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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.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international organizations,
governmental and non-governmental, in liaison with 150 and IEC, also take part in the work.

The procedures used to develop this document and those intended for its further maintenance‘ar
descriped in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fo
differgnt types of document should be noted. This document was drafted in accordance with the ed
rules ¢f the ISO/IEC Directives, Part 2 (see ww. i so. or g/ di rect i ves).

Attentjion is drawn to the possibility that some of the elements of this documentunay be the subjg
patenfrights. ISO and IEC shall not be held responsible for identifying any or all'such patent rights.
of any|patent rights identified during the development of the document will be in the Introduction 3
on the ISO list of patent declarations received (see wwv. i S0. or g/ pat ent s), or the IEC list of
declarmations received (see ht t p: / / pat ent s. i ec. ch).

Any trpde name used in this document is information given for theconvenience of users and does
constifute an endorsement.

For an|explanation of the voluntary nature of standards, thestheaning of ISO specific terms and expre
relateql to conformity assessment, as well as informatien about ISO's adherence to the World Trac
Organjzation (WTO) principles in the Technical Barriérs to Trade (TBT) see wwv. i SO. or g/ i so/ fi
word|htm .

This dpcument was prepared by Technical Committee ISO/IEC JTC 1, Information technology, Sub
mitteq SC 32, Data management and interchange.

This dpcument is intended to be used in conjunction with the following editions of the parts of IS
9075:

ISO/IEC 9075-1, sixth editionor later
ISO/IEC 9075-2, sixth edition or later
ISO/IEC 9075-3, sixth edition or later
[SO/IEC 9075+4,'seventh edition or later
ISO/IEC 9075-9, fifth edition or later

IS0 /AEC9075-10, fifth edition or later
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ISO/IEC 9075-14, sixth edition or later
ISO/IEC 9075-15, second edition or later
ISO/IEC 9075-16, first edition or later

A list of all parts in the ISO/IEC 19075 series can be found on the ISO website.
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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 ww. i so. or g/ nenbers. ht m .
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Introduction

This document discusses the syntax and semantics for including online analytic processing (OLAP)
capabilities in SQL, as defined in ISO/IEC 9075-2.

The organization of this document is as follows:

1)
2)

3)
4)

5)

6)

7)

viii

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

Clause 2, “Normative references”, identifies standards that are referenced as part of requiten;
by this document.

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

Clause 5, “Windows”, discusses Feature T611, “Elementary OLAP operations” ahd Feature T6
“Aldvanced OLAP operations”, introducing the concept of a window in an SQL query:.

Clause 6, “Window functions”, further discusses Feature T611, “Elementary OLAP operations
Feature T612, “Advanced OLAP operations”, as well as Feature T614, {NTILE function”, Featurg
“LEAD and LAG functions”, Feature T616, “Null treatment option for'KEAD and LAG functions”, H
T$17, “FIRST_VALUE and LAST_VALUE functions”, and Feature/T618, “NTH_VALUE function”.

Clause 7, “Nested window functions”, discusses the additionalwindow functionality in Feature
“Nested window functions”.

Clause 8, “Enhanced aggregate functions”, discusses Feature T621, “Enhanced numeric functi
anjd its introduction of enhanced aggregate functions in SQL.

lents

12,

" and
T615,
eature

T619,

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

Part 9:
Online analytic processing (OLAP) capabilities
1 Scope

This dpcument discusses the syntax and semantics for including online analytic processing (OLAP)
capabillities in SQL, as defined in ISO/IEC 9075-2.

It discpusses the following features regarding OLAP capabilities of the SQL language:
— Fdature T611, “Elementary OLAP operations”,

— Fdgature T612, “Advanced OLAP operations”,

— Fdature T614, “NTILE function”,

— Fdature T615, “LEAD and LAG functions”,

— Fdature T616, “Null treatment option for LEAD and<LAG functions”,

— Fgature T617, “FIRST_VALUE and LAST_VALUE\functions”,

— Fdature T618, “NTH_VALUE function”,

— Fdature T619, “Nested window functiéns”,

— Feature T620, “WINDOW clausex GROUPS option”,

— Fg¢ature T621, “Enhanced numeric functions”.

© ISO/IEC 2020 - All rights reserved 1
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2 Normative references

There are no normative references in this document.

2 © ISO/IEC 2020 - All rights reserved
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3 Terms and definitions

No terms and definitions are listed in this document.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:
— ISO Online browsing platform: available atht t p: / / www. i so. or g/ obp

— IEC Electropedia: available at ht t p: / / ww. el ect r opedi a. or g/

© ISO/IEC 2020 - All rights reserved 3
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4 Example data

4.1 Introduction to example data

The examples in this document are based on several tables.

The order in which the rows of all sample tables are displayed is immaterial.

4.2 | Table sales history

Subclquse 4.2, “Table sales history”, contains information on a business spread ovér'several territories
with total sales accumulated monthly in each territory. Table 1, “Table sales_history”, shows sample data

for Supclause 4.2, “Table sales history”:

Table 1 — Table sales_history

Territory Month Sales
East 199812 b
West 199811 12
West 199901 11
East 199811 4
East 199810 10
West 199810 8
East 199902 10
East 199901 7
West 199812 7
West 199902 6

SQL tq create and populate Subclause 4.2, “Table sales history”.

CREATE TABLE Sal es_Hi story
(Territory CHARACTER (10),

Mont h | NTEGER,
Sal es | NTEGER)

I NSERT | NTO Sal es_Hi story VALUES ('
I NSERT | NTO Sal es_Hi story VALUES ('
I NSERT | NTO Sal es_Hi story VALUES ('
I NSERT | NTO Sal es_Hi story VALUES ('
I NSERT | NTO Sal es_Hi story VALUES ('
I NSERT | NTO Sal es_Hi story VALUES ('
I NSERT | NTO Sal es_Hi story VALUES ('

East', 199812,
West', 199811,
West', 199901,
East', 199811,
East', 199810,
West', 199810,
East', 199902,

© ISO/IEC 2020 - All rights reserved
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4.2 Table sales history

I NSERT | NTO Sal es_Hi story VALUES (' East', 199901, 7)
| NSERT I NTO Sal es_Hi story VALUES (' West', 199812, 7)
I NSERT I NTO Sal es_Hi story VALUES (' West', 199902, 6)

4.3 Table stock1l

The next examples are two variants of a stock table containing information on stock transactions for a

particptaraccount—€oturmmrs i Tabte 2;-“Fabtestock t include trarrsactior 1D, trade day,andtype, as
well ag the share amount and ticker symbol. Subclause 4.4, “Table stocks”, covers the columng-ticker,
tradeday, and price.
Table 2 — Table stock1

Acno Tid | Tradeday TType | Amount | Ticker

123 1 1 buy 1000 ¢sco

123 2 1 buy 400 inpr

123 3 2 buy 2000 symc

123 4 2 buy 1200 csco

123 5 2 buy 500 inpr

123 6 4 buy 200 csco

123 7 4 buy 100 csco

123 9 5 buy 400 inpr

123 10, [\5 buy 200 goog

123 1T |5 buy 1000 inpr

123 12 |5 buy 4000 inpr

123 13 |8 buy 2000 hpq
SQL tq create.and populate Table 2, “Table stock1”.
CREATE TABEE St ockl
(Acno L ILNTEGER,

Ti d | NTECER,

Tradeday | NTEGER,
TType CHARACTER (10),
Anount | NTEGER,

Ti cker CHARACTER (10))

| NSERT I NTO Stockl VALUES (123, 1, 1, 'buy', 1000, 'csco')
I NSERT I NTO Stockl VALUES (123, 2, 1, 'buy', 400, 'inpr')
| NSERT I NTO Stockl VALUES (123, 3, 2, 'buy', 2000, 'synt')
| NSERT I NTO Stockl VALUES (123, 4, 2, 'buy', 1200, 'csco')
I NSERT I NTO Stockl VALUES (123, 5, 2, 'buy', 500, 'inpr')
| NSERT I NTO Stockl VALUES (123, 6, 4, 'buy', 200, 'csco')

© ISO/IEC 2020 - All rights reserved 5
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I NSERT | NTO Stockl VALUES (123, 7, 4, 'buy', 100, 'csco')

I NSERT | NTO Stockl VALUES (123, 9, 5, 'buy', 400, 'inpr')

I NSERT | NTO Stockl VALUES (123, 10, 5, 'buy', 200, 'goog')
I NSERT | NTO Stockl VALUES (123, 11, 5, 'buy', 1000, 'inpr')
I NSERT | NTO Stockl VALUES (123, 12, 5, 'buy', 4000, 'inpr')
I NSERT | NTO Stockl VALUES (123, 13, 8, 'buy', 2000, 'hpq')

4.4 Table stocks

Table 3 — Table stocks

Ticker Tradeday Price
ZYX 1 10
ZYX 2 11
7YX 3 12
7YX 4 12
ZYX 5 12
ZYX 6 11
7YX 7 12
7YX 8 12

SQL tq create and populate Subclause 4.4;*Table stocks”.

