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Foreword

pdrticipate in the development of International Standards through technical committees established by the

in|liaison with 1SO and IEC, also take part in the work. In the field of information technology, ISO and IEC
hgve established a joint technical committee, ISO/IEC JTC 1.

ernational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

Tipe main task of the joint technical committee is to prepare International Standards. Draft\International Standar
adopted by the joint technical committee are circulated to national bodies for votirig; Publication as an Intern
tignal Standard requires approval by at least 75 % of the national bodies casting: vote.

I exceptional circumstances, when the joint technical committee has collected data of a different kind from
that which is normally published as an International Standard (“state of the"art”, for example), it may decid
to|publish a Technical Report. A Technical Report is entirely informative in nature and shall be subject to
review every five years in the same manner as an International Standard.

Attention is drawn to the possibility that some of the elements of this document may be the subject of paten
r'{hts. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

I
S

O/IEC TR 19075-1 was prepared by Joint Technicalk€ommittee ISO/IEC JTC 1, Information technology,
bcommittee SC 32, Data management and intercharge.

15

O/IEC TR 19075 consists of the following parts, under the general title Information technology — Databa
lahguages — QL Technical Reports:

—+ Part 1: XQuery Regular Expression Support in SQL

a-

—
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I ntroduction

The organization of this part of ISO/IEC TR 19075 is as follows:

1) Clause 1, “Scope”, specifies the scope of this part of ISO/IEC TR 19075.

2) Clause 2, “XQuery regular expressions”, explains how XQuery regular expressions are formed.

3) Clause 3, “Operators using regular expressions”, explains how the SQL operators use regular expressior

w

vi XQuery Regular Expression Support in SQL/Foundation
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Part 1:
XQuery Regular Expression Support in SQL

1{ Scope

ntax of [XQuery F&O], which is derived from Perl. This Technical Report discusses five operators using
S regular expression syntax:

T;lvis Technical Report describes the regular expression support in SQL adopted from the regular expression
— LIKE_REGEX predicate, to determine the existence of a match toa‘regular expression.
— OCCURRENCES_REGEX numeric function, to determine thecaumber of matches to a regular expressign.
— POSITION_REGEX function, to determine the position of.a match.

— SUBSTRING_REGEX function, to extract a substring:matching a regular expression.

— TRANSLATE_REGEX function, to perform replacements using a regular expression.

©ISO/IEC 2011 — All rights reserved Scope 1
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ISO/IEC TR 19075-1:2011(E)
2.1 Matching a specific character

XQuery regular expressions

XPuery regular expression syntax is specified in [XQuery F&QO], section 7.6.1, “Regular expression syntax’.
Tlhis paper references the XQuery specification, with two small modifications (required since characterstrin
inlan RDBMS are not necessarily normalized according to XML conventions). The following subsections
provide an overview of this syntax.

The XQuery regular expression syntax is itself a modification of another regular expressionsyntax found in
[AML Schema: Datatypes].

This section presents an overview of the capabilities of XQuery regular expression syntax. In the process, th
section will illustrate some of the SQL operators. The SQL operators themselves are presented in the next
section.

The following discussion does not cover every aspect of XQuery regular.expressions; for this, [XQuery F&

is
eXx
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the reference (though hardly a tutorial; a variety of popular works contain detailed treatments of regular
pressions).

1 Matching a specific character

rhaps the most elementary pattern matching requirement is the ability to match a single character or strin
r most characters, this is done by simply writingthe character in the regular expression. For example, suppo
u want to know if a string S contains the letters “xyz”. This could be done with the following predicate:

S LIKE_REGEX "xyz*

Dte that the SQL LIKE predicate would require an exact match for “xyz”. However, the convention with
pular expressions is that S needvonly contain a substring that is “xyz”. For example, all of the following
lues of S would yield Truefor the predicate above:

Xyz
abcxyz123
1 xyz 2 xyz_3-Xyz

bte that in thedast example, there are actually three occurrences of the regular expression “xyz” within th
bted valueTthe user may wish to know the number of occurrences of a match. This can be done with
CCURRENCES_REGEX. For example:

JS

S

|

]

[¢)

OCCURRENCES_REGEX ("xyz" IN "1 xyz 2 xyz 3 xyz") = 3

The user might also wish to know the position of a specific match. This can be done using POSITION _REGEX.
For example, to learn the starting character position of the second occurrence,

It

POSITION_REGEX ( "xyz" IN "1 xyz 2 xyz 3 xyz" OCCURRENCE 2 ) = 9

is also possible to ask for the character position of the first character after the match. For example:

©ISO/IEC 2011 — All rights reserved XQuery regular expressions
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POSITION_REGEX ( AFTER "xyz" IN "1 xyz 2 xyz 3 xyz" OCCURRENCE 2 ) = 12

If AFTER is used and the last character of the subject string is consumed, then the result is the length of the
string plus 1 (one):

