data, and then use
them later in different processes, possibigneon dfferent hosts. & a discussion about this, see the
pcreprecompiledocumentation.

Here is an example of a simple callpttre_exec()
int rc;

int ovector[30];
rc = pcre_rec(

re, [* result of pcre_compile() */

NULL, /* we didnt study the pattern */

"some string", /* the subject string */

11, /*the length of the subject string */

0, [* start at offset 0 in the subject */

0, [* default options */

ovector, [* vector of integers for substring information */
30); /* number of elements (Nsize in bytes) */

Extra data for pcre_exec()

If the exra argument is not NULL, it must point to @cre_extra data block. Theacre_study() func-

tion returns such a block (when it dogseturn NULL), but you can also create one for yourself, and
pass additional information in it. Theere_extrablock contains the following fields (not necessarily in
this order):

unsigned long inflags

void *study_data

unsigned long intmatch_limit

unsigned long intnatch_limit_recursion
void *callout_data

const unsigned chatables

Theflagsfield is a bitmap that specifies which of the other fields are set. The flag bits are:

PCRE_EXTRA_STUDY_BTA
PCRE_EXTRA_MATCH_LIMIT
PCRE_EXTRA_MATCH_LIMIT_RECURSION
PCRE_EXTRA_CALLOUT_ATA
PCRE_EXTRA_TABLES

Other flag bits should be set to zero. Bhaly datdield is set in thgpcre_extrablock that is returned
by pcre_study(), together with the appropriate flag bit. You should not set this yourself, but you may
add to the block by setting the other fields and their corresponding flag bits.

Thematch_limitfield provides a means of menting PCRE from using up a vast amount of resources
when running patterns that are not going to match, but whigh daey large number of possibilities
in their search trees. The classic example is the use of nested unlimited repeats.

Internally PCRE uses a function calledatch() which it calls repeatedly (sometimes recuatsi). The
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limit set by match_limitis imposed on the number of times this function is called during a match,
which has the effect of limiting the amount of backtracking that canake. For patterns that are not
anchored, the count restarts from zero for each position in the subject string.

The default value for the limit can be set when PCRE is built; the defaalildif 10 million, which
handles all but the moskteeme cases. You camveride the default by supplingcre_exec()with a
pcre_extra block in whichmatch_limitis set, and PCRE_EXTRA_MATCH_LIMIT is set in tiags
field. If the limit is exceededhcre_exec(yeturns PCRE_ERROR_MATCHLIMIT.

The match_limit_recursiorfield is similar tomatch_limit but instead of limiting the total number of
times thatmatch() is called, it limits the depth of recursion. The recursion depth is a smaller number
than the total number of calls, because not all calisatrh() are recursie. This limit is of use only if

it is set smaller thamatch_limit

Limiting the recursion depth limits the amount of stack that can be useder PCRE has been com-
piled to use memory on the heap instead of the stack, the amount of heap memory that can be used.

The default value fomatch_limit_recursiorcan be set when PCRE is built; the default default is the
same value as the default foatch_limit You can werride the default by supplingcre_exec(with a
pcre_extra block in which match_limit_recursion is set, and
PCRE_EXTRA_MACH_LIMIT_RECURSION is set in thdlags field. If the limit is eceeded,
pcre_exec(returns PCRE_ERROR_RECURSIONLIMIT.

Thepcre_callouffield is used in conjunction with the "callout" feature, which is described ipctee
callout documentation.

Thetablesfield is used to pass a character tables pointecr® exec() this overrides the value that is
stored with the compiled pattern. A non-NULL value is stored with the compiled pattern only if custom
tables were supplied tocre_compile() via its tableptragument. IfNULL is passed tgcre_exec()

using this mechanism, it forces PCRIgiternal tables to be used. This facility is helpful when re-using
patterns that hee keen saed ater compiling with an external set of tables, becausexterral tables
might be at a diérent address whercre _exec()is called. See thpcreprecompile documentation for

a dscussion of saving compiled patterns for later use.

Option bits for pcre_exec()

The unused bits of theptionsargument fopcre_exec()must be zero. The only bits that may be set are
PCRE_ANCHORED, PCRE_NEWLINExx, PCRE_NOBOL, PCRE_NQEOL,
PCRE_NOTEMPTYPCRE_NO_UTF8_CHECK and PCRE_PARTIAL.

PCRE_ANCHORED

The PCRE_ANCHORED option limitgcre_exec()to matching at the first matching position. If a pat-
tern was compiled with PCRE_ANCHORED, or turned out to be anchored by virtue of its contents, it
cannot be made unachored at matching time.

PCRE_NEWLINE_CR
PCRE_NEWLINE_LF
PCRE_NEWLINE_CRLF
PCRE_NEWLINE_ANY

These optionswerride the newline definition that was chosen or defaulted when the pattern was com-
piled. For details, see the descriptionpafe_compile()above. During matching, the newline choice
affects the behaviour of the dot, circumfl@nd dollar metacharacters. It may also alter the way the
match position is adnced after a match failure for an unanchored pattern. When PCRE_NEW
LINE_CRLF or PCRE_NEWLINE_ANY is set, and a match atteraps fwhen the current position is

at a CRLF sequence, the match position isaaded by tw characters instead of one, in othesrds,

to after the CRLF.

PCRE_NOTBOL

This option specifies that first character of the subject string is not the beginning of a line, so the cir
cumflex metacharacter should not match before it. Setting this without PCRE_MULTILINE (at
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compile time) causes circumfl@eve to match. This option affects only the behaviour of the circum-
flex metacharacteitt does not affect \A.

PCRE_NOTEOL

This option specifies that the end of the subject string is not the end of a line, so the dollar metacharac-
ter should not match it nor (except in multiline mode) a newline immediately before it. Setting this
without PCRE_MUTIILINE (at compile time) causes dollarvee to match. This option affects only

the behaviour of the dollar metacharadtedoes not affect \Z or \z.

PCRE_NOTEMPTY

An empty string is not considered to be a valid match if this option is set. If there are abeinatie
pattern, the are tried. If all the alternates match the empty string, the entire matalist. For &ample,
if the pattern

a?b?

is applied to a string not beginning with "a" or "b", it matches the empty string at the start of the sub-
ject. With PCRE_NOTEMPTY set, this match is natid, so PCRE searches further into the string for
occurrences of "a" or "b".

Perl has no direct equlent of PCRE_N@EMPTY, but it does mak a pecial case of a pattern match
of the empty string within itsplit() function, and when using the /g modifikiris possible to emulate
Perl's behaviour after matching a null string by first trying the matclaiagat the same offset with
PCRE_NOEMPTY and PCRE_ANCHORED, and then if that fails by advancing the startiegt of
(see below) and trying an ordinary match again. There is some code that demonstrébesdohiois in
thepcredemo.sample program.

PCRE_NO_UTF8_CHECK

When PCRE_UTFS8 is set at compile time, thédity of the subject as a UTF-8 string is automatically
checled whenpcre_exec()is subsequently called. The value stértoffsetis also checked to ensure
that it points to the start of a UTF-8 charactéran invdid UTF-8 sequence of bytes is found,
pcre_exec()returns the error PCRE_ERR_BADUTFS8. If startoffsetcontains an ielid value,
PCRE_ERROR_BADUTF8 OFFSET is returned.

If you already knw that your subject is valid, and you want to skip these checks for performance rea-
sons, you can set the PCRE_NO_UTF8 CHECK option when caltirgg exec() You might want to

do this for the second and subsequent calfgcte_exec()if you are making repeated calls to find all

the matches in a single subject stringwideer, you should be sure that the valuestdrtoffsetpoints to

the start of a UTF-8 charact&hen PCRE_NO_UTF8_ CHECK is set, the effect of passingvaidn
UTF-8 string as a subject, or a valuestdrtoffsetthat does not point to the start of a UTF-8 character

is undefined. Your program may crash.

PCRE_PARTIAL

This option turns on the partial matching feature. If the subject string fails to match the pattatn, b
some point during the matching process the end of the subject was reached (that is, the subject partially
matches the pattern and the failure to match occurred only because there were not enough subject char
acters) pcre_exec(returns PCRE_ERBR_PARIAL instead of PCRE_ERBR_NOMATCH. When
PCRE_PARIAL is used, there are restrictions on what may appear in the pattern. These are discussed
in thepcrepartial documentation.

The string to be matched by pcre_exec()

The subject string is passedptere _exec(Jas a pointer isubject a length inlength and a starting byte
offset instartoffset In UTF-8 mode, the byte offset must point to the start of a UTF-8 chardalée
the pattern string, the subject may contain binary zero bytes. When the stdsetgsafero, the search
for a match starts at the beginning of the subject, and this is by far the most common case.
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A non-zero starting &det is useful when searching for another match in the same subject by calling
pcre_exec()again after a previous succesSettingstartoffsetdiffers from just passingver a short-

ened string and setting PCRE_TNBOL in the case of a pattern that begins witk kimd of lookbe-

hind. For example, consider the pattern

\Biss\B

which finds occurrences of "iss" in the middle of words. (\B matches only if the current position in the
subject is not a word boundary.) When applied to the string "Mississipi" the first qaligtoexec()

finds the first occurrence. fiicre_exec()is called agin with just the remainder of the subject, namely
"issipi", it does not match, because \B iwals false at the start of the subject, which is deemed to be a
word boundaryHowevae, if pcre_exec()is passed the entire string again, but \sitrtoffsetset to 4, it

finds the second occurrence of "iss" because it is able to look behind the starting pointvis tfiato

it is preceded by a letter.

If a non-zero starting offset is passed when the pattern is anchored, one attempt to matchest the gi
offset is made. This can only succeed if the pattern does not require the match to be at the start of the
subject.

How pcre_exec() returns captured substrings

In general, a pattern matches a certain portion of the subject, and in addition, further substrings from
the subject may be piekl out by parts of the patterrollewing the usage in Jegy Friedl's book, this

is called "capturing" in what follows, and the phrase "capturing subpattern” is used for a fragment of a
pattern that picks out a substring. PCRE suppoxtaraeother kinds of parenthesized subpattern that

do not cause substrings to be captured.

Captured substrings are returned to the caller via a vector of intégetsafhose address is passed in
ovector. The number of elements in the vector is passeoMatsize which must be a non-getive
numberNote: this argument is NDthe size obvectorin bytes.

The first two-thirds of theector is used to pass back captured substrings, each substring using a pair of
integers. The remaining third of the vector is used as workspapereyexec()while matching captur

ing subpatterns, and is natadable for passing back information. The length passexesizeshould

always be a multiple of three. If it is not, it is rounded down.

When a match is successful, information about captured substrings is returned in paigers, istart-

ing at the bginning ofovector, and continuing up to two-thirds of its length at the most. The first ele-
ment of a pair is set to the offset of the first character in a substring, and the second is sefstt the of

of the first character after the end of a substring. The firstquaictor[0] and ovector[1], identify the

portion of the subject string matched by the entire pattern. The next pair is used for the first capturing
subpattern, and so on. The value returnegdrg exec()is one more than the highest numbered pair

that has been set. For example, if tubstrings hee keen captured, the returned value is 3. If there are

no capturing subpatterns, the return value from a successful match is 1, indicating that just the first pair
of offsets has been set.

If a capturing subpattern is matched repeatéatiy the last portion of the string that it matched that is
returned.

If the vector is too small to hold all the captured substring offsets, it is used as jpossible (up to
two-thirds of its length), and the function returns a value of zero. In parfidulae substring dets

are not of interespcre_exec()may be called witlovectorpassed as NULL anolecsizeas zero. Hav-

eva, if the pattern contains back references andtketoris not big enough to remember the related
substrings, PCRE has to get additional memory for use during matching. Thus it is usually advisable to
supply amowvector.

The pcre_info() function can be used to find outvhonary capturing subpatterns there are in a com-
piled pattern. The smallest size fmrectorthat will allow for n captured substrings, in addition to the
offsets of the substring matched by the whole pattern#+E){3.

It is possible for capturing subpattern numbel to match some part of the subject when subpattern

has not been used at all. For example, if the string "abc" is matchadtape pattern (a|(z))(bc) the

return from the function is 4, and subpatterns 1 and 3 are matched, but 2 is not. When this happens,
both values in the offset pairs corresponding to unused subpatterns are set to -1.
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Offset \alues that correspond to unused subpatterns at the end of the expression are also set to -1. F
example, if the string "abc" is matched against the pattern (abc)(x(yz)?)? subpatterns 2 and 3 are not
matched. The return from the function is 2, because the highest used capturing subpattern number is 1.
However, you can refer to the fsfets for the second and third capturing subpatterns if you wish (assum-
ing the vector is large enough, of course).

Some cowenience functions are provided foxteacting the captured substrings as separate strings.
These are described belo

Error retur n values from pcre_exec()

If pcre_exec()¥ails, it returns a ngetive rumber The following are defined in the header file:
PCRE_ERROR_NOMACH (-1)
The subject string did not match the pattern.
PCRE_ERP®R_NULL (-2)
Eithercodeor subjectwas passed as NULL, avvectorwas NULL and ovecsizewas rot zero.
PCRE_ERROR_BDOPTION  (-3)
An unrecognized bit was set in thptionsargument.
PCRE_ERROR_BADM&IC  (-4)
PCRE stores a 4-byte "magic number" at the start of the compiled code, to catch the case when it is
passed a junk pointer and to detect when a pattern that was compiled in an environment of one endian-
ness is run in an environment with the other endianness. This is the error that R&REhgh the
magic number is not present.

PCRE_ERROR_UNKNOWN_OPCODE (-5)

While running the pattern match, an unknown item was encountered in the compiled pattern. This error
could be caused by a bug in PCRE or tsnariting of the compiled pattern.

PCRE_ERROR_NOMEMOR (-6)
If a pattern contains back references, butabeetorthat is passed tpcre_exec()is not big enough to
remember the referenced substrings, PCRE gets a block of memory at the start of matching to use for

this purpose. If the call vipcre_malloc() fails, this error is gien. The memory is automatically freed
at the end of matching.

PCRE_ERRR_NOSUBSTRING (-7)

This error is used by thecre copy substring() pcre_get substring() and pcre_get_sub-
string_list() functions (see below). It is wer returned bypcre_exec()

PCRE_ERROR_MACHLIMIT  (-8)

The backtracking limit, as specified by thmatch_limitfield in apcre_extra structure (or defulted)
was reached. See the description ado

PCRE_ERRR_CALLOUT  (-9)

This error is neer generated bycre_exec()itself. It is provided for use by callout functions thatn
to yield a distinctie aror code. See thaecrecallout documentation for details.

PCRE_ERROR_BDUTF8  (-10)
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A string that contains anvalid UTF-8 byte sequence was passed as a subject.
PCRE_ERROR_BADUTF8_OFFSET (-11)

The UTF-8 byte sequence thaasvpassed as a subject was valid, but the valséadbffsetdid not
point to the beginning of a UTF-8 character.

PCRE_ERROR_PARAL  (-12)

The subject string did not match, but it did match parti@bge thepcrepartial documentation for
details of partial matching.

PCRE_ERROR_BADPARAL (-13)

The PCRE_RRTIAL option was used with a compiled pattern containing items that are not supported
for partial matching. See therepartial documentation for details of partial matching.

PCRE_ERROR_INTERAL  (-14)

An unepected internal error has occurred. This error could be caused by a bug in PCRE/@ by o
writing of the compiled pattern.

PCRE_ERROR_BDCOUNT  (-15)
This error is gren if the value of th@vecsizeargument is ngetive.
PCRE_ERROR_RECURSIONLIMIT (-21)

The internal recursion limit, as specified by thatch_limit_recursiorfield in apcre_extra structure
(or defaulted) was reached. See the descriptioneabo

PCRE_ERROR_NULWSLIMIT (-22)

When a group that can match an empty substring is repeated with an unbounded upper limit, the sub-
ject position at the start of the group must be remembered, so that a test for an empty string can be
made when the end of the group is reached. Soarkspace is required for this; if it runs out, this

error is gven.

PCRE_ERROR_BDNEWLINE (-23)

An invalid combination of PCRE_NEWLINExxxoptions was gien.
Error numbers -16 to -20 are not usedobye_exec()
EXTRACTING CAPTURED SUBSTRINGS BY NUMBER

int pcre_copy_substring(const char $ubject int * ovector,
int stringcount int stringnumbeychar * buffer,
int buffersize;

int pcre_get_substring(const char subject int * ovector,
int stringcount int stringnumbey
const char **stringptr);

int pcre_get_substring_list(const char subject
int * ovector, int stringcount const char *** listptr);

Captured substrings can be accessed directly by using the offsets retupard exec()in ovector.
For convenience, the functionpcre_copy_substring() pcre_get substring() and pcre_get sub-
string_list() are provided for extracting captured substrings &g sgparate, zero-terminated strings.
These functions identify substrings by numbBne next section describes functions fatracting
named substrings.
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A substring that contains a binary zero is correctly extracted and has a further zero added on the end,
but the result is not, of course, a C stringowever, you can process such a string by referring to the
length that is returned kpycre_copy_substring()and pcre_get _substring() Unfortunately the inter

face topcre_get_substring_list()is not adequate for handling strings containing binary zeros, because
the end of the final string is not independently indicated.

The first three arguments are the same for all three of these funstibfectis the subject string that
has just been successfully matcheggctoris a pointer to the vector of integer offsets that was passed
to pcre_exec() and stringcountis the number of substrings that were captured by the match, including
the substring that matched the entirgular expression. This is the value returnegbse _exec()if it

is greater than zero. fifcre_exec(returned zero, indicating that it ran out of spacevettor, the \alue
passed astringcountshould be the number of elements in the vector divided by three.

The functionspcre_copy_substring() and pcre_get_substring() extract a single substring, whose
number is gien as stringnumber A value of zero eracts the substring that matched the entire pattern,
whereas higher values extract the captured substringgcFe _copy_substring() the string is placed

in buffer, whose length is gén by buffersize while for pcre_get_substring()a new Hock of memory

is obtained vigpcre_malloc and its address is returned \s&ingptr. The yield of the function is the
length of the string, not including the terminating zero, or one of these error codes:

PCRE_ERROR_NOMEMOR  (-6)

The huffer was too small forpcre _copy_substring() or the attempt to get memory failed for
pcre_get_substring()

PCRE_ERRR_NOSUBSTRING (-7)

There is no substring whose numbestiingnumber

The pcre_get_substring_list()function extracts allailable substrings and builds a list of pointers to
them. All this is done in a single block of memory that is obtainegena malloc. The address of the
memory block is returned vigtptr, which is also the start of the list of string pointers. The end of the
list is marked by a NULL pointefThe yield of the function is zero if all went well, or the error code

PCRE_ERROR_NOMEMOR  (-6)

if the attempt to get the memory block failed.

When an of these functions encounter a substring that is unset, which can happen when capturing sub-
pattern numben+1 matches some part of the subject, but subpattdras not been used at all, yhe

return an empty string. This can be distinguished from a genuine zero-length substring by inspecting
the appropriate offset iovector, which is ngative for unset substrings.

The two convenience functiongpcre_free_substring()andpcre_free_substring_list()can be used to
free the memory returned by a previous callpofe_get_substring()or pcre_get_substring_list()
respectiely. They do nothing more than call the function pointed to figre_free, which of course
could be called directly from a C program.vwer, PCRE is used in some situations where it isdithk
via a special interface to another programming language that cannptreséree directly; it is for
these cases that the functions are provided.

EXTRACTING CAPTURED SUBSTRINGS BY NAME

36

int pcre_get_stringnumber(const pce *code
const char 'name;

int pcre_copy_named_substring(const p& *code
const char *subject int * ovector,
int stringcount const char *stringname
char *buffer, int buffersizé;

int pcre_get_named_substring(const p& *code
const char *subject int * ovector,
int stringcount const char *stringname
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const char **stringptr);
To extract a substring by name, you firsvba find associated numbelFor example, for this pattern

(a+)b(?<xxx>\d+)...

the number of the subpattern called "xxx" is 2. If the name is known to be unique (PCRE_DUP-
NAMES was not set), you can find the number from the name by cpliieg get_stringnumber()

The first agument is the compiled pattern, and the second is the name. The yield of the function is the
subpattern numbgor FCRE_ERROR_NOSUBSTRING (-7) if there is no subpattern of that name.

