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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.
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procedures used to develop this document and those intended for its further maintenance are
ribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for t
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Introduction

The organization of this document is as follows:

1)
2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

Xiv

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

Clause 2, “Normative references”, identifies additional standards that, through reference in this

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

Clause 4, “Introduction to polymorphic table functions”, provides an introduction to polymorp}
table functions, the requirements leading to their incorporation into SQL, and illustrations of th
use.

Clause 5, “PTF processing model”, describes the abstract processing modelfor polymorphic tah
functions in the context of an SQL-implementation.

Clause 6, “Specification”, describes the manner in which polymorphictable functions are specif
in the SQL standard.

—n

lic
eir

ied

Clause 7, “Data definition language”, provides the syntax and¢semantics of the SQL statements that

create, modify, and drop polymorphic table functions.

Clause 8, “Implementation”, guides authors of polymorphic table functions through the steps requ
to create all of the functions necessary to accomplish‘particular purposes.

Clause 9, “Invocation”, supplies the information necessary for application writers, especially SQ
query authors, to take advantage of the polymarphic table functions that are available to them.

Clause 10, “Compilation”, is directed at the authors of polymorphic table functions and of SQL data
systems to guide them in the steps required to compile polymorphic table functions in the cont
of a particular SQL-implementationq

Clause 11, “Optimization”, describes the various aspects of polymorphic functions of which the

authors of such functions and\the authors of SQL-implementations must be aware to adequately

optimize the execution of(such functions.

Clause 12, “Execution”;discusses the details of executing polymorphic table functions in the con
of the processing model.

Clause 13, “Examples”, supplies numerous examples in detail with commentaries to explain thg
various use ¢ases, the requirements that relate to polymorphic table functions, and the specific
the solutions for each use case.

ired

base
ext
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INTERNATIONAL STANDARD ISO/IEC 19075-7:2021(E)

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

Part 7:
Polymorphic table functions

1 |Scope

Thiq document describes the definition and use of polymorphic table functions in,SQL:
The|Report discusses the following features of the SQL Language:

— |The processing model of polymorphic table functions in the context of SQL.

— |The creation and maintenance of polymorphic table functions.

— [Issues related to methods of implementing polymorphic tablefunctions.

— [How polymorphic table functions are invoked by application programs.

— [Issues concerning compilation, optimization, and exécution of polymorphic table functions.
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2 Normative references

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

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

N

—

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

~
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3 Terms and definitions

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

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

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

© ISO/IEC 2021 - All rights reserved 3
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4

4.1

Introduction to polymorphic table functions

Context of pnlymnrphir table functions

The

4.2

A pq

declared when the function is created. Rather, the row type of the result may depend on the functio

argy

the PTF invocation. In addition, a PTF may have generic table parameters (i.e.,, no row type declare

whd

tables. This document is intended to provide an informal descriptiof of PTFs, using examples and prac

step
to in

4.3

This
1)
2)
3)
Itis
are
the
tabl

top
pub

parficulas.the query author sees a single PTF function, whereas the DBMS and the PTF author see 3

fam
add

requirements for the material discussed in this document shall be as specified in ISO/IEC9075

What is a polymorphic table function?

lymorphic table function (abbreviated PTF) is a function that returns a table whose row type is
ments in the invocation of a PTF, and therefore may vary depending©n-the precise syntax contai
n the PTF is created), and the row type of the result might depend on the row type(s) of the inp

-by-step advice on how to add a PTF capability to a relational DBMS, how to write a PTF, and hda
voke a PTF in an application.

Audiences

document is written for three audiences:
The DBMS developer.

The PTF author.

The query author.

important to recognizejthat a PTF is somewhat like a view, only more procedural. With a view, t
he same three parti€s: DBMS, view author, and query author. The DBMS is the intermediary betw
View author and'the query author. The view is a way for the view author to “publish” an interfad
bs without exposing the inner workings of the interface. Similarly, a PTF is a way for the PTF au
iblish an interface to a procedural mechanism that defines a table. The query author only sees {
ished interface, whereas the DBMS and the PTF author share a more complex “private” interfad

ly.ofone to four related SQL-invoked procedures, called the PTF component procedures, and poss

T
N

not
n
hing
il
ut

tical
w

here
reen
eto
thor
he

e. In

ibly

tional private data.

Many sections of this document begin with a caption “Primary audience: xyz” stating which audience is
most likely to find the section useful. However, anyone is welcome to read any section. Understanding
the complete picture from all three perspectives is likely to be helpful to all three audiences.

A fourth audience can also be distinguished, the database administrator (DBA) as the one who is
responsible for allocating disk storage for large tables. This is because disk allocation strategies can
impact the performance of queries. The one allocating disk storage may be the query author or may be
a separate role in the organization. If these are separate roles, the DBA may need to consult with the
query author before the data is loaded. This is a complex issue because it is not always possible to antic-
ipate the query at the time that the data is loaded, or the set of queries may be such that no one disk
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4.3 Audiences

allocation scheme will allow optimal performance of all queries. The most relevant section for a DBA
allocating disk storage is Subclause 12.2, “Partitions and virtual processors”, where the audience is
nominally the DBMS and the PTF author. However, specific advice about disk allocation is beyond the
scope of this document.

4.4 Motivating examples

4.4{1 Summary of motivating examples

Thid document uses eight motivating examples that illustrate the capabilities of PTFs.”These examples

are presented from the standpoint of the query author, hiding the role of the PTF auther and DBMS.[The
objdctive here is to get a taste of the power and generality of PTFs. The perspectives of the DBMS and
the PTF author are explored at length in Clause 13, “Examples”.

4.4)2 CSVreader

1

A sgreadsheet can usually output a comma-separated list of values. Generally, the first line of the filg
confains a list of column names, and subsequent lines of the\file contain data. The data in general can be
treated as a large VARCHAR. However, some of the fields may be numeric or datetime.

The|PTF author has provided a PTF called CSVreader:designed to read a file of comma-separated leues
and|interpret this file as a table. The query author cédn see this PTF in the Information Schema and knows
thatjit has the following signature:

FUNCTI ON CSVr eader (

Fi | e VARCHAR(1000),

Fl oat s DESCRI PTOR DEFAULT NULL;
Dat es DESCRI PTOR DEFAULT NULL/)
RETURNS TABLE

NQT DETERM NI STI C

CONTAI NS SQL

Thiq signature has two pardameter types that are distinctive to PTFs:

1) [DESCRIPTOR is.a‘type that is capable of describing a list of column names, and optionally for each
column name; a-data type. There is a helper function provided for the query author to construct a
PTF descriptor area.

2) [TABLE:denotes the generic table type, a type whose value is a table. The row type of the table ig not
specified, and may vary depending on the invocation of the PTF.

In tl jcdavamnla tha ratyrn tuna Af CC Uraadaric TARTE Thic ic o
IS CxathiprethHe-returity pe-or o v r et IS Dot S5

polymorphic table function: it returns a generic table.

fau y
+—eve

The PTF author has published a user reference for CSVreader. The user reference tells the query author
the semantics of the input parameters and what the output will be. In this example, the user reference
documents the following:

1) The first parameter, File, is the name of a file on the query author’s system. This file shall contain the
comma-separated values that are to be converted to a table. The first line of the file contains the
names of the resulting columns. Succeeding lines contain the data. Each line after the first will result
in one row of output, with column names as determined by the first line of the input.

© ISO/IEC 2021 - All rights reserved 5


https://standardsiso.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

ISO/IEC 19075-7:2021(E)

4.4
2)

3)

Motivating examples

Floats is a PTF descriptor area, which should provide a list of the column names that are to be
interpreted numerically. These columns will be output with the data type FLOAT.

Dates is a PTF descriptor area, which provides a list of the column names that are to be interpreted

as datetimes. These columns will be output with the data type DATE.

Based on the documentation in the user reference, the query author may write a query such as the fol-

lowing:
SELFCT
FROW TABLE ( CSVreader ( File => 'abc.csv',
Fl oats => DESCRI PTOR ("principle", "interest")
Dat es => DESCRI PTOR ("due_date")
) ) AS S

mig

is d¢clared with return type TABLE, this is a PTF invocation.

Thid
is fo

In the FROM clause, the TABLE operator introduces the invocation of a table function~A table functz:iilgn

ht be either a conventional (monomorphic) table function or a PTF. In this casg,"because CSVre

und in the first line of the file. Among these column names, there are-¢olumns named 'principle’

er

invocation says that CSVreader should open the file called abc.csv. The list'of output column names

and

'intgrest’, which are interpreted as numeric values, and a column named ‘due_date’, which is interpreted

as a

For

docno, nane, due_dat e, pri nci pl e, i nt erest

123,
234,

The

The

varipus possibiliti€sinvolving input tables.

Thid example.is.continued in detail in Subclause 13.3, “CSVreader”.

date.

pxample, suppose that the contents of abc.csv are

Mary, 01/ 01/ 2014, 234. 56, 345. 67
Edgar, 01/ 01/ 2014, 654. 32, 543. 21

result are shown in Table 1, “Results of CVSredder sample query”.

Table 1 — Results of CVSreader sample query

docno | name due_date principle interest
123 Mary. 2014-01-01 234.56 345.67
234 Edgar 2014-01-01 654.32 543.21

distinguishing feature of this example is that there are no input tables. Subsequent examples sh

4.4

3 _Pivot

In general, a pivot is an operation that reads a row and outputs several rows. Generally, the input is
denormalized and the output is normalized. For example, maybe an input table has six columns, forming
three pairs of (phone type, phone number), and the user wishes to normalize this into a table with two

columns.

ow

The PTF author has provided a PTF called Pivot; the query author can see the following signature in the
Information Schema:

FUNCTI ON Pi vot (
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4.4 Motivating exam

I nput TABLE PASS THROUGH W TH ROW SEMANTI CS,

Qut put _pi vot _col unms DESCRI PTOR,

| nput _pi vot _col utms1 DESCRI PTOR,

| nput _pi vot _col unms2 DESCRI PTOR DEFAULT NULL,
| nput _pi vot _col utms3 DESCRI PTOR DEFAULT NULL,
| nput _pi vot _col unns4 DESCRI PTOR DEFAULT NULL,
| nput _pi vot _col umms5 DESCRI PTOR DEFAULT NULL
RETURNS TABLE

DETERM NI STI C

RE

The
1)

2)

3)

4)

Thid
mar

Bas

SELH
FRON

=ABS—SQ—DBATFA
PTF author has provided a user reference that documents the following semantics for this-PTF:

The first parameter, Input, is a generic table. This table is declared to have two options, “PASS
THROUGH” and “WITH ROW SEMANTICS”. These options have the following implications for th
query author:

native, set semantics, will be seen in subsequent examples. At most one\input table can have
semantics.

in the output, qualified by a range variable associated with the input table. The alternative,
PASS THROUGH, will be seen in some subsequent examples:

columns that the query author wants to see in the result.

that lists the names of the columns of the input table which are to be pivoted into the correspon
columns of the output table. There must be the-same number of column names in the Out-
put_pivot_columns PTF descriptor area and-ift the Input_pivot_columns1 descriptor area.

The remaining parameters, Input_pivot.eolumns2, Input_pivot_columns3, Input_pivot_columns
and Input_pivot_columns5, are optional (indicated by the DEFAULT NULL declaration). If suppl

columns. Each of these PTF descriptor areas must have the same number of column names as (
put_pivot_columns.

y more by simply adding more optional parameters to the signature.

bd on this user doctiymentation, the query author might write the following invocation:

FCT D.1d, DiName, P.Phonetype, P.Phonenunber

| TABLE (~Ri'vot ( Input => TABLE (Joe.Data) AS D,
Qut put _pi vot _col utms => DESCRI PTCR (phonet ype, phonenunber),
I nput _pi vot _col umms1 => DESCRI PTOR (phtypel, phonenunber1l),
I nput _pi vot _col uimms2 => DESCRI PTOR ( pht ype2, phonenunber 2)

The second parameter, Output_pivot_columns, is a PTF descriptor area that lists the names of the

shows the capability to(pivot at most 5 sets of columns. Of course, the PTF author could suppor

ples

a) WITH ROW SEMANTICS means that the result is determined on a row-by-r6w basis. The alter-

row

b) PASS THROUGH means that, for each input row, the PTF makes'th€ entire input row available

NO

The third parameter, Input_pivot_columns1, is mandatory. This parameter is a PTF descriptor area

ding

4,
ed,

these are additional PTF descriptorareas for the input columns that are to be pivoted into the ouftput

ut-

) ) AS P

In this invocation, the first TABLE () operator encloses the PTF invocation. The first parameter, called
Input, passes a table, and uses the TABLE () operator to enclose the table name. This second TABLE ()
operator is required because SQL would normally interpret syntax such as Joe.Data as a column name
rather than a table name. Since Joe.Data is a table, it is possible to assign it a correlation name, D in this
example. (If an explicit correlation name is not provided, then the table name Joe.Data, or just Data, may
be used as a range variable to reference it.) The remaining arguments are PTF descriptor areas, first of
the output pivot columns and then the corresponding pairs of input pivot columns.

The query has two correlation names, D and P. D is associated with the input table Joe.Data whereas P is
associated with the output of the PTF.
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For input tables with pass-through columns, as in this example, the correlation name of the input table
may be used as a qualifier to reference any column of the associated input table. (Input tables with set
semantics follow a slightly different rule to be presented later.) In this example, D has been used to
qualify the columns D.Id and D.Name.

P may be used to reference the columns that are produced by the PTF. In this example, P has been used
to qualify the columns P.Phonetype and PPhonenumber.

The result of the PTF invocation is a multiset of rows, each row having some columns qualified by D and
somje columns qualified by P. Every column of the inpuf table Joe.Data is accessible in the columns qual-
ified by D; the output columns of the PTF are referenceable using the correlation name P. In effe@t, dach
input row is concatenated with the columns that are produced by the PTF. This is a consequence of the

factfhat the input table has pass-through columns and row semantics: the result of the PTF.is determjned
on g row-by-row basis (row semantics), and the entire input row is concatenated with the'result of the

PTF|(pass-through columns). (The PTF may produce more than one row for a given input row; this will
cauge a “multiplier effect” in the output.)

For pxample, suppose Joe.Data has the data shown in Table 2, “Sample data for pivot example”.

Table 2 — Sample data for pivot example

ID NAME | PHTYPE1 | PHNUMBER1 | PHTYPE2 | PHNUMBER2
123 Mary home pqr cell stu
234 Edgar home VWX work XyZ

The|result will be as shown in Table 3, “Pivot example result with sample data”.

Table 3 — Pivot example result with sample data

ID NAME.C{ PHONETYPE | PHONENUMBER
123 Mary home pqr

123 Mary cell stu

234 Edgar home VWX

234 Edgar work XyZ

Thig examplé.is continued in detail in Subclause 13.4, “Pivot”.

4.4.4—Score

Score has two input tables:

1) One input table contains rows to be scored according to some algorithm.

2) The other input table (the model) contains the parameters for the algorithm that is used to score a

row.

Each row can be scored independently of every other row. In contrast, every row of the model is required
to specify the scoring algorithm.
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The PTF author has provided a PTF called Score; the query author can see the following signature in the
Information Schema:

FUNCTI ON Score (
Dat a TABLE PASS THROUGH W TH ROW SEMANTI CS,
Mbdel TABLE NO PASS THROUGH
W TH SET SEMANTI CS PRUNE WHEN EMPTY
) RETURNS TABLE (Score REAL)
DETERM NI STI C
REAPS SQC DATA

Thelfirst input table, called Data, contains the rows to be scored. Each row is scored independently pf
evelly other row, as indicated by WITH ROW SEMANTICS. The entire input row is accessible in the output,
as indicated by PASS THROUGH.

The|second input table, called Model, contains the parameters used for scoring a row. Since the entire
datd set is required to specify the algorithm, this table is declared as WITH SET SEMANTICS. A table with
set §emantics may be partitioned and/or ordered. Partitioning and ordering ar€ decisions made by |[the

quefy author, expressed in query syntax.

NO PASS THROUGH indicates that columns of the Model table are not copied to the output. Howeve}, if
the Input is partitioned, then the partitioning column(s) are still availabl€ in the output.

Sinde the algorithm cannot work with an empty model, the qualifier PRUNE WHEN EMPTY is added,
indifating that the result of the PTF is empty if the model table issempty. This enables the DBMS to optimize
by nlot even invoking the PTF when this table is empty.

The(result, for each input row of Data, is a row concatenated from the following three sources:
1) [The entire row of Data (because this has row semantics with pass-through columns).

2) |The partitioning columns of Model, if any (b&cause this has set semantics without pass-through
columns).

3) |An additional column named SCORE-ef type REAL containing the score for that row of Data.

The|query author has a table containing a number of different models, which can be used to score rpws
for gomparison against different ‘what if” scenarios. The query author writes the following query:

SELECT D.1d, D.S, D.T, MNbdelid, T.Score
FROWI TABLE (Score ( Data.=> TABLE (M/Data) AS D
Model => TABLE (Mbdel) AS M

PARTI TI ON BY Mbdel i d
) A$ T

Thig example has-three correlation names, corresponding to the three sources for columns in the ouftput
rowp:

1) |D is(the correlation name for the input table MyData. MyData has row semantics with pass-thrqugh
columns and its correlation name D may be used to qualify any column of MyData.

2) Mis the correlation name for the input table Model. Model has set semantics. It does not have pass-
through columns but its correlation name M can be used to qualify the partitioning column Modelid.

3) Tis the correlation name for the result of the PTF. T is used to qualify the additional column named
SCORE.

This example introduces the PARTITION BY clause. Only tables with set semantics may be partitioned.
The input table is partitioned as specified by the column(s) in the PARTITION BY clause; the PTF is
evaluated independently on each partition. The SQL standard uses an abstraction called a virtual processor
to specify the evaluation of a PTFE. In this example, each partition is assigned to a separate virtual processor.
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For example, perhaps Model contains the rows shown in Table 4, “Score example: contents of Model
table”.

Table 4 — Score example: contents of Model table

Modelid pname | pvalue
wet X 19

wet y 28

wet vA 37

dry X 4

dry y 5

dry vA 6

«_ "

Thid tables contains two models, “wet” and “dry”, each having three parameters named “x”, “y”, and ['2”,
with parameter values in the column pvalue.

Table MyData may contain information to be scored by these twe,models, as illustrated in Table 5, “Sfore
example: data to be scored”.

Table 5 — Score exampleZdata to be scored

id S t

122 9.4 3.4

233 8.4 6.5

344 10.2 9.3

455 11.0 8.8

The(result might look like the content of Table 6, “Score example: result”.

Table 6 — Score example: result

id s t Modelid | score
122 9.5 3.4 wet 12.9
233 8.4 6.5 wet 14.9
344 10.2 9.3 wet 19.5
455 11.0 8.8 wet 19.8
122 9.5 3.4 dry 6.4
233 8.4 6.5 dry 7.4
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id S t Modelid | score
344 10.2 9.3 dry 9.2
455 11.0 8.8 dry 9.4

In the result, the first three columns are copied from MyData. The next column, M.Modelid, comes from
the Aottt i g ACNA AN Dhrasz sz oF NMuyDNata 3o anm by ad by bhath sn adale Garnt?” o 30y Qi nny +‘1ere
Al ‘r“rlv“‘lls UL IVIUUCIO,. l_dV\.»l)’ IUVvVv Ul l'l] altda 1o ullul] LCU Ll_y ULl lll\JM\flJ, \AAA" allru Ml_y » JITICC L

are four rows in MyData and two models, there are eight rows in the result, four for each model. The last
column is the score produced by the PTE.

Thig example is continued in detail in Subclause 13.5, “Score”.

4.4/5 TopNplus

TopNplus takes an input table that has been sorted on a numeric column. Itcopies the first n rows thrqugh
to the output table. Any additional rows are summarized in a single output row in which the sort colpimn
has peen summed and all other columns are null.

The|query author sees the following signature in the Information,Schema:

FUNCTI ON TopNpl us (
| nput TABLE NO PASS THROUGH
W TH SET SEMANTI CS PRUNE WHEN EMPTY,
Howmany | NTEGER
) |RETURNS TABLE
NOT DETERM NI STI C
READS SQL DATA

The|PTF author has provided the following user documentation:

1) [The first parameter,; Input, is the(input table. This table has set semantics, meaning that the resplt

depends on the set of data (since the last row is a summary row). In addition, the table is markqd as
PRUNE WHEN EMPTY, meahing that the result is necessarily empty if the input is empty. The qpiery
author shall order this input table on a single numeric column (syntax below).

2) [The second parameter, Howmany, specifies how many input rows that the user wants to be copiied
into the output table; all rows after this will contribute to the final summary row in the output.

Usinjg the user decumentation, the query author might write the following query:

SELECT S.Re@ion, T.*

FROW TABLE-¢ TopNplus ( Input => TABLE (M. Sales) AS S
PARTI TI ON BY Regi on
ORDER BY Sal es DESC,

1l
rowirarty = 9

)
) AS T

This example shows an input table that is both partitioned and ordered. In general, an input table with
set semantics may be partitioned or ordered or both.

Consider the input data representing the content of the table My.Sales shown in Table 7, “TopNplus
example: input data”.
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Table 7 — TopNplus example: input data

Region | Product | Sales
East A 1234.56
East B 987.65
East C 876.54
East D 765.43
East E 654.32
West E 2345.67
West D 2001.33
West C 1357.99
West B 975.35
West A 864.22

Theffirst five rows make up the partition with Region = 'East’ and the last five rows make up the partition

with Region = "West'. Also notice that each partition has been sorted in descending order on Sales.

The|DBMS creates two virtual processors, one foZeach partition. For example, on the virtual processor
for Region = 'East’, TopNplus sees the input given in Table 8, “TopNplus example: East input data” a$ S.

Table 8 — TopNplus example: East input data

Region. | Product | Sales
East A 1234.56
East B 987.65
East C 876.54
East D 765.43
East E 654.32

In the other partition, for Region = 'West', TopNplus sees the input provided in Table 9, “TopNplus
example: West input data” as S.

12

Table 9 — TopNplus example: West input data

Region | Product | Sales
West E 2345.67
West D 2001.33
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On ¢

ach virtual processor, TopNplus copies the first 3 rows to the output (because Howmany = 3):

However, it does not copy the partitioning column, since that is available to the query using the correlgtion
e S. Then, TopNplus reads the remaining rows and computes the sum. In partition Region,= 'Eagt’,

namj

the sum is 1419.75; in the other partition, the sum is 1839.57.

The

Not
the

Thi{

result of the PTF invocation appears in Table 10, “TopNplus example: result”.

Table 10 — TopNplus example: result

S T
Region | Product Sales
East A 1234.56
East B 987.65
East C 876:54
East 1419.75
West E 2345.67
West D 2001.33
West C 1357.99
West 1839.57

e that the result uses-two correlation names: S, to qualify the partitioning column, and T, to qualiify

Columns that were’output by TopNplus.

example has-been designed to show how the PTF can copy rows of input to the output without using

ure B205, *Pass-through columns”, which is an optional feature and is not necessarily available|in

bloit
sary
ied

to the output, or a row of nulls (except for the partitioning columns). In the results above, the first three
rows in each partition can be copied to the output, where they would be qualified by S rather than T. The
summary row, on the other hand, is not copied from any input row; therefore, the summary row would
be null in the S.Product and S.Sales columns. To report the summary statistic, the PTF would use a separate
column, qualified by T. Thus the result might look like Table 11, “TopNplus example: result with statistics”.

© ISO/IEC 2021 - All rights reserved
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Table 11 — TopNplus example: result with statistics

Thi{

4.4)6 ExecR

R isp programming language used for analytic calculations. ExecR executes an R script on an input tj

The
scri

ifyiq
The

FUN(

RE
N(
RE

The

S T
Region | Product Sales Sales
East A 1234.56 | 1234.56
East B 987.65 | 987.65
East C 876.54 | 876.54
East 1419.75
West E 2345.67 | 2345.67
West D 2001.33 | 2001.33
West C 1357.99 | 1357.99
West 1839.57

example is continued in detail in Subclause 13.6, “TopNplus”.

PTF receives the R script as an input.character string, but lacks the sophistication to analyze th
bt to determine the row type of the result. Consequently, the query author bears the burden of s
g the output row type.

query author sees the following signature in the Information Schema:

LTI ON ExecR (
Scri pt VARCHAR(10000),
| nput TABLE NO.RASS THROUGH
W TH SET_SEMANTI CS KEEP WHEN EMPTY,
Rowt ype DESERI/PTCR )
EFTURNS TABLE
DT DETERM'NI STI C
FADS  SQ=>DATA

PTFauthor supplies the following user documentation:

hble.
sR
pec-

1)

The first argument, Script, is a character string containing the R script to be executed.

2) The second argument, Input, is a generic input table with set semantics. This input table will be
passed to the R script using an interface defined by the PTF author. The R scriptis expected to process

the input table and produce an output table. Since it is possible that the R script might produce

an

output even if there is empty input, this generic table is marked KEEP WHEN EMPTY. Since the R

script will not have the ability to copy input rows into output rows, the input table is NO PASS
THROUGH.

3) The third argument, Rowtype, is a PTF descriptor area of the row type that the R script will produce.

14
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Based on the PTF documentation, the query author might write this query:

SELECT D. Regi on, R Name, R Val ue
FROM TABLE (ExecR ( Script =>"...",

| nput => TABLE (My.Data) AS D
PARTI TI ON BY Regi on,
Rowt ype =>
DESCRI PTOR ( Nane VARCHAR(100), Val ue REAL)
)

In this invocation, the things to note are:

1)
2)

3)

The
1)
2)

This
1)
2)
3)
4)

5)
6)
Refe

the
The

T ASTR

The first argument is the R script to be evaluated.

the input is not sorted.

The third argument, Rowtype, provides a PTF descriptor area of two columiis, called Name and V:
with types VARCHAR(100) and REAL, respectively.

result rows are concatenated from two sources:
The partitioning column D.Region, qualified by the correlation name for the partitioned input t:

The columns R.Name and R.Value that are output by the PTF)qualified by R, the correlation nan
associated with the PTF.

result is supported as follows:

The input data is partitioned on Region.

Each region effectively constitutes an independent data set.
The DBMS creates a virtual processor foreach partition.

The virtual processor reads the datd.in a partition and produces a row with two columns, Name
Value.

The Region code is constantfor all input rows on a virtual processor, and so the DBMS is able t¢
augment the result from-the PTF with the partition column.

the PARTITION clause, whereas the output of the PTF is referenced using the correlation name

r to Subclause*4.4.5, “TopNplus”, for a fuller example of partitioning, including an example of h¢
correlationsnames and result column names work.

ExecR«example is continued in detail in Subclause 13.7, “ExecR”.

In the SELECT list, the partitioning column is referenced using the correlation name D declared i

The second argument is an input table with set semantics, partitioned by Region.Jn this examplle,

hlue,

hble.

e

and

5

R.

4.4.

7 Similarity

Similarity performs an analysis on two data sets, which are both tables of two columns, treated as the x
and y axes of a graph. The analysis results in a number which indicates the degree of similarity between
the two graphs, with 1 being perfectly identical and 0 being completely dissimilar. The numeric result is
returned in a table with one row and one column. The result column is called Val and is of type REAL.

The

query author sees the following signature in the Information Schema:

FUNCTION Simlarity (

© ISO/IEC 2021 - All rights reserved
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I nputl TABLE NO PASS THROUGH
W TH SET SEMANTI CS KEEP WHEN EMPTY,
| nput 2 TABLE NO PASS THROUGH
W TH SET SEMANTI CS KEEP WHEN EMPTY )
RETURNS TABLE (Val REAL)
NOT DETERM NI STI C
READS SQL DATA

Note that in this example the result row type is known when creating the PTF; therefore, it can be specified

TTCO—tIrTC-ToTrovv it TIrerieoreroTs

1) [The two parameters are generic tables with set semantics. Each input table shall sorted on'two
numeric columns; these columns are interpreted as providing the points in an x-y plot.

2) [Similarity performs an analysis on two data sets, resulting in a number which indicates the degree

called Val and is of type REAL.

The|query author might write a query such as the following:

SELECT T1. Country, T2.Code, S. Val
FROW TABLE ( Simlarity ( Inputl => TABLE (Sales) AS T1
PARTI TI ON BY Count pry
ORDER BY (Qr, Revenue),
I nput 2 => TABLE (Countri es){AS T2
PARTI TI ON BY ‘Code
ORDER BY (Quarter, GDP)
COPARTITI@N (T1, T2)

) AS S

Thid example has two partitioned input tables. When there is more than one partitioned input table,

of similarity between the two graphs, with 1 being perfectly identical and 0 being€ompletely disfim-
ilar. The numeric result is returned in a table with one row and one column. THeresult column fis

then
Feature B202, “PTF Copartitioning” is relevant. If the SQL-implementation supports this feature, th¢n

the query syntax supports an optional COPARTITION clause. The COPARTITION clause specifies that the
inpyt tables identified by the correlationrnames T1 and T2 are to be co-partitioned. Each partitioning list

shall have the same number of columns, and corresponding column names shall be the comparable
this|example, the length of each.partitioning list is 1, and the corresponding columns T1.Country an
T2.Gode shall be comparable.

In
d

In execution, co-partitioning-works like this: The DBMS effectively forms a master list of all country codes

from S3 and T3, eliminating duplicates. One way to do this is to perform this full outer equijoin:

SELECT *
F ( SELECT.Gountry, 1 AS One
FROVWSal es ) AS S3
FULL.QUTER JO N
( ,SEEECT Code, 1 AS One
FROM Countries ) AS T3
N (S3. Country |S NOT DI STI NCT FROM T3. Code )

(The IS NOT DISTINCT FROM predicate is True if the two comparands are equal or both null.)

For example, suppose that the distinct values of Sales.Country are 'CAN’, 'JPN’, and 'USA', whereas the
distinct values of Countries.Code are 'CAN’, 'JPN', and 'GBR'. The result of the preceding query is shown

in Table 12, “Similarity example: result”.
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Table 12 — Similarity example: result

S3.Country | S3.0ne | T3.Code | T3.0ne
CAN 1 CAN 1
JPN 1 JPN 1
USA 1
GBR 1

Thup there are four co-partitions (for 'CAN’, 'JPN’, 'USA’, and 'GBR') and the DBMS startsa virtual processor
for ¢ach of them.

The|result of the PTF invocation therefore has three columns:
1) |The co-partitioning column called Country.

2) |The co-partitioning column called Code.

3) [The result of the PTF itself, called Val.

Thig example is continued in detail in Subclause 13.8, “Similarity”.

4.4{8 UDjoin

UDjpin performs a user-defined join. It takestwo input tables, T1 and T2, and matches rows according

to spme join criterion. It is intended that.7.2'is ordered on a timestamp. UDjoin will analyze this ordered
datd into “clusters” of related rows, whete'each cluster is interpreted as representing some “event”|If
two|rows are tied in the ordering, théyjare placed in the same cluster. Some rows may be interpreted as
“noise”, not representing any event:

Aftelr analyzing T2 into event €lusters, rows from T1 are matched to the most relevant event cluster|It is
possible that some rows of L have no matching event cluster. It is also possible that some event clugters
have no match in T1.

37

The|output resemblés a full outer join. If a row R of T1 matches an event cluster EC of T2, then in th
output R is joinedstoevery row of EC. If R has no matching event cluster, then R is output with a null
extended row inyplace of the event cluster. Conversely, if an event cluster EC is not matched, then ev|
row|of EC is\output with nulls in the portion of the output corresponding to T1.

D

ry

Likg a fullvouter join, there are range variables associated with each input table, which qualify output
colqmns that correspond to columns of the input.

The PTF author creates this PTF with the following signature:

CREATE FUNCTI ON UDj oi n (
Candi dat es TABLE PASS THROUGH
W TH SET SEMANTI CS KEEP WHEN EMPTY,
Event St ream TABLE PASS THROUGH
W TH SET SEMANTI CS KEEP WHEN EMPTY
) RETURNS ONLY PASS THROUGH

The RETURNS ONLY PASS THROUGH syntax declares that the PTF does not generate any columns of its
own; instead, the only output columns are passed through from input columns.
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The query author might write the following query:

SELECT G *, S.*
FROM TABLE (UDjoin ( Candi dates => TABLE (Goods) AS G
Event Stream => TABLE (Ti meSeries) AS S
CRDER BY Tstanp ) )

Note that the PTF does not generate any columns; therefore, there is no correlation name for the PTF
itself, only for the input tables.

The|result might look like the contents of Table 13, “UDjoin example: result”.

Table 13 — UDjoin example: result

G S
Gid | Golly | Wiz Tstamp | Color Shape
125 | Molly | Oz 3 Crimson Diamienhd
125 | Molly | Oz 4 Aquamaroon+|-Star
125 | Molly | Oz 5 Vermilign Pentagon
8 Violet Crescent
9 Purple Circle
10 Plum Ellipse
126 | Dolly | Narnia

In the results, the row (G.Gid = 125, G.Golly = 'Molly', G.Wiz = '0z") is matched to an event of three rows
with Tstamp = {3, 4, 5}. The next eveqt) with Tstamp = {8, 9, 10}, has no match in G, so the columns of G
are null. The final row (G.Gid = 126, G.Golly = 'Dolly’ G.Wiz = 'Narnia') has no matching event in S, where
the folumns are null.

