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Foreword

1(E)

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.
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ISO/IEC 9075-11, fifth edition or later;
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A list of all parts in the ISO/IEC 19075 series can be found on the ISO and [EC websites.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found atwww. i so. or g/ nenbers. ht Ml and ww. i ec. ch/ -
nati onal -conmittees.
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Introduction

1(E)

This document discusses the syntax and semantics for recognizing patterns in rows of a table, as defined
in ISO/IEC 9075-2.

The organization of this document is as follows:

1)
2)

3)
4)

5)

6)

7)

Clause 1, “Scope”, specifies the scope of this document.

Clause 2, “Normative references”, identifies additional standards that, through reference-in'this
document, constitute provisions of this document.

Clause 3, “Terms and definitions”, defines the terms and definitions used in this decument.

Clause 4, “Row pattern recognition: FROM clause”, discusses Feature R010, “Row-pattern recogni
FROM clause”.

Clause 5, “Expressions in MEASURES and DEFINE”, discusses scalar expression syntax in row pat
matching.

Clause 6, “Row pattern recognition: WINDOW clause”, discusses-Feature R020, “Row pattern re|
nition: WINDOW clause”. Clause 6, “Row pattern recognitiony WINDOW clause”, does not dupli
material already presented in Clause 4, “Row pattern recognition: FROM clause” and Clause 5,
“Expressions in MEASURES and DEFINE”, which should b€ read even if the reader is only intere
in Feature R020, “Row pattern recognition: WINDOW.clause”.

Clause 7, “Pattern matching rules”, discusses the.formal rules of pattern matching.

fion:

tern

cog-
rate

sted
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Information technology — Guidance for the use of database language SQL —

Part 5:

Row pattern recognition

1 |Scope

Thi{

in I§O/IEC 9075-2, commonly called “SQL/RPR”".

SQL

— |Feature R010, “Row pattern recognition: FROM clause”

— |Feature R020, “Row pattern recognition: WINDOW clause”

Theg

whdther the syntax is placed in the FROM clause or in the WINDOW clause.

document discusses the syntax and semantics for recognizing patterns in rows'efa table, as def|

RPR defines two features regarding row pattern recognition:

e two features have considerable syntax and semantics inseommon, the principle difference be

ned

ng
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content consti-
tutes requirements of this document. For dated references, only the edition cited applies. For undated
refefences, the latest edition of the referenced document (including any amendments) applies.

I§0/1EC 9075-1, Information technology — Database languages — SQL — Part 1: Framework
(§OL/Framework)

N

—

0/IEC 9075-2, Information technology — Database languages — SQL — Part 2: Foundation
YQL/Foundation)

~
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 9075-1 apply.

ISO pid TEC maintain terminotogical databases for Use in standardization at the following addressep:
— [IEC Electropedia: available at ht t p: / / www. el ect r opedi a. or g/

— [ISO Online browsing platform: available atht t p: / / www. i so. or g/ obp

© ISO/IEC 2021 - All rights reserved 3
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4

4.1

The
and

4.2

Row pattern recognition: FROM clause

—Context of row pattern recognition

requirements for the material discussed in this document shall be as specified in ISO/IEC9075
[SO/IEC 9075-2.

Introduction to the FROM clause in row pattern recognition

T
[u

Feature R010, “Row pattern recognition: FROM clause” of SQL/RPR enhanees the capability of the FROM

clau
patt

The
1)

2)

se with a MATCH_RECOGNIZE clause to specify a row pattern. The syntax and semantics of a ro
ern is discussed through examples presented throughout this Clause of this document.

Fe are two principal variants of the MATCH_RECOGNIZE clause:

ONE ROW PER MATCH, which returns a single summary row for each match of the pattern (the
default).

ALL ROWS PER MATCH, which returns one row for®ach row of each match. There are three sul
tions, to control whether to also return empty matches or unmatched rows.

4.3 Example of ONE ROW PER MATCH

The

(Syn
ach

Itis

maximal “V” patterns in Price: a strictly falling price, followed by a strictly increasing price. For each

mat
pric

The

following example illustrates MATCH_RECOGNIZE with the ONE ROW PER MATCH option. Let Ti
hbol, Tradeday, Price) be a table with three columns representing historical stock prices. Symbd
aracter column, Tradeday'is)a date column, and Price is a numeric column.

NOTE 1 — All examples inrthis document use mixed-case identifiers for the names of tables, columns, etc., whereas §
key words are shown inruppercase. Unquoted identifiers are actually equivalent to uppercase, so the column heading
tample results will be shown with the identifiers converted to uppercase.

desired to partition the data by Symbol, sort it into increasing Tradeday order, and then detect

Ch to a Vpattern, it is desired to report the starting price, the price at the bottom of the V, the en
e, and-the average price across the entire pattern.

w

hop-

cker
lis

QL

s of

ding

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

SELECT M Synbol, /* ticker symbol */

M Mat chno, /* sequential nmatch nunber */
M Startp, /* starting price */

M Bottonp, /* bottomprice */

M Endp, /* ending price */

M Avgp /* average price */

FROM Ti cker

MATCH_RECOGNI ZE (
PARTI TI ON BY Synbol
CORDER BY Tr adeday
MEASURES MATCH_NUMBER() AS Mat chno,

© ISO/IEC 2021 - All rights reserved
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4.3 Example of ONE ROW PER MATCH

A . Price AS Startp,
LAST (B.Price) AS Bottonp,
LAST (C. Price) AS Endp,
AVG (U. Price) AS Avgp
ONE ROW PER MATCH
AFTER MATCH SKI P PAST LAST ROW
PATTERN (A B+ C+)
SUBSET U = (A, B, O
DEFINE /* A defaults to True, matches any row */
—————————————B-AS—BPri-ce—<—PREV—{B-Pce);
CAS C. Price > PREV (C. Price)

) AS M

e example above, the principal syntactic elements of MATCH_RECOGNIZE are presented.on sepgrate
. In this example:

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

MATCH_RECOGNIZE introduces the syntax for row pattern recognition,

PARTITION BY specifies how to partition the row pattern input table.Fhe PARTITION BY clausg is

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

a list of columns of the row pattern input table. This clause is optional; if omitted, the order of jows
in row pattern partitions is completely non-deterministic. However, since non-deterministic ordgring
will defeat the purpose of most row pattern recognition, the ORDER BY clause will usually be specified.

MEASURES specifies row pattern measure célumns, whose values are calculated by evaluating
expressions related to the match. The first row pattern measure column in this example uses the
special nullary function MATCH_NUMBER(), whose value is the sequential number of a match within
a row pattern partition. The third apd-fourth row pattern measure columns in this example use the
LAST operation, which obtains 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 operations
introduced by SQL/RPR, diselissed in Subclause 5.6, “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 example, the row pattern output table has one column for each
row pattern partitioning column and one column for each row pattern measure column.

ONE ROW PERMATCH specifies that the row pattern output table will have a single row for eagh
match thatisfound in the row pattern input table.

AFTERMATCH SKIP clause specifies where to resume looking for the next row pattern match affter
suceessfully 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 using 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.

DEFINE specifies the Boolean condition that defines a primary row pattern variable; a row shall
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

© ISO/IEC 2021 - All rights reserved 5
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4.3

The

Example of ONE ROW PER MATCH

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 implemen-
tation-dependent 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.

processing of MATCH_RECOGNIZE is as follows:

1)

2)
3)
4)

5)

6)

7)

Tab

aCcCd
arrag

The row pattern input table is partitioned according to the PARTITION BY clause. Each row-paftern
partition consists of the set of rows of the row pattern input table that are equal (more préecisely,
not distinct) on the row pattern partitioning columns.

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

Pattern matching operates by seeking the match at the earliest row, considering the rows in a rpw
pattern partition in the order specified by the ORDER BY. When there is\more than one match gt a
row, then the most preferred match is taken. The precise rules of pattern matching are discussgd in
Clause 7, “Pattern matching rules”.

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

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

The AFTER MATCH SKIP clause determines where row pattern matching resumes within a row
pattern partition after a non-empty match hastbeen found. In the example above, row pattern
matching resumes at the next row after the téws mapped by a match (AFTER MATCH SKIP PAS[T
LAST ROW).

e 1, “Sample data”, illustrates sample'data for one row pattern partition of Ticker, shown sorted
rding to the ORDER BY clause. The'sample data contains two matches to the pattern, indicated ppy
ws showing the mapping to primary row pattern variables in each match.

© ISO/IEC 2021 - All rights reserved
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Table 1 — Sample data

SYMBOL | TRADEDAY | PRICE
XYZ 2009-06-08 | 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 -Cc |

XYZ 2009-06-16 | 45

XYZ 2009-06-17 | 45 A ]

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

XYZ 2009-06-19 | 47 - @™ } second match
XYZ 2009-06-22 | 52 2c ||

XYZ 2009-06-23 | 70 -Cc |

XYZ 2009-06-24 |60

The|result of the example for this row pattern partition is shown in Table 2, “Results of ONE ROW PER
MATCH”.

Table 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
4.4—Example-of ALL ROWSPERMATEH

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

SELECT M Synbol, /* ticker symnmbol */
M Mat chno, /* sequential match nunber */
M Tradeday, /* day of trading */
M Price, /* price on day of trading */
M d assy, /* classifier */
M Startp, /* starting price */
M Bottonp, /* bottomprice */
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M Endp,

FROM Ti cker

/* ending price */
M Avgp /* average price */

MATCH_RECOGNI ZE (
PARTI TI ON BY Synbol
CORDER BY Tr adeday
MEASURES MATCH_NUMBER() AS Mat chno,

CLASSI FI ER() AS d assy,

A . Price AS Startp,

FHNALLAST (B Price} AS Bottenp
HNALAST{B- -6+

) AS M

Not¢ that the second row pattern measure column in this example showis;the use of the special fund
CLABSIFIER(), which returns the name of the row pattern variable to which a row is mapped. CLASSI]

FI NAL LAST (C. Price) AS Endp,
FI NAL AVG (U. Price) AS Avgp

ALL ROAS PER NMATCH
AFTER MATCH SKI P PAST LAST ROW
PATTERN (A B+ C+)

SUBSET U = (A B, O
DEFINE /* A defaults to True,

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

is discussed in Subclause 5.9, “CLASSIFIER function”.

The|result of this query on the sample data is shown in Table3)“Results of ALL ROWS PER MATCH"}.

mat ches any row */

Table 3 — Results of ALL ROWS PER MATCH

tion
FIER

SYM MA | TRADEDAY | PRICE | CLAS | STAR | BOT ENDP | AVGP
BOL TC SY TP TOMP

HN

0
XYZ 1 2009-06-09.n60 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 2 2009-06-17 | 45 A 45 43 70 514
XYZ 2 2009-06-18 | 43 B 45 43 70 514
XYZ 2 2669-06-19—47 € 45 43 70 St4
XYZ 2 2009-06-22 | 52 C 45 43 70 51.4
XYZ 2 2009-06-23 | 70 C 45 43 70 514

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.
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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 column of the row pattern input table, not a row pattern measure column.)

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

4) ALLROWSPERMATCH provides three suboptions for handling empty matches and unmatched rows.
These options are not illustrated in this example; see Subclause 4.12.2, “Handling empty matches”,

4.5

Summary of the syntax

and Subclause 4.12.5, "Handling unmatched rows”, for examples oI these options.

The|complete syntax for row pattern recognition in the FROM clause involves the eomponents shown in
Table 4, “Row pattern recognition syntax summary”.