Given the numberyou can extract the substring directty use one of the functions described in the
previous section. For ceenience, there are alsodviunctions that do the whole job.

Most of the arguments qdcre_copy_named_substring(and pcre_get _named_substring(are the
same as those for the similarly named functions that extract by nufttbtiese are described in the
previous section, tlyeare not re-described here. There are just differences:

First, instead of a substring numparsubstring name is gen. Second, there is an extrgyament,
given at the start, which is a pointer to the compiled pattern. This is needed in order to gain access to
the name-to-number translation table.

These functions calpcre_get_stringnumber() and if it succeeds, tlyethen call pcre_copy_sub-
string() or pcre_get_substring(as gpropriate.

DUPLICATE SUBPAT TERN NAMES

int pcre_get_stringtable_entries(const pae *code
const char *name char ** first, char ** last);

When a pattern is compiled with the PCRE_DWRINES option, names for subpatterns are not
required to be unique. Normallgatterns with duplicate names are such that inae match, only
one of the named subpatterns participates. ¥amgle is shown in thpcrepattern documentation.
When duplicates are preseptre_copy named_substring(andpcre_get _named_substring(yeturn

the first substring corresponding to theegi name that is set. If none are set, an empty string is
returned. Thecre_get stringnumber()function returns one of the numbers that are associated with
the name, but it is not defined which it is.

If you want to get full details of all captured substrings for eerginame, you must use the
pcre_get_stringtable entries(function. The first yjument is the compiled pattern, and the second is
the name. The third and fourth are pointersanables which are updated by the function. After it has
run, the point to the first and last entries in the name-to-number table forube gime. The function
itself returns the length of each entoy FCRE_ERROR_NOSUBSTRING (-7) if there are none. The
format of the table is described akadn the section entitlethformation about a pattetnGiven dl the
relevant entries for the name, you caxtract each of their numbers, and hence the captured datg, if an

FINDING ALL POSSIBLE MATCHES

The traditional matching function uses a similar algorithm to Perl, which stops when it finds the first
match, starting at a\gn point in the subject. If you want to find all possible matches, or the longest
possible match, consider using the altexgatmatching function (see below) instead. If you cannot use
the alternatie function, lut still need to find all possible matches, you can kludge it up by making use
of the callout facilitywhich is described in thecrecallout documentation.

What you hge o do is to nsert a callout right at the end of the pattern. When your callout function is
called, extract and ga the current matched substring. Then return 1, which fopces exec()to
backtrack and try other alternags. Ultimately when it runs out of matchepgcre_exec()will yield
PCRE_ERROR_NOMATCH.

MATCHING A P ATTERN: THE ALTERN ATIVE FUNCTION

int pcre_dfa_exec(const pa *code const pcre_extra exra,
const char *subject int length int startoffset
int options int *ovector, int ovecsize
int * workspaceint wscouny;
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The functionpcre_dfa_exec()is called to match a subject string against a compiled pattern, using a
matching algorithm that scans the subject string just once, and does not backtrack. Thiereas dif
characteristics to the normal algorithm, and is not compatible with Perl. Some of the features of PCRE
patterns are not supported.Mggheless, there are times when this kind of matching can be usaful. F

a dscussion of the tvmatching algorithms, see tiperematching documentation.

The arguments for thecre_dfa_exec(function are the same as focre_exec() plus two extras. The
ovectoramgument is used in a differentay and this is described beio The other common guments
are used in the same way asgore_exec() so heir description is not repeated here.

The two additional aguments provide workspace for the function. The workspace vector should con-
tain at least 20 elements. It is used for keeping track of multiple paths through the pattern tree. More
workspace will be needed for patterns and subjects where there are a lot of potential matches.

Here is an example of a simple callpitre_dfa_exec()

int rc;

int ovector[10];

int wspace[20];

rc = pcre_dfa xeec(

re, [* result of pcre_compile() */

NULL, /* we didnt study the pattern */

"some string", /* the subject string */

11, /*the length of the subject string */

0, [* start at offset 0 in the subject */

0, [* default options */

ovector, [* vector of integers for substring information */
10, /* number of elements (NOsize in bytes) */
wspace, [*working space vector */

20); /* number of elements (Nsize in bytes) */

Option bits for pcre_dfa_exec()

The unused bits of theptionsargument forpcre_dfa_exec()must be zero. The only bits that may be
set are PCRE_ANCHORED, PCRE_NEWLINEXx PCRE_NOBOL, PCRE_NQEOL,
PCRE_NOTEMPTY PCRE_NO_UTF8_CHECK, PCREARTIAL, PCRE_DMA_SHORTEST and
PCRE_DFA_RESTAR. All but the last three of these are the same agdi@_exec() so heir descrip-
tion is not repeated here.

PCRE_PARTIAL

This has the same general effect as it doepdmr_exec() but the details are slightly different. When
PCRE_PARIAL is set forpcre_dfa_exec()the return code PCRE_ERIR_NOMATCH is cowerted
into PCRE_ERBR_PARIIAL if the end of the subject is reached, theraseheen no complete
matches, but there is still at least one matching possibility portion of the string that prioled the
partial match is set as the first matching string.

PCRE_DFA_SHORTEST

Setting the PCRE_D¥ SHORTEST option causes the matching algorithm to stop as soon as it has
found one match. Because of the way the altemagorithm works, this is necessarily the shortest
possible match at the first possible matching point in the subject string.

PCRE_DFA_RESTART

When pcre_dfa_exec()is called with the PCREARTIAL option, and returns a partial match, it is
possible to call it agjin, with additional subject characters, angehia continue with the same match.
The PCRE_DA_RESTART option requests this action; when it is set, Warkspaceand wscount
options must reference the same vector as before because data about the raatchlsf in them
after a partial match. There is more discussion of this facility ip¢hepartial documentation.
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Successful returns from pcre_dfa_exec()

Whenpcre_dfa_exec()succeeds, it may ka matched more than one substring in the subject. Note,
however, that all the matches from one run of the function start at the same point in the subject. The
shorter matches are all initial substrings of the longer matches. For example, if the pattern

< *>
is matched against the string

This is <something> <something else> <something further> no more
the three matched strings are

<something>
<something> <something else>
<something> <something else> <something further>

On success, the yield of the function is a number greater than zero, which is the number of matched
substrings. The substrings themselves are returnaeator. Each string uses twdements; the first is

the ofset to the start, and the second is the offset to the end. In fact, all the stvi@dsehsame start

offset. (Space could kia been saed by gving this only once, but it as decided to retain some com-
patibility with the waypcre_exec(yeturns data,wen though the meaning of the strings is different.)

The strings are returned inveese order of length; that is, the longest matching stringviendirst. If
there were too mammatches to fit intavector, the yield of the function is zero, and the vector is filled
with the longest matches.

Error returns from pcre_dfa_exec()
Thepcre_dfa_exec(function returns a rggtive rumber when itdils. Mary of the errors are the same
as forpcre_exec() and these are described abo There are in addition the following errors that are
specific topcre_dfa_exec()

PCRE_ERROR_DK UITEM  (-16)

This return is gien if pcre_dfa_exec()encounters an item in the pattern that it does not support, for
instance, the use of \C or a back reference.

PCRE_ERROR_DK UCOND  (-17)

This return is gien if pcre_dfa_exec(encounters a condition item that uses a back reference for the
condition, or a test for recursion in a specific group. These are not supported.

PCRE_ERROR_DE UMLIMIT (-18)

This return is gien if pcre_dfa_exec()is called with anexra block that contains a setting of the
match_limitfield. This is not supported (it is meaningless).

PCRE_ERROR_D& WSSIZE (-19)

This return is gien if pcre_dfa_exec(yuns out of space in theorkspacevector.
PCRE_ERROR_D& RECURSE (-20)

When a recurse aubpattern is processed, the matching function calls itself reelyrsiising prvate

vectors forovector and workspace This error is gien if the output ector is not large enough. This
should be extremely rare, as a vector of size 1000 is used.
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SEE ALSO

pcrebuild(3), pcrecallout(3), pcrecpp(3)X3), pcrematching(3), pcrepartial(3), pcreposix3),
pcreprecompile(3), pcresampleg3), pcrestack(3).

Last updated: 30 Nember 2006
Copyright (c) 1997-2006 Uwérsity of Cambridge.
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NAME
PCRE - Perl-compatible regular expressions

PCRE BUILD-TIME OPTIONS

This document describes the optional features of PCRE that can be selected when the library is com-
piled. Theg are all selected, or deselected, by providing options toctimdigure script that is run

before themake command. The complete list of options fanfigure (which includes the standard

ones such as the selection of the installation directory) can be obtained by running

Jconfigure --help

The following sections describe certain options whose names begin with --enable or --disable. These
settings specify changes to the defaults forcthvfigure command. Because of the way thahfigure

works, --enable and --disablenglys come in pairs, so the complementary optiovagd exists as well,

but as it pecifies the default, it is not described.

C++ SUPPORT

By default, theconfigure script will search for a C++ compiler and C++ header files. If it finds them, it
automatically builds the C++ wrapper library for PCRE. You can disable this by adding

--disable-cpp

to theconfigure command.
UTF-8 SUPPORT

To huild PCRE with support for UTF-8 character strings, add
--enable-utf8

to theconfigure command. Of itself, this does not nealRCRE treat strings as UTF-8. As well as com-
piling PCRE with this option, you also Ve haveto set the PCRE_UTF8 option when you call the
pcre_compile()function.

UNICODE CHARACTER PROPERTY SUPPORT

UTF-8 support allees PCRE to process character values greater than 255 in the strings that it handles.
On its avn, havever, it does not provide anfacilities for accessing the properties of such characters. If
you want to be able to use the pattern escapép,\Bnd \X, which refer to Unicode character preper

ties, you must add

--enable-unicode-properties

to theconfigure command. This implies UTF-8 supponter if you hare rot explicitly requested it.

Including Unicode property support adds around 90K of tables to the PCRE, ligpprgximately
doubling its size. Only the general category properties suthu and Nd are supported. Details are
given in the pcrepattern documentation.

CODE VALUE OF NEWLINE
By default, PCRE interprets character 10 (linefeed, LF) as indicating the end of a line. This is the nor
mal newline character on Unix-Bks/stems. You can compile PCRE to use character 13 (carriage
return, CR) instead, by adding

--enable-newline-is-cr

to theconfigure command. There is also a --enable-newline-is-If option, whipliaitly specifies line-
feed as the newline character.
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Alternatively, you can specify that line endings are to be indicated by tbecdtaracter sequence
CRLEF If you want this, add

--enable-newline-is-crlf
to theconfigure command. There is a fourth option, specified by
--enable-newline-is-any

which causes PCRE to recognizg &micode newline sequence.

Whatever line ending covention is selected when PCRE igilb can be werridden when the library
functions are called. At build time it is ogamtional to use the standard for your operating system.

BUILDING SHARED AND STATIC LIBRARIES

The PCRE building process udéstool to kuild both shared and static Unix libraries by defauttu'Y
can suppress one of these by adding one of

--disable-shared
--disable-static

to theconfigure command, as required.

POSIX MALLOC USAGE

When PCRE is called through the POSIX interface (seeptheposix documentation), additional
working storage is required for holding the pointers to capturing substrings, because PCRE requires
three integers per substring, whereas the POSIX interface provides only e number ofxgpected
substrings is small, the wrapper function uses space on the stack, becausadtes tkan usingal-

loc() for each call. The default threshold abowhich the stack is no longer used is 10; it can be
changed by adding a setting such as

--with-posix-malloc-threshold=20

to theconfigure command.

HANDLING VER Y L ARGE PATTERNS

Within a compiled pattern, fset values are used to point from one part to another (for example, from

an opening parenthesis to an alternation metacharacter). By default, two-byte values are used for these
offsets, leading to a maximum size for a compiled pattern of around 64K. This is sufficient to handle all
but the most gigantic patterns. Mtheless, some people do want to process enormous patterns, so it is
possible to compile PCRE to use three-byte or four-byte offsets by adding a setting such as

--with-link-size=3
to theconfigure command. The valuegin must be 2, 3, or 4. Using longerfsdts slows down the

operation of PCRE because it has to load additional bytes when handling them.

If you build PCRE with an increased link size, test 2 (and test 5 if you are using UTF-&ilwitaft

of the output of these tests is a representation of the compiled pattern, and this changes with the link
size.

AVOIDING EXCESSIVE STACK USAGE

42

When matching with th@cre_exec()function, PCRE implements backtracking by making reearsi

calls to an internal function calledatch(). In environments where the size of the stack is limited, this

can seerely limit PCRES gperation. (The Unix arironment does not usually suffer from this problem,

but it may sometimes be necessary to increase the maximum stack size. There is a discussion in the
pcrestack documentation.) An alterna@ gproach to recursion that uses memory from the heap to
remember data, instead of using reawgdunction calls, has been implemented to work round the
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problem of limited stack size. If you want to build a version of PCRE that works thisaeay
--disable-stack-for-recursion

to the configure command. With this configuration, PCRE will use there stack malloc and
pcre_stack freevariables to call memory management functions. Separate functions aidepro
because the usage is very predictable: the block sizes requestedogsettad same, and the blocks are
always freed in reerse orderA calling program might be able to implement optimized functions that
perform better than the standarthlloc() and free() functions. PCRE runs noticeably moreveip
when built in this vay. This option affects only thepcre_exec()function; it is not releant for the the
pcre_dfa_exec(¥unction.

LIMITING PCRE RESOURCE USAGE

Internally PCRE has a function calladatch(), which it calls repeatedly (sometimes recuslsi) when
matching a pattern with thecre_exec()function. By controlling the maximum number of times this
function may be called during a single matching operation, a limit can be placed on the resources used
by a single call tqcre_exec() The limit can be changed at run time, as described ipdteapi docu-
mentation. The default is 10 million, but this can be changed by adding a setting such as

--with-match-limit=500000

to theconfigure command. This setting has no effect onpihee_dfa_exec(matching function.

In some environments it is desirable to limit the depth of re@iils of match() more strictly than

the total number of calls, in order to restrict the maximum amount of stack (or heap, if --disable-stack-
for-recursion is specified) that is used. A second limit controls this;autiefto the value that is set for
--with-match-limit, which imposes no additional constraintswiger, you can set a lower limit by
adding, for example,

--with-match-limit-recursion=10000

to theconfigure command. This value can also hexwidden at run time.
USING EBCDIC CODE

PCRE assumes by @eifit that it will run in an environment where the character code is ASCII (or Uni-
code, which is a superset of ASCIl). PCRE canydver, be compiled to run in an EBCDIC giton-
ment by adding

--enable-ebcdic

to theconfigure command.
SEE ALSO

pcreapi(3), pcre_config3).

Last updated: 30 Nember 2006
Copyright (c) 1997-2006 Uwérsity of Cambridge.
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NAME

PCRE - Perl-compatible regular expressions

PCRE CALLOUTS

int (*pcre_callout)(pcre_callout_block *);

PCRE provides a feature called "callout", which is a means of temporarily passing control to the caller
of PCRE in the middle of pattern matching. The caller of PCRE providestama function by
putting its entry point in the globalkxiable pcre_callout By default, this variable contains NULL,
which disables all calling out.

Within a regular @pression, (?C) indicates the points at which the external function is to be called. Dif-
ferent callout points can be identified by putting a number less than 256 after the letter Catllte def
value is zero.For example, this pattern has dveallout points:

(?C hapc(2C2)def

If the PCRE_AJTO_CALLOUT option bit is set whepcre_compile()is called, PCRE automatically
inserts callouts, all with number 255, before each item in the pattern. For example, if
PCRE_AUTO_CALLOUT is used with the pattern

A(d{2}|--)

it is processed as if it were
(?C255)A(?C255)((?C255)\d{2}(?C255)|(?C255)-(?C255)-(?C255))(?C255)

Notice that there is a callout before and after each parenthesis and alternatfutdraatic callouts
can be used for tracking the progress of pattern matchingpdreéest command has an option that

sets automatic callouts; when it is used, the output indicateshigopattern is matched. This is useful
information when you are trying to optimize the performance of a particular pattern.

MISSING CALLOUTS

You should be ware that, because of optimizations in the way PCRE matches patterns, callouts some-
times do not happen. For example, if the pattern is

ab(?C4)cd
PCRE knows that gnmatching string must contain the letter "d". If the subject string is "abyz", the

lack of "d" means that matching dodsever start, and the callout is wer reached. Haever, with
"abyd", though the result is still no match, the callout is obeyed.

THE CALLOUT INTERF ACE

44

During matching, when PCRE reaches a callout point, the external function defiper bgalloutis
called (if it is set). This applies to both there _exec()and thepcre_dfa_exec()matching functions.
The only agument to the callout function is a pointer tpae_callout block. This structure contains
the following fields:

int version

int callout_number
int *offset_vectar
const char subject

int subject_length
int start_match

int current_position
int capture_top

int capture_last
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void *callout_data
int pattern_position
int next_item_length

The versionfield is an intger containing the version number of the block format. The iniéedion
was 0; he current version is 1. The version number will change again in future if additional fields are
added, but the intention isvee to remove any @the existing fields.

The callout_numbeffield contains the number of the callout, as compiled into the pattern (that is, the
number after ?C for manual callouts, and 255 for automatically generated callouts).

The offset_vectofield is a pointer to the vector of offsets that was passed by the catierctexec()

or pcre_dfa_exec() Whenpcre_exec()is used, the contents can be inspected in order to extract sub-
strings that hee keen matched saf in the same way as for extracting substrings after a match has
completed. Fopcre_dfa_exec(}his field is not useful.

Thesubjectandsubject_lengtliields contain copies of the values that were passpdréo exec()

The start_matchfield contains the offset within the subject at which the current match attempt started.
If the pattern is not anchored, the callout function may be calletiad¢imes from the same point in
the pattern for different starting points in the subject.

Thecurrent_positiorfield contains the offset within the subject of the current match pointer.

When thepcre_exec()function is used, theapture_togfield contains one more than the number of the
highest numbered captured substring @o If no substrings hee been captured, the value op-
ture_topis one. This is alays the case whepcre_dfa_exec()s used, because it does not support cap-
tured substrings.

The capture_lasffield contains the number of the most recently captured substring. If no substrings
have been captured, its value is -1. This iwafs the case whepcre_dfa_exec()s used.

Thecallout_datafield contains a value that is passegd¢ee_exec()or pcre_dfa_exec(specifically so
that it can be passed back in callouts. It is passed ipctiee calloutfield of thepcre_extra data struc-
ture. If no such data was passed, thiei@ ofcallout_datain apcre_calloutblock is NULL. There is a
description of th@acre_extrastructure in thepcreapi documentation.

The pattern_positiorfield is present from version 1 of tpere_calloutstructure. It contains the feét
to the next item to be matched in the pattern string.

Thenext_item_lengtfield is present from version 1 of tpere_calloutstructure. It contains the length

of the nat item to be matched in the pattern string. When the callout immediately precedes an alterna-
tion bar a dosing parenthesis, or the end of the pattern, the length is zero. When the callout precedes
an opening parenthesis, the length is that of the entire subpattern.

The pattern_positiorandnext_item_lengtfields are intended to help in distinguishing betweefedif
ent automatic callouts, which all\ethe same callout numbétoweve, they are set for all callouts.

RETURN VALUES

The eternal callout function returns an integer to PCRE. If the value is zero, matching proceeds as nor
mal. If the value is greater than zero, matching fails at the current painhebtesting of other match-

ing possibilities goes ahead, just as if a lookahead assertion had failed. If the value is less than zero, the
match is abandoned, apdre_exec()or pcre_dfa_exec() returns the rgdtive \alue.

Negative wvalues should normally be chosen from the set of PCRE_ERROR_xxx values. In particular
PCRE_ERROR_NOMACH forces a standard "no match"ailire. The error number
PCRE_ERM®R_CALLOUT is resergd for use by callout functions; it will mer be wsed by PCRE
itself.

Last updated: 28 February 2005
Copyright (c) 1997-2005 Uwérsity of Cambridge.
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NAME

PCRE - Perl-compatible regular expressions

DIFFERENCES BETWEEN PCRE AND PERL

46

This document describes thefdiences in the ways that PCRE and Perl handle regitaessions.
The differences described here are mainly with respect to Perl 5.8, though BGRE V.0 contains
some features that are expected to be in the forthcoming Perl 5.10.

