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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of document should be noted. This document was drafted in accordance with the editorial
rules of the ISO/IEC Directives, Part 2 (see www. i SO. or g/ di recti ves orww. i ec. ch/ mem
bers_experts/refdocs).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patentrights. ISO and IEC shall not be held responsible for identifying any or all such patent rights. Details
of any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see Wwwv. i S0. or g/ pat ent s), or the IEC list of patent
declarations received (see pat ent s. i ec. ch).

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

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions
related to conformity assessment, as well as information about ISO’s adherence to the World Trade
Organization (WTO) principles in the Technical Barriers to Trade (TBT) seeww. i S0. or g/ i so/ f or e-
wor d. ht mi . In the IEC, see ww. i ec. ch/ under st andi ng- st andar ds.

This document was prepared by Technical Committee ISO/IEC JTC 1, Information technology, Subcom-
mittee SC 32, Data management and interchange.

This first edition of ISO/IEC 19075-5 cancels and replaces ISO/IEC TR 19075-5:2016.

This document is intended to be used in conjunction with the following editions of the parts of the ISO/IEC
9075 series:

— ISO/IEC 9075-1, sixth edition or later;

— ISO/IEC 9075-2, sixth edition or later;

— ISO/IEC 9075-3, sixth edition or later;

— ISO/IEC 9075-4, seventh edition or later;
— ISO/IEC 9075-9, fifth edition or later;

— ISO/IEC 9075-10, fifth edition or later;
— ISO/IEC 9075-11, fifth edition or later;
— ISO/IEC 9075-13, fifth edition or later;
— ISO/IEC 9075-14, sixth edition or later;
— ISO/IEC 9075-15, second edition or later;
— ISO/IEC 9075-16, first 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 at wwv. i so. or g/ menbers. ht ml and ww. i ec. ch/ -
nati onal -conmittees.
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Introduction

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

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

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

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

5) C(lause 5, “Expressions in MEASURES and DEFINE”, discusses scalar expression syntax in row pattern
matching.

6) Clause 6, “Row pattern recognition: WINDOW clause”, discusses Feature R020, “Row pattern recog-
nition: WINDOW clause”. Clause 6, “Row pattern recognition: WINDOW clause”, does not duplicate
material already presented in Clause 4, “Row pattern recognition: FROM clause” and Clause 5,
“Expressions in MEASURES and DEFINE”, which should be read even if the reader is only interested
in Feature R020, “Row pattern recognition: WINDOW clause”.

7) Clause 7, “Pattern matching rules”, discusses the formal rules of pattern matching.
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INTERNATIONAL STANDARD ISO/IEC 19075-5:2021(E)

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

Part 5:
Row pattern recognition

1 Scope

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

SQL/RPR defines two features regarding row pattern recognition:
— Feature R010, “Row pattern recognition: FROM clause”
— Feature R020, “Row pattern recognition: WINDOW clause”

These two features have considerable syntax and semantics in common, the principle difference being
whether the syntax is placed in the FROM clause or in the WINDOW clause.
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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
references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 9075-1, Information technology — Database languages — SQL — Part 1: Framework

(SQL/Framework)
ISO/IEC 9075-2, Information technology — Database languages — SQL — Part 2: Foundation
(SQL/Foundation)
Documents
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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 and IEC maintain terminological databases for use in standardization at the following addresses:
— 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
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4 Row pattern recognition: FROM clause

4.1 Context of row pattern recognition

The requirements for the material discussed in this document shall be as specified in ISO/IEC 9075-1
and ISO/IEC 9075-2.

4.2 Introduction to the FROM clause in row pattern recognition

Feature R010, “Row pattern recognition: FROM clause” of SQL/RPR enhances the capability of the FROM
clause with a MATCH_RECOGNIZE clause to specify a row pattern. The syntax and semantics of a row
pattern is discussed through examples presented throughout this Clause of this document.

There are two principal variants of the MATCH_RECOGNIZE clause:

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

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

4.3 Example of ONE ROW PER MATCH

The following example illustrates MATCH_RECOGNIZE with the ONE ROW PER MATCH option. Let Ticker
(Symbol, Tradeday, Price) be a table with three columns representing historical stock prices. Symbol is
a character column, Tradeday is a date column, and Price is a numeric column.

NOTE 1 — All examples in this document use mixed-case identifiers for the names of tables, columns, etc., whereas SQL
key words are shown in uppercase. Unquoted identifiers are actually equivalent to uppercase, so the column headings of
sample results will be shown with the identifiers converted to uppercase.