Table 4 — Row pattern recognition syntax summary

Syntactic component Optional? | Default Cross reference
row pattern input table no — Subclause 4.6, “The row pat-
tern input table”
row pattern input name yes implementation-dependent | Subclause 4.6.2, “The roy
pattern input name”
row pattern input declared | yes none Subclause 4.6.3, “The row
colymn list pattern input declared c¢l-
umn list”
MATCH_RECOGNIZE no — Subclause 4.7, “MATCH_REC-
OGNIZE”
PARTITION BY yes row pattern input table con- | Subclause 4.8, “PARTITION
stitutes one row pattern par- | BY”
tition
ORDER BY yes non-deterministic ordering | Subclause 4.9, “ORDER BY”
in each row pattern partition
MEASURES yes none Subclause 4.11, “MEASURES”
ONE ROW PER MATCH or yes ONE ROW PER MATCH Subclause 4.12, “ONE ROQW
ALL ROWS PER MATCH PER MATCH vs ALL ROWS
PER MATCH”
AFTER MATCH SKIP yes AFTER MATCH SKIP PAST Subclause 4.13, “AFTER
LAST ROW MATCH SKIP”
PATTERN no — Subclause 4.14, “PATTERN”
SUBSET yes no explicit union row pattern | Subclause 4.15, “SUBSET”

variables
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Syntactic component Optional? | Default Cross reference

DEFINE no — Subclause 4.16, “DEFINE”
row pattern output name yes implementation-dependent | Subclause 4.17.2, “Row pat-

tern output name”

row pattern output declared | yes none Subclause 4.17.3, “Row pat-
colymm 15T TET output declared colgmn
list”

4.6 The row pattern input table
4.6]1 Introduction to the row pattern input table
The|row pattern input table is the input argument to MATCH_RECOGNIZE. In the examples above, the
row|pattern input table was Ticker, which is a table or view, or pérhaps a named query (defined in 3
WITH clause). The row pattern input table can also be a derived\table (also known as in-line view). [For
example:
FROY ( SELECT S. Name, T.Tradeday, T.Price

FROM Ti cker T, Synbol Names S

WHERE T. Symbol = S. Synbol )

MATCH RECOGNIZE ( ... ) AS M
The[row pattern input table shall not be a <jgined table>. The work-around is to use a derived table, $uch
as:
FROYW ( SELECT * FROM A LEFT OQUTER'JON B ON (A. X = B.Y) )
MATCH RECOGNI ZE (...) AS.M

Not¢ that column names in therow pattern input table are unambiguous, since it is impossible to use
range variables within the MATCH_RECOGNIZE clause to disambiguate. If the row pattern input table is
a bake table or a view, this-is not a problem, since SQL does not allow ambiguous column names in a base
tablp or view. This isconly an issue when the row pattern input table is a derived table.
For pxample, conSidér a join of two tables, Emp and Dept, each of which has a column called Name. [The
folldwing is a.symntax error:
FROW ( SELECT D. Nanme, E. Nane, E.Enpno, E. Salary

FROM Dept D, Enp E

VWHERE D. Deptno = E. Deptno )

MATCH_RECOGNI ZE (
PARTI TI ON BY D. Nane

)

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

FROM ( SELECT D. Name, E. Nanme, E.Enpno, E. Sal ary

10

FROM Dept D, Enp E
WHERE D. Deptno = E. Deptno )
MATCH_RECOGNI ZE (
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PARTI TI ON BY Nane
)

This rewrite eliminates the use of the range variable D within the MATCH_RECOGNIZE. However, now
the error is that Name is ambiguous, because there are two columns of the derived table called Name.
The way to handle this is to disambiguate the column names within the derived table itself, like this:

FROM ( SELECT D. Nane AS DNane, E. Nane AS ENane,
E. Enpno, E. Sal ary
FROMDept—D—Emp—E
WHERE D. Deptno = E. Deptno )
MATCH_RECOGNI ZE (
PARTI TI ON BY DNane

)

4.6{2 The row pattern input name

Optjonally, a correlation name for the row pattern input table may be declared, as in this example
(eqyivalent to the example in Subclause 4.3, “Example of ONE ROW PER-MATCH"):

SELECT M Synbol , /* ticker symbol */
M NMat chno, /* sequential match nunmber */
M Startp, /* starting price */
M Bot t onp, /* bottom price */
M Endp, /* ending price */
M Avgp /* average price */

FROW Ti cker AS T
MATCH_RECOGNI ZE (
PARTI TI ON BY T. Synbol
CRDER BY T. Tr adeday
MEASURES MATCH_NUMBER() AS Mat.ehno,
A . Price AS Startp,
LAST (B.Price) . AS-Bott onp,
LAST (C. Price)\.AS Endp,
AVG (U. Price) -AS Avgp
ONE ROW PER MATCH
AFTER MATCH SKI P- PAST LAST ROW
PATTERN (A B+.CH
SUBSET U = (A./B, O
DEFINE /*, . Adefaults to True, matches any row */
B-AS B.Price < PREV (B.Price),
C/AS C. Price > PREV (C. Price)
) AS M

The[row pattern input name in this example is T, as defined by the syntax “Ticker AS T". It is also posgible
to omitthe hoise word AS, like this: “Ticker T”".

tnamaicaontinnal Tha ayanmanlacin Souhelqgg
eSS0 pHohiar—e-exaipreSih >HBEaH:

PER MATCH” and Subclause 4.4, “Example of ALL ROWS PER MATCH”, do not show an explicit row pattern
input name.

4.3 “Example of ONE-ROW

Oy IOt

S e |F(nnn-+]na row nattarn inm
AAAAAA crrETOvy-patterrp

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

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

2) 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 be referenced elsewhere in the query.
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4.6 The row pattern input table
The 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
contexts:
1) To qualify column names in the PARTITION BY clause.
2) To qualify column names in the ORDER BY clause.
The example above illustrates both of these uses.
The|row pattern input name cannot be referenced in the MEASURES or DEFINE clauses, nor elsewh
in the query, such as the WHERE clause or the SELECT list.
4.6{3 The row pattern input declared column list
If an] explicit row pattern input name is specified, it may be followed by a parernthesized list of colur
nanjes, as in this example:
SELECT M Sym /* ticker synmbol */

M NMat chno, /* sequential match nunber */

M Startp, /* starting price */

M Bot t onp, /* bottom price */

M Endp, /* ending price */

M Avgp /* average price */

FROW Ti cker AS T (Sym Td, Pr)

The
list.
row|

MATCH_RECOGNI ZE (
PARTI TI ON BY T. Sym
ORDER BY T. Td
MEASURES MATCH _NUMBER() AS Mat chno,
A.Pr AS Startp,
LAST (B.Pr) AS Bottonp,
LAST (C. Pr) AS Endp,
AVG (U.Pr) AS Avgp
ONE ROW PER NMATCH
AFTER MATCH SKI P PAST*LAST ROW
PATTERN (A B+ Ct)
SUBSET U = (A B,\ 0O
DEFINE /* A defaults to True, matches any row */
B AS B. Pr < PREV (B.Pr),
C ASC.Pr > PREV (C. Pr)
) AS M

parenthesizedlist of column names (Sym, Td, Pr) is called the row pattern input declared colun
The row¢attern input declared column list may be used to change the names of the columns of
pattern-input table. There shall be exactly the same number of column names in the list as there

col
bee

hn
the
are

mns in the row pattern input table. In this example, Symbol has been renamed to Sym, Tradeday

tenamed to Td, and Price has been renamed to Pr. Consequently, the columns cannot be I‘efeI‘EI]'l

has
ced

as Symbol, Tradeday, or Price within the MATCH_RECOGNIZE; instead, they are referenced by their new
names, Sym, Td, and Pr. Note that this also changes the default names of the columns in the row pattern
output table. Thus, in the SELECT list, the first item is M.Sym, because the input column names Symbol

was

12

renamed to Sym, which becomes the name of the corresponding output column.

© ISO/IEC 2021 - All rights res

erved


https://standardsiso.com/api/?name=2277ebe450850940572aaab90ca95098

ISO/IEC 19075-5:2021(E)
4.7 MATCH_RECOGNIZE

4.7 MATCH_RECOGNIZE

MATCH_RECOGNIZE is the keyword that introduces the syntax for row pattern recognition in the FROM
clause. Syntactically, MATCH_RECOGNIZE is a postfix operator following the row pattern input table. The
MATCH_RECOGNIZE keyword is followed by a parenthesized list of syntactic components that collectively
describe the row pattern recognition operation.

4.8 PARTITION BY

PARTITION BY is used to specify that the rows of the row pattern input table are to be partitioned hy
onefor more columns. Note that the column names in the PARTITION BY may be unqualified, or they may
be qualified by the row pattern input name. See the examples in Subclause 4.6.2, “The.vow pattern input
nanje”.
If thiere is no PARTITION BY, then all rows of the row pattern input table constitute a single row pattern
partition.

4.9 ORDERBY

ORDER BY is used to specify the order of rows within a row pattern partition. The ORDER BY claus¢ of
a MATCH_RECOGNIZE is similar to the ORDER BY clause of a cursor. As with the PARTITION BY clause,
colymn names may be unqualified, or they may be qualified by the row pattern input name. See the|
exannples in Subclause 4.6.2, “The row pattern input name”.

If thie order of two rows in a row pattern partition is not determined by the ORDER BY, then the resplt
of MATCH_RECOGNIZE is non-deterministie.

NOTE 2 — Syntactically, the row pattern output table is always regarded as non-deterministic because there is no wdy for
he query engine to deduce at compile timéwhether the ordering is total. This means that MATCH_RECOGNIZE cann¢t be
1sed in contexts that are required to be deterministic, such as check constraints and assertions. However, the query apithor
can use ORDER BY to insure that thé\query is sufficiently deterministic for the author’s intended purpose.

4.10 Row pattern-variables

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 ate'two kinds of row pattern variables:

A h T

oD . 11 -,
LERIN AU UCIIHICU DY dII d550C1IdU d

DA
1

1) "Primaryrow pattermvariabtes, whichrare dectaredimrthe PAT
Boolean condition specified in the DEFINE clause.

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 shall 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 shall not also be declared on the left
hand side of a SUBSET.
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Informally, a match consists of a set of contiguous rows in a row pattern partition of the row pattern
input table. (For a more formal treatment, see Clause 7, “Pattern matching rules”.) Each row of the match
is mapped to a primary row pattern variable. The mapping of rows to primary row pattern variables
conforms to the regular expression in the PATTERN clause, and is further constrained to insure that all
Boolean conditions in the DEFINE clause are true.

Thus rows are mapped to row pattern variables. Conversely, each row pattern variable RPV has a set of
rows that are mapped to RPV. For example, given:

PATTERN (A+ (B+ | C+) D)
SUB$ET S = (B, D)

Suppose that consecutive rows R3, Ry, Rs, Rg, and R; are mapped as follows:
Rg—~A
R~ A
R~ B
R, - B
Ry—-D
Then:

— [the set of rows mapped to Ais{ R3, R4 },
— |the set of rows mapped to Bis { Rs, Rg },

— |the set or rows mapped to C is empty, and

— [the set of rows mapped to D is { R7 }.

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

— [the set of rows mapped to Sis{ Rs, Rg } U{ R7} ={ Rs5, R, R7 }.

There is always one implicit union row pattern variable, called the universal row pattern variable, defjned
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 colimn
refefrence within the MEASURES or DEFINE clauses. There is no syntax available to the user to dengte
the ©iniversal row pattern variable. The query writer may, of course, define an explicit union row pattern
varipble that is'theé union of all primary row pattern variables. (The example in Subclause 4.3, “Exarpple
of ONE ROW.RER MATCH”, illustrates this technique.)

4.11 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 SQL/RPR extends the scalar expression syntax of ISO/IEC 9075-2, and provides special semantics
for evaluating scalar expressions in the context of a row pattern match. This is discussed in Clause 5,
“Expressions in MEASURES and DEFINE”.

NOTE 3 — The MEASURES clause in a window definition does not define columns; instead, it defines named expressions
which are accessed using a variant of the window function syntax, called row pattern measure functions. “Row pattern
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measure” is the generic term for row pattern measure columns and row pattern measure functions, whose values are
computed using the same rules.

4.12 ONE ROW PER MATCH vs ALL ROWS PER MATCH

4.1 TIntroduction to use of ROWS PER MATCH

ONH ROW PER MATCH indicates that the result has one row for each match. Columns of thismow ar]
defiped by the PARTITION and MEASURES clauses. This is the default.

D

ALLIROWS 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{- -} inthe PATTERN; see Subclause4.14.3, “Exclufing
portions of the pattern”.)

ALL/ROWS PER MATCH has three suboptions:

— |ALL ROWS PER MATCH SHOW EMPTY MATCHES
— |ALL ROWS PER MATCH OMIT EMPTY MATCHES
— |ALL ROWS PER MATCH WITH UNMATCHED ROWS

Thege options are explained in the following subsections,

4.12.2 Handling empty matches

Sonje patterns permit empty matches. For éxample:
PATTERN ( A*)
can pe matched by zero or more rows that are mapped to A.

An gmpty match does not maprany rows to primary row pattern variables; nevertheless, an empty mptch
has p starting row. For example, there can be an empty match at the first row of a row pattern partifion,
an enpty match at the secend row of a row pattern partition, etc. An empty match is assigned a sequential
matfh number, based orithe ordinal position of its starting row, the same as any other match.

Wh¢n using ONE'ROW PER MATCH, an empty match results in one row of the row pattern output tgble.
The[row pattermymeasures 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.

— Any other aggregate, row pattern navigation operation, or ordinary row pattern column reference
is null.

For example, the example in Subclause 4.3, “Example of ONE ROW PER MATCH”, can be modified to
permit empty matches, as follows:

SELECT M Synbol, /* ticker synbol */
M Mat chno, /* sequential match nunmber */
MFirstp, /* starting price */
M Last p /* ending price */

FROM Ti cker
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MATCH_RECOGNI ZE (
PARTI TI ON BY Synbol
CORDER BY Tr adeday
MEASURES MATCH_NUMBER() AS Mat chno,

FIRST A Price AS Firstp,

LAST (A Price) AS Lastp
ONE ROW PER MATCH
AFTER MATCH SKI P PAST LAST ROW

PATTERN ( A*)

PER-NE
A AS A Price > PREV (A Price)
) AS M
Her¢ the pattern has been changed to A*, and is used to detect runs of increasing prices. Thé-sample fata
is ngw analyzed as shown in Table 5, “Analysis of sample data permitting empty matches®
Table 5 — Analysis of sample data permitting empty matches
SYMBOL TRADEDAY | PRICE
XYZ 2009-06-08 | 50 match#71 (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 |
XYZ 2009-06-24 | 60 match #11
(empty)

The result of the preceding query on the sample row pattern partition is illustrated in Table 6, “Result
of query permitting empty matches”.