1. PCRE has only a subset of PelITF-8 and Unicode support. Details of what it doegetee given
in the section on UTF-8 support in the mpare page.

2. PCRE does not allorepeat quantifiers on lookahead assertions. Perl permits them, yodbthet
mean what you might think. For example, (?'a){3} does not assert thatxththree characters are not
"a". It just asserts that the next character is not "a" three times.

3. Capturing subpatterns that occur insidgatiee lookahead assertions are counted, but their entries in
the offsets vector are e set. Perl sets its numerical variables frony aunch patterns that are matched
before the assertiomifs to match something (thereby succeeding), but only if thetiae lookahead
assertion contains just one branch.

4. Though binary zero characters are supported in the subject stringreheot allowed in a pattern
string because it is passed as a normal C string, terminated by zero. The escape sequence \0 can be used
in the pattern to represent a binary zero.

5. The follawing Perl escape sequences are not supported: \l, \u, \L, \U, and \N. In fact these are imple-
mented by Per’ general string-handling and are not part of its pattern matching enging.df these
are encountered by PCRE, an error is generated.

6. The Perl escape sequences \parl® \X are supported only if PCRE is built with Unicode character
property support. The properties that can be tested with \p and \P are limited to the gerggnal cate
properties such as Lu and Nd, script names such as Greek or Han, andvtaepdaperties Ay and

L&.

7. PCRE does support the \Q...\E escape for quoting substrings. Characters in between are treated as lit-
erals. This is slightly different from Perl in that $ and @ are also handled as literals inside the quotes.
In Perl, thg cause variable interpolation (but of course PCRE does et \aaiables). Note the fol-

lowing examples:

Pdtern PCREmatches  Perhatches

\Qabc$xyz\E abc$xyz abc followed by the
contents of $xyz

\Qabc\$xyz\E  abc\$xyz  abc\$xyz

\Qabc\E\$\Qxyz\E abc$xyz  abc$xyz

The \Q...\E sequence is recognized both inside and outside character classes.

8. Fairly olviously, PCRE does not support the (?{code}) and (??{code}) constructionseén there

is support for recurge patterns. This is notvailable in Perl 5.8, but will be in Perl 5.10. Also, the
PCRE "callout" feature allows an external function to be called during pattern matching. peethe
callout documentation for details.

9. Subpatterns that are called reotelgi or as "subroutines" arevedys treated as atomic groups in
PCRE. This is lik Bython, but unlile Rerl.

10. There are some thifences that are concerned with the settings of captured strings when part of a
pattern is repeated. Faxample, matching "aba" against the pattern /"(a(b)?)+$/ in Peaslé2 wnset,
butin PCRE it is set to "b".

11. PCRE provides sometensions to the Perl regular expressiacilities. Perb.10 will include ner
features that are not in earliegrgions, some of which (such as nhamed parenthesesden in PCRE
for some time. This list is with respect to Perl 5.10:
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(a) Although lookbehind assertions must match fixed length strings, each aleetratich of a look-
behind assertion can match a different length of string. Perl requires them ak thehaame length.

(b) If PCRE_DOLLAR_ENDONY is ®t and PCRE_MULTILINE is not set, the $ meta-character
matches only at the very end of the string.

(c) If PCRE_EXTRA is set, a backslash felied by a letter with no special meaning is faulted. Gther
wise, like Rerl, the backslash is ignored. (Perl can be made to issue a warning.)

(d) If PCRE_UNGREED is set, the greediness of the repetition quantifiers veriad, that is, by
default thg are not greedybut if followed by a question mark there.

(e) PCRE_ANCHORED can be used at matching time to force a pattern to be tried only at the first
matching position in the subject string.

() The PCRE_NOTBOL, PCRE_NIEOL, PCRE_NOEMPTY, and PCRE_NO_ATO_CAPTURE
options forpcre_exec(have o Perl equvalents.

(g) The callout facility is PCRE-specific.
(h) The partial matching facility is PCRE-specific.

(i) Patterns compiled by PCRE can beeshand re-used at a later timeyea on dfferent hosts that
have the other endianness.

() The alternatie matching function ffcre_dfa_exec() matches in a different way and is not Perl-
compatible.

Last updated: 28 Nember 2006
Copyright (c) 1997-2006 Uwérsity of Cambridge.
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NAME

PCRE - Perl-compatible regular expressions

PCRE MATCHING ALGORITHMS

This document describes theandifferent algorithms that arevalable in PCRE for matching a com-
piled regular expression against aepgi subject string. The "standard" algorithm is the one provided by
thepcre_exec(Jfunction. Thisworks in the same was as Pgmatching function, and provides a Perl-
compatible matching operation.

An alternatve dgorithm is provided by thecre_dfa_exec(function; this operates in a tifent vay,
and is not Perl-compatible. It has advantages and dietalyes compared with the standard algorithm,
and these are described belo

When there is only one possible way in which\agisubject string can match a pattern, the @go-
rithms give the same answeA difference arises, @ver, when there are multiple possibilitiesor-
example, if the pattern

x>
is matched against the string

<something> <something else> <something further>

there are three possible answers. The standard algorithm finds only one of them, whereas the alternati
algorithm finds all three.

REGULAR EXPRESSIONS AS TREES

The set of strings that are matched by gular expression can be represented as a tree structure. An
unlimited repetition in the pattern makes the tree of infinite siteit s still a tree. Matching the pat-

tern to a gien subject string (from a gen darting point) can be thought of as a search of the tree.
There are tw ways to search a tree: depth-first and breadth-first, and these correspond to the tw
matching algorithms provided by PCRE.

THE STANDARD MATCHING ALGORITHM

In the terminology of J&fey Friedl's book Mastering Regular Exgssionsthe standard algorithm is an

"NFA algorithm". It conducts a depth-first search of the pattern tree. That is, it proceeds along a single
path through the tree, checking that the subject matches what is required. When there is a mismatch,
the algorithm tries analternatives at he current point, and if tigedll fail, it backs up to the pxéous

branch point in the tree, and tries the next alteredtianch at that kl. This often ivolves backing

up (moving to the left) in the subject string as well. The order in which repetition branches are tried is
controlled by the greedy or ungreedy nature of the quantifier.

If a leaf node is reached, a matching string has been found, and at that point the algorithm stops. Thus,
if there is more than one possible match, this algorithm returns the first one that it finds. Whether this is
the shortest, the longest, or some intermediate length depends on the way the greedy and ungreedy rep-
etition quantifiers are specified in the pattern.

Because it ends up with a single path through the tree, it isreblagtraightforward for this algorithm
to keep track of the substrings that are matched by portions of the pattern in parenthesesidéss pro
support for capturing parentheses and back references.

THE ALTERN AT IVE MATCHING ALGORITHM
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This algorithm conducts a breadth-first search of the tree. Starting from the first matching point in the
subject, it scans the subject string from left to right, once, character by chaaadtas it does this, it
remembers all the paths through the tree that repreabatwatches. In Fried'terminology this is a

kind of "DFA algorithm", though it is not implemented as a traditional finite state machineg(itsk
multiple states aaté smultaneously).

The scan continues until either the end of the subject is reached, or there are no more unterminated
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paths. At this point, terminated paths represent the different matching possibilities (if there are none,
the match hasafled). Thusjf there is more than one possible match, this algorithm finds all of them,
and in particularit finds the longest. In PCRE, there is an option to stop the algorithm after the first
match (which is necessarily the shortest) has been found.

Note that all the matches that are found start at the same point in the subject. If the pattern
cat(er(pillar)?)

is matched against the string "the caterpillar catchment", the result will be the three strings "cat",
“cater", and "caterpillar" that start at the fourth character of the subject. The algorithm does not auto-
matically mare o to find matches that start at later positions.

There are a number of features of PCRE regular expressions that are not supported by theesalternati
matching algorithm. Theare as follows:

1. Because the algorithm finds all possible matches, the greedy or ungreedy nature of repetition quanti-
fiers is not releant. Greedy and ungreedy quantifiers are treated in exactly the saynklaweve,
possesse quantifiers can maka dfference when what follows could also match what is quantified,

for example in a pattern kktis:

“at++\w!

This pattern matches "aaab!" but not "aaa!", which would be matched by a non-pesgestgifier.
Similarly, if an @omic group is present, it is matched as if it were a standalone pattern at the current
point, and the longest match is then "locked in" for the rest ofwéralbpattern.

2. When dealing with multiple paths through the tree simultangatigdynot straightforward to éep
track of captured substrings for thefdiEnt matching possibilities, and PCREhplementation of this
algorithm does not attempt to do this. This means that no captured substringilarea

3. Because no substrings are captured, back references within the pattern are not supported, and cause
errors if encountered.

4. For the same reason, conditiongbressions that use a backreference as the condition or test for a
specific group recursion are not supported.

5. Callouts are supported, but thedue of thecapture_togfield is alvays 1, and the value of theap-
ture_lastfield is alvays -1.

6. The\C escape sequence, which (in the standard algorithm) matches a singledoyta, (¢TF-8
mode, is not supported because the altaraaljorithm maoves through the subject string one character
at a time, for all acte paths through the tree.

ADVANTAGES OF THE ALTERNATIVE ALGORITHM

Using the alternate matching algorithm provides the following advantages:

1. All possible matches (at a single point in the subject) are automatically found, and in pattieular
longest match is found.oTfind more than one match using the standard algorithm, yeei thado
kludgy things with callouts.

2. There is much better support for partial matching. The restrictions on the content of the pattern that
apply when using the standard algorithm for partial matching do not apply to the aleedgatiithm.
For non-anchored patterns, the starting position of a partial matehiiatde.

3. Because the alternagi dgorithm scans the subject string just once, angimeeeds to backtrack, it
is possible to passew long subject strings to the matching function wess pieces, checking for par
tial matching each time.

DISADVANTAGES OF THE ALTERNATIVE ALGORITHM

The alternatie dgorithm suffers from a number of disadvantages:

1. It is substantially sleer than the standard algorithm. This is partly because it has to search for all
possible matches, but is also because it is less susceptible to optimization.

2. Capturing parentheses and back references are not supported.
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3. Although atomic groups are supported, their use does natierine performance advantage that it
does for the standard algorithm.

Last updated: 24 Nember 2006
Copyright (c) 1997-2006 Uwérsity of Cambridge.
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NAME
PCRE - Perl-compatible regular expressions

PARTIAL MATCHING IN PCRE

In normal use of PCRE, if the subject string that is passpdréo exec(Jor pcre_dfa_exec(Jmatches

as far as it goesubis too short to match the entire pattern, PCRE_ BRRNOMATCH is returned.

There are circumstances where it might be helpful to distinguish this case from other cases in which
there is no match.

Considerfor example, an application where a human is required to type in data for a field with specific
formatting requirements. An example might be a date in the ddmmmyydefined by this pattern:

\d?\d(jan|feb]mar|apr|may]jun]jullaug|sep|oct|nov|dec)\d\d$

If the application sees the usekeystrokes one by one, and can check that what has been typad so f

is potentially valid, it is able to raise an error as soon as a mistakade, possibly beeping and not
reflecting the character that has been typed. This immediate feedback is likely to be a better-user inter
face than a check that is delayed until the entire string has been entered.

PCRE supports the concept of partial matching by means of the PBREAR. option, which can be

set when callingpcre_exec()or pcre_dfa_exec() When this flag is set fqacre_exec() the return code
PCRE_ERROR_NOMACH is cowerted into PCRE_ERBR_PARTIAL if at any time during the
matching process the last part of the subject string matched part of the pattern. Unforfianatehr
anchored matching, it is not possible to obtain the position of the start of the partial match. No captured
data is set when PCRE_ERROR_PARTIAL is returned.

When PCRE_RRTIAL is set for pcre_dfa_exec() the return code PCRE_ERR_NOMATCH is
converted into PCRE_ERBR_PARIAL if the end of the subject is reached, thergenbeen no com-
plete matches, but there is still at least one matching possibhigyportion of the string that prialed
the partial match is set as the first matching string.

Using PCRE_RRTIAL disables one of PCRE'gptimizations. PCRE remembers the last literal byte in
a pattern, and abandons matching immediately if such a byte is not present in the subject string. This
optimization cannot be used for a subject string that might match only partially.

RESTRICTED PATTERNS FOR PCRE_PARTIAL

Because of the ay certain internal optimizations are implemented inpbee_exec()function, the
PCRE_PARIAL option cannot be used with all patterns. These restrictions do not apply when
pcre_dfa_exec()s used.For pcre_exec() repeated single characters such as

a{2,4}
and repeated single metasequences such as
\d+
are not permitted if the maximum number of occurrences is greater than one. Optional items such as

\d? (where the maximum is one) are permitt€iantifiers with ay values are permitted after paren-
theses, so thevalid examples abee an be coded thus:

(a){2,4}
(\d)+

These constructions run morewsly, but for the kinds of application that are envisaged for #dify,
this is not felt to be a major restriction.

If PCRE_RARTIAL is set for a pattern that does not conform to the restrictfmrs, exec(yeturns the
error code PCRE_ERROR_BADPARTIAL (-13).
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EXAMPLE OF PARTIAL MATCHING USING PCRETEST

If the escape sequence \P is present ficratest data line, the PCREARTIAL flag is used for the
match. Here is a run gicretestthat uses the date example quotedvabo

re> /["\d?\d(jan|feb|mar|apr|may]jun]jul|aug|sep|oct|nov|dec)\d\d$/
data> 25jun04\P
0: 25jun04
1:jun
data> 25dec3\P
Patial match
data> 3ju\P
Patial match
data> 3juj\P
No match
data> j\P
No match

The first data string is matched completetypcretest shavs the matched substrings. The remaining
four strings do not match the complete patteut, the first tvo are partial matches. The same test,
usingpcre_dfa_exec(matching (by means of the \D escape sequence), produces thénglautput:

re> /",
data> Zﬂ;}uﬁﬁ@hﬂmaflaprlmayhunhulIauglseploctIHOVIdeC)
0: 25jun04
data> 23dec3\P\D
Patial match: 23dec3
data> 3ju\P\D
Patial match: 3ju
data> 3juj\P\D
No match
data> j\P\D
No match

Notice that in this case the portion of the string that was matched is waidble.
MULTI-SEGMENT MATCHING WITH pcre_dfa_exec()

When a partial match has been found ugnge_dfa_exec() it is possible to continue the match by
providing additional subject data and callipgre_dfa_exec()again with the same compiledgelar
expression, this time setting the PCRE ADRESTART option. You must also pass the samarking
space as before, because this is where details of the previous partial match are stored. Hamis an e
ple usingpcretest using the \R escape sequence to set the PCR&E RESTART option (\P and \D

are as ab®):

re> /",
data> Mﬁqmmar|apr|may|Jun|JuI|aug|sep|oct|n0v|dec)
Patial match: 23ja
data> n05\R\D
0: n05

The first call has "23ja" as the subject, and requests partial matching; the second call has "n05" as the
subject for the continued (restarted) match. Notice that when the match is complete, only the last part
is shavn; PCRE does not retain the previously partially-matched string. It is up to the calling program
to do that if it needs to.

You can set PCRE ARTIAL with PCRE_DFMA_RESTART to continue partial matchingver multiple
segments. This facility can be used to passyviong subject strings tpcre_dfa_exec() Howeve,
some care is needed for certain types of pattern.
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1. If the pattern contains tests for the beginning or end of a line, you need to pass the PCRELNO
or PCRE_NOTEOL options, as appropriate, when the subject stringyfarairdoes not contain the
beginning or end of a line.

2. If the pattern contains backvd assertions (including \b or \B), you need to arrange for seenlam

in the subject strings to allofor this. For example, you could pass the subject in chunks that are 500
bytes long, but in auffer of 700 bytes, with the starting offset set to 200 and the previous 200 bytes at
the start of the buffer.

3. Matching a subject string that is split into multiple segments doeswatsaproduce exactly the
same result as matchingep one single long string. The @i#rence arises when there are multiple
matching possibilities, because a partial match resultvienginly when there are no completed
matches in a call to fBpcre alfexec(). This means that as soon as the shortest match has been found,
continuation to a ne subject segment is no longer possible. Considemitiistestexample:

re> /dog(sbody)?/
data> do\P\D
Patial match: do
data> gsb\R\P\D
0:g
data> dogsbody\D
0: dogsbody

1: dog

The pattern matches the words "dog" or "dogsbody". When the subject is presentestainpsets
("do" and "gsb" being the first two) the match stops when "dog" has been found, and it is not possible
to continue. On the other hand, if "dogsbody" is presented as a single string, both matches are found.

Because of this phenomenon, it does not usuallyensmkse to end a pattern that is going to be
matched in this way with a variable repeat.

4. Patterns that contain alterwat at he top leel which do not all start with the same pattern item
may not work as expected. For example, consider this pattern:

1234|3789

If the first part of the subject is "ABC123", a partial match of the first alteenitifound at offset 3.

There is no partial match for the second alteveabecause such a match does not start at the same
point in the subject string. Attempting to continue with the string "789" does not yield a match because
only those alternates that match at one point in the subject are remembered. The problem arises
because the start of the second alteveatiatches within the first alterneéi There is no problem with
anchored patterns or patterns such as:

1234|ABCD

where no string can be a partial match for both altemsati

Last updated: 30 Nember 2006
Copyright (c) 1997-2006 Uwérsity of Cambridge.
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NAME

PCRE - Perl-compatible regular expressions

PCRE REGULAR EXPRESSION DETAILS

The syntax and semantics of the regular expressions supported by PCRE are describétdpeio
expressions are also described in the Perl documentation and in a number of books, some of which
have awpious eamples. Jdfey Friedl's "Mastering Regular Expressions”, published by O’Redby-

ers regular xpressions in great detail. This description of PGRE{ular expressions is intended as
reference material.

The original operation of PCRE was on strings of one-byte charactersvétothere is nwv also sup-

port for UTF-8 character stringso Tse this, you must build PCRE to include UTF-8 support, and then
call pcre_compile()with the PCRE_UTF8 option. kothis affects pattern matching is mentioned in
several places bele. There is also a summary of UTF-8 features in the section on UTF-8 support in the
mainpcre page.

The remainder of this document discusses the patterns that are supported by PCRE when its main
matching functionpcre_exec() is used. Fronrelease 6.0, PCRE offers a second matching function,
pcre_dfa_exec() which matches using a tifent algorithm that is not Perl-compatible. The adv

tages and disadvantages of the altevedtinction, and hw it differs from the normal function, are dis-
cussed in thecrematching page.

CHARACTERS AND MET ACHARACTERS
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A reqular expression is a pattern that is matched against a subject string from left to right. Most charac-
ters stand for themselves in a pattern, and match the corresponding characters in the subjeet. As a tri
ial example, the pattern

The quick brown fox

matches a portion of a subject string that is identical to itself. When caseless matching is specified (the
PCRE_CASELESS option), letters are matched independently of case. In UTF-8 mode, WERE al
understands the concept of case for characters whose values are less than 128, so caseless matching is
always possible. &r characters with higher values, the concept of case is supported if PCRE is com-
piled with Unicode property support, but not otherwise. If yantito use caseless matching for ehar

acters 128 and abe you must ensure that PCRE is compiled with Unicode property support as well as

with UTF-8 support.

The power of regular expressions comes from the ability to include altesatd repetitions in the
pattern. These are encoded in the pattern by the usetatharacterswhich do not stand for them-
selves but instead are interpreted in some special way.

There are tw different sets of metacharacters: those that are recognized anywhere in the yadf#rn e
within square braakts, and those that are recognized within square brackets. Outside squats brack
the metacharacters are as follows:

\ general escape character witivesal uses
~  assert start of string (or line, in multiline mode)
$ assert end of string (or line, in multiline mode)
match aiy character except newline (by default)
start character class definition
dart of alternatie kranch
start subpattern
end subpattern
etends the meaning of (
also 0 or 1 quantifier
also quantifier minimizer
* 0 or more quantifier
+ 1or more quantifier
also "posseset quantifier”
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{ start min/max quantifier

Pat of a pattern that is in square brackets is called a "character class". In a character class the only
metacharacters are:

\ general escape character

negde the class, but only if the first character

- indicates character range

[ POSIX character class (only if followed by POSIX
syntax)

] terminates the character class

The following sections describe the use of each of the metacharacters.
BACKSLASH

The backslash character hasesal uses. Firstlyif it is followed by a non-alphanumeric character
takes avay any gecial meaning that character mayéarhis use of backslash as an escape character
applies both inside and outside character classes.