CREATE TABLE St ocks

(Ti ck¢r CHARACTER (10),
Tr ad¢day | NTEGER,
Price | NTEGER)

I NSERT I NTO Stocks VALUES (' zyx , 1, 10)
I NSERT I NTO St ocks (VALUES (' zyx , 2, 11)
I NSERT I NTO St ocks, VALUES (' zyxX , 3, 12)
I NSERT I NTO Stogks VALUES (' zyX , 4, 12)
I NSERT I NTO_Stocks VALUES (' zZYX , 5, 12)
I NSERT | NT@-Stocks VALUES ('zZyX , 6, 11)
I NSERT INTO Stocks VALUES ('zyx , 7, 12)
| NSERT \['NTO St ocks VALUES (' zyX' , 8, 12)

4.5 Table homes

The final example is Table 4, “Table homes”, containing data concerning house prices and locations.

6 © ISO/IEC 2020 - All rights reserved


https://iecnorm.com/api/?name=87b9428d9591fd402d5a6fbcb462a515

SQL tg

CREAT
(Area
Addr ¢
Pricd

| NSER]
| NSER]
| NSER]
| NSER]
| NSER]
| NSER]
| NSER]
| NSER]
| NSER]
| NSER]

Table 4 — Table homes

ISO/IEC TR 19075-9:2020(E)
4.5 Table homes

Area Address Price

Uptown 15 Peekaboo St. 456,000
Uptown 27 Primrose Path | 341,000
Hptowm 44 Strady Lamne 341,600
Uptown 23301 Highway 61 | 244,000
Uptown 34 Desolation Rd. 244,000
Uptown 77 Sunset Strip 102,000
Downtown 72 Easy St. 509,000
Downtown 29 Wong Way 201,000
Downtown 45 Diamond Lane 201,000
Downtown 76 Blind Alley 201,000
Downtown 15 Tern Pike 199,000
Downtown 444 Kanga Rua 102,000

create and populate Table 4, “Table homes”.

F TABLE Hones
CHARACTER (10),
bss CHARACTER (20),
b | NTEGER)

I NTO Hones VALUES «("Uptown', '15 Peekaboo St.', 456000)

I NTO Hones VALUES.(' Uptown', '27 Prinrose Path', 341000)
I NTO Hones VALUES (' Uptown', '44 Shady Lane', 341000)

I NTO Hones VALUES (' Uptown', '23301 H ghway 61', 244000)
I NTO Honmes\WALUES (' Uptown', '34 Desolation Rd.', 244000)
I NTO Hofess VALUES (' Uptown', '77 Sunset Strip', 102000)

I NTO_Hohes VALUES (' Downtown', '72 Easy St.', 509000)

I NI@-Hones VALUES (' Downtown', '29 Whng Way', 201000)
INTO Hones VALUES (' Downtown', '45 Di anond Lane', 201000)

-
-
-
-
-
-
-
-
-
[ \[NTO Hones VALUES (' Downtown', '76 Blind Alley', 201000)

| NSER

I'NTO Hones VALUES (° Downtown' , 15 Tern Prke , 1939000)

| NSERT | NTO Hones VALUES (' Downtown', '444 Kanga Rua', 102000)

© ISO/IEC 2020 - All rights reserved
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5 Windows

5.1 Introduction to windows

SQL in Feature T611, “Elementary OLAP operations” and Feature T612, “Advanced OLAP operations” of
ISO/IEC 9075-2 adds support for online analytical processing (OLAP). The extensions are parts of the

SELECT command

and toﬁals on multiple levels. Grouping criteria are often called dimensions. OLAP is based on'the c
of multiple dimensions and navigation across the aggregation levels as well as the accumuldted d
OLAP |s used in applications such as analytics and reporting. It can be used in iteratiye-fashions ti
out different grouping criteria and different subsets of the data to be analyzed.

To dedl with these requirements, the features mentioned above introduce a “WINDOW” facility th
present aggregated content as a rolling window, ordered and grouped by the'specified criteria. Se
examy)le in Subclause 5.2.2, “Window partitioning”, Table 5, “Result of window clause”.

The djta can be treated like other result sets, and/or can be used forfurther processing.

A query contains a select list and a table expression. The table expression produces a result set; ¢
RT. Thie select list is evaluated by applying its expressions to each row in RT. Without the OLAP fe{
the select list expressions can only “see” that one current row,-making it impossible to compute v:
that rgly on values from other rows in RT. Such computations can be simulated only by arranging
necesgary values to be included as additional columns‘in RT, which may be inconvenient or impo

The cdncept of the windowed table alleviates this lithitation by adding windows to the result of th
expregsion. One way to think of a window mightbe to imagine that it is a transient copy of RT, inc|
an indication of the current row. (This is just.a‘conceptual device; an implementation need not ac

OLAP |s concerned with data aggregation across grouping criteria to generate values such as subiotals

ncept
hta.

ying

at can
e the

hll it
htures,
hlues
for the
bsible.

e table
luding
tually

copy RT.) This transient copy can be logically:re-arranged according to a sort ordering, a partitionling, or

both; it can also be limited to a subset of rows, via window framing. These rearrangements of the wif

joning and/or ordering may be used to compute such results as ranking, Ntiles, and other a
functipns. The frame specifies which rows of a partition, relative to the current row, should partic
in the calculation of anQLAP function. Through frames, windows support such important OLAP cz
ities a§ cumulative sums and moving averages.

dow's

ke place without affecting RT itself. Multiple windows may exist, each with its own indepenldently

enew

halytic
ipate
\pabil-

Orderng in windows is specified with the same sort specification list used by cursors and elsew

ere in

the SHLECT statément, and with the same semantics. Ordering as enhanced for the OLAP capabilities of
SQL also inclides user specified control of the ordering of nulls. Although ordering of rows may be non-

deterrhinistic within a window, the same nondeterministic ordering is used in windows that hav

equivalent partitioning and ordering clauses specilied.
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5.2 Window definitions

5.2 Window definitions

5.2.1 Introduction to Window definitions

The <window clause> is an additional syntax element of the query expression and, if specified, follows
the <from clause>, <where clause>, <group by clause>, and <having clause>. As with the other clauses
of the query expression, the window clause applies to the result of the preceding clauses. The window
clause consists of a comma separated list of window definitions. Each of these has a name, for reftrence
by OLAP functions in the select list, and a window specification. For convenience, a window definjtion
may also be coded inline in the OLAP function specification. Clause 6, “Window functions” describes the
varioys OLAP functions available for use, and which combinations of window specificatiémdetail dlauses
are permitted for each.

The window specification may contain any or all of a partitioning, ordering, and frame definition.|For
examyle:

W NDOW t s AS
(PARTITION BY territory -- wi ndow partitioning
ORDER BY nonth, sales) -- w ndow ordering

A win@low function can refer to the defined window by name, for'iistance:
SELECT RANK() OVER tns AS the_ rank,

FROM |..
WNDOWtnms AS ... as above ...

Or, implicitly by specifying the window definition directly in-line:
SELECT RANK() OVER (PARTI TION BY territory

ORDER BY nont h, sal es)(ZAS t he_rank,
FROM

which|has the identical result.

5.2.2| Window partitioning

The optional “window partition clause” specifies a partitioning of the result set generated by the prefeding
from, Where, group by-and having clauses. Like the group by clause, the window partition clause is a
commp-separated listef column references used to group rows for subsequent processing. Howeyer,
unlike|the group by:clause, each input row to a window partitioning is retained in the result set. This
permits the intreduction of analytical functions that operate on the individual rows of a partition| The
“collate clause’ option allows character columns to be partitioned based on a named collation. If there
is no window partition clause, then the entire result set of the containing query constitutes a single par-
tition.

Notice that although the window partition clause is similar to the group by clause, it is not the same thing.
The difference is that the grouping specified by a group by clause collapses each group to a single row
in its result set. The partitioning specified by a window partition clause does not collapse the partitions
to a single row. Rather, the window partition of a row R is the collection of rows that are not distinct from
R, for all columns enumerated in the window partitioning clause.

Example 1, “window clause”, shows the effect of partitioning Sales_history using the Territory column
in the definition.

© ISO/IEC 2020 - All rights reserved 9
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5.2 Window definitions

Example 1 — window clause

SELECT Territory, Month, Sales FROM Sal es_hi story
W NDOW w_egl AS (PARTI TION BY Territory)

— WNDOWw _egl identifies the window definition so that it may be referenced in one or more OLAP
functions elsewhere in the query ( w_egl isthe window's name).

— PARTITION BY introduces the partitioning. A partitioning is simply a list of one or more columns on
which the data is partitioned.

