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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members
of ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. 1SO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations,

(|9A45; C C1TOIT=0oOVe S OV W, C REC D - WOTR C S JO Y.

information technology, 1ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.
The procedures used to develop this document and those intended for its further maintenance are describe
in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the different type
of document should be noted. This document was drafted in accordance with the editorial rules of th
ISO/IEC Directives, Part 2 (see www.iso.org/directives).

O—uor—

\ttention is drawn to the possibility that some of the elements of this document may.be the subject of paten
ights. 1ISO and IEC shall not be held responsible for identifying any or all such,patent rights. Details of an
atent rights identified during the development of the document will be in.thé/ntroduction and/or on th¢
SO list of patent declarations received (see www.is0.org/patents).

— =
—

Any trade name used in this document is information given for thé.convenience of users and does not
gonstitute an endorsement.

For an explanation on the meaning of 1SO specific terms and expressions related to conformity assessment
gs well as information about 1SO's adherence to the World Trade Organization (WTO) principles in th
Technical Barriers to Trade (TBT) see the following URL: www.iso.org/iso/foreword.html.

o=

The committee responsible for this document isSISO/IEC JTC 1, Information technology, SC 32, Dat
management and interchange.

1=~

A\ list of all the parts in the 1ISO 19075 series, can be found on the ISO website.
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I ntroduction

This Technical Report discusses the syntax and semantics for recognizing patterns in rows of a table, as defined

indHSOan7ZE _21
In | R A A=A O

[1509075-2] defines two features regarding row pattern recognition:
—t Feature R010, “Row pattern recognition: FROM clause”
—t Feature R020, “Row pattern recognition: WINDOW clause”

These two features have considerable syntax and semantics in common, the principle difference being whether
the syntax is placed in the FROM clause or in the WINDOW clause.

The organization of this Technical Report is as follows:
1) Clause 1, “Scope”, specifies the scope of this Technical Report.
2) Clause 2, “Normative references”, identifies standards that are referenced by this Technical Report.

3) Clause 3, “Row pattern recognition: FROM clause”, discusses/eature R010, “Row pattern recognition|
FROM clause”.

4) Clause 4, “Expressions in MEASURES and DEFINE”, discusses scalar expression syntax in row pattefn
matching.

5) Clause 5, “Row pattern recognition: WINDOW clause”, discusses Feature R020, “Row pattern recognitign:
WINDOW clause”. Clause 5, “Row pattern recognition: WINDOW clause”, does not duplicate materig
already presented in Clause 3, “Row patterirecognition: FROM clause” and Clause 4, “Expressions in
MEASURES and DEFINE”, which should be read even if the reader is only interested in Feature R020,
“Row pattern recognition: WINDOW, clause”.

6) Clause 6, “Pattern matching rules™,discusses the formal rules of pattern matching.

viii Row Pattern Recognition in SQL ©ISO/IEC 2016 — All rights reserved
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Part 5:
Row Pattern Recognition in SQL

1{ Scope

in|[1S09075-2].

This Technical Report discusses the syntax and semantics for recognizing patternsqin rows of a table, as defin

1%

d
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2.1 1SO and |EC standards

2 Normativereferences

T?I\e following referenced documents are indispensable for the application of this document. For dated referencgs,

only the edition cited applies. For undated references, the latest edition of the referenced document (ineluding
arly amendments) applies.

2[]1 1SO and |EC standards

[1SO9075-2] ISO/IEC 9075-2:2016, Information technology — Database languages — SQL — Part 2:
Foundation (SQL/Foundation).

©ISO/IEC 2016 — All rights reserved Normativereferences 3
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3.1 Example of ONE ROW PER MATCH

3 Row pattern recognition: FROM clause

Feature R010, “Row pattern recognition: FROM clause” of [1SO9075-2] enhances the capability of the FROM
clause witha MATCH_RECOGNIZE clause to specify a row pattern. The syntax and semantics of a rew-pattern
is|discussed through examples presented throughout this Clause of this Technical Report.

Tlhere are two principal variants of the MATCH_RECOGNIZE clause:
1) ONE ROW PER MATCH, which returns a single summary row for each match of the"pattern (the defaulf).

2) ALL ROWS PER MATCH, which returns one row for each row of each match. There are three suboptior
to control whether to also return empty matches or unmatched rows.

w

3[1 Exampleof ONE ROW PER MATCH

The following example illustrates MATCH_RECOGNIZE with-the ONE ROW PER MATCH option. Let
Tiicker (Symbol, Tradeday, Price) be a table with three columns‘representing historical stock prices. Symbo
is|la character column, Tradeday is a date column, and Prige.is'a numeric column.

NOTE 2 — All examples in this Technical Report use mixed-case’identifiers for the names of tables, columns, etc., whereas SQL

key words are shown in uppercase. Unquoted identifiers are ‘actually equivalent to uppercase, so the column headings of samp
results will be shown with the identifiers converted to uppercase.

D

Itfis desired to partition the data by Symbol, sort it into increasing Tradeday order, and then detect maximal
“N” patterns in Price: a strictly falling pricesfollowed by a strictly increasing price. For each match to aV
pattern, it is desired to report the starting-price, the price at the bottom of the V, the ending price, and the
ayferage price across the entire pattern.

The following query may be used.to solve this pattern matching problem:

SHLECT M.Symbol, /* ticker symbol */
-Matchno, /% sequential match number */
.Startp, /*-starting price */
-Bottomp;..£* bottom price */
-Endp,{/*"ending price */
-Avgp/£* average price */
FROM Ticker
MATCH_RECOGNIZE (
PARTITION BY Symbol
ORDER BY Tradeday
MEASURES MATCH_NUMBER() AS Matchno,
A_Price AS Startp,
LAST (B-Price) AS Bottomp,
LAST (C.Price) AS Endp,
AVG (U.Price) AS Avgp
ONE ROW PER MATCH
AFTER MATCH SKIP PAST LAST ROW
PATTERN (A B+ C+)
SUBSET U = (A, B, C)

===

=

©ISO/IEC 2016 — All rights reserved Row pattern recognition: FROM clause 5
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3.1 Exampleof ONE ROW PER MATCH

DEFINE /* A defaults to True, matches any row */
B AS B.Price < PREV (B.Price),
C AS C.Price > PREV (C.Price)
) AS M

In the example above, the principal syntactic elements of MATCH_RECOGNIZE are presented on separate

H [l los. 1
lipes—inrthis exampre:

Ticker is the name of the row pattern input table. In this example, the row pattern input table is a table or
view. The row pattern input table may also be a derived table (in-line view).

MATCH_RECOGNIZE introduces the syntax for row pattern recognition.

PARTITION BY specifies how to partition the row pattern input table. The PARTITION-BY clause is §
list of columns of the row pattern input table. This clause is optional; if omitted, theré-are no row pattefn
partitioning columns, and the entire row pattern input table constitutes a single row pattern partition.

ORDER BY specifies how to order the rows within row pattern partitions. The’ORDER BY clause is a
list of columns of the row pattern input table. This clause is optional; if omitted, the order of rows in row
pattern partitions is completely non-determinstic. However, since non-deterministic ordering will defea
the purpose of most row pattern recognition, the ORDER BY clausé-will usually be specified.

—

MEASURES specifies row pattern measure columns, whose values-are calculated by evaluating expressions
related to the match. The first row pattern measure column indhis example uses the special nullary functipn
MATCH_NUMBER(), whose value is the sequential number of a match within a row pattern partition.
The third and fourth row pattern measure columns in this:example use the LAST operation, which obtaips
the value of an expression in the last row that is mapped by a row pattern match to a row pattern variable.
LAST is one of the row pattern navigation operationsintroduced by [ISO9075-2], discussed in Subclause 4/5,
“Row pattern navigation operations”.

The result of the MATCH_RECOGNIZE clause is called the row pattern output table. When ONE ROW
PER MATCH is specified, as in this exafple, the row pattern output table has one column for each row
pattern partitioning column and one ‘€elumn for each row pattern measure column.

ONE ROW PER MATCH specifies that the row pattern output table will have a single row for each mat¢h
that is found in the row pattern input table.

AFTER MATCH SKIP-clause specifies where to resume looking for the next row pattern match after
successfully finding.a match. In this example, AFTER MATCH SKIP PAST LAST ROW specifies that
pattern matching will.resume after the last row of a successful match.

PATTERN specifies the row pattern that is sought in the row pattern input table. A row pattern is a regular
expression/sing primary row pattern variables. In this example, the row pattern has three primary row
pattern variables (A, B, and C).

SUBSET defines the union row pattern variable U as the union of the primary row pattern variables A, B,
and<C.

Yl ll NN
|4

EFNE-specifies-the-Boolean-condition-that definesa-primary-row-pattern-variable —arow-must-satisfy
the Boolean condition in order to be mapped to a particular primary row pattern variable. This example
uses PREV, a row pattern navigation operation that evaluates an expression in the previous row. If a primary
row pattern variable is not defined in the DEFINE clause, then the definition defaults to a condition that
is always true, meaning that any row can be mapped to the primary row pattern variable.

AS M defines the range variable M to associate with the row pattern output table. This clause is optional;
if omitted, then an implementation-dependent range variable is used. Since an implementation-dependent

6 Row Pattern Recognition in SQL ©ISO/IEC 2016 — All rights reserved
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3.1 Example of ONE ROW PER MATCH

range variable is unknowable to the query writer, the AS clause should not be omitted if there are any other
tables in the FROM clause aside from the MATCH_RECOGNIZE.
The processing of MATCH_RECOGNIZE is as follows:

1) The row pattern input table is partitioned according to the PARTITION BY clause. Each row pattern par-
titiorrconsists of the setof Tows of the Tow patterminput tabte thatare equat(more precisety, ot distingt)
on the row pattern partitioning columns.

—

2) Each row pattern partition is ordered according to the ORDER BY clause.
3) Each ordered row pattern partition is searched for matches to the PATTERN.

4) Pattern matching operates by seeking the match at the earliest row, considering the rows-in a row pattefn
partition in the order specified by the ORDER BY. When there is more than one match at a row, then the
most preferred match is taken. The precise rules of pattern matching are discussed.in Clause 6, “Patterr
matching rules”.

5) After a match is found, row pattern matching calculates the row pattern.measure columns, which are
expressions defined by the MEASURES clause.

6) Using ONE ROW PER MATCH, as shown in the example, row pattern recognition generates one row for
each match that is found.

7) The AFTER MATCH SKIP clause determines where row<attern matching resumes within a row pattefn
partition after a non-empty match has been found. In the.example above, row pattern matching resume
at the next row after the rows mapped by a match (AFTER MATCH SKIP PAST LAST ROW).

@

Here is sample data for one row pattern partition of Ticker, shown sorted according to the ORDER BY claug
Tlhe sample data contains two matches to the patters;indicated by arrows showing the mapping to primary rqw
pdttern variables in each match.

©ISO/IEC 2016 — Al rights reserved Row pattern recognition: FROM clause 7


https://standardsiso.com/api/?name=9963a2bf46bbfd6b06c9721df6a39f66

ISO/IEC TR 19075-5:2016(E)
3.1 Exampleof ONE ROW PER MATCH

Table 1 — Sample Data

SYMBOL | TRADEDAY | PRICE
Y2 2009-66-68—50

XYZ 2009-06-09 | 60 A ]

XYz 2009-06-10 | 49 -B ||

XYZ 2009-06-11 | 40 ~B | }first match
XYZ 2009-06-12 | 35 -B ||

XYZ 2009-06-15 | 45 -C |

XYZ 2009-06-16 | 45

XYZ 2009-06-17 | 45 A |d

XYZ 2009-06-18 | 43 =B/ | |

XYZ 2009-06-19 | 47 - C | }second match
XYZ 2009-06-22 | 52 -C ||

XYZ 2009-06-23 {70 -C |

XYZ 2009-06-24 | 60

The result of the example for this row pattern partition is:

Fable 2 — Results of ONE ROW PER MATCH

SYMBOL MATCHNO | STARTP BOTTOMP | ENDP AVGP
XYZ 1 60 35 45 45.8
XYZ 2 45 43 70 51.4

3.2 Exampleof ALL ROWSPER MATCH

The previous example can be modified slightly to illustrate ALL ROWS PER MATCH, as follows:

SELECT M.Symbol, /* ticker symbol */
M.Matchno, /* sequential match number */
M.Tradeday, /* day of trading */

8 Row Pattern Recognition in SQL
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-Price, /* price on day of trading */

-Classy, /* classifier */

.Startp, /* starting price */

-Bottomp, /* bottom price */

-Endp, /* ending price */

-Avgp /* average price */

FROM—TiCReT

MATCH_RECOGNIZE (

PARTITION BY Symbol

ORDER BY Tradeday

MEASURES MATCH_NUMBER() AS Matchno,
CLASSIFIER() AS Classy,
A_Price AS Startp,
FINAL LAST (B-Price) AS Bottomp,
FINAL LAST (C.Price) AS Endp,
FINAL AVG (U.Price) AS Avgp

ALL ROWS PER MATCH

AFTER MATCH SKIP PAST LAST ROW

PATTERN (A B+ C+)

SUBSET U = (A, B, C)

DEFINE /* A defaults to True, matches any row */

B AS B.Price < PREV (B.Price),
C AS C.Price > PREV (C.Price)

===

=

) AS M

Npte that the second row pattern measure column in this example shows the use of the special function
CLASSIFIER(), which returns the name of the row patteriivariable to which a row is mapped. CLASSIFIER
is|discussed in Subclause 4.8, “CLASSIFIER function’.

Here is the result of this query on the sample data:

Table 3 — Resultsof ALL ROWS PER MATCH

SYM MATCH | TRADEDAY {-PRICE | CLASSY | STARTP | BOTTOMP | ENDP | AVGP
BOL NO

XYZ 1 2009-06-09 60 A 60 35 45 45.8
XYZ 1 20609-06-10 49 B 60 35 45 45.8
XYZ 1 2009-06-11 40 B 60 35 45 45.8
XYZ 1 2009-06-12 35 B 60 35 45 45.8
XYZ A& 2009-06-15 45 Cc 60 35 45 45.8
XY.Z 2 2009-06-17 45 A 45 43 70 51.4
XYZ 2 2009-06-18 43 B 45 43 70 514
XYZ 2 2009-06-19 47 C 45 43 70 51.4
XYZ 2 2009-06-22 52 Cc 45 43 70 51.4
XYZ 2 2009-06-23 70 Cc 45 43 70 51.4

©ISO/IEC 2016 — All rights reserved Row pattern recognition: FROM clause 9
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3.2 Exampleof ALL ROWSPER MATCH

ALL ROWS PER MATCH differs from ONE ROW PER MATCH in the following respects:
1) ALL ROWS PER MATCH returns one row for each row of each match of the pattern.

2) The row pattern output table has a column corresponding to every column of the row pattern input table,
not just the row pattern partitioning columns. (Note the column M.Price in the SELECT list. This is a

3|3

Summary of the syntax

cotummof the Tow patterminput tabte, ot a Tow patterT measure CoturT.)

3) The MEASURES clause supports two semantics for expression evaluation, running semantics and-fina
semantics, indicated by the keywords RUNNING and FINAL.

4) ALL ROWS PER MATCH provides three suboptions for handling empty matches and unmatched rows.
These options are not illustrated in this example; see Subclause 3.10.1, “Handling empty\matches”, ang
Subclause 3.10.2, “Handling unmatched rows”, for examples of these options.