For example, if you want to match a * charagtgou write \* in the pattern. This escaping action
applies whether or not the folling character would otherwise be interpreted as a metachasacter

is alays safe to precede a non-alphanumeric with backslash to specify that it stands for itself. In par
ticular, if you want to match a backslash, you write \\.

If a pattern is compiled with the PCRE_EXTENDED option, whitespace in the pattern (other than in a
character class) and characters between a # outside a character class and the next newline are ignored.
An escaping backslash can be used to include a whitespace or # character as part of the pattern.

If you want to remee the special meaning from a sequence of characters, you can do so by putting
them between \Q and \E. This isfdient from Perl in that $ and @ are handled as literals in \Q...\E
sequences in PCRE, whereas in Perl, $ and @ cauisdle interpolation. Note the followingam-

ples:

Patern PCREmatches Perhatches

\Qabc$xyz\E abc$xyz alfollowed by the
contents of $xyz

\Qabc\$xyz\E  abc\$xyz  abc\$xyz

\Qabc\E\$\Qxyz\E abc$xyz abc$xyz

The \Q...\E sequence is recognized both inside and outside character classes.
Non-printing characters

A second use of backslash provides a way of encoding non-printing characters in patterns in a visible
manner There is no restriction on the appearance of non-printing characters, apart from the binary zero
that terminates a pattern, but when a pattern is being preparext bditang, it is usually easier to use

one of the following escape sequences than the binary character it represents:

\a alarmthat is, the BEL character (n@7)

\cx  "control-x",where x is ap character

\e escap¢hex 1B)

\f formfeed(hex OC)

\n navline (hex 0A)

\r carriagereturn (he 0D)

\t tab(hex 09)

\ddd charactewith octal code ddd, or backreference
\xhh  charactewith hex code hh

\x{hhh..} character with hecode hhh..

The precise effect of \cx is as fole: if x is a lower case lettat is converted to upper case. Then bit 6
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of the character (lxe40) is irverted. Thus\cz becomes helA, but \c{ becomes he3B, while \c;
becomes he7B.

After \x, from zero to tw hexadecimal digits are read (letters can be in uppenegricase). Ay num-

ber of hexadecimal digits may appear between \x{ and }, but the value of the character code must be
less than 256 in non-UTF-8 mode, and less than 2**31 in UTF-8 mode (that is, the maxira®che

imal value is 7FFFFFFF). If characters other thaxatecimal digits appear between \x{ and }, or if
there is no terminating }, this form of escape is not recognized. Instead, the initial \x will be inter
preted as a basic hexadecimal escape, with no following digits, giving a character whose value is zero.

Characters whosealue is less than 256 can be defined by either of theymtares for \x. There is no
difference in the way tlyeare handled. For example, \xdc is exactly the same as \x{dc}.

After \O up to tvo further octal digits are read. If there are fewer tham digits, just those that are
present are used. Thus the sequence \O\x\O7 specifielirtary zeros followed by a BEL character
(code value 7). Mak sure you supply tw digits after the initial zero if the pattern character that fol-
lows is itself an octal digit.

The handling of a backslash followed by a digit other than 0 is complic@tetdide a character class,
PCRE reads it and wrollowing digits as a decimal numbéf the number is less than 10, or if there
have been at least that mamprevious capturing left parentheses in the expression, the entire sequence
is taken as dad referenceA description of hav this works is gien later following the discussion of
parenthesized subpatterns.

Inside a character class, or if the decimal number is greater than 9 and tleerethmen that man
capturing subpatterns, PCRE re-reads up to three octal digitwifajlthe backslash, and uses them to
generate a data charactény subsequent digits stand for themssdvin non-UTF-8 mode, the value of
a character specified in octal must be less than \400. In UTF-8 maldeswp to \777 are permitted.
For example:

\040 isanother way of writing a space

\40 isthe same, provided there are fewer than 40
previous capturing subpatterns

\7 isalways a back reference

\11 mightbe a back reference, or another way of
writing a tab

\011 isalways a tab

\0113 isa tab followed by the character "3"

\113 mightbe a back reference, otherwise the
character with octal code 113

\377 mightbe a back reference, otherwise
the byte consisting entirely of 1 bits

\81 iseither a back reference, or a binary zero
followed by the tw characters "8" and "1"

Note that octal values of 100 or greater must not be introduced by a leading zero, because no more than
three octal digits arever read.

All the sequences that define a single character value can be used both inside and outside character
classes. In addition, inside a character class, the sequence \b is interpreted as the backspace character
(hex 08), and the sequences \R and \X are interpreted as the characters "R" and "X"yvebspeati

side a character class, these sequenaesdferent meanings (see below).

Absolute and relative back references

The sequence \g followed by a positia negdive number optionally enclosed in braces, is an abso-
lute or relatve back reference. Back references are discussed flaliekving the discussion of paren-
thesized subpatterns.

Generic character types

Another use of backslash is for specifying generic character types. The followingvaye edcog-
nized:
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\d ary decimal digit

\D ary character that is not a decimal digit

\s ary whitespace character

\S ary character that is not a whitespace character
\w ary "word" character

\W ary "non-word" character

Each pair of escape sequences partitions the complete set of characters digpimt sets. Ay given
character matches one, and only one, of each pair.

These character type sequences can appear both inside and outside character chkagseb. Maech
one character of the appropriate type. If the current matching point is at the end of the subject string, all
of them fail, since there is no character to match.

For compatibility with Perl, \s does not match the VT character (codeTHis makes it different from
the the POSIX "space" class. The \s characters are HT (9), LF (10), FF (12), CR (13), and space (32).
(If "use locale;" is included in a Perl script, \s may match the VT charat@CRE, it neer does.)

A "word" character is an underscore oy &haracter less than 256 that is a letter or digit. The defini-

tion of letters and digits is controlled by PCRESw-valued character tables, and may vary if locale-
specific matching is taking place (see "Locale support" inptireapi page). For example, in the

"fr_FR" (French) locale, some character codes greater than 128 are used for accented letters, and these
are matched by \w.

In UTF-8 mode, characters with values greater than 128 n&tch \d, \s, or \wand alvays match \D,
\S, and \WThis is true een when Unicode character property supportvglable. The use of locales
with Unicode is discouraged.

Newline sequences

Outside a character class, the escape sequence \R matghdsicode newline sequence. This is an
extension to Perl. In non-UTF-8 mode \R is eglént to the following:

(2>\r\n[\n|\XOb \f|\r|\x85)

This is an example of an "atomic group”, details of which avengbelow. This particular group
matches either the twcharacter sequence CR followed by bFone of the single characters LF (line-
feed, U+000A), VT (ertical tab, U+000B), FF (formfeed, U+000C), CR (carriage return, U+000D), or
NEL (next line, U+0085). The two-character sequence is treated as a single unit that cannot be split.

In UTF-8 mode, tw additional characters whose codepoints are greater than 255 are added: LS (line
separatqrU+2028) and PS (paragraph separdtbr2029). Unicodecharacter property support is not
needed for these characters to be recognized.

Inside a character class, \R matches the letter "R".
Unicode character properties

When PCRE is built with Unicode character property support, three additional escape sequences to
match character properties axgiable when UTF-8 mode is selected. Vizaee:

\p{xx} a character with thex property
\P{xx} a character without thex property
\X  anextended Unicode sequence

The property names representedxigyabore ae limited to the Unicode script names, the general cate-
gory properties, and "Any", which matchegy @haracter (including newline). Other properties such as

"InMusicalSymbols" are not currently supported by PCRE. Note that \P{Any} does not match an
characters, sowahys causes a match failure.

Sets of Unicode characters are defined as belonging to certain scripts. A character from one of these
sets can be matched using a script name. For example:

\p{Greek}
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\P{Han}

Those that are not part of an identified script are lumped together as "Common". The current list of
scripts is:

Arabic, Armenian, Balinese, Bengali, Bopomofo, Braille, Buginese, Buhid, Canadian_Aboriginal,
Cherolee, Common, Coptic, Cuneiform, Cypriot, Cyrillic, Deseretyddagari, Ethiopic, Gedagian,
Glagolitic, Gothic, Greek, Gujarati, Gurmukhi, Han, Hangul, Hanunoo, Mebiizagana, Inherited,
Kannada, Katakana, Kharoshthi, Khimeao, Latin, Limlu, Linear_B, Malayalam, Mongolian, Myan-

mar, New Tai_Lue, Nko, Ogham, Old_ltalic, Old_Persian, Oriya, Osmanya, Phags_Pa, Phoenician,
Runic, Shavian, Sinhala, Syloti_ Nagri, Syriag@gdlog, Tagbanva, Tai_Le, Tamil, Telugu, Thaana,
Thai, Tibetan, Tifinagh, Ugaritic, Yi.

Each character has exactly one general category propgeetified by a tw-letter abbreviation. d¥
compatibility with Perl, ngation can be specified by including a circumfleetween the opening brace
and the property name. For example, \p{"Lu} is the same as \P{Lu}.

If only one letter is specified with \p or, Pincludes all the general category properties that start with
that letter In this case, in the absence ofge#on, the curly braokts in the escape sequence are
optional; these tovexamples hae the same effect:

\p{L}
\pL

The following general category property codes are supported:

C Cther

Cc Control

Cf Format

Cn Unassigned
Co Prvate use
Cs Surrogte

L Letter

LI Lower case letter
Lm Modifierletter
Lo Otherletter

Lt Title case letter
Lu Uppercase letter

M  Mark

Mc Spacingmark

Me Enclosingmark
Mn  Non-spacingnark

N  Number

Nd Decimalnumber
NI Letternumber
No Othemumber

P Runctuation

Pc Connectopunctuation
Pd Dashpunctuation

Pe Closegunctuation

Pf Finalpunctuation

Pi Initial punctuation

Po Othempunctuation

Ps Opempunctuation

S Symbol
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Sc Curreng symbol

Sk  Modifiersymbol

Sm Mathematicasymbol
So Othesymbol

Z Separator

ZI Line separator

Zp Paragraph separator
Zs Spaceseparator

The special property L& is also supported: it matches a character that has the Lu, LI, or Lt,groperty
other words, a letter that is not classified as a modifier or "other".

The long synonyms for these properties that Perl supports (such as \p{Letter}) are not supported by
PCRE, nor is it permitted to prefixyanf these properties with "Is".

No character that is in the Unicode table has the Cn (unassigned) prdpstéad, this property is
assumed for gncode point that is not in the Unicode table.

Specifying caseless matching does not affect these escape sequenasaniple, \p{Lu} alays
matches only upper case letters.

The \X escape matchesyamumber of Unicode characters that form ateaded Unicode sequence. \X
is equiaent to

(2>\PM\pM¥)

That is, it matches a character without the "mark" propéstipwed by zero or more characters with
the "mark" propertyand treats the sequence as an atomic group (sew)befdharacterswith the
"mark" property are typically accents that affect the preceding character.

Matching characters by Unicode property is rastfbecause PCRE has to search a structure that con-
tains data for er fifteen thousand characters. That isyvie traditional escape sequences such as \d
and \w do not use Unicode properties in PCRE.

Simple assertions

The final use of backslash is for certain simple assertions. An assertion specifies a condition that has to
be met at a particular point in a match, without consumiggcharacters from the subject string. The
use of subpatterns for more complicated assertions is described Géle backslashed assertions are:

\b matchest a word boundary
\B matchesvhen not at a word boundary
\A  matchesat the start of the subject
\Z matchest the end of the subject
also matches before a newline at the end of the subject
\z matche®nly at the end of the subject
\G matchest the first matching position in the subject

These assertions may not appear in character clasgasofb that \b has a different meaning, namely
the backspace charagtarside a character class).

A word boundary is a position in the subject string where the current character and the previous charac-
ter do not both match \w or \W (i.e. one matches \w and the other matches \W), or the start or end of
the string if the first or last character matchesé&spectiely.

The \A, \Z, and \z assertions differ from the traditional circuxrdie dollar (described in the next sec-
tion) in that thg only ever match at the very start and end of the subject string, wéradptions are

set. Thus, the are independent of multiline mode. These three assertions are not affected by the
PCRE_NOBOL or PCRE_NOTEOL options, which affect only the behaviour of the circurafid

dollar metacharacters. Mever, if the startoffsetagument ofpcre_exec()is non-zero, indicating that
matching is to start at a point other than the beginning of the subject, \Avarmagch. The dfier-

ence between \Z and \z is that \Z matches before a newline at the end of the string as well asyat the v
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end, whereas \z matches only at the end.

The \G assertion is true only when the current matching position is at the start point of the match, as
specified by thestartoffsetargument ofpcre_exec() It differs from \A when the value afartoffsetis
non-zero. By callingpcre_exec()multiple times with appropriate arguments, you can mimic £&rl’

option, and it is in this kind of implementation where \G can be useful.

Note, havever, that PCRES interpretation of \G, as the start of the current match, is subfbretit

from Perl’'s, which defines it as the end of thevimngs match. In Perl, these can be different when the
previously matched string was empBecause PCRE does just one match at a time, it cannot reproduce
this behaviour.

If all the alternaties of a @ttern begin with \G, the expression is anchored to the starting match posi-
tion, and the "anchored" flag is set in the compiled regular expression.

CIRCUMFLEX AND DOLLAR

Outside a character class, in theaddf matching mode, the circumfleharacter is an assertion that is
true only if the current matching point is at the start of the subject string. sfateffsetargument of
pcre_exec()is non-zero, circumflecan neer match if the PCRE_MULTILINE option is unset. Inside
a character class, circumfidnas an entirely different meaning (see below).

Circumflex need not be the first character of the pattern if a number of altesat involved, but it

should be the first thing in each altermatin which it appears if the pattern isee to match that

branch. If all possible alternaés gart with a circumflex, that is, if the pattern is constrained to match
only at the start of the subject, it is said to be an "anchored" pattern. (There are also other constructs
that can cause a pattern to be anchored.)

A dollar character is an assertion that is true only if the current matching point is at the end of the sub-
ject string, or immediately before a newline at the end of the string (ayljeDollar need not be the

last character of the pattern if a number of alteveatire involved, hut it should be the last item inyan
branch in which it appears. Dollar has no special meaning in a character class.

The meaning of dollar can be changed so that it matches only at the very end of the string, by setting
the PCRE_DOLLAR_ENDONY option at compile time. This does not affect the \Z assertion.

The meanings of the circumflend dollar characters are changed if the PCRE_MULTILINE option is

set. When this is the case, a circumfteatches immediately after internal newlines as well as at the
start of the subject string. It does not match after a newline that ends the string. A dollar matches before
ary newlines in the string, as well as at the very end, when PCRE_MULTILINE is set. Wivénenis
specified as the wycharacter sequence CRLlisolated CR and LF characters do not indicatines.

For example, the pattern /"abc$/ matches the subject string "definabc" (where \n represaiitseq ne
in multiline mode, but not otherwise. Consequenpgtterns that are anchored in single line mode
because all branches start with ~ are not anchored in multiline mode, and a match for ciisyméie
sible when thestartoffsetargument ofpcre_exec()is non-zero. The PCRE_DOLLAR_ENDOML
option is ignored if PCRE_MULTILINE is set.

Note that the sequences \A, \Z, and \z can be used to match the start and end of the subject in both
modes, and if all branches of a pattern start with \A itvisyd anchored, whether or not PCRE_MUL-
TILINE is set.

FULL STOP (PERIOD, DOT)
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Outside a character class, a dot in the pattern matchemarcharacter in the subject stringept (by
default) a character that signifies the end of a line. In UTF-8 mode, the matched character may be more
than one byte long.

When a line ending is defined as a single charagdémeser matches that character; when theotw
character sequence CRLF is used, dot does not match CR if it is immediately followedbbt dth-
erwise it matches all characters (including isolated CRs and LFs). Whdinawode line endings are
being recognized, dot does not match CR or LF grodithe other line ending characters.

The behaviour of dot with gard to newlines can be changed. If the PCRETBIL option is set, a
dot matches gnone charactemithout exception. If the tarcharacter sequence CRLF is present in the
subject string, it takes twdots to match it.
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The handling of dot is entirely independent of the handling of circurafié dollay the only relation-
ship being that theboth involve rewlines. Dot has no special meaning in a character class.

MATCHING A SINGLE BYTE

Outside a character class, the escape sequence \C matghewe diyte, both in and out of UTF-8
mode. Unlile a dbt, it always matches anline-ending characters. The feature is provided in Perl in
order to match indidual bytes in UTF-8 mode. Because it breaks up UTF-8 characters intinliradli

bytes, what remains in the string may be a malformed UTF-8 string. For this reason, the \C escape
sequence is besta@ded.

PCRE does not alw\C to gopear in lookbehind assertions (described below), because in UTF-8 mode
this would mak it impossible to calculate the length of the lookbehind.

SQUARE BRACKETS AND CHARACTER CLASSES

An opening square bracket introduces a character class, terminated by a closing square bracket. A clos-
ing square bracket on itsva is not special. If a closing square bracket is required as a member of the
class, it should be the first data character in the class (after an initial circumflex, if present) or escaped
with a backslash.

A character class matches a single character in the subject. In UTF-8 mode, the character may occup
more than one byte. A matched character must be in the set of characters defined by the class, unless
the first character in the class definition is a circumfle which case the subject character must not be

in the set defined by the class. If a circumfteactually required as a member of the class, ensure it is

not the first characteor escape it with a backslash.

For example, the character class [aeiou] matchgslawer case owel, while ["aeiou] matches @n
character that is not a lower cas®vel. Note that a circumfieis just a comenient notation for specify-

ing the characters that are in the class by enumerating those that are not. A class that starts with a cir
cumflex is not an assertion: it still consumes a character from the subject string, and therefore it fails if
the current pointer is at the end of the string.

In UTF-8 mode, characters witlales greater than 255 can be included in a class as a literal string of
bytes, or by using the \x{ escaping mechanism.

When caseless matching is sely kitters in a class represent both their upper case and lowerecase v
sions, so for example, a caseless [aeiou] matches "A" as well as "a", and a caseless ["aeiou] does not
match "A", whereas a caseful version would. In UTF-8 mode, POR&ysalunderstands the concept of

case for characters whose values are less than 128, so caseless matahingg j®akible. &r charac-

ters with higher &lues, the concept of case is supported if PCRE is compiled with Unicode property
support, but not otherwise. If youant to use caseless matching for characters 128 ane, ajool

must ensure that PCRE is compiled with Unicode property support as well as with UTF-8 support.

Characters that might indicate line breaks axemeeated in ay special way when matching character
classes, whater line-ending sequence is in use, and waxtsetting of the PCRE_DTALL and
PCRE_MULTILINE options is used. A class such as ["afgb matches one of these characters.

The minus (iphen) character can be used to specify a range of characters in a characteorclass. F
example, [d-m] matches grletter between d and m, inclusi If a minus character is required in a

class, it must be escaped with a backslash or appear in a position where it cannot be interpreted as indi-
cating a range, typically as the first or last character in the class.

It is not possible to ha the literal character "|" as the end character of a range. A pattern such as
[W-]46] is interpreted as a class ofawharacters ("W" and "-") followed by a literal string "46]", so it
would match "W46]" or "-46]". Hwever, if the "]" is escaped with a backslash it is interpreted as the
end of range, so [W-\]46] is interpreted as a class containing a range followed biphéwcharacters.

The octal or hexadecimal representation of "]" can also be used to end a range.

Ranges operate in the collating sequence of charaatersy Thg can also be used for characters spec-
ified numerically for example \000-\037]. In UTF-8 mode, ranges can include characters wlogs v
are greater than 255, for example [\x{100}-\x{2ff}].

If a range that includes letters is used when caseless matching is set, it matches the letters in either case.
For example, [W-c] is equwialent to [J[\\"_‘wxyzabc], matched caselesstnd in non-UTF-8 mode, if
character tables for the "fr_FR" locale are in use, [\xc8-\xcb] matches accented E characters in both
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cases. In UTF-8 mode, PCRE supports the concept of case for characters with values greater than 128
only when it is compiled with Unicode property support.