Table 6 — Result of query permitting empty matches

16

SYMBOL MATCHNO FIRSTP | LASTP
XYZ 1
XYZ 2 60 60
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SYMBOL MATCHNO FIRSTP | LASTP
XYZ 3

XYZ 4

XYZ 5

AYZ 6 45 45

XYZ 7

XYZ 8

XYZ 9

XYZ 10 47 70

XYZ 11

In the preceding result, note how the row pattern measures other than the match number are null for

empty matches.
As for ALL ROWS PER MATCH, the question arises of whether to generate a row of output for an emlpty
matfh, seeing that there are no rows in the empty match<To govern this, there are two options:
1) [ALL ROWS PER MATCH SHOW EMPTY MATCHES<with this option, any empty match generates|a
single row in the row pattern output table.
2) |ALL ROWS PER MATCH OMIT EMPTY MATEHES: with this option, an empty match is omitted ffom
the row pattern output table. (This mayause gaps in the sequential match numbering.)
ALLIROWS PER MATCH defaults to SHOW.EMPTY MATCHES. Using this option, an empty match generjates
onefrow in the row pattern output table. In this row:
— [The value of a classifier funetion is null.
— |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.
— |The value of any,aggregate or row pattern navigation operation is computed using an empty sef of
rows (so any . GOUNT is 0, and all other aggregates and row pattern navigation operations are nfill).
— [The value 0f any column corresponding to a column of the row pattern input table is the same ag the
corresponding column in the starting row of the empty match.
Thelféllowing example alters the preceding example slightly, to use ALL ROWS PER MATCH SHOW EMPTY
MATCHES:
SELECT M Synbol , /* ticker synbol */
M Mat chno, /* sequential match nunber */
M Tradeday, /* day of trading */
M Price, /* price on day of trading */
M d assy, /* classifier */
M Firstp, /* starting price */
M Last p /* ending price */
FROM Ti cker
MATCH RECOGNI ZE (
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PARTI TI ON BY Synbol

CORDER BY Tr adeday

MEASURES MATCH_NUMBER() AS Mat chno,
CLASSI FI ER AS d assy,
FI NAL FI RST (A Price) AS Firstp,
FI NAL LAST (A.Price) AS Lastp

ALL ROA5 PER MATCH SHOW EMPTY MATCHES

AFTER MATCH SKI P PAST LAST ROW

PATTERN ( A*)

The
qu

)

DER-NE-A-AS—-A—PrH-ce RREV—(A—Pr-ce5
) AS M
result of the preceding query on the sample row pattern partition is shown in Table 7, “Results|of
'y using SHOW EMPTY ROWS”.
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
XYZ 4 2009-06-11 | 40
XYZ 5 2009-06-12 | 35
XYZ 6 2009-06-15\\'45 A 45 45
XYZ 7 2009-06-16 | 45
XYZ 8 2009-06-17 | 45
XYZ 9 2009-06-18 | 43
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
XYZ 11 2009-06-24 | 60
stead, ALL ROWS PER MATCH OMIT EMPTY MATCHES were used, the result would lack the rows

If, in

for the empty matches, like illustrated in Table 8, “Results of query using OMIT EMPTY ROWS”.

18

Table 8 — Results of query using OMIT EMPTY ROWS

SYMBOL MATCH TRADEDAY | PRICE | CLASSY FIRSTP LASTP
NO

XYZ 2 2009-06-09 | 60 A 60 60

XYZ 6 2009-06-15 | 45 A 45 45
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SYMBOL MATCH TRADEDAY | PRICE | CLASSY FIRSTP LASTP
NO

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

e the gaps in the match numbering; also, the final empty match (number 11) is undetectable-béc
e are no non-empty matches following it.

2.3 Handling unmatched rows

non-empty match. Such rows are called unmatched rows.

option ALL ROWS PER MATCH WITH UNMATCHED ROWS shows both empty matches and unmat
5. Empty matches are handled the same as with SHOW EMPTY MATCHES. When displaying an

r join. Thus COUNT and MATCH_NUMBER may be used todistinguish an unmatched row from
Fing row of an empty match. The exclusion syntax { - ,- }\is prohibited as contrary to the spirit o
H UNMATCHED ROWS.

example in Subclause 4.4, “Example of ALL ROWS'PER MATCH”, can be used to illustrate WITH

FCT M Synbol , /* ticker symbol */

M Mat chno, /* sequential matchvnunmber */
M Tr adeday, /* day of trading"*/

M Pri ce, /* price on day~of trading */
M d assy, /* classifier */

M Startp, /* startiwng price */

M Bottonp, /* bottlom'price */

M Endp, /* ending price */

M Avgp /* (average price */

MATCH_RECOGNHZE (
PARTI TI'ON BY Synbol
CRDER'BY Tr adeday
MEASURES MATCH_NUMBER() AS Mat chno,
CLASSI FI ER AS d assy,
A . Price AS Startp,
FI NAL LAST (B.Price) AS Bottonp,

puse

e rows of the row pattern input table may be neither the starting row of anempty match, nor mapped

thed

atched row, all row pattern measures are null, somewhat afialogous to the null-extended side gf an

the

FINAL LAST (C. Price) AS Endp,

FI NAL AVG (U. Price) AS Avgp
ALL ROA5 PER MATCH W TH UNVATCHED ROWAS
AFTER MATCH SKI P PAST LAST ROW
PATTERN (A B+ Ct)
SUBSET U = (A B, O
DEFINE /* A defaults to True, matches any row */
B AS B.Price < PREV (B.Price),
C AS C. Price > PREV (C. Price)
) AS M

© ISO/IEC 2021 - All rights reserved
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and the result on the data in the sample row pattern partition is shown in Table 9, “Results of ALL ROWS
PER MATCH".

Table 9 — Results of ALL ROWS PER MATCH

SYM MA | TRADEDAY | PRICE | CLAS | STAR | BOT ENDP | AVGP
BOL TC SY TP TOMP

HN

V)
XYZ 2009-06-08 | 50
XYZ 1 2009-06-09 | 60 A 60 35 45 458
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 2009-06-17 | 45 A 45 43 70 514
XYZ 2 2009-06-18 | 43 B 45 43 70 514
XYZ 2 2009-06-19 | 47 ¢ 45 43 70 51.4
XYZ 2 2009-06-22 | 52 C 45 43 70 51.4
XYZ 2 2009-06-23 <}+70 C 45 43 70 514
XYZ 2009-06:24 | 60

In the sample output, note the'rows in which the row pattern measures are null. These rows corresp

tou

Itis
that
that
that
ALL|
WIT

hmatched rows in the.row pattern input table.

not possible for.apattern to permit empty matches and also have unmatched rows. The reason
if a row of the_row pattern input table cannot be mapped to a primary row pattern variable, th{
row can stilbbe the starting row of an empty match, and will not be regarded as unmatched, assur
the pattern permits empty matches. Thus, if a pattern permits empty matches, then the outputu
ROWS.PER MATCH SHOW EMPTY MATCHES is the same as the output using ALL ROWS PER MA
HUNMATCHED ROWS. Thus WITH UNMATCHED ROWS is primarily intended for use with patt

that

ond

is
20
ning
sing
TCH
PIns

domot permit empty matches. However, the user may prefer to specify WITH UNMATCHED RO

WS

if the user is uncertain whether a pattern may have empty matches or unmatched rows.

Note thatif ALL ROWS PER MATCH WITH UNMATCHED ROWS is used with the default skipping behavior
(AFTER MATCH SKIP PAST LAST ROW), then every row of the row pattern input table will appear exactly
once in the output (as the location of an empty match, as a row that is mapped by a non-empty match,

or as an unmatched row).

Other skipping behaviors are permitted using WITH UNMATCHED ROWS, in which case it becomes pos-
sible for a row to be mapped by more than one match and appear in the row pattern output table multiple
times. Unmatched rows will appear in the output only once.

20
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4.13 AFTER MATCH SKIP

The AFTER MATCH SKIP clause determines the point to resume pattern matching after a non-empty
match has been found. The default for the clause is AFTER MATCH SKIP PAST LAST ROW. The options
are as follows (RPV denotes a row pattern variable):

— AFTER MATCH SKIP 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
of the current match.

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

— |AFTER MATCH SKIP TO LAST RPV: resume pattern matching at the last row that)is mapped to the
row pattern variable RPV.

— |AFTER MATCH SKIP TO RPV: same as AFTER MATCH SKIP TO LAST RPVx

Wheén using AFTER MATCH SKIP TO FIRST or AFTER MATCH SKIP TO JLAST], it is possible that no row
is mfapped to the <row pattern variable name>. For example, the row‘pattern variable A in

AFTER MATCH SKI P TO A
PATTERN (X A* X),

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

3]

Another aberrant condition is that AFTER MATCH SKIP may try to resume pattern matching at the spme
row|that the last match started. For example,

AFTER MATCH SKI P TO X
PATTERN (X Y+ 2),

In this example, AFTER MATCH SKIP\TO X tries to resume pattern matching at the same row where|the
previous match was found. This would result in an infinite loop; consequently a run-time exception|is
geng¢rated for this scenario.

Not¢ that the AFTER MATCH'SKIP syntax only determines the point to resume scanning for a match after
a ngn-empty match. When-an empty match is found, one row is skipped (as if SKIP TO NEXT ROW had
been specified). Thus-anempty match never causes one of these exceptions.

A qyery that gets’one of these exceptions should be rewritten. For example,

AFTER MATCH\SKI P TO A
PATTERN (XCA | B) V)

will|cause a run-time error if alternative A does not match. Instead of this example, perhaps the folloying
will serve the user s eeds:

AFTER MATCH SKIP TO C

PATTERN (X (A | B) V)

SUBSET C = (A, B)

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

As another example:

AFTER MATCH SKI P TO FIRST A
PATTERN (A* X)
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This example will always get an exception after the first match, either for skipping to the first row of the
match (if A* matches) or for skipping to a non-existent row (if A* does not match). In this example, SKIP
TO NEXT ROW might be a better choice.

When using ALL ROWS PER MATCH together with skip options other than AFTER MATCH SKIP PAST
LAST ROW, it is possible for consecutive matches to overlap, in which case a row R of the row pattern
input table might occur in more than one match. In that case, the row pattern output table will have one
row for each match in which R participates. The MATCH_NUMBER function may be used to distinguish

between the multiple matches in which a row of the row pattern input table participates. When a row
part|icipates in more than one match, its classifier may be different in each match as well.
4.14 PATTERN

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

— [concatenation: indicated by the absence of any operator sign.between two successive items in a
pattern. Note that whitespace is required to delimit two sUceessive 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 n iterations (n > 0)

{n,} — n or 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 (*?, +?, ??, {n}?, {n,}?, {n,m }?
{,/m}?7). See below for the difference between reluctant and non-reluctant quantifiers.

— |alternationvindicated by a vertical bar ( | ). Alternatives are preferred in the order in which they are
specified:

— |groeuping: indicated by parentheses.

— PERMUTEsee Subctause 4-t42“PERMU

— exclusion: parts of the pattern to be excluded from the output of ALL ROWS PER MATCH are enclosed
between {- and -}. See Subclause 4.14.3, “Excluding portions of the pattern”.

— anchors (not permitted with row pattern matching in windows):
~: matches the beginning of a row pattern partition

$: matches the end of a row pattern partition

— (): empty pattern, matches an empty set of rows
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The difference between non-reluctant (or “greedy”) and reluctant quantifiers appended to a single row
pattern variable is illustrated as follows: A* tries to map as many rows as possible to A (consistent with
mapping the entire pattern), whereas A*? tries to map as few rows as possible to A (consistent with
mapping the entire pattern). The semantics of quantifiers on complex regular expressions, such as (A |
B)*, cannot be expressed succinctly; see Subclause 7.2.4, “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
— |concatenation

— [alternation

Pregedence of alternation is illustrated by this example:
PATTERN (A B | C D)

whicth is equivalent to

PATTERN ((A B) | (C D)

and|is not equivalent to

PATTERN (A (B | © D)

Pre¢edence of quantifiers is illustrated by this example:
PATTERN (A B *)

whith is equivalent to

PATTERN (A (B*))

and|is not equivalent to

PATTERN ((A B)*)

A quantifier shall not imniediately follow another quantifier. For example
PATTERN ( A**)

is prohibited, whereas

PATTERN ( (A*Y*)

is peérntitted (though the latter pattern is no more powerful than just A*).