The complete syntax for row pattern recognition in the FROM clause involves the following components:

Table 4 — Row pattern recognition,syntax summary

Syntactic component Optional? | Default Crossreference
rqw pattern input table no — Subclause 3.4, “The row patt
tern input table”
rqw pattern input name yes implementation-dependent Subclause 3.4.1, “The row pat-
tern input name”
rqw pattern input declared col- | yes none Subclause 3.4.2, “The row pat-
umn list tern input declared column list”
MATCH_RECOGNIZE no — Subclause 3.5,
“MATCH_RECOGNIZE”
PARTITION BY yes row pattern input table consti- | Subclause 3.6, “PARTITION
tutes one row pattern partition | BY”
ORDER BY yes non-deterministic ordering in | Subclause 3.7, “ORDER BY|”
each row pattern partition
MEASURES yes none Subclause 3.9, “MEASURE$”
NE'ROW-PER MATCH-or—yes ONEROW-PER MATCH Subelause-3-10“ONE-ROW
ALL ROWS PER MATCH PER MATCH vs. ALL ROWS
PER MATCH”
AFTER MATCH SKIP yes AFTER MATCH SKIP PAST | Subclause 3.11, “AFTER

LAST ROW

MATCH SKIP”

10 Row Pattern Recognition in SQL

©ISO/IEC 2016 — All rights reserved



https://standardsiso.com/api/?name=9963a2bf46bbfd6b06c9721df6a39f66

ISO/IEC TR 19075-5:2016(E)
3.3 Summary of the syntax

Syntactic component Optional? | Default Crossreference

PATTERN no — Subclause 3.12, “PATTERN”

SUBSET yes no explicit union row pattern | Subclause 3.13, “SUBSET”
variabtes

DEFINE no — Subclause 3.14, “DEEINE”

rqw pattern output name yes implementation-dependent Subclause 3.15.1, “Row pattefn

output name”

rgw pattern output declared yes none Subclause 3.15.2, “Row pattefn

column list outputdeclared column list”

3|4 Therow pattern input table

The row pattern input table is the input argument to MATCH_REEOGNIZE. In the examples above, the roy

pattern input table was Ticker, which is a table or view, or perhaps‘a named query (defined in a WITH clauseg).

The row pattern input table can also be a derived table (also-known as in-line view). For example:

FH

FH

N
V&
ta

Fq
lo

FH

The row pattern input table may not be a <joined table>. The work-around is to use a derived table, such as

view. This is only an issue when the row pattern input table is a derived table.

OM ( SELECT S.Name, T.Tradeday, T.Price
FROM Ticker T, SymbolNames S
WHERE T.Symbol = S.Symbol )

MATCH_RECOGNIZE ( ... ) AS M

OM ( SELECT * FROM A LEFT OUTER JOIN B ON (A.X = B.Y) )
MATCH_RECOGNIZE (...) AS M

bte that column names in the-row pattern input table must be unambiguous, since it is impossible to use ranfe
riables within the MATCH_ ;RECOGNIZE clause to disambiguate. If the row pattern input table is a base
ble or a view, this is nota problem, since SQL does not allow ambiguous column names in a base table or

r example, consider a join of two tables, Emp and Dept, each of which has a column called Name. The fql-
ving is a syntax-error:

OM ( SELECT D.Name, E_Name, E_Empno, E.Salary
FROM Dept D, Emp E
WHERE D.Deptno = E._Deptno )
MATCH_RECOGNIZE (

PARTITION BY D.Name
- )

The preceding example is an error because the range variable D is not visible within the MATCH_RECOGNIZE
(the scope of D is just the derived table). Rewriting like this is no help:

FROM ( SELECT D.Name, E.Name, E.Empno, E.Salary

©l

FROM Dept D, Emp E
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WHERE D.Deptno = E.Deptno )
MATCH_RECOGNIZE (
PARTITION BY Name

-)
This rewrite eliminates the use of the range variable D within the MATCH_RECOGNIZE. However, now the

re—tlaat Nl H los o lo +: [l £ 4l <l H ol tolal Heoeal Ml Tl
eryortstat iName s dlifiuiguuus, vtiadust UIETT alrt WU CUTUITITIS UT UTC UTTIVEU tlalit LaltcU INdITIT. TTIT Wway {6}

hgndle this is to disambiguate the column names within the derived table itself, like this:

FROM ( SELECT D.Name AS DName, E_Name AS EName,
E_Empno, E.Salary
FROM Dept D, Emp E
WHERE D.Deptno = E.Deptno )
MATCH_RECOGNIZE (
PARTITION BY DName

- )

34.1 Therow pattern input name

Optionally, a correlation name for the row pattern input table may be declared, as in this example (equivalent
to|the example in Subclause 3.1, “Example of ONE ROW PER NIATCH”):

SHLECT M.Symbol, /* ticker symbol */
M.Matchno, /* sequential match numbery*/
M.Startp, /* starting price */
M.Bottomp, /* bottom price */

M.Endp, /* ending price */
M.Avgp /* average price_ */

FROM Ticker AS T
MATCH_RECOGNIZE (
PARTITION BY T.Symbol
ORDER BY T.Tradeday
MEASURES MATCH_NUMBER(®) AS Matchno,
A_Price AS, Startp,
LAST (B:Price) AS Bottomp,
LAST( (C-Price) AS Endp,
AVGN\CU.Price) AS Avgp
ONE ROW PER,"MATCH
AFTER MATEH SKIP PAST LAST ROW
PATTERN)“(A B+ C+)
SUBSEF'U = (A, B, C)
DERINE /* A defaults to True, matches any row */
B AS B_Price < PREV (B.Price),
C AS C.Price > PREV (C.Price)
) AS M

The Tow patterm mput ame i this exampte 15 1, as defined by the symtax “Ticker AS T 1tis also possibie to
omit the noise word AS, like this: “Ticker T".

Specifying the row pattern input name is optional. The examples in Subclause 3.1, “Example of ONE ROW
PER MATCH?”, and Subclause 3.2, “Example of ALL ROWS PER MATCH?”, do not show an explicit row
pattern input name.

When the row pattern input name is not specified, the following defaults apply:
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1)

2)

TILe scope of the row pattern input name is the PARTITION BY and ORDER BY clauses of the
MATCH_RECOGNIZE clause. This means that the row pattern input name can be used in the following-comtex

3

ISO/IEC TR 19075-5:2016(E)
3.4 Therow pattern input table

If the row pattern input table is a base table, view, or query name (the name of a query defined ina WITH
clause), then the table name, view name or query name is the default row pattern input name.

Otherwise, an implementation-dependent row pattern input name, different from any other range variable
in the query, is implicit. In practice, this means that the row pattern input name is unknowable and cannot

1
2
T:[e example above illustrates both of these uses.
.

gyery, such as the WHERE clause or the SELECT list.

be referenced elsewhere in the guery.

To qualify column names in the PARTITION BY clause.
To qualify column names in the ORDER BY clause.

e row pattern input name cannot be referenced in the MEASURES or DEFINE clauses, nor elsewhere in t

1.2 Therow pattern input declared column list

If|lan explicit row pattern input name is specified, it may be followed by a parenthesized list of column namas,
ag in this example:
SHLECT M.Sym, /* ticker symbol */

M.Matchno, /* sequential match number */

M.Startp, /* starting price */

M.Bottomp, /* bottom price */

M.Endp, /* ending price */

M.Avgp /* average price-*/

FROM Ticker AS T (Sym, Td, Pr)

MATCH_RECOGNIZE (

PARTITION BY T.Sym

ORDER BY T.Td

MEASURES MATCH_NUMBER() AS Matchno,
A_Pr AS-Startp,
LAST *(B.Pr) AS Bottomp,
AST (C.Pr) AS Endp,
AVG (U.Pr) AS Avgp

ONE ROW-PER MATCH

AFTER_MATCH SKIP PAST LAST ROW

PATFERN (A B+ C+)

SUBSET U = (A, B, C)

DEFINE /* A defaults to True, matches any row */

B AS B.Pr < PREV (B.Pr),

C AS C.Pr > PREV (C.Pr)

) ASM

The parenthesized list of column names (Sym, Td, Pr) is called the row pattern input declared column list. The
row pattern input declared column list may be used to change the names of the columns of the row pattern input
table. There must be exactly the same number of column names in the list as there are columns in the row pattern
input table. In this example, Symbol has been renamed to Sym, Tradeday has been renamed to Td, and Price

has been renamed to Pr. Consequently, the columns cannot be referenced as Symbol, Tradeday, or Price within
the MATCH_RECOGNIZE; instead, they must be referenced by their new names, Sym, Td, and Pr. Note that

©ISO/IEC 2016 — All rights reserved

Row pattern recognition: FROM clause 13


https://standardsiso.com/api/?name=9963a2bf46bbfd6b06c9721df6a39f66

ISO/IEC TR 19075-5:2016(E)
3.4 Therow pattern input table

this also changes the default names of the columns in the row pattern output table. Thus, in the SELECT list,
the first item must be M.Sym, because the input column names Symbol was renamed to Sym, which becomes
the name of the corresponding output column.

3

cl

de

3

PA
m
by

If

tition.

3

3

5 MATCH_RECOGNIZE

IATCH_RECOGNIZE is the keyword that introduces the syntax for row pattern recognition in the FROM
huse. Syntactically, MATCH_RECOGNIZE is a postfix operator following the row pattern input table. Th
IATCH_RECOGNIZE keyword is followed by a parenthesized list of syntactic components that collective
scribe the row pattern recognition operation.

6 PARTITION BY

ARTITION BY is used to specify that the rows of the row pattern input table are to be partitioned by one g
bre columns. Note that the column names in the PARTITION BY may be unqualified, or they may be qualifig
the row pattern input name. See the examples in Subclause 3.4.Z, “The row pattern input name”.

there is no PARTITION BY, then all rows of the row pattern{input table constitute a single row pattern pa

7 ORDERBY

RDER BY is used to specify the order of rows within a row pattern partition. The ORDER BY clause of 3
IATCH_RECOGNIZE is similar to the-@RDER BY clause of a cursor. As with the PARTITION BY claus
lumn names may be unqualified, orthey may be qualified by the row pattern input name. See the examplg
Subclause 3.4.1, “The row pattern‘input name”.

the order of two rows in a row-pattern partition is not determined by the ORDER BY, then the result of
IATCH_RECOGNIZE is qon-deterministic.

NOTE 3 — Syntactically,.the row pattern output table is always regarded as non-deterministic because there is no way for the
query engine to deducg.at compile time whether the ordering is total. This means that MATCH_RECOGNIZE cannot be used

contexts that must b€ deterministic, such as check constraints and assertions. However, the query author can use ORDER BY f
insure that the.query is sufficiently deterministic for the author's intended purpose.

8 « 'Row pattern variables

— (D

y

=

=~
1

oD

© S

Row pattern variables are range variables whose scope is limited to a MATCH_RECOGNIZE clause. As range
variables, row pattern variables are used to qualify column references, in either the scalar expression of a row
pattern measure column, or the Boolean condition of a DEFINE.

There are two kinds of row pattern variables:

1) Primary row pattern variables, which are declared in the PATTERN and defined by an associated Boolean

14 Row Pattern Recognition in SQL

condition specified in the DEFINE clause.

©ISO/IEC 2016 — All rights reserved


https://standardsiso.com/api/?name=9963a2bf46bbfd6b06c9721df6a39f66

ISO/IEC TR 19075-5:2016(E)
3.8 Row pattern variables

2) Union row pattern variables, which are declared in the SUBSET clause as a union of a list of primary row
pattern variables. The primary row pattern variables are called components of the union row pattern variable.

A row pattern variable may not be both a primary row pattern variable and a union row pattern variable. This
means that a row pattern variable that is declared in PATTERN may not also be declared on the left hand side
of a SUBSET.

Informally, a match consists of a set of contiguous rows in a row pattern partition of the row pattern input.tab
(Hor a more formal treatment, see Clause 6, “Pattern matching rules”.) Each row of the match is mapped to
priimary row pattern variable. The mapping of rows to primary row pattern variables must conform te.the'regular
eXpression in the PATTERN clause, and is further constrained to insure that all Boolean conditions’in the
DEFINE clause are true.

UG

Tihus rows are mapped to row pattern variables. Conversely, each row pattern variable RP\V has a set of row$
thit are mapped to RPV. For example, given:

PATTERN (A+ (B+ | C+) D)
SUBSET S = (B, D)

Syppose that consecutive rows R3, R4, Rs, Rg, and R; are mapped as follows:
R; — A

Ry—A

R; -~ B

R; —» B

R;->D

Tlhen:

— the set of rows mapped to A is {/Rs; Ry },
—t the set of rows mapped to Btis { Rs, Rg },
— the set or rows mappedto-C is empty, and
—t the set of rows mapped to D is { R; }.

The set of rows mapped to a union row pattern variable URPV can be obtained as the set union of rows mappgd
to|each comporient'of URPV. In this example:

— the set.of rows mappedto Sis{Rs, Rs}U{R; }={Rs, R, Ry }.

Tlheretis‘always one implicit union row pattern variable, called the universal row pattern variable, defined as
the union of all primary row pattern variables. Thus, every row of a match is mapped to the universal row pattern
variable. The universal row pattern variable is used to implicitly qualify unqualified column reference within
the MEASURES or DEFINE clauses. There is no syntax available to the user to denote the universal row pattern
variable. The query writer may, of course, define an explicit union row pattern variable that is the union of all
primary row pattern variables. (The example in Subclause 3.1, “Example of ONE ROW PER MATCH?”, illustrates
this technique.)
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39 MEASURES

The MEASURES clause defines row pattern measure columns, which are columns of the row pattern output
table whose value is computed by evaluating an expression related to a particular match. Note that this facility
extends the scalar expression syntax of [ISO9075-2], and provides special semantics for evaluating scalar

eXpressions in the context of a row pattern match. This is discussed in Clause 4, “Expressions in MEASURE

arjd DEFINE”.

3

NOTE 4 — The MEASURES clause in a window definition does not define columns; instead, it defines named expressions whi
are accessed using a variant of the window function syntax, called row pattern measure functions. “Row pattern measure” is th
generic term for row pattern measure columns and row pattern measure functions, whose values are computed using the same
rules.

10 ONE ROW PER MATCH vs.ALL ROWSPER MATCGH

ONE ROW PER MATCH indicates that the result has one row for each match.yColumns of this row are defin

by

Al L ROWS PER MATCH indicates that the result has one row for.each row of each match. (It is possible to
eXclude some rows using the exclusion syntax {- -} in the PATFERN; see Subclause 3.12.2, “Excluding

pd

the PARTITION and MEASURES clauses. This is the default.

rtions of the pattern”.)

AL ROWS PER MATCH has three suboptions:

S(

PA

C4d

ALL ROWS PER MATCH SHOW EMPTY MATCHES
ALL ROWS PER MATCH OMIT EMPTY. MATCHES
ALL ROWS PER MATCH WITH UNMATCHED ROWS

These options are explained in the following subsections.

3/10.1 Handling empty matches

me patterns permit empty matches. For example:

TTERN (A*)

n be matchéd-by zero or more rows that are mapped to A.

Ah empty-match does not map any rows to primary row pattern variables; nevertheless, an empty match haq a
starting row. For example, there can be an empty match at the first row of a row pattern partition, an empty

ES

Ch
e

bd

mpteh at the second row of a row pattern partition, etc. An empty match is assigned a sequential match numbg

based on the ordinal position of Its starting row, the same as any other match.

When using ONE ROW PER MATCH, an empty match results in one row of the row pattern output table. The
row pattern measures for an empty match are computed as follows:

— The value of MATCH_NUMBER() is the sequential match number of the empty match.
— Any COUNT is 0.

16 Row Pattern Recognition in SQL
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— Any other aggregate, row pattern navigation operation, or ordinary row pattern column reference is null.