The character types \d, \D, \p, \B, \S, \w and \W may also appear in a character class, and add the
characters that tigematch to the class. For example, \dABCDEF] matchgshemadecimal digit. A
circumflex can coweniently be used with the upper case character types to specify a more restricted set
of characters than the matching lower case type. ¥ample, the class [\W_] matchesydetter or

digit, but not underscore.

The only metacharacters that are recognized in character classes are bagksiash(dnly where it
can be interpreted as specifying a range), circongfialy at the start), opening square bracket (only
when it can be interpreted as introducing a POSIX class name - seattBeati®n), and the terminat-
ing closing square bracket. Hovee escaping other non-alphanumeric characters does no harm.

POSIX CHARACTER CLASSES

Perl supports the POSIX notation for character classes. This uses names enclosed by [: and :] within the
enclosing square brackets. PCRE also supports this notation. For example,

[01]:alpha:]%0]
matches "0", "1", analphabetic characteor "%". The supported class names are

alnum lettersaand digits

alpha letters

ascii charactecodes 0 - 127

blank spacer tab only

cntrl  controlcharacters

digit decimaldigits (same as \d)

graph printingcharacters, excluding space
lower lower case letters

print printingcharacters, including space
punct printingcharacters, excluding letters and digits
space whitespace (not quite the same as \s)
upper uppecase letters

word "word" characters (same as \w)

xdigit hexadecimal digits

The "space" characters are HT (9), LF (10), VT (11), FF (12), CR (13), and space (32). Notice that this
list includes the VT character (code 11). This makes "spadetdtit to \s, which does not include VT
(for Perl compatibility).

The name "word" is a Perk&nsion, and "blank" is a GNU extension from Perl 5.8. Another Perl
extension is ngation, which is indicated by a ~ character after the colon. For example,
[12[:"digit:]]

matches "1", "2", or annon-digit. PCRE (and Perl) also recognize the POSIX syntax [.ch.] and [=ch=]
where "ch" is a "collating element"ubthese are not supported, and an error usngif they are
encountered.

In UTF-8 mode, characters with values greater than 128 do not matabf &me POSIX character
classes.

VERTICAL BAR
Vertical bar characters are used to separate alteenatiterns. For example, the pattern
gilbert|sullivan

matches either "gilbert" or "sultin". Any number of alternaties may appearand an empty alternag
is permitted (matching the empty string). The matching process tries each akeimttin, from left
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to right, and the first one that succeeds is used. If the alt@nate within a subpattern (defined
belav), "succeeds" means matching the rest of the main pattern as well as the adtériati subpat-
tern.

INTERNAL OPTION SETTING

The settings of the PCRE_CASELESS, PCRE_NIWINE, PCRE _DOALL, and
PCRE_EXTENDED options can be changed from within the pattern by a sequence of Perl option let-
ters enclosed between "(?" and ")". The option letters are

i for PCRE_CASELESS

m for PCRE_MULTILINE
s for PCRE_DQOALL

x for PCRE_EXTENDED

For example, (?im) sets caseless, multiline matching. It is also possible to unset these options by pre-
ceding the letter with a hyphen, and a combined setting and unsetting such as (?im-sx), which sets
PCRE_CASELESS and PCRE_MULINE while unsetting PCRE_DTALL and
PCRE_EXTENDED, is also permitted. If a letter appears both before and after the hyphen, the option
is unset.

When an option change occurs at topelgthat is, not inside subpattern parentheses), the change
applies to the remainder of the pattern that fedlo If the change is placed right at the start of a pat-
tern, PCRE extracts it into the global options (and it will thereforevsipin data extracted by the
pcre_fullinfo() function).

An option change within a subpattern (see Wdlor a description of subpatterns) affects only that part
of the current pattern that follows it, so

(a(?ib)c

matches abc and aBc and no other strings (assuming PCRE_CASELESS is noByghi).means,
options can be made toadfferent settings in different parts of the patterny Ahanges made in
one alternatie o carry on into subsequent branches within the same subpattern. For example,

(a(?i)bc)

matches "ab", "aB", "c", and "C"yen though when matching "C" the first branch is abandoned before
the option setting. This is because the effects of option settings happen at compile time olittebe w
some very weird behaviour otherwise.

The PCRE-specific options PCRE_DUPNAMES, PCRE_UNGREEDd PCRE_EXTRA can be
changed in the sameay as the Perl-compatible options by using the characters J, U and X respec-
tively.

SUBPAT TERNS

Subpatterns are delimited by parentheses (round brackets), which can be Tastied. part of a pat-
tern into a subpattern doesathings:

1. It localizes a set of alternads. For example, the pattern

cat(aract|erpillar])
matches one of the words "cat", "cataract", or "caterpillaithd\t the parentheses, it would match
"cataract”, "erpillar" or an empty string.
2. It sets up the subpattern as a capturing subpattern. This means that, when the whole pattern matches,
that portion of the subject string that matched the subpattern is passed back to the calleve@dhe
argument ofpcre_exec() Opening parentheses are counted from left to right (starting from 1) to obtain
numbers for the capturing subpatterns.
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For example, if the string "the red king" is matched against the pattern

the ((red|white) (king|queen))

the captured substrings are "red king", "red", and "king", and are numbered 1, 2, and 3yebspecti

The fact that plain parentheses fulfilotfunctions is not alays helpful. There are often times when a
grouping subpattern is required without a capturing requirement. If an opening parenthesiwésl follo
by a question mark and a colon, the subpattern does notydeapturing, and is not counted when
computing the number of wrsubsequent capturing subpatterns. Baneple, if the string "the white
gueen" is matched against the pattern

the ((?:red|white) (king|queen))

the captured substrings are "white queen" and "queen", and are numbered 1 and 2. The maximum num-
ber of capturing subpatterns is 65535.

As a conenient shorthand, if gnoption settings are required at the start of a non-capturing subpattern,
the option letters may appear between the "?" and the ":". Thusdhmtterns

(?i:saturday|sunday)
(?:(?i)saturday|sunday)

match eactly the same set of strings. Because altemdtianches are tried from left to right, and
options are not reset until the end of the subpattern is reached, an option setting in one branch does
affect subsequent branches, so thevalpatterns match "SUNBY " as well as "Saturday".

NAMED SUBPAT TERNS

64

Identifying capturing parentheses by number is simplg,itbcan be very hard to keep track of the
numbers in complicated regulaxpeessions. Furthermore, if an expression is modified, the numbers
may change. @ help with this dificulty, PCRE supports the naming of subpatterns. This featae w
not added to Perl until release 5.10. Python had the feature ,aatidPCRE introduced it at release
4.0, using the Python syntax. PCREmsupports both the Perl and the Python syntax.

In PCRE, a subpattern can be named in one of three ways: (?<name>...) or (?’name’...) as in Perl, or
(?P<name>...) as in Python. References to capturing parentheses from other parts of the pattern, such as
backreferences, recursion, and conditions, can be made by name as well as by number.

Names consist of up to 32 alphanumeric characters and underscores. Named capturing parentheses are
still allocated numbers as well as names, exactly as if the names were not present. The PCRE API pro-
vides function calls forxdracting the name-to-number translation table from a compiled pattern. There

is also a covenience function for extracting a captured substring by name.

By default, a name must be unique within a patteuhjtds possible to relax this constraint by setting
the PCRE_DUPNMES option at compile time. This can be useful for patterns where only one
instance of the named parentheses can match. Supposeagpbdowmatch the name of a weekday
either as a 3-letter abbreviation or as the full name, and in both casesybtowxtract the abhra-

tion. This pattern (ignoring the line breaks) does the job:

(?<DN>Mon|Fri|Sun)(?:day)?|
(?<DN>Tue)(?:sday)?|
(?<DN>Wed)(?:nesday)?|
(?<DN>Thu)(?:rsday)?|
(?<DN>Sat)(?:urday)?

There are fie capturing substrings,ub only one is eer set after a match. The ceenience function for
extracting the data by name returns the substring for the first (and ikéimgke, the only) subpattern

of that name that matched. Thisyemsearching to find which numbered subpatternaswf you mak

a reference to a non-unique named subpattern from elsewhere in the pattern, the one that corresponds to
the lowest number is usedourther details of the interfaces for handling named subpatterns, see the
pcreapi documentation.
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REPETITION

Repetition is specified by quantifiers, which can felamy of the following items:

a literal data character

the dot metacharacter

the \C escape sequence

the \X escape sequence (in UTF-8 mode with Unicode properties)
the \R escape sequence

an escape such as \d that matches a single character

a character class

a back reference (see next section)

a parenthesized subpattern (unless it is an assertion)

The general repetition quantifier specifies a minimum and maximum number of permitted matches, by
giving the two numbers in curly bragits (braces), separated by a comma. The numbers must be less
than 65536, and the first must be less than or equal to the second. For example:

z{2,4}
matches "zz", "zzz", or "zzzz". A closing brace on its own is not a special chalfattersecond num-
ber is omitted, bt the comma is present, there is no upper limit; if the second number and the comma
are both omitted, the quantifier specifies an exact number of required matches. Thus

[aeiou]{3,}
matches at least 3 successiowels, but may match mgmore, while
\d{8}

matches exactly 8 digits. An opening curly bretcthat appears in a position where a quantifier is not
allowed, or one that does not match the syntax of a quanisfieken as a literal charactétor exam-
ple, {,6} is not a quantifierbut a literal string of four characters.

In UTF-8 mode, quantifiers apply to UTF-8 characters rather than to individual bytes. Thusnfier e
ple, \x{100H2} matches tvo UTF-8 characters, each of which is represented byoebitke sequence.
Similarly, when Unicode property support isvadable, \X{3} matches three Unicodexiended
sequences, each of which may beesal bytes long (and tlyamay be of different lengths).

The quantifier {0} is permitted, causing the expression to\mksif the previous item and the quanti-
fier were not present.

For convenience, the three most common quantifierehsngle-character abbreviations:

* iseuivalentto {0,}
+ isquivaentto {1,}
? s quivaent to {0,1}

It is possible to construct infinite loops by following a subpattern that can match no characters with a
guantifier that has no upper limit, for example:

(@?)*

Earlier \ersions of Perl and PCRE used toega error at compile time for such patterns. viwer,
because there are cases where this can be useful, such patternsg areepted, but if anrepetition
of the subpattern does in fact match no characters, the loop is forcibly broken.

By default, the quantifiers are "greedy", that isytineatch as much as possible (up to the maximum
number of permitted times), without causing the rest of the patterailtorhe classic example of
where this gies problems is in trying to match comments in C programs. These appear between /* and
*/ and within the comment, individual * and / characters may appeaattempt to match C comments
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by applying the pattern
N* A\
to the string
/* first comment */ not comment /* second comment */

fails, because it matches the entire string owing to the greediness of the .* item.

However, if a quantifier is followed by a question mark, it ceases to be grerdynstead matches the
minimum number of times possible, so the pattern

v

does the right thing with the C comments. The meaning of the various quantifiers is not otherwise
changed, just the preferred number of matchgs.not confuse this use of question mark with its use
as a quantifier in its own right. Because it has tges, it can sometimes appear doubled, as in

\d??2\d

which matches one digit by preferencat ban match tw if that is the only way the rest of the pattern
matches.

If the PCRE_UNGREED option is set (an option that is notadable in Perl), the quantifiers are not
greedy by default, but individual ones can be made greedy bwifiodhem with a question mark. In
other words, it iserts the default behaviour.

When a parenthesized subpattern is quantified with a minimum repeat count that is greater than 1 or
with a limited maximum, more memory is required for the compiled pattern, in proportion to the size of
the minimum or maximum.

If a pattern starts with .* or .{0,} and the PCRE_TDALL option (equvalent to Perk &) is set, thus
allowing the dot to match newlines, the pattern is implicitly anchored, becausevatiatiows will be

tried against wery character position in the subject string, so there is no point in retryingéredi o
match at ay position after the first. PCRE normally treats such a pattern as though it were preceded by
\A

In cases where it is known that the subject string contains no newlines, it is worth setting
PCRE_DQALL in order to obtain this optimization, or alternaty using " to indicate anchoring

explicitly.

However, there is one situation where the optimization cannot be used. When .* is inside capturing
parentheses that are the subject of a backrefereneéhelsein the pattern, a match at the start rady f
where a later one succeeds. Consiftgrexample:

(:*)abc\1

If the subject is "xyz123abc123" the match point is the fourth char&otethis reason, such a pattern
is not implicitly anchored.

When a capturing subpattern is repeated, #hgevcaptured is the substring that matched the final itera-
tion. For example, after

(tweedle[dume]{3}\s*)+
has matched "tweedledum tweedledee" thlaes of the captured substring is "tweedledee‘wéver, if
there are nested capturing subpatterns, the corresponding captiwesi may hae keen set in prg-
ous iterations. For example, after

I(@l(b))+/

matches "aba" the value of the second captured substring is "b".



PCRERTTERN(3) PCRERTTERN(3)

ATOMIC GROUPING AND POSSESSIVE QUANTIFIERS

With both maximizing ("greedy") and minimizing ("ungreedy" or "lazy") repetition, failure of what fol-
lows normally causes the repeated item to bevakiated to see if a ddrent number of repeats alle

the rest of the pattern to match. Sometimes it is useful vamrthis, either to change the nature of the
match, or to cause it fail earlier than it otherwise might, when the author of the pattemtkece is

no point in carrying on.

Considerfor example, the pattern \d+foo when applied to the subject line
123456bar

After matching all 6 digits and theaifing to match "foo", the normal action of the matcher is to try
again with only 5 digits matching the \d+ item, and then with 4, and so on, before ultinsiliely. f
"Atomic grouping" (a term taken from Jedy Friedl's book) provides the means for specifying that
once a subpattern has matched, it is not to bealaated in this way.

If we use atomic grouping for the pieus example, the matchervgs up mmediately on failing to
match "foo" the first time. The notation is a kind of special parenthesis, starting with (?> as in this
example:

(?>\d+)foo

This kind of parenthesis "locks up" the part of the pattern it contains once it has matchedilane a f
further into the pattern is prented from backtracking into it. Backtracking past it to previous items,
however, works as normal.

An alternatve description is that a subpattern of this type matches the string of characters that an iden-
tical standalone pattern would match, if anchored at the current point in the subject string.

Atomic grouping subpatterns are not capturing subpatterns. Simple cases such asetreaaue
can be thought of as a maximizing repeat that muati@w everything it can. So, while both \d+ and
\d+? are prepared to adjust the number of digitg thatch in order to makthe rest of the pattern
match, (?>\d+) can only match an entire sequence of digits.

Atomic groups in general can of course contain arbitrarily complicated subpatterns, and can be nested.
However, when the subpattern for an atomic group is just a single repeated item, as xartipdee

above, a sSmpler notation, called a "possessiquantifier" can be used. This consists of an additional +
character following a quantifiddsing this notation, the previous example can be rewritten as

\d++foo

Possesse quantifiers are alays greedy; the setting of the PCRE_UNGREEDption is ignored.
They are a comenient notation for the simpler forms of atomic groupweeer, there is no dierence

in the meaning of a possessiquantifier and the equélent atomic group, though there may be a per
formance difference; possessiquantifiers should be slightly faster.

The possesge quantifier syntax is anxéension to the Perl 5.8 syntadeffrey Friedl originated the
idea (and the name) in the first edition of his book.@wcClosley liked it, so implemented it when

he hiilt Sun’s Java package, and PCRE copied it from there. It ultimately found its way into Perl at
release 5.10.

PCRE has an optimization that automatically "possessifies" certain simple pattern constructs. F
example, the sequence A+B is treated as A++B because there is no point in backtracking into a
sequence of A when B must follov.

When a pattern contains an unlimited repeat inside a subpattern that can itself be repeated an unlimited
number of times, the use of an atomic group is the only waydid aome failing matches taking a
very long time indeed. The pattern

(\D+|<\d+>)*[1?]

matches an unlimited number of substrings that either consist of non-digits, or digits enclosed in <>,
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followed by either ! or ?. When it matches, it runs quicklgweve, if it is applied to
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

it takes a long time before reporting failure. This is because the string can be divided between the inter
nal \D+ repeat and the external * repeat in a large number of ways, andeath ba tried. (The &am-

ple uses [!?] rather than a single character at the end, because both PCRE ane Bedptianization

that allows for fast failure when a single character is used; fEmeember the last single character that

is required for a match, andiffearly if it is not present in the string.) If the pattern is changed so that it
uses an atomic group, ékhis:

((2>\D+)|<\d+>)*[1?]

sequences of non-digits cannot be broken, and failure happens quickly.

BACK REFERENCES
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Outside a character class, a backslash followed by a digit greater than 0 (and possibly further digits) is
a back reference to a capturing subpattern earlier (that is, to its left) in the pattern, providedvinere ha
been that manprevious capturing left parentheses.

However, if the decimal number following the backslash is less than 10, wWaystaken as a back ref-

erence, and causes an error only if there are not that capturing left parentheses in the entire pat-

tern. In other words, the parentheses that are referenced need not be to the left of the reference for num-
bers less than 10. A "forward back reference" of this type cae make when a repetition isvisived

and the subpattern to the right has participated in an earlier iteration.

It is not possible to ha& a umerical "forward back reference" to a subpattern whose number is 10 or
more using this syntax because a sequence such as \50 is interpreted as a character defined in octal. See
the subsection entitled "Non-printing characters'vabior further details of the handling of digits fol-

lowing a backslash. There is no such problem when named parentheses are used. A back reference to
ary subpattern is possible using named parentheses (see below).

Another way of goiding the ambiguity inherent in the use of digits fallog a backslash is to use the
\g escape sequence, which is a feature introduced in Perl 5.10. This escape must be followed by a posi-
tive a a negdive rumber optionally enclosed in braces. These examples are all identical:

(ring), \1
(ring), \gl
(ring), \g{1}

A positive number specifies an absolute reference without the ambiguity that is present in the older syn-
tax. It is also useful when literal digits follcthe reference. A mgtive rumber is a relatie reference.
Consider this example:

(abc(def)ghi)\g{-1}

The sequence \g{-1} is a reference to the most recently started capturing subpattern before \g, that is, is
it equivaent to \2. Similarly\g{-2} would be equvalent to \1. The use of relat references can be

helpful in long patterns, and also in patterns that are created by joining together fragments that contain
references within themselves.

A back reference matches whateactually matched the capturing subpattern in the current subject
string, rather than anything matching the subpattern itself (see "Subpatterns as subroutindst belo
way of doing that). So the pattern

(sens|respons)e and \libility
matches "sense and sensibility" and "response and responsibility”, but not "sense and responsibility". If

caseful matching is in force at the time of the back reference, the case of lettersaid. rEtd exam-
ple,
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(?i)rah)\s+\1

matches "rah rah" and "RAH RAH"ubnot "RAH rah", gen though the original capturing subpattern
is matched caselessly.

Back references to named subpatterns use the Perl syntax \k<name> or \k'name’ or the Python syntax
(?P=name). W auld rewrite the abae example in either of the following ways:

(?<pl>(?i)rah)\s+\k<pl>
(?P<pl>(?irah)\s+(?P=p1)

A subpattern that is referenced by name may appear in the pattern before or after the reference.

There may be more than one back reference to the same subpattern. If a subpattern has not actually
been used in a particular matchy &#ack references to it\abys fail. For example, the pattern

(al(bc))\2

always fails if it starts to match "a" rather than "bc". Because there may begapturing parentheses

in a pattern, all digits following the backslash are taken as part of a potential back referencelfiumber
the pattern continues with a digit characteme delimiter must be used to terminate the back-refer
ence. If the PCRE_EXTENDED option is set, this can be whitesgatteerwise an empty comment
(see "Comments" below) can be used.

A back reference that occurs inside the parentheses to which it @fenstien the subpattern is first
used, so, for example, (a\l)vee matches. Hwever, such references can be useful inside repeated
subpatterns. For example, the pattern

(alb\1)+

matches annumber of "a"s and also "aba", "ababbaa" etc. At each iteration of the subpattern, the back
reference matches the character string corresponding to theysréeration. In order for this tooxk,

the pattern must be such that the first iteration does not need to match the back reference. This can be
done using alternation, as in the examplevapor by a qiantifier with a minimum of zero.