Itis permitted IOr a primary row pattern variable to occur more than once in a pattern. rFor example

PATTERN (X Y X)

4.14.2 PERMUTE

The PERMUTE syntax may be used to express a pattern that is a permutation of simpler patterns. For
example,
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PATTERN ( PERWJTE (A, B, O))

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

PATTERN (ABC| ACB| BAC| BCA| CAB| 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

L rdar)Thic ic ciganifi oo

caraalc

pOS;S
the
etc,;

As another example:

PAT]
is ed

PAT]

4.14.3 Excluding portions of the pattern

Whyg

subgptions, rows matching a portion of the PAFTERN may be excluded from the row pattern outpuf
tablp. The excluded portion is bracketed between {- and -} in the PATTERN clause.
For pxample, the following example findsthe longest periods of increasing prices that start with a p
no less than 10.
SELECT M Synbol , /* row-s\synbol */

M Tradeday, /* row-s trade day */

M Pri ce, /*~towW s price */

M Avagp, /*~average price */

M Mat chno [* row s match nunber */
FROW Ti cker

brder written in the expansion. Thus a match to (A B C) will be attempted before a match to{(A
the first attempt that succeeds is the “winner”.

'ERN ( PERMUTE ( X{3}, B C?, D))
[uivalent to

'ERN (

(

(

( }
( BC? D X{3
(

(

n using ALL ROWS PER MATCH with either-the'OMIT EMPTY MATCHES or SHOW EMPTY MATC

MATCH_RECOGNI ZE (
PARTIZFON BY Synbol
CORBER BY Tr adeday
MEASURES FI NAL AVG (S. Price) AS Avgp,
MATCH_NUMBER() AS Matchno
ALL RONS PER MATCH

ihilitia a alictad in alubhabati o o 1 Thic: 3 1£3 thacanica altaraotiyac o ot oot d 1
TUIIITVIC O dI'vc dlouvuITIiolteuu 111 blll_lllul.l\,l.l\' Ul \A\—l-) I'IIIo 19 Jlslllll\,“llt UrLldaduotT dIitvrIiialiivieo dric ul.\-\,llly\-\. ln

" B),

HES

rice

AFTER VATUR SKI'F TU LAST B
PATTERN ( {- 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 output.

24
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Although the excluded rows do not appear in the row pattern output table, they are not excluded from
the definitions of union row pattern variables, nor from the calculation of scalar expressions in the DEFINE
or MEASURES. 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.

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 SKI P PAST LAST ROW

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

In that case, a match to the pattern maps a row to the row pattern variable C, and thé skip will be tg the
next row after the last row of the match; that is, after the row that is mapped to C,Jeven though the fow
that]is mapped to C is excluded from the output.

Thelexclusion syntax is not permitted with ALL ROWS PER MATCH WITHUNMATCHED ROWS.

Thelexclusion syntax is permitted with ONE ROW PER MATCH, thoughithas no effect since in this dase
therje is only a single summary row per match.

4.15 SUBSET

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

F Ti cker
TCH_RECOGNI ZE
( ORDER BY Tradeday
MEASURES FI RST (X.tine) AS x(fjirsttine,
LAST (Y.tine) AS y_lastting,
AVG (S.Price) AS xy_avgpricCe
PATTERN ( X+ Y+)
SUBSET S = (X, V)
DEFINE X AS X. Price » PREV (X Price),
Y AS Y.Price < PREV (Y.Price)

)

Thid example declares’a union row pattern variable, S, and defines it as the union of the rows mappe¢d to
X and the rows mapped to Y. See Subclause 4.10, “Row pattern variables”, for an example of how su¢h
unigns are formied.

There can-be multiple union row pattern variables. For example:

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

The right hand side of a SUBSET item is a parenthesized, comma-separated list of distinct primary row
pattern 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
variables (there are no unions of unions).
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4.16 DEFINE

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

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

] £i a1 L pa AVAR b 1O DREYL OV Do aY PR VA dafi d il pa AVA » P in]
X ls CIIIICYuU Uy UIICU CUITUIUIVUIT AT TICUU T INLGV LI\.I IILCJ, dllu 1 10 UUTIIIICyu U)’ UIIC LUIIUILIVUIT 1.1 TICT 1T EV
(Y.Price). (PREV is a row pattern navigation operation which evaluates an expression in the previoys
row} see Subclause 5.6, “Row pattern navigation operations”, regarding the complete set of rowypattern

navigation operations.)

A pifimary row pattern variable does not require a definition; if there is no definition, thé_default is a
predicate that is always true. Any row can be mapped to such a primary row pattern‘variable.

A unjion row pattern variable cannot be defined by DEFINE, but may appear in the Boolean conditign of
a primary row pattern variable.

The[Boolean condition of a primary row pattern variable RPV may reference RPV, or other primary jor
unign row pattern variables. For example:

F Ti cker
TCH_RECOGNI ZE
( PARTI TI ON BY Synbol
ORDER BY Tr adeday
MEASURES FI RST (A. Tradeday) AS A Firstday,
LAST (D. Tradeday) AS D Last day,
AVG (B. Price) AS B_Avgpri ce,
AVG (D.Price) AS D _Avgprice
PATTERN ( A B+ C+ D)
SUBSET BC = (B, ©
DEFINE A AS Price > 100,
B AS B.Price > A Price;
C AS C. Price < AVG/B.Price),
D AS D.Price > MAX (BC. Pri ce)
) AS M

In this example:

— |The definition of A implicitly references the universal row pattern variable (because of the unqualjfied
column reference Rrice).

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

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

ThelBoolean 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 shall evaluate to
True.

In the preceding example:

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
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row pattern variable. Also, Price is an ordinary row pattern column reference, so it is evaluated in the
last row mapped to the universal row pattern variable, i.e.,, the current row. Thus this condition is
equivalent to 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 current
row (since B is being defined), whereas A.Price refers to the last row mapped to A. In view of the pattern,
tireomy Tow mmappedto A Ts thre first row tobe mrapped:

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

Hlere C.Price refers to the Price in the current row, since C is being defined. The aggregate’AVG (B.Price)
ig 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)

—3

his example is similar to the preceding, though it illustrates the use©f'a’union row pattern varigble
1] the Boolean condition.

—

Thelsemantics of Boolean conditions are discussed in more detail in Clause 5, “Expressions in MEASURES
and[DEFINE”.

4.17 The row pattern output table

4.17.1 Introduction to the row pattern-output table

Thejresult of MATCH_RECOGNIZE is €alled the row pattern output table. The shape (row type) of the|row
pattern output table depends on the.choice of ONE ROW PER MATCH or ALL ROWS PER MATCH:

— [I[f ONE ROW PER MATCH is specified or implied, then the columns of the row pattern output table
are the row pattern partitioning columns in their order of declaration, followed by the row pattern
measure columns in their order of declaration. Since a table is required to have at least one colymn,
this implies that there shall be at least one row pattern partitioning column or one row pattern|
measure colunin.

— |If ALL ROWS-PER MATCH is specified, then the columns of the row pattern output table are the|row
pattern-partitioning columns in their order of declaration, the ordering columns in their order pf
declaration, the row pattern measure columns in their order of declaration, and finally any remaiping
columns of the row pattern input table, in the order they occur in the row pattern input table.

The order of columns in the row pattern output table is only significant when using SELECT . The order
of columns is designed to facilitate comparing the output when the query is toggled between ONE ROW
PER 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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4.17.2 Row pattern output name

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

SELECT T. Mat chno
FROM Ti cker

MATCH_RECOGNI ZE (
MEASURES MATCH NUMBER () AS Mat chno

) AS T

In the preceding example, M is the correlation name assigned to the row pattern output table)The njoise

word AS is optional.

The

nanjes of the row pattern output table, as in M.Matchno in the preceding example. This is especially
prtant to resolve ambiguous column names if there are other tables in the FROM-clause. For exanpple,

imp
sup

nitign shown above. In that case the query might be written:

SELECT T. Mat chno, M Mat chno
FROW Ti cker

VWHERE .

4.1

Opt
the
to re

to-o

For

declared column list”:

SELECT M Cym /* ticker synbol */

FROW Ti‘cker AS T (Sym Td, Pr)

28

benefit to assigning a correlation name is that the correlation name may be used to-qualify the col

pose Matchmaker is a table with a column named Matchno, to be joined with-.the row pattern re

MATCH_RECOGNI ZE (
MEASURES MATCH NUMBER () AS Mat chno

) AS T, Matchrmaker AS M

/.3 Row pattern output declared colunn list

onally, the row pattern output name niay be followed by a parenthesized list of column names, c3
fow pattern output declared columnlist. The row pattern output declared column list may be u

Ine correspondence with theycolumns of the row pattern output table.

example, the following-isa modification of the example in Subclause 4.6.3, “The row pattern ing

M Mo, /* sequential match nunber */
M St artpri ce, /* starting price */

M Bot'vonprice, /* bottomprice */

M>Ehdpri ce, /* ending price */

M'Avgpri ce /* average price */

1mn

cog-

lled
sed

name the columns of the row pattern output table. There shall be the same number of column names
in the list as there are columns in‘thé row pattern output table. The column names in the list are in

pne-

ut

MATCH_RECOGNI ZE (
PARTI TION BY T. Sym
ORDER BY T. Td
MEASURES MATCH_NUMBER() AS Mat chno,
A Pr AS Startp,
LAST (B.Pr) AS Bottonp,
LAST (C. Pr) AS Endp,
AVG (U. Pr) AS Avgp
ONE ROW PER MATCH
AFTER MATCH SKI P PAST LAST ROW
PATTERN (A B+ Ct)
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SUBSET U = (A B, O
DEFINE /* A defaults to True, matches any row */
B AS B.Pr < PREV (B.Pr),
CAS C. Pr > PREV (C. Pr)
) AS M (Cym Mo, Startprice, Bottonprice, Endprice, Avgprice)

The 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, Endp, and Avgp, for a total of six columns. The row pattern output declared column list renames
thegecotummsto €y, Mo, Startprice; Bottomprice; Emdprice; amd-Avgprice; Tespectively Note tirag the
SELECT list uses the column names of the row pattern output declared column list, since those are-the

fina] names of the columns.

In all, the preceding example has the originally defined column names and their renames as’shown [in
Table 10, “Original and renamed column names”.

Table 10 — Original and renamed column names

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

4.18 Prohibited nesting

4.18d-Introduction to prohibited nesting

The following kinds of nesting are prohibited by SQL/RPR:
1) Nesting one row pattern recognition within another is prohibited.

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

3) Subqueries in MEASURES or DEFINE cannot reference row pattern variables.
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4)

Prohibited nesting

Row pattern recognition cannot be used in recursive queries.

These restrictions are illustrated in the following Subclauses.

4.18.2 Row pattern recognition nested within another row pattern recognition

Nesting one row pattern recognition within another is prohibited. For example, the following is a sy

tax

errg

SELH
FRON

Apg

4.1

Her
vari

SELE

FRON

In this example, T is bothithe range variable for Toast in the outer query, and also a row pattern vari

in th

SQL
rang
rang
the
the

I

FCT ...
N Ti cker
MATCH_RECOGNI ZE (
DEFI NE A AS EXI STS ( SELECT *
FROM St ock2
MATCH RECOGNI ZE (...) )
)

ssible workaround is to relegate the nested row pattern recognition t6-a view or SQL-invoked func

B.3 Outer references within a row pattern recognition query

e is an example of row pattern recognition nested within an outer query. Note the underlined ra
hbles T:

FCT ( SELECT M Avg_Price
FROM Ti cker
MATCH_RECOGNI ZE (
ORDER BY Tr adeday
MEASURES AVG (T.;Pri‘ce) AS Avg_Price
PATTERN ( T+)
DEFINE T AS T.Price >= AVG (T. Price)
) AS M

)
) Toast AS T

e scalar subquery:

uses static.seoping rules. This means that a range variable declared in an inner scope occludes
e variable\of the same name declared in an outer scope. In the preceding example, there are tw]
e variables named T. The row pattern variable T is declared in the PATTERN clause and visible

tion.

nge

able

A
D
In

DEFINE and MEASURES clauses, occluding the range variable T of the outer query block. Therefore,

bcalar subquery (the row pattern recognition query) is not correlated with the outer query, the

ove

att resuttwittirave one row foreachrrow of Toast,amdattrows witt beidemnticat:

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 ( SELECT M Avg_Price

30

FROM Ti cker
MATCH_RECOGNI ZE (
ORDER BY Tr adeday
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MEASURES AVG (X. Price) AS Avg_Price

PATTERN ( X+)

DEFI NE X AS X. Price >= AVG (X. Price)
) AS M

)

FROM Toast AS T

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

SELECE ( SELECT M A\lg_Drl Fa¥=

FRON

In the preceding example, the column reference T.Price in the DEFINE clause\is an outer reference tq

rang

Itm
rouf

4.1

A su
don
of th

SELF

FROW Ti cker

FROM Ti cker
MATCH_RECOGNI ZE (
ORDER BY Tr adeday
MEASURES AVG (X. Price) AS Avg_Price
PATTERN ( X+)
DEFINE X AS T.Price >= AVG (X. Price)
) AS M

)
) Toast AS T

e variable T defined in the outer block; therefore, this example is a syntax error.

ine, passing as arguments the values that are prohibited as euter references.