4.4/9 MapReduce

MapgReduce is a-data processing paradigm using two phases, called Map and Reduce. In the classic “word
count” example of the MapReduce paradigm, the Map phase reads one or more input files. Each inpuf file
is pgrsed.into words separated by delimiters. Map outputs a series of records, each record being a tjiple
comprising a word and a count. These records are then partitioned on word. In the Reduce phase, the
couptsin each partition are summed. The final result is a list of words appearing in any of the input files,
with their counts.

Map can be implemented using a PTF that takes as input a list of files, producing an output table with
two columns, word and count. Reduce can then be performed using conventional SQL grouping and the
COUNT aggregate.

In more general terms, the MapReduce paradigm has two phases, Map and Reduce. The Map phase analyzes
its inputinto some fixed format suitable for input to the Reduce phase. The data is partitioned and Reduce
performs some analysis on the partitioned data, which might not be supported by an SQL aggregate. In
this general paradigm, both the Map and the Reduce phases can be implemented by PTFs. To get the
complete paradigm, the query author will write a functional composition of the two phases, schematically:
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SELECT ...
FROM TABLE (Reduce (Map (...))) AS MT

The invocation of Map nested within Reduce does not need a TABLE operator because Map is known to
return a table.

This paper does not discuss the MapReduce paradigm further. However, Subclause 13.10, “Nested PTF

invo

cation”, provides examples of nested PTF invocations.

4.5

Thid
of th

are built. Realistically, the development cycle will include many iterations by the PTF author, and th
query author may iterate the design of the query. These iterations are not shewn’in the examples.

Thefreader may fill any or all of these roles. A DBMS developer will write the implementation of the D

fung

query author. A PTF author also fills the role of query author to test the PTE. When testing a PTF, it i
mmended that separate SQL-schemas are used for the PTF implementation and the PTF test sujite.

recd
A qy

deliver the result of the PTF.

The
aud

The life cycle of a PTF

paper will weave among the three audiences in order to arrive at a comprehensive.understand

tionality; during development and testing the developer will also play the role of PTF author an

ery author may still find it useful to understand how the DBMS and the PTF body inter-operatg

remaining sections of this document and their primary audiences are shown in Table 14, “Prim|
ences for Clauses and Subclauses in this document

Table 14 — Primary audiences for.€lauses and Subclauses in this document

ing

e whole. Both the PTF author and the query author provide text files in which their SQL statempnts

e

BMS
d
S

to

ary

PTF

Author DBMS Developer Query Author

Subclause 5.2, “Processing phases”

Subclause 5.3;Virtual processors”

Subclause 5.4,“PTF component procedures”

Subclause 5.5, “Input table characteristics”

Subclause 5.6, “Partitioning and ordering”

Subclause 5.7, “Flow of control”

Subclause 5.8, “Flow of information”

Subclause 5.9, “Flow of row types”

Subclause 5.10, “Pass-through columns”

Subclause 5.11, “Security model”

Subclause 5.12, “Conformance features”

Clause 6, “Specification”
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PTF Author DBMS Developer Query Author

Clause 7, “Data definition language”

Clause 8, “Implementation”

Clause 9, “Invocation”

Subctause10-2;“Catting thedescribe
component procedure”

Suhclause 10.3, “Inside the
desfribe component proce-
dure”

Subclause 10.4, “Using the result of
describe”

Clause 11, “Optimization”

Subclause 12.2, “Partitions and virtual
processors”

Subclause 12.3, “Calling the staft compo-
nent procedure?

SuRhclause 12.4, “Inside the
starf component procedure”

Subclause 12:5; “Calling the PTF fulfill
component procedure”

Subclause 12.6, “Inside the
PTF|fulfill component proce-
dure”

Subclause 12.7, “Closing cursors”

Subclause 12.8, “Calling the PTF finish
component procedure”

Subclause 12.9;,Inside the
PTFfinish cofmponent proce-
dure”

Subclause 12.10, “Collecting the output”

Subclause 12.11, “Cleanup on a virtual
processor”

Subclause 12.12, “Final result”

The examples are developed in Clause 13, “Examples”, using the same outline.
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5 PTF processing model

5.1 _Introduction to the PTF processing model

All ¢

5.2

Prirmary audience: DBMS developer and PTF author

Pro

spond to PREPARE and EXECUTE in dynamic SQL. In static SQL, the query author is not aware of th
phases, since compilation is followed immediately by execution~However, the DBMS and the PTF au
are always aware of these phases.

5.3

Prin
The
apr
phy

a sifjgle physical processor mighthost several virtual processors. Virtual processors may execute i
Hently and concurrently,either on a single physical processor or distributed across multiple physical

pen
prog
the
the

5.4 PTEcomponent procedures

Prin

Processing phases

essing a PTF invocation is divided into two phases: compilation@nd execution. These phases cd

Virtual processors

nary audience: DBMS developer and PTFauthor

pbcessing unit capable of executing a'sequential algorithm. A virtual processor might be an actug
bical processor (with associated operating system, etc.). Using techniques such as multiprocessi

essors. There is no communication between virtual processors. The DBMS is responsible for colleg

f this section is addressed to the DBMS developer and the PTF author. The query authoraeeds fo
undprstand input table semantics (Subclause 5.5, “Input table characteristics”) and partitioning
(Sulpclause 5.6, “Partitioning and ordering”).

execution phase is described using.an‘abstraction called a virtual processor. A virtual processor

Irre-

h

thor

is
|

g
de-

ting

butput on each virtaalprocessor; the union of the output from all virtual processors is the result of

PTE.

haty audience: DBMS developer and PTF author

The query author perceives a single PTF. The PTF author and the DBMS perceive that the PTF is composed
of one to four PTF component procedures, which are invoked at various points during compilation and
execution, as follows:

1) PTF describe component procedure: called once during compilation. The primary task of the PTF
describe component procedure is to determine the row type of the output table. It can also initialize
private data that will be passed to subsequent PTF component procedures. (This component procedure

is optional.)
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5.4

PTF component procedures

2) PTF start component procedure: called once per virtual processor to perform any initialization that
is not done by the DBMS or the PTF describe component procedure (This component procedure is

optional.)

3) PTF fulfill component procedure: called once per virtual processor to deliver the output table by

“piping” rows to the DBMS. (This component procedure is required.)

4) PTF finish component procedure: called once per virtual processor to perform any clean up not

performed by the DBMS. (This component procedure is optional.)

Thu

Any
asn
the

auth
desq

The
tabl

5.5

Prin

Inpyt tables are classified by three characteristics:

1)

2)

5 a polymorphic table function is actually an organized collection of SQL-invoked procedures:

input scalars that are not compile-time constants are passed to the PTF describe componentproce
11]. If the non-null input scalars are insufficient for the PTF describe component procedure'to deterr
butput row type, then it may return an error, which effectively becomes a syntax ernot) Thus, the
or may effectively impose syntax constraints on the the query author by returnirigan error fron
ribe component procedure if the syntax requirements are not met.

a¥

Input table characteristics

hary audience: DBMS developer, PTF author, and query-author.

Input tables have either row semantics or set.semantics, as follows:

a) Row semantics means that the the result of the PTF is decided on a row-by-row basis. As a
extreme example, the DBMS could'atemize the input table into individual rows, and send e
single row to a different virtual processor.

b) Set semantics means that the dutcome of the function depends on how the data is partition
A partition shall not be splitacross virtual processors, nor may a virtual processor handle 1
than one partition.

The second characteristic, which applies only to input tables with set semantics, is whether the
can generate a result row even if the input table is empty. If the PTF can generate a result row g
empty input, thetable is said to be “keep when empty”, meaning that the DBMS actually instanti
a virtual processor (or more than one virtual processor in the presence of other input tables). 1

the queryplan if the input table is empty. (Tables with row semantics are always effectively “pr
when empty”, so this choice is not relevant to them.)

Hure
nine
PTF
| the

run-time PTF component procedures are used to process the input table(s) and generate the ouftput

hch

ed.
hore

PTF
n

ates
'he

alternative iscalled “prune when empty”, meaning that the DBMS can prune virtual processors from

une

3)

of an output row.

In the examples, the table parameters have characteristics as shown in Table 15, “Examples and table
parameter characteristics”.

22
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Table 15 — Examples and table parameter characteristics

Example | Table Row or Keep or Pass-through?
Parameter | set prune
semantics? | when
empty?
€SVreader o tabte
parameters
Pivot Input row (N/A) yes
Score Data row (N/A) yes
Model set prune no
TopNplus | Input set keep no (example could be
worked using pass-
threugh)
ExecR Input set keep no
Similarity | Inputl set keep no
Input2 set keep no
UDjoin Candidates | set prune yes
EventStream | set prune yes

5. Partitioning and ordering

Primary audience: DBMS developer, PTF author, and query author.

Thelinput tables with set’semantics may be partitioned on one or more columns, at the discretion of the
query author. An inpubtable with at least one partitioning column is said to be partitioned (even if, in
fact) the partitioning/column has only one value). An input table with no partitioning column is said to
be bBroadcast. In;the examples, TopNplus, ExecR, and Similarity illustrate partitioning.

Thelinput tables with set semantics may be ordered on one or more columns (other than partitioning
columns -~ there is no benefit to ordering on a partitioning column), also at the discretion of the query
author-The PTF is aware of the ordering during all PTF component procedures, and may utilize the
ordering semantically (TopNplus ilIustrates this possibility ). If the PTF does not use the ordering
semantically, then there is no benefit to the query author in ordering the input table. Ordering an input
table does not imply an ordering to the results or the query as a whole.

Input tables with row semantics shall not be partitioned or ordered. Row semantics implies that the
result can be determined on a row-by-row basis; therefore, the DBMS can assign rows of such tables to
virtual processors arbitrarily, for example, using random, round robin, or load balancing algorithms. The
Pivot and Score examples illustrate input tables with row semantics.

When there is more than one partitioned input table, they can, at the option of the query author, be co-
partitioned. With co-partitioning, the co-partitioned table arguments shall have the same number of
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partitioning columns, and corresponding partitioning columns shall be comparable. The DBMS effectively
performs a full outer equijoin on the co-partitioning columns, assigning one virtual processor to each
combination of partitions resulting from this equijoin. The Similarity example illustrates co-partitioning.
For detailed examples of co-partitioning, see Subclause 13.8.9, “Virtual processors for Similarity”.

5.7 Flow of control

Primary audience: DBMS developer and PTF author.
Thid section presents a conceptual architecture for the flow of control during the compilation andlexecufion.
Refdgr to the following diagram (Table 16, “Schematic execution plan”) showing a schematic executign

plar} involving multiple virtual processors Py, Py, P3, ...

Table 16 — Schematic execution plan

Compile Virtual Run Time

Time Processor

Describe Start | Fulfill | Finish
Py
P
P3

The|flow of execution moves basically left to-right. The describe step is not shown using any virtual pro-
cesdor, since it is an indivisible computational step.

The|purpose of compilation is to set up for the subsequent execution phases. Compilation is performed
without the ability to read the input data, though the row type and sort order of the input tables are
pasged to the PTF describe component procedure via PTF descriptor areas.

Comppilation results in twokinds of information:
1) |The row type of theTesult.

2) [|Values of the private variables of the PTF, if any. These values are saved by the DBMS and re-
instantiatedras input to the run-time PTF component procedures. This provides for information flow
from the'PTF describe component procedure to the run-time PTF component procedures.

The|time between compilation and execution is indicated by the vertical blank space between them|. If
the fjuery is prepared and executed as separate steps, there can be many executions, not portrayed fn
this diagram. For example, if the PTF invocation is in a view definition, then the PTF invocation is compiled
when the view is defined and executed when the view is referenced in a query.

At run-time, the DBMS assembles the input data, partitions it, and directs each partition to a separate
virtual processor. Each virtual processor executes independently of every other virtual processor. Virtual
processors may be scheduled sequentially on the same physical processor; or concurrently on the same
or different physical processors. Scheduling virtual processors is implementation-dependent.

Note that partitioning is only semantically correct if the overall task can be decomposed as a union of
disjoint tasks. If an input table has row semantics, then the input table can be partitioned arbitrarily, so
in that case the partitioning decision is made by the DBMS according to an implementation-dependent
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5.7 Flow of control

algorithm. If an input table has set semantics, then the partitioning decision is the responsibility of the
query author, and the default is to form a single partition.

5.8 Flow of information

Primary audience: DBMS developer and PTF author.

InfoLmation flows between stages of execution as follows:

1)

2)

3)

4)

Figy

The PTF describe component procedure receives a description of the input tables and théirorde
(if any) as well as any scalar input arguments that are compile-time constants.

The PTF describe component procedure returns the row type of the PTF’s result-fo.the DBMS. ]
row type is also made available to all the run-time PTF component procedures. (IPany table argun
has pass-through columns, the handling of the result row type has some additional complexity,
cussed in Subclause 5.10, “Pass-through columns”.)

ring

"his
hent
dis-

The PTF describe component procedure might have private informatiénto communicate to the other

PTF component procedures that will execute in run time. For example, the PTF describe compo
procedure may go to some trouble to analyze the input scalars and tables, and it may be useful
pass a digest of this analysis to the run-time PTF component{procedures, so that they do not ne
to repeat the analysis.

The run-time PTF component procedures may have information to pass from one stage to anot
For example, if a resource is allocated during the start.-component procedure, then a handle for
resource should be passed to the fulfill componentprocedure to use the resource, and to the fix
component procedure to deallocate it.

re 1, “PTF information flow”, illustrates the\flow of information in a PTF invocation:

hent
Lo
ed

her.
that
1ish
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Flow of information

COMPILE TIME RUN TIME

User

Query: SELECT ...

FROM TABLE (PTF (..)-- Start — Fulfill — Finish

5.9

Prin
For

1)

2)

I

I

. I
virtual processor 1 | I

|

I

I
I
I
I
7 | A
results
DBM s : \ results
| virtual processor 2 ¥:\
. scalars, | Start — Fulfill — Finish |
escriptors
P | \ results | DBMS
result row Describe | virtual processor 3 \J_/
type, I Start — Fulfill — Finish I
private | \ results |
data v | |
DBMS
\ |
I I
result row
type,
private
data
Figure 1 — PTF information flow
Flow of row types

nary audience: DBMS developer and PTF author.
pach table argument, a PTFinvocation has the following input row types:

The full row type of an.input table, including every column of the input table. If the input table

column renaming (specified by a <parenthesized derived column list>), then the column names i

the <parenthesized'derived column list> are used; otherwise, the original column names of the i1
table are useds

The requested row type of an input table; this includes only those columns that the PTF descril
component procedure requests to receive from the DBMS. The PTF describe component proced
is respensible for describing this row type; it must not be empty. (If the PTF describe compone
procedure is absent, then this is a copy of the full row type.)

las

nput

e
ure
nt

3)

The cursor row type of an input table. This is the same as the requested row type, plus one additional

column (the pass-through input surrogate column) if the input table has pass-through columns
Subclause 5.10, “Pass-through columns”).

A PTF invocation also has the following result row types:

iy

2)

26

(see

The initial result row type. This row type lists the columns that the PTF itself will generate (called

the proper result columns of the PTF).

The intermediate result row type. This is identical to the initial result row type, plus one additional

column (the pass-through output surrogate column) for each input table that has pass-through
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columns. This is the row type that must be used when performing <pipe row statement> during the
execution phase to output a row.

3) The external result row type. This is the same as the initial result row type, except that the proper
result columns may be renamed by the query using a <parenthesized derived column list>.

4) The complete result row type (called just the “row type of <table primary>" in the standard) com-
prising the external result row type plus, for each table argument TA:

£ TA hac g +h 159 Lo o +h faor axzary i caliiman-lhar

2) Q o OIS an Py Losns of TA o 0o matha-c
29 T 17T ITaS pPaSS- T OUT ST COTUTIIITS, CIICTL, TOT CVET y COTOTIIT UT 17T, a TCSUTC COTUTIIIT ITA vV TS~ CITe™S me

name and data type.

b) Otherwise, for every partitioning column of T4, a result column having the same nameand data
type.

The|relationships between these row types is illustrated in Figure 2, “Row type relationships”.

full row type |

* describe

requested row type | |
¢ pass-<through input surrogate column

cursor row type | | |

describe or ’

<table function column list>
pass- through output surrogate column

initial result row | |

' v

intermediate result row | | |

* expansion of surrogate to obtain
| pass-through output columns

external resultrow |

partitioning columns

complete result row | | | |

Figure 2 — Row type relationships

5.10 Pass-through columns

Primary audience: DBMS developer and PTF author.

Pass-through columns are a mechanism whereby a PTF can copy all columns of an input row into a result
row, without needing to fetch the columns individually, and without needing to understand their data
types. From the PTF’s perspective, pass-through columns are condensed into a single surrogate value.
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The query is not aware of the surrogates and instead sees that an input row has been copied into the
result.

Refer to Figure 2, “Row type relationships”. For each table argument, typically the PTF describe component
procedure requests a subset of the full row type, comprising just the columns that the PTF needs to
examine for its semantics. If the input table has pass-through columns, then the cursor row type is formed
by appending a single column of implementation-dependent name and type, called the pass-through
input surrogate column.

As fpr the result of a PTF, either the PTF describe component procedure or the <table function coluinn

listy declared in the CREATE FUNCTION statement specifies the initial result row type, consisting of the
proper result columns (the columns that the PTF itself will generate). The intermediate result'row fype
congists of a copy of the initial result row type, plus one pass-through output surrogate column for ¢ach
tablp argument that has pass-through columns.

Durjng the execution phase, the PTF fulfill component procedure receives PTF deseriptor areas for the

curdor row types and the intermediate result row type. When the PTF fulfill component procedure fetthes
fronh a cursor, the DBMS populates the pass-through input surrogate column with an opaque value that
repiesents the non-partitioning columns of the table, including both requested’and non-requested
columns. For example, this surrogate might be formed by compressing the ¢olumns into a BLOB, or|it
might be a candidate key. (Note that by using common column projection-algorithms, the surrogate vplue
actually only needs to represent those columns that are actually referenced later in the query.)

The|PTF fulfill component procedure can copy the value of the pass-through input surrogate column to
the pass-through output surrogate column in the intermediate result row. The intermediate result fjow
is sgnt to the DBMS by a <pipe row statement>, whereupon.the DBMS expands the surrogate value to
recdnstruct the non-partitioning columns that the surrogate value represents.

Alternatively, the PTF fulfill component procedure can'place a null value in the pass-through output
surrfogate column. When transmitted to the DBMS:by a <pipe row statement>, the null value of the syrro-
gatg will expand into null values in all the pass-through result columns. (Note that this has no effect on

partlitioning columns, since the surrogate do€s not represent them.) This is the only output scenari
available to the PTF start and finish compénent procedures, which can use a <pipe row statement>/but
havé no cursor and hence no input surregate value.

Partitioning columns are handled,separately from pass-through columns. The values of partitioning
coluymns are invariants on a virtual processor. Since the virtual processor is the processing unit thaf
progesses a <pipe row statement>, the virtual processor is able to add the values of the partitioning
columns into the complete-result row.

5.11 Security model

Primary audience: DBMS developer and PTF author.

The|security model for PTFs is as follows:

1) The query author must have EXECUTE privilege on the PTF in order to invoke it.

2) The query author must have SELECT privilege on input tables (more precisely, on the columns of
the input tables).

3) Inthis document, the owner of the PTF is generally portrayed as the owner of the PTF component
procedures. This is likely to be the case in practice, but the minimal requirement is merely that the
owner of the PTF has EXECUTE privilege on all PTF component privileges.

4) The PTF does not need SELECT privilege on the input tables or their columns; only the query author
needs privilege on the input tables. The DBMS opens the input tables and passes open read-only
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cursors to the PTF fulfill component procedure. These cursors are anonymous in the sense that the
PTF does not know the identity of the input tables. The only operation the PTF can perform on these
input cursors is FETCH.

If a PTF needs a side table to perform a “table lookup”, the PTF author has three ways to do this:

a)

If the lookup table is proprietary to the PTF (perhaps it is the intellectual property of the PTF
author), then the PTF may perform SELECT operations on the proprietary table by opening it
in the PTF component procedures using “definer’s rights”. There is no need to grant SELECT on

Not
cheq
PTF
und

5.1

Sup

sup]
for |

ISO
tabl
feat

b)

e that the implementation techniques described in Clause 8, “Implementation”, have no access

the proprietary table to the query author.

If the lookup table is not proprietary to the PTF, then the PTF can expect the query auther to
pass the lookup table as an input table, in which case the table will be subject to aceess’checking
using the query author’s privileges.

If the preceding techniques are not sufficient, then the PTF can expect the guiery author to pass
text arguments containing the names of tables, etc., from which the PTF can-build a dynamic
query. This dynamic query is access-checked using the query author’s (privileges, so the PTF
component procedure that does this is always created with “invoker®s rights”.

king and can be used freely in either definer’s rights or invoker’s ¢ights component procedures.|The
author does not need to be concerned with definer’s rights or invoker’s rights unless the PTF f3lls

er either scenario a) or c) above.

2 Conformance features

pbort for polymorphic table functions is an optional feature of SQL. If the DBMS provides minimdl

port for polymorphic table functions, as specified in ISO/IEC 9075-2, then the DBMS can claim support

Feature B200, “Polymorphic table functions”.

IEC 9075-2 specifies additional advaneed features that require support for Feature B200, “Polymorjphic
e functions”, and enrich that minimal support with extra functionality. These additional conformance

ires are as follows:

Feature B201, “More than‘one PTF generic table parameter”

This feature permits‘a polymorphic table function to have more than one generic table parameter.
Examples of multi~table input to a PTF are found in Subclause 13.5, “Score”, Subclause 13.8, “Simiilar-

ity”, and Subclause 13.9, “UDjoin”.
Feature B20.2; “PTF Copartitioning”

This feature provides support for co-partitioning. The example for co-partitioning is found in
Subclause 13.8, “Similarity”.

......................

This feature permits a polymorphic table to have more than one co-partitioning specification. At
least four input tables are required to utilize this feature (two input tables for each of two co-parti-
tioning specifications). There are no examples of this feature in this document.

Feature B204, “PRUNE WHEN EMPTY”

This feature permits the DBMS to avoid creating a virtual processor for a partition that is known to
be empty. Syntactically, it can be specified by either the PTF author or the query author.
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Conformance features

The PTF author specifies PRUNE WHEN EMPTY in DDL syntax of a table parameter if the PTF author
knows that the result of the PTF for a partition is empty when the input partition has no rows. From
the standpoint of the DBMS, it is an optimization if the DBMS can avoid creating a virtual processor
for an empty input partition. However, from a functionality standpoint, the outcome is the same
whether the virtual processor is created or not, since the result is empty in either case. If the PTF
can generate a result even when given an empty input data set, the PTF author should not specify

PRUNE WHEN EMPTY. Examples of this DDL syntax are found in Subclause 13.5, “Score”, and
Subclause 13.6, “TopNplus”.

If the PTF can generate a result on an empty input partition, then it is possible that the query au
is not be interested in that result. In that case the query author can specify PRUNE WHEN EMP']
the query syntax. An example of PRUNE WHEN EMPTY in query syntax is found in Subclause 1
“Similarity”.

Feature B205, “Pass-through columns”

Pass-through columns are a device that the DBMS can provide to the PTF authoer, making it easy
the PTF author to copy an input row into the output. Examples of this are-feund in Subclause 1
“Projection”, Subclause 13.4, “Pivot”, Subclause 13.5, “Score”, and Subclause13.9, “UDjoin”. In addi
Subclause 13.6, “TopNplus”, shows how the PTF author can copy an iniput row to an output row §
if the DBMS does not support this Feature.

Feature B206, “PTF descriptor parameters”

PTF descriptor parameters are a mechanism for the query author to pass a row type as an argun

to a polymorphic table function. Examples of PTF descriptor parameters are found in Subclause 1

“Projection”, Subclause 13.3, “CSVreader”, Subclause*13.4, “Pivot”, and Subclause 13.7, “ExecR”.
Feature B207, “Cross products of partitionings”

With this feature, if an invocation of a polyma@rphic table function has more than one partitione
input table, then it is the query author’s cheice whether to relate the partitioned input tables u

thor
Y in
3.8,

r for
8.2,

tion,
bven

hent
3.2,

d
bing

co-partitioning. (Otherwise, all partitioned input tables shall be related to one another via a single

co-partitioning specification.) The possibility of multiple partitioned input tables that are not c
partitioned is illustrated in Subclause 13.8.9, “Virtual processors for Similarity”, following the
example of co-partitioning.

Fe are also two conformancé features that are relevant only to the PTF author and the DBMS develd
Feature B208, “PTF component procedure interface”

[SO/IEC9075-2 specifies an optional interface between the DBMS and the polymorphic table func
The interface is'provided as a specification device, to specify the semantics of an invocation of
polymorphi¢.table function. An SQL-implementation is not required to use the specified interfa
may substitlite an equivalent interface that provides the same functionality to the PTF author. I
DBMS adheres to the interface as specified in ISO/IEC 9075-2, then the DBMS may claim conform
to Eeature B208, “PTF component procedure interface”. All of the examples in this document ass
this interface.

:)-

per:

tion.

re; it
f the
nce
lime

Feature B209, “PTF extended names”

PTF extended names are a distinctive category of dynamic extended names, used to name PTF cur

Sors

and PTF descriptor areas. PTF extended names are part of the optional interface between the DBMS
and the polymorphic table function. It is possible that an SQL-implementation may choose to support
PTF extended names without supporting other aspects of the interface. In that case, the DBMS may
claim conformance to Feature B209, “PTF extended names”, even if it does not conform to Feature

B208, “PTF component procedure interface”. All of the examples in this document assume this feature.
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nary audience: PTF author

Fification is the planning phase of software development, prior to implementation. For,the purp

ssary to define a PTF, except for the body of the PTFE. Specification can be divided into two sub-ph3

Functional specification specifies the software as seen from the outside (as a“black box”). This p
specifies the user interface and semantics of the software. The functionalspecification can becqd
the basis for documentation addressed to the query author.

Design specification specifies the software as seen from the inside (“white box”). This may be prd
etary information not divulged to the query author.

Functional specification

1 Introduction to the functional specification

first step in the life cycle is to write a functional specification for the PTF. The functional specifica
describe the user interface and semantics of the PTF, without describing the inner design of the
functional specification becomes.the basis for documentation supplied to the query author.

2 Parameter list

first step in writing a functional specification is to decide the parameter list, which might include
wing things;

role within the transformation that the PTF implements. Note that Feature B201, “More than o
PTE generic table parameter”, is required if the PTF has more than one input table.

pDSes

is document, the specification phase results in “skeleton DDL’; that is, all of the CREATE statemnts

Ses:
lase
me

pri-

tion
PTF.

 the

The inputtable(s). These are generic tables, so the input tables should be thought of in terms of 1heir
e

2)

Thé scalar inpnfc The PTE can use scalar inpnfc to paramnfnri7n the behavior of the PTE

3) The PTF descriptor area inputs. A PTF descriptor area can provide a list of column names, possibly

augmented by data types. Of course, a list of column names can be provided via a character stri

ng

scalar; however, this requires the PTF to provide a parsing capability, with attention to case-sensi-

tivity rules. In general, if a PTF can deduce a list of columns without a PTF descriptor area, that

will

be preferable from the standpoint of the PTF author’s customer, the query author. However, in totally
dynamic situations, the query author may have to provide column lists, and PTF descriptor areas

will probably be the most convenient way to do this. PTF descriptor areas are discussed in

Subclause 8.2, “PTF descriptor areas”. The examples Pivot and ExecR illustrate descriptor parameters.
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Note that Feature B206, “PTF descriptor parameters”, is required if there are any PTF descriptor
area inputs.

After deciding on the parameter list, the PTF author is ready to write the first skeleton CREATE FUNCTION
statement. At this stage, there is an incomplete CREATE FUNCTION because it only lists the input
parameters (there is more DDL to come later). The parameters are declared with the following types:

— Input tables have parameter type TABLE.

— |Input PTF descriptor areas have parameter type DESCRIPTOR.

Thug, at this stage, the function declaration looks something like this:

CREATE FUNCTION ptf (
| nput TABLE,
Sg¢al ar | NTEGER,
Cgl utms DESCRI PTOR )
RETURNS TABLE

At this stage the PTF author may also be able to decide which inputs areeptional. Optional inputs afe
indifated by specifying a default value; for example:

CREATE FUNCTI ON ptf (

| nput TABLE,

Sgal ar | NTEGER DEFAULT 3,

Cgl utms DESCRI PTOR DEFAULT NULL )
RETWURNS TABLE

Inpyt tables are always mandatory; a default is not specified for a table input.

Advjce to the DBMS developer: it is necessary to'support the PTF author at this early stage. The CRHATE

FUNCTION statement above is incomplete and not suitable for actual use. Nevertheless, the DBMS rhay

walnit to allow the PTF author to load suchja definition as a kind of “invalid” function definition. This|will
1

facilitate a DBMS tool that can assist the RTF author as the latter goes through the stages of development
outljned here. How the DBMS can assist the PTF author is discussed in Subclause 6.3.5, “Component
pro¢edure signatures”.

6.2;3 Input table semantics

Aftefr listing the parameters, the next specification step is to classify each input table as row semantjics
or set semantics:

— |Row semdntics means that the the result of the PTF is decided on a row-by-row basis. As an extreme
example, the DBMS could atomize the input table into individual rows, and send each single row to
aldifferent virtual processor. Or the DBMS might process them all on the same virtual processor. A
table should be given row semantics i the PTF d0€s not care how rows are assigned to virtual pro-
Cessors.

— Setsemantics means that the outcome of the function depends on how the data is partitioned. A table
should be given set semantics if all rows of a partition should be processed on the same virtual pro-
cessor. This is the default semantics.

At most one input table may have row semantics; all other input tables are required to have set semantics.
A PTF that has an input table with row semantics is said to be a per-row PTF; otherwise, the PTF is said
to be a per-set PTF.
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6.2 Functional specification

In the examples:

CSVreader has no input tables.
Pivot has an input table with row semantics.
Score has one input table with row semantics and one with set semantics.

TopNplus has an input table with set semantics.

6.2

Ifth
sped
the

tabl

emp

The

kxeck has an input table with set semantics.

Similarity and UDjoin have two input tables with set semantics.

4 Prunability

e DBMS supports Feature B204, “PRUNE WHEN EMPTY”, then prunability is the next step in functi

onal

ification. In this case, if an input table has set semantics, then there is a\further property: whether

able can be pruned or not. An input table is prunable if the the result.of the PTF with an empty i1
e is an empty output table. (Prunability is not a choice for input tables with row semantics, sinc
ty input row necessarily generates no output rows.)

Fe are five examples that have input tables with set semantics;

Score has one table parameter with row semantics and-one with set semantics. The second tab
parameter is used to define a model to score rows of‘the first parameter. It is impossible to set |
model with an empty table, so this is be PRUNE WHEN EMPTY.

TopNplus: on an empty input, it would be veryireasonable to make an empty output, so one cou
specify PRUNE WHEN EMPTY. Alternatively,one might want to generate a single row with a su

1put
e an

ip a

1d
m of

0 in the sort column and the other columns null. If that is done, then KEEP WHEN EMPTY should be

specified.

ExecR: An R script could potentially-have output even on an empty input, therefore ExecR should be

KEEP WHEN EMPTY.

Similarity: we’ll assume thiat'the similarity algorithm computes that an empty table is complete
dissimilar from a non-empty table (result = 0), and completely similar to another empty table (r§
= 1). Thus, there is aresult even if one or both inputs is empty; therefore, both input tables sho
be KEEP WHEN EMPTY.

UDjoin: since-the semantics resemble a full outer join, there may be a result even if either tableli

empty, so bothinput tables should be KEEP WHEN EMPTY.

Ifth
WH

DBMS.does not support Feature B204, “PRUNE WHEN EMPTY”, then every table is effectively K

ly
sult
hld

EEP

an gmpty result), but it may cost some performance since the DBMS may needlessly instantiate virtual

N EMPTY. This does not impact the functionality of the PTF (an empty partition simply generq‘ies

£, 4 il
processorsTotr-empty partitiolts:

6.2.

5 Pass-through columns

If the SQL-implementation supports Feature B205, “Pass-through columns”, then the final characteristic
of input tables is whether they support pass-through columns or not. Pass-through columns is a feature
that enables the PTF to copy all columns of a row of an input table into an output row, without copying

the columns individually and without needing to understand the data types of the columns. (See
Subclause 5.10, “Pass-through columns”, for a discussion of how this works.) If a table parameter has
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pass-through columns, then every column of the table argument is available to the query, qualified by
the range variable of the table argument. The examples Pivot, Score, and UDjoin illustrate pass-through
columns (TopNplus could be redesigned to exploit pass-through columns too). The keywords PASS
THROUGH indicate that a table parameter uses pass-through columns; NO PASS THROUGH indicates that
a table parameter does not. If the SQL-implementation does not support Feature B205, “Pass-through
columns”, then this choice is not available in DDL and every input table is effectively NO PASS THROUGH.
A PTF can still copy an input row into the output, but it requires more effort on the PTF author’s part,
and there may be a performance penalty because the PTF may need to request input columns it would
not ptherwise-needinorderto-copy-themto-the-ottput—This-seenario-is-Hustratedin-Subelatse436,

“TopNplus”.

6.2/6 Result row type

The|result row type of a PTF invocation consists of the following:
1) [Columns generated by the PTF; these are called the proper result columns,of the PTF.
2) [Partitioning columns of partitioned table arguments.