POSTTTON_REGEX ( AFTER "XyZ~ IN XyZ~ ) = 4

2|2 Metacharactersand escape sequences

Ab mentioned, most characters can be matched by simply writing the character in the regular expression.
Hpwever, certain characters are reserved as metacharacters. The complete list of metacharacters is:

-\N?2*+{}FrOIL]1"S

The use of each of these metacharacters will be explained later. If you want to.match a metacharacter, then ypu
nged to use an escape sequence, consisting of a backslash (“/”’) followedhy-the metacharacter. For exampl¢
to|test whether a string contains a dollar sign, you could write

S LIKE_REGEX *\$~

In| particular, the escape sequence representing a backslash is twio consecutive backslashes. There are variou
other defined escape sequences, matching either a single character, or any of a group of characters. The single
chjaracter escape sequences are:

[72)

\n newline (U+000A)
\r return (U+000D)
\t tab (U+0009)

\- minus sign (-

The so-called category escapes are exemplified by “\p{L}” or “\p{Lu}”. A category escape begins with
“Np{” followed by one upperecase letter, optionally a lowercase letter, and then the closing brace. In these

eXample, “\p{L}” matchesany letter (as defined by Unicode) and “\p{Lu}” matches any uppercase lette
Some interesting category-escapes are listed below:

\p{L} Any letter

-

\p{Lu} Anypuppercase letter.
\p{LI} .{Any lowercase letter.
\p{Nd}"  Any decimal digit.

\p{P} Any punr‘fuatinn mark

\p{Z} Any separator (space, line, paragraph, etc.).

The complete list of category escapes is found in [ XML Schema: Datatypes], section F.1.1, “Character class
escapes”.

There are also complementary category escapes, which are exemplified by “\P{L}” or “\P{Lu}”. A comple-
mentary category escape matches any character that would not be matched by the corresponding category

4 XQuery Regular Expression Support in SQL/Foundation ©ISO/IEC 2011 — All rights reserved
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escape. The difference is that the (positive) character escape is written with a lowercase “p” whereas the com-
plementary character escape is written with an uppercase “P”.

The so-called block escapes match any character in a block of Unicode, that is, a predefined consecutive range
of code points. For example, “\p{IsBasicLatin}” matches the ASCII character set. There are also com-
plementary block escapes, such as “\P{IsBasicLatin}”, which matches any single character that is not

ar] ASCII character.

Finally, there are the following multi-character escape sequences:

\s As defined by [XML Schema: Datatypes], this escape matches space (U+0020), tab (U+0009),
newline (U+000A), or return (U+000D). Since character strings in an RDBMS have hot undergope
XML line termination normalization, we broaden it to include any character qrtwo-character
sequence that is recognized by [Unicode18] as a line terminator. Subclause 2.5)“Line terminatorg”,
discusses this issue further.

\S Any single character not matched by \s.
\i Underscore (“_"), colon (“:™) or letter (this is a lot more than justthe Latin letters; see [XML 1.0]
appendix B, rule [84]).
\l Any single character not matched by \1i.
\c Any single character matched by NameChar, as defined in [ XML 1.0] section 2.3, rule [4].
\C Any single character not matched by \c.
\d Any single digit
\D Any single character not matched by \¢.
\w Any single Unicode character except those classified as “punctuation”, “separator”, or “other”.
\W The complement of \w.
2|13 Dot

Dpt (period, “.") is a métacharacter that is used to match any single character (the same behavior as “_” in
LIKE predicates), or @any single character that is not a line terminator. The default is to match anything except
a |ine terminator. Fhealternative, called dot-all mode, is specified using a flag that contains a lowercase “s’|.

Far example
S LIKE*REGEX "a.b"

mptches the following:

"xalby*

but not the following:

"xa
by*
because the character between the “a” and the “b” is a line terminator. However, using dot-all mode like this:

©ISO/IEC 2011 — All rights reserved XQuery regular expressions 5
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2.

3 Dot

S LIKE_REGEX "a.b" FLAG "s*

would match both examples.

2|4 Anchors

have seen that regular expressions look for a match anywhere within a string, without needing'to'match

the entire string. But what if you want to require a match of the entire string? For this, you can use anchors.

Tihe anchors are the metacharacters “~” for the start of a string (or line), and “$” for the end of a string (or ling).
Far example:

er

T

2

T

S LIKE_REGEX "~xyz$"

cgn only match a string that is precisely 'xyz'.

Ahchors may be used separately to require a “begins with” or “end with” match. For example

S LIKE_REGEX *~xyz*

mitches any string that begins with “xyz”, and

S LIKE_REGEX "xyz$~

mitches any string that ends with “xyz”.