The rd

or mo

5.2.3

Table 5 — Result of window clause

Territory Month Sales

East 199901 7 |

East 199811 4 |

East 199810 10 b "East" partition
East 199812 11 |

East 199902 10 ]

West 199811 12 |

West 199810 8 |

West 199902 6 b "West" partition
West 199901 11 |

West 199812 7 ]

Window'erdering

5.2.3

1 Introduction to window ordering

ws of Table 5, “Result ofwindow clause”, are clustered to show the effect of the partitionin
in reallity, the result rows may still appear in any sequence. If a result set is desired to be ordered
e columns, an order'by clause must be used in the containing query expression.

b, but
bn one

The next optional element of a window definition is the “window order clause”. It consists of a “sort
specification list” that is syntactically the same as the one found in an “order by” clause of the query
expression.

Whether in a window or a query expression, a sort specification list specifies an ordering of rows. The
difference is that, in a query expression, the ordering determines the sequence of rows in the result set
of the query expression. In a window, the ordering helps to determine the value of order-dependent
OLAP functions such as ranking. Another difference is that the query expression ordering applies to all
result rows, whereas a window ordering is applied to each partition separately.

10

© ISO/IEC 2020 - All rights reserved


https://iecnorm.com/api/?name=87b9428d9591fd402d5a6fbcb462a515

ISO/IEC TR 19075-9:2020(E)
5.2 Window definitions

As the rows of each partition are ordered, it may turn out that multiple rows are peers; that is, they have
the same values in each of the elements of the sort specification list according to ordering semantics. A
window ordering group is a maximal set of rows (perhaps just one) in a partition that are peers according
to the window ordering. Some analytic functions (RANK, for instance) operate on all rows in an ordering
group or set of ordering groups, whereas others (such as NTH_VALUE) may operate on individual rows
regardless of their participation in an ordering group. The ordering of rows within a single window
ordering group is implementation-dependent, hence introducing the potential for non-determinism in
some OLAP functions. Distinct ordering groups within a partition are of course ordered according to the
sort specification list of the window order clause.

Iftherg is no window order clause, then each partition contains a single window ordering group confisting
of all the rows in the partition and all rows are peers.

Example 2, “window clause ordering”, shows the effect of ordering Sales_history using the Sales cplumn
in conibination with the partitioning of Example 1, “window clause”.

Example 2 — window clause ordering

SELECT Territory, Mnth, Sales FROM Sal es_hi story
W NDOW w_eg2 AS (PARTITION BY Territory
ORDER BY Mont h ASC)

— w]eg2 isthe name of the window defined by this example.

— In[addition to the partitioning, ORDER BY introduces the-ordering of rows within each partition.
The syntax is identical to the order by clause of a query expression, including the optional nufl
o1dering specification.

Table 6 — Result of window clause ordering

Territory Month Sales

East 199810 10 |

East 199811 4 |

East 199812 11 } "East" partition
East 199901 7 |

East 199902 10 J

West 199810 8 |

West 199811 12 |

West 199812 7 oSt partiton
West 199901 11 |

West 199902 6 ]

Once again, the rows of Table 6, “Result of window clause ordering”, are organized to show the effect of
the window specification and how they are operated on by the various OLAP functions. However, the
result of the application of the window specification and subsequent OLAP functions doesn't assure any
particular result row sequence. If a result set is desired to be ordered on one or more columns, an order
by clause must be used in the containing query expression.

© ISO/IEC 2020 - All rights reserved 11
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5.2.3.2 Null ordering and treatment

Feature T611, “Elementary OLAP operations” also introduced the “null ordering” option to the sort
specification list of both the window order clause and the existing order by clause. Without it, null values
may be sorted ahead of all valued instances of a column, or after all valued instances. Which option is
chosen by default is implementation-defined. With the null ordering option, the user may explicitly
request using NULLS FIRST or NULLS LAST that null values of an ordering column be sorted ahead or
following the valued instances. In some cases the ability to explicitly define the null ordering is necessary
for producing the correct result of an analytical function.

Unlikg ordinary aggregate functions, window functions do not necessarily ignore NULL valuesy T:{e

ROW_NUMBER function, for instance, is fundamentally a row counting function over a windew a
such does not care about NULL values. Some window functions, such as LAG, LEAD, FIRST .VALUH
LAST_VALUE, and NTH_VALUE, permit explicit choice of null treatment: one can ignoré-ulls or reg
nulls, #is required by the desired outcome.

5.2.4| Window frames

5.2.4]1 Introduction to window frames

The window frame of a row R in a window partition is a multiset of rows, defined relative to R in

ordering of the rows of R's partition. Window frames afe used to specify multisets of rows on wh
perforim window or aggregate functions, such as SUMor AVG or one of several other OLAP-specif:
functipns.

Therelare three ways to specify the scope of a window frame, given a current row R: row counting
offset,|or ordering group counting.

1)

2)

3)

The keyword ROWS says to includethe specified number of rows before or after R. This defin
physical window frame.

The keyword RANGE requires-that the partition be ordered on a single ordering key, of a type
cdn have a value added or'subtracted (thus, numeric, datetime, or interval); one specifies a sd
vdlue offset, and the window frame extends to any ordering groups containing values in the 1
bégtween that offset’and the sort key value in row R. This defines a logical window frame.

The keyword GROUPS requires that the partition be ordered (possibly on multiple sort keys)
sqys to includethe specified number of ordering groups before or after the ordering group confj
R|This also defines a logical window frame.

Thus theré are two components in the specification of a frame, both mandatory:

1)

2)

12

d as

]

spect

he
ch to

L value

esa

that
rt key
ange

and
aining

_"i“i TE EVYWOTEo
frame is to be determined.

An indication of the starting row and ending row of the frame. Note that the ending row of the

frame

may follow the row currently being processed. This enables functions to be computed over “look

ahead” data, a very valuable property for OLAP processing. The window frame extent syntax
consist of any of the following elements:

UNBOUNDED PRECEDING to request all rows, ranges or groups preceding the current row.
n PRECEDING to request the n rows, ranges or groups preceding the current row.

n FOLLOWING to request the n rows, ranges or groups following the current row.

may
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— UNBOUNDED FOLLOWING to request all rows, ranges or groups following the current row.

— BETWEEN start AND end to request all rows, ranges or groups between the start and end designations.

— start or end may also be CURRENT ROW to start or end the frame with the current row.

If the frame specification would extend the frame past the beginning or end of a partition, the frame will
be truncated to the partition boundary.

If there is neither a window frame clause nor a window ordering clause, then there is an implicit window

frame
clause

partition of R that precede R or are peers of R in the window ordering of the window partition!'de

by the

5.2.4

A phyj
windo
from 1
set of
detern]

For inj
table.

ala NO O O\A a ne nd ala nere ATAAY, NCLONA aine e D A araraL\v.VAalna

window ordering clause.

2 Physical window frames

w frames are defined by the keyword ROWS. For physical framing te produce a sensible req
hany window functions, there has to be a known and predictable humber of input rows for

hinistic.

tance, suppose one wanted a moving average of 3 caléndar months from the sales_history ex

is present, then there is an implicit window frame which contains all the rows of the window
fined

ical window frame is defined by counting some number of rows from the current row. Physical

ult
each

yalues of interest. Gaps or unexpected multiple rows would-throw off the result or make it pon-

ample

Dne could define a frame as "ROWS BETWEEN 2 RRECEDING AND CURRENT ROW", but that will

only produce a meaningful running average if there is exactly one sales_history row for each calendar

montHh

Similalrly, physical framing applied to data withhmultiple rows with the same ordering value may pt

non-d
way, s
deterr

On the
requir
of valy

Examples of physical windew frames follow.

. If there are missing months, the calendar month moving average will be incorrect.

bterministic results. Rows within an ordering group are ordered in an implementation-depq
b a physical frame that does not cover;the entire ordering group is not guaranteed to return
hinistic results.

other hand, physical framingidoes not place any restrictions on window ordering (it does nd
e window ordering), and may be the simplest way to frame data that has a well defined progt
es.

Example 3 — physical window frame 1

SELECT Térritory, Month, Sales FROM Sal es_hi story
WNDOW w_eg3 AS (PARTITION BY Territory
ORDER BY Mont h ASC
RONS BETVEEN UNBOUNDED PRECEDI NG AND CURRENT ROW

oduce
ndent

teven
ession

— w_eg3 isthe window name of this example.

— For each row of each partition, the window frame syntax uses the keyword ROWS to designate the
frames as physical. Each frame consists of the current row and all preceding rows in the partition.

Table 7 — Result of physical window frame

Territory Month Sales

East 199810 10 |

© ISO/IEC 2020 - All rights reserved
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14

W_

Fdq
fr.
th

Territory Month Sales

East 199811 4 }- frame for "East”, 199901
East 199812 11 |

East 199901 7 J

East 199902 10

West 199810 8 |

West 199811 12 J frame for "West", 1998411
West 199812 7

West 199901 11

West 199902 6

SELECT Territory,

at follows it.

