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I ntroduction

The organization of this part of ISO/IEC 19075 is as follows:

1
2

1

1]

12

) Clause 11, “Execution”,, discusses the detail s of executing polymorphic table functionsin the context of

) Clause 12, “Examples’, supplies numerous examplesin detail with commentaries to explain the variou

Clause 1, “ Scope”, specifies the scope of this part of 1SO/IEC 19075.

Clause 2, “Normative references’, identifies additional standards that, through reference in thispart of
ISO/IEC 19075, constitute provisions of this part of 1SO/IEC 19075.

Clause 3, “Introduction to Polymorphic Table Functions’, provides an introduction to polymorphic table
functions, the requirements leading to their incorporation into SQL, and illustrations of\their use.

Clause4, “PTF processing model”, describesthe abstract processing model for polymorphic table functions
in the context of an SQL-implementation.

Clause 5, “ Specification”, describes the manner in which polymorphic tablefunctions are specified in t
SQL standard.

Clause 6, “ Data definition language”, providesthe syntax and semantics of the SQL statementsthat creale,
modify, and drop polymorphic table functions.

=3

e

Clause 7, “Implementation”, guides authors of polymorphi¢table functions through the steps required {o
create all of the functions necessary to accomplish particular purposes.

Clause 8, “Invocation”, supplies the information necessary for application writers, especialy SQL quefy
authors, to take advantage of the polymorphic tablefunctions that are available to them.

Clause 9, “Compilation”, is directed at the authors of polymorphic table functions and of SQL databas:
systems to guide them in the steps required\te compile polymorphic table functionsin the context of a
particular SQL-implementation.

174

2]

Clause 10, “Optimization”, describesthe various aspects of polymorphic functions of which the author
of such functions and the authors of SQL -implementations must be aware to adequately optimize the exe-
cution of such functions.

the processing mode!.

[

use cases, the requirements that relate to polymorphic table functions, and the specifics of the solutions
for each usecase.

xii Polymor phic Table Functionsin SQL
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T
T

art 7
plymor phic table functionsin SQL

Scope

Nis Technical Report describes the definition and use of polymorphic table functionsin SQL.
ne 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.

I ssues concerning compilation, optimization, and.execution of polymorphic table functions.

©ISO/IEC 2017 — All rights reserved
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2.1 1SO and |EC standards

2 Normativereferences

Thefollowing referenced documents are indi spensabl e for the application of this document. For dated references,

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

2[]1 1SO and |EC standards

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

3 Introduction to Polymor phic Table Functions

Alpolymorphic table function (abbreviated PTF) isafunction that returns atable whose row typeisnot declargd
when the function is created. Rather, the row type of the result may depend on the function argumentsin the
invocation of a PTF, and therefore may vary depending on the precise syntax containing the PTF ifivocation.
Inaddition, a PTF may have generic table parameters (i.e., no row type declared when the PTE isCreated), and
the row type of the result might depend on the row type(s) of theinput tables. This Technical Report isintended
toprovide an informal description of PTFs, using examples and practical step-by-step advice on how to add a
PTF capability to arelational DBMS, how to write a PTF, and how to invoke a PTF in-an application.

3|1 Audiences

This Technical Report iswritten for three audiences:
1) The DBMS developer.
2) ThePTF author.

3) The query author.

It]isimportant to recognize that a PTF is somewhat.like a view, only more procedural. With aview, there arg
thie samethree parties: DBMSS, view author, and query author. The DBM Sisthe intermediary between the view
thor and the query author. The view isawayfor the view author to “publish” an interface to tables withouit
posing theinner workings of theinterfacexSitmilarly, aPTF isaway for the PTF author to publish aninterface
toja procedural mechanism that defines atable. The query author only sees the published interface, whereas
DBMS and the PTF author shareamore complex “private’ interface. In particular, the query author sees
agingle PTF function, whereas the DBM S and the PTF author see afamily of oneto four related SQL -invokged
priocedures, called the PTF component procedures, and possibly additional private data.

Mlany sections of the Techriical” Report begin with a caption “Primary audience: xyz” stating which audiend]
isjmost likely to find the'section useful. However, anyone is welcome to read any section. Understanding th
cqmplete picture froni-al three perspectivesislikely to be helpful to all three audiences.

4%

11%

Alfourth audience can also be distinguished, the database administrator (DBA) as the one who is responsibl
alocatingdiskstorage for largetables. Thisis because disk all ocation strategies can impact the performangce
oflqueries, The one alocating disk storage may be the query author or may be a separate role in the organizatiagn.
If|these are'separate roles, the DBA may need to consult with the query author before the datais loaded. This
isfa camplex issue because it may not be possible to anticipate the query at the time that the datais loaded, pr
set of queries may be such that no one disk allocation schemewill allow optimal performance of all queri
hemost relevant section Tor aDBA allocating disk Siorage is Subclause I1.T, " Partitions and ViTtual processors’,
where the audience isnominally the DBM S and the PTF author. However, specific advice about disk allocation
is beyond the scope of this Technical Report.
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3.2 Motivating examples

We begin by showing 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 author and DBMS. The objective
here isto get ataste of the power and generality of PTFs. The perspectives of the DBMS and the PTF author

=

3.

A
a
lal

T
in
ha

FUNCTI ON CSVr eader (

T

p explored at length in Clause 12, “Examples’.

21 CSVreader

spreadsheet can usually output a comma-separated list of values. Generally, thefirst ling-of the file contains
ist of column names, and subsequent lines of the file contain data. The datain general_can be treated as a
'ge VARCHAR. However, some of the fields may be numeric or datetime.

e PTF author has provided a PTF called CSVreader designed to read afile of .comma-separated values ard
ferpret thisfile as atable. The query author can see this PTF in the Information Schema and knows that it
s the following signature:

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

NiS Signature has two parameter types that are distinctive to PTFs:

DESCRIPTOR isatypethat is capable of-describing alist of column names, and optionally for each column
name, adatatype. There is a helper function provided for the query author to construct a PTF descriptagr
area.

TABLE denotes the generic tabletype, atype whose value is atable. The row type of the table is not
specified, and may vary depending on the invocation of the PTF.

this example, the return type of CSVreader is TABLE. Thisis adistinguishing characteristic of every poly-
prphic table function; it returns a generic table.

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

Thefirst'parameter, File, isthe name of afile on the query author's system. Thisfile must contain the
comma-separated values that are to be converted to atable. The first line of the file contains the names pf

the resulting columns. Succeeding lines contain the data. Each line after the first will result in one row pf

2)

3)

pabay b o gt b [FETZ0 acdat mad- b tha fivot Lia £ tlo o Loy
UULPUL, WItTTLUTUITirm rantico o UTLTTTTITICU Uy LT T ot THTTC UT T TTHJut.

Foatsis aPTF descriptor area, which should provide alist of the column names that are to be interpreted
numerically. These columns will be output with the data type FL OAT.

Datesis a PTF descriptor area, which provides alist 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 following:

6
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SELECT *
FROM TABLE ( CSVreader ( File => '"abc.csv',
Fl oats => DESCRI PTOR ("principle", "interest")
Dat es => DESCRI PTOR ("due_date")
) ) AS S

Inthe FROM clause, the TABLE operator introduces the invocation of atable function. A table function mig
be either a conventional (monomorphic) table function or a PTF. In this case, because CSVreader is declare
w/th return type TABLE, thisisaPTF invocation.

[S M=
=

This invocation says that CSVreader should open thefile called abc.csv. Thelist of output column namesis
fgund in the first line of the file. Among these column names, there must be columns named:‘principle’ and
'interest’, which should be interpreted as numeric values, and a column named 'due_date'pwhich should be
interpreted as a date.