Instead of matching the begin or end of the string, the anchors may be used to anchor a match to the begin ¢
d of a line, by performing the match in multi-line mode. Multi-line mode is specified using a flag containing

owercase “m”. For example:

S LIKE_REGEX *~xyz®" FLAG "m*"

pgrforms an anchored search in multi-line mode, matching any string containing a line that begins with “xy2".

lhe example above would matchithe following string:
“line one

Xyz
line three”

5 Lineterminators

r

in

Te metacharacters “.”, “~”, and “$” and the multi-character escape sequences “\s” and “\S” are defined

tefms)of a “line terminator”. What counts as a line terminator? [XQuery F&amp;0O] only recognizes a line fe
(U+000A) as a line terminator. This definition works well for XQuery, because XML normalizes the line ter-
minators on various platforms to a line feed.

pd

A closer look shows that XML has two definitions of line handling, in section 2.11, “End-of-line handling”,
of [XML 1.0] and [ XML 1.1]. So which should we use for SQL?

A first stop in answering this is to look at [SQL/XML WD] Subclause 6.17, “<XML query>", which requires
XML 1.0 as a basic level of support, and permits XML 1.1 support in the form of Feature X211, “XML 1.1

6
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pport”. So, we might specify that the character string is normalized according to either XML 1.0 or XML

1.1 as an implementation-defined choice, or perhaps via a conformance feature.

However, some of the line terminators, even in XML 1.0, are two-character sequences. XML normalizes its
input, which means that such two-character sequences are converted to a single character. This changes the
relative position of every subseguent character, which would cause unexpected results for POSITION REGEX.

0
SO
ch

2
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U
th

A
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Fq

2
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m

A

ir solution is to look to [Unicodel8], a Unicode standard containing guidelines for regular expression proce
rs. This provides a referenceable definition of line terminator that does not require normalizing the-Subjeqg
aracter string.

6 Bracket expressions

far, we have seen how to match a specific character, or any character from certain(predefined sets of characte
5ing bracket expressions, you can specify your own group of characters. (XM /Schema and XQuery call
bse character class expressions, but the term bracket expression is in common use.)

bracket expression is begun by a left bracket “[” and terminated by a.right bracket “]”. Bracket expressio
ve a different list of special characters, namely

“L1\N
r clarity, we will call these special characters, in contrast to the metacharacters listed earlier.

6.1 Listing characters

a bracket expression does not contain any of the special characters, then the bracket expression matches a
ngle character that is listed between thé brackets. For example,

S LIKE_REGEX "[abc]”

ptches any of the following

"say”
"boy"
"lack”

| backslash.gscape sequences are available for use within a bracket expression. For example, to match eith
caret or adoackslash, you can use

S/LUWKE_REGEX "[\™\\]"

- wn

%

ly

T

match all letters or digits, one might use

S LIKE_REGEX "[\p{L}\p{Nd}]1-

where “\p{L}” is the escape matching any letter and “\p{Nd}” is the escape matching any digit.

©ISO/IEC 2011 — Al rights reserved XQuery regular expressions

7


https://standardsiso.com/api/?name=5b9a7db947cf4461eaf5de3c0d2b8af9

ISO/IEC TR 19075-1:2011(E)
2.6 Bracket expressions

2.

A

6.2 Matchingarange

minus sign “-"" is used to specify a character range. For example:

S LIKE_REGEX "[sa-my]"

m
in
un

m

ag

2.

2,

A

IS

m

>

S6
eX

cdlled a character class subtraction,.and indicates that any character matched by the nested bracket expressi

ptches the lowercase letters “s”, all the letters between “a” and “m” inclusive, and “y”. Ranges are definge
terms of the UCS code point ordering. When there are multiple ranges, the bracket expression matches th
ion of the ranges. For example:

S LIKE_REGEX "[a-me-z]"
atches all lowercase letters.

5ing a special character in a range is sometimes permitted, but tricky. Rather than preSent the rules here, o
vice is to use a backslash escape if the start or end point of a range must be a special character.

6.3 Negation

caret “/” is a special character when it is the first character of a-bracket expression, where it indicates thg
b set of characters is anything not listed by the following bracket expression. For example:

S LIKE_REGEX "[*aj-m]"

True if S contains any character that is not “a”, “J*%<%k”, “1”, or “m”.

6.4 Character class subtraction

bracket expression may conclude with a minus sign “-" followed by a nested bracket expression. This is
to be removed from the set eficharacters that might be a match. For example:

S LIKE_REGEX "[a-z-[m-p]]"

ptches anything between “a” and “z”, except for the letters between “m” and “p”, inclusive. This examplé
equivalent to:

S LIKE_REGEX "[a-1g-z]"

emingly you can nest character class subtractions indefinitely. This concludes the presentation of bracket
pressions.

@

—

2.7 Alternation

You can specify a choice of regular expressions using a vertical bar “]”. For example:

8

XQuery Regular Expression Support in SQL/Foundation ©ISO/IEC 2011 — All rights reserved


https://standardsiso.com/api/?name=5b9a7db947cf4461eaf5de3c0d2b8af9

ISO/IEC TR 19075-1:2011(E)
2.7 Alternation

S LIKE_REGEX "a]b"
is True if S contains either an “a” or a “b”.