8.4 Conventional query nested within row pattern recognition query

bquery can be nested in an expression in MEASURES or DEFINE. Subqueries are permitted if th

e outer query. Here is an example of the(atter (note underlined A):
FCT Fi r st day

MATCH_RECOGNI ZE (
CRDER BY Tr adeday
MEASURES A. Tradeday AS Firstday
PATTERN (A B+)
DEFI NE A AS.A Price > 100,
B AS'B. Price <
(OSELECT AVG (S. Price)
FROM Ti cker S
VWHERE S. Tr adeday BETWEEN
A Tradeday - INTERVAL '1' YEAR
AND A. Tr adeday )

In thi

the

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

ey

ot perform row pattern recognition themselyes, and if they do not reference the row pattern varigbles

idble

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

row

pattern variables.

It may be possible to work around this limitation by placing the correlated subquery in an SQL-invoked
routine, passing as arguments the values that are prohibited as outer references.
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4.18.5 Recursion

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

CREATE RECURSI VE VI EW Probl em (Kol o, Xoro) AS
SELECT Kol 0, Xoro
FROM T
UNI ON
SELECT Kolo + 1’ Xoro
FROM Pr obl em
MATCH_RECOGNI ZE (
CORDER BY Kol o
VEASURES MATCH_NUMBER () AS Xor o
ALL ROA5 PER MATCH
PATTERN ( A+)
DEFINE A AS A Xoro > PREV (A Xoro)

4.18.6 Concatenated row pattern recognition

Not¢ that it is not prohibited to feed the output of one row patterfvrecognition into the input of another,
as in this example:

SELECT ...
FROW ( SELECT *
FROM Ti cker
MATCH RECOGNI ZE (...) )
MATCH_RECOGNI ZE (. ..)

In this example, the first MATCH_RECOGNIZE"js in a derived table, which then provides the input to|the
secqnd MATCH_RECOGNIZE.
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5 Expressions in MEASURES and DEFINE

Scalpr expression syntax as defined in ISO/IEC 9075-2 is available in row pattern matching. This.proviides
such familiar capabilities as arithmetic and aggregates. Note though that scalar expressions - have special
semfntics in MEASURES and DEFINE; this is the subject of this Subclause.

In agldition, SQL/RPR provides the following scalar expressions that are unique to row.pattern matching:

<

— |The COUNT aggregate has special syntax and semantics to count rows thatrare mapped to a rovy
pattern variable by the current row pattern match.

— |Row pattern navigation operations, using the functions PREV, NEXT; EIRST, and LAST. Row patfern
navigation operations are discussed in Subclause 5.6, “Row pattern.navigation operations”.

— |The MATCH_NUMBER function, which returns the sequentialdhumber of a row pattern match within
its row pattern partition, discussed in Subclause 5.8, “MATCH_NUMBER function”.

— |The CLASSIFIER function, which returns the name of the.primary row pattern variable to which a
row is mapped, discussed in Subclause 5.9, “CLASSIFIER function”.

Expressions in MEASURES and DEFINE clauses have'the same syntax and semantics, with the following
excgptions:

1) |DEFINE clause only supports running semantics; MEASURES defaults to running semantics, butfalso

. ”

supports final semantics. This distinctionis discussed in Subclause 5.3, “Running vs. final semantjics”.

2) |In DEFINE, the CLASSIFIER function'does not return the classifier of rows after the current row,
whereas in MEASURES, the CLASSIFIER function does return the classifier of rows after the current
row. (This is only an issue when.CLASSIFIER function is nested within the NEXT row pattern navigdtion
operation; see Subclause 5.9, “CLASSIFIER function”.)

5.2 Row pattern column references

A cdlumn reference is a column name qualified by an explicit or implicit range variable, such as

A Prlice

A collumn name with no qualifier, such as Price, is implicitly qualified by the universal row pattern variable,
which references the set of all rows in a match.

Column references may in general be nested within other syntactic elements, notably aggregates and
subqueries. (However, nesting in row pattern matching is subject to limitations described in Subclause 4.18,
“Prohibited nesting”, for the FROM clause and Subclause 6.17, “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 are qualified by
the same row pattern variable. For example

PATTERN (A+ B+)
DEFINE—B—ASAvE (A Price—B—Tax——106%

The|preceding example is a syntax error, because A and B are two different row pattern variables:
Aggregate semantics require a single set of rows; there is no way to form a single set of rows on which
to eyaluate A.Price + B.Tax. On the other hand, this is acceptable:

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

An Unqualified column reference is implicitly qualified by the universal rowpattern variable, which| ref-
erences the set of all rows in a match. For example

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

The|preceding example is a syntax error, because the unqualified\column reference Price is implicitly
qualified by the universal row pattern variable, whereas B.Tak/s"explicitly qualified by B. On the other
hangl, this is acceptable:

DEFIINE B AS AVG (Price + Tax) > 1000

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

5.3 Running vs. final semantics

Pattern matching in a sequence of.rows is usually envisioned as an incremental process, with one r¢w
aftef another examined to see(ifiit fits the pattern. With this incremental processing model, at any sfep
until the complete pattern hasbeen recognized, there is only a partial match and it is not known what
rowp might be added in the)future, nor what variables those future rows might be mapped to. Therefore,
in SQL/RPR, a row pattern column reference in the Boolean condition of a DEFINE clause has “running”
sempntics. This meansthat a row pattern variable represents the set of rows that have already been
magped to the row pattern variable, up to and including the current row, but not any future rows.

Afterr the comaplete match has been established, it is possible to talk about “final” semantics. Final
semfantics is-the same as running semantics on the last row of a successful match. Final semantics is pnly
avaiLable inMEASURES, since in DEFINE there is uncertainty about whether a complete match has been
achieved.

The keywords RUNNING and FINAL are used to indicate running or final semantics, respectively; the
rules for these keywords are discussed in Subclause 5.4, “RUNNING vs.FINAL keywords”.

The fundamental rule for expression evaluation in MEASURES and DEFINE is as follows:

1) When an expression involving a row pattern variable RPV is computed on a group of rows, then the
set of rows SR that is mapped to RPVis used. If SR is 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 SR is used. If SR is
empty, then the expression is null.
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For example:

SELECT M Synbol, M Tradeday, M Price, M Runni ngAvg, M Fi nal Avg
FROM TI CKER
MATCH_RECOGNI ZE (
PARTI TI ON BY Synbol
CRDER BY Tr adeday
MEASURES RUNNI NG AVG (A. Price) AS Runni ngAvg,
FI NAL AVG (A. Price) AS Final Avg
AL RO PERVATCH
PATTERN ( A+)
DEFINE A AS A Price >= AVG (A Price)
) AS M

Conpider the ordered row pattern partition of data shown in Table 11, “Ordered row pattérn partitipn
of data”.

Table 11 — Ordered row pattern partition of data

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

Ry XYZ 2009-06-10 16

R3 XYZ 2009-06-11 13

Ry XYZ 2009406-12 9

Thelfollowing logic can be used to find a match:

1) |On the first row of the row pattern paktition, tentatively map row R = Ry to row pattern variable A.
At this point SR = { R{ }. To confirmwhether this mapping is successful, evaluate the predicate

A. Price >= AVG (A Price)

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

On the right hand-side, AVG (A.Price) is an aggregate, which is computed using the rows of SR. This
average is 10/1 = 10.

Thus thepredicate asks if 10 > 10. The answer is yes, so the mapping is successful. However, the
pattern-A¥ is “greedy”, so the engine tries to match more rows if possible.

2) |On the second row of the row pattern partition, tentatively map R = R, to row pattern Varlable A At
G ol +thaoara ara tvazn rovazc i d 4o A oA CD _ (D D1 Confivn vahatharth A gon i Suc-

CIITS PUAAAL ICTC ATty O T O VW S IITd p Pttt tOTY,SUDIY LIt 1Y) - GUTITIT I wHaetnertne lllutll_lllls 1S

cessful by evaluating the predicate

A . Price >= AVG (A Price)

On the left hand side, A.Price is evaluated in a single row, which is the last row of SR using running
semantics. The last row of SR is 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.
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Thus the predicate asks if 16 > 13. The answer is yes, so the mapping is successful.

3) On the third row of the row pattern partition, tentatively map R = R3 to row pattern variable A. Now
there are three rows mapped to A, so SR = { Ry, Ry, R3 }. 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 R-; therefore A.Price is 13.

4)

R4 d
qua
The

ROV
RUN

example, as shown in Table 12, “RUNNING-and FINAL in MEASURES”.

Itis

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

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

this point SR ={ Ry, Ry, R3, R4 }. Confirm whether the mapping is successful by evaluating the predj

A. Price >= AVG (A Price)

On the left hand side, A.Price is evaluated in R4; therefore A.Price is"9;

On the right hand side, AVG (A.Price) is an aggregate, which is computed using the rows of SR. "]
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.

id not satisfy the definition of A, so the longest mateh to A+ is { Ry, Ry, R3 }. Since A+ has a greeq
htifier, this is the preferred match.

averages computed in the DEFINE are alway§’running averages. In MEASURES, especially with
VS PER MATCH, itis possible to distinguish final and running aggregates. Notice the use of the keyw
NING and FINAL in the MEASURES clatise. The distinction can be observed in the result of the

Table 12.— RUNNING and FINAL in MEASURES

SYMBOL TRADEDAY PRICE RUNNINGAVG FINALAVG
XYZ 2009-06-09 10 10 13
XYZ 2009-06-10 16 13 13
XYZ 2009-06-11 13 13 13

On the fourth row of the row pattern partition, tentatively map R = R4 to row pattérn variable A.

'his

At
cate

'his

ly

ALL
brds

ovel

an‘empty set:

possible that the set of rows SR mapped to a row pattern variable RPV is empty. When evaluatilllg

1)
2)

COUNT is 0.

Any other aggregate, row pattern navigation operation, or ordinary row pattern column reference

is null.

For example:

PATTERN ( A? B+ )

DEFI

36

NE A AS A Price > 100,
B AS B.Price > COUNT (A *) * 50
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With the preceding example, consider the ordered row pattern partition of data illustrated in Table 13,
“Ordered row pattern partition of data”.

Table 13 — Ordered row pattern partition of data

Am
1)

2)
3)

4)

Aro
has

PATT
DEFI

isle
X, n

even if there are four future rows that might be successfully mapped to Y. Consider the data set prov

inT

Row | PRICE
Ry 60
R, 70
Ry 40

htch can be found in this data as follows:

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

A. Price > 100
is evaluated. A.Price is 60; therefore the predicate is false and'the mapping to A does not succee
Since the mapping to A failed, the empty match is takenlas'matching A?.

Tentatively map R = R1 to B. The predicate to checkAfor this mapping is

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

No rows are mapped to A, therefore COUNT-{A.*) is 0. Since B.Price = 60 is greater than 0, the map
is successful.

Similarly, rows R, and R3 can be suceéssfully mapped to B. Since there are no more rows, this is
complete match: no rows mapped“A, { R, Ry, R3 } mapped to B.

hot been matched yet. Foryéxample,
[ERN ( X+ Y+)
NE X AS COUNT (Y>*) > 3,

Y AS Y. Price > 10

bal syntax. However, this example will never be matched since, at the time that a row is mapped
b row has'yet been mapped to Y. Thus, COUNT (Y.*) is 0 and can never be greater than 3. This is

hble 14, “Ordered row pattern partition of data”.

Tentatively map R = R1 to row pattern variable A. (The quantifier ? means to try first for a single

buC-

d.

ping

the

w pattern variable can make'a forward reference; that is, a reference to a row pattern variable that

to
[rue
ded

Table 14 — Ordered row pattern partition of data

Row PRICE
Ry 2

Ry 11

R3 12
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Row | PRICE
R4 13
Rs 14

Mapping { Ry, R3, R4, R5 } to Y would be successful, since all four of these rows satisfy the Boolean condition

defi

mat
atle

hed for Y. In that case, one might think that one could map R4 to X and have a complete successf

Ch. However, the rules of SQL/RPR will not find this match, because, according to the pattern X+
ast one row shall be mapped to X before any rows are mapped to Y.

5.4 RUNNING vs.FINAL keywords

RUN
RUN
FIRS

Agg
1)

2)

Bas

1)

2)
3)
4)

NING and FINAL are keywords used to indicate whether running or final sémantics are desired.

NING and FINAL are available for use with aggregates and the row pattern navigation operatio
T and LAST.

Fegates, FIRST, and LAST can occur in the following places in a row pattern matching query:

In the DEFINE clause. When processing the DEFINE clause,£he€ngine is still in the midst of recogni
a match; therefore, the only supported semantics is running.

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

a) If ONE ROW PER MATCH is specified, ordf'tow pattern matching is done in a window, then

ul
Y+,

zing

zing

the

engine is conceptually positioned on the last row of the match, and there is no real difference

between running vs. final semantics:

b) If ALL ROWS PER MATCH is spegified, then the row pattern output table will have one row
each row of the match. In thistircumstance, the user may wish to see both running and fin
values, so SQL/RPR provides the RUNNING and FINAL keywords to support that distinctio

ed on this analysis, SQL/RPR specifies the following:

In MEASURES, the keywords RUNNING and FINAL may be used to indicate the desired semanti
for an aggregate, FIRST, or LAST. The keyword is written before the operator, for example, RUNN
COUNT (A *) orF-NAL SUM (B. Price).