3) [For any table argument that has pass-through columns, the nonspartitioning columns of that table
argument.

Iten} 2) and Item 3) are determined by decisions already discussed. As for the proper result columns,
therje are three options:

— [If the proper result columns are already known duting the specification stage, they can be specjfied
in the return type CREATE FUNCTION statement:“The examples Score and Similarity illustrate this

possibility; if TopNplus is redesigned to use pass-through columns, then it could be redesigned|to
do this as well.

— |If there are no proper result columns,then the return type RETURNS ONLY PASS THROUGH can be
specified. The example UDjoin illustrates this possibility.

— |Otherwise, the PTF describe component procedure is mandatory and determines the proper result
columns.

6.2{7 Determinism

A PTF is deterministic if it necessarily produces the same set of rows when re-executed using a partiqular
set ¢of inputs./Fhe inputs are the values of scalar arguments, descriptor arguments, and table argumeénts.
The([value ef-a‘table argument comprises a multiset of rows, as well as the partitioning and ordering of

thode rowsas specified by the query.

In pqrfirn]m‘, ifthe result of a PTFE dpppndc an the nrdpring of rows then the PTF is non-deterministic.
TopNplus is a good example. The second parameter, Howmany, tells how many rows in each partition
to copy from the input to the output. Suppose that Howmany is 3, and suppose that the first four rows
of a partition are tied in the ordering. Then it is non-deterministic which three rows will be copied into
the output. If, on the other hand, TopNplus was defined so that it copies Howmany rows, plus any ties to
the last of these rows, then TopNplus becomes deterministic.

Thus, input ordering is potentially significant to the determinism of a PTF. On the other hand, the order
in which output rows are generated is not significant to the determinism of a PTFE.

The contents of SQL-data that is not passed in table argument(s) is not regarded as input to a PTF. Thus
ifthe result of the PTF depends on the contents of proprietary data (see Subclause 5.11, “Security model”,
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[tem 5)a)) or on the result of a query constructed dynamically (see Subclause 5.11, “Security model”,

Item

5)c)), then the PTF is non-deterministic.

6.2.8 SQL-data access

SQL-data access is a property of SQL-invoked routines that specifies the degree of access to SQL-data

TAINCCAOL _DIA

TA,

tha t]llC SQL illVU}\Cd 1 Uutiuc I Cbluil CS. T}ll:l cdlcT fUul LllUiLCD. I\V'C SQL, CGI“I IAIINO \_’\{LJ, I\L‘nDS SQL D
and[MODIFIES SQL DATA. A PTF will almost never have SQL-data access of NO SQL, because at they
leas|, the PTF fulfill component procedure will use a PIPE ROW statement to output a row. At the'ot
extreme, a PTF is not allowed MODIFIES SQL DATA.

Thid

tablp, or if it performs a lookup in a side table as described in Subclause 5.11, “Security model”, Iten
Otherwise, CONTAINS SQL is the appropriate SQL-data access.

6.2]9 Documenting the PTF to the query author

After completing the functional specification, the PTF author candvrite the documentation that will
made available to the query author, telling the query author how, to'write an acceptable invocation o

PTF|

leaves CONTAINS SQL or READS SQL DATA. READS SQL DATA is appropriate if the"PTF has an i1

and what the result will be.

ery
her

hput
h 5).

be
f the
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6.3

6.3.

Design specification

Design specification

1 Introduction to the design specification

Next, the PTF author can start a design specification. The principle difference is that the functional
specification should be made available to the query author in some fashion, such as user documentation,

whd

6.3

The
proc

The

proper result columns are declared statically in the CREATE FUNCTION statement; otherwise, it is
datory. However, even if it is optional, it may still be useful because the PTF describe componerjt
edure can validate the input arguments;.initialize the private data, and reduce the list of colummps in

man
pro
the

Marn
infr
to i

Thu
nee
the
pro
toh

The
inpy

reas the design specification can remain confidential to the P1F author.

2 Name the component procedures

edures:
“describe”: PTF component procedure to be invoked during query compilation (optional).

“start”: PTF component procedure to be invoked at the start of exe¢ution on a virtual processof
(optional).

that reads the input tables and generates the output tabl€ (imandatory).

“finish”: PTF component procedure to be invoked at the end of execution on a virtual processor
(optional).

PTF describe component procedure is optional\if the PTF has no proper result columns, or if thie

nput cursor(s) to just the columns.that the PTF needs semantically.

y PTFs will not need a start or finish component procedure. The DBMS will provide complete

itialize that infrastructureand the finish component procedure is not needed to clean it up.

Is during the execufien phase. For example, a PTF may wish to open an operating system file dl:llr
start component@nd close it again during the finish component. Alternatively, the fulfill compo

hve start and finish component procedures.

t table-arguments.

6.3.

3 Private data

PTF author chooses names for the PTF component procedures. There are one to'four PTF component

“fulfill”: PTF component procedure to be invoked during exectition; this is the component procedlure

istructure for the input tables'and the output stream, so the start component procedure is not neg¢ded

5, the start and finish cemponent procedures only need to worry about other resources that the|PTF

ing

ent
edure could do.both the file open and close. Thus, it is more a matter of programming style whether

PTF fulfill'component procedure is mandatory. This is the only one that receives cursors to read the

The design specification can also specify private data for the PTF component procedures. The private
data is passed between the PTF component procedures (with the DBMS as an intermediary), but it is not
exposed to the query author. The DBMS perceives the private data as a set of variables that it allocates

and passes to the PTF component procedures. Each PTF component procedure perceives the private data
as arguments in its argument list.

36
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Private data can be of any SQL types that have bindings in the implementation language. The private data
is passed by the DBMS as INOUT parameters to the PTF component procedures. The DBMS makes no use
of the private data, simply passing it around between the PTF component procedures to enable them to
communicate.

Private data serves two purposes:

1) The describe component procedure may analyze the input arguments, and pass a digest to the later
PTF component procedures in the execution phase. This way, the execution phase component proce-

2)

Opt
defq

dures do not need to re-analyze the Input arguments.

for communication during the execution phase. For example, the start component procedure
open a file and place a “handle” in the private data, so that the fulfill component proeedure can
the file and the finish component procedure can close the file.

onally, one can specify default values for the private data. Private data defaults.te null if no expl
ult is specified. The describe component procedure will see the private datd initialized to the de

values. Subsequent component procedures see the private data as it was last'set by the preceding c

pon

6.3

The
istid

bnt procedure in the sequence: describe — start — fulfill — finish.

4 Routine characteristics of the component procedires

PTF author decides the routine characteristics of the component procedures. The routine chara
s are shown in Table 17, “PTF routine characteristics”.

Table 17 — PTF routine characteristics

Characteristic Value

<language clause> SQL, C, etc.

<parameter style clause> | Not used with language SQL. For external languages,
either PARAMETER STYLE GENERAL or PARAMETER
STYLE SQL

<specific name> PTF author’s choice

<deterministic character- | A PTF component procedure is deterministic if it pro-
istic> duces the same results (initial result row type, result
rows, status code) when invoked with the same scalar
arguments, PTF descriptor areas and PTF extended cur-
sors. A PTF fulfill component procedure is non-determin-

istic if the result rows depend on the order of the PTF

astandad-cursorfs)-Tha PTE dacseriba-componantproca

If the execution phase has start and finish component procedures, then the private data cdn bt:lxsed

ight
read

icit
Fault
bhm-

rter-

CXC o T O Cur SO o~ It T I Gt otrot-Comp ottt procT

dure shall be deterministic. The PTF start, fulfill, and
finish component procedures shall be deterministic if
the PTF is to be deterministic.
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Characteristic

Value

<SQL-data access indica-
tion>

— The describe component procedure will usually be
CONTAINS SQL, though READS SQL DATA is possible.

— Ifthe start and finish component procedures only
manage external resources such as files, then they
will usually be CONTAINS SQL if the implementation

Adv
decl

1augua5c ib SQL aud }‘IC SQL fUl CAtCl ua} Iausuagcb
such as C, though READS SQL DATA is possible. If
they output rows using <pipe row statement>, then
they will usually be CONTAINS SQL.

— Ifthere is a table argument, then the fulfill compo-
nent procedure will probably be READS SQL; other-
wise, CONTAINS SQL may be sufficient.

<null-call clause>

(omit)

<returned result sets
characteristic>

Shall be DYNAMIC RESULT SETS, 0«

<savepoint level indica-
tion>

Shall be OLD SAVEPOINTLEVEL

security (<rights clause>
if the language is
SQL/PSM; otherwise,
<external security
clause>)

Irrelevant if the only’SQL statements are FETCH from a
table argument eti¥sor or SET/GET/COPY DESCRIPTOR
of PTF descriptor arguments. Definer’s rights may be

used if the PFF executes SQL against tables proprietary
to the PTE (as opposed to the query author’s data, which

should be passed via table arguments). Invoker’s rights
is pérmitted but will usually not be necessary.

aration. The DBMS tool sheuld provide some kind of interface for the PTF author to specify the

preferably in a file, to support an iterative development process.

6.3

5 Componentprocedure signatures

At this point{the PTF author has skeleton DDL that declares the PTF input parameters, the PTF priy

dat3
tool

, and.the'names of the PTF component procedures. The DBMS should provide some kind of DBI
forthe next step, which is generating the parameter lists of the PTF component procedures. The

alre

ce to the DBMS: the PTF component procedure characteristics cannot be deduced from the PTL

ate
MS
DDL

hdy)specified implies the parameter lists for the PTF component procedures, so this step can be ¢

one

manually in principle, but in practice it will be useful to have a DBMS tool to do this step.

In general, the parameter list of a PTF component procedures is derived from the parameter list of the

PTF

itself as follows:

1) The private parameters are placed at the head of the parameter list of the PTF component procedure,

2)

38

in order of declaration in the skeleton DDL.

The parameters of the PTF come next, in order of declaration.

a) Scalar parameter declarations are simply copied from the PTF parameter list to the PTF compo-

nent procedure parameter list.
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b) ADESCRIPTOR parameter is passed as a single VARCHAR parameter, for the PTF extended name
of the PTF descriptor area.

c) Atable parameter is passed as a consecutive list of two to four VARCHAR parameters that name
the PTF descriptor areas and cursors relevant to that table parameter and PTF component pro-
cedure. The precise list of VARCHAR parameters depends on the table parameter’s semantics
(row or set semantics) and the PTF component procedure, as shown in Table 18, “Table
parameter semantics”.

Table 18 — Table parameter semantics

PTF component Table parameter semantics
procedure
Row semantics Set semantics
describe full row type descriptor name full row type deseriptor name

partitioning descriptor name

_ ordering-.descriptor name
requested row type descriptor name | requested row type descriptor nime

start partitioning descriptor name
ordering descriptor name

fulfill cursor row type descriptor cursor row type descriptor
partitioning descriptor name
ordering descriptor name

cursor name cursor name

finish partitioning descriptor name
ordering descriptor name

3) |Nextthere is a single VARCHAR parameter for the PTF extended name of the result row type’s PTF
descriptor area.

a) For the describe component procedure, this parameter is called the initial result row type
descriptor. The describeé component procedure populates the initial result row type descriptor
to describe the proper result columns of the PTFE. (This parameter is omitted for the PTF desdribe
component procedure if there are no proper result columns — RETURN ONLY PASS THROUGH
— or the returntype declares a fixed row type.)

b) For the start, fulfill and finish component procedures, this parameter is called the intermediate
result fow type descriptor. The DBMS forms the intermediate result row type descriptor from
theunitial result row type descriptor plus pass-through output surrogate columns if there gre
any pass-through table parameters.

4) |Finally, there is a CHAR(5) parameter for the status code.

As seen above, many arguments that are passed to the PTF component procedures are PTF extended
names. PTF extended names are discussed in Subclause 8.3, “PTF extended names”. PTF extended names
are character strings generated by the DBMS, so the DBMS controls their lengths. They can usually be
rather short names; 1, 2 or 3 characters will probably suffice. For example, using ten digits and 26 letters
can support up to 36 different input tables, each with a different distinctive character. Another character
can be used to distinguish the type of PTF extended name (e.g., C for cursor, R for row type, P for parti-
tioning, and S for sort order.) Thus, 2-character names will easily support up to 36 input tables and 36
DESCRIPTOR parameters. In the following table, let n be the maximum number of characters in a PTF
extended name.
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The transformation of PTF private data and PTF input parameter to PTF component procedure parameter
is summarized in Table 19, “Corresponding PTF component procedure parameters”.

Table 19 — Corresponding PTF component procedure parameters

input parameters

PTF private data and | Corresponding PTF component procedure parameter(s)

tor area or the proper result columns are declared in the CREATE
FUNCTION)
status code CHAR(5)
For pxample, consider the following skeleton DDL:
CREATE FUNCTI ON Ptf (
I nput 1 TABLE W TH ROW SEMANTI CS,
| nput 2 TABLE W TH SET SEMANTI CS,
Par | NTEGER,
sc DESCRI PTOR )
RETURNS TABLE
NOT |DETERM NI STI C
READS SQ. DATA
PRI YATE DATA (
Prliv | NTEGER )

DESCRI BE W TH PROCEDURE Pt f~descri be

STAHR
FULH
FI NI

The

CREA
/
I N
/

Foreach parameter:

scalar scalar

PTF descriptor area VARCHAR(n)

table two to four VARCHAR(n) parameters as described-above

At the end of the parameter list:

result row type descrip- | VARCHAR(n) (omitted if the PTF has no proper result columns,

RT W TH PROCEDURE Ptf _start
I LL W TH PROCEDURE-Pt f _ful fill
SH W TH PROCEDURE”Ptf _fi ni sh

A\TE PROCEDURE Pt f _describe (
priyate data */
NOUT, Priv | NTECGER,
Imputl (row senantics) */

h the signatufe for Ptf_describe is generated as follows:

| NTTpUT I_TOW descr VARCHAR( Z2),

I'N

/*

Input2 (set senantics) */

IN I nput2_row descr VARCHAR(2),
I N I nput 2_pby_descr VARCHAR(2),
I N I nput 2_order _descr VARCHAR(2),

I'N

/*

Par */

IN Par | NTEGER,

/*

Desc */

IN Desc VARCHAR (2)

/*

40

status code */

I nput 1_request _descr VARCHAR(2),

I nput 2_r equest _descr VARCHAR(2),
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I NOUT Status CHAR(5)
DETERM NI STI C

READS SQL DATA

Note that Ptf_describe shall be deterministic, even if Ptf is not. The DBMS tool can copy the SQL-data
access READS SQL DATA from the declaration for the PTF.

The parameter list for the Ptf start is

CREATE-RPROCEDURE-Pt f st art (

/Y private data x|

| NOUT Priv | NTECER

/1 Inputl (row semantics) */
/1 Input2 (set semantics) */

I N I nput 2_pby_descr VARCHAR(2),
I N I nput 2_order_descr VARCHAR(2),

/1y Par */

I N Par | NTEGER,

/1 Desc */

I Nl Desc VARCHAR (2)

/1 status code */

| NOUT Status CHAR(5)
NOT DETERM NI STI C

READS SQL DATA

Ptf yas declared as NOT DETERMINISTIC; therefore, at least one,of its component procedures is not
rer-

detdrministic. The DBMS tool can just assume that all PTF cemponent procedures of Ptf are non-de
min|stic. If Ptf was declared as DETERMINISTIC, then all cemponent procedures shall be determinis
as well.

For Ptf_fulfill, there are also parameters for the cursor names, so the signature looks like this:

CREATE FUNCTION Ptf ful fill (

)

/1 private data */

| NOUT Priv | NTECER

/1 Inputl */

IN I nputl _cursor_descr VARCHAR(2),
I N I nput1l_cursor_name VARCHAR(2),

/1 Input2 */

I N
I N
I N
I N

I nput 2_cur sor _descr AVARCHAR( 2) ,
I nput 2_pby_descr VARCHAR( 2),
I nput 2_or der _descr_/VARCHAR( 2) ,

{
{
{
N | nput 2_cur sor _nane VARCHAR(2),

/4 Par */

I N Par | NTEGER,

/1 Desc */

I Nl Desc VARCHAR (2)

/1 status>code */

| NOUE Status CHAR(5)
NOTCBETERM NI STI C

REAF\C‘ el DATA

DS—O = DIy

The parameter list for the Ptf finish is:

CREATE PROCEDURE Pt f _finish (

/* private data */

IN Priv | NTEGER,

/* Inputl (row semantics) */
/* Input2 (set semantics) */

I N I nput 2_pby_descr VARCHAR(2),
I N I nput 2_order_descr VARCHAR(2),

/* Par */

© ISO/IEC 2021 - All rights reserved
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I N Par | NTEGER,

/* Desc */

I N Desc VARCHAR (2)

/* status code */

I NOUT Status CHAR(5)
) NOT DETERM NI STI C
READS SQL DATA

The only difference in the parameter lists of Ptf_start and Ptf finish is that the private parameters are

as adas IN +o Pt+f finich cincatharaicnalatar ctaago ta raad tha nrivata naramatare
passed-asiN-to Ptf £ ~sincethereisnolaterstage toreadthe private pat rs.

TTTTOTT

\Z 2

oTrrete
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<schema function> ::=

CH
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<f
<SQ|
<l
<1

<sd
[

<par anmeter type>

[

<paf

<parf

ISO/IEC 19075-7:202

Data definition language

: fucti lata definition | .

1(E)

nary audience: DBMS developer and PTF author.

ion”, and Subclause 6.3, “Design specification”. Here, the DDL relevant to PTFs is déseribed.

PTF creation

following shows the parts of the BNF from the definition of <SQL-inveked routine> in ISO/IEC 9
ht are relevant to the declaration of a PTE. BNF productions that domot apply to PTF declaration |
L omitted.

REATE <SQL-i nvoked function>

-invoked function> ::=
unction specification> <routine body>

paraneter declaration list> ::=
eft paren>
[ <SQ. paraneter declaration>
[ { <comma> <SQL paraneter declaration> }... ] ]
i ght paren>

par amet er decl aration> i =
<SQ@. paraneter nanme> ]

DEFAULT <par anet er _defaul t> ]

aneter defaul t>%7=

<val ue expression>

<cont ext ual ky_t yped val ue specification>
<descri ptor<val ue constructor>

amet e Xype> :: =
<dat@~type> [ <locator indication> ]
<generic table paraneter type>

topic has largely been covered implicitly in the preceding sections Subclause 6.2, “Functional speci-

75-
nave

<descri ptor paraneter type>

<generic table paraneter type> ::=
TABLE [ <pass through option> ]

[ <generic table semantics> ]

<pass through option> ::=

PASS THROUGH
NO PASS THROUGH

<generic table semantics> ::=

W TH ROW SEMANTI CS
W TH SET SEMANTICS [ <generic table pruning> ]
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<ge

<de

PTF creation

neric table pruning> ::=
PRUNE ON EMPTY
KEEP ON EMPTY

scriptor paraneter type> ::=

DESCRI PTOR

<fu

nction specification> ::=

FUNCTI ON <schena qualified routi ne nanme>

<ro

[

<ro

<retlurns clause> ::=
RETURNS <returns type>

<reffurns type> ::=

<

<refjurns table type> ::=

<ro
<

<po

[

FIfINI SH W TH <PTF fi ni sh conmponent> procedure> ]

<PTHK private parameters> ::=
PRI VATE [ DATA ] <SQL paraneter declaration list>

<PTK descri be conponent. procedure> :: =
<gpeci fic routine designator>

<PT
<gpeci fic routinne desi gnator>

<PT
<gpeci fi-c\Yout i ne desi gnat or >

<PT
<gpeéecific routine desi gnator>

<SQL paraneter declaration |ist>

<returns cl ause>
<routine characteristics>

yti ne characteristics> ::=
<routine characteristic>. .. ]

Wtine characteristic> ::=
SPECI FI C <speci fi ¢ nanme>
<deternministic characteristic>
<SQL-data access indication>

ffeturns table type>

TABLE [ <table function colum list> ]
ONLY PASS THROUGH

tine body> ::=
;olynvrphic tabl e function body>

llynor phi c tabl e function body> ::=
<PTF private paraneters> ] [ DESCRNBE W TH <PTF descri be conmponent procedure>] [ S
TH <PTF start conponent procedure> ] FULFILL WTH <PTF fulfill conponent procedurg

start conponent procedure> ::=

ful fild~conmponent procedure> ::=

fini'sh conponent procedure> ::=

[ART
> [

The defaults for the optional syntax are:

1)
2)
3)
4)
5)

44

<pass through option> defaults to NO PASS THROUGH.

<generic table semantics> defaults to WITH SET SEMANTICS.

<generic table pruning> defaults to KEEP ON EMPTY.

<specific name> defaults to an implementation-dependent specific name.

<deterministic characteristic> defaults to NOT DETERMINISTIC.
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<SQL-data access indication> defaults to READS SQL DATA if there is an input table; otherwise, the
default is CONTAINS SQL.

PTF component procedures

A PTF requires one to four PTF component procedures. These are declared as conventional SQL-invoked

pro
will

component procedures, which should be declared before the PTF itself is. The order of creatign)an

decl
und

The
The
inte

The
the
ared

The
Sub
that
are
the

7.4 Altering PTF component procedures and PTFs

The
rout
no d

SQLY

only

The

7.5

Bec

p g aukhor
start the specification and design process with the PTE, the 1mplementat10n will start with the'PTF

aration is PTF component procedures first, then the PTF itself. This is analogous to a viéw" the
erlying tables must be created first, then the view.

syntax to create a PTF component procedure is the same as for any other SQL-invoked procedure.
Fe is no special syntax in the declaration of a PTF component procedure that anriounces that it is
hded for use by a PTFE.

PTF component procedure does not have parameters for generic tables\or descriptor areas. Insfead,
PTF component procedure has parameters for the PTF extended naines of cursors and descriptpr
s. This is explained in Subclause 6.3.5, “Component procedure signatures”.

Fe are syntactic restrictions on the characteristics of PTF component procedures, as explained in
[lause 6.3.4, “Routine characteristics of the component procedures”. Since there is no syntax indicqting
an SQL-invoked procedure will be subsequently used as aRTF component procedure, these restrictions
hot syntax checked when the PTF component procedure is created. Instead, they are checked when
PTF is created.

SQL standard has very limited capabilities to alter SQL-invoked routines in general. Only external
ines may be altered, not routines'written in SQL. An external routine can be altered only if therg are
ependencies on it. Since a PTE.is dependent on its component procedures, this means that onc¢ an
invoked procedure is nanmied as a component procedure of a PTF, it can no longer be altered. The
recourse is to drop the 'PTF before altering its components, after which the PTF may be re-created.

SQL standard hasnesyntax to alter a PTF itself.

Dropping a PTF and its component procedures

huse'of the dependency relationship, a PTF must be dropped before altering or dropping its compohent

pro

edures
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8

8.1

Implementation

Introduction to PTF implementatinn

Primary audience: PTF author

Afterr specifying the PTF, the PTF author will implement it, that is, supply the programming\ogic for
routline bodies of the PTF component procedures. To do that, the PTF author will need to’understand
follgwing:

1) [How the DBMS will process and invoke of the PTFE.

2) |How to read and write PTF descriptor areas.

3) |How to read the input PTF cursor.

4) |How to output a row.

[ten} 1) is presented in Clause 5, “PTF processing model”, Clause.10, “Compilation”, and Clause 12, “

cuti
the

Impjementation of a PTF depends upon the interface provided by the DBMS. ISO/IEC 9075-2, speci
an ij

8.2 PTF descriptor areas

8.2

PTFp use PTF descriptor areas for the following purposes:

1)
2)
3)
4)
5)
6)

See

bn”. In this Subclause, the remaining topics are discussed.in a generic fashion. This Subclause descy
nfrastructure that the DBMS provides so that the PTE:author can implement the PTF.

1 Introduction to PTF descriptor areas

To describe the row type of input tables.

To-deScribe the partitioning and ordering of input tables.

the
| the

Exe-
ibes

fies

(terface as a specification device. This interfaceis optional, and is governed by conformance Feajture
B20B, “PTF component procedure interface” (andthe feature thatitimplies, Feature B209, “PTF exter]
nanjes”). If the DBMS provides a different interface, then the implementation of a PTF will need to y
thatinterface rather than the one shown in'this document.

ded
se

Todescribe theTow typeof theresutt:

To receive descriptions of row types supplied by the query author.
(Optionally) to receive rows of the input tables.

To pass output rows from the PTF back to the DBMS.

Subclause 5.9, “Flow of row types”, for a list of the various input and output row types.

PTF descriptor areas are a kind of SQL descriptor area. This Subclause discusses only the features of SQL
descriptor areas that pertain to PTF descriptor areas.

46
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A PTF descriptor area consists of a header and zero or more SQL item descriptor areas. SQL item
descriptor areas within a PTF descriptor area are numbered sequentially beginning at 1. A PTF descriptor
area can be visualized as shown in Table 20, “PTF descriptor area”.

Table 20 — PTF descriptor area

Descriptor area header

The
desq

The
datd
nen

comfponent.

The
sett
The
aso

Bec
ared
left{
indi
des

rem

set ¢f children is done. LEVEL s 0 in SQL item descriptor areas that are not subordinate to a construl
. The header component COUNT is the total number of SQL item descriptor areas (including supor-

typd
dingd

8.2

AP

SQtiterrdescriptorareat

SQL item descriptor area 2

SQL item descriptor area 3

header is used to provide information about the PTF descriptor area as.awhole. An SQL item
riptor area presents information about a single column of a table, a partitioning, or an ordering.

F of a header or SQL item descriptor area is referenced by a keéyword, essentially the name of the

lirce PTF descriptor area to a destination PTF descriptor area.

riptor areas from first to last, if LEVEL goes up by 1, that means to create a child node; if LEVEL

te ones), while the TOP_LEVEL_COUNT is the number of columns.

2 PTF descriptor area header

Tabte2t—PTFdescriptorareatreader

'F deSeriptor area header has the components illustrated in Table 21, “PTF descriptor area header”.

header and each SQL item descriptor area have several named components. There is no prescribed
structure for the header or SQL item descriptor area (nothing like'a C st r uct ). Instead, each compo-

PTF can get the value of one or more components usingya GET DESCRIPTOR command. The PTH can
he value of components in the header or SQL item deseriptor areas using a SET DESCRIPTOR commfand.
Fe is also a COPY DESCRIPTOR command that maybe used to copy an SQL item descriptor area frrom

huse SQL has constructed types, which permitarbitrary nesting of data types, the SQL item descriptor
s can form a tree. The tree is flattened as\pictured above, by walking the tree from root to leaves|and
oright, emitting an SQL item descriptorarea whenever anode is first entered. The LEVEL component
rates how deeply nested an SQL jtem descriptor area is from the root. Scanning the list of SQL item

ains the same, that means to.create a sibling node; if LEVEL goes down by 1, that means the prevjious
cted

”

Name Data type | Use

TOP_LEVEL_COUNT integer Number of columns described by the SQL item descriptor areas

COUNT integer Number of SQL item descriptor areas. This is equal to

TOP_LEVEL_COUNT if there are no constructed types (collec-
tions or rows).
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8.2.

PTF descriptor areas

3 SQL item descriptor areas for row types

An SQL item descriptor area describes a column of a table, a partitioning, or an ordering. When used to
describe a column of a table, it consists of a number of components with three purposes:

1) Name the column.
2) Define a data type.
3) [Pass a value of that data type to or from the DBMS.
Wheén used to describe a column of a partitioning, the only purpose is to name the column.
Wh¢n used to describe a column of an ordering, the components describe the following;
1) [The name of the column.
2) |Whether the column is sorted in ascending or descending order.
3) [Whether nulls are sorted first or last.
The|components relevant to a column of a table are considered first.
Thelcolumn name is in the NAME component. This is a variable length character string that is case sensjtive
and|holds the column name after any case conversion or escapingsave been applied. Thus, a columin
nanje that was created with the <identifier> Col is representedas “COL’, whereas " Col " is represented
as “Col”.
The[mostimportant component for defining a type is called TYPE, which is a small integer with predefjned
codegs for the various data types (for example, CHARAGTER is 1, INTEGER is 4, etc.). The DBMS may ddfine
addjtional data types using negative integers, which this document cannot enumerate. Many data types
are also qualified by additional components. Theomplete set of relevant components for each SQL type
is sHown in Table 22, “Relevant SQL item descriptor components”.
Table 22 — Relevant SQL item descriptor components
Data type Relevant SQL item descriptor components
CHAR(n) TYPE=1
CHARACTER SET cat1.schl;set LENGTH =n
[ COLLATION cat2.sch2.cell | CHARACTER_SET_CATALOG = catl
CHARACTER_SET_SCHEMA = sch1
CHARACTER_SET_NAME = set
Optionally, a collation may be specified:
COLLATION_CATALOG = cat2
COLLATION_SCHEMA = sch2
COLLATION_NAME = coll
VARCHAR(T) TYPE=12
CHARACTER SET cat1.sch1.set LENGTH =n
[ COLLATION cat2.sch2.coll | CHARACTER_SET_CATALOG = cat1
CHARACTER_SET_SCHEMA = sch1
CHARACTER_SET_NAME = set
Optionally, a collation may be specified:
COLLATION_CATALOG = cat2
COLLATION_SCHEMA = sch2
COLLATION_NAME = coll
48 © ISO/IEC 2021 - All rights reserved
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[ COLLATION cat2.sch2.coll |

Data type Relevant SQL item descriptor components
CLOB(n) TYPE =40
CHARACTER SET cat1.sch1.set LENGTH =n

CHARACTER_SET_CATALOG = cat1
CHARACTER_SET_SCHEMA = sch1
CHARACTER_SET_NAME = set
Optionally, a collation may be specified:

COLLATION_CATALOG = cat2
COLLATION_SCHEMA = sch2
COLLATION_NAME = coll

BINARY(n) TYPE = 60
LENGTH =n
VARBINARY (n) TYPE = 61
LENGTH =n
BLOB(n) TYPE =30
LENGTH =n
NUMERIC(prec, sc) TYPE =2
PRECISION = pree
SCALE = sc
DHCIMAL(prec, sc) TYPE =3
PRECISION = prec
SCALE= sc
SMALLINT TYPE=5
INTEGER TYPE =4
BIGINT TYPE =25
FLPAT (prec) TYPE=6
PRECISION = prec
RHEAL TYPE=7
DQUBLE PRECISION TYPE=8
DHCFLOAT(prec) TYPE =26
PRECISION = prec
BQOLEAN TYPE=16
DATE TYPE=9
DATETIME_INTERVAL_CODE =1
TIME (prec) TYPE=9
WITHOUT TIME ZONE DATETIME_INTERVAL_CODE = 2

PRECISION = prec

© ISO/IEC 2021 - All rights reserved
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Data type Relevant SQL item descriptor components
TIME(prec) TYPE=9
WITH TIME ZONE DATETIME_INTERVAL_CODE = 4
PRECISION = prec
TIMESTAMP(prec) TYPE=9
WITHOUT TIME ZONE DATETIME_INTERVAL_CODE = 3

PRECISION = prec

TIMESTAMP (prec)
WITH TIME ZONE

TYPE =9
DATETIME_INTERVAL_CODE =5
PRECISION = prec

IN
YE

[ERVAL {
AR (prec)

MONTH ((prec)

TYPE =10
DATETIME_INTERVAL_PRECISION,= prec
The value of DATETIME_INTERVAL-CODE depends on the

DAY (prec) interval qualifier as follows:
HQUR(prec) YEAR: 3
MINUTE((prec) } MONTH: 2
DAY: 3
HOUR: 4
MINUTE: 5
INTERVAL { TYPE =10
YEAR(prec) TO MONTH DATETIMEZINTERVAL_PRECISION = prec

DAY (prec) TO HOUR
DAY (prec) TO MINUTE
HQUR(prec) TO MINUTE }

The value.of DATETIME_INTERVAL_CODE depends on the
interval qualifier as follows:
YEAR'TO MONTH: 7

DAY TO HOUR: 8

DAY TO MINUTE: 9

HOUR TO MINUTE: 11

IN

SE

ERVAL {

DAY (prec) TO SECOND(frac)
HQUR(prec) TO SECOND(frac)
MINUTE((prec) TO SECOND(frac)

COND(prec, frac) }

TYPE=10
DATETIME_INTERVAL_PRECISION = prec
The value of DATETIME_INTERVAL_CODE depends on the
interval qualifier as follows:
DAY TO SECOND: 10

HOUR TO SECOND: 12
MINUTE TO SECOND: 13
SECOND: 6

RAW (fieldy, fieldy, ... field,)

TYPE =19
DEGREE =n
There are nimmediately subordinate SQL item descriptprs

that describe fieldy, fieldy, - field,

user-defined type

TYPE =17
USER_DEFINED_TYPE_CATALOG = catl
USER_DEFINED_TYPE_SCHEMA = sch1
USER_DEFINED_TYPE_NAME = ty

50

© ISO/IEC 2021 - All rights reserved



https://standardsiso.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

ISO/IEC 19075-7:202
8.2 PTF descriptor a

1(E)
reas

Data type Relevant SQL item descriptor components
REF (catl.schl.ty) TYPE =20
SCOPE cat2.sch2.tab USER_DEFINED_TYPE_CATALOG = cat1

USER_DEFINED_TYPE_SCHEMA = sch1
USER_DEFINED_TYPE_NAME =ty
SCOPE_CATALOG = cat2
SCOPE_SCHEMA = sch2

SCOPE_NAME = tab

ty

ARRAY [ card | TYPE =50

CARDINALITY = card

There is one immediately subordinate SQL.iftem descrip
area that describes the element type ty

tor

ty

MULTISET [ card | TYPE =55

CARDINALITY = card

There is one immediately subordinate SQL item descrip
area that describes the element type ty

tor

Con
ared
desq
The
LEV|

The
key

structed types (arrays, multisets, rows) are described using s€veral consecutive SQL item descri
s. The first SQL item descriptor area specifies the kind of constructed type, and subsequent SQL
riptor areas describe the components: the element type of a collection, or the fields of a row ty
LEVEL component is used for bookkeeping to keep track of the depth of nesting. At the top levg
EL is 0, and LEVEL is incremented by 1 to descend aslevel when describing a constructed type.

e are also components to indicate if the described column is nullable, or if it is a member of the prin
pr candidate key. These components are not needed for PTFs, and are not considered in this docun

Eac
col

SQL item descriptor area has a component called DATA that can hold the value of the correspon

mn, which shall be of the type described by the other components. DATA is conceptually similar

a urfion in C, since all types can be placed-there. Subordinate item descriptor areas are not used to g
elements of a collection or components of a row type; the entire value is passed at the top level of a

str
an

8.2

The
isn

ted type. The DATA component may be used when reading a row of an input table, or when creg
utput row.
4 SQL item descriptor areas for partitioning

only relevaintcomponents when describing a partitioning are LEVEL and NAME. Since type informd
t preserit, there are no subordinate SQL item descriptor areas. Therefore, LEVEL is 0 in every S

iten]

descriptor area, and in the header, COUNT = TOP_LEVEL_COUNT is the number of partitioning

ptor
tem
De.