ASSERTIONS

An assertion is a test on the characters following or preceding the current matching point that does not
actually consume agncharacters. The simple assertions coded as \b, \B, \A, \G, \Z, \z, " and $ are
described abe.

More complicated assertions are coded as subpatterns. There &nedsv those that look ahead of the
current position in the subject string, and those that look behind it. An assertion subpattern is matched
in the normal wayexcept that it does not cause the current matching position to be changed.

Assertion subpatterns are not capturing subpatterns, and may not be repeated, because it makes no
sense to assert the same thingesd times. If ag kind of assertion contains capturing subpatterns
within it, these are counted for the purposes of numbering the capturing subpatterns in the whole pat-
tern. Havever, substring capturing is carried out only for positisssertions, because it does not mak

sense for mggtive asertions.

Lookahead assertions
Lookahead assertions start with (?= for pesitssertions and (?! for getive asertions. For example,
\w+(?=;)
matches a word followed by a semicolon, but does not include the semicolon in the match, and
foo(?!bar)

matches anoccurrence of "foo" that is not followed by "bar". Note that the apparently similar pattern
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(?!foo)bar

does not find an occurrence of "bar" that is preceded by something other than "foo"; it\findslain
rence of "bar" whatseer, because the assertion (?!foo) isajs true when the next three characters
are "bar". A lookbehind assertion is needed to aehtee other effect.

If you want to force a matchingifure at some point in a pattern, the mostvenient way to do it is
with (?!) because an empty stringvays matches, so an assertion that requires there not to be an empty
string must alays fail.

Lookbehind assertions

Lookbehind assertions start with (?<= for pesitisssertions and (?<! for gdive assertions. &r
example,

(?<!foo)bar

does find an occurrence of "bar" that is not preceded by "foo". The contents of a lookbehind assertion
are restricted such that all the strings it matches must ddéked length. Havever, if there are seral
top-level alternatives, they do rot all have o havethe same fixed length. Thus

(?<=bullock|donky)
is permitted, but
(?<!dogs?|cats?)

causes an error at compile time. Branches that matfgratif length strings are permitted only at the
top level of a lookbehind assertion. This is an extension compared with Perl (at least for 5.8), which
requires all branches to match the same length of string. An assertion such as

(?<=ab(c|de))

is not permitted, because its single topeldoranch can match tdfferent lengths, but it is acceptable
if rewritten to use tw top-level branches:

(?<=abc|abde)

The implementation of lookbehind assertions is, for each alteentdi temporarily mee te current
position back by the fed length and then try to match. If there are insufficient characters before the
current position, the assertion fails.

PCRE does not alothe \C escape (which matches a single byte in UTF-8 mode) to appear in lookbe-
hind assertions, because it makes it impossible to calculate the length of the lookbehind. The \X and \R
escapes, which can match different numbers of bytes, are also not permitted.

Possesse quantifiers can be used in conjunction with lookbehind assertions to spédicigneéfmatch-
ing at the end of the subject string. Consider a simple pattern such as

abcd$

when applied to a long string that does not match. Because matching proceeds from left to right, PCRE
will look for each "a" in the subject and then see if what fedlanatches the rest of the pattern. If the
pattern is specified as

" *abcd$

the initial .* matches the entire string at first, but when this fails (because there is no following "a"), it
backtracks to match all but the last charadkem all but the last twcharacters, and so on. Onceaigg

the search for "a" a@rs the entire string, from right to left, so we are no better offveder, if the pat-

tern is written as
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" *+(?<=abcd)

there can be no backtracking for the .*+ item; it can match only the entire string. The subsequent look-
behind assertion does a single test on the last four characters. If it fails, the match fails immediately
For long strings, this approach makes a significant difference to the processing time.

Using multiple assertions
Several assertions (of grsort) may occur in succession. For example,
(?<=\d{3})(?<!999)foo

matches "foo" preceded by three digits that are not "999". Notice that each of the assertions is applied
independently at the same point in the subject string. First there is a check that the previous three char
acters are all digits, and then there is a check that the same three characters are not "999". This pattern
doesnotmatch "foo" preceded by six characters, the first of which are digits and the last three of which
are not "999". For example, it doesmiatch "123abcfoo". A pattern to do that is

(?<=\d{3}...)(?<!999)foo
This time the first assertion looks at the preceding six characters, checking that the first three are digits,

and then the second assertion checks that the preceding three characters are not "999".

Assertions can be nested iryaombination. For example,
(?<=(?<!foo)bar)baz

matches an occurrence of "baz" that is preceded by "bar" which in turn is not preceded by "foo", while
(?<=\d{3}(?!999)...)foo

is another pattern that matches "foo" preceded by three digits snithrae characters that are not

"999".
CONDITIONAL SUBP AT TERNS

It is possible to cause the matching process ty ab®ibpattern conditionally or to choose between
two dternatve subpatterns, depending on the result of an assertion, or whetheri@upreapturing
subpattern matched or not. Theotpossible forms of conditional subpattern are

(?(condition)yes-pattern)
(?(condition)yes-pattern|no-pattern)

If the condition is satisfied, the yes-pattern is used; otherwise the no-pattern (if present) is used. If there

are more than twdternatives in the subpattern, a compile-time error occurs.

There are four kinds of condition: references to subpatterns, references to recursion, a pseudo-condition
called DEFINE, and assertions.

Checking for a used subpatten by number

If the text between the parentheses consists of a sequence of digits, the condition is true if the capturing
subpattern of that number has previously matched.

Consider the follwing pattern, which contains non-significant white space toenitaiore readable
(assume the PCRE_EXTENDED option) and to divide it into three parts for ease of discussion:

(\O? [0+ (?(1)Y)
The first part matches an optional opening parenthesis, and if that character is present, sets it as the first

captured substring. The second part matches one or more characters that are not parentheses. The third
part is a conditional subpattern that tests whether the first set of parentheses matched oryndid,If the
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that is, if subject started with an opening parenthesis, the condition is true, and so the yes-pattern is
executed and a closing parenthesis is required. Otherwise, since no-pattern is not present, the subpat-
tern matches nothing. In otheowds, this pattern matches a sequence of non-parentheses, optionally
enclosed in parentheses.

Checking for a used subpatten by name

Perl uses the syntax (?(<name>)...) or (?('name’)...) to test for a used subpattern byonamapkti-

bility with earlier versions of PCRE, which had thisifity before Perl, the syntax (?(name)...) is also
recognized. Hwaever, there is a possible ambiguity with this syntax, because subpattern names may
consist entirely of digits. PCRE looks first for a named subpattern; if it cannot find one and the name
consists entirely of digits, PCRE looks for a subpattern of that numbeh must be greater than

zero. Using subpattern names that consist entirely of digits is not recommended.

Rewriting the abee example to use a named subpatterregihis:

(?<OPEN>\()? ['0]+ (?(SOPEN>)))

Checking for pattern recursion

If the condition is the string (R), and there is no subpattern with the name R, the condition is true if a
recursve all to the whole pattern or grsubpattern has been made. If digits or a name preceded by
ampersand foll the letter R, for example:

(?(R3)...) or (?(R&name)...)

the condition is true if the most recent recursion is into the subpattern whose number or neene is gi
This condition does not check the entire recursion stack.

At "top level", all these recursion test conditions are false. Resupsitterns are described belo

Defining subpatterns for use by reference only

If the condition is the string (DEFINE), and there is no subpattern with the name DEFINE, the condi-
tion is alvays false. In this case, there may be only one altemndii the subpattern. It is &hys
skipped if control reaches this point in the pattern; the idea of DEFINE is that it can be used to define
"subroutines" that can be referenced fromwetse. (The use of "subroutines” is describedvagleor
example, a pattern to match an IPv4 address could be writterthig (ignore whitespace and line
breaks):

(?(DEFINE) (?<byte> 2[0-4]\d | 25[0-5] | 1\d\d | [1-9]?\d) )
\b (?&byte) (\.(?&byte)){3} \b

The first part of the pattern is a DEFINE group inside which a another group named "byte" is defined.
This matches an indidual component of an IPv4 address (a number less than 256). When matching
takes place, this part of the pattern is skipped because DEFINE acsHike condition.

The rest of the pattern uses references to the named group to match the four dot-separated components
of an IPv4 address, insisting on a word boundary at each end.

Assertion conditions
If the condition is not in anof the abee formats, it must be an assertiofhis may be a posite a

negdive lookahead or lookbehind assertion. Consider this pattemin agntaining non-significant
white space, and with the dwdternatives on he second line:

(?(?=["a-z]*[a-z])
\d{2}-[a-z}{3}1\d{2} | \d{2}\d{2}"\d{2} )

The condition is a posite lookahead assertion that matches an optional sequence of non-letters fol-

lowed by a lettern other words, it tests for the presence of at least one letter in the subject. If a letter is
found, the subject is matched against the first alteyaiiherwise it is matched against the second.

72



PCRERTTERN(3) PCRERTTERN(3)

This pattern matches strings in one of the farms dd-aaa-dd or dd-dd-dd, where aaa are letters and
dd are digits.

COMMENTS

The sequence (?# marks the start of a comment that continues up tdttlotosiag parenthesis.
Nested parentheses are not permitted. The characters thmumakomment play no part in the pat-
tern matching at all.

If the PCRE_EXTENDED option is set, an unescaped # character outside a character class introduces a
comment that continues to immediately after the next newline in the pattern.

RECURSIVE PAT TERNS

Consider the problem of matching a string in parenthesesjimdjdor unlimited nested parentheses.
Without the use of recursion, the best that can be done is to use a pattern that matches up tmlsome fix
depth of nesting. It is not possible to handle an arbitrary nesting depth.

For some time, Perl has provided a facility that allowgutar expressions to recurse (amongst other
things). It does this by interpolating Perl code in tkperession at run time, and the code can refer to
the pression itself. A Perl pattern using code interpolation toestle parentheses problem can be
created lile this:

$re = qr{\( (?: (?>["01%) | (?p{Sre}) )* VIx;

The (?p{...}) item interpolates Perl code at run time, and in this case referswdgurmsihe pattern in
which it appears.

Obviously PCRE cannot support the interpolation of Perl code. Instead, it supports special syntax for
recursion of the entire pattern, and also for individual subpattern recursion. After its introduction in
PCRE and Python, this kind of recursion was introduced into Perl at release 5.10.

A special item that consists of (? followed by a number greater than zero and a closing parenthesis is a
recursve all of the subpattern of thevgn number provided that it occurs inside that subpattern. (If

not, it is a "subroutine" call, which is described in thgtrsection.) The special item (?R) or (?0) is a
recursve all of the entire regular expression.

In PCRE (like Bython, but unlile Rerl), a recursie subpattern call is atays treated as an atomic group.
That is, once it has matched some of the subject string, ivés meentered, \een if it contains untried
alternatves and there is a subsequent matching failure.

This PCRE pattern sabg the nested parentheses problem (assume the PCRE_EXTENDED option is
set so that white space is ignored):

\(C>T01H) 1 (PR))*Y)

First it matches an opening parenthesis. Then it matclyasuamber of substrings which can either be
a equence of non-parentheses, or a reeeinsatch of the pattern itself (that is, a correctly parenthe-
sized substring). Finally there is a closing parenthesis.

If this were part of a larger pattern, you would natnivto recurse the entire pattern, so instead you
could use this:

ACCE>T01H 1 (?1))*Y)

We haveput the pattern into parentheses, and caused the recursion to refer to them instead of the whole
pattern. In a larger pattern, keeping track of parenthesis numbers can Yelttricky be more con-

venient to use named parentheses instead. The Perl syntax for this is (?&name}y @&IRESyntax
(?P>name) is also supportede\¥buld rewrite the abae example as follows:

(?<pn>\(((?>["01+) | (?&pn) )* V) )

If there is more than one subpattern with the same name, the earliest one is used. This peaticular e
ple pattern contains nested unlimited repeats, and so the use of atomic grouping for matching strings of
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non-parentheses is important when applying the pattern to strings that do not matctantule,e
when this pattern is applied to

(aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaal)

it yields "no match" quicklyHoweve, if atomic grouping is not used, the match runs for a very long
time indeed because there are soyrdifferent ways the + and * repeats can @anp he subject, and
all have o be ested before failure can be reported.

At the end of a match, theles set for ancapturing subpatterns are those from the outermedtdé

the recursion at which the subpattern value is set. If you want to obtain intermediigt®, a callout
function can be used (see heland thepcrecallout documentation). If the pattern aleis matched
against

(ab(cd)ef)

the \alue for the capturing parentheses is "ef", which is the last value taken on at theltdpdddi-
tional parentheses are added, giving

\(CCETOM TER)™) Y

the string thg capture is "ab(cd)ef", the contents of the togl@arentheses. If there are more than 15
capturing parentheses in a pattern, PCRE has to obtain extra memory to store data during a recursion,
which it does by usingcre_malloc freeing it viapcre_free afterwards. If no memory can be
obtained, the match fails with the PCRE_ERROR_NOMEM@Ror.

Do not confuse the (?R) item with the condition (R), which tests for recur€ionsider this pattern,
which matches text in angle bratg, allowing for arbitrary nesting. Only digits are allowed in nested
brackets (that is, when recursing), whereascharacters are permitted at the outeelle

< (?(R) \d++| ['<>]*+) | (?R)) * >

In this pattern, (?(R) is the start of a conditional subpattern, wiltifferent alternaties for the recur
sive and non-recursie ases. The (?R) item is the actual recarsall.

SUBPAT TERNS AS SUBROUTINES
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If the syntax for a recunge subpattern reference (either by number or by name) is used outside the
parentheses to which it refers, it operates Bksibroutine in a programming language. The "called"
subpattern may be defined before or after the reference. An earlier example pointed out that the pattern

(sens|respons)e and \libility

matches "sense and sensibility" and "response and responsibility”, but not "sense and responsibility". If
instead the pattern

(sens|respons)e and (?1)ibility

is used, it does match "sense and responsibility" as well as the othdrihgs. Another example is
given in the discussion of DEFINE abe

Like recursve subpatterns, a "subroutine" call isvalys treated as an atomic group. That is, once it has
matched some of the subject string, it isenee-entered, \&n if it contains untried alternats and
there is a subsequent matching failure.

When a subpattern is used as a subroutine, processing options such as case-independartte are fix
when the subpattern is defined. Jlwannot be changed for different calls. For example, consider this
pattern:

(abc)(?i:(?1))
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It matches "abcabc". It does not match "abcABC" because the change of processing option does not
affect the called subpattern.

CALLOUTS

Perl has a feature whereby using the sequence (?{...}) causes arbitrary Perl code to be obeyed in the
middle of matching a regular expression. This esalk possible, amongst other things, to extraéedif
ent substrings that match the same pair of parentheses when there is a repetition.

PCRE provides a similar feature, but of course it cannot atitrary Perl code. The feature is called
“callout". The caller of PCRE provides an external function by putting its entry point in the ghobal v
ablepcre_callout By default, this variable contains NULL, which disables all calling out.

Within a regular expression, (?C) indicates the points at which the external function is to be called. If
you want to identify different callout points, you can put a number less than 256 after the letter C. The
default value is zeroFor example, this pattern has dveallout points:

(?C1hpc(2c2)def
If the PCRE_AJTO_CALLOUT flag is passed tpcre_compile() callouts are automatically installed
before each item in the pattern. Ytaee all numbered 255.

During matching, when PCRE reaches a callout point fanel_calloutis set), the external function is
called. It is provided with the number of the callout, the position in the pattern, and, optionally
item of data originally supplied by the callerpgafre_exec() The callout function may cause matching
to proceed, to backtrack, or to fail altogeth&rcomplete description of the interface to the callout
function is gven in the pcrecallout documentation.

SEE ALSO

pcreapi(3), pcrecallout(3), pcrematching(3), pcre(3).

Last updated: 06 December 2006
Copyright (c) 1997-2006 Uwérsity of Cambridge.
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NAME

PCRE - Perl-compatible regular expressions

PCRE PERFORMANCE

Two aspects of performance are discussed below: memory usage and processing time. The way you
express your pattern as a regular expression can affect both of them.

MEMORY USAGE

Paterns are compiled by PCRE into a reasonably efficient byte code, so that most simple patterns do
not use much memaryHoweve, there is one case where memory usage can be unexpectedly lar
When a parenthesized subpattern has a quantifier with a minimum greater than 1 and/or a limited maxi-
mum, the whole subpattern is repeated in the compiled code. For example, the pattern

(abc|def){2,4}
is compiled as if it were
(abc|def)(abc|def)((abc|def)(abc|def)?)?

(Technical aside: It is done this way so that backtrack points within each of the repetitions can be inde-
pendently maintained.)

For reqular expressions whose quantifiers use only small numbers, this is not usually a problem. Ho
eva, if the numbers are Ige, and particularly if such repetitions are nested, the memory usage can
become an embarrassment. For example, the very simple pattern

((ab){1,1000}c){1,3}

uses 51K bytes when compiled. When PCRE is compiled with italléfiternal pointer size of tw
bytes, the size limit on a compiled pattern is 64K, and this is reached with treepattern if the outer
repetition is increased from 3 to 4. PCRE can be compiled to gge laternal pointers and thus han-
dle larger compiled patterns, but it is better to try write your pattern to use less memory if you can.

One way of reducing the memory usage for such patterns is ® upalof PCRE "subroutine" &cil-
ity. Re-writing the abwe mttern as

((ab)(?2){0,999}c)(?1){0,2}

reduces the memory requirements to 18K, and indeed it remains undeve2OKith the outer repeti-

tion increased to 100. Kever, this pattern is not exactly egalent, because the "subroutine” calls are
treated as atomic groups into which there can be no backtracking if there is a subsequent ragtching f
ure. Therefore, PCRE cannot do this kind of rewriting automatickllythermore, there is a noticeable
loss of speed wherxecuting the modified pattern. Metheless, if the atomic grouping is not a prob-
lem and the loss of speed is acceptable, this kind of rewriting will 3l to process patterns that
PCRE cannot otherwise handle.

PROCESSING TIME
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Certain items in regularxpression patterns are processed more efficiently than others. It is fitore ef
cient to use a character clas®l{reiou] than a set of single-character alteweatsich as (alelijoju). In
general, the simplest construction that provides the required behaviour is usually thdiomrst ef-

frey Friedl's book contains a lot of useful general discussion about optimizing regular expressions for
efficient performance. This document containsvadbservations about PCRE.

Using Unicode character properties (the \p,akfél \X escapes) is shp because PCRE has to scan a
structure that contains data foreo fifteen thousand characters wheareit needs a characterjrop-

erty. If you can find an alternat pattern that does not use character properties, it will probably be
faster.
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When a pattern lgins with .* not in parentheses, or in parentheses that are not the subject of a backref-
erence, and the PCRE_DALL option is set, the pattern is implicitly anchored by PCRE, since it can
match only at the start of a subject stringwieeer, if PCRE_DOALL is not set, PCRE cannot mak

this optimization, because the . metacharacter does not then match a newline, and if the subject string
contains newlines, the pattern may match from the character immediatelyirigllone of them

instead of from the very start. For example, the pattern

*second

matches the subject "first\inand second" (where \n stands for a newline character), with the match start-
ing at the seenth charactern order to do this, PCRE has to retry the match starting afeey @ew-
line in the subject.

If you are using such a pattern with subject strings that do not contain newlines, the best performance is
obtained by setting PCRE_DO®ALL, or starting the pattern with ~.* or ~.*? to indicatepécit anchor
ing. That sees FCRE from having to scan along the subject looking for a newline to restart at.

Beware of patterns that contain nested indefinite repeats. These eaa takg time to run when
applied to a string that does not match. Consider the pattern fragment

“(at)*

This can match "aaaa" in 16 different ways, and this number increases very rapidly as the string gets
longer (The * repeat can match 0, 1, 2, 3, or 4 times, and for each of those cases other than 0 or 4, the
+ repeats can match different numbers of times.) When the remainder of the pattern is such that the
entire match is going tail, PCRE has in principle to trywery possible variation, and this can ¢ad
extremely long time, een for relatively short strings.