For example, the example in Subclause 3.1, “Example of ONE ROW PER MATCH?”, can be modified to permit
empty matches, as follows:

SELECT M.Symbol, /* ticker symbol */

FH

ng

OM Ticker
MATCH_RECOGNIZE (

PARTITION BY Symbol

ORDER BY Tradeday

MEASURES MATCH_NUMBER() AS Matchno,
FIRST A_Price AS Firstp,
LAST (A.Price) AS Lastp
ONE ROW PER MATCH
AFTER MATCH SKIP PAST LAST ROW
PATTERN (A*)

M.Matchno, /* sequential match number */

/* starting price */
/* ending price */

A AS A.Price > PREV (A.Price)

Table 5— Analysis of sample data per mitting empty matches

bre the pattern has been changed to A*, and is used to detect runs of increasing prices. The sample data is
w analyzed as follows:

SYMBOL | TRADEDAY |+PRICE

XYZ 2009-06-08 50 match #1 (empty)
XYz 2009-06-09 | 60 - A | match #2

XYZ 2009-06-10 49 match #3 (empty)
XYZ 2009-06-11 40 match #4 (empty)
XYZ 2009-06-12 35 match #5 (empty)
XYz 2009-06-15 | 45 - A | match #6

XYZ 2009-06-16 45 match #7 (empty)
XYZ 2009-06-17 45 match #8 (empty)
XYZ 2009-06-18 43 match #9 (empty)
XYZ 2009-06-19 | 47 A |

XYZ 2009-06-22 | 52 —~A | } match #10
XYZ 2009-06-23 70 -A _]

©ISO/IEC 2016 — All rights reserved
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SYMBOL | TRADEDAY | PRICE
XYZ 2009-06-24 60 match #11 (empty)
The+esul-of the-preceding-query-on-the-samplerow-pattern-partitions:

htches.

E 3>» 35

N

Table 6 — Result of query permitting empty matches

SYMBOL | MATCHNO | FIRSTP | LASTP
XYZ 1

XYZ 2 60 60
XYZ 3

XYZ 4

XYZ 5

XYZ 6 45 45
XYZ 7

XYZ 8

XYZ 9

XYZ 10 47 70
XYZ 11

the preceding result, note hew:the row pattern measures other than the match number are null for empty

5 for ALL ROWS PER-MATCH, the question arises of whether to generate a row of output for an empty
ptch, seeing that there are no rows in the empty match. To govern this, there are two options:

ALL ROWS.PER MATCH SHOW EMPTY MATCHES: with this option, any empty match generates
single rowrin the row pattern output table.

ALLROWS PER MATCH OMIT EMPTY MATCHES: with this option, an empty match is omitted frgm
the fow pattern output table. (This may cause gaps in the sequential match numbering.)

1=

one row in the row pattern output table. In this row:

The value of a classifier function is null.

L DOVAIC DD AAAT L] Lok L. b OLIM\AICAANTN/Z AAAT LI O L] blas i e |
A L RUVWO FER IVIATCUITUTTAUTLS (U STTUVV EIVIF T T IVIATULHES. UsHTIY UTES UPUUT, dITTITIPLY THatUlTyerict at S

— The value of MATCH_NUMBER() is the sequential match number of the empty match.

— The value of any ordinary row pattern column reference is null.

18 Row Pattern Recognition in SQL
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— The value of any aggregate or row pattern navigation operation is computed using an empty set of rows
(so any COUNT is 0, and all other aggregates and row pattern navigation operations are null).

— The value of any column corresponding to a column of the row pattern input table is the same as the cor-
responding column in the starting row of the empty match.

MATCHES:

SHLECT M.Symbol, /* ticker symbol */
M.Matchno, /* sequential match number */
M.Tradeday, /* day of trading */
M.Price, /* price on day of trading */
M.Classy, /* classifier */
M.Firstp, /* starting price */
M.Lastp /* ending price */

FROM Ticker
MATCH_RECOGNIZE (
PARTITION BY Symbol
ORDER BY Tradeday
MEASURES MATCH_NUMBER() AS Matchno,
CLASSIFIER AS Classy,
FINAL FIRST (A.Price) AS Firstp,
FINAL LAST (A.Price) AS Lastp
ALL ROWS PER MATCH SHOW EMPTY MATCHES
AFTER MATCH SKIP PAST LAST ROW
PATTERN (A*)
DEFINE A AS A.Price > PREV (A.Price)
) AS M

The result of the preceding query on the sample xoWw pattern partition is:

Table 7 — Results of query using SHOW EMPTY ROWS

SYMBOL | MATCH [|\TRADEDAY | PRICE | CLASSY | FIRSTP | LASTP
NO

XYZ 1 2009-06-08 50

XYZ 2 2009-06-09 60 A 60 60
XYZ 3 2009-06-10 49

XXYZ 4 2009-06-11 40

XYZ 5 2009-06-12 35

XYZ 7 2009-06-16 45

XYZ 8 2009-06-17 45

XYZ 9 2009-06-18 43
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SYMBOL | MATCH | TRADEDAY | PRICE | CLASSY | FIRSTP | LASTP
NO

XYZ 10 2009-06-19 47 A 47 70

XYZ 16 2009-06-22 52 fa 47 70

XYZ 10 2009-06-23 70 A 47 70

XYZ 11 2009-06-24 60

If] instead, ALL ROWS PER MATCH OMIT EMPTY MATCHES were used, the result would lack the row
for the empty matches, like this:

[72]

Table 8 — Results of query using OMIT EMPTY ROWS

SYMBOL I\N/IOATCH TRADEDAY | PRICE | CLASSY~|\FIRSTP | LASTP
XYZ 2 2009-06-09 60 A 60 60
XYZ 6 2009-06-15 45 A 45 45
XYZ 10 2009-06-19 47 A 47 70
XYZ 10 2009-06-22 52 A 47 70
XYZ 10 2009-06-23 70 A 47 70

Npte the gaps in the match numberings:also, the final empty match (humber 11) is undetectable because thefe
arg no non-empty matches followingtit.

3/10.2 Handling unmatched rows

Sgme rows of therOQw pattern input table may be neither the starting row of an empty match, nor mapped by a
ngn-empty match.>Such rows are called unmatched rows.

Tihe option AL ROWS PER MATCH WITH UNMATCHED ROWS shows both empty matches and unmatchgd
rows. Empty matches are handled the same as with SHOW EMPTY MATCHES. When displaying an unmatchgd
row, &ll Fow pattern measures are null, somewhat analogous to the null-extended side of an outer join. Thus
CPUNT and MATCH_NUMBER may be used to distinguish an unmatched row from the starting row of af
empty match. The exclusion syntax {- -1} is prohibited as contrary to the spirit of WITH UNMATCHED
ROWS.

The example in Subclause 3.2, “Example of ALL ROWS PER MATCH?”, can be used to illustrate WITH
UNMATCHED ROWS. The change in the query syntax is:

SELECT M.Symbol, /* ticker symbol */
M.Matchno, /* sequential match number */
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M.Tradeday, /* day of trading */

M.Price, /* price on day of trading */
M.Classy, /* classifier */

M.Startp, /* starting price */
M.Bottomp, /* bottom price */

M.Endp, /* ending price */

MTAVOD 7*—average price *7

FROM Ticker
MATCH_RECOGNIZE (
PARTITION BY Symbol
ORDER BY Tradeday
MEASURES MATCH_NUMBER() AS Matchno,
CLASSIFIER AS Classy,
A_Price AS Startp,
FINAL LAST (B.Price) AS Bottomp,
FINAL LAST (C.Price) AS Endp,
FINAL AVG (U.Price) AS Avgp
ALL ROWS PER MATCH WITH UNMATCHED ROWS
AFTER MATCH SKIP PAST LAST ROW
PATTERN (A B+ C+)
SUBSET U = (A, B, C)
DEFINE /* A defaults to True, matches any row */
B AS B.Price < PREV (B.Price),
C AS C.Price > PREV (C.Price)
) AS M

ar|d the result on the data in the sample row pattern partition.is:

Table 9 — Results of AL ROWS PER MATCH

SYM MATCH | TRADEDAY [ PRICE{'CLASSY | STARTP | BOTTOMP | ENDP | AVGP
BOL NO

XYZ 2009-06-08 50

XYZ 1 2009-06-09 60 A 60 35 45 45.8
XYZ 1 2009-06-10 49 B 60 35 45 45.8
XYZ 1 2009-06-11 40 B 60 35 45 45.8
XYZ 1 2009-06-12 35 B 60 35 45 45.8
XYZ 1 2009-06-15 45 C 60 35 45 45.8
XYZ 2009-06-16 45

XYZ 2 2009-06-18 43 B 45 43 70 514
XYZ 2 2009-06-19 47 C 45 43 70 514
XYZ 2 2009-06-22 52 Cc 45 43 70 51.4
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SYM MATCH [ TRADEDAY | PRICE | CLASSY | STARTP | BOTTOMP | ENDP | AVGP
BOL NO
XYZ |2 2009-06-23 70 C 45 43 70 51.4
XYZ 2009-06-24— 60

In the sample output, note the rows in which the row pattern measures are null. These rows correspond to
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The AFTER MATCH SKIP clause determines the point to resume pattern matching after a non-empty mato

matched rows in the row pattern input table.

is not possible for a pattern to permit empty matches and also have unmatched rows. The feason is that if
W of the row pattern input table cannot be mapped to a primary row pattern variable, thenthat row can sti
the starting row of an empty match, and will not be regarded as unmatched, assumingthat the pattern perm
hpty matches. Thus, if a pattern permits empty matches, then the output using ALLNROWS PER MATCH
HOW EMPTY MATCHES is the same as the output using ALL ROWS PER MATCH WITH UNMATCHE
DWS. Thus WITH UNMATCHED ROWS is primarily intended for use with.patterns that do not permit

nether a pattern may have empty matches or unmatched rows.

pte that if ALL ROWS PER MATCH WITH UNMATCHED ROWS.-is used with the default skipping
havior (AFTER MATCH SKIP PAST LAST ROW), then everyraw of the row pattern input table will appg
actly once in the output (as the location of an empty match, as a’row that is mapped by a non-empty mato
as an unmatched row).

her skipping behaviors are permitted using WITH UNMATCHED ROWS, in which case it becomes possil
Ir a row to be mapped by more than one match and appear in the row pattern output table multiple times.
nmatched rows will appear in the output only onge:

11 AFTER MATCH SKIP

s been found. The default forthe clause is AFTER MATCH SKIP PAST LAST ROW. The options are as
llows (RPV denotes a rovi_pattern variable):

AFTER MATCHGSKIP TO NEXT ROW: resume pattern matching at the row after the first row of the
current match.

AFTER MATCH SKIP PAST LAST ROW: resume pattern matching at the next row after the last row
the current match.

ARTER MATCH SKIP TO FIRST RPV: resume pattern matching at the first row that is mapped to the
row pattern variable RPV.

npty matches. However, the user may prefer to specify WITH UNMATCHED ROWS if the user is uncertgin

D

=

pattern variable RPV.

— AFTER MATCH SKIP TO RPV: same as AFTER MATCH SKIP TO LAST RPV.

When using AFTER MATCH SKIP TO FIRST or AFTER MATCH SKIP TO [LAST], it is possible that no
row is mapped to the <row pattern variable name>. For example, the row pattern variable A in

22 Row Pattern Recognition in SQL

AFTER MATCH SKIP TO LAST RPV. resume pattern matching at the last row that is mapped to the row
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AFTER MATCH SKIP TO A
PATTERN (X A* X),

E)
IP

might have no rows mapped to A. If there is no row mapped to A, then there is no row to skip to, so a run-time
exception is generated.

A
th
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nother aberrant condition is that AFTER MATCH SKIP may try to resume pattern matching at the samég
at the last match started. For example,

TER MATCH SKIP TO X
TTERN (X Y+ Z),

this example, AFTER MATCH SKIP TO X tries to resume pattern matching at the same’sow where the
evious match was found. This would result in an infinite loop; consequently a run-time,exception is generat
I this scenario.

pte that the AFTER MATCH SKIP syntax only determines the point to resumé seanning for a match after.
n-empty match. When an empty match is found, one row is skipped (as if- SKIP TO NEXT ROW had beg
ecified). Thus an empty match never causes one of these exceptions.

query that gets one of these exceptions should be rewritten. For example,

TER MATCH SKIP TO A
TTERN (X (A | B) Y)

rve the uesr’s needs:

TER MATCH SKIP TO C

TTERN (X (A | B) Y)

BSET C = (A, B)

the revised example, no run-time error is possible, whether A or B is matched.

5 another example:

TER MATCH SKIP TO FIRST-A
TTERN (A* X)

hen using. AL ROWS PER MATCH together with skip options other than AFTER MATCH SKIP PAST]
ST ROW,/it is possible for consecutive matches to overlap, in which case a row R of the row pattern inp

Il cause a run-time error if alternative A does not match:<lnstead of this example, perhaps the following wi

is example will always-get an exception after the first match, either for skipping to the first row of the mat¢

W

od

a

than one match its classmer may be different in each match as WeII
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3.12 PATTERN

The PATTERN clause is used to specify a regular expression. The regular expression is enclosed in parentheses.
It is built from primary row pattern variables, and may use the following operators:

——concatenationindicated by theabsenceofany operator-signbetweentwostccessive itemsimapattern
Note that whitespace is required to delimit two successive primary row pattern variables.

— quantifiers: quantifiers are postfix operators with the following choices:
* — 0 or more iterations

+ — 1 or more iterations

? — 0 or 1 iterations

{ n} — exactly niterations (n > 0)

{ n, } — nor more iterations (n = 0)

{ n, m} — between n and m (inclusive) iterations (0 < n < m, 0.<\m)
{, m} — between 0 and m (inclusive) iterations (m > 0)

reluctant quantifiers, indicated by an additional question‘mark (*?, +?, 22, {n}?, {n,}?, { n, m}?, {,m}?).
See below for the difference between reluctant and non-reluctant quantifiers.

~—

o

—t alternation: indicated by a vertical bar (| ). Alternatives are preferred in the order in which they are specified.
— grouping: indicated by parentheses.
— PERMUTE: see Subclause 3.12.1, “PERMUTE”.

— exclusion: parts of the pattern to be excluded from the output of ALL ROWS PER MATCH are enclosgd
between {- and -}. See Subclause.3.12.2, “Excluding portions of the pattern”.

— anchors (not permitted with row pattern matching in windows):
A matches the begining-of a row pattern partition

$: matches the end.of a row pattern partition

— (): empty pattern, matches an empty set of rows

The differenc&between non-reluctant (or “greedy”) and reluctant quantifiers appended to a single row pattern
vdriable is\illustrated as follows: A* tries to map as many rows as possible to A (consistent with mapping the
erftire pattern), whereas A*? tries to map as few rows as possible to A (consistent with mapping the entire patterm).
The-semantics of quantifiers on complex regular expressions, such as (A | B)*, cannot be expressed succinctly;
see Stihclause 6 2 3_“Quantification”,

The precedence of the operators in a regular expression, in decreasing order, is as follows:

— primaries: primary row pattern variables, anchors, PERMUTE, parenthetic expressions, exclusion syntax,
empty pattern

— quantifier; a primary may have zero or one quantifier
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— concatenation
— alternation

Precedence of alternation is illustrated by this example:

PATFERN A BT D)
which is equivalent to

PATTERN ((A B) | (C D))

ard is not equivalent to
PATTERN (A (B | C) D)
Precedence of quantifiers is illustrated by this example:

PATTERN (A B *)

which is equivalent to

PATTERN (A (B*))

arjd is not equivalent to

PATTERN ((A B)*)

Alquantifier may not immediately follow another quantifier. For example

PATTERN (A**)

>

prohibited, whereas

PATTERN ((A*)*)

>

permitted (though the latter patternis no more powerful than just A*).

—*

is permitted for a primary rOw pattern variable to occur more than once in a pattern. For example

PATTERN (X Y X)

3/12.1 PERMUTE

The PERMUTE syntax may be used to express a pattern that is a permutation of simpler patterns. For example,

PATTERN (PERMUTE (A, B, ©))

is equivalent to an alternation of all permutations of three row pattern variables A, B and C, like this:

PATTERN (ABC | ACB | BAC|BCA|JCAB]CBA)

Note that PERMUTE is expanded lexicographically. (In this example, since the three row pattern variables A,
B, and C are listed in alphabetic order, it follows from lexicographic expansion that the expanded possibilities
are also listed in alphabetic order.) This is significant because alternatives are attempted in the order written in
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the expansion. Thus a match to (A B C) will be attempted before a match to (A C B), etc.; the first attempt that
succeeds is the “winner”.