<

nary
lent.

Hing
to
ass
con-
ting

tion

QL

coll1mns.

8.2.

5 SQL item descriptor areas for ordering

PTF descriptor areas are also used to describe the ordering of input tables with set semantics. There is
no need for type information, so there is no need for subordinate item descriptor areas when describing
an ordering. Consequently COUNT and TOP_LEVEL_COUNT in the header are the same value, which is
the number of columns in the ORDER BY clause. In the SQL item descriptor areas, four components are
used:
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LEVEL (always 0).

NAME, the name of the column in the ORDER BY clause.

ORDER_DIRECTION, either +1 for ASC (ascending) or -1 for DESC (descending).
NULL_PLACEMENT, either +1 for NULLS FIRST or -1 for NULLS LAST.

8.3 PTF extended names

In gg
the

that
and
Inc

the
DB
desq
ther

For
the
1"
to th
argu
DES

Evel
PTF
with

bneral, the SQL standard has three namespaces for SQL descriptor areas: the non-extended namesy
extended namespace, and the PTF namespace. The distinguishing feature of the PTE,namespacg
the DBMS assigns the names rather than the PTF author or the query author. Non-extended na
extended names are assigned to SQL descriptor areas using the ALLOCATE DESCRIPTOR comm|
bntrast, all the SQL descriptor areas discussed in this document are created-automatically by th

e SQL descriptor areas are called PTF extended names and they constitute'the PTF namespace.
S assigns unique names within the PTF namespace, and it is these unique names that are passe
riptor area arguments to the PTF component procedures. When a query has multiple PTF invocat
each one has its own PTF namespace.

DB%I'S (the PTF author does not write an ALLOCATE DESCRIPTOR commandd{orthem). The names

example, suppose that Input_descr is an input argument toja PTF component procedure contait
name of a PTF descriptor area for the row type of an input‘table. The value of Input_descr might
This value is assigned by the DBMS in an implementation*dependent manner. The name is meaning
le PTF and there is no reason for a PTF component procedure to examine the value of this input
ment. Instead, the name can simply be passed along in various commands (GET DESCRIPTOR,
CRIPTOR, and COPY DESCRIPTOR), as explained in succeeding subsections.

1 if the DBMS does not support the entire interface described in this Clause, it may choose to sup
extended names, in which case it can claim conformance to Feature B209, “PTF extended name
out claiming conformance to Feature:B208, “PTF component procedure interface”.

8.4 Readinga PTF descriptor area

PTF

descriptor areas areread using the GET DESCRIPTOR command. For example, suppose that Input_d

is anp argument that eontains the name of a PTF descriptor area. The PTF component procedure mig

cont

EXE(

Thid
nanj

ain:

[ SQL GEFBESCRI PTOR PTF : I nput_descr :ltens = COUNT;

command gets the COUNT component from the header of the PTF descriptor area in the PTF
espace whose name is given by Input_descr. The result is placed in the host variable items.

ace,
is

mes
and.
Of

The
din
ons,

ling
be
fless

escr
ht

If th

GET

e Implementation language i1s SQL/P5SM, the command looks very similar:

DESCRI PTOR PTF | nput _descr items = COUNT;

The main difference here is that embedded variables are preceded by a colon, whereas SQL/PSM variables
are not.

After getting the number of SQL item descriptors, the PTF component procedure will typically set up a
loop to examine all the items. The loop might examine the column names and data types, for example.
Let ] be a variable used to index into an array, with J=1 for the first column, etc. To obtain column name

and

52

data type information on the J-th column, in embedded C the command would be:
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EXEC SQL GET DESCRI PTOR PTF : I nput _descr VALUE :J
sname[J-1] = NAME,
:dtype[J-1] = TYPE

The VALUE clause specifies which item descriptor area is desired. Note the use of ]-1 to account for 0-
relative arrays in C vs 1-relative items in SQL descriptor areas. In SQL/PSM the command is:

GET DESCRI PTOR PTF | nput _descr
nanme[ J] = NAME,
dtype[J] = TYPE;

Data types are represented by codes defined in the SQL standard. Depending on the type,additional
components of the item descriptor area may be relevant, such as LENGTH, PRECISION, 6rySCALE. Sg¢e
Subflause 8.2.3, “SQL item descriptor areas for row types”, for more details.

8.5 Writing a PTF descriptor area

8.5]1 Introduction to writing a PTF descriptor area

The|PTF describe component procedure populates PTF desgriptor areas for two purposes:

1) [Therequested row type: this is essentially just a list/of the names of the columns that the PTF wighes
to read on the cursor for an input table.

2) [Theinitial result row type: ifthe CREATE FUNCTION that created the PTF does not declare the proper
columns (either through <table function column list> or RETURNS ONLY PASS THROUGH), ther the
PTF describe component is responsiblé\for describing the names and types of the proper resulf
columns.

For pach of these purposes, the DBMS-allocates an empty PTF descriptor area in the PTF descriptor]
nanjespace and passes the name of the PTF descriptor area to the describe PTF component procedure.
Initially, the COUNT in the PTF descriptor area header will be 0; before returning, the PTF describe
component procedure should set this to the number of requested columns or output columns.

In a@ldition, during execution, the PTF component procedures write to the DATA components of the
intefmediate result row descriptor.

Writing to a PTF‘descriptor area is one of the most challenging parts of writing a PTF. Three different
approaches are'\presented from which the PTF author may choose, depending on the complexity of the
PTF

8.5.2 Using DESCRIBE to populate a PTF descriptor area

The DESCRIBE command may be used to populate the initial result row type PTF descriptor area. To
start with an unlikely but simple example, suppose that the result is always a single column called V of
type DOUBLE PRECISION. In that case, the PTF describe component procedure might use a DESCRIBE
such as the following:

EXEC SQL PREPARE St nt

FROM ' SELECT CAST (0 AS DOUBLE PRECI SIQN) AS V
FROM | NFORVATI ON_SCHENMA. TABLES' ;
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EXEC SQL DESCRI BE St nt

USI NG DESCRI PTOR PTF :Initial _result_row,

The precise FROM clause in the prepared statement is irrelevant. This example used a table known to
exist and be readable by PUBLIC in the FROM clause, so that the PREPARE statement is guaranteed to
succeed. Similarly, the precise column definition in the SELECT list does not matter. The pointis to prepare
any statement with a single column named V of type DOUBLE PRECISION. Using a CAST and a column
alias is a clear and certain way to do this.

This
a sin
How
vari
the

SET

PREPARE Stnt FROM String;

DES(

8.5

To u
can

EXE(

or, i

SET

Afte
be s

components,as explained in Subclause 8.2.3, “SQL item descriptor areas for row types”.

For

E)&dlllple ib UIIl Ud}ib LiL ‘UULdubE L}IU PTF duL‘llUl lldb d ‘UULLUI wdy LU dUlel (5§ Llldl. Lht: PTF ledyb ICLl
gle column V of type DOUBLE PRECISION, by simply declaring itin the CREATE FUNCTION staten;
rever, the example can be generalized by making it more dynamic. For example, suppose that'th
hble IsDouble is a Boolean variable thatis True if the column should be DOUBLE PRECISION; ethery
Column should be INTEGER. In that case, one might write the following in SQL/PSM;

String = ' SELECT CAST (0 AS

'l
CASE VHEN | sDoubl e THEN

' DOUBLE PRECI SI ON
ELSE

"I NTEGER
END

[l
'y AS V
FROM | NFORMATI ON_SCHEMA. TABLES' ;

CRI BE Stnt USI NG DESCRI PTOR PTF Initial _result.rew,

3 Using SET DESCRIPTOR to populate’a PTF descriptor area

se SET DESCRIPTOR, item descriptor area(s) are first added to the empty PTF descriptor area.
be done by setting COUNT to a non-zero value. The command in embedded SQL might look like

L SQL SET DESCRI PTOR PTF :Initial _result_row
COUNT = : ncoly

the implementation laniguage is SQL/PSM, then this:

DESCRI PTOR PTF lwitial _resul t _row
COUNT = ncol(

I item descriptor area(s) have been added to the PTF descriptor area, the various components {
et appropridtely. Each item descriptor area requires a LEVEL, NAME, and TYPE, and possibly ot

exdmple, to specify that the column whose ordinal position in the row is given by Ncol and who

Irns
ent.

a)
-

vise,

[his
this:

hall
her

T
(¢”]

o]

namni

e given by Colname and is of type VARCHAR with maximum length 100, this could be used:

EXEC SQL SET DESCRI PTOR PTF :lnitial _result_row

VALUE : Ncol
LEVEL = 0,

NANME : Col nane,
TYPE 12,
LENGTH = 100;

Here, 12 is the code for VARCHAR type.
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It may be convenient to build the result row type descriptor in a loop. The loop might increment variable
Ncol by 1 on each iteration, then set COUNT in the header to Ncol to allocate another SQL item descriptor,
and then set the column name and type information in the item descriptor area indexed by Ncol.

8.5.4 Using COPY DESCRIPTOR to populate a PTF descriptor area

des¢riptor area. Here, situations are examined where each of these can be useful.

Sonjetimes, the result row type is the same as either an input table (for example, TopNplus in the Tunhing
examples) or is simply provided by the query author (ExecR in the running examples). In that case, [the

mosgt convenient way to populate the result row type is to copy it in its entirety from some input PT|F
desgriptor area. To copy an entire PTF area descriptor, the PTF author might use something like the fol-
lowing:

EXEC SQL COPY DESCRI PTOR PTF : | nput_tabl e_descr
TO PTF : Result_row_type;

The[preceding simply copies the entire PTF descriptor from Input_table descr to Result_row_type.

In ofher circumstances, it may be that only selected SQL item desetiptors should be copied. For example,
perhaps an output column has the same column name and/ortype information as a column of an ifjput
tablp. In that case, it might be convenient to just copy the column name and/or type information frqgm
the Input table’s PTF descriptor area to the result’s PTF des¢riptor area. For example, in embedded §QL,

EXEC SQL COPY DESCRI PTOR
PTF : Sour ce_descr
VALUE :cl (NAME, TYPE)
TO PTF : Dest _descr
VALUE : c2;

Thiq copies from the PTF descriptor ared identified by Source_descr in the item identified by c1 to the
PTF|descriptor area identified by Dest_descr, placing the information in the item descriptor area identjfied
by cR. This example copies the NAME and TYPE components from the source to the destination. When
copying TYPE, any other compofients that are required to complete the type specification are also copied.

Thid technique can also be used in conjunction with SET DESCRIPTOR as explained above in
Subflause 8.5.3, “Using SEDDESCRIPTOR to populate a PTF descriptor area ”. For example, suppose|that
the first column of the'eutput should be the same as the first column of the input, except that the colimn
nanje is always X. limthat case, one might use COPY DESCRIPTOR to copy the type information and §ET

DESICRIPTOR to §et'the column name, like this:

EXEC SQL CORY DESCRI PTOR
PTF : Sour ce_descr
VALUE 1 TYPE
TO PTF : Dest _descr
VALUE 1,
EXEC SQL SET DESCRI PTOR PTF : Dest _descr
VALUE 1 NAME = ' X' ;

8.6 Reading a PTF input cursor

For each input table IT, during execution on a virtual processor VP, the DBMS will create a cursor that
reads the rows of the partition of IT that is assigned to VP. The DBMS will give this cursor a name in the
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PTF namespace for cursors. The PTF fulfill component procedure will receive the name of the cursor in
an input argument. The cursor is already open, so the PTF fulfill component procedure can simply issue
FETCH commands to read the cursor. In addition, the row type of the input cursor is described by a PTF
descriptor area whose name is in another input argument. The PTF fulfill component procedure can
simply FETCH from the input cursor into the PTF descriptor area for that input table.

For example, suppose the input cursor name is passed in the parameter Input_cursor and the name of
the PTF descriptor area for the row type is passed in the parameter Input_row_descr. Then, using
embedded SQL, the PTE fulfill component procedure might use this command:

EXEC SQL FETCH FROM PTF : I nput _cursor
I NTO DESCRI PTOCR PTF : I nput _row _descr;

or if the implementation language is SQL/PSM,

FETCH FROM PTF | nput _cur sor
| NTO DESCRI PTOR PTF | nput _r ow_descr;

Afterr fetching a row into a PTF descriptor area, the PTF fulfill component proeedure will want to acgess
the flata in the columns of the row. This data is in a component of the item-descriptor area called DATA.
Unlike other components of item descriptor areas, DATA has no fixed type;instead, its type is simply the
typg of the column, which is of course described by other components of the same item descriptor grea.

For pxample, suppose that Var is a variable of an appropriate typé+to receive the value of a column fqund
in the item descriptor area indicated by Colno. Then, the valugiofthat column can be obtained in Vay
using this command in embedded SQL:

EXEC SQL GET DESCRI PTOR PTF : I nput_row_descr VALRE : Col no
:Var = DATA;

or, ysing SQL/PSM:

GET |DESCRI PTOR PTF | nput _row _descr VALUE Col no
Var = DATA;

If the input data can be of several types)then it will generally be necessary to set up conditional logic|that
testf the TYPE of a column so that the DATA can be assigned to an appropriately typed variable.

Typ]cally the PTF fulfill component procedure will fetch rows from the input cursor until it reaches|the
end|of the cursor. At that point, the PTF fulfill component procedure does not need to close the cursor;
thiswill be handled autematically by the DBMS when the PTF fulfill component procedure returns comtrol
to the DBMS.

8.7/ Outputting a row

[72)

Durjrgrun-time on a virtual processor VP, the PTF start, fulfill, and/or finish component procedursg
need to generate and output row(s) for the result. OUtputting a row 1S a tWo-Step process:

1) First, the output row is populated by setting the DATA component of the SQL item descriptor areas
of the result row descriptor.

2) Second, a PIPE ROW command is used to send the row to the DBMS as output.

For example, suppose the output row has two columns. Suppose that the value of the first column has
been computed in variable X and the value of the second column has been computed in variable Y. Suppose
that the name of the result row descriptor is in the argument Intermediate_result_row. Then, these
commands could be used to populate the output row:
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EXEC SQL SET DESCRI PTOR PTF :Intermedi ate_result_row
VALUE 1 DATA = : X;

EXEC SQL SET DESCRI PTOR PTF :Intermedi ate_result_row
VALUE 2 DATA = :Y;

It is also possible to use COPY DESCRIPTOR to transfer DATA from an input row to the result row. If the
input row has precisely the same row type as the result row (corresponding column names and types
match), then COPY DESCRIPTOR without VALUE can be used, like this:

EXEC SQL COPY DESCRI PTOR PTF : | nput_tabl e_descr (DATA)
TO PTF :Intermediate_result_row,

To cppy a single column from an input row to the result row, the VALUE clause is needed:

EXEC SQL COPY DESCRI PTOR PTF : | nput_tabl e_descr
VALUE : I nCol No ( DATA)

TO PTF :Internedi ate result _row
VALUE : Cut Col No;

Thig technique can be used with pass-through surrogate values. For any input table with pass-through

columns, the pass-through input surrogate column is the last one in the'cursor row type. The DBMS|will
give|it a distinctive implementation-dependent name. The corresponding pass-through output surrojgate
column can be found in the intermediate result row descriptor by’ searching for the matching name
Havjng located the surrogates in the input and output rows, COPY¥ DESCRIPTOR can be used to copy the
surtjogate value from the input row to the output row.

Oncg the output row has been populated, the PTF start, fulfill, or finish component procedure can write
this|row to output using this command:

EXEC SQL PI PE ROW PTF : I nternediate_result row,

Ift}:Ere is more than one output row, the result row descriptor can be reused for each output row, fopr
example, in a loop.
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9 Invocation

9.1 Introduction to PTF invocation

Primary audience: DBMS developer and query author.

Onck the PTF and its component procedures have been written, it is possible to write an invocation
Durjng development, the PTF author will write test invocations; in deployment, the query author wjll
writLe invocations. Examples of the invocation syntax have already been presented in\Subclause 4.4,
“Motivating examples”. Here, the invocation syntax is presented formally.

9.2 <table primary>

A PTF is invoked only in a FROM clause, as a kind of <table primaty>. There are many kinds of <table
prinmhary>, the most common being a table name. For PTFs, theyrelevant syntax begins as follows:

<table primary> ::=

| |[<PTF derived tabl e>
[ <correlation or recognition> ]

Thuk a PTF invocation consists of a <PTF derived table> and sometimes a <correlation or recogniti¢n>.
The|BNF above suggests that the query auther can choose to have the <correlation or recognition> pr
not,|but in fact its presence or absence:is dictated by the DDL that created the PTF, as discussed in
Subflause 9.4, “Proper result correlation name and proper result column naming”.

9, <PTF derived.table>

<PTHK derived tabl e>4": =
TABLE <l eft paren> <routine invocation> <right paren>

A <RTF derived\table> consists of the keyword TABLE and a parenthesized <routine invocation> that
invdkes the RPE. This is the same syntax that is used to invoke a monomorphic table function.

9.4 Proper result correlation name and proper result column naming

<correlation or recognition> ::=
[ AS] <correlation nane>
[ <parenthesized derived colum |ist> ]

The correlation name is used to qualify the proper result columns of the PTF, that is, the columns that
the PTF itself generates. This is called the proper result correlation name to distinguish it from the table
argument correlation names that may be associated with input tables (see Subclause 9.7, “<table argument
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proper>", and Subclause 9.8, “Table argument correlation name”, regarding table argument correlation
names). Here is a skeleton example:

FROM TABLE (Ptf (...) ) AS P

Optionally, one can rename the proper result columns. In the preceding example, suppose that there is
one proper result column, named Score, and it is to be rename to Val:

FROM TABLE (Ptf (...) ) AS P (Val)

Ifthle PTF is declared RETURNS ONLY PASS THROUGH, then there are no proper result columns-and
hengte the proper result correlation name (and column renaming) is forbidden. Otherwise, thé proper
resylt correlation name is required, and the column renaming is optional.

9.5 <routine invocation>

)

):

<ro]1tine invocation> is enhanced to support table and descriptor arguments'(for PTF only, of coursg

<routine invocation> ::=
<fouti ne name> <SQ@ argunent |ist>

<roygtine nane> ::=
[ |[<schema name> <period> ] <qualified identifier>

The|<routine invocation>, of course, invokes a PTF. The usual name resolution rules of the SQL standgard
apply, including the use of the SQL path and the precise;argument list to determine the specific PTF|to

invdke. The complete rules for subject routine resolution are complex and outside the scope of this doc-
umgnt. The PTF author can avoid most of this complexity by avoiding duplicate PTF names. Even thqugh
the standard permits overloading of SQL-invokedtoutines, it is better to use optional parameters ir} a
single PTF definition, rather than defining multiple PTFs of the same name and different parameter lists.
The|query author may do well to use fullyqualified schema names when invoking a PTE, though this
doctiment has not done so in its examplés.

Not¢ that the query author does notinvoke the PTF component procedures explicitly, these being higden
withiin the PTF. The query authoronly needs EXECUTE privilege on the PTFE, not on the PTF comporjent
progedures.

<SQI argunent list> ::(=
<lfeft paren> [ <SQz7ar gunent >
[ { <comma> (&SQ. argunent> }... ] ]
[ <co-partition clause> ] <right paren>

Theloptional <co-partition clause> is used in co-partitioning and will be presented later in Subclause 9.14,
“Co-partitionhing”.

<SQI argunent> ::=

<val ue expressi on>

| <generalized expression>

| <target specification>

| <contextually typed val ue specification>
| <named argunent specification>
I
I

<t abl e argunent >
<descri ptor argument>

<named argunent specification> ::=
<SQ. par aneter name> <naned argunent assi gnnment token>
<named argunent SQ. ar gunent >

<named argument SQ. argunment> ::=

© ISO/IEC 2021 - All rights reserved 59


https://standardsiso.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

ISO/IEC 19075-7:2021(E)
9.5 <routine invocation>

<val ue expressi on>
| <target specification>
| <contextually typed val ue specification>
| <table argunent>
| <descriptor argunent>
Inputvalues can be passed to a PTF either positionally or by parameter names (named arguments). There
are two kinds of arguments that are allowed only in PTF invocations: <table argument> and <descriptor
argument>. As their names imply, a <table argument> is used to pass an input table, and a <descriptor

. 1 1 . PO
argl HICTIL= 15 USEU L0 Pass 4 UesSCIriptor to d r1r.

All of the examples in this document use named arguments as a “best practice” from a readability
starldpoint; however, positional argument lists are also permitted. Optional arguments may.be omitted,
in which case the default is taken.

9.4 <table argument>

Now, the focus is on <table argument>:

<taljl e argurment> ::=
<tlabl e argunment proper>
[ [ AS] <table argunent correl ati on nane>
<tabl e argunent parenthesized derived columdist> 1] ]
<tabl e argunment partitioning> ]
<tabl e argunent pruning> ]
<tabl e argunent ordering> ]

—_————

<t alhl e argunent correl ation nane> ::=
<gorrel ati on nanme>

<t aﬂl e argument parenthesized derived colum list> ::=
<par ent hesi zed derived colum |jst>

That is, a <table argument> consists of up to six components:

1) |The <table argument proper>, which specifies the input table.

2) |An optional <correlatign hame> for the input table.

3) [lf there is a <correlation name>, then optional column renaming of the input table.
4) |An optional partitioning (set semantics tables only).

5) |An optiofial pruning (set semantics tables only).

6) |An eptional ordering (set semantics tables only).

9.7 <table argument proper>

9.7.1 Types of table arguments

Now, let’s look at <table argument proper>:

<t abl e argunent proper> ::=
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TABLE <l eft paren> <table or query name> <right paren>
TABLE <t abl e subquery>
<routine invocation>

Thus there are three ways to specify a table: <table or query name>, <table subquery>, or <routine
invocation> (nested table function invocation). The next three subsections consider each of these in turn.

9.72

<iall e IR I
Z— StaoTc oT quctT y IIamc>

Thid has two subcases:

1)

2)

9.7

Not
pare

A <table name>, which of course might be schema qualified and might be a DDL viewname. Us
the syntax presented so far, one could write any of the following:

FROM TABLE (Ptf ( TABLE (Enp) ) ) AS P
FROM TABLE (Ptf ( TABLE (My.Enmp) ) ) AS P
FROM TABLE (Ptf ( TABLE (Enp) ASE) ) AS P

FROM TABLE (Ptf ( TABLE (Enp) AS E(E1,E2,E3) ) ) AS P

the syntax presented so far, but they are used to reference\input tables in <co-partition clause>

erence the partitioning columns (if the table has sepsemantics) or any column of the input tabl
the table has pass-through columns).

A <query name>, which is the name of an in-line view declared in the WITH clause. If Qn is a <q
name>, then one could write any of the following:

FROM TABLE (Ptf ( TABLE (Qn) ) JNAS P
FROM TABLE (Ptf ( TABLE (Q)“AS E) ) AS P

FROM TABLE (Ptf ( TABLE-f©n) AS E(E1,E2,E3) ) ) AS P

In the first example above, the default range variable is Qn.

3 <table subquery>

e that <table subquery> is <left paren> <query expression> <right paren>, so this case also has
nthesés. This permits the following example:

F

1T Pt £ ([ Ol CoTr % ¢
T T

In the first two, the default range variable is Emp or My.Emip,/Range variables do not matter with

ng

(presented later in Subclause 9.14, “Co-partitioning”),and also outside of the PTF invocation tq ref-

b (if

hery
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There is no default range variable in this case; it is implementation-dependent and unknowable to the
query author. The following example provides an explicit correlation name:

FROM TABLE (Ptf ( TABLE ( SELECT * FROMEm ) ASV ) ) AS P
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9.7.

<table argument proper>

4 Nested table function invocation

A <routine invocation> used as a <table argument proper> invokes a table function, either monomorphic
or polymorphic. No TABLE operator is required (or permitted) in this case because the function’s return
type is a table. There is no default correlation name, but one can be provided explicitly. Some examples:

FROM TABLE (Reduce ( Map (...) ) ) AS P

AR L Sl VAN L N A AAN\ A
FROh TADLL | RTuutc vapg (.. .) Ao V) ) Ao T

In th
of R
tion|

nes
only
rang

For
pass

FRO
) A

The
Map

9.8

An ¢

examples have already been provided above. In the absence of a table argument correlation name, g

<tal
<tal
low

1)
2)

3)

Ifthtr nested table function is monomorphic, then the correlation name qualifies all result columns o

e preceding examples, Reduce is a polymorphic table function, and Map is invoked as a tableargun
bduce. Map may be either monomorphic or polymorphic table function. Note that a <routine invi
> used as a table argument is necessarily a nested table function invocation.

ed table function. If the nested table function is polymorphic, then the correlatien name qualific
the proper result columns; any pass-through or partitioning columns are qualified by the approp
e variables established within the nested <routine invocation>.

pxample, suppose that Map is a polymorphic table function that has.one table argument, which
-through columns. Consider the following invocation:

)l TABLE ( Reduce
( Map ( TABLE ( Enp ASE) ) AS M
PARTI TION BY E. E1, MM )
b P

h E qualifies the pass-through columns of Emp, whéreas M qualifies the proper result columns
. The result of Map in the preceding example is partitioned on E.E1 and M.M1.

Table argument correlation name

ptional correlation name for a table argument may be supplied after the <table argument prop

le or query name> provides)a default range variable to reference the input table; the other kind
le argument proper> do.not have default range variables. A range variable may be used for the
ng purposes:

For use in a <cofpartition clause>, if any.

To qualify column names in <table argument partitioning> (see Subclause 9.11, “Partitioning”)
<table argument ordering> (see Subclause 9.13, “Ordering”).

If thelinput table has set semantics, then its correlation name may be used to reference the partitio
columns later in the query (“later” means in any subsequent lateral joins in the FROM clause, as

hent
oca-

f the
bS
iate

has

Pr>;

s of
fol-

hing
well

4)

asthe \AI”FDP' GRQUP RV' and HAVING (‘]ancnc’ and the SELECT. ]icf‘)

If the input table has pass-through columns, then its range variable may be used to reference al
columns of the input table later in the query.

9.9 Table argument column renaming

1

A table argument correlation name may be followed by an optional parenthesized list of column names,
used to rename the columns of the input table. If the table argument is a <routine invocation> that invokes
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a polymorphic table function, then this only renames the proper result columns of the nested PTF invo-
cation. If columns are renamed, those new names are the ones to reference in the partitioning and
ordering clauses. The new names are also the column names that the PTF will see; this could be important
if the PTF author has designed the PTF to look for specific column names in the input.

9.10 Range variables and column renaming in nested PTF

Wh¢n there are nested PTF invocations, range variables and column renaming can occur at many leyels.
The[important thing to note is that a column has only one opportunity to receive a range variable, and

thislis also its only opportunity to be renamed. This opportunity is the innermost scope in‘the’syntdx
whdre a range variable for that column can be determined. Once a column receives its rdnge variable
(and optional renaming), it cannot receive a different range variable (or renaming) in-an outer scope.

Herg is an example:

FROYW TABLE ( G (F (TABLE (Enp) AS E (Eno))
AS R(Rno)))
AS S(Sno)

In this example:

— |Emp has one column.

— |F has one proper result column.
— |G has one proper result column.
Then:
— |The column of Emp is renamed Eno.

— |The proper result column of F is renamed Rno.
— [The proper result column of G is(renamed Sno.

Thus, every column has one oppottunity to be renamed, which is at the place in the syntax where the
cortjelation name for that column can be introduced.

9.11 Partitioning

After the <tabletargument proper>, there is the optional <table argument partitioning>:

<talhl e argunent partitioning> ::=
PARTITI'ON BY <tabl e argument partitioning |ist>

<table argument partitioning l1st> ::=
<col umm reference>
| <left paren> [ <column reference>
[ { <conma> <colum reference> }... ] ] <right paren>

Thus <table argument partitioning> is PARTITION BY with a list of zero or more columns. The list can
always be enclosed in parentheses. If there is only one partitioning column, then the parentheses are
optional.

Here are some examples with a single table using PARTITION BY:
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FROM TABLE (Ptf ( TABLE (M. Enp)
PARTITION BY () ) ) AS P

FROM TABLE (Ptf ( TABLE (M. Enp)
PARTI TI ON BY Deptno ) ) AS P

FROM TABLE (Ptf ( TABLE (M. Enp)
PARTI TI ON BY (Deptno) ) ) AS P

F TABLE (Ptf ( TABLE (M. Enp)
PARTI TI ON BY (Deptno, Jobclass) ) ) AS P

Theffirst example uses () to indicate explicitly that there are no partitioning columns. The seGond exarpple
shoys a single partitioning column without parentheses. The third example shows a sirgle partitioning
coluymn with parentheses. The fourth example shows a list of two partitioning columnswith parenthégses.

9.12 Pruning

If Fdature B204, “PRUNE WHEN EMPTY”, is supported, then a table with set semantics supports DDL to
declare either PRUNE WHEN EMPTY or KEEP WHEN EMPTY. PRUNE-WHEN EMPTY means that thejre is
no goint in invoking the PTF on an empty partition because thedesult will be empty. If a table parameter
is d¢clared to be KEEP WHEN EMPTY, then the PTF may be capable of producing a result, but the quiery
author might be uninterested in it. So, in that case the query-author can ask to prune anyway with this

syntax:

<taljl e argunent pruning> ::=
PRUNE WHEN EMPTY

| |[KEEP WHEN EMPTY
KEHP WHEN EMPTY is the default.

If Fdature B204, “PRUNE WHEN EMPTY¥"is not supported, then the preceding syntax is not available,
and|the only behavior is the default behavior, KEEP WHEN EMPTY.

9.13 Ordering

Ordering is specified, by an ORDER BY clause:

<t ahl e argunentrordering> ::=
R BY.<t@abl e argunment ordering |ist>

<t abl e cargunent ordering list> ::=
<tabl e argunent ordering col um>

I*eft naran tahl o aranmant Ardari ne ol v
—e—t—paeh a3+ a—-gtHeH—oaeH g—6o+—dHh

[ { <commea> <table argunment ordering colum> }... ] <right paren>

<tabl e argunment ordering colum> ::=
<col um reference> [ <ordering specification> ]
[ <null ordering> ]

<ordering specification> ::=
ASC
| DESC

<nul | ordering> ::=
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NULLS FI RST
| NULLS LAST

Thus <table argument ordering> is ORDER BY with a list of one or more columns. Each column may
optionally be sorted in either ascending (ASC) or descending (DESC) direction; the default is ASC. Each
column may optionally be be sorted with either nulls first (NULLS FIRST) or nulls last (NULLS LAST);
the default is implementation-defined. The list can always be enclosed in parentheses. If there is only
one ordering column, then the parentheses are optional. Note that this differs from the ORDER BY clause
in some other contexts in that only columns may be sorted (not arbitrary expressions) and the list shall
be parenthesized if more than one column is listed.