An optimization catches some of the more simple cases such as
(a+)*b

where a literal character folls. Before embarking on the standard matching procedure, PCRE checks
that there is a "b" later in the subject string, and if there is not, it fails the match immedtiatedye,

when there is no following literal this optimization cannot be used. You can see the difference by com-
paring the behaviour of

(a+)*\d
with the pattern abe. The former gies a failure almost instantly when applied to a whole line of "a"

characters, whereas the latter takes an appreciable time with strings longer than about 20 characters.

In mary cases, the solution to this kind of performance issue is to use an atomic group or aveossessi
guantifier.

Last updated: 20 September 2006
Copyright (c) 1997-2006 Uwérsity of Cambridge.
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NAME

PCRE - Perl-compatible regular expressions.

SYNOPSIS OF POSIX API

#include <pcreposix.h>

int regcomp(regex_t *preg const char *pattern
int cflag9;

int regexec(regex_t preg const char *string,
size_tnmatch regmatch_tpmatch], int eflags;

size_t regerror(int errcode const regex_t reg,
char *errbuf, sze_terrbuf_sizg;

void regfree(regex_t *preg);

DESCRIPTION

This set of functions provides a POSIX-style API to the PCRE regular expression package. See the
pcreapi documentation for a description of PCREAtive API, which contains much additional func-
tionality.

The functions described here are just wrapper functions that ultimately call the PCREARALITheir
prototypes are defined in tipereposix.h header file, and on Unix systems the library itself is called
pcreposix.a so @n be accessed by addifgcreposix to the command for linking an application that
uses them. Because the POSIX functions call theenaties, it is also necessary to atfitre.

| haveimplemented only those option bits that can be reasonably mapped to PCREqui#ins. In
addition, the option REG_EXTENDED is defined with the value zero. This haseat &fit since pro-
grams that are written to the POSIX interface often use it, thigsnidleasier to slot in PCRE as a
replacement libraryOther POSIX options are noten defined.

When PCRE is called via these functions, it is only the API that is POS#XHlityle. The syntax and
semantics of the regular expressions themselves are still those of Perl, subject to the settiogsof v
PCRE options, as described beld'POSIX-like in gyle" means that the APl approximates to the
POSIX definition; it is not fully POSIX-compatible, and in multi-byte encoding domains it is probably
even less compatible.

The header for these functions is suppliedpaeposix.h to avoid ary potential clash with other

POSIX libraries. It can, of course, be renamed or aliasedgex.h which is the "correct" name. It
provides two gdructure typesregex_t for compiled internal forms, anggmatch_tfor returning cap-

tured substrings. It also defines some constants whose names start with "REG_"; these are used for set-
ting options and identifying error codes.

COMPILING A P ATTERN
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The functionregcomp() is called to compile a pattern into an internal form. The pattern is a C string
terminated by a binary zero, and is passed in tipena@ntpattern The pregargument is a pointer to a
regex_tstructure that is used as a base for storing information about the compiled regular expression.

The argumentflagsis either zero, or contains one or more of the bits defined by the following macros:
REG_DOALL

The PCRE_DQALL option is set when the regulaxpression is passed for compilation to thevmati
function. Note that REG_DTALL is not part of the POSIX standard.

REG_ICASE

The PCRE_CASELESS option is set when the regular expression is passed for compilation to the
native function.
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REG_NEWLINE

The PCRE_MUIILINE option is set when the regular expression is passed for compilation to the
native function. Note that this doe®t mimic the defined POSIX behaviour for REG_NEWLINE (see
the following section).

REG_NOSUB

The PCRE_NO_MATO_CAPTURE option is set when the regular expression is passed for compilation
to the natre function. In addition, when a pattern that is compiled with this flag is passegetcec()
for matching, thematchandpmatcharguments are ignored, and no captured strings are returned.

REG_UTF8

The PCRE_UTF8 option is set when the regular expression is passed for compilation tovéhe nati
function. This causes the pattern itself and all data strings used for matching it to be treated as UTF-8
strings. Note that REG_UTF8 is not part of the POSIX standard.

In the absence of these flags, no options are passed to tleefinattion. Thismeans the the gex is
compiled with PCRE default semantics. In particuta@ way it handles newline characters in the sub-
ject string is the Perl ay, not the POSIX vay. Note that setting PCRE_MULTILINE has ordgpmeof

the effects specified for REG_NEWLINE. It does ndeetf the way newlines are matched by . \the
aren’t) or by a ngative dass such as [a] (thiere).

The yield ofregcomp() is zero on success, and non-zero otherwise.prégstructure is filled in on

success, and one member of the structure is publiosubcontains the number of capturing subpat-
terns in the regular expression. Various error codes are defined in the header file.

MATCHING NEWLINE CHARACTERS

This area is not simple, because POSIX and Pezldélerent views of things. It is not possible to get
PCRE to obg POSIX semantics, Wt then PCRE was wer intended to be a POSIX engine. The fol-
lowing table lists the different possibilities for matching newline characters in PCRE:

Default Changevith

. matches neline no PCRE_DOALL

newline matches ["a] yes notchangeable

$ matches\natend yes PCRE_DOLLARENDONY
$ matches \n in middle no PCRE_MUIILINE
“matches \n in middle no PCRE_MUIILINE

This is the equidlent table for POSIX:
Default Changevith

. matches neline yes REG_NEWLINE
newline matches ['a] yes REG_NEWLINE
$matches\natend no REG_NEWLINE
$ matches \n in middle no REG_NEWLINE
“matches \n in middle no REG_NEWLINE

PCRES behaviour is the same as Perl's, except that there is novaeoi for PCRE_DOL-
LAR_ENDONLY in Perl. In both PCRE and Perl, there is no way to stop newline from matching ["a].

The deéult POSIX newline handling can be obtained by setting PCREARD and PCRE_DOL-
LAR_ENDONLY, but there is no way to makPFCRE behge exactly as for the REG_NEWLINE
action.

MATCHING A P ATTERN

The functionregexec()is called to match a compiled pattgoreg against a gien string, which is
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terminated by a zero byte, subject to the optioreflags These can be:
REG_NOTBOL

The PCRE_NOTBOL option is set when calling the underlying PCRE matching function.
REG_NOTEOL

The PCRE_NOTEOL option is set when calling the underlying PCRE matching function.

If the pattern vas compiled with the REG_NOSUB flag, no data aboutnaatched strings is returned.
Thenmatchandpmatcharguments ofegexec()are ignored.

Otherwise,the portion of the string thaasvmatched, and alsoyataptured substrings, are returned via
the pmatchargument, which points to an array mhatchstructures of typeegmatch_t containing the
membergm_soandrm_ea These contain the 3kt to the first character of each substring and the of
set to the first character after the end of each substring, resjyecthe Oth element of theeetor
relates to the entire portion sfring that was matched; subsequent elements relate to the capturing sub-
patterns of the regular expression. Unused entries in the akmaydih structure members set to -1.

A successful match yields a zero return; various error codes are defined in the header file, of which
REG_NOMATCH is the "expected" failure code.

ERROR MESSAGES

Theregerror() function maps a non-zero errorcode from eitleggcomp() or regexec()to a printable
message. Ipregis not NULL, the error should ke aisen from the use of that structure. A message
terminated by a binary zero is placecmbuf. The length of the message, including the zero, is limited
to errbuf_size The yield of the function is the size of buffer needed to hold the whole message.

MEMORY USAGE

Compiling a regular>gression causes memory to be allocated and associated wjtregrstructure.
The functionregfree() frees all such memoyygfter which preg may no longer be used as a compiled
expression.

AUTHOR

Philip Hazel
University Computing Service,
Cambridge CB2 3QH, England.

Last updated: 16 January 2006
Copyright (c) 1997-2006 Uwérsity of Cambridge.
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NAME
PCRE - Perl-compatible regular expressions

SAVING AND RE-USING PRECOMPILED PCRE PATTERNS

If you are running an application that uses a large number of regplassion patterns, it may be use-
ful to store them in a precompiled form instead ofitigto compile themery time the application is
run. If you are not using grprivate character tables (see fhere_maketables()documentation), this
is relatively straightforward. If you are using pete tables, it is a little bit more complicated.

If you save compiled patterns to a file, you can gapem to a different host and run them there. This
works even if the nev host has the opposite endianness to the one on which the patterns were compiled.
There may be a small performance penalty it should be insignificant.

SAVING A COMPILED P ATTERN
The value returned bycre_compile()points to a single block of memory that holds the compiled pat-
tern and associated data. You can find the length of this block in bytes by paténdullinfo() with
an argument of PCRE_INFO_SIZE. You can theveshe data in ay appropriate manneHere is
sample code that compiles a pattern and writes it to a file. It assumes thaiahkefd refers to a file
that is open for output:

int erroroffset, rc, size;
char *error;
pcre *re;

re = pcre_compile("my pattern", 0, &erréerroroffset, NULL);
if (re == NULL) { ... handle errors ... }

rc = pcre_fullinfo(re, NULL, PCRE_INFO_SIZE, &size);

if (rc <0){... handle errors ... }

rc = fwrite(re, 1, size, fd);

if (rc !=size) { ... handle errors ... }

In this xample, the bytes that comprise the compiled pattern are cogietlyeNote that this is binary
data that may contain pof the 256 possible byte values. On systems thatmalstinction between
binary and non-binary data, be sure that the file is opened for binary output.

If you want to write more than one pattern to a file, you wilehta devise a way of separating them.
For binary data, preceding each pattern with its length is probably the most straigintf@mproach.
Another possibility is to write out the data in hexadecimal instead of bioraypattern to a line.

Saving compiled patterns in a file is only one possible way of storing them for later ugecolie
equally well be szd in a dcatabase, or in the memory of some daemon process that passes them via
sockets to the processes that want them.

If the pattern has been studied, it is also possibleviotsa study data in a similar way to the compiled
pattern itself. When studying generates additional informafiore_study() returns a pointer to a
pcre_extra data block. Its format is defined in the section on matching a pattern peréegi docu-
mentation. Thestudy datdield points to the binary study data, and this is what you must(sat the
pcre_extra block itself). The length of the study data can be obtained by caltirgg fullinfo() with

an argument of PCRE_INFO_STUDYSIZE. Remember to checkptirat study() did return a non-
NULL value before trying to s& te study data.

RE-USING A PRECOMPILED PATTERN

Re-using a precompiled pattern is straightforward. Having reloaded it into main mgowpass its
pointer topcre_exec()or pcre_dfa_exec()in the usual \&y. This should work wen on another host,
and @en if that host has the opposite endianness to the one where the pattern was compiled.

However, if you passed a pointer to custom character tables when the pattern was compiled (the
tableptr agument of pcre_compile(), you must nov pass a similar pointer tgcre_exec() or
pcre_dfa_exec() because the value sl with the compiled pattern will obviously be nonsense. A
field in apcre_extra() block is used to pass this data, as described in the section on matching a pattern
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in the pcreapi documentation.

If you did not provide custom character tables when the patt@sncempiled, the pointer in the com-
piled pattern is NULL, which causesre_exec()to use PCRE internal tables. Thus, you do not need
to take any gecial action at run time in this case.

If you saved gudy data with the compiled pattern, you need to create youipore_extra data block

and set thestudy datafield to point to the reloaded study data. You must also set the
PCRE_EXTRA_STUDY_IBTA bit in theflagsfield to indicate that study data is present. Then pass
thepcre_extrablock topcre_exec(Jor pcre_dfa_exec()n the usual way.

COMPAT IBILITY WITH DIFFERENT PCRE RELEASES

The layout of the control block that is at the start of the data that makes up a compiled pdtern w
changed for release 5.0. If yowkaany avel patterns that were compiled with previous releases (not a
facility that was previously advertised), you willMeaio recompile them for release 5.0 and\abo

If you have any avel patterns in UTF-8 mode that use \p or \P that were compiled wjthetense up
to and including 6.4, you will v& t recompile them for release 6.5 andabo

All saved patterns from earlier releases must be recompiled for release 7.0 or baglaerse there as
an internal reganization at that release.

Last updated: 28 Nember 2006
Copyright (c) 1997-2006 Uwérsity of Cambridge.
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NAME
PCRE - Perl-compatible regular expressions

PCRE SAMPLE PROGRAM

A simple, complete demonstration program, to get you started with using PCRE, is supplied in the file
pcredemo.in the PCRE distribution.

The program compiles the regular expression that is its fgatremt, and matches it against the sub-

ject string in its second argument. No PCRE options are set, and default character tables are used. If
matching succeeds, the program outputs the portion of the subject that matched, together with the con-
tents of ag captured substrings.

If the -g option is gien on he command line, the program then goes on to check for further matches of
the same regular expression in the same subject string. The logic is a little pibédekise of the pos-
sibility of matching an empty string. Comments in the code explain what is going on.

If PCRE is installed in the standard include and library directories for your system, you should be able
to compile the demonstration program using this command:

gcc -0 pcredemo pcredemo.c -lpcre
If PCRE is installed elsghere, you may need to add additional options to the command linexdfor e
ple, on a Unix-lile system that has PCRE installed/irsr/local you can compile the demonstration

program using a command dikhis:

gcc -0 pcredemo -l/usr/local/include pcredemo.c \
-L/usr/local/lib -lpcre

Once you hee mmpiled the demonstration program, you can run simple testthigk

Ipcredemo 'cat|dog’ 'the cat sat on the mat’
.Ipcredemo -g 'cat|dog’ 'the dog sat on the cat’

Note that there is a much more comprehengst program, callegcretest which supports man

more facilities for testing regular expressions and the PCRE libFag/pcredemo program is pro-
vided as a simple coding example.

On some operating systems (e.g. Solaris), when PCRE is not installed in the standard library, directory
you may get an error likthis when you try to rupcredema

Id.so.1: a.out: fatal: libpcre.so0.0: open failed: No such file or directory
This is caused by the way shared library support works on those systems. You need to add
-R/usr/local/lib

(for example) to the compile command to get round this problem.

Last updated: 09 September 2004
Copyright (c) 1997-2004 Uwérsity of Cambridge.
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NAME

PCRE - Perl-compatible regular expressions

PCRE DISCUSSION OF SACK USAGE

84

When you calpcre_exec() it makes use of an internal function calletatch(). This calls itself recur

sively at branch points in the pattern, in order to remember the state of the match so that it can back up
and try a different alternat if the first one fails. As matching proceeds deeper and deeper into the tree
of possibilities, the recursion depth increases.

Not all calls ofmatch() increase the recursion depth; for an item such as a* it may be calkdl se
times at the same\d, after matching different numbers ofsaFurthermore, in a number of cases
where the result of the recursiall would immediately be passed back as the result of the current call
(a "tail recursion"), the function is just restarted instead.

The pcre_dfa_exec()function operates in an entirely differenayand hardly uses recursion at all.
The limit on its complexity is the amount obvkspace it is gien. The comments that follodo NOT
apply topcre_dfa_exec()they are relevant only forpcre_exec()

You can set limits on the number of times thatch() is called, both in total and recurdy. If the
limit is exceeded, an error occurs. For details, see the section on extra dateef@axec()in the
pcreapi documentation.

Each time thatnatch() is actually called recunsdly, it uses memory from the process stack. For cer

tain kinds of pattern and data, very large amounts of stack may be needed, despite the recognition of
“tail recursion”. You can often reduce the amount of recursion, and therefore the amount of stack used,
by modifying the pattern that is being matched. Consfdeexample, this pattern:

([<li<(?linet))+

It matches from whewer it starts until it encounters "<inet" or the end of the data, and is the kind of
pattern that might be used when processing an XML file. Each iteration of the outer parentheses
matches either one character that is not "<" or a "<" that is not followed by "inetévetpeach time

a parenthesis is processed, a recursion occurs, so this formulation uses a stack frame for each matched
character For a long string, a lot of stack is required. Considew iiois rewritten pattern, which
matches exactly the same strings:

([ <I++|<(?tinet))

This uses very much less stack, because runs of characters that do not contain "<alkxeetbiin

one item inside the parentheses. Recursion happens only when a "<" character that is not followed by
"inet" is encountered (and we assume this is vegtrare). A posses# quantifier is used to stop an
backtracking into the runs of non-"<" characters, but that is not related to stack usage.

This example shows that one way wbiding stack problems when matching long subject strings is to
write repeated parenthesized subpatterns to match more than one charactegryhesgible.

In environments where stack memory is constrained, you might %@ compile PCRE to use heap
memory instead of stack for remembering back-up points. This makes it run a lot mdye sdov-
eva. Details of hev to do this are gien in the pcrebuild documentation.

In Unix-like environments, there is not often a problem with the stack unless very long strings are
involved, though the default limit on stack size varies from system to system. Values from 8Mb to
64Mb are common. You can find your default limit by running the command:

ulimit -s

Unfortunately the efect of running out of stack is often SIGSEGNough sometimes a morgpdicit
error message is\@n. You can normally increase the limit on stack size by code such as this:

struct rlimit rlim;
getrlimit(RLIMIT_STACK, &rlim);
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rlim.rlim_cur = 100*1024*1024;
setrlimit(RLIMIT_STACK, &rlim);

This reads the current limits (soft and hard) ugjaglimit() , then attempts to increase the soft limit to
100Mb usingsetrlimit() . You must do this before callimrre_exec()

PCRE has an internal counter that can be used to limit the depth of recursion, and thus cause
pcre_exec()to give a1 eror code before it runs out of stack. By aldf, the limit is very large, and
unlikely ever to operate. It can be changed when PCRE is built, and it can also be sqiorezxec()

is called. For details of these interfaces, se@thebuild andpcreapi documentation.

As a very rough rule of thumb, you should reclon about 500 bytes per recursion. Thus, if yaatw

to limit your stack usage to 8Mb, you should set the limit at 16000 recursions. A 64Mb stack, on the
other hand, can support around 128000 recursions.pTletest test program has a command line
option ¢S) that can be used to increase the size of its stack.

Last updated: 14 September 2006
Copyright (c) 1997-2006 Uwérsity of Cambridge.
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NAME
PCRE - Perl-compatible regular expressions

SYNOPSIS

#include <pcre.h>

pcre *pcre_compile(const char pattern int options
const char **errptr, int * erroffset
const unsigned char tableptn;

DESCRIPTION

This function compiles a regular expression into an internal form. It is the sapeeeasompile2()
except for the absence of teerorcodeptrargument. Its arguments are:

pattern A zero-terminated string containing the
regular expression to be compiled

options  Zero or more option bits

errptr Where to put an error message

erroffset Offset in pattern where error was found

tableptr  Pointer to character tables, or NULL to
use the built-in default

The option bits are:

PCRE_ANCHORED Brce pattern anchoring
PCRE_AUTO_CALLOUT Compileautomatic callouts
PCRE_CASELESS Doaseless matching
PCRE_DOLLAR_ENDONL $ not to match newline at end
PCRE_DQALL . matches anything including NL
PCRE_DUPMMES Allow duplicate names for subpatterns
PCRE_EXTENDED Ignorgvhitespace and # comments
PCRE_EXTRA PCRExra features

(not much use currently)
PCRE_FIRSTLINE Brce matching to be before newline
PCRE_MUILTILINE " and $ match newlines within data
PCRE_NEWLINE_ANY  Recognizary Unicode newline sequence
PCRE_NEWLINE_CR SeER as the newline sequence
PCRE_NEWLINE_CRLF SefRLF as the newline sequence
PCRE_NEWLINE_LF  SeltF as the newline sequence
PCRE_NO_AUD_CAPTURE Disableumbered capturing paren-

theses (named onegadlable)
PCRE_UNGREEN Invet greediness of quantifiers
PCRE_UTF8 Ruin UTF-8 mode
PCRE_NO_UTF8_CHECK Dnot check the pattern for UTF-8

validity (only relevant if

PCRE_UTF8 is set)

PCRE must be built with UTF-8 support in order to use PCRE_UTF8 and PCRE_NO_UTF8 CHECK.

The vyield of the function is a pointer to avate data structure that contains the compiled pattern, or
NULL if an error was detected.