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

The 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
CRDER BY Tr adeday
MEASURES MATCH_NUMBER() AS Mat chno,
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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 B.Price < PREV (B. Price),
CAS C. Price > PREV (C. Price)
) AS M

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

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

— MATCH_RECOGNIZE introduces the syntax for row pattern recognition.

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

— MEASURES specifies row pattern measure columns, whose values are calculated by evaluating
expressions related to the match. The first row pattern measure column 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 and 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, discussed 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 PER MATCH specifies that the row pattern output table will have a single row for each
match that is found in the row pattern input table.

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

— PATTERN specifies the row pattern that is sought in the row pattern input table. A row pattern is a
regular expression 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
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4.3 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.

The processing of MATCH_RECOGNIZE is as follows:

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

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

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

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

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

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

Table 1, “Sample data”, illustrates sample data for one row pattern partition of Ticker, shown sorted
according to the ORDER BY clause. The sample data contains two matches to the pattern, indicated by
arrows showing the mapping to primary row pattern variables in each match.
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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 -C | }second match
XYZ 2009-06-22 | 52 -c ||

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 70 514

4.4 Example of ALL ROWS PER MATCH

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

SELECT M Synbol, /* ticker symbol */
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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4.4 Example of ALL ROWS PER MATCH

M Endp, /* ending price */
M Avgp /* average price */
FROM Ti cker
MATCH_RECOGNI ZE (
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,
FI NAL LAST (C. Price) AS Endp,
FI NAL AVG (U. Price) AS Avgp
ALL ROAS 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 B.Price < PREV (B. Price),
CAS C. Price > PREV (C. Price)
) AS M

Note that the second row pattern measure column in this example shows the use of the special function
CLASSIFIER(), which returns the name of the row pattern variable to which a row is mapped. CLASSIFIER
is discussed in Subclause 5.9, “CLASSIFIER function”.

The result of this query on the sample data is shown in Table 3, “Results of ALL ROWS PER MATCH".

Table 3 — Results of ALL ROWS PER MATCH

SYM MA | TRADEDAY | PRICE | CLAS | STAR | BOT ENDP | AVGP

BOL TC SY TP TOMP

HN

0
XYZ 1 2009-06-09 | 60 A 60 35 45 45.8
XYZ 1 2009-06-10 | 49 B 60 35 45 45.8
XYZ 1 2009-06-11 | 40 B 60 35 45 45.8
XYZ 1 2009-06-12 | 35 B 60 35 45 45.8
XYZ 1 2009-06-15 | 45 C 60 35 45 45.8
XYZ 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 C 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

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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4.4 Example of ALL ROWS PER MATCH

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”,
and Subclause 4.12.3, “Handling unmatched rows”, for examples of these options.

4.5 Summary of the syntax

The complete syntax for row pattern recognition in the FROM clause involves the components 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 row
pattern input name”
row pattern input declared | yes none Subclause 4.6.3, “The row
column list pattern input declared col-
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 ROW
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”
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4.5 Summary of the syntax

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-
column list tern output declared column
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 perhaps a named query (defined in a
WITH clause). The row pattern input table can also be a derived table (also known as in-line view). For
example:

FROM ( SELECT S. Name, T.Tradeday, T.Price
FROM Ti cker T, Synbol Names S
WHERE T. Synbol = S. Synbol )
MATCH RECOGNIZE ( ... ) AS M

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

FROM ( SELECT * FROM A LEFT OUTER JON B ON (A X = B.Y) )
MATCH RECOGNI ZE (...) AS M

Note that column names in the row 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 base table or a view, this is not a problem, since SQL does not allow ambiguous column names in a base
table or view. This is only an issue when the row pattern input table is a derived table.

For example, consider a join of two tables, Emp and Dept, each of which has a column called Name. The
following is a syntax error:

FROM ( SELECT D. Nane, E. Nane, E.Enpno, E. Salary
FROM Dept D, Enp E
WHERE 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
FROM Dept D, Enmp E
WHERE D. Deptno = E. Deptno )
MATCH_RECOGNI ZE (
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4.6 The row pattern input table

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

)

4.6.2 The row pattern input name

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

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

FROM Ti cker AS T
MATCH_RECOGNI ZE (
PARTI TI ON BY T. Synbol
CRDER BY T. Tr adeday
MEASURES MATCH_NUMBER() AS Mat chno,
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 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 possible
to omit the noise word AS, like this: “Ticker T”".