Alternation has lower precedence than concatenation. Thus

S LIKE_REGEX "ab|xyz"

is|Trueif S contains either “ab” or “xyz”. To override this precedence, you can use parentheses, such-as thjis
eXample:

S LIKE_REGEX "a(b]xy)z"

The preceding example is True if S contains either “abz” or “axyz”.

2|8 Quantifiers

Qtantifiers are metacharacters that specify a match for some number of repetitions of a regular expression.
There are two sets of quantifiers, the greedy and the reluctant. The greedy quantifiers are:

{n} Exactly n repetitions.

{n} n or more repetitions.

{n,m} Between nand mrepetitions, inclusive.

? 0 (zero) or 1 (one) repetition; equivalent'to {0,1}.
* 0 (zero) or more repetitions; equivalent to {0,}.
+ 1 (one) or more repetitions; equivalent to {1,}.

The reluctant quantifiers are formed by suffixing a question mark to a greedy quantifier. Thus, “*?” is the
reJuctant form of “*”, and “??” is_the reluctant form of “?”. The greedy quantifiers try to match as much ag
pgssible, whereas the reluctant-quantifiers try to match as little as possible (while still allowing the overall
regular expression to match). ;There is no difference in behavior between the greedy and reluctant quantifier
for LIKE_REGEX. We will-look at this difference for the other operators shortly.

L92]

Examples:

S LIKE_REGEX "a{3}"

>

equivalent.to

S LIKE_REGEX "aaa“”

and matches any String containing at Ieast three Consecutive instances of ~a”. Note that If S contains more than
three consecutive instances of “a”, it still matches; to test whether S contains a substring of three consecutive
instances of “a” and no more is a lot harder, since you have to also require something other than an “a” at both
ends of the substring.

S LIKE_REGEX "ab+c*

is equivalent to

©ISO/IEC 2011 — Al rights reserved XQuery regular expressions 9
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S LIKE_REGEX "ab{1,}c"

and matches any string that contains a substring consisting of an “a”, one or more “b”s, and then a “c”.

2|9 Locating a match

LIKE_REGEX only cares whether a match exists; the other operators care about where a match is\ocated in
the string. Consider the regular expression “a+” and the string “**alaa2aaa3”. There are ten possible matches
for “a+”, indicated by the underlining on the following lines:

"alaa?aaa3" -- position 1, length 1
"alaa2aaa3" -- position 3, length 1
"alaa2aaa3" -- position 3, length 2
"alaa2aaa3" -- position 4, length 1
"alaa2aaa3" -- position 6, length 1
"alaa2aaa3" -- position 6, length 2
"alaa2aaa3" -- position 6, length 3
"alaa2aaa3" -- position 7, length 1
"alaa2aaa3" -- position 8, length 2
"alaa2aaa3" -- position 9, length 1

Nptice that some of the matches are substrings of other_matches. The rules of XQuery regular expressions gre
dgsigned to ignore certain matches, so that the recognized matches are mutually disjoint. Obviously there a
mpany ways to do this, so the rules provide prioritiés in determining the recognized matches. There are three
prjiorities:

D

1) The top priority is to find a match as'early in the string as possible. This is commonly called the leftmost
rule.

2) The second priority is to find the first alternative of an alternation, if possible. We are unaware of a comman
name for this rule.

3) The last priority is to_find'the longest possible match for greedy quantifiers, and the shortest match for
reluctant quantifiers:In the case of greedy quantifiers, this is commonly called the longest rule; we are
unaware of a common name for the rule regarding reluctant quantifiers.

[Historical note/)P@SIX only has a leftmost longest rule. There were no reluctant quantifiers, and the priority
for matching alternations was the longest match rather than the first alternative.]

Tlhese rules'will be illustrated by examples:

$Subject regular match(es) priority

string expression underlined

baaaaaa bala* baaaaaa leftmost (even though baaaaaa would be longer);
baaaaaa second match must start after the first match

ab alab ab first alternative (rather than matching ab)

10 XQuery Regular Expression Support in SQL/Foundation ©ISO/IEC 2011 — All rights reserved
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Subject regular match(es) priority
string expression underlined
abcabbabc ab* abcabbabc leftmost
abcabbabc longest (greedy guantifier consumes two "b"s)
abcabbahc fongest
dbcabbabc ab*? abcabbabc shortest (no need to match "b")
abcabbabc shortest
abcabbabc shortest

2[10 Capture and back-reference

A|parenthesized sub-expression is a portion of a regular expression that is enclosedin parentheses. Parenthesizgd
syb-expressions are numbered in order of their left parenthesis. For example.in the regular expression

@1

there are three sub-expressions:
1) (@I1))