For example, suppose that the contents of abc.csv are

dgqcno, nane, due_dat e, pri nci pl e, i nt er est
133, Mary, 01/ 01/ 2014, 234. 56, 345. 67
234, Edgar, 01/ 01/ 2014, 654. 32, 543. 21

Tlhe result will be

docno name due date principle interest
123 Mary 2014-01-01 234.56 345.67
234 Edgar 2014-01:01 654.32 543.21

The distinguishing feature of this example isthat there are no input tables. Subsequent examples show various
possibilities involving input tables.

This example is continued in detail in-Subclause 12.2, “CSVreader”.

3.2 Pivot

Ingeneral, apivotisan operation that reads arow and outputs several rows. Generally, theinput isdenormalizgd
and the output isnermalized. For example, maybe an input table has six columns, forming three pairs of (phope
type, phone number), and the user wishes to normalize this into a table with two columns.

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

FUNCTTON Pivot [

I nput TABLE PASS THROUGH W TH ROW SEMANTI CS,

Qut put _pi vot _col umms 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

©ISO/IEC 2017 — Al rights reserved Introduction to Polymor phic Table Functions 7
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) RETURNS TABLE
DETERM NI STI C
READS SQL DATA

The PTF author has provided a user reference that documents the following semantics for this PTF:

1) —Thefirst parameter Hnput, isa gmnri ctable -Thistableisdeclared to havetwo npfi ons~PASSTHROUGH"
and “WITH ROW SEMANTICS’. These options have the following implications for the query author:

a) WITHROW SEMANTICS meansthat theresult isdetermined on arow-by-row basis. The alternative,
set semantics, will be seen in subsequent examples. At most one input table can have row\semantigs.

b) PASS THROUGH means that, for each input row, the PTF makes the entire input rew, available in
the output, qualified by arange variable associated with the input table. The alterpative, NO PASS
THROUGH, will be seen in some subsequent examples.

2) Thesecond parameter, Output_pivot_columns, isa PTF descriptor areathat lists the names of the columhs
that the query author wants to see in the result.

3) Thethird parameter, Input_pivot_columnsl, is mandatory. This paramétéris a PTF descriptor area that
lists the names of the columns of the input table which are to be pivated into the corresponding columr
of the output table. There must be the same number of column names in the Output_pivot _columns PT
descriptor area and in the Input_pivot_columnsl descriptor area.

TTw»m

4) Theremaining parameters, Input_pivot_columns2, Input_fivot_columns3, Input_pivot_columns4, and
Input_pivot_columnsb, are optional (indicated by the DEFAULT NULL declaration). If supplied, these
are additional PTF descriptor areas for the input columns that are to be pivoted into the output columng.
Each of these PTF descriptor areas must have the sanie number of column names as Output_pivot_columis.

This shows the capability to pivot at most 5 sets of-columns. Of course, the PTF author could support many,
mpre by simply adding more optional parametersto the signature.

Bsed on this user documentation, the query~author might write the following invocation:

SHLECT D.1d, D.Name, P.Phonetypey P. Phonenunber

FROM TABLE ( Pivot ( Input => TABLE (Joe.Data) AS D,
CQut put i vot _col uims => DESCRI PTCR (phonetype, phonenunber),
I nput) *pi vot _col umms1 => DESCRI PTOR (phtypel, phonenunber1l),
I hput _pi vot _col ums2 => DESCRI PTOR (phtype2, phonenunber 2)

YO °AS P

Inthisinvocation, thefirst TABLE () operator encloses the PTF invocation. The first parameter, called Inpu
passes a table, and uses the TABLE () operator to enclose the table name. This second TABLE () operator is
reguired because SQL would normally interpret syntax such as Joe.Data as a column name rather than ataljle
name. SinceJoe.Datais atable, it ispossible to assign it a correlation name, D in this example. (If an expligit
cqrrelatientniame is not provided, then the table name Joe.Data, or just Data, may be used as arange variable
tojreference it.) The remaining arguments are PTF descriptor areas, first of the output pivot columns and then
the€erresponding pairs of input pivot columns.

"%

The query has two correlation names, D and P. D is associated with the input table Joe.Datawhereas Pis
associated with the output of the PTF.

For input tables with pass-through columns, as in this example, the correlation name of the input table may be
used asaqualifier to reference any column of the associated input table. (Input tableswith set semanticsfollow
adightly different rule to be presented later.) In thisexample, D has been used to qualify the columns D.1d and
D.Name.

8 Polymorphic Table Functionsin SQL ©ISO/IEC 2017 — Al rights reserved
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Theresult of the PTF invocation isamultiset of rows, each row having some columns qualified by D and some
columns qualified by P. Every column of the input table Joe.Datais accessible in the columns qualified by D;

the output columns of the PTF are referenceable using the correlation name P. In effect, each input row is

ta

(r
(T
ol

Fq

T

T

3.

S

cqncatenated with the columns that are produced by the PTF. This is a consequence of the fact that the inpul
ble has pass-through columns and row semantics: the result of the PTF is determined on a row-by-rowbasi
pw semantics), and the entire input row is concatenated with the result of the PTF (pass-through columns).

2.3 Score

he PTF may produce more than one row for a given input row; thiswill cause a“multiplier effect”in the
tput.)
r example, suppose Joe.Data has the following data:
ID NAME | PHTYPE1 | PHNUMBER1 | PHTYPE2 | PHNUMBER?2
123 Mary home par cell Stu
234 Edgar home VWX work Xyz
ne result will be
ID NAME | PHONETYPE.{ PHONENUMBER
123 Mary home par
123 Mary cell stu
234 Edgar home VWX
234 Edgar: work Xyz

ore has twa.dnput tables:

Nis example is continued in détail in Subclause 12.3, “Pivot”.

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

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

—

1
2
E

specify the scoring algorithm.

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,

©ISO/IEC 2017 — All rights reserved
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)

Model TABLE NO PASS THROUGH
W TH SET SEMANTI CS PRUNE VWHEN EMPTY
RETURNS TABLE ( Score REAL)

DETERM NI STI C
READS SQL DATA

N
i

S
th
in

T
1
2
3
T

SH

FROM TABLE (Score ( Data => TABLE (MyData) AS D

T

3

dpressed in query syntax, as we shall see.

cgmparison against different “what if” scenarios. The query author writes the following query:

D PASS THROUGH indicates that columns of the Model table are not copied to the eutput. However, if t
put is partitioned, then the partitioning column(s) are still available in the output.

ce the algorithm cannot work with an empty model, the qualifier PRUNE WHEN EMPTY isadded, indicati
at the result of the PTF isempty if the model table is empty. This enablesthe DBM Sto optimize by not ev
voking the PTF when thistable is empty.

ne result, for each input row of Data, isarow concatenated from<he following three sources:

The entire row of Data (because this has row semantics with pass-through columns).

An additional column named SCORE of type REAL containing the score for that row of Data.

he query author has atable containing a numberzof different models, which can be used to score rows for

LECT D.1d, D.S, D.T, M Mdelid, T-Score

Model => TABLE (Mbdels) AS M
PARTI TI ON BY Model i d
AS T

Ni s exampl e has three correlation names, corresponding to the three sources for columns in the output row

D isthe correlationfamefor theinput table MyData. MyData has row semantics with pass-through colum
and its correlation name D may be used to qualify any column of MyData.

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

T.isthe correlation namefor theresult of the PTF. T isused to qualify the additional column named SCOR

The partitioning columns of Modél, if any (because thishas set semantics without pass-through columng).

bet

2]

T

e

in

hi S-exampl e introduces the PARTITION BY clause. Only tables with set semantics may be partitioned, Th
put 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 avirtual processor to specify the
evaluation of a PTF. In this example, each partition is assigned to a separate virtual processor.