Example 4 — physical window frame 2
Mont h, Sal es FROM Sal es_hi st ory

W NDOW w_eg4 AS (PARTITION BY Territaory

ORDER BY Month ASC
ROWS BETWEEN 2 PRECEDI NG AND 1 FOLLOW NG

eg4 is the window name of this example.

r each row of each partition, the window:frame syntax uses the keyword ROAS to designd
hmes as physical. Each frame consists-of the current row, the 2 rows that precede it and the

Table'8-— Result of physical window frame

Territory Month Sales

East 199810 10 |

East 199811 4 } frame for "East"”, 199812
Eagt 199812 11 |

East 199901 7 ]

East 199902 10

West 199810 8 |

West 199811 12 } frame for "West", 199811
West 199812 7 ]

West 199901 11

West 199902 6

te the
row
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Note that the frame for "West", 199811 only contains 3 rows since there is only 1 preceding row in the
partition.

5.2.4.3 Logical window frames

5.2.4

3.1 Introduction to logical window frames

Logic3
logica
frame

b require a window ordering. Framing by value range uses the keyword RANGE, while fram

ordering groups uses the keyword GROUPS.

5.2.4

Alogi

clause
startir
currer

3.2 RANGE window frames

al window frame defined by the RANGE keyword may have only@single sort key in its ord

must

e a numeric literal or a compatible interval literal.

Consider a similar Sales_history table, with some months'missing from the data, and the Month c
stored as a date value containing the first day of eachimonth. The following example demonstrates the
benefits of RANGE window frames:

J— W_

— Faq
fr.
cq

Example 5 — logical range window frame
SELECT Territory, Mnth, Sal es\'EROM Sinilar_sal es_history
W NDOW w_eg5 AS (PARTITION BY Territory
ORBER BY Mont h ASC
RANGE | NTERVAL ' 02' MONTH PRECEDI NG

eg5 is the window nam€'in this example.

r each row of eachpartition, the window frame syntax uses the keyword RANGE to design
hme as logical defined by a range of values in the ordering column (there may only be one or
lumn). I NFERVAL ' 02' MONTH is the literal that defines the range.

— The absence of a following clause means that each frame will include the CURRENT ROW.

Table 9 — Result of logical window clause

There must be a quantity which can be added to and subtracted from the sort key to defin
g or ending point of a frame. A frame is then defined by value offsets preceding and following the
t row. This means that the data type must be numeric, datetime or interval, and that the of

1 window frames do not count rows, rather, the frame is defined based on values in the.data. A
framing is either looking for a value range, or counting ordering groups. As such, logical window

Ing by

Pring
e the

'set

blumn

nte the
Hering

Territory Month Sales

East 1998-10-01 10 ] frame for "East”, 1998-12-01
East 1998-12-01 | 11 ]

East 1999-01-01 7

East 1999-02-01 10

© ISO/IEC 2020 - All rights reserved
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Territory Month Sales

West 1998-10-01 | 8 )

West 1998-11-01 12 }- frame for "West", 1998-12-01
West 1998-12-01 |7 |

West 1999-02-01 6

Note t|
11-01

5.2.4

Alogi
orderi
count
use of]
does 1
non-d

execufed on grouped windows are then also deterministiciLikewise, they overcome the weaknes

RANG

The following example demonstrates the use of GROUPS window frames:

J— W_

— Fq

Py

— N
cy

thle frame as logical.defined by 3 ordering groups — the one containing the current row and {

hat the frame for "East”, 1998-12-01 only contains 2 rows since there is no row for "East”, 1

3.3 GROUPS window frames

| 998-

al window frame defined by the GROUPS keyword may have any number of sort keys in its
g clause. Likewise, there is no limitation on the data types of the sort keys. A frame is defi

ot have to be dense and the results are deterministic. Rows-within an ordering group may
bterministic order, but the groups as a whole are determinjstically ordered. Results of any fun

E defined logical windows by permitting multiple-sort keys with no type restrictions.

Example 6 — logical window frame with GROUPS

SELECT Acno, Tid, Tradeday, TType,” Anmount, Ticker FROM Stockl
W NDOW w_eg6 AS (PARTI TRON BY Acno
ORDER BY Tr adeday
GROUPS BETWEEN 2 PRECEDI NG AND CURRENT ROW

eg6 is the window namejin this example.

r each row of each+partition, the window frame syntax uses the keyword GROUPS to desig

eceding orderihg groups.

hte that, despite the CURRENT ROW designation, rows that are in the same ordering group ¢
rrent row/but have yet to be processed, are considered to be in the frame.

ed by

ng some number of ordering groups from the ordering group that’contains the current row. The
GROUPS syntax overcomes the weaknesses of physical windew frames in that the ordering data

ave a
ctions
ses of

nate
he 2

s the

Table 10 — Result of window frame

Acno Tid | Tradeday TType | Amount | Ticker

123 1 |1 buy 1000 csCo |
123 2 1 buy 400 inpr |
123 3 2 buy 2000 symc } frame for Tday 2 (same

frame for Tid's 3, 4 and 5)

123 4 |2 buy 1200 CsCo |

16
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Acno Tid | Tradeday TType | Amount | Ticker

123 5 |2 buy 500 inpr ]

123 6 4 buy 200 CSCo |

123 7 4 buy 100 CSCo |

123 9 5 buy 400 inpr |

1p3 10 |5 buy 200 goog }- frame for Tday 8
1p3 11 |5 buy 1000 inpr |

1P3 12 |5 buy 4000 inpr |

1p3 13 |8 buy 2000 hpq ]

5.2.44 Window frame exclusions

Syntay also allows the identification of rows to be specifically‘excluded from window frames in which
they would otherwise participate. Options may be used to-€xclude the current row, the current orflering
group(or all rows that are ties of the current row. This adds a degree of fine tuning to the specificdtion

The f

— w]eg7 isthe windgW name in this example,

of wiIow frames.

lowing examples show the effect of window frame exclusion syntax:

SELECT Territory, Month, Sal es® FROM Sal es_hi story
W NDOW w_eg7 AS (PARTITION BY Territory

Example 7 —window frame exclusion 1

ORDER BY Month ASC
RANGE | NTERVAL ' 02' MONTH PRECEDI NG
EXCLUDE CURRENT ROW

— This is the same.asthe earlier example defining w eg5 , with the exception that the currentfrow is

excluded from'each frame.

Table 11 — Result of window frame exclusion 1

Territory Month Sales

East 1998-10-01 10 -- frame for "East",
199812

East 1998-12-01 | 11 ]| frame for "East",
199902

East 1999-01-01 |7 ]

East 1999-02-01 10

© ISO/IEC 2020 - All rights reserved
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W_

Irg

Territory Month Sales

West 1998-10-01 |8 | frame for "West",
199812

West 1998-11-01 | 12 ]

West 1998-12-01 |7

West T999-02-01 [ 6

Example 8 — window frame exclusion 2
SELECT Acno, Tid, Tradeday, TType, Amount,

W NDOW w_eg8 AS (PARTI TI ON BY acno
ORDER BY Tr adeday

GROUPS BETWEEN 2 PRECEDI NG AND CURRENT. ROW

EXCLUDE TI ES)

eg8 is the window name in this example.

Ti cker FROM St ock1

This example is the same as earlier example defining w_eg6  with the exception that only the crrent

w is included in the frame from the ordering group that ¢ontains it (Tid's 4 and 5 are omittefl from

Table 12 — Result of window frame exclusion 2

thie frame for Tid 3 and Tid's 10, 11, and 12 are omitted froem the frame for Tid 9).

Acno Tid | Tradeday TType- | Amount | Ticker

123 1 1 buy 1000 csco |

123 2 1 buy 400 inpr b frame for Tid 3
123 3 |2 buy 2000 symc 1)

123 4 |2 buy 1200 csco |

123 5 2 buy 500 inpr }- frame for Tid 9
123 6 |4 buy 200 csco |

123 7 |4 buy 100 csco |

123 9 |s buy 400 inpr ]

123 10 |5 buy 200 goog

123 1 |5 buy 1000 inpr

123 12 |5 buy 4000 inpr

123 13 |8 buy 2000 hpq

The EXCLUDE GROUP option is used to exclude the entire ordering group of the current row from a frame,
and applies to any type of window frame (ROWS, RANGE, or GROUPS).