In both MEASURES and DEFINE, the default is RUNNING.
In DEFINE, FINAL is not permitted; RUNNING may be used for added clarity if desired.
[Im-MEASURES with ONE ROW PER MATCH or in windows, all aggregates, FIRST, and LAST are ¢

for
hl
.

| NG

om-

ics

5)

38

nuted after the lact rauw aftho match hac hoon rocaonizad caothat the default RUNNING camant
e b cH et e 1St THo VY- ot e te S B e e+ eco A S50ttt tHe- G id it I oy oSe it

is 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.

Ordinary column references always have running semantics. (To get final semantics in MEASURES,

use the FINAL LAST row pattern navigation operation instead of an ordinary column reference.
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5.5 Aggregates

Aggregates

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

MEASURES SUM (A. Price) AS Runni ngSunOver A,

ALL

In this example, A is a row pattern variable. The first row pattern measure, RunningSumOverA; doeg

spe
of P
The
mag
are

An \
patt

SUM

computes the running sum of Price over all rows of the current row pattern match.

All d

exanple:

SUM

isa
AT4

The
cou
patd]
qua
row

5.6

5.6

The

FI NAL SUM A. Price) AS Final SunOver A

[ROWS PER VATCH

ify either RUNNING or FINAL, so it defaults to RUNNING. This means that it is computed as the
Fice in those rows that are mapped to A by the current match, up to and including the current rq
second row pattern measure, FinalSumOverA, computes the sum of Price over all‘fiows that are|
ped to A by the current match, including rows that may be later than the current rgw. Final aggreg
bnly available in MEASURES, not in DEFINE.

nqualified column reference contained in an aggregate is implicitly qualified by the universal r
ern variable, which references all rows of the current row pattern match. For example:

(Price)

olumn references contained in an aggregate shall be qualified by the same row pattern variable

(Price + A Tax)

Eyntax error, because Price is implicitly qualified by the universal row pattern variable, whereas
x is explicitly qualified by A.

COUNT aggregate has special syntax for row pattern matching, so that COUNT(A.*) may be speci
NT(A.*) is the number of rows that.ave mapped to the row pattern variable A by the current roy
ern match, using running or final semantics as appropriate. As for COUNT(*), the * is implicitly
ified by the universal row pattérn variable, so that COUNT(*) is the number of rows in the currg
pattern match, with runnjng:er final semantics as appropriate.

Row pattern'navigation operations

1 Thefour operations

Fé-are four functions — PREV, NEXT, FIRST, and LAST — that enable navigation within the row pat

not
sum
W.

ates

pw

For

fied.
v

ent

tern

by e

5.6.

1ther physical or logical olisets.

2 PREV and NEXT

The PREV function may be used to access columns of the previous row of a row pattern variable. If there
is no previous row, the null value is returned. For example:

DEFI

NE A AS PREV (A Price) > 100
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The preceding example says that a row R, 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 to A.

The PREV function can accept an optional non-negative integer argument indicating the physical offset
to the 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 row two rows prior to the row denoted by Awith runping
semantics. (If no row is mapped to A, or if there is no row two rows prior, then PREY (APrice, 2) is
null.)

Theloffset is required to be a run-time constant (literal, embedded variable, and thelike, but not a colimn
or alsubquery). There is an exception if the value of the offset is negative or null.

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

DEFIINE A AS NEXT (A Price) > 100

The[preceding example looks forward one row in the row pattérn partition. Note that SQL/RPR doeg not
support aggregates that look past the current row during DEFINE, because of the difficulty of predigting
what row will be mapped to what row pattern variable in the future. The NEXT function does not viglate
this|principle, since it navigates to “future” rows on the basis of a physical offset, which does not require
knoping the future mapping of rows.

For pxample, to find an isolated row that is more than twice the average of the two rows before and|two
rowg after it: using NEXT, this can be expressed:

PATTERN ( X))

DEFIINE X AS X.Price > 2 * ( PREV.(X. Price, 2)

+ RREV (X. Price, 1)

A NEXT (X. Price, 1)
+/NEXT (X.Price, 2) ) |/ 4

Thiq query can also be expressed:

PATTERN ( {- Y Y, ~FIX {- Y Z -} )
SUBSET W = (Y, <2)
DEFIINE Z AS XiPrice > 2 * AVG (WPrice)

The[second:formulation (without NEXT) requires the use of exclusion syntax using {- -} and the non
intulitivé definition of Z in terms of row pattern variables X and W. The row X is never really defined|at
all, fhough that is the only row of interest. The first formulation (using NEXT) avoids these issues.

Note that the row in which PREV or NEXT is evaluated is not necessarily mapped to the row pattern
variable in the argument. For example, in the first formulation of the example, PREV (X.Price, 2) is evaluated
in a row that is not even part of the match. The purpose of the row pattern variable is to identify the row
from which to offset, not the row that is ultimately reached. This point is discussed further in
Subclause 5.6.4, “Nesting FIRST and LAST within PREV or NEXT ".

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

DEFINE A AS PREV (A. Price + A Tax) < 100
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When using a complex expression as the first argument of PREV or NEXT, all qualifiers shall be the same

row

pattern variable (in this example, A).

The first argument of PREV and NEXT shall have at least one column reference or CLASSIFIER function.

For

example, this is a syntax error:

PREV (1)

The precedmg example isa syntax error because there isnorow pattern column reference or CLASSIFIER

5.6

FIR$T returns the value of an expression evaluated in the first row ofthe group of rows mapped to a
pattern variable. For example:

FIR$T (A Price)

The

to A} then the value is null.

Sim
toa

LAST (A Price)

The

The
offs

FIR$T (A Price, 1)

eval
Tab

e startlng pomt for offsettlng (The use of CLASSIF IER functlon within PREV or NEXT is dlSCUSS(
Clause 5.9, “CLASSIFIER function”.)

V and NEXT always have running semantics; the keywords RUNNING and FINAL cannot'be used
V or NEXT. To obtain final semantics, use, e.g., PREV (FINAL LAST (A.Price)) as explained in
Clause 5.6.4, “Nesting FIRST and LAST within PREV or NEXT ”.

3 FIRST and LAST

preceding example evaluates A.Price in the first row that is mapped to A. If there is no row mapg

larly, LAST returns the value of an expression evaluated in the last row of the group of rows may
row pattern variable. For example:

preceding example evaluates A.Price in the last row that is mapped to A (null if there is no such

FIRST and LAST operators cah.accept an optional non-negative integer argument indicating a lo
bt within the set of rows mapped to the row pattern variable. For example:

juates Price in thezsecond row that is mapped to A. Consider the data set and mappings shown i
e 15, “Examplé€ data set and mappings for FIRST and LAST”.

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

row

ped

ped

bW ).

rical

Row PRICE mapping
Ry 10 - A
Ry 20 -B
R3 30 - A
Ry 40 -C
Rg 50 - A
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Row pattern navigation operations

Thus:

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)

Not
row|

The
like

The
fund
fund

The
in w

Fl RS
isa
Fl RS
is ad
FIRS
(par

VEAS
ALL

5.6

FIR{
vari
ofn

such as the fallowing:

PREY

P that the offset1s a logical offset, moving within the set of rows { Ry, K3, K5 } that are mapped. tq
pattern variable A. It is not a physical offset, as with PREV or NEXT.

optional integer argument is required to be a run-time constant (literal, embedded variable, anc

first argument of FIRST or LAST shall have at least one row pattern column reference or CLASSI!
tion. (The use of CLASSIFIER function within FIRST or LAST is discussed in Subclause 5.9, “CLASSII
tion”.) Thus FIRST(1) is a syntax error.

first argument of FIRST or LAST is permitted to have more than one yow pattern column refere
hich case all qualifiers shall be the same row pattern variable. For example:

BT (A. Price + B. Tax)

Syntax error, but

BT (A. Price + A Tax)

ceptable.

ticularly with ALL ROWS PER MATCH), as)in:

BURES FI NAL LAST (A. Price) AS Fi'nal Price
ROWS PER MATCH

4 Nesting FIRST and-LAST within PREV or NEXT

T and LAST provide navigation within the set of rows already mapped to a particular row pattd
hble; PREV and NEXT provide navigation using a physical offset from a particular row. These ki1
hvigation maybe combined by nesting FIRST or LAST within PREV or NEXT. This permits express|

(AST (A . Price + A Tax, 1), 3)

In tt

but not a column or subquery). There is an exception if the value of the offset is negative or nulll.

the

the

‘IER
FIER

nce,

T and LAST support both running and final semantics. RUNNING is the default, and the only suppojrted
optipn in DEFINE. Final semantics may be accessed in the MEASURES by using the keyword FINAL

rn
ds
ions

n

e cotorl

issavamnle A ic raauirad ta he 2 raw nattern variahle It ic roauired ta havao 4 raw nattorn cqlun
IS-exaHnpre-Aisregiireato-sea-Fowpatterni-vaanre—+sisregireato-avearrowpa

reference or CLASSIFIER function, and all row pattern variables in the compound operator shall be
equivalent (4, in this example). The use of CLASSIFIER function nested within row pattern navigation
operations is discussed in Subclause 5.9, “CLASSIFIER function”.

This compound operator is evaluated as follows:

1)

2)

42

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.)

The outer operator, PREV, starts from the row found in step 1 and backs up 3 rows in the row pat
partition. (If there is no such row, the result is null.)
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3) LetRbe animplementation-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. T
resulting expression R.Price + R.Tax is evaluated and determines the value of the compound naviga
operation.

he
tion

For example, consider the data set and mappings illustrated in Table 16, “Data set and mappings for
nesting example”.

To €

PRE\
the
1)

2)
3)

Not
doe
row|
PRE
eval
vari

Row | PRICE TAX | mapping
Ry 10 1
Ry 20 2 - A
R3 30 3 - B
Ry 40 4 - A
Rs 50 5 -C
Rg 60 6 - A
valuate
(LAST (A . Price + A Tax, 1), 3)
following steps may be used:

The set of rows mapped to A is { Ry, Ry, R¢ }. LAST operates on this set, offsetting from the end
arrive at row Ry.

PREV performs a physical offset;, 3 rows prior to Ry, arriving at R;.
Let R be a range variablé pointing at Ry. R.Price + R.Tax is evaluated, giving 10+1 = 11.

e that this nesting isThot defined as a typical evaluation of nested functions. The inner operator L
b not actually evaluate the expression A.Price + A.Tax; it merely uses this expression to designat
pattern variable)(A) and then navigate within the rows mapped to that variable. The outer oper
V performs.afurther physical navigation on rows. The expression A.Price + A.Tax is not actually
juated as$uch, since the row that is eventually reached is not necessarily mapped to the row pat
hble AsInthis example, R{ is not mapped to any row pattern variable.

AST
P a
ator

tern

5.7 Ordinary row pattern column references reconsidered

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

A Price

Subclause 5.4, “RUNNING vs.FINAL keywords”, stated that ordinary row pattern column references always
have running semantics. This means:
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1) In DEFINE, an ordinary column reference references the last row that is mapped to the row pattern
variable, 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) IfALL ROWS PER MATCH is specified, then there is also a notion of current row, and the
semantics are the same as in DEFINE.

b) If ONE ROW PER MATCH is specified, then conceptually the engine is positioned on the last row

filbhao ot ol A o dio ey Lannan nfoain on o fosan ethaolact raorazrth ot 1o a o d o 1 FOW
Ul LUIIC TIIAdLCILL 71T UL ulllal] CUITUIITIIT TUICICIICU TUILICIICOC O LTIV 1TdOLU TUVYV LIIdlU 1O lllut}}l\/u LU L1IC 1
pattern variable, anywhere in the pattern. If the variable is not mapped to any row, then, th
value is null.

%

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

X. Prli ce

is equivalent to:

RUNM NG LAST (X. Price)

5.8 MATCH_NUMBER function

Matfhes within a row pattern partition are numbered seguéntially starting with 1 in the order they|are
founpd. Note that match numbering starts over again at.¥’in each row pattern partition, since there i§ no
inhgrent ordering between row pattern partitions. MATCH_NUMBER () is a nullary function that retyirns
an ekact numeric value with scale 0 (zero) whosevalue is the sequential number of the match within the
row|pattern partition.

All previous examples of MATCH_NUMBER () have shown it used in MEASURES. It is also possible td use
MATCH_NUMBER () in DEFINE, where:itlcan be used to define conditions that depend upon the mafch
nunjber. For example:

PATTERN ( (A+ | B+) )

DEFI[NE A AS ( MOD (MATCHNUMBER (), 2) = 1)
AND A. Price-> PREV (A Price) ),

B AS ( MOD ( MATCH NUMBER (), 2) = 0)
AND B:wPrice < PREV (B.Price) )

The[condition for-A.can only be true on odd-numbered matches, and the condition for B can only be ftrue
on gven-numberéd matches. Thus, the matches will alternate between A+ and B+.