For example, perhaps Maodels contains the following rows:

10 Polymorphic Table Functionsin SQL
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Modelid pname | pvalue
wet X 19

wet ¥ 28

wet z 37

dry X 4

dry y 5

dry z 6

This tables contains two models, “wet” and “dry”, each having three parametexSnamed “x”,
parameter values in the column pvalue.

y”,and“Zz", with

Table MyData may contain information to be scored by these two models:

id S t

122 9.4 34

233 8.4 6.5

344 10.2 93

455 11.0 8.8

The result might look like this:

id S t Modelid | score
122 9.5 34 wet 12.9
233 84 6.5 wet 14.9
344 102 |93 wet 19.5
455 11.0 8.8 wet 19.8
122 9.5 34 dry 6.4
233 84 6.5 dry 74
344 102 |93 dry 9.2
455 11.0 8.8 dry 94
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In the result, the first three columns are copied from MyData. The next column, M.Modelid, comes from the
partitioning of Models. Every row of MyDatais analyzed by both models, “wet” and “dry”. Since there are
four rowsin MyData and two models, there are eight rows in the result, four for each model. The last column

is

the score produced by the PTF.

This exampleis continued in detail in Subclause 12.4, “ Score”.

3R.4 TopNplus

TopNplus takes an input table that has been sorted on a numeric column. It copies the first irows through t

t

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

F

U

SH

FROM TABLE ( TopNpl us( I nput => TABLE (M. Sales) AS S

T
S6

output table. Any additional rows are summarized in asingle output row in which the sort column has be|
mmed and all other columns are null.

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

he PTF author has provided the following user documentation:

Thefirst parameter, Input, isthe input table. Thistable has set semantics, meaning that the result depen
on the set of data (sincethelast row isasummaty row). In addition, the table is marked as PRUNE WHE
EMPTY, meaning that the result is necessarily empty if the input is empty. The query author must ords
thisinput table on a single numeric column (syntax below).

The second parameter, Howmany,.specifies how many input rows that the user wantsto be copied into t
output table; all rows after this willcontribute to the final summary row in the output.

5ing the user documentation, the.query author might write the following query:

LECT S.Region, T.*

PARTI TI ON BY Regi on
ORDER BY Sal es DESC,
Howmany => 3
)
YAS T

Ni s exampl e shows an input table that is both partitioned and ordered. In general, an input table with set
mantics may be partitioned or ordered or both.

A=)

eN

N

=

12 Polymorphic Table Functionsin SQL

Consider the folTowing InpUt data representing the content of the table My.Sales.

Region | Product | Sales

East A 1234.56

East B 987.65
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Region | Product | Sales
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

The first five rows make up the partition with Region

Region = "'West'. Also notice that each partition has been sorted in descending order on Sales.
T

R

= 'East' and the | ast five rows make up the partition with

ne DBMS creates two virtual processors, one for each partition.\For example, on the virtual processor for
bgion = 'East’, TopNplus sees the following input as S:

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 following input as S:

Region | Product | Sales
West E 2345.67
West D 2001.33
West C 1357.99
West B 975.35
West A 864.22

©ISO/IEC 2017 — All rights reserved
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On each virtual processor, TopNplus copiesthefirst 3 rows to the output (because Howmany = 3). However,

it does not copy the partitioning column, sincethat is available to the query using the correlation name S. Then,
TopNplus reads the remaining rows and computes the sum. In partition Region = 'East’, the sum is 1419.75; in
the other partition, the sum is 1839.57.

The result of the PTF invocation is shown bel ow:

lumns that were output by TopNplus.

S
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
Npte that the result uses two correlation names.\Si-to qualify the partitioning column, and T, to qualify the

ure B205, “Pass-through columns’ywhich is an optional feature and may not be available in every imple-

mentation of polymorphic table functions. The example can also be modified alittle to exploit pass-through
cqlumns if Feature B205, “ Pass-through columns’ is available. The modification is necessary because pass
through columns are an “all.or nothing” capability — either an entire input row is copied to the output, or a

mjght look likethis:

of nulls (except for the'partitioning columns). In the results above, the first three rows in each partition
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.E;I‘I;&
cqlumns. To reportthe summary statistic, the PTF would use a separate column, qualified by T. Thusthe restilt

14 Polymorphic Table Functionsin SQL

S T
Region | Product Sales Sales
East A 1234.56 | 1234.56
East B 987.65 987.65
East C 876.54 876.54
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FUNCTI ON ExecR (

3.2 Motivating exampl
S T
Region | Product Sales Sales
East 1419.75
West E 2345.67 | 2345.67
West D 2001.33 | 2001.33
West C 1357.99 | 1357.99
West 1839.57

nis example is continued in detail in Subclause 12.5, “TopNplus’.

2.5 ExecR

is aprogramming language used for analytic calculations. ExeER executes an R script on aninput table. T
[F receives the R script as an input character string, but |acksthe sophistication to analyze this R script to

W type.

he query author sees the following signature in the Information Schema:

Scri pt VARCHAR(10000),
| nput TABLE NO PASS THROUGH
W TH SET SEMANTI CS KEERMHEN EMPTY,
Rowt ype DESCRI PTCR )
RETURNS TABLE
NOT DETERM NI STI C
READS SQL DATA

he PTF author suppliesthe following user documentation:
Thefirst argument, Script, is a character string containing the R script to be executed.

The second.argument, Input, is a generic input table with set semantics. Thisinput table will be passed
the R seript using an interface defined by the PTF author. The R script is expected to process the input
table and produce an output table. Sinceit is possible that the R script might produce an output even if
thereis empty input, this generic table is marked KEEP WHEN EMPTY . Since the R script will not ha

termine the row type of the result. Consguently, the query author bears the burden of specifying the outpu

es

ne

—

the ability to copy input rowsinto 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.

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,

©ISO/IEC 2017 — All rights reserved Introduction to Polymor phic Table Functions
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Rowt ype =>
DESCRI PTOR ( Nane VARCHAR(100), Val ue REAL)

)
) AS R

In thisinvocation, the thingsto note are:

1) Thefirst argument isthe R script to be evaluated.

2) Thesecond argument isan input table with set semantics, partitioned by Region. In this example;the ingut
is not sorted.

3) Thethird argument, Rowtype, provides a PTF descriptor area of two columns, called Nameand Value,
with types VARCHAR(100) and REAL, respectively.

Tihe result rows are concatenated from two sources:
1) The partitioning column D.Region, qualified by the correlation name for the(partitioned input table.

2) The columns R.Name and R.Value that are output by the PTF, qualified-by*R, the correlation name assg-
ciated with the PTF.

nis result is supported as follows:
Theinput datais partitioned on Region.
Each region effectively constitutes an independent data set.

T
1

2

3) The DBMS creates avirtual processor for each partition.
4) Thevirtual processor reads the datain a partitien and produces arow with two columns, Name and Valye.
5

The Region code is constant for all input rews on avirtual processor, and so the DBMS s able to augmaent
the result from the PTF with the partitioficolumn.

6) Inthe SELECT ligt, the partitioning.column is referenced using the correlation name D declared in the
PARTITION clause, whereas the output of the PTF is referenced using the correlation name R.

174

Refer to Subclause 3.2.4, “ TopNplus’, for afuller example of partitioning, including an example of how thq
cqrrelation names and result.column names work.

The ExecR example is continued in detail in Subclause 12.6, “ExecR”.

3.6 Similarity

Similarity-performs an analysis on two data sets, which are both tables of two columns, treated as the x andly
aqesof.a graph. The analysis resultsin a number which indicates the degree of similarity between the two
griaphs, with 1 being perfectly identical and 0 being completely dissimilar. The numeric result isreturned ina
table with one row and one column. The result columniis called Val and is of type REAL.

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

FUNCTION Sinilarlity (
I nput 1 TABLE NO PASS THROUGH

W TH SET SEMANTI CS KEEP WHEN EMPTY,
| nput 2 TABLE NO PASS THROUGH
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W TH SET SEMANTI CS KEEP WHEN EMPTY )
RETURNS TABLE (Val REAL)
NOT DETERM NI STI C
READS SQL DATA

es

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

th
1

T

SH

FROM TABLE ( Simlarity ( Inputl => TABLE (Sales) AS T1

T
B
SU
by
f

(]

In
fr

SH

FROM ( SELECT Countty, 1 AS One

(T

partitioning list is 1, and the corresponding columns T1.Country and T2.Code must be comparable.