18
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Explicit vs implicit window definitions

The window definitions discussed thus far have been explicitly declared using the window definition
clause in the table expression. Analytic functions may reference a defined window explicitly by name or
may include the elements of the window definition syntax in the function specification. Such windows
are implicitly defined and the only difference in their specification is the absence of a window name.
Either form of window definition may be used, although explicit window definitions are a useful feature
when more than one analytic function is to be executed on the same window. In either case, the semantics
of function execution are the same

Exam;l;le for an explicit window definition:

Example for the same windows definition as an implicit window definjtien:

5.4

A give
windo|
a coml
of exp
definif
specif

— X
— If
-y

This ¢
examyl

Example 9 — explicit window definition

SELECT Territory, Month, Sales,
SUM ( Sal es) OVER Wnl AS Suns
FROM Sal es_hi story
W NDOW W nl1 AS (PARTI TION BY Territory ORDER BY Month)

Example 10 — implicit window definition

SELECT Territory, Month, Sales,
SUM ( Sal es) OVER (PARTI TI ON BY Territory \ORDER BY Munth) AS Sums
FROM Sal es_hi story

Multiple window definitions

h query may have any number of window definitions, explicit and/or implicit. Moreover, on
w definition may reference another-explicit window definition, with the resulting window cont
bination of the specifications of'each. This is true of purely explicit window definitions or of mi
icit and implicit window definitions. So, a window function may reference an explicit wind
ion, then fill in some of the'window properties as they apply to the particular function. Mo}
cally, if a window definition x references an existing window definition y:

may not include awindow partition specification.
y includes a window ordering specification, x may not include a window ordering specifica
may not in¢lude a window frame specification.

hpability permits the easier definition of multiple windows that have some common elemen|
les

e
aining
xtures
bW

e

tion.

ts. For

Example 11 — multiple window definitions

SELECT Territory, Month, Sales FROM Sal es_hi story
W NDOW w_eg9a AS (PARTI TI ON BY Territory),
w_eg9b AS (w_eg9a ORDER BY Month),
w_eg9c AS (w_eg9b ROWNS 2 PRECEDI NG,
w_eg9d AS (w_eg9b GROUPS 1 PRECEDI NG EXCLUDE TI ES)

— Anyofwindows w eg9a , w eg9 , w eg9c ,and/or w eg9d may be used in different functions

in

the containing query.

— w.egc and w_egd use the same partitioning and ordering, but define different window frames.

© ISO/IEC 2020 - All rights reserved
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— Another window might also be defined from w _eg9a with a different ordering and subsequently,
different frame specifications, as well.
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6 Window functions

6.1 Introduction to window functions

In addition to the window definition, Feature T611, “Elementary OLAP operations” and Feature T612,
“Advanced OLAP operatlons of ISO/IEC 9075 2 introduce new functlons that exp101t the window def1n1t10n

in add t10n to those 1ntr0duced by Feature T614, “NTILE functlon" Feature T615 “LEAD and LAG func-
tions”| Feature T616, “Null treatment option for LEAD and LAG functions”, Feature T617, “FIRST_VALUE
and LAST_VALUE functions”. and Feature T618, “NTH_VALUE function”. Syntax and examplésare used

to explain the functions, as well as the features of window definitions that are relevant to'théir exe¢ution.

A winglow function is one of the following:
— rank function.

— distribution function.

— rdw number function.

— wijndow aggregate function.

— Ntile function.

— lepd or lag function.

— figst, last, or Nth value function.

6.2 | Rank functions

The rank functions compute the ordinal rank of each row R within a partition as defined by a window.
The window definition must include-a window order clause but no window frame clause. There are 2
rank flinctions included in OLAP-support:

— RANK() assigns an ordinal rank to each row in a partition according to its position in the ordering
oflthe partition. Ifarow R in a partition has peers according to the ordering, the peers will be asgigned
the same rank as R and there will be a gap in the assignment of rank values to the rows of the partition,

— DENSE_RANK(Jalso assigns an ordinal rank to each row in a partition according to its positign in
thle ordering of the partition. If a row R has peers according to the ordering, the peers will be asgigned
the same-rank as R. However, for DENSE_RANK(), there are no gaps in the assignment of rank yalues.

The folllowing sample shows rows of sales_history with RANK and DENSE_RANK computed for sa'les
withineach tertitory:

Example 12 — rank functions with explicit window

SELECT territory, nonth, sales,
RANK() OVER w_egl3 AS rank,
DENSE_RANK() OVER w_egl3 AS dense_rank
FROM sal es_hi story W NDOW w_egl3 AS (PARTITION BY territory
ORDER BY sal es DESC)

The computed values can be seen below. Both RANK() and DENSE_RANK() show ties, but RANK()
also shows gaps when ties are present, unlike DENSE_RANK()
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Example 13, “rank functions with implicit window”, shows the use of a single explicitly defined window
w_egl3 . The functions could also be specified as

Example 13 — rank functions with implicit window

SELECT territory, nonth, sales,
RANK() OVER (PARTITION BY Territory
ORDER BY Sal es DESC) AS rank,
DENSE_RANK() OVER (PARTITION BY Territory
ORDER BY Sal es DESC) AS dense_rank

FROM-Sates_—tirstory

Clearly the abbreviated form is easier both to write and to understand.

As with numerous examples, the results of this query are ordered for the reader's conyenience. Anj order
by clapise for the entire query is required to guarantee the result set ordering.

Table 13 — Result of RANK and DENSE_RANK function

Territory Month | Sales Rank Dense_Rank
East 199812 | 11 1 1
East 199810 | 10 2 2
East 199902 | 10 2 2
East 199901 | 7 4 3
East 199811 | 4 5 4
West 199811%} 12 1 1
West 199901 | 11 2 2
West 199810 | 8 3 3
West 199812 | 7 4 4
West 199902 | 6 5 5

6.3 | Distribution functions

The distribution functions compute a relative rank of each row within a partition as defined by a window.
The window definition must include a window order clause but no window frame clause. The rank
computed by a distribution function is an approximate numeric ratio between 0.0 and 1.0, inclusive.
There are two distribution functions included in OLAP support:

— PERCENT_RANK() is defined the same as the function of the same name in popular spreadsheet
applications. Its value for each row in a partition is defined as the rank of the row minus 1 divided
by the number of rows in the partition minus 1. This results in values ranging from 0.0 to 1.0 in each
partition.
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— CUME_DIST() is defined as the statistical cumulative distribution function. It is computed as the
number of rows prior to or peer with the current row divided by the total number of rows in the
partition.

An example of the use of RANK, PERCENT_RANK, and CUME_DIST is as follows:

Example 14 — distribution functions

SELECT territory, nonth, sales,
RANK() OVER w_egl4 AS rank,

= wegtdAS percent _—Tank;
CUME_DI ST() OVER w_egl4 AS cune_di st
FROM sal es_hi story
W NDOW w_egl4 AS (PARTITION BY territory
ORDER BY sal es DESC)

Table 14 — Result of PERCENT_RANK and CUME_DIST functions

Territory Month | Sales Rank Percent_Rank |‘Cume_Dist
East 199812 | 11 1 0.0 0.2
East 199810 | 10 2 0.25 0.4
East 199902 | 10 2 0.25 0.4
East 199901 | 7 4 0.75 0.8
East 199811 | 4 5 1.00 1.0
West 199811 | 12 1 0.00 0.2
West 199901 | 11 2 0.25 0.4
West 199810 8 3 0.50 0.6
West 199812 | 7 4 0.75 0.8
West 199902 | 6 5 1.00 1.0

As with numerous examples, the results of this query are ordered for the reader's convenience. Arf order
by clapise for thecentire query is required to guarantee the result set ordering.

6.4 [ ‘Row number function

The row number function computes a sequential number (starting with 1 for the first row) for each row
R within a partition as defined by a window according to the window ordering. A window order clause
is not required for the row number function, but no window frame clause is permitted.

An example of the use of ROW_NUMBER() is as follows:
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Example 15 — row number function

SELECT Territory, Month, Sales,
ROW NUVBER() OVER (ORDER BY Month, Territory) AS row_nunber
FROM sal es_hi story

Table 15 — Result of ROW_NUMBER function

Territory Month | Sales Row_Number
kast 199610 | 10 1
West 199810 | 8 2
East 199811 | 4 3
West 199811 | 12 4
East 199812 | 11 5
West 199812 | 7 6
East 199901 | 7 7
West 199901 | 11 8
East 199902 | 10 9
West 199902 (.6 10
As with numerous examples, the results of this query are ordered for the reader's convenience. An order
by clapise for the entire query is required to,guarantee the result set ordering.
6.5 | Window aggregate functions
Windgw aggregate functions perform the standard aggregations on frames of rows within a partition of

a window. Such “moving”/aggregations are commonplace in OLAP applications. These functions ajre the
major[beneficiariesofwindow frames since the aggregations are performed on the rows within a defined
frame] Aggregate-functions may also be executed on windows without an implicit or explicit fram
specification. (Recall that a window ordering without explicit frame specification implies a frame|from
the start of the'partition through the current row and all its ordering peers.) In this case, the aggregate
is computed/over the entire partition and the same value is the result for each row in the partition.