Herg¢ are some examples with a single table using ORDER BY:

FROW TABLE (Ptf ( TABLE (M. Enp)
ORDER BY Enpno ) ) AS P

FROW TABLE (Ptf ( TABLE (M. Enp)
ORDER BY Enpno DESC ) ) AS P

FROW TABLE (Ptf ( TABLE (M. Enp)
ORDER BY (Enpno DESC) ) ) AS P

FROW TABLE (Ptf ( TABLE (M. Enp)
ORDER BY (Deptno ASC, Jobclass DESC)<{) ) AS P

9.14 Co-partitioning

[fthe DBMS supports Feature B202, “PTF Copartitioning”, then a PTF invocation may specify co-partitioning
with the following syntax:

<co{partition clause> ::=
CPPARTI TI ON <co-partition |ist>

<coqpartition list> ::=
<g¢o-partition specification
[ { <comma> <co-partjition specification> }... ]

<co-partition specificatiren> ::=
<lfeft paren> <range ‘vari abl e> <comma> <range vari abl e>
[ { <conma> <range variable> }... ]

<ranjge vari abl ex\,/. =
<t abl e nane>
<correlati‘on nane>

A <do-paftition clause> is used if there are multiple partitioned tables and co-partitioning is desired. By
defquit, 1f there are multiple partitioned tables, then the cross product of the partltlons is formed to

det rrametho xetinal v cnccnng Conartitioninaoican aldbarnata varayy of Aottt g vrdeia ol s an o ors
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in which a full outer equijoin of the partitioning keys is used to associate partitions on a virtual processor.
(Right, left and inner joins can also be obtained depending on whether any of the partitioned tables
specify PRUNE WHEN EMPTY in either the DDL or the query.) Co-partitioning is explained in

Subclause 13.8.9, “Virtual processors for Similarity”.

A <co-partition clause> has a list of <co-partition specification>s. Each <co-partition specification> is a
parenthesized list of input tables to be co-partitioned. Each input table is referenced by its range variable
(correlation name, if any, otherwise the table name). Each input table listed in a <co-partition specification>
shall be partitioned. They shall all have the same number of partitioning columns, and corresponding
partitioning columns shall be comparable.
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If there is more than one <co-partition specification>, then the cross product is formed between the co-
partitionings. More than one <co-partition specification> requires Feature B203, “More than one copar-
tition specification”.

9.15 Cross products of partitions

S to form cross products of partitions. (See Subclause 12.2, “Partitions and virtual processors”
e information about the formation of partitions.) The DBMS can choose not to support crioss pro
hrtitions, with syntactic restrictions such as the following:

table parameter”).

Permit at most one table parameter with set semantics. In this case, the DBMS will not support Fe
B202, “PTF Copartitioning”, since co-partitioning is only possible if there\are at least two inputt
with set semantics.

Permit more than one table parameter with set semantics, but allow at most one of them to be p
tioned. In this case the DBMS will not support Feature B202,“PTF Copartitioning”.

Permit more than one table parameter with set semantics; and allow them all to be partitioned

be listed in a single <co-partition specification>.

If the DBMS supports cross products of partitions, then the DBMS can claim conformance to Featur

B20

9.1

<deq
<(

<deq

7, “Cross products of partitionings”.

6 <descriptor arguments

criptor argunent> ::=
escriptor val ue constrluctor>

criptor value consthuctor> ::=

DESCRI PTOR <l eft paren> <descriptor colum |ist> <right paren>

<deq
<(

<deq
<(

A<

criptor columytist> ::=
escriptor €elumm specification>
[ { <cohmma> <descriptor colum specification> }... ]

criptor. col um specification> ::=
ol 4om nanme> [ <data type> ]

for
cts

Permit at most one table parameter (thatis, do not support Feature B201, “More than one PTF generic

ure
bles

arti-

but

require that if there are at least two partitioned inputtables, then all partitioned input tables shall

RCORIDTADR

N
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each column name may optionally have a data type. If every column name has a data type, then the
descriptor describes a row type. In the examples, CSVreader and Pivot use descriptor arguments that
are just lists of column names; ExecR is an example that uses a descriptor to pass a complete row type.
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10 Compilation

With an invocation written, it is time to compile the invocation. For the query author, this step correSponds
to PREPARE in dynamic SQL. If an embedded language preprocessor is being used, then query compildtion
may| occur when the embedded program is compiled. Also, if a PTF is invoked in a DDL gbject, such s a
view definition or the body of an SQL-invoked routine, then the invocation may be compiled once and
exeduted many times. Using an interactive SQL interface, the query author is not aware of query cornpi-
latign as a separate step from query execution, but the DBMS and the PTF do perceive query compilgtion
and|query execution as two separate steps. This section will talk about querycompilation.

1042 Calling the describe component procedure

Primary audience: DBMS developer

To cpmpile a PTF invocation, the DBMS invokes the PTF describe component procedure. The DBMS dloes
the following:

1) |Create a private data area for the invocation. The private data area consists of one variable for ¢ach
item in the PRIVATE declaration of the CREATE FUNCTION statement that created the PTE.

2) |Create PTF descriptor areas for the inputtables. Each input table has a full row type descriptor|and
a requested row type descriptor. Thefull row type descriptor describes SELECT * from the inpyt
table. The requested row type deseriptor is empty so that the describe component procedure can
populate it. For an input table with set semantics, two additional PTF descriptor areas are required,
one for the partitioning and one for the ordering.

3) |Create the PTF descriptor,area for the initial result row type. If the PTF was created with a knoywn
list of proper result columns using <table function column list>, then the initial result row type
descriptor describésithe proper result columns specified in DDL. Otherwise, the initial result rqw
type descriptor is-empty.

4) |Give all of these PTF descriptor areas PTF extended names in the PTF name space.

5) [Create astatus variable (type CHAR(5)) initialized to '00000".

prog¢edure. The argument list conforms to the algorithm described in Subclause 6.3.5, “Component pro-
cedure signatures”. Any scalar arguments that are not compile-time constants (for example, columns)
are treated as null.

With this data in place, the DBMS is ready to assemble the argument list for the describe componenE

10.3 Inside the describe component procedure

Primary audience: PTF author
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10.3 Inside the describe component procedure

The PTF author supplies the logic of the PTF describe component procedure. The PTF describe component
procedure has four tasks:

1)

2)

3)

4)

10.

Primary audience: DBMS developer

The

ther) the DBMS quits with a syntax error. Otherwise, the DBMS inspects the requested row type descrip

and

folldwing constraints:

1)
2)

The
1)

2)
3)
4)

Ifth

aregs for userduring execution.

68

Validate the input arguments. If the input arguments are not acceptable, then the PTF describe
component procedure returns an error code in the SQL status argument. Returning an error to
DBMS will cause a syntax error.

the

If the input arguments are acceptable, populate the requested row type descriptor area for each

input table.

If the PTF was not created with either a <table function column list> or RETURNS ONLY PASS
THROUGH, then the PTF describe component procedure populates the initial result row type
descriptor area.

data that will be passed to the later run-time PTF component procedures.

4 Using the result of describe

PTF describe component procedure returns control to the DBMS. If the status code is not succe

the initial result row type descriptor for validity. Requested row type descriptors shall satisfy tl

The number of columns shall be a positive integeér.

The NAME components of the top-level itemdéscriptors shall be mutually distinct and equal to col
names of the input table.

initial result row type descriptor shall:satisfy the following:

The number of columns in the result row type shall be a positive integer, unless the PTF was cre
with RETURN ONLY PASS THROUGH (in which case there are no proper result columns).

Every column shall have-asname (not null or a zero-length string).
There shall be no duplicate column names.

Every column shall‘have a valid data type, that is, the components of the column’s SQL item
descriptor area.shall describe a data type.

e DBMS does not detect any errors, then the DBMS saves the private data area and the PTF descri

[f there is private data, the PTF describe component procedure is permitted to set values in the private

Ss,
tors
e

hted

ptor
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Optimization

Primary audience: DBMS developer, PTF author

1(E)

The
imp
g00
800

Standard does not specity how a DBMS Optimizes a P 1F Invocation, but this Subject 15 naturail
brtant to all three audiences. The query author wants good performance, the DBMS wants topro
l performance, and the PTF author also wants the query author (the PTF author’s customer).to ol
1 performance.

Althlough the standard does not specify how to optimize a PTF invocation, the importaht-thing to nd

herg

Firs
Thid

Secq
can

one
still
Prui
oute

is that the standard has left flexibility for the DBMS and the PTF author to achieve this.

L, if a PTF invocation is partitioned, then each partition is executed in a sepdrate virtual process
is the standard’s way of saying that these partitions can be executed in parallel on separate proces

nd, if the SQL-implementation supports Feature B204, “PRUNE WHEN-EMPTY”, then this featu
be used to eliminate empty partitions. The PTF author can do thisdfthe PTF does not produce re
mpty partitions. Even if the PTF does produce results on an empty partition, the query author ¢
specify PRUNE WHEN EMPTY if the query author is not interested in results from an empty parti
1ing empty partitions can be especially significant if there‘is'co-partitioning, because it reduces
r joins to single sided or inner joins.

Thixd, the interface to the describe component procedure supports column projection in two ways:

1)

2)

Fou
prog
diffe

su
are

The describe component procedure can eliminate'undesired input columns using the requested
type descriptors.

The DBMS can optimize pass-through calumns using column projection. For example, if the pas
through surrogate is a compressed value, only the columns that are actually referenced need to
compressed.

th, the DBMS can extend its RTF.interface during compilation to support additional PTF compo
edures for optimization. For:example, query planning frequently attempts to estimate the cost
rent query plans based pn-estimates of the size of intermediate tables. A DBMS might support a

corrllponent procedure for-providing size estimates to be used in query planning. The standard pern|
c

extensions to the PTFcomponent procedure interface, but they are extensions of the standard
not discussed further in this document.

vide
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12 Execution

12

1 _Introduction to PTF execution

Now
exe(

12]

Prin

The
virti
sem
Her

1)
2)

, consider the most complicated part of a PTF life cycle, the execution phase. Begin by lopking at the

ution model in the standard.

2 Partitions and virtual processors

nary audience: DBMS developer

DBMS begins the execution by partitioning the input tables. Each partition is assigned to a sepdrate
hal processor. There are nuances depending on the number of inpit tables, whether they have rpw
antics or set semantics, whether they are co-partitioned, andwhether they are pruned when empty.

e are some of the cases that can arise:
If there are no input tables, then the DBMS executes the'PTF in a single virtual processor.

If there is one input table:

a)

b)

3)

If the input table has row semantics, then.the DBMS can create an arbitrary number of virtpial

processors and assign each input row toany virtual processor using any algorithm of its choos$ing.
At one extreme would be to create acvirtual processor for each row; at the other extreme wpuld
be to process all input rows on the same virtual processor.

If the input table has set senrantics and is not partitioned, then the DBMS will first check td see
if the input table is empty and PRUNE WHEN EMPTY was specified. In this case, the DBMS does
not need to invoke the RTF at all; the result is empty. Otherwise (either there are rows, or KEEP
WHEN EMPTY was specified), the DBMS creates a single virtual processor to process the entire
input table. If the query has ordered the data, then the DBMS sorts the data before presentihg it
to the PTF fulfil cemponent procedure.

If the inputtable has set semantics and is partitioned, then again the DBMS will first check|to
see if the'input table is empty and PRUNE WHEN EMPTY is specified. In this case, the DBMS does
not ne€d-to invoke the PTF, since the result is empty. Otherwise, the DBMS partitions the data

according to the partitioning columns, creating one virtual processor for each partition. Thie
DBMS sorts each partition if requested by the query.

[f-there is one input table with row semantics and one table with set semantics, then essentially the

70

DBMS performs a cross product of the virtual processors called for by Item 1) and Item 2) above.
For example,

a)

b)

If the table with set semantics is not partitioned, then the DBMS could choose to use an imple-
mentation-dependent algorithm to partition the input table with row semantics, creating one
virtual processor for each implementation-dependent partition, and “broadcast” the entire table
with set semantics to each virtual processor.

If the table with set semantics is partitioned, then the DBMS could set up virtual processors
corresponding to the partitions of that table, broadcasting the entire table with row semantics
to each virtual processor.
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See Subclause 13.5.9, “Virtual processors for Score”, for examples of these scenarios.

4) Ifthere are two input tables with set semantics, then by default the cross product of partitions of
one table with partitions of the other table is formed, with one virtual processor for each combination
of partitions. This default is overridden if co-partitioning is specified. Co-partitioning is best under-
stood by looking at the example in Subclause 13.8.9, “Virtual processors for Similarity”.

5) Ifthereis oneinputtable with row semantics and two input tables with set semantics, then the DBMS
creates virtual processors that are essentially the cross product of Item 1) and Item 4).

6) |With more input tables, the possible configurations grow by generalizing the preceding points.

Not¢ that the scenarios that involve cross products of partitions are permitted only if Feature|B207
“Crdss products of partitionings”, is supported; otherwise, these cross product scenarios canhot arise
becduse the syntax that leads to them is prohibited. See Subclause 9.15, “Cross products’of partitions”,
for 4 discussion of some of the syntactic restrictions that a DBMS might adopt to avoid)having to crgate

crogs products of partitions.

On ¢gach virtual processor, the DBMS instantiates the PTF private variables using‘the values that wete
output from the PTF describe component procedure. Note that the PTF private variables are local to ¢ach
virtyial processor, so they cannot be used to share information between¢virtual processors.

On gach virtual processor, the DBMS also instantiates all the PTF descriptor areas that it had after the
PTF|describe component procedure exited. The DBMS also creates the following new PTF descriptd
areds:

=

1) [For each input table, the cursor row type descriptor. This is the same as the requested row typg
descriptor, plus one additional column for the pass-through input surrogate column if the input table
has pass-through columns.

2) [The intermediate result row type descriptor. Fhis is the same as the initial result row type descriptor,
plus one additional column (the pass-through output surrogate column) for each input table with
pass-through columns.

Each PTF descriptor area receives a PTE €xtended name in the PTF namespace. The PTF extended names
do 1ot need to be the same as used with the describe component procedure, but they might as well|be,
and|that convention is assumed in the examples.

The|DBMS also needs to allocate a CHAR(5) variable for a status code, initialized to '00000' for sucdess.
In these examples ST is the name of this status code variable.

12{3 Callingthe start component procedure

Primary audience: DBMS developer

On ¢ach virtual processor, the DBMS invokes the start component procedure (if any). The techniqud for

no he paramete aVaivViaWeha a e 6 omhonen proced O a e

___ ¥

examples,only two PTFs have start component procedures: CSVreader (see Subclause 13.3,“CSVreader”)
and ExecR (see Subclause 13.7, “ExecR”).

12.4 Inside the start component procedure

Primary audience: PTF author
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The typical task for the PTF start component procedure is to initialize a non-DBMS resource for the PTF
fulfill component procedure. In the examples, CSVreader_start opens a file (Subclause 13.3.12, “Inside
CSVreader_start”) and ExecR attaches to an R engine (see Subclause 13.7.11, “Inside ExecR_start”. If the
PTF start component procedure is unable to access the resource, the procedure returns an error code to
the DBMS. Otherwise, a “handle” in the private data is typically used to pass the resource from the PTF
start component procedure to the PTF fulfill component procedure. It is also possible that a PTF start
component procedure might generate output row(s), for example, if there are “header” rows for the
complete output on a virtual processor. However, the PTF start component procedure cannot set any

loos L | L i d +1 3 it | 1L.d 1 faore loos 1
paS. T OUSIT COTUIITIITIS O L TaUSTTr OO TS IO TITIav e a CUT SUT U SU P PTy a valra varaCTUT a PpasSS—tT Ut EITr S Irro-

gate.

12/5 Calling the PTF fulfill component procedure

Primary audience: DBMS developer

On gach virtual processor; if the start component procedure has been invokéd;the DBMS checks thg
statps code.

Assyiming the status code was success, the DBMS opens a read-only nen*scrollable cursor for each input
tablp. The cursor ranges over just the rows of the partition assigned to the virtual processor. The DBMS
givels the cursor an extended name in the PTF namespace.

12/6 Inside the PTF fulfill component procedure

Primary audience: PTF author

Theltask of the PTF fulfill component procedure is to generate the output rows. Each output row is pagsed
to the DBMS using the PIPE ROW command, described in Subclause 8.7, “Outputting a row”. If therg are
inpyt rows, the PTF fulfill componentprocedure will generally read them from the PTF dynamic curgors.

12/7 Closing cursors

Primary audience: DBMS'developer

Wh¢n the PTF fulfill’component procedure finishes on a virtual processor, the DBMS can close the input
curgors on that\virtual processor.

12/8°Calling the PTF finish component procedure

Primary audience: DBMS developer

On each virtual processor, the DBMS invokes the finish component procedure (if any). In the examples,
only two PTFs have finish component procedures: CSVreader and ExecR.
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12.9 Inside the PTF finish component procedure

Primary audience: PTF author

The typical task for the PTF finish component is to perform any finishing activity on any non-DBMS
resource that was obtained in the PTF start component procedure. In the examples, CSVreader_finishes
closes a file (Subclause 13.3.12, “Inside CSVreader_start”) and ExecR releases an R engine (see

Subclause 13.7.11, “Inside ExecR_start”). A PTF finish component procedure might also output rows, for
exalfiple, “summary . or I0Oter TOws.

12.10Collecting the output

Primary audience: DBMS developer

Whgnever a start, fulfill, or finish component procedure performs a PIPE ROW. cemmand, the DBM
plades the row into the result of the <table primary>. If the virtual processoxrs are running concurrently,
this|will require aggregating the output rows across the servers on whigh'the virtual processors are
running.

1211 Cleanup on a virtual processor

Primary audience: DBMS developer

When a virtual processor has finished, the DBMS cantdeallocate all the PTF descriptor areas on that viftual
progessor.

121 2Final result

Primary audience: DBMS developer

When all virtual processors hiave finished, the DBMS has the complete result of the PTF invocation, ps
the ©inion of the rows that were output on each virtual processor by the PTF fulfill component procedure.
If there are partitioniing columns, the result rows are prefixed with the partitioning columns.
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13 Examples

13.1 _Introduction to the examples
Thelexamples were chosen to exemplify the scenarios cited in Table 23, “Scenarios illustrated by the
examples”.

Table 23 — Scenarios illustrated by the examples

Exgmple Input scenario Output scenario Othercharacteristic

Prgjection One input table with row | Row type provided by Eully worked code examplgs.
semantics. query author; pass-

through columns.
CSVreader No input tables. Row type determinéd by | Start and finish componenit
reading a file. procedures, using private data
for a file handle.

Pivpt One input table with row | Proper resuilt columns
semantics and pass- determined from descrip-
through columns. tor arguments supplied by

query.

Scdre One input table with row; [*One proper result column
semantics and pass- declared in DDL.
through columns, ohe
input table withset
semantics and-no pass-
through columns.

TopNplus One input'table with set | Resultrow typeis same as | Private data to communicdte
semaiitics, sorted. The input row type (if rewrit- | between describe component
example does not use ten with pass-through procedure and fulfill compo-
pass-through columns, but | columns, there is one nent procedure.
could be rewritten to use | proper result column,
pass-through columns. declared in DDL).

ExqcR One input table with set | Row type provided by Start and finish compone
Semantics and No pass- query (rather than procedures, using private data
through columns. inferred by PTF). for a handle to an R engine.

Similarity Two input tables with set | Fixed row type declared
semantics and no pass- in DDL.
through columns, sorted.

UDjoin Two input tables with set | Only pass-through
semantics, both with pass- | columns.
through columns.
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13.1 Introduction to the exam

ples

Example Input scenario Output scenario Other characteristic
Nested PTF Nested PTF invocation.
invocation

13 2—Projection

13.
Thid
proj
desq

The
evel
the

Usirn

SELH

FROYW TABLE ( Projection (

In this query, the input table is Emp; let us assume that it has four columns (Empno INTEGER, Ename
CHAR(30), Salary INTEGER, Manager,INTEGER). The input table has correlation name E. Becati%e

VAR
the

qua
resuy
nam

13.

The
1)

0.1 Overview

example shows how a PTF could perform a column projection of its input table.Of course, colu

riptor that the DBMS or the PTF generates.

example also demonstrates the use of pass-through columns, which-in this example will replicg
y input column. Again, this is not an interesting use of pass-through columns, but it demonstrat
fechnique, including the handling of the input and output surtogate columns.

g Projection, the query author will be able to write a query such as the following:
FCT P. Enpno, E. Enpno, E. Enane
I nput => TABLE (Enp) AS E,

Col utms => DESCRI PTOR ( Enpnpo)
) AS P

nput table has pass-through coldmns, all columns of Emp are available in the output of Projecti
ified by E. The query has chosen to access E.Empno and E.Ename. Projection also has one prop¢
It column, which is simply atcopy of Empno. The proper result column is qualified by the correlg
e P, seen as PEmpno in the SELECT list.

2.2 Functional Specification of Projection

PTF author‘decides that Projection will have two parameters:

An iriput table.

ection is a basic capability of SQL, so there is no need to write such a PTE. The main point to thi$
example is that it is fully worked, showing every line of code that the PTF author'writes, and every

mn

€S

n,
b1
tion

2)

Adescriptor that lists the columns of the input table to be projected as proper result columns g

Projection.

The PTF can operate on a row-by-row basis; therefore, the input table will have row semantics. In addition,
the PTF author decides to permit pass-through columns.

These decisions lead to the following skeleton DDL for Projection:

CREATE FUNCTI ON Proj ection (

I nput TABLE PASS THROUGH W TH ROW SEMANTI CS,
Col unms DESCRI PTOR

) RETURNS TABLE
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DETERM NI STI C
READS SQL DATA
13.2.3 Design specification for Projection

The design specification provides the details that are private to the PTF (not visible to the query author).
For the dncign cppr‘ifir‘:\ﬁnn’ the PTE author decides:

1) [Whether start and finish component procedures are required.

Projection does not require any resources outside the DBMS, so start and finish component procedures
are not required.

2) [The names for the PTF component procedures.

The PTF author decides to name the describe component procedure Projection_describe and the
fulfill component procedure Projection_fulfill.

3) |[Whether the PTF needs any private data.

There is no information to pass from compile time to run-time, other than the information that|will
be captured in the descriptors that the DBMS will build and pass to the fulfill component procedure.
This fact will become clear when the logic of the fulfill component procedure is examined. (In agtual
PTF development, the PTF author may revisit this decision as the development unfolds.)

As aresult of these decisions, the PTF author can enhancéethe skeleton DDL as follows:

CREATE FUNCTI ON Proj ection (

I nput TABLE PASS THROUGH W TH ROW SEMANTICS,
Col umms DESCRI PTOR

) RETURNS TABLE

DETERM NI STI C

READS SQ. DATA

DESCRI BE W TH PROCEDURE Pr oj ect ionydescri be
FULKFI LL W TH PROCEDURE Proj ecti-on_ful fill

13.2.4 Projection component procedures

The|DBMS should provide a tool for the PTF author that will generate the signatures of the PTF compohent
prog¢edures fromithe€ skeleton PTF definition.

A kdy decisionfor the DBMS is the maximum length of descriptor and cursor names. These names will
be automatically generated and can be meaningless, other than the fact that they are unique. As explajned
ters,

=936 different names. The examples in this document assume two-character names, which is more than
adequate for the length of parameter lists in the examples.

The DBMS tool will generate parameter definitions for the PTF component procedures that are derived
from PTF parameters. The DBMS should document its conventions for generating the parameters of the
PTF component procedures. The conventions used in this document are as follows:

1) Scalar parameters are simply copied from the PTF parameter definition to the corresponding PTF
component parameter definition.
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2) A descriptor parameter of a PTF generates a VARCHAR(2) parameter of the PTF component proce-
dures. To highlight that the parameter is a descriptor name, “_descr” is appended to the parameter
name in the PTF component procedure.

3) Atable parameter requires several descriptors and one cursor, as enumerated in Subclause 6.3.5,
“Component procedure signatures”. Each of these is a VARCHAR(2) parameter in the PTF component
procedures. The names of these parameters are derived by appending specific strings to the PTF
parameter name, as shown in Table 24, “Deriving parameter names”.

Table 24 — Deriving parameter names

Descriptor or cursor Suffix on the parameter name
Full row type _row_descr

Partitioning (set semantics _pby_descr

only)

Ordering (set semantics only) | _order_descr

Requested row type _request_descr
Cursor row type _cursor_descr
Cursor _cursor_name

4) |There are two result row descriptors; this document calls these the Initial_result_row and the
Intermediate_result_row, both of type VARCHAR(2).

5) |There is a status parameter of type CHAR(5) named Status.
6) [The describe component procedure is-always DETERMINISTIC.

7) [The other component procedures copy either DETERMINISTIC or NOT DETERMINISTIC from the
PTF definition.

8) [The fulfill component procedure copies the SQL-data access (either CONTAINS SQL or READS SQL)
from the PTF definition:

9) |[The other component procedures have SQL-data access CONTAINS SQL.
Using the DBMS tgelas specified above, the output of the tool might look like this:

CREATE PROCEDURE Proj ection_describe (

I N I nput.Yrow _descr VARCHAR(2),

I N nput _request _descr VARCHAR(2),
IN_Col ums_descr VARCHAR(2),
IN“Initial result row VARCHAR(?)

I NOUT Status CHAR(5)

) LANGUAGE SQ. DETERM NI STI C CONTAI NS SQL
SQ. SECURI TY DEFI NER

BEG N

END

CREATE PROCEDURE Projection_fulfill (
I N I nput _cursor_descr VARCHAR(2),
I N I nput _cursor_name VARCHAR(2),
I N Col ums_descr VARCHAR(2),
IN Internedi ate_resul t _row VARCHAR(2),
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I NOUT Status CHAR(5)

) LANGUAGE SQL DETERM NI STI C READS SQL DATA

SQL
BEG
END

SECURI TY DEFI NER
N

13.2.5 Invoking Projection

The

SELF

query author writes the following query:

ECT P. Enpno, E. Enpno, E. Enane

FROY TABLE ( Projection (
I nput => TABLE (Enp) AS E,
Col utms => DESCRI PTCR ( Enpno)

13.

Give

1)

) AS P

2.6 Calling Projection_describe

n the query, the DBMS assembles the arguments to Projectiofivdescribe. There are five arguments:

Input_row_descr, the descriptor of the input table’s row type. Emp has the following signature:

TABLE Emp (
Enmpno | NTECER,
Enane VARCHAR( 30),
Sal ary | NTEGER,
Manager | NTEGER )

The DBMS builds a descriptor for Emp’sirow type, naming it '[1', with the contents illustrated in

Table 25, “Descriptor for Emp’s rowctype”.

Table 25 — Descriptor for Emp’s row type

Content
Header | COUNT =4
TOP_LEVEL_COUNT = 4
Other components unspecified
Item1 | NAME ='EMPNO'

LEVEL =0
TYPE = 4 (for INTEGER)
Other components unspecified

78
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Content

[tem 2

NAME ="'ENAME'

LEVEL=0

TYPE = 12 (for VARCHAR)

LENGTH =30
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, and CHARAC-

13.2 Projection

TER_SET_NAME are the catalog, schema,
and local name of the default character
set.

Other components unspecified

[tem 3

NAME = 'SALARY'

LEVEL =0

TYPE = 4 (for INTEGER)

Other components unspecified

[tem 4

NAME = 'MANAGER'

LEVEL =0

TYPE =4 (for INTEGER)

Other components unspecified

Input_request_descr, the input table’s requested row type. The DBMS assigns this descriptor the[PTF
extended name 'A1l'. This is an empty descriptor, asdllustrated in Table 26, “Input table’s requegted

row type”.

Table 26 — Input table’s requested row type

Content

Header

COUNT =0
TOP_LEVEL_COUNT = 0
Other components unspecified

Columns_descr, the-descriptor generated from the query’s argument. The DBMS assigns this th
name 'Q’, with the'contents shown in Table 27, “Descriptor generated from query’s argument”.

Table 27 — Descriptor generated from query’s argument

A3

Content
Header | COUNT =1

TOP_LEVEL COUNT=1

Other components unspecified
Item 1 NAME = 'EMPNO'

LEVEL =0
TYPE = 0 (for unspecified type)
Other components unspecified

Initial_result_row, the descriptor of the proper result columns. The DBMS assigns this the name 'R'".
This is another empty descriptor, as seen in Table 28, “Descriptor of initial result row”.
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Table 28 — Descriptor of initial result row

Content

Header | COUNT =0
TOP_LEVEL_COUNT =0
Other components unspecified

5) |Status, the status argument. The DBMS allocates a CHAR(5), initializes it '00000" (success):

After assembling these arguments, the DBMS can call Projection_describe like this:

CALL Projection_describe (

| nput _row_descr => "11",

| nput _request _descr => "'Al",
Col ums_descr VARCHAR => 'Q
Initial _result_row => "R,
Status => ST

13.2.7 Inside Projection_describe

The|tasks for Projection_describe are:
1) |Examine the arguments for validity, returning an‘error if they are not valid.

2) |Populate the requested row type descriptorwith the names of the columns that Projection wishes
to receive during execution.

3) |Populate the initial result row type with the names and data types of the proper result columns.

The|code for Projection_describe might be:

CREATE PROCEDURE Proj ecti onhdescribe (
I N I nput _row descr VARCHAR(2),
I N I nput _request _descr VARCHAR(2),
I N Col ums_descrCVARCHAR( 2) ,
IN Initial_result”row VARCHAR(2),
I NOUT St at us¢ CHAR( 5)
) LANGUAGE SQL<{BETERM NI STI C CONTAI NS SQL
SQL | SECURI TY. DEFI NER
BEG|N
/1 localNvariabl es used to scan Col unms_descr
*41 (Col'ummsl, Cl1, Nanmel) and | nput_row descr
*4 YCol ums2, C2, Nane2)
*
DECLARE Col umms1, Col ums2 | NTEGER;
/* nunber of colums */
DECLARE C1, C2 INTEGER, /* current colum nunber */
DECLARE Nanel, Nane2 VARCHAR(128);
/* current columm nane */
DECLARE Found BOCLEAN; /* flag set to TRUE if a
** mat ching columm nane is found */
/* Copy Col umm_descr to |nput_request_descr.
** Note that the DBMS only requires the colum
** nanes in |nput_request_descr, not their types.

80 © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

** |t is an error if a colum nanme in

** | nput _request _descr is not a colum in

** | nput _row_descr, but the DBMS will perform
** that check so Projection_describe does not
** need to */

COPY DESCRI PTOR PTF Col utms_descr
TO PTF | nput _request _descr;
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| —Poputate—ni-Hal—esdt—row—Each—colurh

*4 naned i n Col ums_descr provides the nane

*4 of a proper result columm, because this is

*4 inplenenting a projection operation.

*31 The columm in I nput_row descr nust be found and
*4 the type information copied to Initial_result_row

*

GET DESCRI PTOR PTF Col um_descr
Col ums1 = TOP_LEVEL_COUNT;

GET DESCRI PTOR PTF | nput _row descr
Col utms2 = TOP_LEVEL_COUNT;

/1 Quter |oop scans the colum nanes

*4 in Colums_descr

*

SET C1 = 1;

Oyt erl oop: WHILE (Cl <= Colummsl1) DO

GET DESCRI PTOR PTF Col um_descr VALUE Cl
Nanel = NAME;

/* Inner |oop scans the col um namnes

** in | nput_row_descr

*/

SET C2 = 1;

SET Found = FALSE;

I nnerl oop: WHILE (C2 <= Col umi2)) DO

GET DESCRI PTOR PTF | nput _row descr VALUE C2

Nane2 = NAME;

/* Check for a match. ¥/
| F (Namel = Nanme2) \THEN
COPY DESCRI PTOR)PTF | nput _row_descr
VALUE C2_(NAME, TYPE)
TO PTF_ Lnbti al _result_row VALUE C1,
SET Found.,= TRUE;
LEAVE-I'nner | oop;
END |F;
SET<€2"= C2+1;
END WHI'LE | nnerl oop;

/| * IH—-ho match was found return an aorragr *x/
B 7 +

| F (Found = FALSE) THEN
SET Status = '42000'; /* syntax error */
RETURN;

END | F;

/* go to next proper result colum */
SET C1 = Ci1+1;
END WHI LE Qut erl oop;

/* Success! just return; Status is already success */
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RETURN;

END

13.2.8 Result of Projection_describe

In this example, Projection_describe populates the Input_request_descr descriptor as seen in Table 29,

“Populated inputrequest Hacr‘ripfnr"

The

Proj

Table 29 — Populated input request descriptor

Content
Header | COUNT =1
TOP_LEVEL_COUNT =1
Other components unspecified
Item 1 NAME = "EMPNO'

LEVEL =0
TYPE = 0 (for unspecified type)
Other components unspecified

initipl result row descriptor”.

The

DBMS checks that this is a non-empty list of distinct column names of the input table Emp.

lection_describe populates the Initial_result_row deseriptor, which is seen in Table 30, “Populatg

Table 30 — Populated initial result row descriptor

Content
Header | €OUNT =1
TOP_LEVEL_COUNT =1
Other components unspecified
Item 1 NAME = "EMPNO'

LEVEL=0
TYPE = 4 (for INTEGER)
Other components unspecified

DBMS checks this descriptor for validity as an output row type: at least one column, acceptable dis

coluymnaames (not zero-length or null), and valid data types.

d

finct

13.2.9 Virtual processors for Projection

There is a single input table with row semantics; therefore, the DBMS is free to create any number of
virtual processors and assign rows to them in an implementation-dependent fashion (round robin, random,
etc.)

Prior to starting any virtual processors, the DBMS can determine the row type of the input table cursor,
since that will be the same on all virtual processors. Since the input table has pass-through columns, the

82

© ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

ISO/IEC 19075-7:2021(E)
13.2 Projection

cursor row type is the requested row type plus one additional column, the pass-through input surrogate
column. The DBMS gives this column an implementation-dependent name and data type.