H pu | 4 ot
e DBtThe PTFatthor-supptiesthe-folowing-documentation:

The two parameters are generic tables with set semantics. Each input table must be sorted on two nume
columns; these columns are interpreted as providing the pointsin an x-y plot.

ilarity between the two graphs, with 1 being perfectly identical and 0 being completelydissimilar. The
numeric result is returned in a table with one row and one column. The result column'is called Val and
of type REAL.

he query author might write a query such as the following:

LECT T1. Country, T2.Code, S. Val

PARTI TI ON BY Country

ORDER BY (Qr, Revenbe),
I nput 2 => TABLE (Countries) AS T2

PARTI TI ON BY Cade

ORDER BY (Quarter, GDP)

COPARTI TI ONN'TL, T2)

) AS S

i s example hastwo partitioned input tables. Whenthereis more than one partitioned input table, then Featu
P02, “PTF Copartitioning” isrelevant. If the SQL¢4implementation supportsthisfeature, then the query synt
pportsan optional COPARTITION clause. The COPARTITION clause specifiesthat theinput tablesidentifis
the correlation names T1 and T2 are to,be copartitioned. Each partitioning list must have the same numb
columns, and corresponding column.names must be the comparable. In this example, the length of each

execution, copartitioning works like this: The DBMS effectively forms a master list of all country codes
bm S3 and T3, eiminating.duplicates. One way to do thisisto perform this full outer equijoin:

LECT *

FROM Sal.es)) AS S3
FULL OUIER.JO N
( SELEET:Code, 1 AS One
FROM'Countries ) AS T3
ON<(=S3. Country |'S NOT DI STI NCT FROM T3. Code )

he S NOT DISTINCT FROM predicate is True if the two comparands are equal or both null.)

Similarity performs an analysis on two data sets, resulting in a number which indicates thedegree of sim-

c

S

RS X

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

S3.Country | S3.0ne | T3.Code | T3.0ne

CAN 1 CAN 1

©ISO/IEC 2017 — All rights reserved Introduction to Polymor phic Table Functions
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S3.Country | S3.0ne | T3.Code | T3.0ne

JPN 1 JPN 1

USA 1

U
jo
“q
in
arn
A
th
in
T
R
in
w
Li
thi

T

2.7 UDjoin

GBR 1

r each of them.

ne result of the PTF invocation therefore has three columns:
The copartitioning column called Country.

The copartitioning column called Code.

The result of the PTF itself, called Val.

Nis example is continued in detail in Subclause 12.7, “ Similarity”.

n criterion. It isintended that T2 is ordered on atimestamp. UDjoin will analyze this ordered datainto

lusters’ of related rows, where each cluster is interpreted as representing some “event”. If two rows are tigd
the ordering, they are placed in the same cluster. Some rows may be interpreted as “noise’, not representing

y event.

ter analyzing T2 into event clusters, rows from T1 are matched to the most rel evant event cluster. It ispossil]

T1.

he output resembles afull outér join. If arow R of T1 matches an event cluster EC of T2, then in the outpu
isjoined to every row of EC. If R has no matching event cluster, then R is output with a null-extended row

th nulls in the portien of the output corresponding to T1.

pt correspond-to columns of the inpuit.

e PTFE-author creates this PTF with the following signature:

CH

REATE 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

husthere are four copartitions (for 'CAN', 'JPN', 'USA', and 'GBR") and the DBM Smust start avirtual processor

Djoin performs a user-defined join. It takes two inputtables, T1 and T2, and matches rows according to some

gt some rows of T1 have no matching event cluster. It is also possible that some event clusters have no matth

place of the event cluster. Conversely, if an event cluster EC is not matched, then every row of EC is output

le

t

ke afull outerjoin, there are range variables associated with each input table, which qualify output columnhs

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.

18 Polymorphic Table Functionsin SQL
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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 ) )

Npte 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 this:

G S

Gid | Golly | Wiz Tstamp | Color Shape

125 | Mally | Oz 3 Crimson Diamond

125 | Mally | Oz 4 Aquamaroon /| 'Star

125 | Moally | Oz 5 Vermilion Pentagon
8 Violét Crescent
9 Purple Circle
10 Plum Ellipse

126 | Dolly | Narnia

Inthe results, the row (G.Gid = 125, G.Goally = 'Mally', G.Wiz ='0z') is matched to an event of three rows
w|th Tstamp = {3, 4, 5}. The next eventywith Tstamp = {8, 9, 10}, hasno match in G, so the columns of G gre
nérll. Thefinal row (G.Gid = 126, G.Gally = 'Dally', G.Wiz = 'Narnia) has ho matching event in S, where the
cqlumns are null.

3R.8 MapReduce

MiapReduce is adata processing paradigm using two phases, called Map and Reduce. In the classic “word
cqunt” example-of the MapReduce paradigm, the Map phase reads one or more input files. Each input file i
parsed intowords separated by delimiters. Map outputs aseries of records, each record being atuple comprising
ayvord and a count. These records are then partitioned on word. In the Reduce phase, the countsin each partitipn
are summed. Thefinal result isalist of words appearing in any of the input files, with their counts.

ap can beimplemented using a PTF that takes asinput alist 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
itsinput into some fixed format suitable for input to the Reduce phase. The datais partitioned and Reduce
performs some analysis on the partitioned data, which might not be supported by an SQL aggregate. In this
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genera paradigm, both the Map and the Reduce phases can be implemented by PTFs. To get the complete
paradigm, the query author will write afunctional composition of the two phases, schematically:

SELECT ...
FROM TABLE (Reduce (Map (...))) AS MT

I
a
T
i

3

T
w
st

Y

P
al
th

T
al

on”, provides examples of nested PTF invocations.

aythor may iterate the design of the query. These iterations are not shownin the our examples.

iar:rplementation of the DBM S functionality; during devel opment and testing you will also play the role of P]

g invocation of Map nested within Reduce does not need a TABLE Operator because Map 1S Known 1o rety
able.

Ni S paper does not discuss the MapReduce paradigm further. However, Subclause 12.9, “Nested PTFR/invod

3 Thelifecycleof aPTF

i s paper will weave among the three audiences in order to arrive at a comprehensive understanding of the
hole. We assume that both the PTF author and the query author edit text fitesin which they build their SQ
btements. Realistically, the development cycle will include many iterations by the PTF author, and the que

pu, the reader, may fill any or al of these roles. If you are a DBMS devel oper, you will of course write the

thor and query author. If you are a PTF author, then you will also fill the role of query author to test your
'F. When testing a PTF, it is recommended that you use‘sgparate SQL -schemas for the PTF implementati

e PTF body interoperate to deliver the result of the RTF.

he remaining sections of this Technical Report-and their primary audiences are shown in Table 1, “Primar)
diences for Clauses and Subclausesin thisTechnical Report”:

Table 1 — Primary audiences for Clauses and Subclausesin this Technical Report

d the PTF test suite. If you are a query author, you may still find it useful to understand how the DBM S and

o

=

ry

F

bN

PT

F Author DBM S Developer Query Author

Subclause4.1, “Processing phases’

Subclause 4.2, “Virtual processors’

Subetause 4.3, “ PTF component procedures’

Subclause 4.4, * Input table characteristics’

Subclause 4.5, “Partitioning and ordering”

Subclause 4 R1 “Elow of control”

Subclause 4.7, “ Flow of information”

Subclause 4.8, “Flow of row types’

Subclause 4.9, “Pass-through columns’

20 Polymorphic Table Functionsin SQL
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PTF Author DBM S Developer Query Author

Subclause 4.10, “ Security model”

Subclause 4.11, “ Conformance features’

Clause 5, “ Specification”

Clause 6, “ Data definition language”

Clause 7, “ Implementation”

Clause 8, “Invocation”

Subclause 9.1, “ Calling the describe compo-
nent procedure”

Subclause 9.2, “Inside the
describe component procedure”

Subclause 9.3, “Using the result of{describe’

Clause 10, “Optimization”

Subclause 11.1, “ Partitions and virtual pro-
Cessors’

Subclause 11.2¢*/Calling the start compo-
nent procedure”

Supclause 11.3, “ Inside the start
component procedure”

Subclause 11.4, “ Calling the PTF fulfill
component procedure”

Supclause 11.5, “Inside thie PTF
fulfill component pracedure”

Subclause 11.6, “ Closing cursors’

Subclause 11.7, “ Calling the PTF finish
component procedure”

Suptlause 11.8, “Insidethe PTF
finish component procedure”

Subclause 11.9, “ Collecting the output”

Subclause 11.10, “Cleanup on avirtual
processor”
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PTF Author

DBM S Developer

Query Author

Subclause 11.11, “Final result”

22 Polymorphic Table Functionsin SQL
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4.1 Processing phases

PTF processing model

A

5.