E 1 L > | b £ doe £.11
XdMPICSOT WITHOW aggregate TUIrctrons T01Iow,

Example 16 — window aggregate function (SUM) ordered

SELECT Territory, Mnth, Sales,

SUM ( Sal es) OVER (PARTITI ON BY Territory) AS suns
FROM Sal es_hi story
ORDER BY Territory, Sales DESC, Month

This is an example of an aggregate without a window frame. Each row in a partition computes the same
sum over all the rows in the partition.
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Table 16 — Result of aggregate function (SUM) ordered

In this

The cg
ofaw
tition.

The wi

Territory Month | Sales Sums
East 199812 | 11 42
East 199810 | 10 42
East 199902710 A2
East 199901 | 7 42
East 199811 | 4 42
West 199811 | 12 44
West 199901 | 11 44
West 199810 | 8 44
West 199812 | 7 44
West 199902 | 6 44

FROM Sal es_hi story

case, the ordering of the results is guaranteed by.the query ORDER BY clause.

Example 17 — window aggregate function (SUM) unordered

SELECT Territory, Month, Sales,
SUM ( Sal es) OVER .(\PARTI TI ON BY Territory
CORDER BY Mont h) AS suns

Table 17 — Result of aggregate function (SUM) unordered

de in Example 17, “window aggregate function (SUM) unordered”, has beenaltered with the addition
ndow ordering clause, that implies a windew frame, producing cumulative results over eagh par-

indow ordering clause defines an implicit window frame that for some row R, consists of al] rows
preceding R in the partition, plus all rows in R's ordering group.

Territory Month | Sales Sums
East T998TZ [ 11 25
East 199810 | 10 10
East 199902 | 10 42
East 199901 | 7 32
East 199811 | 4 14
West 199811 | 12 20
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Territory Month | Sales Sums
West 199901 | 11 38
West 199810 | 8 8
West 199812 | 7 27
West 199902 | 6 44

This ekample has no query ORDER BY clause, so the ordering of the output rows is not guarantéef.

An explicit window framing might be used to calculate a moving average:

Example 18 — window aggregate moving average

SELECT Territory, Month, Sales,
AVG ( Sal es)
OVER (PARTI TION BY Territory
ORDER BY Mont h
ROANS BETVWEEN 1 PRECEDI NG AND 1 FOLLOW NG VAS avgs
FROM Sal es_hi story

— This example computes the moving average of the sales coliymn taking into account the current row,
ptteceding row, and following row based on the specified ordering. This is very common and tiseful
inlanalytical applications.

— Asg with numerous examples, the results of this qiiery are ordered for the reader's convenienge. An
orjder by clause for the entire query is required'to guarantee the result set ordering.

Table 18 — Result of aggregate function (AVG)

Territory Month | Sales Avgs
East 199810 | 10 7.0
East 199811 | 4 8.3
East 199812 | 11 7.3
East 199901 | 7 9.3
East 199902 | 10 8.5
West 199810 | 8 10.0
West 199811 | 12 9.0
West 199812 | 7 10.0
West 199901 | 11 8.0
West 199902 | 6 8.5

26 © ISO/IEC 2020 - All rights reserved


https://iecnorm.com/api/?name=87b9428d9591fd402d5a6fbcb462a515

ISO/IEC TR 19075-9:2020(E)
6.6 Ntile function

6.6 Ntile function

The NTILE function assigns a quantile ranking to the rows of a partition (or all rows of a query, in the
absence of a partitioning), according to its ordering. The sole parameter of the function is an exact numeric
literal or dynamic parameter that produces a positive value indicating the number of quantiles into which
the ordered rows are to be distributed. If a partition contains fewer rows than the requested number of
quantiles, the function simply returns values 1, 2, ... The window definition for a NTILE function must
include a window ordering, but must not include a window frame.

Examples of NTILE follow:

Example 19 — ntile function 1
SELECT Territory, Month, Sales,
NTI LE( 3)
OVER ( PARTI TION BY Territory
CRDER BY Sal es DESC) AS quantile
FROM Sal es_hi story

— This NTILE function requests that the rows be divided into 3 quantiles according to their S3les
rank.

Table 19 — Result of aggregate function (NTILE)

Territory Month | Sales Quantile
East 199812 .} 11 1
East 199810 | 10 1
East 199902 | 10 2
East 199901 | 7 2
East 199811 | 4 3
West 199811 | 12 1
West 199901 | 11 1
West 199810 | 8 2
West 199812 | 7 2
West 199902 | 6 3

Example 20 — ntile function 2

SELECT Territory, Month, Sales,
NTI LE( 3)
OVER (ORDER BY Sal es DESC) AS quantile
FROM Sal es_hi story

— This NTILE function omits the window partition specification so that the quantile ranking is done
over the entire table.
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— In this query (as in the previous), some rows are placed in different quantiles, in spite of having the
same Sales values (see 'East’, 199810 and 'East’, 199902). Such rows can legitimately be assigned to
either quantile. Multiple rows which contain the same values in the ordering columns can result in
non-deterministic results from the NTILE function.

Table 20 — Result of aggregate function (NTILE)

Territory Month | Sales Quantile

West 199011 | 12 1

East 199812 | 11 1

West 199901 | 11 1

East 199810 | 10 1

East 199902 | 10 2

West 199810 | 8 2

East 199901 | 7 2

West 199812 | 7 3

West 199902 | 6 3

East 199811\ 4 3
As with numerous examples, the results of these queries are ordered for the reader's conveniencg. An
order py clause for the entire query is required to guarantee the result set ordering.
6.7 | LEAD and LAG functions

row being processed. Both functions take 3 parameters, the first is a value expression, the second is an
exact pumeric literal with a positive value, and the third is another value expression whose result data
type i§ the same asithe first. The result of LEAD is the value of the expression from the first argument
evalugted on the row that follows the current row by as many rows as specified by the second argument.
If therg is ne-row that corresponds to the specified offset, the result is the value of the third argument.
The rdsult'of LAG is the same, except that the row on which the first argument is evaluated is the fow
that precedes the current row by as many rows as specified by the second argument. As with LEAD, if
there is no row that corresponds to the specified offset, the result is the value of the third argument. The
window definition for LEAD or LAG functions must include a window ordering, but must not include a
window frame.

Examples of LEAD and LAG follow:

The LBEAD and LAG functiens provide the capability to reference rows preceding or following the crrent

Example 21 — lead function

SELECT Territory, Mnth, Sales,
LEAD (Sal es, 1, CAST (NULL AS I NTEGER))
OVER (PARTI TION BY Territory
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ORDER BY Mont h) AS next_sal es
FROM Sal es_hi story

— This query displays Sales for the current and next month.

— Thelastrow of each partition returns the NULL value for the LEAD() function. Note the NULL value
is cast to the same type as Sales.

Table 21 — Result of aggregate function (LEAD)

Territory Month | Sales Next_Sales
East 199810 | 10 4
East 199811 | 4 11
East 199812 | 11 7
East 199901 | 7 10
East 199902 | 10

West 199810 | 8 12
West 199811 | 12 7
West 199817 | 7 11
West 199901 _|~11 6
West 199902 | 6

Example 22 — lag function

SELECT Territory, Month(,Sal es,
LAG (Sal es, 1/ GAST (NULL AS | NTEGER))
OVER (PARTITI'ON BY Territory
ORDER BY Mont h) AS prev_sal es
FROM Sal es_hi st(ony

— TIis query displays Sales for the current and previous month.

e first tow of each partition returns the NULL value for the LAG) function. Note the NULL value
is|castto'the same type as Sales.

Tabte 22— Resultof aggregate function (LAG)

Territory Month | Sales Prev_Sales
East 199810 | 10

East 199811 | 4 10

East 199812 | 11 4

East 199901 | 7 11
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As with numerous examples, the results of these queries are ordered for the reader’s conveniencs

order

6.8

FIRST
frame
If the Y
frame

Examjples of FIRST_VALUE and LAST_VALUE follow:

This q

30

Territory Month | Sales Prev_Sales
East 199902 | 10 7

West 199810 | 8

West 199811 | 12 8

West 199817 | 7 12

West 199901 | 11 7

West 199902 | 6 11

by clause for the entire query is required to guarantee the result set ordering.

FIRST_VALUE and LAST_VALUE functions

| VALUE and LAST_VALUE are used to compute an expression using the first or last row of a wj
in a given partition. If there is no row in the window frafue, then the result of the function is

specification, the function uses the first or last réw of the entire partition.

Example 23"= first_value function

SELECT Territory, Month, Sales,
FI RST_VALUE ( Sal es)
OVER ( PARTI TI ON BY(Territory
ORDER BY Month) AS first_sal es
FROM Sal es_hi story

pery displays Sales beside the first Sales value of each partition.