As another example:

PATTERN (PERMUTE ( X{3}, B C?, D))

is

PA

3

W
M
ou

Fq
th

SH

FH

equivalent to

TTERN ( {3}
{3} DB C?)
4

12.2 Excluding portions of the pattern

hen using ALL ROWS PER MATCH with either the OMIT EMPTY:MATCHES or SHOW EMPTY
IATCHES suboptions, rows matching a portion of the PATTERN¢nay be excluded from the row pattern
tput table. The excluded portion is bracketed between {- and.<} in the PATTERN clause.

r example, the following example finds the longest periods-of increasing prices that start with a price no le
an 10.

LECT M.Symbol, /* row’s symbol */
M.Tradeday, /* row’s trade day */Z
M.Price, /* row’s price */
M.Avgp, /* average price/%/
M.Matchno /* row’s match, number */

OM Ticker

MATCH_RECOGNIZE (
PARTITION BY Symbol
ORDER BY Tradeday.
MEASURES FINAL AVG (S.Price) AS Avgp,
MATCH_NUMBER() AS Matchno
ALL ROWS PER\MATCH
AFTER MATCH,"SKIP TO LAST B
PATTERN-C{- A -} B+ {- C -} )

SUBSET 'S"= (A, B)

DEFINE A AS A.Price >= 10
B AS B.Price > PREV (B.Price),
C AS C.Price <= PREV (C.Price)

)AS M;

The-row pattern output table will only have rows that are mapped to B; the rows mapped to A and C will be

excluded from the oufpurt.

Although the excluded rows do not appear in the row pattern output table, they are not excluded from the defi-
nitions of union row pattern variables, nor from the calculation of scalar expressions in the DEFINE or MEA-
SURES. For example, see the definitions of the primary row pattern variables A and C, the definition of union
row pattern variable S, or the Avgp row pattern measure in the example above.

26 Row Pattern Recognition in SQL
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Also, excluded rows do not alter the behavior of AFTER MATCH SKIP. That is, excluded rows are still used
in deciding where to resume looking for the next match. For example, in the example above, suppose the AFTER

MATCH SKIP clause were changed to

AFTER MATCH SKIP PAST LAST ROW

while leaving the pattern the same:
PATTERN ( {- A -} B+ {- C -} )

Inthat case, a match to the pattern must map a row to the row pattern variable C, and the skip will' be to the
ngxt row after the last row of the match; that is, after the row that is mapped to C, even thoughithe row that
mppped to C is excluded from the output.

T:[e exclusion syntax is not permitted with ALL ROWS PER MATCH WITH UNMATCHED ROWS.

The exclusion syntax is permitted with ONE ROW PER MATCH, though it has no effect since in this case
there is only a single summary row per match.

3|13 SUBSET

The SUBSET clause is optional. It is used to declare union row<pattern variables. For example:

FROM Ticker
MATCH_RECOGNIZE
( ORDER BY Tradeday
MEASURES FIRST (X.time) AS x_firsttime,
LAST (Y.time) AS y_lasttime,
AVG (S.Price) AS xy_avgprice
PATTERN (X+ Y+)
SUBSET S = (X, Y)
DEFINE X AS X.Price > PREV*(X.Price),
Y AS Y.Price < PREV (Y.Price)

))

This example declares a unionfow pattern variable, S, and defines it as the union of the rows mapped to X and

the rows mapped to Y. SéeySubclause 3.8, “Row pattern variables”, for an example of how such unions are
formed.

There can be muKiple union row pattern variables. For example:

PATTERN (W 'X+ Y+ Z+ )
SUBSET A-=Y(X, Y),
B'= (W, 2)

TlheTight hand side of a SUBSET item is a parenthesized, comma-separated list of distinct primary row patte

n

variables. This defines the union row pattern variable (on the left hand side) as the union of the primary row

pattern variables (on the right hand side).

Note that the list of row pattern variables on the right hand side cannot include any union row pattern variabl
(there are no unions of unions).

es
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3.14 DEFINE

DEFINE is a mandatory clause, used to specify the Boolean condition that defines a primary row pattern variable.
In the example,

DHFINE X AS X.Price > PREV (X.Price),
Y AS Y.Price < PREV (Y.Price)

X|is defined by the condition X.Price > PREV (X.Price), and Y is defined by the condition Y.Price. < PREV
(Y.Price). (PREV is a row pattern navigation operation which evaluates an expression in the previous row; sge
Subclause 4.5, “Row pattern navigation operations”, regarding the complete set of row pattern navigation
operations.)

Alprimary row pattern variable does not require a definition; if there is no definition, the default is a predicate
that is always true. Any row can be mapped to such a primary row pattern variable.

AJunion row pattern variable cannot be defined by DEFINE, but may appear inthe Boolean condition of a
primary row pattern variable.

Tle Boolean condition of a primary row pattern variable RPV may reference RPV, or other primary or uniop
row pattern variables. For example:

FROM Ticker
MATCH_RECOGNIZE
( PARTITION BY Symbol
ORDER BY Tradeday
MEASURES FIRST (A.Tradeday) AS A_Firstday,
LAST (D.Tradeday) AS D_Lastday,
AVG (B.Price) AS B_Avgprice,
AVG (D.Price) AS D_Avgprice
PATTERN ( A B+ C+ D )
SUBSET BC = (B, C)
DEFINE A AS Price > 100,
B AS B.Price > A/(Price,
C AS C.Price < AVG (B.Price),
D AS D.Price«=\MAX (BC.Price)
) AS M

=1

this example:

— The definition of A'implicitly references the universal row pattern variable (because of the unqualified
column reference Price).

— The definition of B references the primary row pattern variable A.

— The_definition of C references the primary row pattern variable B.

— CFhe definition of D references the union row pattern variable BC.

The Boolean conditions are evaluated on successive rows of a row pattern partition in a trial match, with the
current row being tentatively mapped to a primary row pattern variable PRPV as permitted by the pattern. To
be successfully mapped to PRPV, the Boolean condition that defines PRPV must evaluate to True.

In the preceding example:
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A AS Price > 100

Here Price is an unqualified column reference, so it is implicitly qualified by the universal row pattern variable.
All rows that are already mapped, including the current row, are mapped to the universal row pattern variable.
Also, Price is an ordinary row pattern column reference, so it is evaluated in the last row mapped to the

ar

3

s

The semantics of Boolean conditions are discussed inxmore detail in Clause 4, “Expressions in MEASURE
d DEFINE”.
15 Therow pattern output table

The result of MATCH_RECOGNIZE is called the row pattern output table. The shape (row type) of the row
ttern output table depends ontthe choice of ONE ROW PER MATCH or ALL ROWS PER MATCH:

Tl

| S g g .
columns is designed to facilitate comparing the output when the query is toggled between ONE ROW PER

universal row pattern variable, i.€., the current row. Thus this condition is equivalent 1o A AS A.Price > 100.

B AS B.Price > A.Price

Here B.Price and A.Price are ordinary row pattern column references. B.Price refers to the curtent row (since
B is being defined), whereas A.Price refers to the last row mapped to A. In view of the pattern, the only raw
mapped to A is the first row to be mapped.

C AS C.Price < AVG (B.Price)

Here C.Price refers to the Price in the current row, since C is being defined,"Fhe aggregate AVG (B.Price
is computed as the average of all rows that are already mapped to B (but(not to any rows that might be
mapped to B later).

D AS D.Price > MAX (BC.Price)

This example is similar to the preceding, though it illustrates‘the use of a union row pattern variable in the
Boolean condition.

vJ

If ONE ROW PER MATICH is specified or implied, then the columns of the row pattern output table an
the row pattern partitioning columns in their order of declaration, followed by the row pattern measure
columns in theirorder of declaration. Since a table must have at least one column, this implies that thef|
must be at least-ene row pattern partitioning column or one row pattern measure column.

D

[©)

If ALL ROWS PER MATCH is specified, then the columns of the row pattern output table are the row
pattergipartitioning columns in their order of declaration, the ordering columns in their order of declaratign,
the.row pattern measure columns in their order of declaration, and finally any remaining columns of th
row pattern input table, in the order they occur in the row pattern input table.

174

MATCH and ALL ROWS PER MATCH.

The names and declared types of the row pattern measure columns are determined by the MEASURES clause.
The names and declared types of the non-measure columns are inherited from the corresponding columns of
the row pattern input table.
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15 Therow pattern output table

3.15.1 Row pattern output name

o)

ptionally, a correlation name may be assigned to the row pattern output table, like this:

SELECT T.Matchno

F

A

Ng

to

SHLECT T. Matchno, M.Matchno
FROM Ticker

WHERE . ..

3

o
ro
th
th
w

F(
CQ

SH

In the preceding example, M is the correlation name assigned to the row pattern output table= Fhe noise wo

The benefit to assigning a correlation name is that the correlation name may be used.te qualify the column
mes of the row pattern output table, as in M.Matchno in the preceding example,This is especially importgnt

Matchmaker is a table with a column named Matchno, to be joined with the-row pattern recognition shown
aljove. In that case the query might be written:

ot—Ticker
MATCH_RECOGNIZE ( ...
MEASURES MATCH_NUMBER () AS Matchno
)AST

5 is optional.

resolve ambiguous column names if there are other tables in the FROM clause.-For example, suppose

MATCH_RECOGNIZE ( ...
MEASURES MATCH_NUMBER () AS Matchno

) AS T, Matchmaker AS M

15.2 Row pattern output declared column list

ptionally, the row pattern output name may be followed by a parenthesized list of column names, called th
W pattern output declared column list. The row pattern output declared column list may be used to renamg
b columns of the row pattern gutput table. There must be the same number of column names in the list as

ere are columns in the row pattern output table. The column names in the list are in one-to-one corresponden
th the columns of the row.pattern output table.

r example, the follaing is a modification of the example in Subclause 3.4.2, “The row pattern input declar
lumn list”:

LECT M.Cym, /* ticker symbol */

M. Hno, /* sequential match number */
M=Startprice, /* starting price */
M.Bottomprice, /* bottom price */

M.Endprice, /* ending price */

od

M Avanrica [* aviarana Nnysca */
=gt 7 av-eFag Same 7

FROM Ticker AS T (Sym, Td, Pr)

MATCH_RECOGNIZE (
PARTITION BY T.Sym
ORDER BY T.Td
MEASURES MATCH_NUMBER() AS Matchno,
A_Pr AS Startp,
LAST (B.Pr) AS Bottomp,
LAST (C.Pr) AS Endp,

30 Row Pattern Recognition in SQL ©ISO/IEC 2016 — All rights reserved


https://standardsiso.com/api/?name=9963a2bf46bbfd6b06c9721df6a39f66

ISO/IEC TR 19075-5:2016(E)
3.15 Therow pattern output table

AVG (U.Pr) AS Avgp
ONE ROW PER MATCH
AFTER MATCH SKIP PAST LAST ROW
PATTERN (A B+ C+)
SUBSET U = (A, B, C)
DEFINE /* A defaults to True, matches any row */
B AS B.FI < FREV (Bb.FI),
C AS C.Pr > PREV (C.Pr)
) AS M (Cym, Mno, Startprice, Bottomprice, Endprice, Avgprice)

TOF preceding example uses ONE ROW PER MATCH, so the columns of the row pattern output table are the

row pattern partitioning column Sym, followed by the row pattern measure columns Matchno, Startp, Bottomp,
Emndp, and Avgp, for a total of six columns. The row pattern output declared column list renares these columps
to]Cym, Mno, Startprice, Bottomprice, Endprice, and Avgprice, respectively. Note that the SELECT list must
ude the column names of the row pattern output declared column list, since those are the_final names of the
cqlumns.

Injall, the preceding example has the originally defined column names and theit.gnames as shown in the fo|
lowing table:

Table 10 — Original and renamed column names

row pattern input table row pattepn output table
original column | renamed column | original column | renamed column
name name name name
Symbol Sym Sym Cym
Tradeday Td
Price Pr
Matchno Mno
Startp Startprice
Bottomp Bottomprice
Endp Endprice
Avgp Avgprice

3-16—Prohtbitedresting

The following kinds of nesting are prohibited by [1SO9075-2]:
1) Nesting one row pattern recognition within another is prohibited.

2) Outer references in MEASURES or DEFINE are prohibited. This means that a row pattern recognition
cannot reference any table in an outer query block except the row pattern input table. (The row pattern
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3)
4)

input table is referenced using row pattern variables, not range variables defined outside the
MATCH_RECOGNIZE.)

Subqueries in MEASURES or DEFINE cannot reference row pattern variables.

Row pattern recognition cannot be used in recursive queries.

TI|1ese restrictions are illustrated in the following Subclauses.

3

N

SH
FH

A

3.

= T

SH

FH

In
SO

S

16.1 Row pattern recognition nested within another row pattern recognition

bsting one row pattern recognition within another is prohibited. For example, the following is a syntax errg

LECT ...
OM Ticker
MATCH_RECOGNIZE (

DEFINE A AS EXISTS ( SELECT *
FROM Stock2
MATCH_RECOGNIZE (...) )

)
possible workaround is to relegate the nested row pattern recognition to a view or SQL-invoked function.

16.2 Outer referenceswithin arow patter nirécognition query

LECT ( SELECT M.Avg_Price
FROM Ticker
MATCH_RECOENIZE (
ORDER.BY Tradeday
MEASURES AVG (T.Price) AS Avg_Price
PATTERN (T+)
PEFINE T AS T.Price >= AVG (I.Price)
) AS M

)
OM Toast AS\T

this example, T is both the range variable for Toast in the outer query, and also a row pattern variable in t
alar,subquery.

L_uses static scoping rules. This means that a range variable declared in an inner scope occludes a range

ere is an example of row pattern recognitionested within an outer query. Note the underlined range variables

=

variable of the same name declared in an outer scope. In the preceding example, there are two range variables
named T. The row pattern variable T is declared in the PATTERN clause and visible in the DEFINE and
MEASURES clauses, occluding the range variable T of the outer query block. Therefore, the scalar subquery
(the row pattern recognition query) is not correlated with the outer query, the overall result will have one row

fo

32 Row Pattern Recognition in SQL

r each row of Toast, and all rows will be identical.
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ng

This example is permitted because there are no outer references in the MATCH_RECOGNIZE. However, while
legal, having multiple range variables with the same name can be confusing, so this example might be better
written by changing one of the range variables. For example, changing the row pattern variable from T to X
gives the equivalent query:

SELECT ( SFIFCT M Avg Price

@)

SHLECT ( SELECT M.Avg_Price

FROM Toast AS T

It

3

A
ng
ou

SH
FH

)
FHOM Toast AS T

Inthe preceding example, the column reference T Rrice in the DEFINE clause is an outer reference to the ran
vdriable T defined in the outer block; therefore, this example is a syntax error.

routine, passing as arguments the valueshat are prohibited as outer references.

FROM Ticker
MATCH_RECOGNIZE (
ORDER BY Tradeday
MEASURES AVG (X.Price) AS Avg_Price
PATTERN (X+)
DEFINE X AS X.Price >= AVG (X.Price)
) AS M

n the other hand, the following is a syntax error:

FROM Ticker
MATCH_RECOGNIZE (
ORDER BY Tradeday
MEASURES AVG (X.Price) AS Avg_Price
PATTERN (X+)
DEFINE X AS T.Price >= AVG (X.Price)
) AS M

)

may be possible to work around this limitation by placing the row pattern recognition in an SQL-invoked

16.3 Conventional query nested within row pattern recognition query

subquery can be nestedin an expression in MEASURES or DEFINE. Subqueries are permitted if they dg
t perform row pattern recognition themselves, and if they do not reference the row pattern variables of th
ter query. Here\igan example of the latter (note underlined A):

LECT Fisstday
OM Tiecker
MATCH_RECOGNIZE (

ORDER BY Tradeday

e

A1

MEASURES A Trnrlorlny AS Eircfdn\]l

©ISO/IEC 2016 — All rights reserved

PATTERN (A B+)
DEFINE A AS A.Price > 100,
B AS B.Price <
( SELECT AVG (S-Price)
FROM Ticker S
WHERE S.Tradeday BETWEEN
A_Tradeday - INTERVAL "1" YEAR
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AND A.Tradeday )
)

In this example, the definition of B involves a subquery that is correlated with the row pattern variable A (note

underlining). This is a syntax error, since subqueries of row pattern matching cannot reference row pattern
variables.

pdssing as arguments the values that are prohibited as outer references.