=

4

| of thissection is addressed to the DBM S devel oper and the PTF author. The query author needsto understal
put table semantics (Subclause 4.4, “Input table characteristics”) and partitioning (Subclause 4.5, “ Partitioni
d ordering”).

1 Processing phases

imary audience: DBM S devel oper and PTF author

ocessing a PTF invocation is divided into two phases. compilation and execution. These phases correspor]

toPREPARE and EXECUTE in dynamic SQL . In static SQL, the query alithor is not aware of the phases, sin

c
of

4

T
cq
cq
pr
el
Cq
th

4

T
of

mpilation is followed immediately by execution. However, the DBM'S and the PTF author are always awg
these phases.

2 Virtual processors

Ptimary audience: DBMS devel oper and PTF author

ne execution phase is described using an abstraction called avirtua processor. A virtual processor isapro
ssing unit capable of executing a sequential-algorithm. A virtual processor might be an actual physical pr
ssor (with associated operating system, etc.). Using techniques such as multiprocessing, a single physical
ocessor might host several virtual processors. Virtual processors may execute independently and concurrent
her on asingle physical processor or distributed across multiple physical processors. There is no commu
ti on between virtual processors.The DBM Sisresponsiblefor collecting the output on each virtual proc

e union of the output from all)virtual processorsis the result of the PTF.

3 PTF component procedures

Primary audience: DBMS devel oper and PTF author

he query-author perceives asingle PTF. The PTF author and the DBM S perceive that the PTF is compose
onetofour PTF component procedures, which areinvoked at various points during compilation and executid

Y,
|_

as

folows:

1)

2)

©ISO/IEC 2017 — All rights reserved

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.)

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.)
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3)

T

4

In
1

Pfimary audience: DBMS devel oper, PTF author, and query author.

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.)

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

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

effectively impose syntax constraints on the the query author by returning an error fromthedescribe
mponent procedure if the syntax requirements are not met.

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

4 Input table characteristics

put tables are classified by three characteristics:
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 arow-by-row basis. As an extrer

adifferent virtual processor.

b) Set semantics meansthat the outcome of the function depends on how the datais partitioned. A partiti
may not be split acrossvirtual processors, nor may avirtua processor handle more than one partitic

The second characteristic, which-applies only to input tables with set semantics, is whether the PTF ¢

thetableis said to be “ keep Wwhen empty”, meaning that the DBM S must actually instantiate a virtual pr
cessor (or more than oneViytual processor in the presence of other input tables). The dternativeis call€
“prune when empty”, meaning that the DBM S can prune virtual processorsfrom the query planif theing

not relevant to them.)

The third characteristic is whether the input table supports pass-through columns or not. Pass-through
columnsisamechanism enabling the PTF to copy every column of an input row into columns of an outg
row.

example, the DBM S could atomize the inputtabl e into individual rows, and send each single row to

generate aresult row even if the'input table is empty. If the PTF can generate aresult row on empty inpti,

table is empty. (Tables with row semantics are always effectively “ prune when empty”, so this choice i$

13%

ne

DN
n.

-
d
ut

»]

24 Polymorphic Table Functionsin SQL

the.examples, the table parameters have characteristics as shown in the following table:
Example | Table Row or set | Keep or Pass-through?
Parameter semantics? | prune
when
empty?

CSVreader | notable
parameters
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Example | Table Row or set | Keep or Pass-through?
Parameter semantics? | prune
when
empty?
Pivot mpuat TOW (NTA) yes
Score Data row (N/A) yes
Model set prune no
TopNplus | Input set keep no (example could be
worked using pass*
through)
ExecR Input Set keep no
Similarity | Inputl set keep no
Input2 set keep no
UDjoin Candidates set prune yes
EventStream | set prune yes

4|5 Partitioning and ordering

Primary audience: DBM S devel oper, PTE author, and query author.

The input tables with set semantics may be partitioned on one or more columns, at the discretion of the query

thor. An input table with at |east-one partitioning column is said to be partitioned (even if, in fact, the par:L'-
tigning column has only one value). An input table with no partitioning column is said to be broadcast. In the
e{amples, TopNplus, ExecRyand Similarity illustrate partitioning.

The input tables with.set semantics may be ordered on one or more columns (other than partitioning columips
—t there is no benefitto ordering on a partitioning column), also at the discretion of the query author. The PTF
isfaware of thegrdering during al PTF component procedures, and may utilize the ordering semantically
(TlopNplusill tstrates this possibility). If the PTF does not use the ordering semantically, then thereis no benefit
tojthe query~author in ordering the input table. Ordering an input table does not imply an ordering to the results
of the query as awhole.

Inputitables with row semantics may not be partitioned or ordered. Row semantics implies that the result ¢

be determined on arow-by-row basis; therefore, the DBM S can assign rows of such tablesto 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 thereis morethan one partitioned input table, they can, at the option of the query author, be copartitioned.
With copartitioning, the copartitioned table arguments must have the same number of partitioning columns,
and corresponding partitioning columns must be comparable. The DBMS effectively performs afull outer
equijoin on the copartitioning columns, assigning one virtual processor to each combination of partitions
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resulting from this equijoin. The Similarity example illustrates copartitioning. For detailed examples of copar-
titioning, see Subclause 12.7.9, “Virtual processors for Similarity”.

4

6 Flow of control

T

R
P

4

=< 0

[@F

q

N 0O

.
is
ex
de

Pimary audience: DBM S developer and PTF author.

i S section presents a conceptual architecture for the flow of control during the compilation and execution

efer to the following diagram, showing a schematic execution plan involving multiple virtual \processors R

,Ps, ...
C_ompile Virtual Run Time
Time Processor
Describe Start | Fulfill 4Finish
P1
P2
P3

ne flow of execution moves basically left to right.The describe step is not shown using any virtual process
nceit is an indivisible computational step.

he purpose of compilation isto set up far, the'subsequent execution phases. Compilation is performed withd
e ability to read the input data, thoughdhe row type and sort order of the input tables are passed to the PTI
bscribe component procedure via PT K descriptor areas.

bmpilation results in two kindsof information:
The row type of the resuilt:

Values of the privatevariables of the PTF, if any. These values are saved by the DBMS and re-instantiat
asinput 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.

he time between compilation and execution isindicated by the vertical blank space between them. If the que

ampleyif the PTF invocation isin aview definition, then the PTF invocation is compiled when the view i

prepared.and executed as separate steps, there can be many executions, not portrayed in this diagram. For

ed

ry

~
b

fined and executed when the view is referenced in a query.

At run-time, the DBM S assembles the input data, partitionsit, 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

pr

ocessors. Scheduling virtual processors is implementati on-dependent.