MATCH_NUMBER () is not permitted except in MEASURES and DEFINE. For example, the following |s a
syntax error:

SEL LCT- MATCH NUINMRER ()
EoTr—ivirroriryoveoe s

\J
FROM Ti cker

5.9 CLASSIFIER function

The classifier of a row is the primary row pattern variable to which the row is mapped by a row pattern
match. The classifier of a row that is not mapped by a row pattern match is null.
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The CLASSIFIER function returns a character string whose value is the classifier of a row. The CLASSIFIER
function has one optional argument, a row pattern variable, defaulting to the universal row pattern
variable.

The simplest usage of CLASSIFIER is with no argument, as seen in the example in Subclause 4.4, “Example
of ALL ROWS PER MATCH”:

MEASURES . . .
CLASSI FIER () AS d assy,
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 4.4, “Example of ALL ROWS PER MATCH”
shoys the result of the example query on the sample data, illustrating how the CLASSIFIER-function
retulrns the classifier of each row of a row pattern match.

The|classifier of the starting row of an empty match is the null value. This can be seén in the example in
Subflause 4.12.2, “Handling empty matches”, of a query using ALL ROWS PER MATCH SHOW EMPT)Y
MATCHES.

Optjonally, 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
sempntics, namely, the set of rows up to and including the current réw that are mapped to RPV.

Theljargument will typically be a union row pattern variable; the.alue returned tells which primary|row
pattern variable among the components of the union row pattern variable to which a row was mapped.
For pxample:

MEASURES CLASSI FI ER (AB) AS AorB

PATERN (A | B| O+
SUB$ET AB = (A, B)

In this example, AB is a union row patternivariable. The value of the row pattern measure AorB is either
A o1 B, whichever is the classifier of thelast row that mapped to A or B. If no row mapped to A or B,[the
valde is null.

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

ORDER BY Tr adeday

MEASURES ARRAY_AGG (CLASSI FI ER () ORDER BY Tradeday)
AS O assifider Array

ONE |ROW PER MATCH

In the preceding éxample, one row is created for each row pattern match RPM, with a single row pattern
medsure, which'is an array of character strings. The elements of the array are the classifiers of the fows
in RPM, with one array element for each row of the row pattern input table that is mapped by RPM. Note
thatithefarray is ordered using the same ordering as the row pattern partition. This technique can b
used toobtain a value reflecting the precise pattern that was detected, while using ONE ROW PER MATCH
instead of ALL ROWS PER MATCH.

[¢})

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

PREV (CLASSI FIER ())

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

PATTERN ( (A | B) C)

© ISO/IEC 2021 - All rights reserved 45


https://standardsiso.com/api/?name=2277ebe450850940572aaab90ca95098

ISO/IEC 19075-5:2021(E)

5.9

DEFI

CLASSIFIER function

NE A AS ...,
BAS ...,
C AS CASE
WHEN PREV (CLASSIFIER ()) = 'A AND Price > 100
THEN 1
WHEN PREV (CLASSIFIER ()) = 'B AND Price < 100
THEN 1
ELSE 0
END = 1

In this example, the first row might be mapped to either A or B. The definition of C can test PREV (CLAS-

SIFI
Cw

Thi{

PATT
DEFI

How
that

Whyg
DEK

NEX

whi
the1
the
afte

Her

NEX
Thid
1)

2)

3)

ER ()) to learn to which row pattern variable the first row mapped. If the first row mappedto/A, then
11 be true if Price > 100; if the first row mapped to B, then C will be true if Price < 100.

particular example would be more easily written as:

[ERN ( (A AC| B BC )
NE A AS ...,
B AS ...,
AC AS Price > 100,
BC AS Price < 100

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

n nesting CLASSIFIER within NEXT, there is an important distinction between MEASURES and
[INE. Consider, for example:

" (CLASSI FI ER ())

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

next row has notbeen mapped yet when considering how to map the current row. Used in MEASURES,
entire pattern has been mapped, and the preceding example is able to return the classifier of thejrow
- the current row. (If the current row is‘the last row that is mapped, the result is null.)

e is an example of the CLASSIFIER function nested in a compound row pattern navigation operation:

[ (RUNNI NG LAST (CLASSIFIER (U), 2) 3)
example would be evaluated as follows:

Find the set of rows.mapped to U. In DEFINE, this can only be rows up to and including the curgent
row; in MEASURES,this can be any rows mapped to U 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, thisis no change from step 1. In MEASURES with ONE ROW PER MATCH, the position is on
the last.fow, so this also is no change. In MEASURES with ALL ROWS PER MATCH, this may resylt in
discarding some of the rows mapped to U.

[n-the set of rows remaining after step 2, find the row that is offset 2 from the end. This requiref at

4)

5)

46

teastthree TOWS Temaining after Step 2; if there are not that many, then the resutt s i (This s the
functionality of LAST.)

Now move forward in the 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.)
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5.9 CLASSIFIER function

The explicit or implicit argument of CLASSIFIER is a row pattern variable. This row pattern variable is
used in the same fashion as the qualifier of a column reference in the argument of a row pattern navigation
operation. For example:

NEXT (CLASSIFIER () || Name)

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

NEXT

isn
col

NEX

F(CLASSIFIER (A) || Nane)

t permissible, because the CLASSIFIER function references the row pattern variable A, whereéas
mn reference Name references the universal row pattern variable. Similarly:

" (CLASSIFIER () || A Nane)

is ngt permissible.

The
imp

ARR/

The
isa

SELF

same rule applies to the argument of an aggregate: all row pattern variables-referenced explicit
icitly shall be the same. Thus the following is a syntax error:

\Y AGG (CLASSI FIER () || A Nane)

CLASSIFIER function is not permitted except in MEASURES and DEFINE. For example, the folloy
Eyntax error:

ECT CLASSI FI ER ()

FROW Ti cker

the

y or

ving
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6

6.1

Row pattern recognition: WINDOW clause

Introduction to the WINDOW clause

Feature R020, “Row pattern recognition: WINDOW clause” of ISO/IEC 9075-2 enhances the WINDQW

clau
resy
tabl

1)
2)

3)

Usin
recd
resy
by p
recd
ordg

6.2

The
mat|

SELH

It of a <table expression> (the FROM..WHERE...GROUP BY...HAVING... clauses), producing a der;
b. This data structure does three things:

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

Within each window partition, orders the rows of the derived table accofding to zero or more
expressions.

For each row R in a window partition, defines a window frame, which is a subset of the ordered
window partition. The endpoints of the window frame may be the'beginning or end of the wing

logical offset (a value added to or subtracted from the onlysert column), or a group count (nu
of groups, defined as peers under the ordering).

g R020, row pattern recognition may be used to further reduce the window frame. Row patterr
gnition is applicable only to window frames that:$tart at the current row R. The window frame
Iting from step 3 will be called the “full windowsframe” of R, and the window frame after reduct
attern matching will be called the “reduced window frame” of R. When performing row pattern
gnition in a window, the window partition serves as the row pattern partition and the window
ring serves as the row pattern ordering:

Example of row pattern recognition in a window

example from Subclause 4.3, “Example of ONE ROW PER MATCH”, is adapted to use row patter

Ching in the WINDQW Clause below:
FCT T. Synbol , /* ticker symbol */
T. Tr adgday, /* trade day */
T. Pricg, /* price on day of trading */

Cl assy OVER W /* classifier */
Startp OVER W /* starting price */
Bottonmp OVER W /* bottom price */

partition, or may be defined relative to the current row using-€ither a physical offset (row cougf), a

se to include row pattern matching. In ISO/IEC 9075-2, a window is a data structure defined on the

ived

low

ber

1

ion

Endp OVER W /* ending price */

Avgp OVER W /* average price */

FROM Ticker AS T
W NDOW W AS

(

48

PARTI TI ON BY Synbol

ORDER BY Tr adeday

MEASURES A. Price AS Startp,
LAST (B.Price) AS Bottonp,
LAST (C. Price) AS Endp,
AVG (U. Price) AS Avgp

BETWEEN CURRENT ROW
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AND UNBOUNDED FOLLOW NG
AFTER MATCH SKI P PAST LAST ROW
I NI TI AL
PATTERN (A B+ Ct)
SUBSET U = (A, B, O
DEFINE /* A defaults to True, matches any row */
B AS B.Price < PREV (B.Price),
C AS C. Price > PREV (C. Price)

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

The SELECT list contains window functions over the window W defined in the WINDOW-clause. Note
the window functions Classy OVER W, Startp OVER W, Bottomp OVER W, Endp OVER-W, and Avgp
OVER W. These are examples of row pattern measure functions, which are windew\functions uged
to access the row pattern measures defined in the MEASURES clause of the window definition.

FROM introduces a conventional FROM clause. This example has a singletable, Ticker, which is
assigned the range variable T. Since there is no WHERE, GROUP BY, or HAVING clause, the result of
the FROM 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 claus¢ is

a list of columns of the row pattern input table. This clausg is optional; if omitted, there are no fow
pattern partitioning columns, and the entire row patterninput table constitutes a single row patftern
partition.

ORDER BY specifies how to order the rows withinrow pattern partitions of the row pattern input

table. The ORDER BY clause is a list of columns'of the row pattern input table. This clause is optignal;
if omitted, the order of rows is completely non-deterministic. However, since non-deterministic
ordering will defeat the purpose of mostxow pattern recognition, the ORDER BY clause will ustially
be specified.

MEASURES specifies row pattermmeasures, whose values are calculated by evaluating expressions
related to the match. The values of row pattern measures are accessed using row pattern measfire
functions, as illustrated in the SELECT list.

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

BETWEEN CURRENT ROW AND UNBOUNDED FOLLOWING is one way to specify the full windqw
frame. In this.example, for any row R in a row pattern partition P, the full window frame consists of
R and all rews that follow R in the row pattern partition P. The full window frame is subsequently
reduced<o,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 spec1f1es that

L 311 £i thal £.1 L AL 1 o |
lJClLLCl I1 lllatbllllls vVl TCTOUIIIT arittl Uit 1ao\. 1I'UVV Ul d ouULULULSS51IUl lllaLLll vVIICII A 1UVV lD ox\lyycu, l ..S

reduced window frame is empty.

INITIAL specifies that the pattern always matches starting at the first row of the full window frame.
If there is no such pattern match, the reduced window frame is empty. The alternative to INITIAL is
SEEK, which specifies to seek the first row pattern match in the full window frame; if there is none,
the reduced window frame is empty.

PATTERN specifies the row pattern that is sought in the row pattern input table. A row pattern is a
regular expression using primary row pattern variables. In this example, the row pattern has three
primary row pattern variables (A, B, and C).
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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 shall
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 given in Table 17, “Window
example query results”.

Table 17 — Window example query results

SYM | TRADEDAY | PRICE CLASSY STARTP | BOTTOMP | ENDP,‘{CAVGP
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 70 514

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

6.3| Summary of the syntax

6.3.1 Syntax components

The syntax of row pattern recognition in windows is summarized in Table 18, “Row pattern recognition
in windows — syntax summary”.
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Table 18 — Row pattern recognition in windows — syntax summary

Clause of Optional? | Notes Cross-reference
window
definition
Existing window | yes no default Subclause 6.6, “Windows
TTATIE defimedomrwimdows*
PARTITION BY yes if omitted, the row pattern input | Subclause 6.7, “PARTITION
table constitutes one row pat- | BY”
tern partition
ORDER BY yes if omitted, there is a non-deter- | Subclause 6:8,0RDER BY”
ministic ordering in each row
pattern partition
MEASURES yes no default Stubclause 6.9, “MEASURES”
ROWS, RANGE, no only ROWS is permitted with Subclause 6.10.2, “ROWS
GROUPS row pattern recognition BETWEEN CURRENT ROW
AND”
BETWEEN CUR- | no BETWEEN CURRENT\ROW AND | Subclause 6.10.2, “ROWS
RENT ROW AND is required with row pattern BETWEEN CURRENT ROW
recognition AND”
EXCLUDE NO yes EXCLUDE NO'OTHERS is the Subclause 6.10.3,
OTHERS default; other EXCLUDE options | “EXCLUDE NO OTHERS”
are forbidden with row pattern
matching
AFTER MATCH yes default is AFTER MATCH SKIP | Subclause 6.11, “AFTER
SKIP PAST LAST ROW MATCH SKIP”
INITIAL, SEEK yes default is INITIAL Subclause 6.12, “INITIAL vs
SEEK”
PATTERN no same as MATCH_RECOGNIZE Subclause 6.13, “PATTERN”
SUBSET yes same as MATCH_RECOGNIZE Subclause 6.14, “SUBSET”
DEFINE no same as MATCH_RECOGNIZE Subclause 6.15, “DEFINE”

6.3.2 Syntactic comparison to windows without row pattern recognition

Note the following differences between windows with and without row pattern matching:

1) Windows with row pattern matching always 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.

© ISO/IEC 2021 - All rights reserved
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2) Windows with row pattern matching always start with the current row, and shall specify ROWS (nor
RANGE or GROUPS).

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

6.3.3 Syntactic comparison to MATCH_RECOGNIZE

Thel[syntax for row pattern recognition in a window differs from MATCH_RECOGNIZE in the followihg
respects:

1) [Row pattern recognition in windows includes the window syntax of conventional windows, with
some constraints described in Subclause 6.3.2, “Syntactic comparison to windows without row pattern
recognition”.