3[16.4 Recursion

Rpw pattern matching is prohibited in recursive queries. For example, the followingds@asyntax error:

CREATE RECURSIVE VIEW Problem (Kolo, Xoro) AS
SELECT Kolo, Xoro
FROM T
UNION
SELECT Kolo + 1, Xoro
FROM Problem
MATCH_RECOGNIZE (
ORDER BY Kolo
MEASURES MATCH_NUMBER () AS Xoro
ALL ROWS PER MATCH
PATTERN (A+)
DEFINE A AS A.Xoro > PREV (A.Xoro)

3[16.5 Concatenated row pattern. recognition

this example:

SHLECT ...
FROM ( SELECT =*
FROM Ticker
MATEH_RECOGNIZE (...) )
MATCH_RECOGNIZE (...)

In| this example, the first MATCH_RECOGNIZE is in a derived table, which then provides the input to the
second MIATCH_RECOGNIZE.

Itmay be possible to work around this limitation by placing the correlated subquery in an SQL-invoked routir

Npte that it is not prohibited to feed.the output of one row pattern recognition into the input of another, as if
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Expressonsin MEASURES and DEFINE

S(
fa
in
In

4

A

Al
A
w

alar expression syntax as defined in [ISO9075-2] is available in row pattern matching. This provides suct
Miliar capabilities as arithmetic and aggregates. Note though that scalar expressions have special semanti
MEASURES and DEFINE; this is the subject of this Subclause.

addition, [1SO9075-2] provides the following scalar expressions that are unique to row pattern matching:

The COUNT aggregate has special syntax and semantics to count rows that are mapped to a row patter
variable by the current row pattern match.

Row pattern navigation operations, using the functions PREV, NEXT, FIRST, and LAST. Row pattern
navigation operations are discussed in Subclause 4.5, “Row pattern navigation operations”.

The MATCH_NUMBER function, which returns the sequential number-of a row pattern match within
row pattern partition, discussed in Subclause 4.7, “MATCH_NUMBER function”.

The CLASSIFIER function, which returns the name of the prifaary row pattern variable to which a row
mapped, discussed in Subclause 4.8, “CLASSIFIER functign’.

pressions in MEASURES and DEFINE clauses have the same syntax and semantics, with the following
ceptions:

DEFINE clause only supports running semantics,;"MEASURES defaults to running semantics, but also
supports final semantics. This distinction is diseussed in Subclause 4.2, “Running vs. final semantics”.

In DEFINE, the CLASSIFIER function dees not return the classifier of rows after the current row, where
in MEASURES, the CLASSIFIER function does return the classifier of rows after the current row. (Th
is only an issue when CLASSIFIER unction is nested within the NEXT row pattern navigation operatig
see Subclause 4.8, “CLASSIFIER)function™.)

1 Row pattern-column references

column reference-1s a column name qualified by an explicit or implicit range variable, such as

Price

column-hame with no qualifier, such as Price, is implicitly qualified by the universal row pattern variable
hich references the set of all rows in a match.

=)

S

C

Dlumn references may. in gnnnml he nested within other Q\J/nmr"rir‘ elements; nnmhl\j/ aggregates and Qllhﬂll lerid

S.

(However, nesting in row pattern matching is subject to limitations described in Subclause 3.16, “Prohibited
nesting”, for the FROM clause and Subclause 5.16, “Prohibited nesting”, for the WINDOW clause.)

A column reference that is qualified by an explicit or implicit row pattern variable is called a row pattern column
reference. Row pattern column references are classified as follows:

— Nested within an aggregate, such as SUM: aggregated row pattern column reference.
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— Nested within a row pattern navigation operation (PREV, NEXT, FIRST, and LAST): a navigated row
pattern column reference.

— Otherwise: an ordinary row pattern column reference.

All row pattern column references in an aggregate or row pattern navigation operation must be qualified by the

SeTTE TOW patter variabte For exampie

PATTERN (A+ B+)
DEFINE B AS AVG (A.Price + B.Tax) > 1000

Tlhe preceding example is a syntax error, because A and B are two different row pattern variables: Aggregat
sgmantics require a single set of rows; there is no way to form a single set of rows on which.to evaluate A.Pri
+ B.Tax. On the other hand, this is acceptable:

DEFINE B AS AVG (B.Price + B.Tax) > 1000
In the preceding example, all row pattern column references in the aggregate are-qualified by B.

Ah unqgualified column reference is implicitly qualified by the universal row\pattern variable, which referenc
the set of all rows in a match. For example

DHFINE B AS AVG (Price + B.Tax) > 1000

The preceding example is a syntax error, because the unqualifiéd column reference Price is implicitly qualifig
by the universal row pattern variable, whereas B.Tax is explicitly qualified by B. On the other hand, this is
adceptable:

DHFINE B AS AVG (Price + Tax) > 1000

In the preceding example, both Price and Tax aresimplicitly qualified by the universal row pattern variable.

412  Runningvs. final semantics

Pattern matching in a sequence of rows is usually envisioned as an incremental process, with one row after
arjother examined to see if it fits the pattern. With this incremental processing model, at any step until the

cgmplete pattern has beénrecognized, there is only a partial match and it is not known what rows might be
added in the future, norowhat variables those future rows might be mapped to. Therefore, in [ISO9075-2], a
row pattern column feference in the Boolean condition of a DEFINE clause has “running” semantics. This

vgriable, up.td;and including the current row, but not any future rows.

After thescomplete match has been established, it is possible to talk about “final” semantics. Final semantic
is[the’same as running semantics on the last row of a successful match. Final semantics is only available in
MEASURES, since in DEFINE there is uncertainty about whether a complete match has been achieved.

means that a row.pattern variable represents the set of rows that have already been mapped to the row pattefn

D

1%
w

ed

The keywords RUNNING and FINAL are used to indicate running or final semantics, respectively; the rules

for these keywords are discussed in Subclause 4.3, “RUNNING vs. FINAL keywords”.

The fundamental rule for expression evaluation in MEASURES and DEFINE is as follows:
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1) When an expression involving a row pattern variable RPV is computed on a group of rows, then the set of
rows SRthat is mapped to RPV is used. If SRis empty, then COUNT is 0 and any other expression
involving RPV is null.

2) When an expression requires evaluation in a single row, then the latest row of SRis used. If SR is empty,
then the expression is null.

For example:

SHLECT M.Symbol, M.Tradeday, M.Price, M.RunningAvg, M.FinalAvg

FH

C

The following logic can besed to find a match:

OM TICKER

MATCH_RECOGNIZE (
PARTITION BY Symbol
ORDER BY Tradeday
MEASURES RUNNING AVG (A.Price) AS RunningAvg,
FINAL AVG (A.Price) AS FinalAvg
ALL ROWS PER MATCH
PATTERN (A+)
DEFINE A AS A.Price >= AVG (A.Price)

) AS M

pnsider the following ordered row pattern partition of data:

Table 11 — Ordered row patternpaftition of data

Row SYMBOL TRADEDAY PRICE
Ry XYZ 2009-06-09 10

Ry XYZ 2009-06-10 16

Rs XYZ 2009-06-11 13

R4 xX¥Z 2009-06-12 9

On the first row of the row pattern partition, tentatively map row R = R; to row pattern variable A. At tHis
point SR = { R{-},»To confirm whether this mapping is successful, evaluate the predicate

A_Price= AVG (A.Price)

On the.left hand side, A.Price must be evaluated in a single row, which is the last row of SR using running
semantics. The last row of SRis Ry; therefore A.Price is 10.

©l

Thus the predicate asks if 10 = 10. The answer is yes, so the mapping is successful. However, the pattern
A+ is “greedy”, so the engine must try to match more rows if possible.
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2)

On the second row of the row pattern partition, tentatively map R = Ry to row pattern variable A. At this
point there are two rows mapped to A, so SR={ Ry, R, }. Confirm whether the mapping is successful by

evaluating the predicate

A_Price >= AVG (A.Price)

R/
ay

T
R
R

On the left hand side, A.Price must be evaluated in a single row, which is the last row of SR using runni
semantics. The last row of SRis Ry; therefore A.Price is 16.

On the right hand side, AVG (A.Price) is an aggregate, which is computed using the rows of SR This
average is (10+16)/2 = 13.

Thus the predicate asks if 16 = 13. The answer is yes, so the mapping is successful.

On the third row of the row pattern partition, tentatively map R = R3 to row pattefa variable A. Now thgre
are three rows mapped to A, so SR={ Ry, Ry, Rz }. Confirm whether the mapping is successful by evaly-

ating the predicate

A_Price >= AVG (A.Price)

On the left hand side, A.Price is evaluated in Rg; therefore A.Priceis 13.

On the right hand side, AVG (A.Price) is an aggregate, which_is computed using the rows of SR. This
average is (10+16+13)/3 = 13.

Thus the predicate asks if 13 = 13. The answer is yes, 50 the mapping is successful.

On the fourth row of the row pattern partition, tentatively map R = Ry to row pattern variable A. At this
point SR={ Ry, Ry, Rz, Ry }. Confirm whether'the mapping is successful by evaluating the predicate
A_Price >= AVG (A.Price)

On the left hand side, A.Price is evaluated in Ry; therefore A.Price is 9.

On the right hand side, AVG.(A.Price) is an aggregate, which is computed using the rows of SR. This
average is (10+16+13+9)/4=12.

Thus the predicate asks-if 9 = 12. The answer is no, so the mapping is not successful.

did not satisfy the-definition of A, so the longest match to A+ is { Ry, Ry, Rz }. Since A+ has a greedy

antifier, this is the-preferred match.

Ihe averages'computed in the DEFINE are always running averages. In MEASURES, especially with ALL
DWS PER MATCH, it is possible to distinguish final and running aggregates. Notice the use of the keywor
UNNING and FINAL in the MEASURES clause. The distinction can be observed in the result of the examp

Tahle12 — RUNNING and FINAL in MEASIURES

38 Row Pattern Recognition in SQL

SYMBOL TRADEDAY PRICE RUNNINGAVG FINALAVG
XYZ 2009-06-09 10 10 13
XYZ 2009-06-10 16 13 13
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SYMBOL TRADEDAY PRICE RUNNINGAVG FINALAVG

XYZ 2009-06-11 13 13 13
It js-possible-that-the-set-ofrows-SR-mapped-to-arow-pattern-varable- RR\Hs-empty\When-evaluating-overan
empty set:
1) COUNT s 0.
2) Any other aggregate, row pattern navigation operation, or ordinary row pattern column reférence is null.
For example:
PATTERN ( A? B+ )

DA

A

FINE A AS A_Price > 100,

W|ith the preceding example, consider the following ordered row pattern partition of data :

match can be found in this data as follews:

B AS B.Price > COUNT (A.*) * 50

Table 13— Ordered row pattern partition of data

Row | PRICE
R 60
R, 70
Ry 40

Tentatively map R = Ry to row pattern variable A. (The quantifier ? means to try first for a single match

to A; if that fails, then an empty match is taken as matching A?). To see if the mapping is successful, th
predicate

D

A_Price > 100
is evaluated. AcPrice is 60; therefore the predicate is false and the mapping to A does not succeed.
Since the mapping to A failed, the empty match is taken as matching A?.

Tentatively map R= Ry to B. The predicate to check for this mapping is

B Price > COUNT (A.*) * 50

4)

No rows are mapped to A, therefore COUNT (A.*) Is 0. Since B.Price = 60 1s greater than O, the mapping
is successful.

Similarly, rows R, and Rz can be successfully mapped to B. Since there are no more rows, this is the
complete match: no rows mapped A, { Ry, Ry, R } mapped to B.

A row pattern variable can make a forward reference; that is, a reference to a row pattern variable that has not
been matched yet. For example,
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PATTERN (X+ Y+)
DEFINE X AS COUNT (Y.*) > 3,

Y AS Y.Price > 10

is Iegal syntax However, thIS example WI|| never be matched since, at the tlme that arow is mapped to X no

there are four future rows that mlght be successfully mapped to Y. Consider thls data set

Mapping { Ry, R3, R4, Rg } to Y would be successful, since all four of these rows satisfy the Boolean conditipn
dgfined for Y. In that case, one might think that one cetild map R; to X and have a complete successful matgh.
Hpwever, the rules of [ISO9075-2] will not find this'match, because, according to the pattern X+ Y+, at leag
onje row must be mapped to X before any rows are’mapped to'Y.

43 RUNNING vs. FINAL keywords

RUNNING and FINAL are keywords used to indicate whether running or final semantics are desired. RUNNING
arld FINAL are available for use with aggregates and the row pattern navigation operations FIRST and LAS|T.

Apgregates, FIRST, antiEAST can occur in the following places in a row pattern matching query:

Table 14 — Ordered row pattern partition of data

Row PRICE
Ry 2

R 11

Rs 12

Ry 13

Rs 14

— 3

In the DEFINE, efause. When processing the DEFINE clause, the engine is still in the midst of recognizipg
a match; thierefore, the only supported semantics is running.

In the MEASURES clause. When processing the MEASURES clause, the engine has finished recognizing
a match; therefore, it becomes possible to consider final semantics. There are two subcases:

a) If ONE ROW PER MATCH is specified, or if row pattern matching is done in a window, then the

engine IS conceptually positioned on the 1ast row of the match, and there is no real difference between
running vs. final semantics.

b) If ALL ROWS PER MATCH is specified, then the row pattern output table will have one row for
each row of the match. In this circumstance, the user may wish to see both running and final values,
so [1SO9075-2] provides the RUNNING and FINAL keywords to support that distinction.

Based on this analysis, [ISO9075-2] specifies the following:
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1) In MEASURES, the keywords RUNNING and FINAL may be used to indicate the desired semantics for
an aggregate, FIRST, or LAST. The keyword is written before the operator, for example, RUNNING COUNT
(A.*) or FINAL SUM (B.Price).

2) In both MEASURES and DEFINE, the default is RUNNING.

3) , . ittet I Hforaddedclarity= f-desired:

4) In MEASURES with ONE ROW PER MATCH or in windows, all aggregates, FIRST, and LASTare
computed after the last row of the match has been recognized, so that the default RUNNING semantics

actually no different from FINAL semantics. The user may prefer to think of expressions defaulting to
FINAL in these cases. Alternatively, the user may choose to write FINAL for added clarity.

S

5) Ordinary column references always have running semantics. (To get final semantics ifMEASURES, uge
the FINAL LAST row pattern navigation operation instead of an ordinary columm’reference.)

414  Aggregates

Afgregates (COUNT, SUM, AVG, etc.) may be used in both the MEASURES and DEFINE clauses. When
uded in row pattern matching, aggregates operate on a set of rows that are mapped to a particular row patter
vgriable, using either running or final semantics. For example:

=

MBASURES SUM (A.Price) AS RunningSumOverA,
FINAL SUM(A.Price) AS FinalSumOverA
AUL ROWS PER MATCH

In|this example, A is a row pattern variable. The fist row pattern measure, RunningSumOverA, does not
sgecify either RUNNING or FINAL, so it defaults to RUNNING. This means that it is computed as the sun
of| Price in those rows that are mapped to Ay the current match, up to and including the current row. The
second row pattern measure, FinalSumOverA, computes the sum of Price over all rows that are mapped to 4
by the current match, including rows thatmay be later than the current row. Final aggregates are only availal
inlMEASURES, not in DEFINE.