13.2.10 Calling Projection_fulfill

On each virtual processor, the DBMS calls Projection_fulfill. Recall that its signature is:

PROCEDURE Projection_ful fill (

IN I nput _cursor_descr VARCHAR(2),

I N I nput _cursor_nane VARCHAR(2),

I N Col ums_descr VARCHAR(2),

IN I nternediate_result_row VARCHAR(2),
I NOUT Status CHAR(5)

Thig requires three descriptors, a cursor, and a status variable, as follows:

1) |Input_cursor_descr describes the input cursor’s row type. This consists of the columns that Prdjec-
tion_describe requested in using Input_request_descr, plus one column for the pass-through input

surrogate. The DBMS names the pass-through input surrogate cdlumn '$surrl’ (this name is imjple-
mentation-dependent, but shall not be equivalent to any colummnname of the requested row type or
the intermediate result row type). The DBMS builds a descriptor and names it 'CR’; the content§ are
shown in Table 31, “Input cursor’s row type descriptor”.

Table 31 — Input curser’s row type descriptor

Content

Header | COUNT=2
TOPSLEVEL_COUNT =2
Otheér components unspecified

Item 1- |'NAME = 'EMPNO'

LEVEL =0

TYPE = 4 (for INTEGER)

Other components unspecified

Item2 | NAME = '$surrl’
LEVEL =0
TYPE = implementation-dependent

2) [The DBMS opens a cursor and gives it the PTF extended name 'CN".

3) [The DBMS builds a descriptor from the Columns argument in the PTF invocation, naming it 'Q'. [Chis
has the same contents as previously seen in subclause 13.2.6, “Calling Projection_describe .

4) The DBMS builds a descriptor of the intermediate result row type, calling it 'MR'. The intermediate
result row consists of the initial result row plus the pass-through output surrogate column. The name
and type of the pass-through output surrogate column shall be the same as the name of the pass-
through input surrogate column.

5) The DBMS allocates a CHAR(5) variable called ST for the status variable.

After creating and naming these things, the DBMS calls Projection_fulfill like this:

CALL Projection_fulfill (
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1321

| nput _cur sor_descr => 'CR,

I nput _cursor _name => 'CN ,

Col ums_descr => 'Q,
Intermediate_result_row => "M,
Status => ST

The
row
can
row

CREA

) LA

SQL
BEG

/5\
* N
* N
* N
* N
* N

* N

11 - D 3 43 £33 16311
L IISIUT T TUJTCULIULL_TuIninx

to the intermediate output row and repeat.

A\TE PROCEDURE Projection_fulfill (

I N I nput _cursor_descr VARCHAR(2),

I N I nput _cursor_nane VARCHAR(2),

I N Col ums_descr VARCHAR( 2),

IN I nternediate_result_row VARCHAR( 2),
I NOUT Status CHAR(5)

ANGUAGE SQL DETERM NI STI C CONTAI NS SQL
SECURI TY DEFI NER

N

condi tion handler for the subsequent | oop.

When the input cursor is exhausted this

handl er will be invoked, causing
Projection_fulfill to exit.

There is no other task for the condit¥on handl er
so a no-op would be sufficient. SQ.~does not
have a no-op, so Status is set to’success */

DECLARE EXIT HANDLER FOR NOT FOUND

ShH

/5\
L

EN
END

13.2

FT Status = ' 00000’ ;

Loop until there is no nore data */
op: WH LE TRUE DO
FETCH PTF | nput _cur ser ~aane

| NTO DESCRI PTOR RTFE~l nput _cur sor _r ow,

COPY DESCRI PTOR PTE/I nput _cursor _row ( DATA)

TO PTF I nterpedi‘ate_result_row,
Pl PE ROW PTE~hnt'er nedi at e_resul t _r ow;
\D WHI LE Loap,

.12 Collecting the results

task for Projection_fulfill is to read the input cursor and write output rows. Note that the inputcur;
type is precisely the same as the intermediate output row. This means that Projection”fulfill’s 1
be very simple: read a row from the cursor; test for end of data; if data was read, thenCopy the i1

or’s
gic
hput

Each time that Projection_fulfill executes a PIPE ROW statement, the DBMS builds a row of output. The

intermediate result row that is delivered to the DBMS has two columns:

1)

2)

84

The proper result column EMPNO. This column can be copied into the complete result row, where

it is qualified by the correlation name P.

The pass-through output surrogate column $surrl. This column is expanded into the columns of

Emp, qualified by E.
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13.2.13 Cleanup

When Projection_fulfill finishes on a virtual processor, the DBMS can destroy the virtual processor.
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13.

3 CSVreader

13.3.1 Overview

A spreadsheet can generally output a comma-separated list of values. Generally, the first line of the file
contains a list of column names, and subsequent lines of the file contain data. The data in general can be

treafed as a large VARCHAR. However, some of the fields may be numeric or datetime. The PTT auth

has
this

The

13.

The
1)
2)
3)
Thu

FUN(

RETL
NOT
CON]

Not
dep
pare

13.

For

1)

provided a PTF called CSVreader designed to read a file of comma-separated values and intérpt
file as a table.

distinguishing feature of this example is that there are no input tables.

8.2 Functional specification of CSVreader

PTF author decides that CSVreader have the following inputs:
The file name, a character string.

An optional list of column names to be treated as REAL.

An optional list of column names to be treated as DATE;

5 the signature that is visible to the query author will be:

CTI ON CSVr eader (

Fi | e VARCHAR(1000),

Fl oat s DESCRI PTOR DEFAULT NULL,
Dat es DESCRI PTOR DEFAULT NULL )
URNS TABLE

DETERM NI STI C

Al NS SQL

e that this example has no inputtable. This example is non-deterministic because the results will
ending on the contents of the file. The SQL-data access is CONTAINS SQL because there are no t4
meters and no side tables'that are read by the PTF.

8.3 Design specification for CSVreader

the design‘specification, the PTF author decides:

‘Whether PTF start and/or finish component procedures are required.

or
et

yary
ble

2)

86

The PTF author decides to have a PI'l start component procedure to open the input file, and a
finish component procedure to close the input file.

TF

An alternative design would be to simply open and close the file in the PTF fulfill component procedure.

This design has been chosen to illustrate the technique, without recommending or discouraging
technique.

The names of the PTF component procedures.

The PTF author decides to name the PTF component procedures CSVreader_describe, CSVreader_s
CSVreader_fulfill and CSVreader_finish.
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3) The private data for the PTF component procedures.

The PTF start component procedure will open the file and pass a handle to subsequent runtime
stages.

After making these decisions, the PTF author writes the following skeleton definition of CSVreader:

CREATE FUNCTI ON CSVr eader (
Fil e VARCHAR(1000),

ol | at o DECODL DT N ALL T NI
oot S DEoTHr T o o oe T INoET;

Dat es DESCRI PTOR DEFAULT NULL )
RETURNS TABLE

NOT |DETERM NI STI C

CONTAINS SQL

PRI YATE DATA (

Fi | eHandl e | NTEGER )

DESCRI BE W TH PROCEDURE CSVr eader _descri be
START W TH PROCEDURE CSVreader _start

FULKFI LL W TH PROCEDURE CSVreader _ful fill

FI NIfSH W TH PROCEDURE CSVreader _fi ni sh

13.3.4 CSVreader component procedures

The|DBMS should provide a tool that takes the preceding skeléton DDL for CSVreader and generateg the
folldwing skeleton signatures for the PTF component procedures. It is assumed that the PTF author|will
implement the PTF in SQL/PSM.

CREATE PROCEDURE CSVreader _describe (

I NOUT Fil eHandl e | NTEGER,

IN File VARCHAR(1000),

I N Fl oats_descr VARCHAR(2),

I N Dat es_descr VARCHAR(2),

IN Initial_result_descr VARCHAR(2),

I NOUT Status CHAR(5)

) LANGUAGE SQL DETERM NI STI C+«CONTAI NS SQL
SQ |SECURI TY DEFI NER

BEG|N

END

CREATE PROCEDURE CSVr-eader_start (

| NOUT Fi | eHandl.e | NTECER,

IN Fil e VARCHAR(1000),

I N Fl oat stdescr VARCHAR(2),

I N Dat es_descr VARCHAR(2),

I N I nternedi ate_resul t _descr VARCHAR(2),

I N@UT St atus CHAR(5)

) LANGYACE SQ. NOT DETERM NI STI C CONTAI NS SQL

QEALIDL T\, N A
Sq— SOECUND T T DT INETN

BEG N
END

CREATE PROCEDURE CSVreader _ful fill (
| NOUT Fi | eHandl e | NTECER,
IN Fil e VARCHAR(1000),
I N Fl oats_descr VARCHAR(2),
I N Dat es_descr VARCHAR(2),
IN Internedi ate_resul t _descr VARCHAR(2),
I NOUT Status CHAR(5)
) LANGUACE SQ. NOT DETERM NI STI C CONTAI NS SQL
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SQL SECURI TY DEFI NER
BEG N
END

CREATE PROCEDURE CSVreader _finish (

IN Fil eHandl e | NTEGER,

IN File VARCHAR(1000),

IN Fl oat s_descr VARCHAR(2),

I N Dat es_descr VARCHAR(2),
NRerredi-at-e—restt—deser—YARCHARC2 )

I NOUT Status CHAR(5)

) LANGUAGE SQL NOT DETERM NI STI C CONTAI NS SQL
SQ |SECURI TY DEFI NER

BEG|N

END

NOTE 1 —

1) DBMS tool output should go to one or two files. If the PTF author will be writing in SQL#PSM, then the output c3dn go
to a single file with the preceding contents. If the PTF author will be writing in an external language such as C, then
the output should go to two files, one for the SQL DDL similar to the above and anothier with a skeleton procedure
header in the external language.

P)  The names of the parameters are arbitrary as far as the DBMS is concerned; actually, they are not even required for
the DDL to accompany an external language. However, the PTF author willwant the parameter names of the PTF
component procedures to be similar to the parameter names of the PTF itself. The DBMS tool should have som¢q pre-
dictable algorithm for generating the parameter names. In this exaniple, the DBMS tool has added _descr to the npmes
of the PTF descriptor area parameters.

B)  The penultimate parameter is the extended name of the descriptor area for the result row type of the PTF. For the
describe component procedure, this is the initial result row type descriptor, and for the run-time component proceglures
this is the intermediate result row type descriptor.

1)  The final parameter is an SQLSTATUS code. This is anINOUT parameter which the DBMS initializes to success (‘00000');
the PTF component procedure changes this value'té indicate failure. Later, writing the routine body of the PTF ¢om-
ponent procedures is considered.

13.3.5 Implementation of CSVreader

Next the PTF author writes the'bodies of the PTF component procedures. The logic of each PTF componhent
prog¢edure below is discussed-at the point where the procedure is invoked, to provide context to understand
the logic of each component procedure.

13.3.6 Invoking CSVreader

The|queryauthor can see the following signature:

FUI\I{"I'I OO\ [ ador L
NCTTor—coS v cateT L\

Fil e VARCHAR(1000),
Fl oats DESCRI PTOR DEFAULT NULL,
Dat es DESCRI PTOR DEFAULT NULL )
RETURNS TABLE
NOT DETERM NI STI C
CONTAI NS SQL

The PTF author has documented to the query author the appropriate use of the parameters:
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— File: a character string containing the name of a file. The file should contain text formatted into lines.
Each line is subdivided by commas into fields. In the first line, the fields are regarded as supplying

column names. Each remaining line of the table produces one row of output.

— Floats: by default, a field of the input file is regarded as a character string. However, this argument

can be used to declare the names of columns that are to be interpreted as floating point.

— Dates: this argument can be used to declare the names of columns that are to be interpreted as dates

according to some format.

Using this information, the query author writes the following invocation of CSVreader PTF:

SEL
F

Tor]
havy{

Each remaining line of the file shall be a comma-separated list of values; the fields for the principle

inte

13.

Ino
CSV;
list

PRO(

I NO|
)

The
PRI

The
of C

C‘l’ *
TABLE ( CSVreader (
File => "abc.csv',

Fl oats =>

DESCRI PTOR ("principle", "interest")
Dat es => DESCRI PTOR ("due_date")
) ) AS S

e a comma-separated list of column names, among which shall be principle, interest, and due_d4

Fest columns shall be formatted numerically; the field for due_date shall be formatted as a date.

8.7 Calling CSVreader_describe

Fder to compile the preceding query, the DBMSi¢alls the PTF describe component procedure,
reader_describe. As stated in Subclause 13.3.4) “CSVreader component procedures”, the paramg
f CSVreader_describe is:

CEDURE CSVr eader _descri be (

| NOUT Fi | eHandl e | NTECER,

IN File VARCHAR(1000),

I N Fl oat s_descr VARCHAR(2)\

I N Dat es_descr VARCHAR(2),

IN Initial_result_descr VARCHAR(2),
UT St at us CHAR(5)

private data is:

ATE DATA.(( Fi | eHandl e | NTEGER )

[DBMS.allocates the private variable shown above, initialized to null. This is passed as the first argun
bVreader_describe.

un successfully, there must be an operating system file named abc.csv The first line of the file shall

ite.
and

ter

nent

The

next argument, F1le, 1s a scalar that 1s simply copied irom the 1nvocation of LSVreader.

The next two arguments, Floats_descr and Dates_descr, correspond to Floats and Dates, respectively, in
the invocation of CSVreader. The query author has passed the following two DESCRIPTOR constructors
in the invocation of CSVreader:

DESCRI PTOR ("principle", "interest")
DESCRI PTOR (" due_dat e")
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The corresponding arguments in CSVreader_describe are character strings holding the PTF extended
names of the PTF descriptor areas. The DBMS might name these PTF descriptor areas Q1 and Q2. Q1 has
the contents shown in Table 32, “PTF descriptor area for floats”.

Table 32 — PTF descriptor area for floats

Content

Header—T€COUNT=2
TOP_LEVEL_COUNT =2
Other components unspecified

Item 1 NAME = 'principle’

LEVEL=0

TYPE=0

Other components unspecified

Item 2 NAME = "interest’

LEVEL=0

TYPE=0

Other components unspecified

Q2 has the contents shown in Table 33, “PTF descriptor area for dates”.

Table 33 — PTF descriptor area for dates

Content

Header | COUNT =1
TOP_LEVEL_COUNT =1
Other components unspecified

Item 1 NAME = 'due_date'

LEVEL=0

TYPE=0

Other components unspecified

The|DBMS also allocates an empty read-write PTF descriptor area for the initial result row type. Let]this
PTF|descriptor areabe named R. R has the contents shown in Table 34, “PTF descriptor area for initial
resylt”.

Table 34 — PTF descriptor area for initial result

TOTItT It

Header | COUNT =0
TOP_LEVEL_COUNT =0
Other components unspecified

Note that although R has no SQL item descriptor areas, the describe component procedure inherently
must add more, up to some implementation-defined maximum number of columns.
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Finally the DBMS allocates a CHAR(5) variable for the status code, initialized to '00000". Let ST be the
status code variable.

Now the DBMS makes the following invocation:

CALL CSVreader _describe (

Fi |l eHandl e => Fi |l eHandl e,
File => '"abc.csv',
Fl oats_descr => 'Ql',

13.

The
in th
argy
CSVi
initil
is dé
The

1)

2)
3)
4)

Pates—destr—"-";
Initial _result_row =>"R
Status => ST

8.8 Inside CSVreader_describe

basic objective of CSVreader_describe is to populate the PTF descriptor:afea whose name is pas
e Initial_result_row argument. If CSVreader_describe is unable to do this, for example, if the inp
ment File does not contain the name of a file that CSVreader_describé can open, then
reader_describe returns an error code in the argument Status. (Note that this argument has be¢
plized by the DBMS to indicate no error, so CSVreader_describie only needs to set ST in case an €
ptected.)

logic for CSVreader_describe may look something like this:

Open the file whose name is passed in the File arguiment. If the open operation fails, return an e
in the Status argument.

Read the first line of the input file. If the file.jS’empty, return an error.
[nitialize a variable Colno = 0.

In a loop, parse the first line into tokens delimited by commas. For each token:
a) Increment Colno.

b) Increase the number Of)item descriptor areas in the result row type descriptor area:

SET DESCRI PTOR(Initial _result_row COUNT = Col no;

This has thedside effect of adding an empty SQL item descriptor area at the end of the result
descriptof.area.

c) Placethe token in a variable, Colname.

d) Setithe name of the new column to Colname:

sed
ut

'ror

'ror

row

SET DESCRI PTOR Initial result row

VALUE Col no NAME = Col nane;

e) Determine the data type of the column, as follows:

i) Ifthe column name is found in the input PTF descriptor area Floats_descr, then the column

type is REAL,

ii) If the column name is found in the input PTF descriptor area Dates_descr, then the column

type is DATE.
iii)  Otherwise the column type is VARCHAR(100).
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f) Use SET DESCRIPTOR to set the type of the column. For example, if the column type is VAR-
CHAR(100), this statement could be used:

SET DESCRIPTOR Initial _result_row
VALUE Col no TYPE = 12, LENGTH = 100;

5) Close the input file.

If CSVreader_describe wished to communicate with the run-time PTF component procedures, it could
do spp by setting values in the private variables. In this example, there is no information to convey,that
worl't be conveyed in the result row type descriptor area. Therefore, CSVreader can simply leave)the
private data (FileHandle) untouched.

13.8.9 Result of CSVreader_describe

The|result of CSVreader_describe will depend on the first line in abc.csv. The{irst line is assumed to| be:

docno, nane, due_dat e, pri nci pl e, i nt erest

Thep CSVreader_describe will populate the initial result row type descriptor to describe five columns,

as npmed above. The columns named “principle” and “interest” are of type REAL and the column named
“dug_date” is of type DATE. The other columns are of type VARCHAR(100). Therefore, the descriptor
looKs like the contents of Table 35, “PTF descriptor area after describe of initial result”.

Table 35 — PTF descriptor area after describe of initial result

Content

Header | COUNT=5
TOR_LEVEL_COUNT =5
Otlier components unspecified

[tem 1 NAME = 'docno'

LEVEL=0

TYPE =12

LENGTH =100
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, and CHARAC-
TER_SET_NAME are the catalog, schema,
and local name of the default character
set.

Optionally, COLLATION_CATALOG, COL-
LATION_SCHEMA, and COLLATION_NAME
may specify a collation.

Other components unspecitied
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Content

Item 2

NAME = 'name'

LEVEL =0

TYPE =12

LENGTH =100
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, and CHARAC-

TER_SET_NAME are the catalog, schema,
and local name of the default character
set.

Optionally, COLLATION_CATALOG, COL-
LATION_SCHEMA, and COLLATION_NAME
may specify a collation.

Other components unspecified

[tem 3

NAME = 'due_date'

LEVEL =0

TYPE=9
DATETIME_INTERVAL_CODE =1
Other components unspecified

Item 4

NAME = 'principle’

LEVEL=0

TYPE =7

Other componentsdinspecified

Item 5

NAME = '"interest’

LEVEL=0

TYPE =7

Other components unspecified

Theh the row type looks like Table 36, “Row type corresponding to descriptor”.

Table-36 — Row type corresponding to descriptor

Correlation S
name
Columnaname | docno name due_date | princi- | interest
ple
Data type VARCHAR(100) | VARCHAR(100) | DATE REAL REAL
The query was:
SELECT *
FROM TABLE ( CSVreader (
File => "abc.csv',
Fl oats => DESCRI PTOR ("principle", "interest")

Dat es => DESCRI PTOR ("due_date")

) ) AS S

Based on the row type generated by CSVreader_describe, the SELECT * is equivalent to:
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SELECT S."docno", S."nane", S. "due_date", S."principle", S "interest"

13.3.10 Virtual processor for CSVreader

To execute the invocation, the DBMS uses a single virtual processor, since there are no input tables.

The|private data for CSVreader is:

PRI YATE DATA ( Fil eHandl e | NTEGER )

The|DBMS allocates memory on the virtual processor for this private variable, plus a CHAR(5) for the
SQL|status code. The private variable is portrayed with the same name as shown in thé\PRIVATE DATA
declaration above; the status code variable is given the name ST.

The[DBMS also instantiates copies of the SQL descriptor areas that were present after CSVreader_desdribe
completed. They have been given the same PTF extended names as before; the€y were 'Q1' and 'Q2' for
the fwo SQL descriptor areas provided by the query, and 'R’ for the SQL deScriptor area of the resultfrow
typg. The contents of these SQL descriptor areas are found in Subclausé-18.3.7, “Calling
CSVreader_describe”, and Subclause 13.3.9, “Result of CSVreader_des¢ribe”.

13.3.11 Calling CSVreader_start

The|signature for CSVreader_start is given in Subclause+13.3.4, “CSVreader component procedures”) as:

PROCEDURE CSVreader _start (

| NOUT Fi | eHandl e | NTECER,

IN Fil e VARCHAR(1000),

I N Fl oats_descr VARCHAR(2),

I N Dat es_descr VARCHAR(2),

IN Internedi ate_resul t _row VARCHAR( 2),
I NOUT Status CHAR(5)

)

Sinde there are no input tables, this is almost identical to the signature for CSVreader_describe, the pne
diffgrence being that the 'describe component procedure populates the initial result row descriptor,
whdreas CSVreader_start’has the intermediate result row descriptor as input. This example has no pass-
thrqugh columns, so-the intermediate result row descriptor is identical to the initial result row descriptor
as ijwas output by-€SVreader_describe. The other descriptors are the same as on input to
CSVreader_describe. Assuming the PTF descriptor areas have the same names as during compilation) the
DBMIS calls €SVreader_start as follows:

CALL ECSVreader _start (

FilleHandl e => Fil eHandl e,

File => "abc.csv',

Fl oats_descr => 'Ql',

Dat es_descr => 'Q@',
Intermediate_result _row => 'R
Status => ST
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13.3.12Inside CSVreader_start

CSVreader_start shall initialize the processing on the virtual processor. The file named by the File argument

(abc

.csv) should be opened, and a file handle placed in the FileHandle argument. As a safety check,

CSVreader_start should read the first line of the file and confirm that the column names are correctly

described by the SQL descriptor area for the result row type, the one whose PTF extended name is passed
in Intermediate_result_row argument ('R"). The reason for the safety check is that contents of the file may
have changed. Note that it is possible to prepare the invocation at one time and execute it later. If any of

thede steps fail, then an error can be returned in the status code argument.
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.13 Calling CSVreader_fulfill

DBMS checks the status code that was returned from CSVreader_start. If it is not’00000" (succe
the DBMS terminates the virtual processor. Otherwise, the DBMS proceedsto call the next stag

signature for CSVreader_fulfill is given in Subclause 13.3.4, “CSVreadercomponent procedures’

I NOUT Fil eHandl e | NTEGER,

IN File VARCHAR(1000),

I N Fl oat s_descr VARCHAR(2),

I N Dat es_descr VARCHAR(2),

IN I nternediate_result_row VARCHAR( 2),
I NOUT Status CHAR(5)

e there is no input table, the input argumerits-are the same as the preceding stage, CSVreader_s
can simply be maintained by the DBMS without change.

.14 Inside CSVreader_fulfill

reader_fulfill should new Tead the remaining lines of the input file. Each line is parsed by comm

ed in the Intermediate_result_row argument. After setting the DATA component for every colur
result row,.CSVreader_fulfill uses PIPE ROW to send the row to the DBMS.

pxamplensuppose the following line is read:

\Var y,, 01/ 01/ 2014, 234. 56, 345. 67

ss),

, as:

fart,

reader_start has already read'the firstline of the input file whose handle is in the parameter FileHandle.

2

miters, and the fields-are mapped to columns of the output row. The values of the columns should be
written (using SET DESCRIPTOR) to the DATA component of the PTF descriptor area whose name i$

b

nn

CSVreader_fulfill then performs SET DESCRIPTOR commands equivalent to the following:

SET DESCRI PTOR PTF Internediate_result_row VALUE 1
DATA = '123';

SET DESCRI PTOR PTF Internediate_result_row VALUE 2
DATA = 'Mary';

SET DESCRI PTOR PTF Internediate_result_row VALUE 3

DATA = CAST ('2014-01-01" AS DATE);

SET

DESCRI PTOR PTF Internedi ate_result_row VALUE 4

DATA = CAST ('234.56' AS REAL);
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SET

CSVreader

DESCRI PTOR PTF Internedi ate_result_row VALUE 5

DATA = CAST ('345.67" AS REAL);

After setting all columns of the output row, CSVreader_fulfill sends the row to the DBMS using a PIPE
ROW command:

Pl PE ROW PTF I nternedi ate_result _row

CSVreader_fulfill should do this repeatedly until the end of file is reached, calling PIPE ROW once for each
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rror is encountered, then an error code can be returned in the Status argument.

.15 Collecting the output

DBMS collects the output that it receives via PIPE ROW commands performed ‘within
reader_fulfill.

.16 Calling CSVreader_finish

n CSVreader_fulfill completes, the DBMS checks the statusycode.

[ the DBMS calls CSVreader_finish to perform final cleanup. The signature for CSVreader_finish i
n in Subclause 13.3.4, “CSVreader component procedures”, as:

PEDURE CSVr eader _finish (

I NOUT Fil eHandl e | NTECGER,

IN File VARCHAR(1000),

IN Fl oat s_descr VARCHAR(2),

I N Dat es_descr VARCHAR(2),

IN I nternediate_result _row VARCHAR( 2),
I NOUT Status CHAR(5)

inputarguments are the same as the preceding stage, CSVreader_fulfill, and can simply be mainta
he DBMS without change. Therefore, the DBMS uses the following invocation:

CSVr eader _fi ni.sh/(
Fi | eHandl e =>_Fi)l eHandI e,
File => 'abe~csv',
Fl oats_descr => 'Ql',
Dat es_déscr => '@,
Internediate_result_row => 'R
St at us” => ST

13.3.17 Inside CSVreader_finish

CSVreader_finish closes the input file indicated by FileHandle.
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13.3.18 Cleanup

After CSVreader_finish completes, the DBMS may do any final cleanup, such as deallocating the PTF
descriptor areas.
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13.4 Pivot

13.4.1 Overview

In general, a pivot is an operation that reads a row and outputs several rows. Generally, the input is
denormalized and the output is normalized. For example, maybe an input table has six columns, forming
three pairs of (phone type, phone number], and the user wishes to normalize this into a table with fwo

colymns.

13.4.2 Functional specification of Pivot

Thelfunctional specification specifies the interface that is visible to the query author.
Pivdt needs the following inputs:

— |An input table. Since a pivot can be performed on a single row, this input table has row semantics.
This input table will use Feature B205, “Pass-through columns”, making all columns of the inpu
table available in the output, qualified by the input table argument’s range variable.

—

— |Alist of the input columns that will go into the first output'row, a list for the second row, etc. Each
of these suggests a PTF descriptor area. In general, one\doesn’t know how many pivots the query
author will want to do, so the technique will be to justideclare a large number of PTF descriptof
areas, which can default to null. The query author-will supply as many as desired.

— |Since the columns to be pivoted will all have distinct names, such as (Phtypel, Phnumber1), (Phtyjpe2,
Phnumber?2), ..., the PTF will not know whatthe desired output column names are for the pivoted
columns. Therefore, the PTF will require-a PTF descriptor area for these output column names.

The|parameter list looks like this:

CREATE FUNCTI ON Pi vot (

I nput TABLE PASS THROUGH W TH ROW SEMANTI CS,

Qut put _pi vot _col unmms DESCRI PTOR,

| nput _pi vot _col uims1( DESCRI PTOR,

| nput _pi vot _col ummS2 -DESCRI PTOR DEFAULT NULL,
| nput _pi vot _col upms3 DESCRI PTOR DEFAULT NULL,
| nput _pi vot _calunms4 DESCRI PTOR DEFAULT NULL,
| nput _pi vot _€ol'umms5 DESCRI PTOR DEFAULT NULL
) RETURNS TABLE

DETERM NI STI-C

READS SQL_DATA

Thig shows the capability to pivot at most 5 sets of columns. Of course, the PTF author could suppor
marly more.

t

13.4.3 Design specification for Pivot

The design specification specifies details that are private, that is, not visible to the query author. For the
design specification, the PTF author decides:

1) Whether PTF start and/or finish component procedures are required.
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Pivot does not need any resources not provided by the DBMS, so there are no start or finish component

procedures.

The names of the PTF component procedures.

The PTF author decides to name the PTF component procedures Pivot_describe and Pivot_fulfill.

Pivot does not need any private data.

Thid

CREA

) Ri
DETE
REAI

FULR

leads to the following skeleton DDL:

ATE FUNCTI ON Pi vot (

| nput TABLE PASS THROUGH W TH ROW SENMANTI CS,

Qut put _pi vot _col unmms DESCRI PTOR,

| nput _pi vot _col utms1 DESCRI PTOR,

| nput _pi vot _col utms2 DESCRI PTOR DEFAULT NULL,
| nput _pi vot _col utms3 DESCRI PTOR DEFAULT NULL,
| nput _pi vot _col utms4 DESCRI PTOR DEFAULT NULL,
| nput _pi vot _col utms5 DESCRI PTOR DEFAULT NULL
FTURNS TABLE

ERM NI STI C

DS SQL DATA

'Rl BE W TH PROCEDURE Pi vot _descri be

I LL W TH PROCEDURE Pi vot _ful fill

13.4.4 Pivot component procedures

The

CREA

) LA
S
BEG
END

DBMS tool should generate something like this:

\TE PROCEDURE Pi vot _descri be (

I N I nput _row descr VARCHAR(2),

I N I nput _request _descr VARCHAR(?2),

I N Qut put _pi vot _col utms_descr” VARCHAR( 2) ,
I N I nput _pivot_col umsl_descr VARCHAR(2),
I N I nput _pi vot _col ums2ihdescr VARCHAR(2),
I N I nput _pi vot _col ums3_descr VARCHAR(2),
I N I nput _pi vot _colamms4_descr VARCHAR( 2),
I N I nput _pi vot _col-umms5_descr VARCHAR(2),
IN Initial_result”row VARCHAR(2),

I NOUT St at us{ CHAR( 5)

CREA

ANGUAGE SQL<BETERM NI STI C CONTAI NS SQL
SECURI TY. DEFI NER

N

\TE)PROCEDURE Pi vot _ful fill (

I'N I nput _cursor_row VARCHAR(2),

I N I nput _cursor _nane VARCHAR(2),

I N Qut put _pi vot _col unmms_descr VARCHAR(2),
I N I nput _pivot_col umsl_descr VARCHAR(2),
I N I nput _pi vot _col ums2_descr VARCHAR(2),
I N I nput _pi vot _col ums3_descr VARCHAR(2),
I N I nput _pi vot _col ums4_descr VARCHAR(2),
I N I nput _pi vot _col ums5_descr VARCHAR(2),
IN I nternediate_result_row VARCHAR(2),

I NOUT Status CHAR(5)

) LANGUAGE SQL DETERM NI STI C READS SQL DATA
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SQL
BEG
END

SECURI TY DEFI NER
N

13.4.5 Invoking Pivot

The

DDI, visible to the query author is this:

CREA

) Ri

Her

SELF

ATE FUNCTI ON Pi vot (

| nput TABLE PASS THROUGH W TH ROW SENMANTI CS,

CQut put _pi vot _col uims DESCRI PTOR,

| nput _pi vot _col utms1 DESCRI PTOR,

| nput _pi vot _col utms2 DESCRI PTOR DEFAULT NULL,
I nput _pi vot _col utms3 DESCRI PTOR DEFAULT NULL,
| nput _pi vot _col utms4 DESCRI PTOR DEFAULT NULL,
| nput _pi vot _col utms5 DESCRI PTOR DEFAULT NULL
EFTURNS TABLE

e is an example of an invocation of Pivot:

FCT D.1d, D.Nane, P.Phonetype, P.Phonenunber

FROW TABLE (Pivot ( Input => TABLE (Joe.Data) AS D,

Tos
Phn|

CQut put _pi vot _col ums => DESCRI PTOR(/Phonet ype, Phonenunber),
| nput _pi vot _col utms1 => DESCRI PTOR ( Phtypel, Phnumnber1l),
| nput _pi vot _col utms2 => DESCRLPTOR ( Phtype2, Phnunber 2)

) ) AS P

licceed, Joe.Data must be a table having columns,called Id, Name, Phtypel, Phnumber1, Phtype2
imber?2. The third, fourth, and fifth set of pivet columns are unused; these will default to null va

13.4.6 Calling Pivot_describe

Toc
(see

bmpile the query, the DBMS calls Pivot_describe. The signature of the describe component proce
Subclause 13.4.4, “Pivot component procedures”) is as follows:

PROCEDURE Pi vot _déscri be (

I N I nput _row _des'er) VARCHAR( 2),

I N I nput _requést) descr VARCHAR(2),

I N Cut put _pijvot _col utms_descr VARCHAR( 2),
I N I nput _piwot _col umsl_descr VARCHAR(2),
I N I nput>pi vot _col ums2_descr VARCHAR(2),
I N I nput¥pi vot _col ums3_descr VARCHAR(2),
I N I fput _pi vot _col ums4_descr VARCHAR( 2),
I N_Nnput _pi vot _col ums5_descr VARCHAR( 2),

IN‘Initial result row VARCHAR(?)

and
ues.

Hure

)

I NOUT Status CHAR(5)

The query has supplied Joe.Data as the input table. There are two descriptors associated with this table:
the full row type, and the requested row type. The full row type descriptor describes every column of

the input table. Let us suppose that the DBMS calls it I1. Let us also suppose that Joe.Data has the following
columns:

TABLE Joe. Data (

100

Id | NTEGER PRI MARY KEY,
Name VARCHAR( 30)
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This row type has the PTF descriptor area (called 11) shown in Table 37, “Pivot: row type descriptor”.