Table 23 — Result of aggregate function (FIRST_VALUE)

e, An

indow
NULL.

vindow on which the FIRST_VALUE or LAST_VALUE-ftnction is being executed has no window

Territory Month | Sales First_Sales
East 199810 | 10 10

East 199841414 10

East 199812 | 11 10

East 199901 | 7 10

East 199902 | 10 10

West 199810 | 8 8

West 199811 | 12 8
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Territory Month | Sales First_Sales
West 199817 | 7 8
West 199901 | 11 8
West 199902 | 6 8

LAST_VALUE ( Sal es)

FROM Sal es_hi story

OVER (PARTI TION BY Territory
ORDER BY Mont h
ROANS BETWEEN 1 PRECEDI NG AND 1 FOLLON NG) AS | ast_sal'es

Example 24 — last_value function
SELECT Territory, Mnth, Sales,

This query displays Sales beside the last Sales value taken from the frame consisting of the preceding,
current, and following row being processed.

Table 24 — Result of aggregate function (LAST_VALUE)

Territory Month | Sales Last_Sales
East 199810 | 10 4
East 199811 {.4 11
East 1998127 11 7
East 199901 | 7 10
East 199902 | 10 10
West 199810 | 8 12
West 199811 | 12 7
West 199817 | 7 11
West 199901 | 11 6
West 199902 | 6 6

As with numerous examples, the results of these queries are ordered for the reader's convenience. An
order by clause for the entire query is required to guarantee the result set ordering.

6.9 NTH_VALUE function

The NTH_VALUE function is a generalization of the FIRST_VALUE and LAST_VALUE functions. The first
parameter of NTH_VALUE is the expression to be evaluated using the specified row. The second param-
eter is an exact numeric literal whose value is used as an offset from the first or last row of the frame (or
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the entire partition if there is no window frame specification) to identify the row to be used in evaluating
the first argument. The value of the second parameter must be positive.

NTH_VALUE also includes an optional direction specification to indicate whether the offset is to be taken
from the first row of the frame or the last row of the frame. The direction specification immediately follows
the NTH_VALUE function. The option values are FROM FIRST and FROM LAST, with FROM FIRST being
the default.

As is the case with the FIRST_VALUE and LAST_VALUE functions, if there is no row in the window frame,
then the result of the function is NULL.

Exam}Lles of NTH_VALUE follow:

Example 25 — nth_value function 1

SELECT Territory, Mnth, Sales,
NTH VALUE (Sal es, 2)
OVER (PARTI TION BY Territory
ORDER BY Month) AS third_sal es
FROM Sal es_hi story

This query displays Sales beside the third Sales value in each partition:

Becaupe the partitions each have 5 rows, the same result can be achiéved by:

Example 26 — nth_value function 2

SELECT Territory, Month, Sales,
NTH VALUE (Sal es, 4) FROM LAST
OVER (PARTI TION BY Territory
ORDER BY Mont h) AS third.sal es
FROM Sal es_hi story

Table 25 — Resultof aggregate function (NTH_VALUE)

Territory Month | Sales Third_Sales
East 199810 | 10 4
East 199811 | 4 4
East 199812 | 11 4
East 199901 | 7 4
East 199902 | 10 4
West 199810 | 8 12
West 199811 | 12 12
West 199812 | 7 12
West 199901 | 11 12
West 199902 | 6 12
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Null treatment

LEAD and LAG (and the FIRST_VALUE, LAST_VALUE, and NTH_VALUE functions) also include an option
to describe how to handle NULL values in the selected row. The null treatment options are RESPECT
NULLS and IGNORE NULLS and follow the function specification. If neither RESPECT NULLS nor IGNORE
NULLS is specified, RESPECT NULLS is implicit.

When RESPECT NULLS is in effect, the entire window frame of the current row is used to evaluate the
function. If IGNORE NULLS is in effect, only those rows from the window frame of the current row for

which
consid

the FIRST_VALUE, LAST_VALUE, or NTH_VALUE expression evaluates to a non-null value af
ered in determining the result.

The following are syntax examples of null treatment specification:

Example 27 — null treatment with lead function

SELECT Territory, Month, Sales,
LEAD (Sales, 1, CAST (NULL AS | NTECER))
| GNORE NULLS OVER (PARTI TI ON BY Territory
ORDER BY Mont h)
FROM Sal es_hi story

This f\htnction will only display non-null Sales values. However, if all;Sales values in a given partiti

null, t

e third argument of the function will still return a null value.

Example 28 — null treatment with'first_value function

SELECT Territory, Month, Sales,
FI RST_VALUE ( Sal es)
| GNORE NULLS OVER (PARTI TI O\, BY Territory
ORDER BY-Nbnt h)
FROM Sal es_hi story

This function will display the first non-null value of Sales in each partition.

Example- 29— null treatment with last_value function

SELECT Territory, Month, Sales,
LAST_VALUE (( Sal es)
RESPECTSNULLS OVER (PARTI TI ON BY Territory
ORDER BY Mbont h
ROANS BETWEEN 1 PRECEDI NG AND 1 FOLLOW NG
FROM Sal esthi‘st ory

This function-will display the last value of Sales in each partition, regardless of whether it is null.

RESPE

CT/NULLS is the default specification and may be omitted in this example.

c

hn are
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7 Nested window functions

7.1 Introduction to nested window functions

Feature T619, “Nested window functions” introduces additional functionality to the windowed OLAP
functions described in Clause 6, “Window functions”, above.

Winddw definitions and functions as described in Clause 5, "Windows” and Clause 6, "Window func}ions”,
above|provide a powerful mechanism whereby ranking, cumulative, moving, and reporting aggregate
calculations can be specified succinctly in SQL and evaluated efficiently by the RDBMS. Using this specifi-
cation} the user or an analytic application can define a window frame (fixed or variable in\size) for each
row amd have an aggregate applied on all rows in the window frame.

For example, assuming the table Stocks (Ticker, TradeDay, Price), a query to find,fereach stock ticker
and edch trade day, the number of times a stock price has exceeded $30 in the past 30 days of tradling
can bg written like this:

Example 30 — Q1: case expression in a windew query

SELECT Ti cker, TradeDay, Price,
SUM CASE WHEN Price > 30 THEN 1 ELSE 0 END)
OVER (PARTI TI ON BY Ti cker
ORDER BY Tr adeDay
ROANS BETWEEN 30 PRECEDI NG ANP~I. PRECEDI NG AS Freq
FROM St ocks

Though the window specification is powerful and allows efficient evaluation of ranking, moving, cumylative,
and regporting aggregates by the RDBMS, it lacks-the ability to solve what could be called “comparptive

windogw function” calculations. These are calculations wherein the window function value for the chirrent
row is|the result of a comparative analysisihvolving one or more rows in the window frame.

For example, window functions as described in Clause 5, “Windows” and Clause 6, “Window functions”
are noft useful in answering querieslike “find the number of times the stock price has exceeded a day's

price in the preceding 30 days”,irfstead of a fixed $30 value as in the above example. SQL to answer this
query|will have to resort to self-joins and becomes difficult to write, understand, and optimize:

Example 31 — Q2: complex join

SELECT s1. Ticker, sl1.TradeDay, sl.Price,

SUMLCASE WHEN s2. Price > sl1.Price THEN 1 ELSE 0 END) AS Freq
FROM St o6ks s1, Stocks s2
WHERE s1.Ti cker = s2. Ti cker
IAND,s2, Tr adeDay <= sl. Tr adeDay- 1
IAND ‘s2. Tr adeDay >= sl1. Tr adeDay- 30
GROUP BY s1.Ticker, sl1.TradeDay, sl1.Price

To address queries like Q2, Feature T619, “Nested window functions” extends window aggregates,
making them more powerful and suitable for “comparative analysis”. The extensions include:

— Row markers that give access to certain interesting rows.
— Offsets that provide ability to access a row at any offset from the marker rows.

— A row marker that moves across the rows in the window frame during calculation of a window
aggregate.
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7.2 Row markers

Row markers give access to interesting rows within a partition and frame for comparative analysis. The

row markers that are defined in Feature T619, “Nested window functions” are:
— BEGIN_PARTITION — the first row of the window partition
— BEGIN_FRAME — first row of the window frame

— CURRENT_ROW — the row for which a window frame is created

— EIND_FRAME — the last row of the window frame
— END_PARTITION — the last row of the window partition

— FRAME_ROW — the variable row that ranges over all rows of a window frame (betwieen BEGIN_FE
anid END_FRAME) when computing a window aggregate.