2) (@

3) (b

AJsub-expression can be referenced later in a regular expression using a back-reference, taking the form of
bdckslash followed by one or more digits. Thus the three sub-expressions in the example can be referenced jas
“N17, *\2", and “\3”. For example, consider the regular expression:

-

\p{ZF A\p{LFO\p{Z}\1\p{Z}
The first and only parenthesized:sub-expression (“\p{L}*") matches any sequence of letters that is boundg¢d

by some kind of space character'(“\p{Z}”) before and after the sequence of letters. The back-reference (“\1")
mptches whatever sequenee.of letters was captured by the first sub-expression. This regular expression migit
bg used to search for aceurrences of a repeated word (perhaps caused by a cut-and-paste error). Here is an

eXample of a subject-string, with underlining to indicate the match for the entire regular expression:

Hello Dal'ly~you"re_looking looking swell

When a back-reference references a parenthesized group with a quantifier, then the back-reference matches the
bt iteration of the quantified sub-expression. For example, consider the regular expression:

)

“(ab*)*c*\1*

and the subject string:

"abbbabbabcabbbbb*

The matches to “(ab™*)” are shown by underlining below:

"abbbabbabcabbbbb*

©ISO/IEC 2011 — Al rights reserved XQuery regular expressions 11
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"abbbabbabcabbbbb*®
"abbbabbabcabbbbb*®

These three iterations of “(ab*)” are matched by “(ab*)*” and then the “c” is matched. Next, we need to
match “\1”. The last match for the first parenthesized sub-expression is “ab”, so the overall match is indicate
by underlining below:

"abbbabbabcabbbbb*®

In the event that a sub-expression is unmatched, a back-reference to it matches the zero-length string..For
eXample, consider the regular expression:

"((@*) | (b*))c??\3"
ard the subject string:

"Xyzaaccb*®

Inthis example, the alternation “((a*) | (b*))” matches the “aa”, which.is\amatch for the first alternative.
T:I:US there is no match for the second alternative, “(b*)”. The “c?” prefers-to match a zero-length string
(though it could match the “c”), and the “\3” must match a zero-length string. Thus, the complete substring
thit is matched is underlined below:

"Xyzaaccb”

2|11 Precedence

The precedence of operators outside bracket expressions is as follows (from highest to lowest):
— Highest precedence: atoms, defined as:

o Parentheses.

* Individual characters.

» Escape sequences.

o Dot (“.”)

*  Anchors (“"“$")

» Bracketéexpressions.

—t Quantifiets.

— Concatenation.

— Alternation (TOWest).
Examples:
1) Quantifiers have higher precedence than concatenation:

ab™ is equivalent to a(b*)

12 XQuery Regular Expression Support in SQL/Foundation ©ISO/IEC 2011 — All rights reserved


https://standardsiso.com/api/?name=5b9a7db947cf4461eaf5de3c0d2b8af9

ISO/IEC TR 19075-1:2011(E)
2.11 Precedence

2) Concatenation outranks alternation:

ab|cd is equivalent to (ab) | (cd)

2[12 Modes

T:l:e preceding discussion has mentioned two of the flags, “s” to specify dot-all mode, and “m” to specify mul
lipe mode. There are two additional flags, “i” for case-insentive mode, and “X” to disregard whiité space in
regular expressions for readability. The complete set of modes is:

"s" Specifies dot-all mode, in which a period matches any character. If “s” is not specified, then a periog
matches any single character except a line terminator.

"m" Specifies multi-line mode, in which the anchors match the beginning or end of a line. If “m” is not
specified, then the anchors match the beginning or end of the subject string.

"i'" Specifies case-insensitive mode.

"x" Specifies that white space characters in a regular expression are ignored. This allows you to set off portiops
of a regular expression for greater readability.

©ISO/IEC 2011 — All rights reserved XQuery regular expressions 13
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3 Operatorsusing regular expressions

SQL contains five operators that use the XQuery regular expression syntax:
1) LIKE_REGEX — predicate that returns True if a substring of a string matches a regular expression.

2)) OCCURRENCES_REGEX — numeric function returning the number of matches for a regular expressi
in a string.

3) POSITION_REGEX — numeric function returning the position of the start of a match for a regular
expression in a string, or the position of the next character after a match.

4) SUBSTRING_REGEX — character string function returning a substring that matches a regular expressi
in a string.

to a regular expression in a string.

3]1 LIKE_REGEX

LIKE_REGEX is a predicate that returns True if a substring of a string matches a regular expression.
Tlhe syntax is:
<negex like predicate> ::=
<row value predicand>
[ NOT ] LIKE_REGEX <XQuery pattern>
[ FLAG <XQuery option ‘flag> ]
where
— <row value predicand>\is'the subject string to be searched for matches to the <XQuery pattern>.

— <XQuery pattern34s a character string expression whose value is an XQuery regular expression.

F&O] function fn:-match.