Table 37 — Pivot: row type descriptor

Content

Header

COUNT =6
TOP_LEVEL_COUNT =6
Other components unspecified

Item 1

NAME ="ID'

LEVEL=0

TYPE = 4 (for INTEGER)

Other components unspecified

Item 2

NAME = 'NAME'

LEVEL=0

TYPE = 12 (for VARCHAR)

LENGTH =30
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMAyand CHARAC-
TER_SET_NAME are the catalog, schema,
and local name'of the default character
set.

Other components unspecified

[tem 3

NAME = 'PHTYPE1'

LEVEL =0

TYPE = 12 (for VARCHAR)

LENGTH =5
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, and CHARAC-
TER_SET_NAME are the catalog, schema,
and local name of the default character
set

Other components unspecified

Item 4

NAME = 'PHNUMBER1'
LEVEL = 0
TYPE = 12 (for VARCHAR)

LENGIH =15
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, and CHARAC-
TER_SET_NAME are the catalog, schema,
and local name of the default character
set

Other components unspecified
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Content

Item 5

NAME = 'PHTYPE2'

LEVEL=0

TYPE =12 (for VARCHAR)

LENGTH =5
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, and CHARAC-

TER_SET_NAME are the catalog, schema,
and local name of the default character
set

Other components unspecified

Item 6

NAME = 'PHNUMBER?2'

LEVEL =0

TYPE = 12 (for VARCHAR)

LENGTH =15
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, and CHARAC-
TER_SET_NAME are the catalogscliema,
and local name of the default character
set

Other components unspécified

DBMS also creates an empty descriptor area for thexrequested row type; let us suppose that the
DBMIS calls it Al. An empty descriptor area looks like Table 38, “Pivot: requested row type descript

Table 38 — Pivot: requested row type descriptor

Content

Header

COUNT =0
TOP_LEVEL_COUNT =0
Other components unspecified

Fe are three query-specified PTF descriptor areas; let them be named Q1, Q2, and Q3. The first (na

is for this argumentin the query invocation of Pivot:

Qut put _pi vot _c6luims => DESCRI PTOR (Phonetype, Phonenunber),

The

102

contentsof Q1 are illustrated by Table 39, “Pivot: descriptor for first argument”.

Table 39 — Pivot: descriptor for first argument

r.

med

Content

Header

COUNT =2
TOP_LEVEL_COUNT =2
Other components unspecified
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Content
Item 1 NAME = 'PHONETYPE'
LEVEL=0
TYPE=0
Other components unspecified
Item 2 NAME = 'PHONENUMBER'
LEVEL =0
TYPE=0
second descriptor area (named Q2) is for this argument in the invocation of Pivot:
| npyt _pi vot _col uims1l => DESCRI PTOR ( Phtypel, Phnunber 1)
contents of Q2 are given by Table 40, “Pivot: descriptor for second argument’,.
Table 40 — Pivot: descriptor for second argument
Content
Header | COUNT =2
TOP_LEVEL_COUNT = 2
Other components unspecified
Item 1 NAME = 'PHTYPE{T*
LEVEL=0
TYPE=0
Other components unspecified
Item 2 NAME-= 'PHNUMBER1'
LEVEL=0
TYPE =0
third (named Q3) is forthis’argument in the invocation of Pivot:
I npyt _pi vot _col uims2C=>"DESCRI PTOR ( Phtype2, Phnunber 2)
contents of Q3 are’'seen in Table 41, “Pivot: descriptor for third argument”.
Table 41 — Pivot: descriptor for third argument
Content
Header T COUNT=2
TOP_LEVEL_COUNT =2
Other components unspecified
Item 1 NAME = 'PHTYPE2'
LEVEL=0
TYPE=0
Other components unspecified
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Content

Item 2 NAME = 'PHNUMBER?2'

LEVEL =0

TYPE=0
The DBMS also allocates an empty read-write PTF descriptor area for the initial result row ty
initigtresy ow-typeT deseriptorareabemanred RR1ras econtents—shrown TOTe %
initipl row type descriptor”.

Fing
stat

Now

CALL

Table 42 — Pivot: initial row type descriptor

Content

Header | COUNT=0
TOP_LEVEL_COUNT =0

Other components unspecified

lly the DBMS allocates a CHAR(5) variable for the status code, initialized to '00000'. Let ST be the

1s code variable.

 the DBMS makes the following invocation:

Pi vot _descri be (
| nput _row descr => "11",
| nput _request _descr => "'Al",
CQut put _pi vot _col ums_descr => 'Ql',
| nput _pi vot _col utms1_descr => '@,
| nput _pi vot _col uims2_descr => ' @',
| nput _pi vot _col utms3_descr => NULL,
I nput _pi vot _col utms4_descr =>_ NULL,
I nput _pi vot _col utms5_descr =>“NULL,
Initial _result row=>"R,
Status => ST

13.4.7 Inside Pivot.describe

The
1)

tasks of Pivoet: describe are:

To validate the input arguments.

2)

To.populate the requested row type descriptor (named A1).

3)

To populate the initial result row type descriptor (named R).

In the example, the input table has the following row type:

TABLE Joe. Data (

104

I D I NTEGER PRI MARY KEY,
Name VARCHAR(30),

Pht ypel VARCHAR(5),
Phnunmber 1 VARCHAR( 15),
Pht ype2 VARCHAR(5),
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Phnumber 2 VARCHAR( 15) ,
)

The query author has written the following query:

SELECT D.1d, D.Name, P.Phonetype, P.Phonenunber

FROM TABLE ( Pivot ( Input => TABLE (Joe.Data) AS D,
Cut put _pi vot _col uims => DESCRI PTCR ( Phonet ype, Phonenunber),
I nput _pi vot _col umms1 => DESCRI PTOR ( Phtypel, Phnunberl),

I Aput—pivot—coltms2—> DESCRIPTOR ‘th !‘pg;g Phint n;bgr_';g)
Ll o —

) ) AS P

To satisfy the query, the PTF will need to read the columns Phtype1l, Phnumer1, Phtype2, and Phhumber?2;
thege are the columns that Pivot_describe shall request by placing their names in the requested row fype
desqriptor.

The|columns of the initial result row type are:

PHONETYPE VARCHAR(5) ,
PHONENUMBER VARCHAR( 15)

Note that the PTF is not responsible for placing any columns of the inpu€table in the result row; this|will
be hiandled using pass-through columns. Thus, the PTF only describesithe two columns PHONETYPE{and
PHONENUMBER.

The(logic might look like this:

1) [Copy the column names from Input_pivot_columns1, .. Input_pivot_columns5 to Input_request_dpscr.
This can be done by looking at each of Input_pivot_golumns1 through Input_column_descr5 in furn.
If the argument is null, there is nothing to do. Otherwise, get the number of columns and, in a Iqop,

copy each column name, appending it to Inputsrequest_descr with logic like this:

SET rcol = rcol + 1;
COPY DESCRI PTOR PTF | nput _pi vot _colldrms1 VALUE i col ( NAME)
TO PTF | nput _request=r ow VALUE (rcol)

Note that it is only necessary to set'the name component in the requested row type descriptor, since
these must all be columns ofthe input table and the DBMS already knows their data types.

2) |Copy the PTF descriptor-area whose name is passed in Output_pivot_columns_descr to the PTF area
descriptor whose name is passed in Initial_result_row:

COPY DESCRI PTOR 'PTF Qut put _pi vot _col unms_descr
TO/PTF Initial _result_row

Note that the'source PTF descriptor area only has the column names, so it is still necessary to set the
column.data types.

3) |Detérmine the type of each result column as the union type of all corresponding columns in the|PTF
descriptor areas named by arguments Input_pivot_columns1_descr through
Input_pivot_columnsb_descr. (Computing the union type for the general case can require some
elaborate logic, so the PTF author might require that the pivot columns have the same type. The
query author can work around this limitation by using casts to massage the input table.)

13.4.8 Result of Pivot_describe

Pivot_describe populates the requested row type descriptor, named A1, seen in Table 43, “Pivot: requested
row type descriptor”.
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Table 43 — Pivot: requested row type descriptor

Content

Header

COUNT =4
TOP_LEVEL_COUNT =4
Other components unspecified

Pivdg
Tab

Item 1

NAME = 'PHTYPE1'

LEVEL =0

TYPE=0

Other components unspecified

Item 2

NAME = 'PHNUMBER1'
LEVEL=0
TYPE=0

Item 3

NAME = 'PHTYPE2'

LEVEL =0

TYPE=0

Other components unspecified

Item 4

NAME = 'PHNUMBER?2!
LEVEL=0
TYPE=0

t_describe populates the PTF descriptor areafor the initial result row type, named R, illustrated in
e 44, “Pivot: initial result row type descriptor”.

Table 44 — Pivotrinitial result row type descriptor

Content
Header | COUNT =2
TOP_LEVEL_COUNT = 2
Other components unspecified
Item 1 NAME = 'PHONETYPE'

LEVEL=0
TYPE =12 (for VARCHAR)
LENGTH =5

CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, and CHARAC-

106

TFP_QPT_]\TAMF are the (‘:lf:ﬂng’ cr‘]’\nm:\’
and local name of the default character

set
Other components unspecified
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Content

Item 2

NAME = 'PHONENUMBER'

LEVEL=0

TYPE =12 (for VARCHAR)

LENGTH = 15
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, and CHARAC-

The

TER_SET_NAME are the catalog, schema,
and local name of the default character
set

Other components unspecified

coluymns of the result row type”.

Not
only

Table 45 — Pivot: columns of the result row type

columns of the result have correlation name P, so the row type can be portrayedby Table 45, “Pjvot:

Correlation name | Column name Datadtype

D ID INTEGER
NAME VARCHAR(30)
PHTYPE1 VARCHAR(30)
PHNUMBER1 VARCHAR(15)
PHTYPE2 VARCHAR(30)
PHNUMBER?2 VARCHAR(15)

P PHONETYPE VARCHAR(30)
PHONENUMBER VARCHAR(15)

13.4.9 Virtual processors for Pivot

Pivdg

t has one input table with row semantics. The DBMS can create an arbitrary number of virtual

e that all columns ofthe input table are accessible using correlation name D. The example query has
asked for ID and-NAME.

pro-

cessors, and partition the input table arbitrarily among the virtual processors.

Prior to starting the virtual processors, the DBMS can do the following:

1) Determine the row type of the cursor, which can be described using this <cursor specification>:

SELECT PHTYPEL,

PHNUMBER1, PHTYPE2, PHNUMBERZ,

EncodeSurrogate (1D, NAME) AS "$surrl”

FROM Joe. Dat a
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Note that this is the requested row type with one additional column, the pass-through input surrogate

column. Here, EncodeSurrogate is an implementation-dependent function that encodes the colu

mns

ID and NAME in the pass-through input surrogate column named “$surr1”. In this example the DBMS
only needs to represent ID and NAME in the surrogate because those are the only columns of the
table argument that the query asks for. The DBMS can pass a descriptor of this row type to each virtual

processor.

2) Determine the intermediate result row type; this is the initial result row type plus one additional
column, the pass-through output surrogate column. The data type and name of the output surrogate

On ¢
1)

2)

3)
4)

134
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CAL

shall be the same as for the input surrogate.

ach virtual processor, the DBMS does the following initialization:

on all virtual processors because each has its own address space).

they are named 'CR' and 'MR', respectively.

Pivot has no private data to allocate on any virtual processor

initialized to '00000'. This status code is portrayed as-awariable named ST.

.10 Calling Pivot_fulfill

I initializing a virtual processor, the DBMS is ready to invoke Pivot_fulfill as follows:

Pivot _fulfill (
I N I nput _cursor_row => ' CR",
I N I nput _cursor_nane =><.CN ,
Qut put _pi vot _col ums_descr => 'Ql',
| nput _pi vot _col uimmsl1idescr => 'Q@',
| nput _pi vot _col umms2 ‘descr => ' @',
| nput _pi vot _col unfis3_descr => NULL,
| nput _pi vot _colurms4_descr => NULL,
| nput _pi vot~eol utms5_descr => NULL,
I ntermediate_result_row => 'MR,
St at us =>(ST

The DBMS opens a PTF dynamic cursor that reads the partition assigned to that virtual‘procesdor;
suppose that the PTF extended name of the cursor is CN (the same PTF extended fiame can be yised

The DBMS creates the requisite descriptors. The descriptors that were supplied by the query ar¢ the
same as they were for Pivot_describe. It is assumed that they have the sahie PTF extended namgs as
they did during Pivot_describe (though this is not necessary). The curSor row descriptor and the
intermediate result row descriptor are determined by the DBMS priofto starting the virtual procegsor;

The DBMS allocates memory on each virtual processor.forrthe SQL status code, a CHAR(5) variable

134.111Inside Pivot_fulfill

The task of Pivot_fulfill is to process the rows of the input table and generate the output rows. Each input
row results in multiple output rows. This task is distributed over the virtual processors, which each see

apa
The
1)

108

rtition of the input table.
logic of Pivot_fulfill might be:

Initialization:
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a) Locate the pass-through input surrogate column in the cursor row type descriptor. It is always

the last column.

b) Locate the pass-through output surrogate column in the intermediate result row descriptor.

Since this example has only one pass-through table, the surrogate is the last column of the
intermediate result row type.

Fetch a row of the input cursor, like this:

3)
4)
5)

6)

7)

8)

9)

134

The
each

FETCH FROM PTF TNpUT_CcUr SOr_nane
I NTO DESCRI PTOR PTF | nput _cur sor _row;,

If the FETCH encounters the end of the cursor, return with success in the status code.

If FETCH encounters an error, set the Status argument to that error code and retur.

Copy the pass-through input surrogate column from the input cursor row to the'pass-through ouftput

surrogate column in the intermediate result row.

If Input_pivot_columns1 is not null, then copy the input columns listed in'this PTF descriptor ar
to the corresponding columns of the result PTF descriptor area.

Send the result row to the DBMS with:
Pl PE ROW PTF Internediate result _row,

Process Input_pivot_columns 2, Input_pivot_columns3,: Input_pivot_columns5 the same way. |
one that is not null causes a separate output row from the same input row.

Loop back to step 2.

.12 Collecting the results

DBMS collects the result rows that'are sent via PIPE ROW commands on all virtual processors.
| row, the DBMS expands the eutput pass-through surrogate column to recover the values of ID

NAME. The union of these rows-constitutes the overall result of the invocation of Pivot.

134

Afte
(sudg

13 Cleanup

r a virtual processor completes, the DBMS closes the input cursor, deallocates its data structure
h as PTFdescriptor areas), and terminates the virtual processor.

cach

For
and
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5 Score

13.5.1 Overview

Score has two input tables:

1)
2)

The
pars
med

13.

Scof

1)

2)

For
ava
in tH

13.

The other input table contains the parameters for the algorithm that is used to score a row.

output of Score is the score computed for each input row according to the scoring algorithm as

hanism, as is the partitioning column of the parameter table.

5.2 Functional specification of Score

e has two input tables:

since each row can be processed separately. The PTF will make the contents of an input row avail
to the query using the pass-through mechanism.

The other input table contains the parameters for the'algorithm that is used to score a row. Thi
table has set semantics since the entire table is required to specify the algorithm. An empty tab
does not specify an algorithm, so this input table is prunable (there is no result if the input tabl
empty). Since a result is not associated with @particular row of this table, the PTF does not pro
pass-through columns for this input table.

CREATE FUNCTI ON Score (
Dat a TABLE PASS THROUGH WN\TH ROW SEMANTI CS,
Model TABLE NO PASS THROWJGEH
W TH SET SEMANTI CS RRUNE WHEN EMPTY
) RETURNS TABLE (Scor e/ REAL)
DETERM NI STI C
READS SQL DATA

bach row of the firstinput table, Score uses the model supplied by the second input table to com

ue in a column called Score of type REAL. Since the proper result column is fixed, it can be spec
e CREATE FUNCTION statement as shown above.

b3 Design specification for Score

meterized by the parameter table. The original input row is available as well, via thé-pass-throtigh

One input table contains rows to be scored according to some algorithm. This table has row semantics

able

]
le

e is
vide

bute
fied

The design specification specifies details that are private, that is, not visible to the query author. For the

desi

1)

2)

110

gn specification, the PTF author decides:

Whether PTF start and/or finish component procedures are required.

Score does not need any resources not provided by the DBMS, so there are no start or finish component

procedures.

The names of the PTF component procedures.

The PTF author decides to name the PTF component procedures Score_describe and Score_fulfill.
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3) The private data for the PTF component procedures.

Score does not need any private data.

This leads to the following skeleton DDL:

CREATE

FUNCTI ON Score (

Dat a TABLE PASS THROUGH W TH ROW SENMANTI CS,
Model TABLE NO PASS THROUGH

) RETURNS TABLE (Score REAL)

DETERM NI STI C

READS SQ. DATA

DESCRI BE W TH PROCEDURE Scor e_descri be
FULKFI LL W TH PROCEDURE Score_ful fill

13.5.4 Score component procedures

The|DBMS tool should generate something like this:

CREATE
I'N
I'N
I'N
I'N
I'N
I'N

BEGQ|N
END

CREATE
I'N
I'N
I'N
I'N
I'N
I'N
I'N

BEGQ|N
END

I NOUT Status CHAR(5)
) LANGUAGE SQL DETERM NI STI C CONTAI NS SQL
SQL |SECURI TY DEFI NER

I NOUT St at us“.CHAR( 5)
) LANGUAGE SQ.“OETERM NI STI C READS SQL DATA
SQL | SECURI TYY~[BEFI NER

NOTE 2 —

MLTH - SET _SEMANTILCS PRIUNE MHEEN _ENPTY

PROCEDURE Scor e_descri be (

Dat a_r ow_descr VARCHAR(2),

Dat a_r equest _descr VARCHAR(2),
Model _row_descr VARCHAR(2),
Model _pby_descr VARCHAR( 2),
Model _order _descr VARCHAR(2),
Model _request _descr VARCHAR(2),

PROCEDURE Score_ful fill (

Dat a_cur sor _descr VARCHAR(2),

Dat a_cur sor _nane VARGHAR( 2),

Model _cur sor _descr_(VARCHAR( 2) ,

Model _pby_descr VARCHAR( 2),

Model _or der _descr) ‘VARCHAR( 2) ,

Model _cur sor . nane VARCHAR(2),

I nt er medi atlenresul t _row VARCHAR( 2) ,

iy

2)

The first table parameter has row semantics; therefore, it requires the following parameters in the component proce-
dures:

a) Inthe describe component procedure, the full row type (Data_row_descr), and the requested row type
(Data_request_descr).

b) In the fulfill component procedure, the cursor row type (Data_cursor_descr), and the cursor name (Data_cur-
sor_name).

The second table parameter has set semantics, so it requires the following parameters in the component procedures:

a) Inthe describe component procedure, the full row type (Model_row_descr), the partitioning (Model_pby_descr),
the ordering (Model_order_descr), and the requested row type (Model_request_descr).
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b) Inthe fulfill component procedure, the cursor row type (Model_cursor_descr), the partitioning (Model_pby_descr),
the ordering (Model_order_descr), and the cursor name (Model_cursor_name).

13.5.5 Invoking Score

The DDL visible to the query author is:

CREATE FUNCTI ON Score (
Dat a TABLE PASS THROUGH W TH ROW SEMANTI CS,
Model TABLE NO PASS THROUGH

W TH SET SEMANTI CS PRUNE WHEN EMPTY
) RETURNS TABLE (Score REAL)

Hereg is the example invocation initially shown in Subclause 4.4.4, “Score”:

SELECT D.Id, D.S, D.T, MMdelid, T.Score
FROW TABLE ( Score ( Data => TABLE (MyData) AS D
Mbdel => TABLE (Mddels) AS M
PARTI TI ON BY Mbddelid )
)y AST

13.5.6 Calling Score_describe

”

Thelsignature of Score_describe, previously shown in Stthclause 13.5.4, “Score component procedures”,
is:

PROCEDURE Score_descri be (

I N Data_row_descr VARCHAR(2),

I N Dat a_request _descr VARCHAR(2)
I N Model _row_descr VARCHAR(2),

I N Model _pby_descr VARCHAR( 2,

I N Model _order_descr VARCHAR(?2),

I N Model _request _descr VARCHAR(2),
I NOUT Status CHAR(5)

)

Befare calling Score_deseribe, the DBMS creates PTF descriptor areas for the first six input parameters.
As griginally presentéd‘in Subclause 4.4.4, “Score”, the first input table Data has this row type: (ID
INTEGER, S REAL,T REAL). Therefore, the DBMS can create a PTF descriptor area for the full row type
(let s call it '11.)«as shown in Table 46, “Score: first argument full row type descriptor”.

Table 46 — Score: first argument full row type descriptor

Content

Header | COUNT =3
TOP_LEVEL_COUNT =3
Other components unspecified

Item1 | NAME ='ID'

LEVEL =0

TYPE = 4 (for INTEGER)

Other components unspecified
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Content

Item 2

NAME ='S'

LEVEL =0

TYPE = 7 (for REAL)

Other components unspecified

Item 3

NAME ='T"

13.5 Score

The

The
REA

LEVEL =0
TYPE =7 (for REAL)
Other components unspecified

DBMS also needs to create an empty PTF descriptor area for the requested row type-of Data; lef us
call jt ‘A1". See Table 47, “Score: first argument requested row type descriptor”.

Table 47 — Score:

first argument requested row type descriptor

Content

Header

COUNT=0
TOP_LEVEL_COUNT =0
Other components unspecified

table called Models has this row type: (MODELID VARCHAR(10), PNAME VARCHAR(10), PVALUE

L). The DBMS creates a PTF descriptor area (call:itI2") as seen in Table 48, “Score: second argurhent
full row type descriptor”.

Table 48 — Score: second argument full row type descriptor

Content
Header, 1.COUNT =3
TOP_LEVEL_COUNT =3
Other components unspecified
ftem1 | NAME ='MODELID'

LEVEL=0

TYPE = 12 (for VARCHAR)

LENGTH =10
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, and CHARAC-
TER_SET_NAME are the catalog, schema,
and local name of the default character

Set.
Other components unspecified
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Content

Item 2

NAME = 'PNAME'

LEVEL=0

TYPE =12 (for VARCHAR)

LENGTH =10
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, and CHARAC-

TER_SET_NAME are the catalog, schema,
and local name of the default character
set.

Other components unspecified

Item 3

NAME = 'PVALUE'

LEVEL =0

TYPE = 7 (for REAL)

Other components unspecified

The|MODELS table is partitioned on MODELID. The DBMS creates a PTE descriptor area (call it 'P2"]
the partitioning, listing just the names of the partitioning columns; Table 49, “Score: second argume

partitioning descriptor”, illustrates this descriptor area.

Table 49 — Score: second argument partitioning descriptor

Content
Header | COUNT=1
TOP_LEVEL:COUNT =0
Other components unspecified
Item 1 NAME = 'MODELID'

LEVEL =0
Other components unspecified

The|MODELS table is unordered, so the DBMS creates an empty PTF descriptor area for this orderir

(callit 'S2"). See Table 50,-“Score: second argument ordering descriptor”.

Table 50 — Score: second argument ordering descriptor

Content

Header

COUNT =0
TOP_LEVEL_COUNT =0

Other components unspecified

of
nt

8

The DBMS also creates an empty PTF descriptor area for the requested row type of Models; let us call it

A2'.

The proper result columns have been declared in the DDL as (Score REAL), which can be described in
the initial result row type descriptor as illustrated by Table 51, “Score: initial result row type descriptor”.

114
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Table 51 — Score: initial result row type descriptor

Content

Header | COUNT=1
TOP_LEVEL_COUNT =0
Other components unspecified

Sind
and

Fins

it ST

Afte]

CALI

13.

The
1)

Item1 | NAME ='SCORE'

LEVEL =0

TYPE = 7 (for REAL)

Other components unspecified

e the initial result row type is fixed, this descriptor is not passed to the describe component proced
does not really need to be constructed.

lly, the DBMS creates a variable for the status code, a CHAR(5) value initialized to '00000’; let ug

I creating and initializing the preceding, the DBMS is ready to callScore_describe like this:

Score_descri be (

Dat a_row descr => '|1'

Dat a_request _descr => 'Al'
Model _row _descr => '12',
Mbdel _pby_descr => 'Pp2',
Model _order _descr => 'S2',
Mbdel _request _descr => ' A2',
Status => ST

b.7 Inside Score_describe

tasks for Score_describe are:
Validate the input.

The example hasWot mentioned any requirements on the input data and model tables, though
actual SQL-imfiplementation would have some. Any static requirements, such as column names
types, can be-checked by using GET DESCRIPTOR, returning an error condition if the requireme
are not met. Requirements based on the contents of the model data cannot be checked until run-
sincetthere is no cursor open to read the data.

ure,

call

AN

hind
nts

[ime

2)

Request columns for the input tables by populating their requested row descriptors.

In this example, let us assume that the PTF requests columns S and T from Data, and columns Pname
and Pvalue from Models. Therefore, Score_describe shall populate Data_request_descr like seen in

Table 52, “Score: first input table requested row descriptors”.
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Table 52 — Score: first input table requested row descriptors

Content

Header | COUNT =2
TOP_LEVEL_COUNT =2
Other components unspecified

13.

Item 1 NAME ="'S'
LEVEL =0
Other components unspecified

Item 2 NAME ="'T"
LEVEL =0
Other components unspecified

and populate Model_request_descr like Table 53, “Score: second inputtable requested row des
tors”.

Table 53 — Score: second input table requested row descriptors

Content

Header | COUNT =2
TOP_LEVEL_COUNT = 2
Other components unspecified

Item 1 NAME =‘PNAME'
LEVEE=0
QOther components unspecified

Item 2 NAME = 'PVALUE'
LEVEL=0
Other components unspecified

These descriptors.can be set using techniques discussed in Subclause 8.5, “Writing a PTF descri
area”.

5.8 Result of Score_describe

rip-

ptor

The

DBMS first checks the status code variable for success: if not, the query has a syntax error.

Otherwise, the DBMS saves the requested row type descriptors for use at run-time (they will be used to
construct the cursor row types later).

The DBMS can also save the initial result row type descriptor, or wait till run-time to build the interme-
diate result row type (this information is already saved in the metadata for Score, since it was declared
in DDL).

At this point the DBMS can determine the complete result row type, since that is needed to finish analyzing
the query. The query author has written the following query (initially presented in Subclause 4.4.4,
“Score”):

116
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SELECT D.1d, D.S, D.T, MMdelid, T.Score
FROM TABLE ( Score ( Data => TABLE (MyData) AS D

Model => TABLE (Models) AS M
PARTI TI ON BY Modelid )
) AS T

The result row type of the PTF invocation has three correlation names: D, M, and T. Using D, the query
can access all columns of the first input table, since it has pass-through columns. Using M, the query can

acce
the
PTF

13.

The
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proper result column computed by the PTF, in the column called SCORE. Thus the row type of th
invocation looks like Table 54, “Score: result row type”.

Table 54 — Score: result row type

Correlation D M T
name

Columnname | ID S T MODELID SCORE
Data type INTEGER REAL REAL VARCHAR(10) REAL

5.9 Virtual processors for Score

query author has written the following query (irtitially presented in Subclause 4.4.4, “Score”:

FCT D.1d, DS, DT, M Mdelid, T.Score
) TABLE ( Score ( Data => TABLE (MData) AS D
Model => TABLE ( Nbdels) AS M
PARTETI ON BY Modelid )
)y AS T

example has one input table with row semantics and one with set semantics. The latter is partitio
sample data for the second input table is given in Table 55, “Score: second input table data”.

Table 55 — Score: second input table data

cess
e

ned.

Modelid | Pname | Pvalue
wet X 19

wet y 28
wet Z 37

dry X 4

dry y 5

dry Z 6

This has two partitions when partitioned on Modelid, “wet” and “dry”.
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The DBMS ensures that each partition is used to score each row of the first input table (since that table
has row semantics). This might be done by creating a virtual processor for each partition and “broadcast-
ing” the entire first input table to each virtual processor. It could also be done by subdividing the Data
input table arbitrarily within each partition of Models. For example, the sample data for the first input
table is shown in Table 56, “Score: first input table data”.

Table 56 — Score: first input table data

Id S T

122 0.5 34
233 8.4 6.5
344 10.2 9.3
455 11.0 8.8

Theh the DBMS might create four virtual processors, with cursors to readyeach input table. Table 57,
“Scdre: virtual processor cursors”, demonstrates this event.

Table 57 — Score: virtual processor cursors

Virtual | Cursor for Data table Cursor for Models table
processor
1 SELECT ... SELECT ...

FROM MyData FROM Models

WHERE ID =122 OR ID =233 WHERE Modelid = 'wet'
2 SELECT ... SELECT ...

FROM MyData FROM Models

WHERE ID = 3440R ID = 455 WHERE Modelid = 'wet'
3 SELECT .( SELECT ...

FROM MyData FROM Models

WHERE ID =122 OR ID = 455 WHERE Modelid = 'dry’
4 SELECT ... SELECT ...

FROM MyData FROM Models

WHERE ID = 233 OR ID = 344 WHERE Modelid = 'dry’

(The SELECT lists are omitted for now; they will be determined later.)

Virttralprocessors-tand2-handte-the “wet*model, whereas virtual processors 3-and-4-handte the“dry”
model. The rows of MyData are partitioned arbitrarily for the “wet” model, and arbitrarily for the “dry”
model. Note that the same partitioning of MyData is not used in each model. This is a freedom that the

DBMS has; however, the DBMS might also choose to use the same partitioning of MyData in each model.

Before starting the virtual processors, the DBMS can compute the following descriptors:

1) The cursor row type for MyData. Score_describe has requested columns named S and T. This input
table has pass-through columns, so the DBMS adds a pass-through input surrogate column; let us
suppose it is named “$surrl”. Thus, the SELECT list for the cursors for MyData in every partition is
SELECTSS, T, “$surr?”.

118 © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

ISO/IEC 19075-7:202
135 S

1(E)
core

2) The cursor row type for Models. Score_describe has requested columns named Pname and Pvalue.
This input table does not have pass-through columns; therefore, the SELECT list for the cursors for

3)

Models is SELECT Pname, Pvalue.

The partitioning and ordering descriptors for Models; these are the same as were input to
Score_describe.

4) The intermediate result row type. This has two columns: the proper result columns declared in DDL

On
1)

2)

3)
4)

13.5

On

CAL

as (Score REAL), plus the pass-through output surrogate column named “$surr1”.

ach virtual processor, the DBMS does the following initialization:

For each input table, the DBMS opens a PTF dynamic cursor that reads the partition assigned to
virtual processor. There are two input tables, so there are two PTF cursors. Let the PTE extende
names of these cursors be 'C1" and 'C2".

The DBMS creates copies of the PTF descriptor areas mentioned above, and givesthem PTF exter
names.

a) Cursor row type of MyData: I1.

b) Cursor row type of Models: 12.

c) Partitioning of Models: P2.

d) Ordering of Models: S2.

e) Intermediate result row: R.

Score has no private data to allocate on any virtual processor.

The DBMS allocates memory on each virtual processor for the SQL status code, a CHAR(5) vari:
initialized to '00000'. This status code is portrayed as a variable named ST.

.10 Calling Score_fulfill

ach virtual processor, the PBMS calls Score_fulfill like this:

Score_fulfill (
Dat a_cursor _descr=> '11'",
Dat a_cursor _nape=> 'Cl',
Model _cursorgzdescr => '[2',
Model _pby_deser => ' P2',
Model _or der-'descr => 'S2',
Model _cursor _name => 'C2',
Internediate_result _row => 'R,
Status => ST

that
d

ded

hble

13.5.11Inside Score_fulfill

The

logic for Score_fulfill might look like this:

1) Read all of the Model table into memory by performing the following in a loop until no more rows

© ISO
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2)

3)

4)

13.5

On

Score

FETCH FROM PTF Model _cursor
I NTO DESCRI PTOR PTF Model _cursor_descr;

Build the model determined by the rows that are read. If there is any error, return an error code in
ST.

Get the number of columns in the cursor for MyData:

GET DESCRPTORPTF Data_cTtursor _descT
Ncol s = TOP_LEVEL_COUNT;

Note that the first (Ncols-1) columns are the requested data, and the last column (index Ncols)|is
the pass-through input surrogate column.

In a loop until the Data table is exhausted:

a) Read arow of the Data table:

FETCH FROM PTF Data_cursor
I NTO DESCRI PTOR PTF Dat a_cur sor_descr;

b) Using the data model, compute the score in S.

c) Place the score in the result row:

SET DESCRI PTOR PTF Internediate result_row
VALUE = 1 DATA = S;

d) Copy the pass-through input surrogate colunmn to the Pass-through output surrogate column:

COPY DESCRI PTOR PTF Data_cursor_déescr VALUE Ncol s ( DATA)
TO PTF Internediate_result_row VALUE 2;

e) Pipe the row to the DBMS:

Pl PE ROW PTF | nternedi at e~result_row,

.12 Collecting the output

ach virtual précessor, the DBMS collects the output rows that are sent via PIPE ROW statements

from Score_fulfill{Note that the PIPE ROW command only sends two columns to the DBMS (Score ahd

“$SU
T.Sc

1)

rrl”), butthe complete result row type has the following columns: D.Id, D.S, D.T, M.Modelid, andl
bre. The-DBMS assembles the complete result row from the intermediate result row as follows:

Ddd;D.S and D.T are obtained by expanding the pass-through output surrogate column “$surrif.