Note that partitioning is only semantically correct if the overall task can be decomposed as a union of digjoint
tasks. If an input table has row semantics, then the input table can be partitioned arbitrarily, so in that case the

26 Polymorphic Table Functionsin SQL
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partitioning decision is made by the DBM S according to an implementation-dependent algorithm. If an input
table has set semantics, then the partitioning decision is the responsibility of the query author, and the default
isto form asingle partition.

417  Flow of information

Primary audience: DBM S developer and PTF author.
Information flows between stages of execution as follows:

1) The PTF describe component procedure receives a description of the input tables and'their ordering (if
any) aswell as any scalar input arguments that are compile-time constants.

2) The PTF describe component procedure returns the row type of the PTF's result to the DBMS. Thisrow
typeisaso made availableto all the run-time PTF component procedures. ({f any table argument has pags-
through columns, the handling of the result row type has some additional \complexity, discussed in
Subclause 4.9, “Pass-through columns’.)

3) The PTF describe component procedure might have private information to communicate to the other PTF
component procedures that will executein run time. For example, the PTF describe component procedyre
may go to some trouble to analyze the input scalars and tables/and it may be useful to passadigest of this
analysis to the run-time PTF component procedures, so.that they do not need to repeat the analysis.

4) The run-time PTF component procedures may haveinformation to pass from one stage to another. For
example, if aresourceisallocated during the startcomponent procedure, then a handle for that resourc
should be passed to the fulfill component procedure to use the resource, and to the finish component prp-
cedure to deallocate it.

11

The following diagram illustrates the flow ef{information in a PTF invocation:
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COMPILE TIME RUN TIME

User

Query: SELECT ...

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

\ results

résults
virtual processor 2 H\
Start — Fulfill — Finish

I

I

[

I

|

I

I

I

I I

| \ results | DBMS
| \4/
I

I

I

|

I

I

I

. [
virtual processor 1 | I

|

I

DBMS

scalars,
descriptors

Describe

NN

result row virtual processor 3
type, Start — Fulfill — Finish I
private \ resuits |
data ¥ |
DBMS
I
result row
type,
private
data

Figure 1 —®TF information flow

4|8 Flow of row types

Plimary audience: DBMS developer and PTF author.
For each table argument, a PP invocation has the following input row types:

1) Thefull row type©fan input table, including every column of the input table. If the input table has column
renaming (specified by a<parenthesized derived column list>), then the column namesin the <parenthesized
derived column list> are used; otherwise, the original column names of the input table are used.

2) Thereguested row type of aninput table; thisincludes only those columnsthat the PTF describe component
procedure requests to receive from the DBMS. The PTF describe component procedure is responsible for
deseribing this row type; it must not be empty. (If the PTF describe component procedure is absent, then
thisisacopy of the full row type.)

3) Thecursor row type of aninput table. Thisisthe same asthe requested row type, plus one additional column
(the pass-through input surrogate column) if the input table has pass-through columns (see Subclause 4.9,
“Pass-through columns”).

A PTF invocation also has the following result row types:
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1) Theinitia result row type. Thisrow type lists the columns that the PTF itself will generate (called the
proper result columns of the PTF).

2) Theintermediate result row type. Thisisidentical to theinitial result row type, plus one additional column
(the pass-through output surrogate column) for each input table that has pass-through columns. Thisisthe
row type that must be used when performing <pipe row statement> during the execution phase to output

arow.

3) Theexterna result row type. Thisisthe same asthe initial result row type, except that the properresult
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)’comprising
the external result row type plus, for each table argument TA:

a) If TA has pass-through columns, then, for every column of TA, aresult colummhaving the same nape
and data type.

b) Otherwise, for every partitioning column of TA, aresult column havingthe same name and data type.

Tihe relationships between these row typesisillustrated in the following diagram:

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 result row | |

partitioning columns

complete result row | | | |

Figure 2 — Row typerelationships
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4.9 Pass-through columns

Primary audience: DBMS devel oper and PTF author.

Pass-through columns are a mechanism whereby a PTF can copy al columns of an input row into aresult row,
W UU ccU U LU IC C Ul U Ul VIUUd '.IIH UuU ccuU U LU Ul'1UCT Sldal 1U C UdlA LVUCS. U
the PTF's perspective, pass-through columns are condensed into a single surrogate value. The query is not
ayare of the surrogates and instead sees that an input row has been copied into the result.

—t

Refer to Figure 2, “Row type relationships’. For each table argument, typically the PTF describe componer
priocedure requests a subset of the full row type, comprising just the columns that the PTF needS:to examing
far its semantics. If the input table has pass-through columns, then the cursor row typeis formed by appendi
a §ingle column of implementation-dependent name and type, called the pass-through input-surrogate colurn.

=
«Q

Al for the result of a PTF, either the PTF describe component procedure or the <table function column list>
declared in the CREATE FUNCTION statement specifies the initial result row type; consisting of the prope
result columns (the columns that the PTF itself will generate). The intermediateesult row type consists of

cqpy of theinitial result row type, plus one pass-through output surrogate column for each table argument that
has pass-through columns.

O

During the execution phase, the PTF fulfill component procedure recéives PTF descriptor areas for the curspr
row types and the intermediate result row type. When the PTF fulfill component procedure fetches from a
cyrsor, the DBM S popul ates the pass-through input surrogate ¢olumn with an opaque value that representsthe
ngn-partitioning columns of the table, including both requested and non-requested columns. For example, this
syrrogate might be formed by compressing the columns into-a BLOB, or it might be a candidate key. (Note
thiet by using common column projection algorithms, thesurrogate value actually only needsto represent thase
cglumnsthat 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 row is sent to the
DBMS by a <pipe row statement>, whereupon the DBM S expands the surrogate value to reconstruct the ngn-
partitioning columns that the surrogate val ue represents.

Alternatively, the PTF fulfill compeneént procedure can place a null value in the pass-through output surroggte
cqlumn. When transmitted to the DBM S by a <pipe row statement>, the null value of the surrogate will expand
into null valuesin all the pass-through result columns. (Note that this has no effect on partitioning columns
sipce the surrogate does not-represent them.) Thisis the only output scenario available to the PTF start and
fimish component procedures, which can use a <pipe row statement>, but have no cursor and hence no input
syrrogate value.

Partitioning coldmns are handled separately from pass-through columns. The values of partitioning column
arg invariants'on'a virtual processor. Since the virtual processor is the processing unit that processes a <pipe
row statement>, the virtual processor is able to add the values of the partitioning columns into the completg
result row.:

12}

4.10 Security model

Primary audience: DBMS developer and PTF author.

The security model for PTFsis asfollows:
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4.10 Security model

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

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

In this Technical Report, the owner of the PTF is generally portrayed as the owner of the PTF component

N
arl

(0]

4

a)

b)

procedures. TS tKety to be the case T practice, bat themimimmat Tequirement is merely that theowrner
of the PTF has EXECUTE privilege on all PTF component privileges.

The PTF doesnot need SELECT privilege on theinput tables or their columns; only the query authoer neg
privilege on the input tables. The DBM S opens the input tables and passes open read-only cursors to the
PTF fulfill component procedure. These cursors are anonymous in the sense that the PTF'dees not knoy
the identity of the input tables. The only operation the PTF can perform on these input-cursorsis FETCH.

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

pte that the implementation techniques described in Clause 7, “ Implementation”, have no access checking
d can be used freely in either definer'srightsor invoker's rights component procedures. The PTF author do
ngt need to be concerned with definer's rights or invoker's rights unless the PTF falls under either scenario Q)
c) above.

11 Conformancefeatures

pport for polymarphic table functionsis an optional feature of SQL. If the DBM S provides minimal suppgrt
polymorphic tahte functions, as specified in [|SO9075-2], then the DBM S can claim support for Featurg
BR0O0, “Polymorphic table functions’.