—>
)

An unqualified column reference-contained in an aggregate is implicitly qualified by the universal row pattefn
variable, which references all,;rows of the current row pattern match. For example:

SUM (Price)
cgmputes the running’ sum of Price over all rows of the current row pattern match.

AJl column references contained in an aggregate must be qualified by the same row pattern variable. For
eXample:

M (Rrice + A.Tax)

explicitly qualified by A.
The COUNT aggregate has special syntax for row pattern matching, so that COUNT(A.*) may be specified.
COUNT(A.*) is the number of rows that are mapped to the row pattern variable A by the current row pattern
match, using running or final semantics as appropriate. As for COUNT(*), the * is implicitly qualified by the
universal row pattern variable, so that COUNT (*) is the number of rows in the current row pattern match, with
running or final semantics as appropriate.
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4.5 Row pattern navigation operations

There are four functions — PREV, NEXT, FIRST, and LAST — which enable navigation within the row patte
by either physical or logical offsets.

m

45.1 PREV and NEXT

The PREV function may be used to access columns of the previous row of a row pattern variabley If there is
nq previous row, the null value is returned. For example:

DHFINE A AS PREV (A.Price) > 100

The preceding example says that a row Ry, can be mapped to A if the preceding row R,.1 has a price greater
than 100. If the preceding row does not exist (i.e., R, is the first row of a row pattern partition), then

PREV(A.Price) is null, so the Boolean condition is not True, and therefore the'first row cannot be mapped t
A

Tle PREV function can accept an optional non-negative integer argument indicating the physical offset to t
previous rows. Thus:

— PREV (A.Price, 0) is equivalent to A.Price
— PREV (A.price, 1) is equivalent to PREV (A.Price),(Note: 1 is the default offset.)

— PREV (A.Price, 2) is the value of Price in the raw~two rows prior to the row denoted by A with running

Tlere is an exception if the value of the offset is negative or null.

Tie NEXT function may be used to reference rows in the forward direction in the row pattern partition usin
a physical offset. The syntax is the same as for PREV, except for the name of the function. For example,

DHFINE A AS NEXT (A.Price) > 100

The preceding example Iooks forward one row in the row pattern partition. Note that [ISO9075-2] does not
support aggregates that1ook past the current row during DEFINE, because of the difficulty of predicting wh
will be mappedtowhat row pattern variable in the future. The NEXT function does not violate this princip
since it navigates to’ “future” rows on the basis of a physical offset, which does not require knowing the futu
mppping of raws.

For example; to find an isolated row that is more than twice the average of the two rows before and two row
affer it: wSing NEXT, this can be expressed:

semantics. (If no row is mapped to A, or if there is no row two rows prior, then PREV (A.Price, 2) is nulf.

e offset must be a run-time constant (literal-embedded variable, and the like, but not a column or a subquery).

O

[72]

P N—TCX)
DEFINE X AS X.Price > 2 * ( PREV (X.Price, 2)
+ PREV (X.Price, 1)
+ NEXT (X.Price, 1)
+ NEXT (X.Price, 2) ) /7 4

This query can also be expressed:
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PATTERN ( {- Y Y -} X {- Y Z -})
SUBSET W = (Y, 2)
DEFINE Z AS X.Price > 2 * AVG (W.Price)

is the onIy row of mterest The flrst formulatlon (usmg NEXT) avoids these issues.

hte that the row in which PREV or NEXT is evaluated is not necessarily mapped to the row patterh|yvariab
in|the argument. For example, in the first formulation of the example, PREV (X.Price, 2) is evaluated in a rg
that is not even part of the match. The purpose of the row pattern variable is to identify the row from which
offfset, not the row that is ultimately reached. This point is discussed further in Subclause 4.5-3,%'Nesting FIRS
arjd LAST within PREV or NEXT”.

PREV and NEXT may be used with more than one column reference; for example:

DHFINE A AS PREV (A.Price + A.Tax) < 100

When using a complex expression as the first argument of PREV or NEXT;.all qualifiers must be the same ro
pdttern variable (in this example, A).

The first argument of PREV and NEXT must have at least one coldmn reference or CLASSIFIER function.
For example, this is a syntax error:

PREV (1)

The preceding example is a syntax error because theredsho row pattern column reference or CLASSIFIER
function. Without a column reference or CLASSIFIER function, there is no way to determine the row that i
the starting point for offsetting. (The use of CLASSIFIER function within PREV or NEXT is discussed in
Subclause 4.8, “CLASSIFIER function”.)

PREV and NEXT always have running semantics; the keywords RUNNING and FINAL cannot be used wi
PREV or NEXT. To obtain final semantics, use, e.g., PREV (FINAL LAST (A.Price)) as explained in
Siibclause 4.5.3, “Nesting FIRST and LLAST within PREV or NEXT”.

45.2 FIRST and LASF

FIRST returns the value of an expression evaluated in the first row of the group of rows mapped to a row patte
vdriable. For example:

FIRST (A.Price)

Tlhe preceding example evaluates A.Price in the first row that is mapped to A. If there is no row mapped to A
themthe value is null.

The second formulatlon (W|th0ut NEXT) requnes the use of exclu5|on syntax usmg {- -} and the non- |ntumve

ns

W

oY

-

n

>

Similarly, LAST returns the value of an expression evaluated in the last row of the group of rows mapped to a

row pattern variable. For example:

LAST (A.Price)

The preceding example evaluates A.Price in the last row that is mapped to A (null if there is no such row).
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The FIRST and LAST operators can accept an optional non-negative integer argument indicating a logical
offset within the set of rows mapped to the row pattern variable. For example:

FIRST (A.Price, 1)

evaluates Price in the second row that is mapped to A. Consider the following data set and mappings:

Table 15 — Example data set and mappings for FIRST and LAST

Row PRICE mapping
Ry 10 SA
R 20 >B
R 30 A
Ry 40 -C
Rs 50 SA

Tlpus:

— FIRST (A.Price) = FIRST (A.Price, 0) = LAST (A.Price, 2) = 10
—| FIRST (A Price, 1) = LAST (A.Price, 1) = 30

—| FIRST (A.Price, 2) = LAST (A.Price, 0) = LAST (A.Price) = 50
— FIRST (A.Price, 3) is null, as is LAST*(A/Price, 3)

Npte that the offset is a logical offset,.moving within the set of rows { Ry, R, Rg } that are mapped to the rqw
pdttern variable A. It is not a physical-offset, as with PREV or NEXT.

Tlhe optional integer argument-must be a run-time constant (literal, embedded variable, and the like, but not(a
cqlumn or subquery). There'is-an exception if the value of the offset is negative or null.

The first argument of FIRST or LAST must have at least one row pattern column reference or CLASSIFIER
function. (The use of CLASSIFIER function within FIRST or LAST is discussed in Subclause 4.8, “CLASSIFIER
function”.) Thus FIRST(1) is a syntax error.

rad

D

Tlhe first argument of FIRST or LAST may have more than one row pattern column reference, in which cas
al| qualifiersumust be the same row pattern variable. For example:

FIRSTN(A.Price + B.Tax)

isa syntax error, but

FIRST (A.Price + A.Tax)

is acceptable.
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ns

FIRST and LAST support both running and final semantics. RUNNING is the default, and the only supported

option in DEFINE. Final semantics may be accessed in the MEASURES by using the keyword FINAL (parti
ularly with ALL ROWS PER MATCH), as in:

MEASURES FINAL LAST (A.Price) AS FinalPrice
ALL ROWS PER MATCH

C-

45.3 Nesting FIRST and LAST within PREV or NEXT

FIRST and LAST provide navigation within the set of rows already mapped to a particular row pattern variab
PREV and NEXT provide navigation using a physical offset from a particular row. These\Kinds of navigatid
mpy be combined by nesting FIRST or LAST within PREV or NEXT. This permits expressions such as the
following:

PREV (LAST (A.Price + A.Tax, 1), 3)

In this example, A must be a row pattern variable. It is required to have a®ew pattern column reference or

CLASSIFIER function, and all row pattern variables in the compound %eperator must be equivalent (A, in thj

eXample). The use of CLASSIFIER function nested within row pattern’navigation operations is discussed ir
Suibclause 4.8, “CLASSIFIER function”.

Tlis compound operator is evaluated as follows:

1) The inner operator, LAST, operates on the set of rows that are mapped to the row pattern variable A. In
this set, find the row that is “the last minus 1”. (If:there is no such row, the result is null.)

2) The outer operator, PREV, starts from the row,found in step 1 and backs up 3 rows in the row pattern
partition. (If there is no such row, the resultis null.)

3) Let Rbe an implementation-dependent range variable that references the row found by step 2. In the
expression A.Price + A.Tax, replace-every occurrence of the row pattern variable A with R. The resultir]
expression RPrice + R Tax is evaluated and determines the value of the compound navigation operatio

For example, consider the dataset'and mappings:

Table 16 — Data set and mappings for nesting example

&

g

=

Row [ PRICE | TAX [ mapping
Ry 10 1

Ro 20 2 -A

Ry 30 3 -B

Ry 40 4 > A

Rs 50 5 -C

Re 60 6 -A
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To evaluate

PREV (LAST (A.Price + A.Tax, 1), 3)

the following steps may be used:

1 Tk + £ o on o oo ol A3 0 D | Y | LAC
FTC OCLUT TUWO TTIAPPYCTU LU AT TV, T, TG g /A0

at row Ry.

rat -tk + oot oo +1o e+ P
CTALLo UTT UTTS oTL, UTToULITTY TTUTTT UIC THU TU Aal'ml e

2) PREV performs a physical offset, 3 rows prior to Ry, arriving at Ry.
3) Let Rbe arange variable pointing at R;. RPrice + R Tax is evaluated, giving 10+1 = 11.

Npte that this nesting is not defined as a typical evaluation of nested functions. The inner'eperator LAST do
ngt actually evaluate the expression A.Price + A.Tax; it merely uses this expression to‘designate a row pattefn
vgriable (A) and then navigate within the rows mapped to that variable. The outer operator PREV performs(a
further physical navigation on rows. The expression A.Price + A.Tax is not actually’evaluated as such, since
the row that is eventually reached is not necessarily mapped to the row patternariable A. In this example,

is|not mapped to any row pattern variable.

D
w

A
e

416  Ordinary row pattern column referencesfreconsidered

Ap ordinary row pattern column reference is one that is neither aggregated nor navigated. For example:

Price

dibclause 4.3, “RUNNING vs. FINAL keywords/ stated that ordinary row pattern column references always
gve running semantics. This means:

= owmw X

AL

In DEFINE, an ordinary column reference references the last row that is mapped to the row pattern variab
up to and including the current row. If there is no such row, then the value is null.

2) In MEASURES, there are two subcases:

a) If ALL ROWS PER MATCH is specified, then there is also a notion of current row, and the semantigs
are the same as-in DEFINE.

b) If ONE ROW-PER MATCH is specified, then conceptually the engine is positioned on the last row
of the match. An ordinary column reference references the last row that is mapped to the row pattern
variable;-anywhere in the pattern. If the variable is not mapped to any row, then the value is null.

These semantics are the same as the LAST operator, with the implicit RUNNING default. Consequently, an
ordinary.column reference such as:

X ]P¥¥ce

is equivalent to:

46 Row Pattern Recognition in SQL ©ISO/IEC 2016 — All rights reserved


https://standardsiso.com/api/?name=9963a2bf46bbfd6b06c9721df6a39f66

ISO/IEC TR 19075-5:2016(E)

4.6 Ordinary row pattern column referencesreconsider

RUNNING LAST (X.Price)

4

M

N

A

PATTERN ( (A+ | B+) )
DEFINE A AS ( MOD (MATCH_NUMBER (), 2) = 1)

eV

M
sy

SH
FH

4

ordering between row pattern partitions. MATCH_NUMBER () is a nullary function that returns ar’exact
nymeric value with scale 0 (zero) whose value is the sequential number of the match within the row pattern
pdrtition.

MATCH_NUMBER () in DEFINE, where it can be used to define conditions that depend upon the match
nymber. For example:

Tlhe condition for A can only be true on odd-numbered matches; and the condition for B can only be true or

7 __MATCH_NUMBER function

ed

bte that match numbering starts over again at 1 in each row pattern partition, since there is no inherent

| previous examples of MATCH_NUMBER () have shown it used in MEASURES.dL.is also possible to u

AND A_Price > PREV (A.Price) ),
B AS ( MOD (MATCH_NUMBER (O, 2) = 0)
AND B.Price < PREV (B.Price) )

en-numbered matches. Thus, the matches will alternate between A+ and B+.

IATCH_NUMBER () is not permitted except in MEASURES and DEFINE. For example, the following is
ntax error:

LECT MATCH_NUMBER O
OM Ticker

8 CLASSIFIER funetion

T

The classifier of a row,that is not mapped by a row pattern match is null.

The CLASSIFIER-function returns a character string whose value is the classifier of a row. The CLASSIFIE
function has oneyoptional argument, a row pattern variable, defaulting to the universal row pattern variable.

The simplestusage of CLASSIFIER is with no argument, as seen in the example in Subclause 3.2, “Examp
off ALL ROWS PER MATCH”:

MBASURES ...

e classifier of a row is the-primary row pattern variable to which the row is mapped by a row pattern matg

atches within a row pattern partition are numbered sequentially starting with 1 in the order they arecfaund.

le

a

=

R

CEASSHER O AS Ctlassy,———

ALL ROWS PER MATCH

In this example, the CLASSIFIER () function returns the classifier of the current row, which is assigned as the
value of the row pattern measure Classy. Subclause 3.2, “Example of ALL ROWS PER MATCH?”, shows the
result of the example query on the sample data, illustrating how the CLASSIFIER function returns the classifier
of each row of a row pattern match.
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The classifier of the starting row of an empty match is the null value. This can be seen in the example in
Subclause 3.10.1, “Handling empty matches”, of a query using ALL ROWS PER MATCH SHOW EMPTY
MATCHES.

Optionally, the CLASSIFIER function may take a single argument, a row pattern variable RPV; the default is
the universal row pattern variable. The argument is used to specify a set of rows using running semantics,
nzlmely, the set of rows up to and including the current row that are mapped to RPV.

Tlhe argument will typically be a union row pattern variable; the value returned tells which primary row.patten
vgriable among the components of the union row pattern variable to which a row was mapped. For.examplef

MBASURES CLASSIFIER (AB) AS AorB

PATTERN (A | B | CO)+
SUBSET AB = (A, B)

In this example, AB is a union row pattern variable. The value of the row patternmeasure AorB is either A ¢r
B| whichever is the classifier of the last row that mapped to A or B. If no row médpped to A or B, the value i
nyll.

The CLASSIFIER function may be used in an aggregate. For example:

ORDER BY Tradeday

MBASURES ARRAY_AGG (CLASSIFIER () ORDER BY Tradeday)
AS ClassifierArray

ONE ROW PER MATCH

Inthe preceding example, one row is created for each row-pattern match RPM, with a single row pattern measu
which is an array of character strings. The elements.of the array are the classifiers of the rows in RPM, with
one array element for each row of the row patternzinput table that is mapped by RPM. Note that the array is
ordered using the same ordering as the row pattern partition. This technique can be used to obtain a value

reflecting the precise pattern that was detected, while using ONE ROW PER MATCH instead of ALL ROWS
PER MATCH.

o

The CLASSIFIER function may be hested within a row pattern navigation operation. For example:

PREV (CLASSIFIER ())

The preceding example returns the classifier of the preceding row. This might be used in DEFINE so that th
dgfinition of one row pattern variable might depend on the classifier of a previously matched row. For example:

D

PATTERN ( (A [¢B)'C )
DEFINE A AS {2+

B AS\/.
C~\AS’ CASE
WHEN PREV (CLASSIFIER ()) = "A" AND Price > 100
THEN 1
WHEN PREV (CLASSIFIER ()) = "B" AND Price < 100
THEN 1
ELSE O
END = 1

In this example, the first row might be mapped to either A or B. The definition of C can test PREV (CLASSIFIER
() to learn to which row pattern variable the first row mapped. If the first row mapped to A, then C will be true
if Price > 100; if the first row mapped to B, then C will be true if Price < 100.
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This particular example would be more easily written as:

PATTERN ( (A AC | B BC) )
DEFINE A AS ...,

NEXT (CLASSIFIER ())

w

H

NEXT (RUNNING LAST (CLASSIFIER (U), 2) 3)

Tlis example would be evaluated as follows:

in
Fq

H
W
When nesting CLASSIFIER within NEXT, there is an important distinction between MEASURESand DEFINE.
C

ngxt row has not been mapped yet when considering how to map the current rot. Used in MEASURES, theg
erjtire pattern has been mapped, and the preceding example is able to return-theclassifier of the row after th
cyrrent row. (If the current row is the last row that is mapped, the result isThiit.)