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 6.7, “PARTITION.BY”, and Subclause 6.8,
“ORDER BY”.

3) [The ORDER BY clause may use scalar value expressions, not just columns. See Subclause 6.8, “ORDER
BY”.

4) [The options ONE ROW PER MATCH and ALL ROWS PER MATCH are not applicable to windows|and
cannotbe specified. (Row pattern recognition in windows.is closer in spirit to ONE ROW PER MATCH,
though it also has some similarity to ALL ROWS 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 not columns.dthe result of a window; instead, row pattern measures are
referenced using OVER, like a window-function.

6.4 Row pattern input-table

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

Thelexample in Subclause 6.2, “Example of row pattern recognition in a window”, does not have WHERE,
GRQUP BY, or HAVING clauses, so the row pattern input table in that example is the result of the FROM
clause, that s, the table Ticker.

6.5 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 6.2, “Example of row
pattern recognition in a window”, T is such a range variable.)

These range variables may be used in the PARTITION BY and ORDER BY clauses, and of course in
the SELECT list, WHERE clause, etc.
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2) The row pattern variables declared in the PATTERN and SUBSET clauses. (In the example in
Subclause 6.2, “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
cannot be used in the SELECT list.

Note that the two sets of range variables are declared in different clauses and have mutually exclusive
scope. (Since they are walled off in mutually exclusive scopes, it is permitted to use the same range vari-
abldsin each scope, though thatis a confusing possibility that it is probably best to avoid.)

For pxample, the following is a syntax error:

SELECT Runl ength OVER W
Ticker T
W N W AS ( PARTI TI ON BY Symbol
ORDER BY Tr adeday
MEASURES COUNT (T.*) AS Runl ength
ROWNS BETVEEN CURRENT ROW
AND UNBOUNDED FOLLOW NG
PATTERN (A*)
DEFINE A AS T.Price > PREV (T.Price) )

There are three syntax errors in this example. The first is COUNTT.*). T is a range variable defined|in
the FROM clause and cannot be referenced in MEASURES. Instedd)of T, the variable to use here is A, since
Ais(declared in the PATTERN. Similarly, in the DEFINE, the two instances of T are errors.

Any|column names to be referenced in either the MEASURES or DEFINE are unique across the entire
FROM clause, because the range variables in the FROM.¢lause are not available to disambiguate in MEA-
SURES or DEFINE. The workaround is to rename column names in the FROM clause as necessary to
rempve ambiguities.

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

SELECT Anane OVER W Bnane OVER W

Enmp AS E, Dept AS D

E. Dept no = D. Dept no

W AS ( PARTI TI ON BY E.\Dept no
CORDER BY E. Enpno
MEASURES Al Nane AS Anane,

B.-Name AS Bnane
ROWS BETWEEN CURRENT ROW
AND UNBOUNDED FOLLOW NG

PATTERN (A B)
DEFINE B AS B.Salary > A Salary )

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

SELECT Aname OVER W Bnanme OVER W
FROM ( SELECT Name AS Enane, Deptno, Salary
FROM Emp ) AS E, Dept AS D
VWHERE E. Dept no = D. Dept no
W NDOW W AS ( PARTI TI ON BY E. Dept no
CRDER BY E. Enpno
MEASURES A. Nane AS Anane,
B. Name AS Bnane
ROWS BETVWEEN CURRENT ROW
AND UNBOUNDED FOLLOW NG
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PATTERN (A B)
DEFINE B AS B. Salary > A Salary )

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

SELECT A Price
FROM Ticker AS T
W NDOW W AS ( PARTI TI ON BY Synbol

R R\, _T

T} AV a a
ORBER—BY—Fradeday
MEASURES COUNT (A . *) AS Runlength
ROWNS BETWEEN CURRENT ROW
AND UNBOUNDED FOLLOW NG
PATTERN ( A*)
DEFINE A AS A.Price > PREV (A Price) )

6.6

ISO
nanj

FRON

is example, A is a row pattern variable, which makes it visible in MEASURES and PEFINE. A is 1

Ticker AS T
W AS ( PARTI TI ON BY Synbol
ORDER BY Tr adeday
MEASURES LAST (A Price) AS Lasta
ROWS BETVEEN CURRENT ROW
AND UNBOUNDED FOLLOW NG
PATTERN (A*)
DEFINE A AS A Price > PREV (A Price) )

Windows defined on windows

IEC9075-2 allows one window to'be-defined on another window by referencing an existing win
e. For example:

I Ticker AS T

W NPOV WL AS ( PARTI TI ONBY”Syrbol ),

Her
W2.

W2 AS ( WL ORDER\BY Tradeday ),
W8 AS ( W2 ROWS-BETWEEN CURRENT ROW
AND UNBOUNDED FOLLOW NG )

e window W2 intherits its partitioning from W1, and W3 inherits its partitioning and ordering fj

ot
bles

dow

As T example of this capability using row pattern recognition:

SELECT)Last pri ce OVER W8

FROVMTTCKer AS T
W NDOV WL AS ( PARTI TI ON BY Symbol ),

54

W2 AS ( WL ORDER BY Tradeday ),
WB AS ( W2 MEASURES LAST(A.Price) AS Lastprice
ROWNS BETWEEN CURRENT ROW
AND UNBOUNDED FOLLOW NG
PATTERN ( A+)
DEFINE A AS A.Price > PREV (A Price) )
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6.6 Windows defined on windows

[t is not possible to further subdivide the window definitions. For example, it is not permitted to put
ROWS BETWEEN CURRENT ROW AND UNBOUNDED FOLLOWING in one window definition, and then
inherit that in another window definition that adds the row pattern recognition features.

6.7

MA
per

6.8

OR[]
1)

2)

6.9

Row
as fq

1)
2)

3)

6.1

PARTITION BY

CH_RECOGNIZE. Note that a row pattern partition is the same thing as a window partitien whe
rming row pattern recognition in a window.

ORDER BY

ER BY is almost the same in windows and in MATCH_RECOGNIZE. The-differences are:

Range variables declared in the FROM clause are available in the ORDER BY of a window, but n
MATCH_RECOGNIZE.

General scalar value expressions may be used in the ORDER BY of a window, but only column r¢
ences may be used in the ORDER BY in MATCH_RECOGNIZE.

MEASURES

pattern measures in a window definition,differ from row pattern measures in MATCH_RECOGH
llows:

The MATCH_NUMBER function is ot supported in windows.

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

There is no real distinction between running and final semantics. The RUNNING and FINAL keyw
may be used with aggregates, FIRST, and LAST, but the semantics is the same no matter which keyv
is used. Row pattesh measures are computed positioned on the last row of the match, where run
and final semantics are identical.

0 .Full window frame and reduced window frame

tin

bfer-

NIZE

S

brds
vord
hing

6.10.1 Introduction to window framing

A window associates with each row R a set of rows, called the window frame of R. The definition of the
window frame is essentially a subtractive process:

1)

At the outset, there is the entire window partition that contains R.
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2)

3)

Next, zero or more rows are removed from the window partition, based on their position relative to

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

ow

Next, zero or more rows are removed, based on peer relationships to R, using the EXCLUDE clause.

The three steps above are used for all windows. The result is called the “full window frame”. When row
pattern recognition is used, the window partition is also the row pattern partition, and there is one more
step:

4)

6.1

Whe
win

6.1

The
1)

2)

3)

A match to the row pattern is sought within the full window frame; the rows that are mapped by
match (if any) constitute the “reduced window frame”. If there is no match, the reduced windov

“Empty matches and empty reduced window frames”.)

.2 ROWS BETWEEN CURRENT ROW AND

n performing row pattern recognition in a window, only two options‘are allowed for specifying
How frame extent:

ROWS BETWEEN CURRENT ROW AND UNBOUNDED FOLLOWING: this option specifies that thg
window frame consists of the set of rows from the currentfow through the end of the row patt
partition.

ROWS BETWEEN CURRENT ROW AND offset FOLLOWING: this option specifies that the full win
frame extends from the current row through somepositive offset, which shall be a positive inte
and specifies the number of rows after the current row. For example, ROWS BETWEEN CURRE]

after it.

.3 EXCLUDE NO OTHERS

window EXCLUDE clause has four possibilities:

EXCLUDE CURRENT ROW: this is not permitted with row pattern recognition, since the design
that the full windoWw-frame always begins with the current row.

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

EXCLUDE.TIES: not permitted with row pattern recognition, because this could create a hole in
full window frame, which is contrary to the spirit of row pattern recognition.

4)

ROW AND 1 FOLLOWING specifies a full window frame with 2 rows, the current row and the one

this
v

frame is empty. (Skipped rows can also cause an empty reduced window frame; see Subclause ¢.16,

the

full
e

dow
ger,
NT

1S

the

the

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.

6.1

1 AFTER MATCH SKIP

The options for AFTER MATCH SKIP are the same as in MATCH_RECOGNIZE; see Subclause 4.13, “AFTER
MATCH SKIP”, for details.
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As in MATCH_RECOGNIZE, it is a run-time error to skip to a non-existent row, or to skip to the first row
of a match.

Since only one row pattern match per full window frame is sought, the semantics of AFTER MATCH SKIP
in a window are as follows. Windows are processed in the sort order within a row pattern partition. If a
row R is skipped as a consequence of a row pattern match in a full window frame prior to R, then the
reduced window frame of R is set to empty, without attempting any row pattern match for R. This is
illustrated in an example in Subclause 6.16, “Empty matches and empty reduced window frames”.

6.12 INITIAL vs SEEK

If a row R has been skipped by a prior row PR, then the reduced window frame of R is/@mpty.

If R has not been skipped, then a row pattern match is attempted in the full windowframe of R. INITIAL
and|SEEK are two options that determine where to look for a match within thefull window frame:

1) |INITIAL is used to look for a match whose first row is R.

2) [SEEK s used to permit a search for the first match anywhere fromRthrough the end of the full
window frame.

In elther case, the reduced window frame comprises the rows thatare mapped by the match; if thete is
no rmatch, then the reduced window frame is empty. For a worked example, see Subclause 6.16, “Empty
matfrhes and empty reduced window frames”.

Thelkeyword INITIAL or SEEK is placed as a modifier hefore the PATTERN. The default is INITIAL.

6.13 PATTERN

Thiq clause is precisely the same as inMATCH_RECOGNIZE, except that the anchors (* and $) are ng
permitted with row pattern matching-in windows. See Subclause 4.14, “PATTERN”, for details.

(s

6.14 SUBSET

Thiq clause is preciSely the same as in MATCH_RECOGNIZE. See Subclause 4.15, “SUBSET”, for details.

6.15 DEFINE

This clause1s precisely the same as in MATCH_RECOGNIZE. See Subclause 4.16, "DEFINE”, Tor detal

2

6.16 Empty matches and empty reduced window frames

An empty match will cause the reduced window frame to be empty. Empty reduced window frames can
also arise if there is no match at all, as in these circumstances:
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1)

2)
3)

AFTER MATCH SKIP on a prior row has caused the current row to be skipped, so no match is
attempted.

The query specifies or implies INITIAL and there is no match starting at the current row.

The query specifies SEEK but there is no match anywhere between the current row and the end of

the full window frame.

So there are two ways to get an empty reduced window frame: by finding an empty match, or by not

£ a1l

find,

The
for ¢

Thu
four]
aro

Not
the
mea

SELH

FRON

W NDOW W AS (TORDER BY S

g o xaotol o
lls da IlIidilili dal dIl.

semantics for row pattern measures of empty reduced window frames are shown in Table 19;.“Re
mpty match and no match”.

Table 19 — Results for empty match and no match

Measure empty no match
match

CLASSIFIER () null null
COUNT 0 null

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

row pattern navigation operations (e.g., PREV, NEXT,FIRST, | null null

LAST

ordinary column references null null

5 COUNT (*) may be used to distinguish an empty match from no match at all. If an empty matcl
d, then COUNT (*) as a row pattern measure will be 0; if there is no match at all, then COUNT (}
v pattern measure will be null.

e the following subtlety: If the query specifies COUNT (*) as a non-measure window function, th
fount over an empty window:frame is 0 in any case. It is only when COUNT (*) is used as a row pat
sure that it can be used to\distinguish an empty match from no match at all. For example:

ECT S, D,

Kount OVER WAAS " Measure",

COUNT (*) -OVER W AS "W ndow Functi on"
T

MEASURES COUNT (*) AS Kount
ROWS BETWEEN CURRENT ROW

AND UNBOUNDED FOLLOW NG
AFTER MATCH SKI P PAST LAST ROW

ults

1 is
) as

en
tern

LA AL PATTFERMN-( Ax)

TINE T 7\ 7N TN 7% )

DEFINE A AS A D = 'yes' )

Consider the following data, shown in the first two columns, with the other two columns of output shown
in the next two columns, and the internal information (skip indicator, whether a match was found, and
the reduced window frame) in the right three columns, as shown in Table 20, “Computation of matches

and

58

window function results”.
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