9075-2],5pecifies additional advanced features that require support for Feature B200, “ Polymorphic tal
functions®; and enrich that minimal support with extrafunctionality. These additional conformance features
arg astollows:

If the lookup tableis proprietary to the PTF (perhapsit is the intellectualproperty of the PTF authoy),
then the PTF may perform SELECT operations on the proprietary table by opening it in the PTF
component procedures using “definer'srights’. There is no need to-grant SELECT on the proprietayy
table to the query author.

If the lookup tableis not proprietary to the PTF, then the PTFE can expect the query author to pass the
lookup table as an input table, in which case the table willbe subject to access checking using the
guery author's privileges.

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

e

— Feature B201, "More than one PTF generic table parameter”

©ISO/IEC 2017 — All rights reserved

Thisfeature permits apolymorphic table function to have more than one generic table parameter. Examples
of multi-table input to a PTF are found in Subclause 12.4, “ Score”, Subclause 12.7, “ Similarity”, and
Subclause 12.8, “UDjoin”.

— Feature B202, “PTF Copartitioning”
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Thisfeature provides support for copartitioning. The example for copartitioning isfound in Subclause 12.7,
“Similarity”.

— Feature B203, “More than one copartition specification”

This feature permits a polymorphic table to have more than one copartitioning specification. At least four
mput tabfesareTequiTed to utitize thrs feature (two mput tabtes for eeciTof two topartitioniTg Speci ficationg).
There are no examples of this feature in this Technical Report.

— Feature B204, “PRUNE WHEN EMPTY”

This feature permits the DBM S to avoid creating a virtua processor for a partition that isknown to be
empty. Syntactically, it can be specified by either the PTF author or the query author.

The PTF author specifies PRUNE WHEN EMPTY in DDL syntax of atable parameter if the PTF authpr
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 al
empty input partition. However, from afunctionality standpoint, the outcoméisthe same whether the virtyal
processor is created or not, since the result is empty in either case. If the'RTF can generate aresult ever
when given an empty input data set, the PTF author should not specifyPRUNE WHEN EMPTY . Examplies
of this DDL syntax are found in Subclause 12.4, “ Score”, and Subclause 12.5, “ TopNplus’.

—

If the PTF can generate aresult on an empty input partition, the‘query author may not be interested in that
result. In that case the query author can specify PRUNE WHEN EMPTY in the query syntax. An example
of PRUNE WHEN EMPTY in query syntax isfound in-Subclause 12.7, “ Similarity”.

— Feature B205, “Pass-through columns”

Pass-through columns are a device that the DBM S can provide to the PTF author, making it easy for th
PTF author to copy an input row into the output, Examples of thisare foundin Subclause 12.1, “ Projection”,
Subclause 12.3, “ Pivot”, Subclause 12.4, “ Seare”, and Subclause 12.8, “UDjoin”. In addition, Subclause 12}5,
“TopNplus’, shows how the PTF author‘can copy an input row to an output row even if the DBMS dos
not support this Feature.

— Feature B206, “PTF descriptor parameters”

(1]

Ul

PTF descriptor parameterstareé a mechanism for the query author to pass a row type as an argument to 4
polymorphic table functien! Examples of PTF descriptor parameters are found in Subclause 12.1, “ Projgc-
tion”, Subclause 12,2, “€SVreader”, Subclause 12.3, “Pivot”, and Subclause 12.6, “ ExecR”.

— Feature B207, “€ross products of partitionings”

With this feature, if an invocation of a polymorphic table function has more than one partitioned input
table, then,it Isthe query author’s choice whether to relate the partitioned input tabl es using copartitionir]g.
(Otherwise, all partitioned input tables must be related to one another via a single copartitioning specifida-
tion,)<The possibility of multiple partitioned input tables that are not copartitioned isillustrated in
Subclause 12.7.9, “Virtual processors for Similarity”, following the example of copartitioning.

Thereareatsotwoconformancefeatures thatareretfevant onty to the PTFaothor-and the BB vt Sdevetoper:
— Feature B208, “PTF component procedure interface”

[1S09075-2] specifies an optional interface between the DBM S and the polymorphic table function. The
interface is provided as a specification device, to specify the semantics of an invocation of a polymorphic
table function. An SQL-implementation is not required to use the specified interface; it may substitute an
equivaent interface that provides the same functionality to the PTF author. If the DBM S adheres to the
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interface as specified in [1SO9075-2], then the DBM S may claim conformance to Feature B208, “PTF
component procedure interface”. All of the examples in this Technical Report assume thisinterface.
— Feature B209, “PTF extended names’

PTF extended namesare adisti nctlve category of dynamic extended names, used to name PTF cursors and

polymorphic tablefunctlon Itis poss ibl ethat an SQL- |mplementat|on may choose to support PTF extended
names without supporting other aspects of the interface. In that case, the DBM S may claim conformange
to Feature B209, “PTF extended names’, even if it does not conform to Feature B208, “ PTF .componerit
procedure interface”. All of the examplesin this Technical Report assume this feature.
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1.1 Parameter list
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5.1 Functional specification

Specification

imary audience: PTF author

bchnical Report, the specification phase results in what we call “skeleton DDL”, that is, al of the CREAT
btements necessary to define a PTF, except for the body of the PTF. Specification can be divided into two
bphases:

Functional specification specifies the software as seen from the outside (as a* black-box™). This phase
specifies the user interface and semantics of the software. The functional specification can become the
basis for documentation addressed to the query author.

information not divulged to the query author.

1 Functional specification

he first step in the life cycle isto write afunctional specification for the PTF. The functional specification
[I describe the user interface and semantics of the PTF, without describing the inner design of the PTF. T
nctional specification becomes the basis for documentation supplied to the query author.

ne first step in writing a functional-specification is to decide the parameter list, which might include the fo
wing things:

Theinput table(s). These' are generic tables, so the input tables should be thought of in terms of their rd
within the transformation that the PTF implements. Note that Feature B201, “More than one PTF genel
table parameter” Nisrequired if the PTF has more than one input table.

The scalarimputs. The PTF can use scalar inputs to parameterize the behavior of the PTFE.

mented by data types. Of course, alist of column names can be provided via a character string scalar;
however, this requires the PTF to provide a parsing capability, with attention to case-sensitivity rules. |

general, if aPTF can deduce alist of columns without a PTF descriptor area, that will be preferable frg

ecification is the planning phase of software development, prior to implementation. For our purposein this

Design specification specifies the software as seen from the inside (“white'box”). This may be proprietaly

The PTF)descriptor areainputs. A PTF descriptor area can provide alist of column names, possibly aug-

ne

le
ic

h
m
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the standpoint of the PTF author's customer, the query author. However, in totaly dynamic Situations, t

ne

query author may have to provide column lists, and PTF descriptor areas will probably be the most conve-

nient way to do this. PTF descriptor areas are discussed in Subclause 7.1, “PTF descriptor areas’. The
examples Pivot and ExecR illustrate descriptor parameters. Note that Feature B206, “ PTF descriptor
parameters’, isrequired if there are any PTF descriptor areainputs.
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After deciding on the parameter list, the PTF author is ready to write the first skeleton CREATE FUNCTION
statement. At this stage we have an incomplete CREATE FUNCTION becauseit only liststhe input parameters
(thereis more DDL to come later). The parameters are declared with the following types:

— Input tables have parameter type TABLE.

T
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A
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In

A
T
a
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5.

dyre signatures”.

F—input scatars iave ther ustaparameter types ( VARCHAR, TINTEGER, €tT)-
Input PTF descriptor areas have parameter type DESCRIPTOR.