Tlhe resultisUnknown if any of the operands is the null value, True if there is a substring that matches the
<XQuery-pattern> in the <row value predicand>, and False if there is no match.

Nptethat unlike LIKE, LIKE REGEX can return Truewithout matching the entire string. The usual conventi

TRANSLATE_REGEX — character function that performs a replacement operation on one or all match

— <XQuery option flag> is an optional character string, corresponding to the $flags argument of the [ XQuef

pn

for regular expression matching is to search for a match somewhere within the searched string, without neces-

sarily matching the entire string. The user may use anchors to require a match to the entire string.
Exceptional cases:
— If any of the parameters is the null value, the result is Unknown.

— If the pattern or flag is not valid, then an exception condition is raised.

©ISO/IEC 2011 — All rights reserved Operatorsusing regular expressions
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Examples:

"abcde®™ LIKE _REGEX "c*" evaluates to True.
"abcde® LIKE _REGEX "x" evaluates to False.

"abcde® | IKE REGEX CAST (NHII AS FHAD(1H))nVMHMnQHﬂInMvmm

3

<

w

pd

E

Tlhe <regex subject’string> is searched for matches to the <XQuery pattern>, starting from position <start
sition>, whieh'is measured in the units specified by <char length units>, either CHARACTERS or OCTETS.
The resultis.the number of matches.

"abcde® LIKE_REGEX "\ raises an exception condition. In this example, “\” is not a well-formeq
regular expression.

"abcde®™ LIKE REGEX "x® FLAG "?" raises an exception condition. In this example,-the flag “?
is invalid.

2 OCCURRENCES REGEX

O[CCURRENCES_REGEX is a numeric function returning the number of matches for a regular expression|i
a ptring. The syntax is:

egex occurrences function> ::=
OCCURRENCES_REGEX <left paren>
<XQuery pattern> [ FLAG <XQuery option flag>) i
IN <regex subject string>
[ FROM <start position> ]
[ USING <char length units> ] <right paren>

€re:

<XQuery pattern> is a character string expression whose value is an XQuery regular expression.

F&O] function fn:match.
<regex subject string> is the character string to be searched for matches to the <XQuery pattern>.

<start position> is an optional exact numeric value with scale 0 (zero) specifying the position at which
start the search (the default’is position 1 (one)).

<char length units>is€HARACTERS or OCTETS, indicating the unit in which <start position> is measur
(the default is tezmeasure in CHARACTERS).

ceptional cases:

<XQuery option flag> is an optional character string, corresponding to the $flags argument of the [XQuef

0

[92)

—tfanyof the parametersis the ot vatue, themthe result isthe nutt-vatue:

— If the pattern or flag is not valid, then an exception condition is raised.

— If astarting position is given in octets, but it is not the first octet of a character, then the result is impleme

tation-dependent. The use of OCTETS is discussed under POSITION_REGEX.

Cases:

n-

If any of the numeric parameters is too large or too small, then the result is —1. This includes the following
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e The starting position is less 1 (one).

e The starting position is greater than the length of the string (measured in CHARACTERS or OCTETS

as specified by <char length units>).

Examples:

3

P(
a

<A

<N

w

OCCURRENCES_REGEX ( "a" IN "what is that?" ) evaluatesto 2.
OCCURRENCES_REGEX ( "a" IN "what is that?" FROM 5) evaluatesto 1 (one).
OCCURRENCES_REGEX ( "A" FLAG "1™ IN "what is that" ) evaluatesto %
OCCURRENCES_REGEX ( "A" IN “what is that" ) evaluates to O (zero).

3 POSITION_REGEX

DSITION_REGEX is a numeric function returning the position of the start-ef a match, or one plus the end
match, for a regular expression in a string. The syntax is:

egex position expression> ::=
POSITION_REGEX <left paren> [ <regex position start or after> ]

<XQuery pattern> [ FLAG <XQuery option flag> ]
IN <regex subject string>
[ FROM <start position> ]
[ USING <char length units> ]
[ OCCURRENCE <regex occurrence> ]
[ GROUP <regex capture group> ] s<right paren>

egex position start or after> ::=
START
| AFTER

nere:

START indicates that the starting position of the match to the regular expression is desired; AFTER indicat
that the character positionimmediately following the match is desired (START is the default). If the mat
consumes the last character of the subject string, then AFTER returns the length of the string plus 1 (on

<XQuery pattern>.is a character string expression whose value is an XQuery regular expression.

<XQuery optien flag> is an optional character string, corresponding to the $¥lags argument of the
[XQuery E&O] function fn:-match.

<regex-subject string> is the character string to be searched for matches to the <XQuery pattern>.

<start position> is an optional exact numeric value with scale 0 (zero), identifying the character positio

es
Ch
).

—

caara

and the unit in which the returned position is measured (the default is to measure in CHARACTERS).

— <regex occurrence> is an optional exact numeric value with scale 0 (zero) indicating which occurrence

a match is desired (the default is 1 (one)).