Tlhe explicitor implicit argument of CLASSIFIER is a row pattern variable. This row pattern variable is use

BAS ...,
AC AS Price > 100,
BC AS Price < 100

bwever, the example does illustrate a general technique that might be useful for more complex pattefns that
Ant to inquire about the mapping chosen in earlier rows.

bnsider, for example:

hich asks for the classifier of the next row. This expression, used in DEFINE, will, return null, because the

D

ere is an example of the CLASSIFIER function nested in a compoumnd row pattern navigation operation:

Find the set of rows mapped to U. In DEFINE, this.can only be rows up to and including the current roy;
in MEASURES, this can be any rows mapped to tJ in the completed match.

RUNNING LAST restricts to the set of rows:that map to U up to and including the current row. In DEFINE,
this is no change from step 1. In MEASURES with ONE ROW PER MATCH, we are positioned on th¢
last row, so this also is no change. In MEASURES with ALL ROWS PER MATCH, this may result in
discarding some of the rows mapped.to U.

In the set of rows remaining after-step 2, find the row that is offset 2 from the end. This requires at leas
three rows remaining after step 2; if there are not that many, then the result is null. (This is the functionality
of LAST.)

Now move forward(njythe row pattern partition three rows. If there are not enough rows in the row pattern
partition, the result’is null. (This is the functionality of NEXT.)

Finally, find.the primary row pattern variable to which the row is mapped; this is the result. If the row is
not mapped; the result is null. (This is the functionality of CLASSIFIER.)

o

the same fashion as the qualifier of a column reference in the argument of a row pattern navigation operatio

>

reexample:

NEXT (CLASSIFIER () || Name)

is

a permissible expression, since CLASSIFIER () and Name both reference the universal row pattern variable.

On the other hand,
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NEXT (CLASSIFIER (A) || Name)

is not permissible, because the CLASSIFIER function references the row pattern variable A, whereas the column
reference Name references the universal row pattern variable. Similarly:

NH
is
T
i

AR
is

SH
FH

The CLASSIFIER function is not permitted except in MEASURES and DEFINE. Fer€xample, the following

XT (CLASSTFIER O [T A-Name)
not permissible.

e same rule applies to the argument of an aggregate: all row pattern variables referenced explicitly or
plicitly must be the same. Thus the following is a syntax error:

RAY_AGG (CLASSIFIER () || A.Name)

a syntax error:

LECT CLASSIFIER O
OM Ticker
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5 Row pattern recognition: WINDOW clause

Feature R020, “Row pattern recognition: WINDOW clause” of [1SO9075-2] enhances the WINDOW claus
to[include row pattern matching. In [ISO9075-2], a window is a data structure defined on the result of,a-<taljle
eXpression> (the FROM...WHERE...GROUP BY...HAVING... clauses), producing a derived table-~This dath
stfucture does three things:

3%

1) Partitions the rows of the derived table according to zero or more columns.

2) Within each window partition, orders the rows of the derived table according to z€ro-or more expressions.

<

3) Foreach row Rin a window partition, defines a window frame, which is a subset of the ordered windoy
partition. The endpoints of the window frame may be the beginning or end-0f the window partition, or may
be defined relative to the current row using either a physical offset (row count), a logical offset (a value
added to or subtracted from the only sort column), or a group count.(number of groups, defined as peers
under the ordering).

Using R020, row pattern recognition may be used to further reduce-the window frame. Row pattern recognitipn
is|lapplicable only to window frames that start at the current rod’R’ The window frame resulting from step 3
wijll be called the “full window frame” of R, and the window.frame after reduction by pattern matching will pe
cdlled the “reduced window frame” of R. When performing.row pattern recognition in a window, the window
partition serves as the row pattern partition and the window ordering serves as the row pattern ordering.

5(1 Exampleof row pattern regegnition in a window

The example from Subclause 3.1, “Example of ONE ROW PER MATCH?”, is adapted to use row pattern
mptching in the WINDOW clause below:

SHLECT T.Symbol, /* ticker symbol */
T.Tradeday, /* trade day */
T.Price, /* price on day of trading */

Classy OVER“-W), /* classifier */
Startp OVER™W, /* starting price */
Bottomp \OVER W, /* bottom price */

Endp.OVER W, /* ending price */
Avgp,‘OVER W /* average price */
FROM Tieker AS T
WEINDOW\ W-"AS

(~PARTITION BY Symbol
ORDER BY Tradeday
MEASURES A.Price AS Startp,
LAST (B.Price) AS Bottomp,
LAST (C.Price) AS Endp,
AVG (U.Price) AS Avgp

ROWS
BETWEEN CURRENT ROW
AND UNBOUNDED FOLLOWING
AFTER MATCH SKIP PAST LAST ROW
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INITIAL

PATTERN (A B+ C+)

SUBSET U = (A, B, ©)

DEFINE /* A defaults to True, matches any row */
B AS B.Price < PREV (B.Price),
C AS C.Price > PREV (C.Price)

)

the preceding example, the principle syntactic elements are presented on separate lines. In this example:

The SELECT list contains window functions over the window W defined in the WINDOW clause. Not
the window functions Classy OVER W, Startp OVER W, Bottomp OVER W, Endp OVER ‘W, and Avgy
OVER W. These are examples of row pattern measure functions, which are window functions used to
access the row pattern measures defined in the MEASURES clause of the window dgfifiition.

FROM introduces a conventional FROM clause. This example has a single table£Ticker, which is assign
the range variable T. Since there is no WHERE, GROUP BY, or HAVING clause, the result of the FRO
clause is the row pattern input table in this example.

WINDOW W declares the window name W.
PARTITION BY specifies how to partition the row pattern input table. The PARTITION BY clause is §

list of columns of the row pattern input table. This clause is optional; if omitted, there are no row pattefn

partitioning columns, and the entire row pattern input table €onstitutes a single row pattern partition.

ORDER BY specifies how to order the rows within row:pattern partitions of the row pattern input tableg.

The ORDER BY clause is a list of columns of the row pattern input table. This clause is optional; if omittg
the order of rows is completely non-deterministic.AHowever, since non-deterministic ordering will defe
the purpose of most row pattern recognition, the ORDER BY clause will usually be specified.

MEASURES specifies row pattern measures;whose values are calculated by evaluating expressions relatg

to the match. The values of row pattern measures are accessed using row pattern measure functions, as
illustrated in the SELECT list.

ROWS specifies the unit to use indéfining the full window frame. The other choices, RANGE and GROUP
are not permitted with row pattern matching in windows.

BETWEEN CURRENT ROW AND UNBOUNDED FOLLOWING is one way to specify the full windg
frame. In this example{for any row Rin a row pattern partition P, the full window frame consists of Ra
all rows that follow(R)in the row pattern partition P. The full window frame is subsequently reduced to
just the rows constituting a pattern match.

AFTER MATCH SKIP clause specifies where to resume looking for the next row pattern match after
successfully. finding a match. In this example, AFTER MATCH SKIP PAST LAST ROW specifies that
pattern_matching will resume after the last row of a successful match. When a row is skipped, its reduc
window frame is empty.

INITIAL specifies that the pattern must match starting at the first row of the full window frame. If ther

D

pd
M
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specifies to seek the first row pattern match in the full window frame; if there is none, the reduced windo
frame is empty.

PATTERN specifies the row pattern that is sought in the row pattern input table. A row pattern is a regul
expression using primary row pattern variables. In this example, the row pattern has three primary row
pattern variables (A, B, and C).

ch
W

ar
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— SUBSET defines the union row pattern variables. In this example, U is defined as the union of the primary
row pattern variables A, B, and C. The SUBSET clause is optional.

— DEFINE specifies the Boolean condition that defines a primary row pattern variable; a row must satisfy

the condition in order to be mapped to a particular primary row pattern variable. If a primary row pattern
variable is not defined in the DEFINE clause, then its definition defaults to a condition that is always true,
meaning that the primary row pattern variable can match any row.

The result of the preceding query on the sample row pattern partition is:

Table 17 — Window Example Query Results

SYM [ TRADEDAY | PRICE | CLASSY | STARTP [ BOTTOMP | ENDP) [ AVGP
BOL

XYZ | 2009-06-08 50

XYZ | 2009-06-09 60 A 60 35 45 45.8

XYZ | 2009-06-10 49

XYZ | 2009-06-11 40

XYZ | 2009-06-12 35

XYZ | 2009-06-15 45

XYZ | 2009-06-16 45

XYZ | 2009-06-17 45 A 45 43 70 51.4

XYZ | 2009-06-18 43

XYZ | 2009-06-19 47

XYZ | 2009-06-22 52

XYZ | 2009-06-23 70

XYZ | 2009-06-24 60

5[2 . Summary of the syntax

The syntax of row pattern recognition in windows is summarized in the following table:
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Table 18 — Row pattern recognition in windows — syntax summary

Clause of Optional? | Notes Cross-reference
window
tefinition
Existing window | yes no default Subclause 5.5, “Windows
name defined on windows”
PARTITION BY | yes if omitted, the row pattern input | Subclause 5.6, “PARTITION
table constitutes one row pattern | BY”
partition
ORDER BY yes if omitted, there is a non-determin- | Subclause 5.7, “ORDER BY”
istic ordering in each row pattern
partition
MEASURES yes no default Subclause 5.8, “MEA-
SURES”
ROWS, RANGE, | no only ROWS is permitted'with row | Subclause 5.9.1, “ROWS
GROUPS pattern recognition BETWEEN CURRENT
ROW AND”
BETWEEN CUR- | no BETWEEN €URRENT ROW Subclause 5.9.1, “ROWS
RENT ROW AND is required with row pattern | BETWEEN CURRENT
AND ... recognitien ROW AND”
EXCLUDE NO | yes EXCLEUDE NO OTHERS is the | Subclause 5.9.2, “EXCLUDE
OTHERS default; other EXCLUDE options | NO OTHERS”
are forbidden with row pattern
matching
AFTER MATCH | yes default is AFTER MATCH SKIP | Subclause 5.10, “AFTER
SKIP PAST LAST ROW MATCH SKIP”
INITIAL, SEEK\ yes default is INITIAL Subclause 5.11, “INITIAL
vs. SEEK”
PATTERN no same as MATCH_RECOGNIZE | Subclause5.12, “PATTERN”
SUBSET yes same as MATCH_RECOGNIZE | Subclause 5.13, “SUBSET”
DEFINE no same as MATCH RECOGNIZE | Subclause 5.14, “DEFINE”

5.2.1 Syntactic comparison to windows without row pattern recognition

Note the following differences between windows with and without row pattern matching:
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5.2 Summary of the syntax

1) Windows with row pattern matching must have the PATTERN and DEFINE clauses, and optionally may
also have the MEASURES, AFTER MATCH SKIP, INITIAL, SEEK, and SUBSET clauses. Windows
without row pattern matching have none of these clauses.

2) Windows with row pattern matching must start with the current row, and must specify ROWS (nor RANGE
or GROUPS).

3) The only permitted EXCLUDE clause with row pattern matching is EXCLUDE NO OTHERS, whichis
the default.

5.2 Syntactic comparison to MATCH_RECOGNIZE

The syntax for row pattern recognition in a window differs from MATCH_RECOGNIZE in the following

reppects:

1) Row pattern recognition in windows includes the window syntax of conventional windows, with some
constraints described in Subclause 5.2.1, “Syntactic comparison to windews without row pattern recogni-
tion”.

2) Range variables declared in the FROM clause are visible in the PARTITION BY and ORDER BY clause
of a window, unlike MATCH_RECOGNIZE. See Subclause.56, “PARTITION BY”, and Subclause 5.7,
“ORDER BY”.

3) The ORDER BY clause may use scalar value expressions, not just columns. See Subclause 5.7, “ORDER
BY”.

4) The options ONE ROW PER MATCH and ALL'ROWS PER MATCH are not applicable to windows,
and cannot be specified. (Row pattern recognition in windows is closer in spirit to ONE ROW PER MATCH,
though it also has some similarity to ALLROWS PER MATCH WITH UNMATCHED ROWS.)

5) Row pattern recognition in a window,has a choice between INITIAL and SEEK.

6) The MATCH_NUMBER function is not supported.

7) Row pattern measures are-fiet columns in the result of a window; instead, row pattern measures are refer-

enced using OVER, like awindow function.

5[3 Row pattern input table

The row pattern input table for row pattern recognition in a WINDOW clause is the result of the FROM,
WHERE;-GROUP BY, and HAVING clauses that precede the WINDOW clause.

The-example in Subclause 5.1, “Example of row pattern recognition in a window”, does not have WHERE,

GROUP BY, or HAVING clauses, so the row pattern input table in that example is the result of the FROM

clause, that is, the table Ticker.
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5.

4 Row pattern variables and other range variables

There are two sets of range variables in a window with row pattern recognition:

1)

The range variables declared in the FROM clause. (In the example in Subclause 5.1, “Example of row

N
sQ
Fd
SH

FH
Wi

e HF - H (| H L ol Ay
pacetrreLoyrmuor mir a VVIIIUUVV”, T IS5 SUlllhd rarliye vallduic. )

These range variables may be used in the PARTITION BY and ORDER BY clauses, and of course,in t
SELECT list, WHERE clause, etc.

The row pattern variables declared in the PATTERN and SUBSET clauses. (In the example iniSabclause 5
“Example of row pattern recognition in a window”, A, B, C, and U are row pattern variables.)

Row pattern variables may be referenced in the MEASURES, DEFINE, and SUBSET clauses. They cann
be used in the SELECT list.

ope, though that is a confusing possibility that it is probably best to avoid.)

r example, the following is a syntax error:

LECT Runlength OVER W
OM Ticker T
NDOW W AS ( PARTITION BY Symbol
ORDER BY Tradeday
MEASURES COUNT (T.*) AS Runlength
ROWS BETWEEN CURRENT ROW
AND UNBOUNDED FOLLOWING
PATTERN (A*)
DEFINE A AS T.Price > PREV (T.Price) )

T

ere are three syntax errors in this example. The first is COUNT (T.*). T is a range variable defined in the

FIROM clause and cannot be referenced:\in MEASURES. Instead of T, the variable to use here is A, since A
dqclared in the PATTERN. Similarly;-in the DEFINE, the two instances of T are errors.