2)
3)
The

120

M.Modelid is the partitioning key, which is an invariant on the virtual processor.
T.Score is derived from Score in the intermediate result row.

union of the complete result rows is the result of the invocation of Score.
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13.5.13 Cleanup

When a virtual processor completes, the DBMS does cleanup tasks such as closing the input cursors and
deallocating the PTF descriptor areas.
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13.6 TopNplus

13.6.1 Overview

TopNplus takes an input table that has been sorted on a numeric column. It copies the first n rows through
to the output table. (However, any partitioning columns are not copied, since those are available to the
quefy through the range variable Tor the input table.] Any additional rows are summarized in a single

out

13.

Top
1)

2)
The
Sch

CREA

RETL
NOT
REA[

Top
ovel

output and which rows will be summarized.

13.

The

desilgn specification, the PTF author decides:

ut row in which the sort column has been summed and all other columns are null.

6.2 Functional specification of TopNplus

Nplus requires two input parameters:

An input table. Since the algorithm is defined on a set of rows, this inputitable has set semantics.
algorithm could reasonably be specified to produce no rows on empty input, or it could produc
single summary row with a total of 0. The PRUNE WHEN EMPTY,cheice is shown.

The number of rows to be copied from input to output. (Any remaining input rows will be summar
in a single output row.)

PTF author can write the following public DDL (visiblete the query author via the Information
bma):

\TE FUNCTI ON TopNpl us (
| nput TABLE NO PASS THROUGH
W TH SET SEMANTI CS PRUNE WHEN EMPTY,
Howmany | NTEGER )
URNS TABLE
DETERM NI STI C
DS SQL DATA

Nplus is not deterministic, because there may be ties when an input partition is sorted. If a set of
laps the cutoff specified by flowmany, then it is not deterministic which rows will be copied to

6.3 Design specification for TopNplus

design specification specifies details that are private, that is, not visible to the query author. Foj

The
e a

ized

ties
the

the

1)

Whether PTF start and/or finish component procedures are required.

2)

3)

122

TopNplus does not need any resources not provided by the DBMS, so there are no start or finish

component procedures.
The names of the PTF component procedures.

The PTF author decides to name the PTF component procedures TopNplus_describe and TopNplus
fill.

The private data for the PTF component procedures.
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TopNplus will require that the input be ordered on a single column, which shall be numeric. The
describe component procedure will locate this column. The fulfillment component procedure will
need to know which column is the ordering column. The fulfillment component procedure could
figure this out on its own, but since the describe component procedure must look for it anyway, the
describe component procedure can save the value to a private variable, thereby passing it to the
fulfill component procedure.

Based on these decisions, the following skeleton DDL exists:

CREATE FUNCTI ON TopNpl us (
| nput TABLE NO PASS THROUGH
W TH SET SEMANTI CS PRUNE WHEN EMPTY,
Howmany | NTEGER )
RETWURNS TABLE
PRI YATE DATA (
O der _col _no I NTEGER )
NOT |DETERM NI STI C
READS SQ. DATA
DESCRI BE W TH PROCEDURE TopNpl us_descri be
FULFI LL W TH PROCEDURE TopNpl us_ful fill

13.6.4 TopNplus component procedures

The[DBMS tool should generate something like this:

CREATE PROCEDURE TopNpl us_descri be (

| NOUT Order_col _no | NTEGER;

I N I nput _row descr VARCHAR(2),

I N I nput _pby_descr VARCHAR( 2)

I N I nput _order_descr VARCHAR(2),

I N I nput _request _descr VARCHAR(2),

I N Howrany | NTEGER,

IN Initial _result_row VARCHAR(2),

I NOUT Status CHAR(5)

) LANGUAGE SQL DETERM NI STI C '€ONTAI NS SQL
SQ |SECURI TY DEFI NER

BEG|N

END

CREATE PROCEDURE TopNpl us_ful fill (

I NOUT Order _<€o0l”_no | NTEGER,

I N I nput _rew-descr VARCHAR(2),

I N I nput-pby_descr VARCHAR( 2)

I N I nput\order_descr VARCHAR(2),

I N lnput _cursor VARCHAR(2),

I N“Howrany | NTECER,

I'DI nt ernedi at e_resul t _row VARCHAR( 2),
I NOUT Status CHAR(5)

) LANGUACGE SQ. NOT DETERM NI STI C READS SQ. DATA
SQL SECURI TY DEFI NER

BEG N

END

NOTE 3 —
1) The parameter lists begin with the private data (Order_col_no).

2) Next come the parameters corresponding to the input table.

© ISO/IEC 2021 - All rights reserved 123


https://standardsiso.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

ISO/IEC 19075-7:2021(E)
13.6 TopNplus

a) For the describe component procedure, four PTF descriptor areas are required, one for the full row type
(Input_row_type), one for the partitioning columns (Input_pby_descr), one for the ordering (Input_order_descr),
and one for the requested row type (Input_request_descr). In the fulfill component procedure, there is also a
parameter for the cursor (Input_cursor).

b)  For the fulfill component procedure, three PTF descriptor areas are required, one for the cursor row type
(Input_row_type), one for the partitioning columns (Input_pby_descr), and one for the ordering (Input_order_descr).
There is also a parameter for the cursor name (Input_cursor).

3) Next comes the scalar parameter Howmany, which is copied from the signature of TopNplus.

1)  Nextis the parameter for the PTF descriptor area for the result row type (called Initial_result_row in the describe
component procedure and intermediate result row in the fulfill component procedure).

)  Finally there is a parameter for the SQL status code.

13.6.5 Invoking TopNplus

The|DDL visible to the query author is:

CREATE FUNCTI ON TopNpl us (

| nput TABLE W TH SET SEMANTI CS PRUNE WHEN EMPTY,
Howmany | NTEGER

) RETURNS TABLE

Her¢ is an example of an invocation:

SELECT S. Region, T.*
FROY TABLE ( TopNpl us (
I nput => TABLE (M. Sal es) AS S
PARTI TI ON BY .Regi on
ORDER BY Sal €s* DESC,
Howmany => 3 )
) AS T

Note that only the partitioning column ¢an be accessed using correlation name S, because the input tpble
has pet semantics.
13.6.6 Calling TopNplus_describe

Thelsignature of TopNplus_describe as stated in Subclause 13.6.4, “TopNplus component procedure
is:

(7]

PROCEDURE«TOpPNpl us_descri be (

| NOUT~Or der _col _no | NTEGER;
IN_Mnput _row descr VARCHAR(2),

| NI nput pby descr VARCHAR(?)

I N I nput _order_descr VARCHAR(2),

I N I nput _request _descr VARCHAR(2),
I N Howrany | NTECER,

IN Initial_result_row VARCHAR( 2),
I NOUT Status CHAR(5)

)
The input table My.Sales has the following columns:

CREATE TABLE M. Sal es (
Regi on VARCHAR( 20),
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Pr oduct VARCHAR(20),
Sal esmanl D | NTEGER,
Sal es FLQOAT )

TopNplus has one private variable, an integer named Order_col_no. The DBMS allocates this and initializes
it to null.

The signature of TopNplus_describe will require that the DBMS create five PTF descriptor areas. The first
is the full row type PTF descriptor area. Let it be named '[1', with the contents shown in Table 58, “Score:

fu]l oW t_y 1A% d\,obr;ytur".

Table 58 — Score: full row type descriptor

Content

Header | COUNT =3
TOP_LEVEL_COUNT =3
Other components unspecified

Item 1 NAME = 'REGION'

LEVEL =0

TYPE = 12 (for VARCHAR)

LENGTH = 20
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, and.CHARAC-
TER_SET_NAME are‘the catalog, schema,
and local name of the default character
set.

Other components unspecified

Item 2 NAME =<PRODUCT'

LEVEL=0

TYPE'= 12 (for VARCHAR)

LENGTH = 20
CHARACTER_SET_CATALOG, CHARAC-
TER_SET_SCHEMA, and CHARAC-
TER_SET_NAME are the catalog, schema,
and local name of the default character
set.

Other components unspecified

Item 3 NAME = 'SALES'

LEVEL=0

TYPE = 7 (for REAL)

Other components unspecified

Next the DBMS also creates a PTF descriptor area of the partitioning; call this P1. Table 59, “Score: parti-
tioning descriptor”, shows the contents of P1.
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Table 59 — Score: partitioning descriptor

Content

Header | COUNT=1
TOP_LEVEL_COUNT =1
Other components unspecified

Item 1 NAME = 'REGION'
LEVEL =0
Other components unspecified

Singe the input table has set semantics, the DBMS also creates a PTF descriptor area-6f'the ordering/Call
this|PTF descriptor areas S1. The contents of S1 are given in Table 60, “Score: ordéring descriptor”.

Table 60 — Score: ordering descriptor

Content

Header | COUNT =1
TOP_LEVEL_COUNT =1
Other components unspecified

Item 1 NAME = 'SALES'

LEVEL =0

LENGTH =0

TYPE=0

SORT_DIRECTION =1 (for ASC)
NULL_O@RDERING = 1 (for NULLS LAST)
Other components unspecified

(This assumes an implementation-defined default to NULLS LAST).

el

The|DBMS also creates an empty PTF descriptor area for the requested row type; let it be called A1) Its

confents are shown in Table 61, “Score: requested row type descriptor”.

Table 61 — Score: requested row type descriptor

Content

Header | COUNT=0
TOP_LEVEL_COUNT =0
Other components unspecified

The DBMS also allocates an empty read-write PTF descriptor area for the intermediate result row type.
Letthe intermediate result row type PTF descriptor area be named R. R has the contents shown in Table 62,
“Score: intermediate row type descriptor”.
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Table 62 — Score: intermediate row type descriptor

Content

Header | COUNT =0
TOP_LEVEL_COUNT =0
Other components unspecified

Findlly the DBMS allocates a CHAR(5) variable for the status code, initialized to '00000". Let ST-be the
statfis code variable.

Now the DBMS makes the following invocation:

CALL TopNpl us_descri be (

O der _col _no => Order _col _no;
| nput _row _descr => "11",

| nput _pby_descr => 'P1',

| nput _order_descr => 'S1',

| nput _request _descr => "'Al",
Howmany => 3,

Initial _result_row=> "R,
Status => ST

13.6.7 Inside TopNplus_describe

The|tasks of TopNplus are:

1) [Check the inputs for validity.

The validity check is that there isa'single ordering column of numeric type.
2) [Populate the requested row typé descriptor.

The requested row descriptor is a copy of the full input row descriptor.

3) [Populate the initialresult row type descriptor.

The initial result tow descriptor is a copy of the full input row descriptor.
4) |Set the value‘of the private data.

TopNplus ean‘tse the following logic:

1) |[Get'the number of ordering columns in local variable OrderColumns:

GET DESCRI PTOR PTF | nput _order_descr
Or der Col utms = COUNT;

2) If OrderColumns is not 1, return an error in the status code parameter.

3) Getthe name of the ordering column in local variable OrderColumnName:

GET DESCRI PTOR PTF | nput _order_descr
VALUE 1 Order Col unmNane = NAME;

4) Get the number of input columns in InputColumns:
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5)

6)

7)

8)

9)

10)

GET DESCRI PTOR PTF | nput _row descr
I nput Col utms = COUNT;

In a loop setting [ from 1 to InputColumns:

a) Getthe input column name in ColumnName.

GET DESCRI PTOR PTF | nput _r ow_descr

NALLIC 1L ol [N}
VDO T SO ot e —

ANAN—:
TV,

b) If ColumnName equals OrderColumnName, exit the loop.

If no input column has the same name as OrderColumnName, return an error. (If this happens,
indicates a bug in the DBMS, since the ordering column shall be a column of the input table.)

Get the data type of the ordering column:

CGET DESCRI PTOR PTF | nput _r ow _descr
VALUE | Order Type = TYPE;

Check that OrderType is a numeric type (see Subclause 8.2.3, “SQI.item descriptor areas for roj
types”, for a list of all type codes). If the ordering column is not pumeric, return an error.

Populate the PTF descriptor area for the initial result row type as a copy of the input table’s roy
type, minus any partitioning columns.

a) Initialize OutputColumns to 0 and Found to 0.
b) Inaloop, setting ] from 1 through InputColuinns:

i) Get the ]J-th column name:

GET DESCRI PTOR PTF | nput xrow_descr
VALUE J Col utmNane =\NAME

ii) Search through the PTE/descriptor area named by Input_pby_descr, looking for a ma
to ColumnName. Ifthe column name matches a partitioning column, continue the log
the next J.

iii)  If ColumnName does not match any name in Input_pby_descr, then increment Outpuit-
fow:

Columnszand append the J-th item descriptor from Input_row_descr to Initial_result_

QutputCol ums = CQut put Col utms + 1;
SET~DESCRI PTOR PTF Initial _result_row COUNT = J;
COPY DESCRI PTOR PTF I nput _row_descr
VALUE J (NAME, TYPE)
TO PTF Initial _result_row VALUE Cut put Col umms;

The requested row descriptor area can be a copy of the initial result row:

COPY DESCRI PTOR PTF Initial _result_row
TO | nput _r equest _descr;

—

'ch

pat

11) Search the requested row descriptor for a column with the same name as the ordering column. If
there is no such column, return an error (the ordering column shall have been a partitioning column,
but ordering on a partitioning column will not order a partition). Otherwise, save the column number

128

in the private variable Order_col_no.
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The DBMS checks the status code for success. Then the DBMS saves the private data, requested row type
descriptor, and the initial result row type descriptor for use at run time.

The complete result row type appears in Table 63, “Score: complete result row type”.

Table 63 — Score: complete result row type

Correlation name S T
Column name REGION PRODUCT SALES
Data type VARCHAR(100) | VARCHAR(100) [ VARCHAR(100)

13.6.9 Virtual processors for TopNplus

The|query (first presented in Subclause 13.6.5, “Invoking TopNplus'Jis:

SELECT S. Region, T.*
FROY TABLE ( TopNpl us (
| nput => TABLE (M. Sal es)

ORDER BY Sal es
Howmany => 3 )
) AST

Thig example has one input table; it has set semantics and is partitioned and ordered. Therefore, th
DBMS creates one virtual processor for each partition of the input table. The DBMS sorts the data in

partition.

The|sample data presented in Subclause 13.6.1, “Overview”, appears in Table 64, “Wcore: sample d3

AS S

PARTI TI ON BY Regi on

DESC,

Table 64 — Wcore: sample data

D

pbach

”

Region Product Sales

East A 1234.56
East B 987.65
East C 876.54
East b 76543
East E 654.32
West E 2345.67
West D 2001.33
West C 1357.99
West B 975.35
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Region Product Sales

West A 864.22

There are two partitions; therefore, the DBMS creates two virtual processors, one for region “East” and
one for region “West”. The data above has been sorted on Sales in descending order; this is the order
required for the cursor in each partition.

Befd
1)

2)
3)
The
virti
desq

nanj
is:

SELH

and

SELF

The

PRI

Thi{
On ¢
1)

re creating the virtual processors, the DBMS can determine the following PTF descriptor areas

The cursor row type descriptor. This example does not use pass-through columns; therefore, th
the same as the requested row type descriptor that was produced by TopNplus_describe:

The partitioning and ordering descriptors. These are the same as were input to TOpNplus_desc

The intermediate result row type descriptor. Since there are no pass-through/eolumns, this is the

same as the initial result row type descriptor populated by TopNplus_desctibe.

DBMS creates the virtual processors, assigning each of them a partitipn\of the input data. On ea
hal processor, the DBMS opens a cursor to read the virtual processor’s-partition, with row type

ribed by the cursor row type descriptor. Let the cursor be named.'C1" in each partition (there is
e conflict because each virtual processor is its own name space).’Thus, on region “East” the cur

FCT Product, Sal es

F M. Sal es
VWHERE Regi on = ' East'
R BY Sal es DESC

the cursor of the virtual processor for region/West” is:

FCT Product, Sal es

F M. Sal es
WHERE Regi on = ' West'
R BY Sal es DESC

private data for TopNplus is:

ATE DATA (
O der_col _no | NTEGER )

private data was-initialized by TopNplus_describe and is simply maintained by the DBMS.
ach virtual processor, the DBMS does the following initialization:

The DBMSopens a PTF dynamic cursor that reads the partition assigned to that virtual process
with SELECT list determined by the cursor row type descriptor. Suppose that the PTF extended n
ofthe cursor is C1 (the same PTF extended name can be used on all virtual processors because

is is

Fibe.

ch

1S
no

s0r

or,
ame
bach

ic 9te awn address snace)
oo O vV Iororareoo—>

A I

2) The DBMS creates a copy of the PTF descriptor areas as determined above, and gives them names

130

in the PTF extended name space. The following names are assumed:
a) Cursor row type descriptor: I1

b) Partitioning descriptor: P1

c) Ordering descriptor: S1

d) Intermediate result row descriptor: R
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The DBMS instantiates a copy of the private data as it was output from TopNplus_describe. Itis shown
as a variable named Order_col_no (the same as the parameter name).

The DBMS allocates memory on each virtual processor for the SQL status code, a CHAR(5) variable
initialized to '00000'. This status code is portrayed as a variable named ST.

13.6.10 Calling TopNplus_fulfill

The
folld

PRO(

The

CAL

13.6

1)

signature of TopNplus_fulfill is found in Subclause 13.6.4, “TopNplus component procedures’; g
ws:

[72)

CEDURE TopNpl us_ful fill (

| NOUT Order_col _no | NTEGER;

I N I nput _row descr VARCHAR(2),

I N I nput _pby_descr VARCHAR( 2)

I N I nput _order_descr VARCHAR(2),

I N I nput _cursor VARCHAR(2),

I N Howrany | NTECER,

IN Internedi ate_resul t _row VARCHAR(2),
I NOUT Status CHAR(5)

h the invocation looks like this:

TopNpl us_ful fill (
O der _col _no => Order_col _no;
| nput _row_descr => "11",
| nput _pby_descr => 'P1',
| nput _order_descr => 'S1',
I nput _cursor => 'C1',
Howmany => 3,
Intermediate_result_row => 'R,
Status => ST

.11 Inside TopNplus. fulfill

In aloop:

a) Read atmost Howmany rows of the input cursor:

FEFCH FROM PTF | nput _cursor
FNTO DESCRI PTOR PTF | nput _r ow_descr;

2)

3)

c) Output the row in Intermediate_result_row:
Pl PE ROW PTF I nternedi ate_result_row,

Initialize local variable Sum to 0:

LET Sum = 0. 0O;

In a loop:
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a) Read all remaining rows of the input.

FETCH FROM PTF | nput _cur sor
I NTO DESCRI PTOR PTF | nput _r ow _descr;

b) Get the value of the sort column. Note that the position of this column in Input_row_descr was
determined by TopNplus_describe and placed in Order_col_no:

GET DESCRI PTOCR PTF | nput row descr VALUE Order col no
Val = DATA;

c) Add the value to SUM:
LET Sum = Sum + Val ;

4) [If there were any remaining rows:

a) Letting [ range over all columns of the result, set the DATA component(of the I-th column of the
result row descriptor area to null:

SET DESCRI PTOR PTF Internediate_result_row
VALUE | DATA = NULL;

b) Setthe order column’s DATA to Sum:

SET DESCRI PTOR PTF Internediate_result_row
VALUE Order_col _no DATA = Sum

c) Send the summary row to the DBMS:

Pl PE ROW PTF | nternedi ate_resul t _raw,

13.612 Collecting the output

On ¢ach virtual processor, thedBMS collects the rows that are sent from TopNplus_fulfill. The complete
resyltrow is formed from thé intermediate result row (piped out of TopNplus_fulfill) plus the partitiohing
columns (invariant on thé virtual processor). The overall result is the union of the complete result fows
fro;l each virtual processor.

13.4.13 Cleanup

After a'virtual processor completes, the DBMS performs any cleanup for that virtual processor, such as
closingthe input cursor and deallocating the PTF descriptor areas

13.6.14 TopNplus using pass-through columns

The preceding example can also be done using pass-through columns, if Feature B205, “Pass-through

columns”, is supported by the DBMS, with a slight modification to the functional specification. The mod-
ification is that Feature B205, “Pass-through columns”, is used to provide the columns of the input table
in the result. The only proper result column is a copy of the ordering column in the first Howmany rows,
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and the sum of the remaining rows in a summary row. Since there is no specific input row to associate
with the summary row, the pass-through columns in the summary row are set to null.

The DDL becomes:

CREATE FUNCTI ON TopNpl us (
| nput TABLE PASS THROUGH
W TH SET SEMANTI CS PRUNE WHEN EMPTY,
Howmany | NTEGER )
RETPRNS—TABEE
NOT |DETERM NI STI C
READS SQL DATA
DESCRI BE W TH PROCEDURE TopNpl us_descri be
FULKI LL W TH PROCEDURE TopNpl us_ful fill

The|differences from Subclause 13.6.3, “Design specification for TopNplus”, are:
1) [PASS THROUGH instead of NO PASS THROUGH.

2) |No private data (the requested row will only have the order column, so.thére is no problem finding
it).

Conpequently, the component procedure signatures are:

CREATE PROCEDURE TopNpl us_descri be (

I N I nput _row descr VARCHAR(2),

I N I nput _pby_descr VARCHAR( 2)

I N I nput _order_descr VARCHAR(2),

I N I nput _request _descr VARCHAR(2),

I N Howrany | NTECER,

IN Initial _result_row VARCHAR(2),

I NOUT Status CHAR(5)

) LANGUAGE SQL DETERM NI STI C CONTAI NS SQU
SQL |[SECURI TY DEFI NER

BEG|N

END

CREATE PROCEDURE TopNpl us_ful fill (

I N I nput _cursor_row VAREGHAR( 2),

I N I nput _pby_descr VARCHAR( 2)

I N I nput _order_descr\VARCHAR( 2) ,

I N I nput _cursor_ndne ‘VARCHAR( 2) ,

I N Howmany | NTEGER,

I N I nternedi at‘enresul t _row VARCHAR( 2),

I NOUT St at us\CHAR( 5)

) LANGUAGE SQLNOT DETERM NI STI C READS SQL DATA
SQL | SECURI TXY~DEFI NER

BEG|N

END

Theltasks of TopNplus describe are:

1) Validate the input (Input_order_descr shall have a single column name, identifying a numeric column
in Input_row_descr).

2) Populate Input_request_descr (with the name of the ordering column).

3) Populate Initial_row_descr (with a single column, whose description can be copied from the order
column in Input_row_descr).

The DBMS constructs the cursor row descriptor from the requested row descriptor by appending the
pass-through input surrogate column.
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The DBMS constructs the intermediate result row descriptor from the initial result row descriptor by
appending the pass-through output surrogate column.

Note that the cursor row descriptor and the intermediate result row descriptor are actually identical in
contents, consisting of the sort column and the surrogate column.

The

logic of TopNplus_fulfill does the following:

1) Fetch the first Howmany rows from the cursor into the cursor row descriptor. For each of these rows,

2)
3)
The
ther

1)

2)

3)

il Hecarrami-decerintarta-thadntarmma adiot o oo It o,y doc ot o o d i o bl o ot s
\,Ut}_y LIITU CUT OVUITI TUVV UL OoCl lt}LUl LU LIIC ITILU T ITIICUIdlU T LOUIL T UVY UL oLl ltJLUl’ allrul lJllJ\, CIIC TIILC T IIIC 4

result row descriptor to the DBMS.
If there are any remaining rows, fetch them and sum the sort column in a variable.

After reading all rows, assign the sum to the first column of the intermediate result®ew descrif
and a null to the second column.

DBMS receives the intermediate result row descriptors that TopNplus_fulfill pipes out and expsz
h to obtain the complete result row, as follows:

The first column of the intermediate result row becomes the only properresult column in the comy
result.

The partitioning columns are copied from invariant values on the virtual processor receiving th
result row. The partitioning columns are available on the lastfow, even if the output surrogate
null.

The pass-through output surrogate column is expanded to obtain the non-partitioning columns
the input table. On the last row, when the output surrogate is null, this expands into null values
all the non-partitioning columns of the input table.

134

iate

tor,

nds

lete

of
for

© ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=d034b06ad846dbb1790dcfd7c9420ff0

	Contents
	Tables
	Figures
	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Introduction to polymorphic table functions
	4.1 Context of polymorphic table functions
	4.2 What is a polymorphic table function?
	4.3 Audiences
	4.4 Motivating examples
	4.4.1 Summary of motivating examples
	4.4.2 CSVreader
	4.4.3 Pivot
	4.4.4 Score
	4.4.5 TopNplus
	4.4.6 ExecR
	4.4.7 Similarity
	4.4.8 UDjoin
	4.4.9 MapReduce

	4.5 The life cycle of a PTF

	5 PTF processing model
	5.1 Introduction to the PTF processing model
	5.2 Processing phases
	5.3 Virtual processors
	5.4 PTF component procedures
	5.5 Input table characteristics
	5.6 Partitioning and ordering
	5.7 Flow of control
	5.8 Flow of information
	5.9 Flow of row types
	5.10 Pass-through columns
	5.11 Security model
	5.12 Conformance features

	6 Specification
	6.1 Introduction to the specification of PTFs
	6.2 Functional specification
	6.2.1 Introduction to the functional specification
	6.2.2 Parameter list
	6.2.3 Input table semantics
	6.2.4 Prunability
	6.2.5 Pass-through columns
	6.2.6 Result row type
	6.2.7 Determinism
	6.2.8 SQL-data access
	6.2.9 Documenting the PTF to the query author

	6.3 Design specification
	6.3.1 Introduction to the design specification
	6.3.2 Name the component procedures
	6.3.3 Private data
	6.3.4 Routine characteristics of the component procedures
	6.3.5 Component procedure signatures


	7 Data definition language
	7.1 Introduction to data definition language
	7.2 PTF creation
	7.3 PTF component procedures
	7.4 Altering PTF component procedures and PTFs
	7.5 Dropping a PTF and its component procedures

	8 Implementation
	8.1 Introduction to PTF implementation
	8.2 PTF descriptor areas
	8.2.1 Introduction to PTF descriptor areas
	8.2.2 PTF descriptor area header
	8.2.3 SQL item descriptor areas for row types
	8.2.4 SQL item descriptor areas for partitioning
	8.2.5 SQL item descriptor areas for ordering

	8.3 PTF extended names
	8.4 Reading a PTF descriptor area
	8.5 Writing a PTF descriptor area
	8.5.1 Introduction to writing a PTF descriptor area
	8.5.2 Using DESCRIBE to populate a PTF descriptor area
	8.5.3 Using SET DESCRIPTOR to populate a PTF descriptor area
	8.5.4 Using COPY DESCRIPTOR to populate a PTF descriptor area

	8.6 Reading a PTF input cursor
	8.7 Outputting a row

	9 Invocation
	9.1 Introduction to PTF invocation
	9.2 <table primary>
	9.3 <PTF derived table>
	9.4 Proper result correlation name and proper result column naming
	9.5 <routine invocation>
	9.6 <table argument>
	9.7 <table argument proper>
	9.7.1 Types of table arguments
	9.7.2 <table or query name>
	9.7.3 <table subquery>
	9.7.4 Nested table function invocation

	9.8 Table argument correlation name
	9.9 Table argument column renaming
	9.10 Range variables and column renaming in nested PTF
	9.11 Partitioning
	9.12 Pruning
	9.13 Ordering
	9.14 Co-partitioning
	9.15 Cross products of partitions
	9.16 <descriptor argument>

	10 Compilation
	10.1 Introduction to PTF compilation
	10.2 Calling the describe component procedure
	10.3 Inside the describe component procedure
	10.4 Using the result of describe

	11 Optimization
	12 Execution
	12.1 Introduction to PTF execution
	12.2 Partitions and virtual processors
	12.3 Calling the start component procedure
	12.4 Inside the start component procedure
	12.5 Calling the PTF fulfill component procedure
	12.6 Inside the PTF fulfill component procedure
	12.7 Closing cursors
	12.8 Calling the PTF finish component procedure
	12.9 Inside the PTF finish component procedure
	12.10 Collecting the output
	12.11 Cleanup on a virtual processor
	12.12 Final result

	13 Examples
	13.1 Introduction to the examples
	13.2 Projection
	13.2.1 Overview
	13.2.2 Functional specification of Projection
	13.2.3 Design specification for Projection
	13.2.4 Projection component procedures
	13.2.5 Invoking Projection
	13.2.6 Calling Projection_describe
	13.2.7 Inside Projection_describe
	13.2.8 Result of Projection_describe
	13.2.9 Virtual processors for Projection
	13.2.10 Calling Projection_fulfill
	13.2.11 Inside Projection_fulfill
	13.2.12 Collecting the results
	13.2.13 Cleanup

	13.3 CSVreader
	13.3.1 Overview
	13.3.2 Functional specification of CSVreader
	13.3.3 Design specification for CSVreader
	13.3.4 CSVreader component procedures
	13.3.5 Implementation of CSVreader
	13.3.6 Invoking CSVreader
	13.3.7 Calling CSVreader_describe
	13.3.8 Inside CSVreader_describe
	13.3.9 Result of CSVreader_describe
	13.3.10 Virtual processor for CSVreader
	13.3.11 Calling CSVreader_start
	13.3.12 Inside CSVreader_start
	13.3.13 Calling CSVreader_fulfill
	13.3.14 Inside CSVreader_fulfill
	13.3.15 Collecting the output
	13.3.16 Calling CSVreader_finish
	13.3.17 Inside CSVreader_finish
	13.3.18 Cleanup

	13.4 Pivot
	13.4.1 Overview
	13.4.2 Functional specification of Pivot
	13.4.3 Design specification for Pivot
	13.4.4 Pivot component procedures
	13.4.5 Invoking Pivot
	13.4.6 Calling Pivot_describe
	13.4.7 Inside Pivot_describe
	13.4.8 Result of Pivot_describe
	13.4.9 Virtual processors for Pivot
	13.4.10 Calling Pivot_fulfill
	13.4.11 Inside Pivot_fulfill
	13.4.12 Collecting the results
	13.4.13 Cleanup

	13.5 Score
	13.5.1 Overview
	13.5.2 Functional specification of Score
	13.5.3 Design specification for Score
	13.5.4 Score component procedures
	13.5.5 Invoking Score
	13.5.6 Calling Score_describe
	13.5.7 Inside Score_describe
	13.5.8 Result of Score_describe
	13.5.9 Virtual processors for Score
	13.5.10 Calling Score_fulfill
	13.5.11 Inside Score_fulfill
	13.5.12 Collecting the output
	13.5.13 Cleanup

	13.6 TopNplus
	13.6.1 Overview
	13.6.2 Functional specification of TopNplus
	13.6.3 Design specification for TopNplus
	13.6.4 TopNplus component procedures
	13.6.5 Invoking TopNplus
	13.6.6 Calling TopNplus_describe
	13.6.7 Inside TopNplus_describe
	13.6.8 Result of TopNplus_describe
	13.6.9 Virtual processors for TopNplus
	13.6.10 Calling TopNplus_fulfill
	13.6.11 Inside TopNplus_fulfill
	13.6.12 Collecting the output
	13.6.13 Cleanup
	13.6.14 TopNplus using pass-through columns

	13.7 ExecR
	13.7.1 Overview
	13.7.2 Functional specification of ExecR
	13.7.3 Design specification for ExecR
	13.7.4 ExecR component procedures
	13.7.5 Invoking ExecR
	13.7.6 Calling ExecR_describe
	13.7.7 Inside ExecR_describe
	13.7.8 Result of ExecR_describe
	13.7.9 Virtual processors for ExecR
	13.7.10 Calling ExecR_start
	13.7.11 Inside ExecR_start
	13.7.12 Calling ExecR_fulfill
	13.7.13 Inside ExecR_fulfill
	13.7.14 Collecting the output
	13.7.15 Calling ExecR_finish
	13.7.16 Inside ExecR_finish
	13.7.17 Cleanup

	13.8 Similarity
	13.8.1 Overview
	13.8.2 Functional specification of Similarity
	13.8.3 Design specification for Similarity
	13.8.4 Similarity component procedures
	13.8.5 Invoking Similarity
	13.8.6 Calling Similarity_describe
	13.8.7 Inside Similarity_describe
	13.8.8 Result of Similarity_describe
	13.8.9 Virtual processors for Similarity
	13.8.10 Calling Similarity_fulfill
	13.8.11 Inside Similarity_fulfill
	13.8.12 Collecting the output
	13.8.13 Cleanup

	13.9 UDjoin
	13.9.1 Overview
	13.9.2 Functional specification of UDjoin
	13.9.3 Design specification for UDjoin
	13.9.4 UDjoin component procedures
	13.9.5 Invoking UDjoin
	13.9.6 Calling UDjoin_describe
	13.9.7 Inside UDjoin_describe
	13.9.8 Result of UDjoin_describe
	13.9.9 Virtual processors for UDjoin
	13.9.10 Calling UDjoin_fulfill
	13.9.11 Inside UDjoin_fulfill
	13.9.12 Collecting the output
	13.9.13 Cleanup

	13.10 Nested PTF invocation
	13.10.1 Introduction to nested PTF invocation
	13.10.2 Nested PTF syntax and semantics
	13.10.3 Nested PTF compilation
	13.10.4 Nested PTF execution
	13.10.5 The PTF author’s view of nested PTF invocations


	Blank Page