Specifying the row pattern input name is optional. The examples in Subclause 4.3, “Example of ONE ROW
PER MATCH”, and Subclause 4.4, “Example of ALL ROWS PER MATCH”, do not show an explicit row pattern
input name.

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

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 elsewhere
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 parenthesized list of column
names, 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 */

FROM Ticker AS T (Sym Td, Pr)
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)
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

The parenthesized list of column names (Sym, Td, Pr) is called the row pattern input declared column
list. The row pattern input declared column list may be used to change the names of the columns of the
row pattern input table. There shall be exactly the same number of column names in the list as there are
columns in the row pattern input table. In this example, Symbol has been renamed to Sym, Tradeday has
been renamed to Td, and Price has been renamed to Pr. Consequently, the columns cannot be referenced
as Symbol, Tradeday, or Price within the MATCH_RECOGNIZE; instead, they 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 renamed to Sym, which becomes the name of the corresponding output column.
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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 by
one or 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 row pattern input
name”.

If there 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 clause of
a MATCH_RECOGNIZE is similar to the ORDER BY clause of a cursor. As with the PARTITION BY clause,
column names may be unqualified, or they may be qualified by the row pattern input name. See the
examples in Subclause 4.6.2, “The row pattern input name”.

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

NOTE 2 — Syntactically, the row pattern output table is always regarded as non-deterministic because there is no way for
the query engine to deduce at compile time whether the ordering is total. This means that MATCH_RECOGNIZE cannot be
used in contexts that are required to be deterministic, such as check constraints and assertions. However, the query author
can use ORDER BY to insure that the 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 are two kinds of row pattern variables:

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

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)
SUBSET S = (B, D)

Suppose that consecutive rows R3, Ry, Rs, Rg, and R; are mapped as follows:
R3 - A
Ry— A
Rs - B
R¢— B
R7-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 { Ry }.

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

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

There is always one implicit union row pattern variable, called the universal row pattern variable, defined
as the union of all primary row pattern variables. Thus, every row of a match is mapped to the universal
row pattern variable. The universal row pattern variable is used to implicitly qualify unqualified column
reference within the MEASURES or DEFINE clauses. There is no syntax available to the user to denote
the universal row pattern variable. The query writer may, of course, define an explicit union row pattern
variable that is the union of all primary row pattern variables. (The example in Subclause 4.3, “Example
of ONE ROW PER 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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4.11 MEASURES

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

4.12.1 Introduction to use of ROWS PER MATCH
ONE ROW PER MATCH indicates that the result has one row for each match. Columns of this row are
defined by the PARTITION and MEASURES clauses. This is the default.

ALL ROWS PER MATCH indicates that the result has one row for each row of each match. (It is possible
to exclude some rows using the exclusion syntax{- -} inthe PATTERN; see Subclause 4.14.3, “Excluding
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

These options are explained in the following subsections.

4.12.2 Handling empty matches

Some patterns permit empty matches. For example:

PATTERN ( A*)
can be matched by zero or more rows that are mapped to A.

An empty match does not map any rows to primary row pattern variables; nevertheless, an empty match
has a starting row. For example, there can be an empty match at the first row of a row pattern partition,
an empty match at the second row of a row pattern partition, etc. An empty match is assigned a sequential
match number, based on the ordinal position of its starting row, the same as any other match.

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

— The value of MATCH_NUMBER() is the sequential match number of the empty match.
— Any COUNT s 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 synmbol */
M Mat chno, /* sequential match nunber */
MFirstp, /* starting price */
M Last p /* ending price */

FROM Ti cker
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4.12 ONE ROW PER MATCH vs ALL ROWS PER MATCH

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*)
DEFI NE

A AS A Price > PREV (A Price)

) AS M

Here the pattern has been changed to A*, and is used to detect runs of increasing prices. The sample data
is now 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 #1 (empty)

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

XYZ 2009-06-10 | 49 match #3 (empty)

XYZ 2009-06-11 | 40 match #4 (empty)

XYZ 2009-06-12 | 35 match #5 (empty)

XYZ 2009-06-15 | 45 - A | match #6

XYZ 2009-06-16 | 45 match #7 (empty)

XYZ 2009-06-17 | 45 match #8 (empty)

XYZ 2009-06-18 | 43 match #9 (empty)

XYZ 2009-06-19 | 47 A |

XYZ 2009-06-22 | 52 ~A | } match#10

XYZ 2009-06-23 | 70 A |

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

SYMBOL MATCHNO FIRSTP LASTP
XYZ 1
XYZ 2 60 60
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