There is a complete description of the PCREveafiPI in thepcreapi page and a description of the
POSIX API in thepcreposixpage.
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NAME
PCRE - Perl-compatible regular expressions

SYNOPSIS

#include <pcre.h>

pcre *pcre_compile2(const char pattern int options
int * errorcodepts
const char **errptr, int * erroffset
const unsigned char tableptn;

DESCRIPTION

This function compiles a regular expression into an internal form. It is the sapoeeasompile()
except for the addition of therrorcodeptrargument. The arguments are:

pattern A zero-terminated string containing the
regular expression to be compiled

options  Zero or more option bits

errorcodeptr Where to put an error code

errptr Where to put an error message

erroffset Offset in pattern where error was found

tableptr  Pointer to character tables, or NULL to
use the built-in default

The option bits are:

PCRE_ANCHORED Brce pattern anchoring
PCRE_AUTO_CALLOUT Compileautomatic callouts
PCRE_CASELESS Doaseless matching
PCRE_DOLLAR_ENDONL $ not to match newline at end
PCRE_DQOALL . matches anything including NL
PCRE_DUPMMES Allow duplicate names for subpatterns
PCRE_EXTENDED Ignorgvhitespace and # comments
PCRE_EXTRA PCRExtra features

(not much use currently)
PCRE_FIRSTLINE Brce matching to be before newline
PCRE_MUITILINE " and $ match newlines within data
PCRE_NEWLINE_ANY  Recognizary Unicode newline sequence
PCRE_NEWLINE_CR SeER as the newline sequence
PCRE_NEWLINE_CRLF SefRLF as the newline sequence
PCRE_NEWLINE_LF  SeltF as the newline sequence
PCRE_NO_AUD_CAPTURE Disableumbered capturing paren-

theses (named onegailable)
PCRE_UNGREEN Invet greediness of quantifiers
PCRE_UTF8 Ruin UTF-8 mode
PCRE_NO_UTF8_CHECK Dnot check the pattern for UTF-8

validity (only relevant if

PCRE_UTF8 is set)

PCRE must be built with UTF-8 support in order to use PCRE_UTF8 and PCRE_NO_UTF8 CHECK.

The vyield of the function is a pointer to ayate data structure that contains the compiled pattern, or
NULL if an error was detected.

There is a complete description of the PCREveafiPI in thepcreapi page and a description of the
POSIX API in thepcreposixpage.
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NAME
PCRE - Perl-compatible regular expressions

SYNOPSIS

#include <pcre.h>
int pcre_config(int what, void *where;
DESCRIPTION

This function maks it possible for a client program to find out which optional featuresratabde in
the version of the PCRE library it is using. Its arguments are as follows:

what A code specifying what information is required
where Points to where to put the data

The available codes are:

PCRE_CONFIG_LINK_SIZE Interndink size: 2, 3, or 4
PCRE_CONFIG_MACH_LIMIT Internalresource limit
PCRE_CONFIG_MATCH_LIMIT_RECURSION
Internal recursion depth limit
PCRE_CONFIG_NEWLINE  ®lue of the newline sequence:
13 (0x000d) for CR
10 (0Ox000a) for LF
3338 (0x0dOa) for CRLF
-1 for ANY
PCRE_CONFIG_POSIX_MALLOC_THRESHOLD
Threshold of return slots, ab®
which malloc() is used by
the POSIX API
PCRE_CONFIG_SACKRECURSE Recursiomplementation (1=stack O=heap)
PCRE_CONFIG_UTF8 Yailability of UTF-8 support (1=yes 0=no)
PCRE_CONFIG_UNICODE_PROPERTIES
Availability of Unicode property support
(1=yes 0=no0)

The function yields 0 on success or PCRE_ERROR_BADOPTION otherwise.

There is a complete description of the PCREveafiPI in thepcreapi page and a description of the
POSIX API in thepcreposixpage.
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NAME
PCRE - Perl-compatible regular expressions

SYNOPSIS

#include <pcre.h>

int pcre_copy_named_substring(const p& *code
const char *subject int * ovector,
int stringcount const char *stringname
char *buffer, int buffersizé;

DESCRIPTION

This is a comenience function for xracting a captured substring, identified by name, intovengi
buffer. The arguments are:

code Patern that was successfully matched
subject  Subject that has been successfully matched
ovector  Offset vector thapcre_exec(used
stringcount Value returned bycre_exec()

stringname Name of the required substring

buffer Buffer to receie te string

buffersize Size of buffer

The yield is the length of the substring, PCRE_BERRNOMEMORY if the huffer was too small, or
PCRE_ERROR_NOSUBSTRING if the string name isliid.

There is a complete description of the PCREveafiPI in thepcreapi page and a description of the
POSIX API in thepcreposixpage.
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NAME

PCRE - Perl-compatible regular expressions

SYNOPSIS

#include <pcre.h>

int pcre_copy_substring(const char Subject int * ovector,
int stringcount int stringnumbeychar * buffer,
int buffersize;

DESCRIPTION
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This is a comenience function for extracting a captured substring intovendiuffer. The aguments
are:

subject  Subject that has been successfully matched
ovector  Offset vector thapcre_exec(used
stringcount Value returned bycre_exec()
stringnumberNumber of the required substring

buffer Buffer to recere the string

buffersize Size of buffer

The yield is the length of the string, PCRE_EFRR NOMEMORFRY if the huffer was too small, or
PCRE_ERROR_NOSUBSTRING if the string number isilinl.

There is a complete description of the PCREveafiPI in thepcreapi page and a description of the
POSIX API in thepcreposixpage.
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NAME
PCRE - Perl-compatible regular expressions

SYNOPSIS

#include <pcre.h>

int pcre_dfa_exec(const pag *code const pcre_extra *exra,
const char *subject int length int startoffset
int options int *ovector, int ovecsize
int * workspaceint wscouny;

DESCRIPTION

This function matches a compiled regular expression againggragbject string, using an alternai
matching algorithm that scans the subject string just omaePgrl-compatible). Note that the main,
Perl-compatible, matching functionpsre_exec() The arguments for this function are:

code Points to the compiled pattern

exra Points to an associat@dre_extrastructure,
or is NULL

subject Points to the subject string

length  Length of the subject string, in bytes

startoffset Offset in bytes in the subject at which to
start matching

options  Option bits

ovector Points to a vector of ints for result offsets

ovecsize Number of elements in the vector

workspace Points to a vector of ints used as working space

wscount  Number of elements in the vector

The options are:

PCRE_ANCHORED Matclonly at the first position
PCRE_NEWLINE_ANY Recognizary Unicode newline sequence
PCRE_NEWLINE_CR SeER as the newline sequence
PCRE_NEWLINE_CRLF SefRLF as the newline sequence
PCRE_NEWLINE_LF SeltF as the newline sequence
PCRE_NOBOL Subjectis not the beginning of a line
PCRE_NOEOL Subjecis not the end of a line
PCRE_NOEMPTY  Anempty string is not a valid match
PCRE_NO_UTF8_CHECK Do not check the subject for UTF-8

validity (only relevant if PCRE_UTF8

was €t at compile time)
PCRE_PARIAL ReturnPCRE_ERROR_PARTIAL for a partial match
PCRE_DFA_SHOREST Returronly the shortest match
PCRE_DFA_RESTAR This is a restart after a partial match

There are restrictions on what may appear in a pattern when using this matching function. Details are
given in the pcrematching documentation.

A pcre_extrastructure contains the following fields:

flags Bits indicating which fields are set
study_data Opaque data fromcre_study()

match_limit Limit on internal resource use
match_limit_recursionLimit on internal recursion depth
callout_dataOpaque data passed back to callouts
tables  Points to character tables or is NULL

91



92

PCRE_DR_EXEC(3)

PCRE_DA_EXEC(3)

The flag bits are PCRE_EXTRA STUDDATA, PCRE_EXTRA_MATCH_LIMIT,
PCRE_EXTRA_MACH_LIMIT_RECURSION, PCRE_EXTRA_CALLOUT _ATA, and

PCRE_EXTRA_RBLES. For this matching function, thmatch_limit and match_limit_recursion
fields are not used, and must not be set.

There is a complete description of the PCREveafiPI in thepcreapi page and a description of the
POSIX API in thepcreposixpage.
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NAME
PCRE - Perl-compatible regular expressions

SYNOPSIS

#include <pcre.h>

int pcre_exec(const pce *code const pcre_extra *exra,
const char *subject int length int startoffset
int options int *ovector, int ovecsizg,

DESCRIPTION

This function matches a compiledgtdar expression against avgi subject string, using a matching
algorithm that is similar to Perl's. It returns offsets to captured substrings. Its arguments are:

code Points to the compiled pattern
exra Points to an associat@dre_extrastructure,
or is NULL
subject Points to the subject string
length  Length of the subject string, in bytes
startoffset Offset in bytes in the subject at which to
start matching
options  Option bits
ovector Points to a vector of ints for result offsets
ovecsize Number of elements in the vector (a multiple of 3)

The options are:

PCRE_ANCHORED Matclonly at the first position
PCRE_NEWLINE_ANY Recognizary Unicode newline sequence
PCRE_NEWLINE_CR SeER as the newline sequence
PCRE_NEWLINE_CRLF SefRLF as the newline sequence
PCRE_NEWLINE_LF SeltF as the newline sequence
PCRE_NOBOL Subjectis not the beginning of a line
PCRE_NOEOL Subjecis not the end of a line
PCRE_NOEMPTY  Anempty string is not a valid match
PCRE_NO_UTF8_CHECK Do not check the subject for UTF-8
validity (only relevant if PCRE_UTF8
was €t at compile time)
PCRE_PARIAL ReturnPCRE_ERROR_PARTIAL for a partial match

There are restrictions on what may appear in a pattern when partial matching is reqoestetilB,
see thecrepartial page.

A pcre_extrastructure contains the following fields:

flags Bits indicating which fields are set
study_data Opaque data fromcre_study()

match_limit Limit on internal resource use
match_limit_recursionLimit on internal recursion depth
callout_dataOpaque data passed back to callouts
tables  Points to character tables or is NULL

The flag bits are PCRE_EXTRA STUDDATA, PCRE_EXTRA_MATCH_LIMIT,
PCRE_EXTRA_MACH_LIMIT_RECURSION, PCRE_EXTRA_CALLOUT_ATA, and
PCRE_EXTRA_TABLES.

There is a complete description of the PCREveafiPI in thepcreapi page and a description of the
POSIX API in thepcreposixpage.
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NAME
PCRE - Perl-compatible regular expressions

SYNOPSIS

#include <pcre.h>

void pcre_free_substring(const char $tringptr);
DESCRIPTION

This is a comenience function for freeing the store obtained by @iptes call topcre_get_substring()
or pcre_get_named_substring()Its only argument is a pointer to the string.

There is a complete description of the PCREveafiPI in thepcreapi page and a description of the
POSIX API in thepcreposixpage.
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NAME
PCRE - Perl-compatible regular expressions

SYNOPSIS

#include <pcre.h>

void pcre_free_substring_list(const char *stringptr);
DESCRIPTION

This is a comenience function for freeing the store obtained by a previous calcte get sub-
string_list(). Its only argument is a pointer to the list of string pointers.

There is a complete description of the PCREveafiPI in thepcreapi page and a description of the
POSIX API in thepcreposixpage.
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NAME
PCRE - Perl-compatible regular expressions

SYNOPSIS

#include <pcre.h>

int pcre_fullinfo(const pcre *code const pcre_extra *exra,
int what void *wherg;

DESCRIPTION

This function returns information about a compiled pattern. Its arguments are:

code Compiled regular expression
exra Result ofpcre_study()or NULL
what What information is required
where Where to put the information

The following information is ilable:

PCRE_INFO_RCKREFMAX  Numberof highest back reference
PCRE_INFO_CAPTURECOUNT Numbef capturing subpatterns
PCRE_INFO_DERULT_TABLES Pointerto default tables
PCRE_INFO_FIRSTBYTE Fied first byte for a match, or

-1 for start of string

or after newline, or

-2 otherwise
PCRE_INFO_FIRSTABLE Table of first bytes

(after studying)
PCRE_INFO_LASTLITERAL Literalast byte required
PCRE_INFO_MMECOUNT  Numberof named subpatterns
PCRE_INFO_NAMEENTRSIZE Sizeof name table entry
PCRE_INFO_NAMERBLE Pointerto name table
PCRE_INFO_OPTIONS Optiobits used for compilation
PCRE_INFO_SIZE Sizef compiled pattern
PCRE_INFO_STUDSIZE  Sizeof study data

The yield of the function is zero on success or:

PCRE_ER®R_NULL theargumentodewas NULL

the argumentvherewas NULL
PCRE_ERROR_BADMA&IC  the"magic number" was not found
PCRE_ERROR_BDOPTION thevalue of whatwas invdid

There is a complete description of the PCREveafiPI in thepcreapi page and a description of the
POSIX API in thepcreposixpage.
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PCRE_GET_WMED_SUBSTRING(3) PCRE_GET AMED_SUBSTRING(3)

NAME
PCRE - Perl-compatible regular expressions

SYNOPSIS

#include <pcre.h>

int pcre_get_named_substring(const p& *code
const char *subject int * ovector,
int stringcount const char *stringname
const char **stringptr);

DESCRIPTION
This is a comenience function for extracting a captured substring by name. The arguments are:

code Compiled pattern

subject  Subject that has been successfully matched
ovector  Offset vector thapcre_exec(used
stringcount Value returned bycre_exec()

stringname Name of the required substring

stringptr  Where to put the string pointer

The memory in which the substring is placed is obtained by caltingg malloc(). The cowenience
function pcre_free_substring()can be used to free it when it is no longer needed. The yield of the
function is the length of the extracted substring, PCRE GIRRNOMEMORY if sufficient memory
could not be obtained, or PCRE_ERROR_NOSUBSTRING if the string namailig.in

There is a complete description of the PCREveafiPI in thepcreapi page and a description of the
POSIX API in thepcreposixpage.
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PCRE_GET_STRINGNUMBER(3) PCRE_GET_STRINGNUMBER(3)

NAME
PCRE - Perl-compatible regular expressions

SYNOPSIS

#include <pcre.h>

int pcre_get_stringnumber(const pce *code
const char "name;

DESCRIPTION

This cowvenience function finds the number of a named substring capturing parenthesis in a compiled
pattern. Its arguments are:

code Compiled regular expression
name Name whose number is required

The vyield of the function is the number of the parenthesis if the name is found, or
PCRE_ER®R_NOSUBSTRING otherwise. When duplicate names arevetlPCRE_DUPNMES

is set), it is not defined which of the numbers is returneolcby_get stringnumber() You can obtain

the complete list by callingcre_get_stringtable_entries()

There is a complete description of the PCREveafiPI in thepcreapi page and a description of the
POSIX API in thepcreposixpage.
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PCRE_GET_STRINGABLE_ENTRIES(3) PCRE_GET_STRIN@BLE_ENTRIES(3)

NAME
PCRE - Perl-compatible regular expressions

SYNOPSIS

#include <pcre.h>

int pcre_get_stringtable_entries(const pae *code
const char *name char ** first, char ** last);

DESCRIPTION

This corvenience function finds, for a compiled pattern, the first and last entries fegrangime in the
table that translates capturing parenthesis names into numbers. When names are required to be unique
(PCRE_DUPNAMES isotset), it is usually easier to upere_get_stringnumber()instead.

code Compiled regular expression

name Name whose entries required

first Where to return a pointer to the first entry
last Where to return a pointer to the last entry

The vyield of the function is the length of each entryPCRE_ERROR_NOSUBSTRING if none are
found.

There is a complete description of the PCREv@aiP|, including the format of the table entries, in the
pcreapi page, and a description of the POSIX API inphesposixpage.
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PCRE_GET_SUBSTRING(3) PCRE_GET_SUBSTRING(3)

NAME

PCRE - Perl-compatible regular expressions

SYNOPSIS

#include <pcre.h>

int pcre_get_substring(const char $ubject int * ovector,
int stringcount int stringnumber
const char **stringptr);

DESCRIPTION

100

This is a comenience function for extracting a captured substring. The arguments are:

subject  Subject that has been successfully matched
ovector  Offset vector thapcre_exec(used
stringcount Value returned bycre_exec()
stringnumberNumber of the required substring
stringptr  Where to put the string pointer

The memory in which the substring is placed is obtained by calingg malloc(). The cowenience
function pcre_free_substring()can be used to free it when it is no longer needed. The yield of the
function is the length of the substring, PCRE_ERR NOMEMOFY if sufficient memory could not

be obtained, or PCRE_ERROR_NOSUBSTRING if the string numbevakdn

There is a complete description of the PCREveafiPI in thepcreapi page and a description of the
POSIX API in thepcreposixpage.



PCRE_GET_SUBSTRING_LIST(3) PCRE_GET_SUBSTRING_LIST(3)

NAME
PCRE - Perl-compatible regular expressions

SYNOPSIS

#include <pcre.h>

int pcre_get_substring_list(const char Subject
int * ovector, int stringcount const char *** listptr);

DESCRIPTION

This is a comenience function for extracting a list of all the captured substrings. The arguments are:

subject  Subject that has been successfully matched
ovector  Offset vector thapcre_execused

stringcount Value returned bycre_exec

listptr ~ Where to put a pointer to the list

The memory in which the substrings and the list are placed is obtained by paténgnalloc() The
cornvenience functiorpcre_free_substring_list()can be used to free it when it is no longer needed. A
pointer to a list of pointers is put in thariable whose address islistptr. The list is terminated by a
NULL pointer. The yield of the function is zero on success or PCRE GIRRRIOMEMORY if suffi-
cient memory could not be obtained.

There is a complete description of the PCREveafiPI in thepcreapi page and a description of the
POSIX API in thepcreposixpage.
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PCRE_INFO(3) PCRE_INFO(3)

NAME
PCRE - Perl-compatible regular expressions

SYNOPSIS

#include <pcre.h>
int pcre_info(const pcre *code int * optptr, int *firstcharpty);
DESCRIPTION

This function is obsolete. You should be ugiuge fullinfo() instead.

There is a complete description of the PCREveafiPI in thepcreapi page and a description of the
POSIX API in thepcreposixpage.

102



PCRE_MAKETABLES(3) PCRE_MAKERBLES(3)

NAME
PCRE - Perl-compatible regular expressions

SYNOPSIS

#include <pcre.h>

const unsigned char *pcre_maketables(void);
DESCRIPTION

This function builds a set of character tables for character values less than 256. These can be passed to
pcre_compile()to override PCRES internal, built-in tables (which were made figre_maketables()

when PCRE was compiled). You might want to do this if you are using a non-standard Tdeale.
function yields a pointer to the tables.

There is a complete description of the PCREveafiPI in thepcreapi page and a description of the
POSIX API in thepcreposixpage.
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PCRE_REFCOUNT(3) PCRE_REFCOUNT(3)

NAME
PCRE - Perl-compatible regular expressions

SYNOPSIS

#include <pcre.h>

int pcre_refcount(pcre *code int adjus);
DESCRIPTION

This function is used to maintain a reference count inside a data block that contains a compiled pattern.
Its arguments are:

code Compiled regular expression
adjust Adjustment to reference value

The yield of the function is the adjusted referenakie, which is constrained to lie between 0 and
65535.

There is a complete description of the PCREveafiPI in thepcreapi page and a description of the
POSIX API in thepcreposixpage.
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PCRE_STUIY(3) PCRE_STUD(3)

NAME
PCRE - Perl-compatible regular expressions

SYNOPSIS

#include <pcre.h>

pcre_extra *pcre_study(const pce *code int options
const char **errptr);

DESCRIPTION

This function studies a compiled pattern, to see if additional information can be extracted that might
speed up matching. Its arguments are:

code A compiled regular expression
options Options forpcre_study()
errptr  Where to put an error message

If the function succeeds, it returns a value that can be paspectt@xec(\via its exra argument.

If the function returns NULL, either it could not findyaadditional information, or there was an error
You can tell the difference by looking at the error value. It is NULL in first case.

There are currently no options defined; the value of the second argument sivayddoa zero.

There is a complete description of the PCREveafiPI in thepcreapi page and a description of the
POSIX API in thepcreposixpage.
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PCRE_VERSION(3) PCRE_VERSION(3)

NAME
PCRE - Perl-compatible regular expressions

SYNOPSIS

#include <pcre.h>
char *pcre_version(void);
DESCRIPTION
This function returns a character string thakegithe version number of the PCRE library and the date
of its release.

There is a complete description of the PCREveafiPI in thepcreapi page and a description of the
POSIX API in thepcreposixpage.
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