©ISO/IEC 2011 — All rights reserved Operatorsusing regular expressions
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— <regex capture group> is an optional exact numeric value with scale 0 (zero) indicating which capture

group of a match is desired (the default is O (zero), indicating the entire occurrence).

The <regex subject string> is searched for matches to the <XQuery pattern>. If there are at least RO matches,
where RO is the value of <regex occurrence>, then either the starting position of the RO-th match, or the position
immediately following the RO-th match, is returned (for the START or AFTER options, respectively). Positions

are measured in the units specified by <char length units>, either CHARACTERS or OCTETS. If a <regex
cdpture group> CAP is specified, then the position at the start or immediately following the substring that
mptches the CAP-th parenthesized subexpression is used.

of
re
m
su
st
le
A

@)
It
pd
of
0(
at
if
E

ith AFTER, note that the position returned is the one after the match. If the match consumes the-last character

the string, then the position returned is actually one plus the length of the string (in charagters or octets, g
nuested by <char length units>). The rationale for providing the position that is 1 (one) after the end of th
ptch is that this is the correct place to begin a search for the next match. If the user wishes to process the
bject string in a loop, the loop can continue until the AFTER position is greater than the length of the subje
ing. However, when doing this, the user must beware of a pitfall: if the regularexpression matches a zero|
ngth string, then the AFTER position and the START position are the same,.a@nd fesuming the search at th
FTER position will simply find the same zero-length match again.

is expected that the user will use the output of POSITION_REGEX(():.. USING OCTETS ...) to learn the

such an octet can produce unpredictable results. Thereforewve say that the result is implementation-depende
a starting octet is not the first octet of a character.

ceptional cases:
If any of the parameters is the null value, the result is the null value.

If the pattern or flag is not valid, then an‘exception condition is raised.

tation-dependent.

If any of the numeric parameters is too large or too small, then the result is 0 (zero). This includes the fq
lowing cases:

» The starting position is less 1 (one).

» The starting position is greater than the length of the string (measured in CHARACTERS or OCTE]
as specified by <char length units>).

e There are not at least RO matches.

*A_There are not CAP parenthesized subexpressions.

W

D

CTETS is provided for efficient processing for those UCS encodings that:do not have a fixed character width.
sition of some occurrence within a string, measured in octets. That value is then known to be the first octgt

a character, and may be used as a starting position in other funetion invocations. If the user picks an arbitrary
tet number, it may be other than the first octet of a character:Naturally, beginning a regular expression matgh

If a starting position is given in oCtets, but it is not the first octet of a character, then the result is implemep-

nt

S

18 XQuery Regular Expression Support in SQL/Foundation

amptes:

POSITION_REGEX ( "a® IN "what is that?" ) evaluatesto 3.
POSITION_REGEX ( START "a" IN "what is that?" ) evaluatesto 3.
POSITION_REGEX ( AFTER "a" IN "what is that?" ) evaluates to 4.
POSITION_REGEX ( AFTER "a®" IN "a") evaluates to 2.
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POSITION_REGEX
POSITION_REGEX
POSITION_REGEX

POSITION _REGEX

a” IN "what is that?" FROM 5) evaluatesto 11.
a” IN "what i1s that?" OCCURRENCE 2 ) evaluatesto 11.
"(2A)()" IN "what is that?" GROUP 2 ) evaluates to 4.

A" FIAG "1 IN _"what is that" )n\/nlllnfn:fn?

AN A~ A

POSITION_REGEX "A" IN "what is that” ) evaluatesto 0.

3[4 SUBSTRING_REGEX

SUBSTRING_REGEX is a character string function returning a substring that matcheS/a-regular expression|in
a ptring. The syntax is:

<nfegex substring function> ::=
SUBSTRING_REGEX <left paren>
<XQuery pattern> [ FLAG <XQuery option flag> ]
IN <regex subject string>
[ FROM <start position> ]
[ USING <char length units> ]
[ OCCURRENCE <regex occurrence> ]
[ GROUP <regex capture group> ] <right paren>

where:
— <XQuery pattern> is a character string expression\whose value is an XQuery regular expression.

— <XQuery option flag> is an optional charactef’string, corresponding to the $Fflags argument of the
[XQuery F&O] function fn:match.

— <regex subject string> is the characterstring to be searched for matches to the <XQuery pattern>.

— <start position> is an optional exact numeric value with scale 0 (zero), indicating the character position|at
which to start the search (thevdefault is position 1 (one)).

—t <char length units> is CHARACTERS or OCTETS, indicating the unit in which <start position> is measurgd
(the default is to measure’in CHARACTERS).

— <regex occurrence>is an optional exact numeric value with scale 0 (zero) indicating which occurrence pf
a match is desired (the default is 1 (one)).