Ay column names to be referenced in either the MEASURES or DEFINE must be unique across the entire

FIROM clause, because the range variables in the FROM clause are not available to disambiguate in MEASURE

o DEFINE. The workaround is to rename column names in the FROM clause as necessary to remove ambig

iti
Fq

SH
FH
WH
Wi

S.

r example, suppose both Emp and Dept have a column called Name. In the following query:

LECT Aname OVER W, Bname OVER W

OM EmpMAS E, Dept AS D

ERE, ExDeptno = D.Deptno

NDOW, W AS ( PARTITION BY E.Deptno
ORDER BY E.Empno

Dte that the two sets of range variables are declared in different clauses and have.mutually exclusive scopa.
(Since they are walled off in mutually exclusive scopes, it is permitted to use the-same range variables in ea

is

56 Row Pattern Recognition in SQL

MEASURES A.Name AS Aname,

B.Name AS Bname

ROWS BETWEEN CURRENT ROW
AND UNBOUNDED FOLLOWING
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PATTERN (A B)
DEFINE B AS B.Salary > A_Salary )

E)
es

The expressions A.Name and B.Name in the MEASURES clause are ambiguous, because they could refer to
either Emp.Name or Dept.Name. The solution is to rename at least one of them in the FROM clause, like this:

SH
FH

WH
Wi

N

SH
FH
Wi

In
Vi
b

SH
FH
Wi

5

CECT Aname OUVER W, Bname OVER W
OM ( SELECT Name AS Ename, Deptno, Salary
FROM Emp ) AS E, Dept AS D
ERE E.Deptno = D.Deptno
NDOW W AS ( PARTITION BY E.Deptno
ORDER BY E.Empno
MEASURES A_Name AS Aname,
B.Name AS Bname
ROWS BETWEEN CURRENT ROW
AND UNBOUNDED FOLLOWING
PATTERN (A B)
DEFINE B AS B.Salary > A.Salary )

LECT A.Price
OM Ticker AS T
NDOW W AS ( PARTITION BY Symbol
ORDER BY Tradeday
MEASURES COUNT (A.*) AS Runlength
ROWS BETWEEN CURRENT ROW
AND UNBOUNDED FOLLOWING
PATTERN (A*)
DEFINE A AS A.Price > PREV (A.Price) )

this example, A is a row pattern variable, which makes it visible in MEASURES and DEFINE. A is not
Sible in the SELECT list. There is no loss«of’expressive power; any expression of row pattern variables ca
placed in MEASURES and then referenced by its measure name, like this:

LECT Lasta OVER W
OM Ticker AS T
NDOW W AS ( PARTITION BY,*Symbol
ORDER BY( Tradeday
MEASURES ‘LAST (A.Price) AS Lasta
ROWSCBETWEEN CURRENT ROW
AND UNBOUNDED FOLLOWING
PATTERN (A*)
BEFINE A AS A_Price > PREV (A.Price) )

57~ Windows defined on windows

Dte that row pattern variables are not available in the SELECT list. The following example is a syntax errqr:

=

[1SO9075-2] allows one window to be defined on another window by referencing an existing window name.
For example:

FROM Ticker AS T
WINDOW W1 AS ( PARTITION BY Symbol ),
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W3 AS ( W2 ROWS BETWEEN CURRENT ROW
AND UNBOUNDED FOLLOWING )
Here window W2 inherits its partitioning from W1, and W3 inherits its partitioning and ordering from W2.

As an example of this capability using row pattern recognition:

SHLECT Lastprice OVER W3
FROM Ticker AS T
WINDOW W1 AS ( PARTITION BY Symbol ),
W2 AS ( W1 ORDER BY Tradeday ),
W3 AS ( W2 MEASURES LAST(A.Price) AS Lastprice
ROWS BETWEEN CURRENT ROW
AND UNBOUNDED FOLLOWING
PATTERN (A+)
DEFINE A AS A_Price > PREV (A.Price) )

Itlis not possible to further subdivide the window definitions. For example, it is notpermitted to put ROWS

BETWEEN CURRENT ROW AND UNBOUNDED FOLLOWING in one windew definition, and then inhefi

that in another window definition that adds the row pattern recognition features.

56 PARTITION BY

PARTITION BY is almost the same in windows and in MIATCH_RECOGNIZE. The one difference is that
rahge variables declared in the FROM clause are available in the PARTITION BY of a window, but not in
MATCH_RECOGNIZE. Note that a row pattern partition is the same thing as a window partition when per
farming row pattern recognition in a window.

5|7 ORDER BY

ORDER BY is almost the same.innwindows and in MATCH_RECOGNIZE. The differences are:
1) Range variables declared;in the FROM clause are available in the ORDER BY of a window, but not in
MATCH_RECOGNIZE.

may be useddnthe ORDER BY in MATCH_RECOGNIZE.

5(8 ., MEASURES

2) General scalar yalue expressions may be used in the ORDER BY of a window, but only column referenc

t

Row pattern measures 1n a window definition differ from row pattern measures in MATCH_RECOGNIZE as

follows:

1) The MATCH_NUMBER function is not supported in windows.

2) Row pattern measures are referenced as window functions in the SELECT list using OVER, not as column

references.
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There is no real distinction between running and final semantics. The RUNNING and FINAL keywords

may be used with aggregates, FIRST, and LAST, but the semantics is the same no matter which keywo

rd

is used. Row pattern measures are computed positioned on the last row of the match, where running and

final semantics are identical.

5

re
4

5.

W

The three steps above are used for all windows. The result is called the ‘fullFwindow frame”. When row patte

9 Full window frame and reduced window frame

window associates with each row Ra set of rows, called the window frame of R. The definitionfthe windag
Aime is essentially a subtractive process:

At the outset, there is the entire window partition that contains R.

Next, zero or more rows are removed from the window partition, based on their‘position relative to Rif
Next, zero or more rows are removed, based on peer relationships to R-using the EXCLUDE clause.

cognition is used, the window partition is also the row pattern partition, and there is one more step:

A match to the row pattern is sought within the full window frame; the rows that are mapped by this mat
(if any) constitute the “reduced window frame”. If there is'io match, the reduced window frame is emp
(Skipped rows can also cause an empty reduced window,frame; see Subclause 5.15, “Empty matches a
empty reduced window frames”.)

0.1 ROWSBETWEEN CURRENT ROW AND

hen performing row pattern recognition in a window, only two options are allowed for specifying the windg
hme extent:

ROWS BETWEEN CURRENT ROW AND UNBOUNDED FOLLOWING: this option specifies that t
full window frame consists)of the set of rows from the current row through the end of the row pattern
partition.

ROWS BETWEEN-CURRENT ROW AND offset FOLLOWING: this option specifies that the full windg
frame extends from the current row through some positive offset, which must be a positive integer, and
specifies the number of rows after the current row. For example, ROWS BETWEEN CURRENT ROW
AND 1 FOELOWING specifies a full window frame with 2 rows, the current row and the one after it.

the ordering of rows of the window partition. The criterion at this stage is called the “window frame extent”.

W

Ch
y.
nd

W

W

5.

02, EXCLUDE NO OTHERS

The window EXCLUDE clause has four possibilities:

1)

2)

©ISO/IEC 2016 — All rights reserved

EXCLUDE CURRENT ROW: this is not permitted with row pattern recognition, since the design is that

the full window frame must begin with the current row.

EXCLUDE GROUP: also not permitted with row pattern recognition, because this would exclude the
current row, plus any ties under the window ordering.
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3)

EXCLUDE TIES: not permitted with row pattern recognition, because this could create a hole in the full

window frame, which is contrary to the spirit of row pattern recognition.

4) EXCLUDE NO OTHERS: permitted with row pattern recognition. This is the default.
Thus the only permitted option with row pattern matching is the default, EXCLUDE NO OTHERS.

5

M
A
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5

If
If

1
2

th

5

10 AFTER MATCH SKIP

The options for AFTER MATCH SKIP are the same as in MATCH_RECOGNIZE; see Subclause3.11, “AFTE

IATCH SKIP”, for details.

5 in MATCH_RECOGNIZE, it is a run-time error to skip to a non-existent row, or4o<skip to the first row
match.

jnce only one row pattern match per full window frame is sought, the semantics’'of AFTER MATCH SKIR
a window are as follows. Windows are processed in the sort order within‘arow pattern partition. If a row
skipped as a consequence of a row pattern match in a full window frame prior to R, then the reduced windd
hme of R is set to empty, without attempting any row pattern match for R. This is illustrated in an examplg
Subclause 5.15, “Empty matches and empty reduced window frames”.

11 INITIAL vs. SEEK

a row R has been skipped by a prior row PR, then:the reduced window frame of R is empty.

R has not been skipped, then a row pattern-match is attempted in the full window frame of R. INITIAL an

SEEK are two options that determine where'to look for a match within the full window frame:

INITIAL is used to look for a matech whose first row is R.

SEEK is used to permit a search for the first match anywhere from R through the end of the full windo
frame.

Injeither case, the reduced-window frame comprises the rows that are mapped by the match; if there is no mata

en the reduced window-frame is empty. For a worked example, see Subclause 5.15, “Empty matches and

empty reduced window frames”.

The keyword INJTTAL or SEEK is placed as a modifier before the PATTERN. The default is INITIAL.

12 PATTERN

f

W

<

This clause is precisely the same as in MATCH_RECOGNIZE, except that the anchors (* and $) are not per-

m
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itted with row pattern matching in windows. See Subclause 3.12, “PATTERN?”, for details.
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5.13 SUBSET

This clause is precisely the same as in MATCH_RECOGNIZE. See Subclause 3.13, “SUBSET”, for details.

5|14 DEFINE

This clause is precisely the same as in MATCH_RECOGNIZE. See Subclause 3.14, “DEFINE”, for details

5[15 Empty matchesand empty reduced window frames

Ah empty match will cause the reduced window frame to be empty. Empty reddced window frames can als
arjse if there is no match at all, as in these circumstances:

©

1) AFTER MATCH SKIP on a prior row has caused the current row tobe-skipped, so no match is attemptgd.
2) The query specifies or implies INITIAL and there is no match,starting at the current row.

3) The query specifies SEEK but there is no match anywheredetween the current row and the end of the full
window frame.

S@ there are two ways to get an empty reduced window frame: by finding an empty match, or by not finding a
mptch at all.

The semantics for row pattern measures of emptyzreduced window frames are shown in this table:

Table 19 — Results for empty match and no match

Measure empty match | no match
CLASSIFIER () null null
COUNT 0 null

other aggregates-(e.g., SUM, AVG, etc. null null

row pattepanavigation operations (e.g., PREV, NEXT, FIRST, | null null
LAST

ordinary column references null null

Thus COUNT (*) may be used to distinguish an empty match from no match at all. T an empty match 1s found,
then COUNT (*) as a row pattern measure will be O; if there is no match at all, then COUNT (*) as a row pattern
measure will be null.

Note the following subtlety: If the query specifies COUNT (*) as a non-measure window function, then the
count over an empty window frame is 0 in any case. It is only when COUNT (*) is used as a row pattern measure
that it can be used to distinguish an empty match from no match at all. For example:
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SELECT S, D,

Kount OVER W AS "Measure’,
COUNT (*) OVER W AS "Window Function"

FROM T

Wi

NDOW W AS ( ORDER BY S

C

w

MEASURES COUNT () AS RKoumt
ROWS BETWEEN CURRENT ROW

AND UNBOUNDED FOLLOWING
AFTER MATCH SKIP PAST LAST ROW
INITIAL PATTERN (A*)
DEFINE A AS A.D = "yes" )

bnsider the following data, shown in the first two columns, with the other two columns gPoutput shown in
b next two columns, and the internal information (skip indicator, whether a match was-found, and the reduc
ndow frame) in the right three columns:

9%
o

Table 20 — Computation of matches and window function results

result table internal information

S D Measure | Window | skipped? | match reduced window
Function found? | frame

1 yes 2 2 False yes {Rows 1,2}

2 yes null 0 Jrue no {}

3 no 0 0 False yes {}

4 no 0 0 False yes {}

5 yes 3 3 False yes {Rows 5, 6,7}

6 yes null 3 True no {}

7 yes null 0 True no {}

Nptes:

On Row 1,amatch of length 2 is found. The window frame consists of rows 1 and 2. COUNT (*) as rqw
pattern measure and COUNT (*) as non-measure window function both compute 2. Row 1 is not skippdd,
but Rew.2 is skipped because of AFTER MATCH SKIP PAST LAST ROW.

2) @n'Row 2, this row was skipped as a result of the match on Row 1. Consequently the window frame is
empty. COUNT (*) as row pattern measure is null because the row was skipped, whereas COUNT (*) @s
non-measure window function is 0 because the window frame Is empty.

3) On Row 3, the engine is at a row that was not skipped, so it looks for an initial pattern matching A*. An

62 Row Pattern Recognition in SQL

empty match is found, so the window frame is empty but the row is not skipped. COUNT (*) as row pattern
measure and COUNT (*) as non-measure window function are both 0. With an empty match, no rows are
marked as skipped.
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4) Row 4 shows a row following an empty match; its skipped indicator is not set. Once again there is an
empty match, so the behavior is the same as at Row 3.

5) At Row 5, the skipped indicator is not set. There is a match of length 3. The window frame consists of
Rows 5 through 7. COUNT (*) as row pattern measure and COUNT (*) as non-measure window function
both compute 3. The skipped indicator for Row 6 and Row 7 is set.

6) Row 6 and Row 7 have the skipped indicator set, so they behave like Row 2.

5[16 Prohibited nesting

Rpw pattern recognition in windows is subject to the same restrictions on nesting as in MATCH_RECOGNIZE:
1) Nesting one row pattern recognition within another is prohibited.

2) Outer references in MEASURES or DEFINE are prohibited. This means'that a row pattern recognition
may not reference any table in an outer query block except the row pattern input table. (The row patter
input table is referenced using row pattern variables.)

3) Subqueries in MEASURES or DEFINE may not reference row pattern variables.
Row pattern recognition may not be used in recursive queries:

These restrictions are illustrated in the following Subclauses.

5[16.1 Row pattern recognition nested within another row pattern recognition

=

Ngsting one row pattern recognition within another is prohibited. For example, the following is a syntax errg

SHLECT ...
FROM Ticker
MATCH_RECOGNIZE (
ORDER BY ...
MEASURES ...
PATTERN ...
DEFINE A\AS 0 = ( SELECT Kount OVER W
FROM Stock2
WINDOW W AS (

MEASURES COUNT (B.*) AS Kount

)
) AS M

A possible workaround is to relegate the nested row pattern recognition to a view or SQL-invoked function.

5.16.2 Outer referenceswithin arow pattern recognition query

The following is a syntax error (note the underlined range variables T):
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SELECT ( SELECT Avg_Price OVER W
FROM Ticker
WINDOW W AS (
ORDER BY Tradeday
MEASURES AVG (X.Price) AS Avg_Price
PATTERN(X¥F)
DEFINE X AS T.Price >= AVG (X.Price) )

)
FROM Toast AS T

Inthe preceding example, the column reference T.Price in the DEFINE clause is an outer refererice to the range
vgriable T defined in the outer block; therefore this example is a syntax error.

Itjmay be possible to work around this limitation by placing the row pattern recognition in+an SQL-invoked
routine, passing as arguments the values that are prohibited as outer references.

5[16.3 Conventional query nested within row pattern recognition.query

Alsubquery can be nested in an expression in MEASURES or DEEINE. Subqueries are permitted if they da
nqt perform row pattern recognition themselves, and if they do notreference the row pattern variables of th
oyter query. Here is an example of the latter (note underlined A)

B

SHLECT Firstday OVER W
FROM Ticker
WINDOW W AS (
ORDER BY Tradeday
MEASURES A_.Tradeday AS Firstday
PATTERN (A B+)
ROWS
BETWEEN CURRENT ROW AND UNBOUNDED FOLLOWING
DEFINE A AS A_Price > 100,
B AS B.Price <
( SELECT AVG, (S-Price)

FROM Tdcker S

WHERE™ SZTradeday BETWEEN A.Tradeday - INTERVAL "1° YEAR
AND A.Tradeday )

)

In|this example, the definition of B involves a subquery that is correlated with the row pattern variable A (ngte
urpderlining). This:iS a syntax error, since subqueries of row pattern matching may not reference row pattern
vgriables.

5{6.4 Recursion

Row pattern matching is prohibited in recursive queries. For example, the following is a syntax error:

CREATE RECURSIVE VIEW Problem (Kolo, Xoro) AS
SELECT Kolo, Xoro
FROM T
UNION
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