For example, consider the following data in the Stocks table, partitioned by Ticker, ordered by Tra
and wjth the window framing clause ROWS BETWEEN 4 PRECEDING AND“3 PRECEDING. Assum
“(ZYX)6, 11)” is the row for which we are currently computing the windéw function. The followin
illustrates where the row markers other than FRAME_ROW point:

Table 26 — Result of row markers

Ticker Tradeday Price

ZYX 1 10 -- BEGIN_PARTITION
ZYX 2 11 -- BEGIN_FRAME
ZYX 3 12

7YX 4 12

ZYX 5 12 -- END_FRAME

ZYX 6 11 -- CURRENT_ROW
ZYX 7 12

7YX 8 12 -- END_PARTITION

To access individual columns from the marker rows, the function VALUE_OF has been introduced
functipnis only permitted nested in an aggregated argument of a window aggregate. For example

RAME

HeDay,
e that

g

This

“VALUENOF (Price AT CURRENT ROW)” gives the value of column “Price” from the row indicated

by the

row marker CURRENT_ROW. Using the CURRENT_ROW marker, the self-join query Q2 can be rewritten

elegantly as:

Example 32 — Q3: value_of function

SELECT Ti cker, TradeDay, Price,
SUM (CASE WHEN Price > VALUE OF (Price AT CURRENT ROW
THEN 1
ELSE 0 END)
OVER ( PARTI TI ON BY Ti cker
ORDER BY Tr adeDay
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ROAS BETVWEEN 30 PRECEDI NG AND 1 PRECEDI NG AS Freq
FROM St ocks;

Note that Q3 uses ROAS BETWEEN 30 PRECEDI NG AND 1 PRECEDI NG , whereas the preceding sample data
showed ROWS BETWEEN 4 PRECEDI NG AND 1 PRECEDI NG for brevity.

The CASE expression in Q3 illustrates the use of VALUE OF , nested in the window aggregate SUM .
The SuM isadding a collection of 1's and 0's; i.e., counting the number of times the WHEN condition in
the CASE expression istrue. The WHEN condition involves a comparison of the Price column in two

roOws.
ating
a fixed
matio

preceding 30 days that the value of Price has exceeded the current row's Price. By eliminating the

he aggregate. The second Price, in VALUE_OF (Price AT CURRENT_ROW ,is the value of(Pq
row, the row that “owns” the window frame and serves as the basis for the window frame'
lvia BETWEEN 30 PRECEDI NG AND 1 PRECEDI NG . Thus, Q3 computes the number of times

evalu-
ice in
s for-
in the
self-

join, the query Q3 is easier to write and understand. Moreover, the query should also be'easier to optimize

by the

For co

VALUE|OF(sal AT CURRENT_ROW +
VALUE| OF( conmi ssi on AT CURRENT_ROW -
VALUE|OF(revenue AT CURRENT_ROW,

one cgn code:

VALUE|OF(sal + conmi ssion - revenue AT CURRENT_ROW

7.3

Positiye and negative integer offsets are also supported to access rows at a specified offset from t
markedr rows. For example one can say {VALUE_OF (Price AT BEGIN_FRAME + 1)” to get the value
In “Price” from the second row in the window frame. Similarly, “VALUE_OF(Price AT END_FRAME
- 1)” dives access to Price from the’next to last row in the window frame.

colum

When

RDBMS.

Offsets

an offset specifies a row outside of the window partition (i.e., before BEGIN_PARTITION or

nvenience, expressions may be the first argument of VALUE_OF function. For example, instgad of
having to write multiple functions as in:

he
of

after

END_RARTITION), then VALUE_OF will return NULL. To illustrate the semantics, consider a windqw

frame
Trade
using

36

that is “BETWEEN.5 PRECEDING AND 2 PRECEDING” operating on the following data (Ticker,

Day, Price). Assumie that the CURRENT_ROW is at (ZYX, 7, 12) and the Price column is being acfessed
the VALUE-OF function.
Table 27 — Result of row markers (offsets)

Ticker Tradeday Price

7YX 1 10 -- BEGIN_PARTITION

7YX 2 11 -- BEGIN_FRAME

ZYX 3 12

ZYX 4 12

7YX 5 12 -- END_FRAME
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Ticker Tradeday Price

ZYX 6 11

7YX 7 12 -- CURRENT_ROW
ZYX 8 12 -- END_PARTITION

7.3 Offsets

12
10
is NULL

VALUE|OF (Price AT CURRENT ROW = 12

Of course, the user may wish a different default than NULL when a row outside the'window partition is

refere
secon
VAL UE|
VAL UE|

The VA4
can bd
VAL UE]

In thifg

5
6

hced; for that an optional third parameter with the same data type as the firstis supported|(the
| parameter is the row marker defined location of the desired row):
|OF (Price AT BEG N _FRAME-2, 5)
[OF (Price AT CURRENT_ROM2, 6)

A\LUE_OF function can be nested within itself, which means that\thé default for an outer VALUE_OF
computed by an inner VALUE_OF. For example:
[OF (Price AT CURRENT_ROW- 5, VALUE OF (Price AT BEG N _PARTITION))

example, the user wants the Price in the row 5 rows{prior to the current row. This row might fall

outside the partition, in which case the default applies. The default is another VALUE_OF expressilon. In

this eX

7.4

Given
FRAM
windo
marke
row (7

FRAME_ROW

ample, the default is the Price in the row at the béginning of the partition.

Table 28 — Result of window frames with row markers

h particular current row, most ofithe row markers have fixed positions within the window partition.
£ ROW, on the other hand, is a variable row that moves from BEGIN_FRAME to END_FRAME in the
w frame as the window aggregate is computed. In Table 28, “Result of window frames with|{row

rs”, using a window frahe/BETWEEN 4 PRECEDING AND 1 PRECEDING, FRAME_ROW movefs from
YX, 2, 11) to (ZYX, 5;12), when the CURRENT_ROW is at (ZYX, 6, 11).

Ticker | Tradeday Price

ZYX 1 10

ZYX 2 11 -- BEGIN_ERAME -- FERAME ROW.
ZYX 3 12 -- FRAME_ROW

ZYX 4 12 -- FRAME_ROW

ZYX 5 12 -- END_FRAME -- FRAME_ROW
7YX 6 11 -- CURRENT_ROW

ZYX 7 12
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7.4 FRAME_ROW

Ticker | Tradeday Price

7YX 8 12 -- END_PARTITION

As with other markers, VALUE_OF notation can be used to get column values or more general complex
expressions. Note that VALUE_OF (value expression AT FRAME_ROW+1) gives access to the row after
FRAME_ROW and VALUE_OF (value expression AT FRAME_ROW-1) gives the row previous to FRAME_ROW.
It may be helpful to note that VALUE_OF (value expression AT FRAME_ROW) is just the same as value
expregsion. For example, if W 1S a window name, then AVG (VALUE_OF (Price AT FRAME_ROW]JQVER
W is just the same as AVG (Price) OVER W.

This i§ because AVG (Price) is computed as the average of Price as the moving row varies from
BEGIN_FRAME through END_FRAME. Thus, the benefit of FRAME_ROW is the ability te access rows that
are offset from the FRAME_ROW. However, for consistency with other row markersyVALUE_OF isfalso

supported at FRAME_ROW with no offset. Using FRAME_ROW, queries like “for each’day D, how many

times |n the preceding 30-day period, a stock price has exceeded D's value and maintained (either stayed
the same or has increased) on the next day” can be answered efficiently usings#vindow function. The SQL
would| be:

Example 33 — Q4: frame_row and current_row in value_of function

SELECT Ti cker, TradeDay, Price,
SUM CASE WHEN VALUE_OF(Price AT FRAME ROW: >
VALUE_OF(Price AT CURRENT ROW
AND VALUE_OF(Price AT FRANESROM1) >=
VALUE_OF(Price AT FRAVEORGOW
THEN 1 ELSE 0 END)
OVER (PARTI TI ON BY Ti cker
ORDER BY Tr adeDay
ROANS BETWEEN 30 PRECEDI NG AND 1 PRECEDI NG AS Freq
FROM St ocks;

In Q4,|the first comparison in the CASE.eXpression looks fora FRAME_ROW whose Price is greateif than
the Prjce in CURRENT_ROW . And the second comparision looks fora FRAME_ROW whose Price is equaled
or excgeded in the next row. Bothonditions being satisfied indicates a “hit” and adds 1 to the sum. The
final rgsult is the number of pdins (R1, R2) in which the first row R1 beats the current row's Pricefand
the sefond row R2 has a Price at least as high as R1.

7.5 | Nested ROW_NUMBER function

Subclduse 7.3, “Offsets”, describes an optional third parameter to VALUE_OF to override the defaylt null
value Wwhen-a row marker plus or minus offset that points to a non-existent row (outside the window
partition)is used in VALUE OF This will handle most requirements ta deal with boundary situations.
However, the user may wish more sophisticated control, for example, to specify different handling at the
beginning of the window partition as opposed to the end of the window partition. To cover such cases,
the ROW_NUMBER function may be nested in the window aggregate function with a row marker argument.
The syntax is:

ROW NUMBER (row mar ker)

Unlike VALUE_OF, offsets are not permitted for nested ROW_NUMBER, since the ROW_NUMBER function
commutes with addition and subtraction, e.g., ROV NUMBER ( CURRENT_ROW + 1) = ROW NUMBER ( CUR-
RENT_ROW + 1 .Nested ROW_NUMBER provides complete information about where the row markers
are within the window partition. Specifically:
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