— <regex capture group> is an optional exact numeric value with scale 0 (zero) indicating which capture
group-0f a' match is desired (the default is O (zero), indicating the entire occurrence).

The <tegex subject string> is searched for matches to the <XQuery pattern>. If there are at least RO matchas,

. ) . ) o

P p 9

within the substring that is the RO th match. If there are not at least RO matches, or at Ieast CAP parenthesized
subexpressions, the result is the null value.

The exceptional cases are:

— If any of the parameters is the null value, the result is the null value.
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SUBSTRING_REGEX

If the pattern or flag is not valid, then an exception condition is raised.

If a starting position is given in octets, but it is not the first octet of a character, then the result is implemen-
tation-dependent.

If any of the numeric parameters is too large or too small, then the result is the null value. This includes

<nfegex transliteration> ::.=

<nfegex transliteration occurrence> ::=

315 TRANSLATE_REGEX

TRANSLATE_REGEX is a character string function that performs a replacement operation on one or all
mptches to a regular expression in a string. The syntax is:

the-fottowing cases:
e The starting position is less than 1 (one).

e The starting position is greater than the length of the string (measured in CHARACTERS or, OCTETS
as specified by <char length units>).

* There are not at least RO matches.

e There are not CAP parenthesized subexpressions.

amples:

SUBSTRING_REGEX ( “"\p{L}*" IN "what is that?" ) evaluates to the string “what”.
SUBSTRING_REGEX ( "\p{L}*" IN “what is that?" EROM 2) evaluatesto the string “hat”.

SUBSTRING_REGEX ( "\p{L}*" IN "what is that?" OCCURRENCE 2) evaluates to the
string “Is”.

SUBSTRING_REGEX ("(is) (\p{L}*)" IN “what is that?" GROUP 2 ) evaluatestot
string “that”.

-

e

TRANSLATE_REGEX <lefit \paren>
<XQuery pattern>1 FLAG <XQuery option flag> ]
IN <regex subject string>
[ WITH <regex” replacement string> ]
[ FROM <start position> ]
[ USING ‘<Char length units> ]
[ OCEURRENCE <regex transliteration occurrence> ] <right paren>

<regex occurrence>
| ALL

WRefre:

20

<XQuery pattern> is a character string expression whose value is an XQuery regular expression.

<XQuery option flag> is an optional character string, corresponding to the $flags argument of the
[XQuery F&O] function fn:match.

<regex subject string> is the character string to be searched for matches to the <XQuery pattern>.
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— <regex replacement string> is a character string whose value is suitable for use as the $replacement

argument of the [XQuery F&O] function fn: replace. The special syntax for replacement strings is
discussed below. The default is the zero-length string.

<start position> is an optional exact numeric value with scale 0 (zero), indicating the character position
which to start the search (the default position is 1 (one)).

at

th
0g

E

by

Tihe <regex subject string> is searched for matches to the <XQuery pattern>. If ALL is specified or implied
bn every match is replaced by the value of <regex replacement string>. If a numeric/aregex transliteration
currence> is specified, then only that match is replaced.

First, here are some exampleswith no replacement string. In these examples, any matched substring is replac

<char length units> is CHARACTERS or OCTETS, indicating the unit in which <start position> is measur
(the default is to measure in CHARACTERS).

<regex transliteration occurrence> is either the keyword ALL, or an exact numeric value with.scale 0 (zer9),

indicating which occurrence of a match is desired (the default is ALL).

ceptional cases:
If any of the parameters is the null value, then the result is the null value.
If the pattern, flag or replacement string is not valid, then an exception condition is raised.

If the pattern matches a zero-length string, then an exception-condition is raised (this is the behavior of
XQuery's Fn:replace in this case)

If a starting position is given in octets, but it is not the first octet of a character, then the result is impleme
tation-dependent.

If any of the numeric parameters is too large ortoo small, then the result is the null value. This includes
the following cases:

e The starting position is less than 1 (one).

e The starting position is greater.than the length of the string (measured in CHARACTERS or OCTE]
as specified by <char length‘units>).

e A numeric <regex transliteration occurrence> is specified, and there are not at least that many matche

a zero-length string, éffectively removing the matched substring.
TRANSLATE_REGEX ("a" IN "what was that?") evaluates to the string “wht ws tht?”

TRANSLATECREGEX ("a® IN "what was that?" OCCURRENCE ALL) evaluates to the strin
“wht wstht?”

TRANSLATE_REGEX ("a" IN "what was that?"FROM 5) evaluates to the string “what ws tht

bd

g9

TRANSLATE REGEX ("a" IN "what was that?" OCCURRENCE 2) evaluates to the string

“what ws that?”

TRANSLATE_REGEX ("A" IN “what was that?") evaluates to the string “what was that?”

TRANSLATE_REGEX ("A" FLAG "i" IN "what was that?" ) evaluates to the string “wht ws

tht?”

Next, here are some examples in which the matched substrings are replaced with constant text:
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