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

REATE FUNCTI ON ptf (
| nput TABLE,

Scal ar | NTEGER,

Col utms DESCRI PTOR )
TURNS TABLE

this stage the PTF author may also be able to decide which inputs are optionrali-Optional inputs areindicat
specifying a default value; for example:

REATE FUNCTI ON ptf (

| nput TABLE,

Scal ar | NTEGER DEFAULT 3,

Col utms DESCRI PTOR DEFAULT NULL )
TURNS TABLE

put tables are always mandatory; you cannot specify ardefault for atable input.

fvice to the DBM S devel oper: you want to support, the PTF author at this early stage. The CREATE FUN
ON statement above isincomplete and not suitable for actual use. Nevertheless, the DBM S may want to
ow the PTF author to load such a definition as akind of “invalid” function definition. Thiswill facilitate
BM S tool that can assist the PTF author asithe latter goes through the stages of development outlined herg
e will talk more about how the DBM S ean assist the PTF author later in Subclause 5.2.4, “ Component prog

1.2 Input table semantics

ter listing the parameters, the next specification step is to classify each input table as row semantics or se
mantics.

Row semantics means that the the result of the PTF is decided on arow-by-row basis. As an extreme
example/the DBMS could atomize the input table into individual rows, and send each single row to a
different virtual processor. Or the DBMS might process them all on the same virtual processor. A table
should be given row semantics if the PTF does not care how rows are assigned to virtual processors.

ed

1=~

A

e-

be given set semanticsif all rows of a partition should be processed on the same virtual processor. This
the default semantics.

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

36 Polymorphic Table Functionsin SQL

Set semantics means that the outcome of the function depends on how the datalis partitioned. A table should

is
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In our examples:
— CSVreader has no input tables.

— Pivot has an input table with row semantics.

Score has one inpl it table with row semantics and one with set semantics,

el
ng

W

TopNplus has an input table with set semantics.
ExecR has an input table with set semantics.

Similarity and UDjoin have two input tables with set semantics.

1.3 Prunability

N be pruned or not. An input table is prunable if the the result of the PTEwith an empty input tableis an

pcessarily generates no output rows.)

e have five examples that have input tables with set semantics:

empty table, so thisis be PRUNE WHEN EMPT Y.

TopNplus: on an empty input, it would be.very reasonable to make an empty output, so we could speci

sort column and the other columns null. 1f we do that, then we should specify KEEP WHEN EMPTY .

ExecR: An R script could potentialty have output even on an empty input, therefore ExecR should be
KEEP WHEN EMPTY

the DBM S supports Feature B204, “PRUNE WHEN EMPTY”, then prunability isthe next step in functional
ecification. In this case, if an input table has set semantics, then thereisafurther property: whether the taljle

npty output table. (Prunability is not a choice for input tables with row semantics, since an empty input rg

Score has one table parameter with row semantics and'ene with set semantics. The second table parameter
is used to define amodel to score rows of the firstparameter. It isimpossible to set up a model with an

PRUNE WHEN EMPTY . Alternatively,(we might want to generate a single row with a sum of 0 in the

the DBMSdoes not support Feature B204, “PRUNE WHEN EMPTY”, then every tableis effectively KEHR
HEN EMPTY . This does not impact the functionality of the PTF (an empty partition simply generates an
npty: result), but it may cost some performance since the DBM S may needlessly instantiate virtual processq

r empty partitions.

Similarity: we'll assume that the similarity algorithm computesthat an empty tableis completely dissimil
from anon-empty table(result = 0), and completely similar to another empty table (result = 1). Thus, the
isaresult evenif oneor both inputsisempty; therefore, both input tables should be KEEPWHEN EMPT

UDjoin: since the semantics resemble afull outer join, we may have aresult even if either table is empj
so both inputtabl es should be KEEP WHEN EMPTY .

W

y

ar

@
o

v,

P

5.1.4 Pass-through columns

If the SQL -implementation supports Feature B205, “ Pass-through columns’, then the final characteristic of
input tablesiswhether they support pass-through columns or not. Pass-through columnsis afeature that enables

©ISO/IEC 2017 — All rights reserved
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the PTF to copy al columns of arow of an input table into an output row, without copying the columns indi-
vidually and without needing to understand the data types of the columns. (See Subclause 4.9, “ Pass-through
columns’, for adiscussion of how thisworks.) If atable parameter has pass-through columns, then every column
of the table argument is avail able to the query, qualified by the range variable of the table argument. The
examples Plvot Score, and UDJom illustrate pass—through coI umns (TopN pI us could be redesi gned to exploit
_ C _ e ough
ot
le

input columns it would not otherwise need in order to copy them to the output. This scenario4sHlustrated i
bclause 12.5, “ TopNplus’.

5[1.5 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.eelumns of the PTF.
2) Partitioning columns of partitioned table arguments.

3) For any table argument that has pass-through columns, thenon-partitioning columns of that table argument.

Itém 2), and item 3) are determined by decisions already,discussed. Asfor the proper result columns, there are
thyee options:

—t If the proper result columns are already known during the specification stage, they can be specified in the
return type CREATE FUNCTION statement. The examples Score and Similarity illustrate this possibility;
if TopNplusis redesigned to use pass-through columns, then it could be redesigned to do this as well.

—t If there are no proper result colunins;then the return type RETURNS ONLY PASS THROUGH can bg
specified. The example UDjoin illustrates this possibility.

— Otherwise, the PTF descrilie component procedure is mandatory and determinesthe proper result columns.

5{1.6 Determinism

A|PTF isdeterministic if it necessarily produces the same set of rows when re-executed using a particular sgt
off inputs. Theinputs are the values of scalar arguments, descriptor arguments, and table arguments. The vallie
off a tableargument comprises a multiset of rows, aswell as the partitioning and ordering of those rows as
sfecified by the query.

| partieutar—if-theresult-of a-PTHdependsontheordering-of rowsthenrthe PHshondeterministic—TopNplus
isagood 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 aretied 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.
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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 PTF.

The contents of SQL-datathat is not passed in table argument(s) is not regarded as input to a PTF. Thusif the
result of the PTF depends on the contents of proprietary data (see Subclause 4.10, “ Security model”, item 5)a)))
or on the result of a query constructed dynamically (see Subclause 4.10, “ Security model”, item 5)c))), then

th

5.

X

SQL -invoked routine requires. There are four choices: NO SQL, CONTAINS SQL, READS SQL DATA, and

M
th
P

T
in
O

5.

au
w

P PTF is non-deterministic.

1.7 SQL-data access

DL -data accessis a property of SQL-invoked routines that specifies the degree of accessto-SQL-datathat t
ODIFIES SQL DATA. A PTFwill aimost never have SQL -data access of NO SQL’,"because at the very lea

e PTF fulfill component procedure will use a PIPE ROW statement to output arow. At the other extreme,
[Fisnot alowed MODIFIES SQL DATA.

his leaves CONTAINS SQL or READS SQL DATA. READS SQL DATAis appropriate if the PTF has an

herwise, CONTAINS SQL isthe appropriate SQL -data access.

1.8 Documenting the PTF to the query author

ailable to the query author, telling the query author how to write an acceptable invocation of the PTF and
hat the result will be.

put table, or if it performs alookup in aside table as described in Subclause 4.10, “ Security model”, item b).

ter completing the functional specification, the PTF author can write the documentation that will be made

ne

B,
a
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5.2 Design specification

Next, the PTF author can start adesign specification. The principle differenceisthat the functional specification
should be made available to the query author in some fashion, such as user documentation, whereas the design
specification can remain confidential to the PTF author.

5

T
r

T
re
H
th

2.1 Namethe component procedures

he PTF author must choose names for the PTF component procedures. There are one to fourPTF compone
ocedures:

“describe”: PTF component procedure to be invoked during query compilationoptional).

“fulfill”: PTF component procedure to be invoked during execution; this'is the component procedure tH
reads the input tables and generates the output table (mandatory).

ne PTF describe component procedure is optiona if the PTF hasnho proper result columns, or if the propel
sult columns are declared stetically in the CREATE FUNCTION statement; otherwise, it is mandatory.

E input arguments, initialize the private data, and reduce the list of columnsin the input cursor(s) to just t

C

lumns that the PTF needs semantically.

Mfany PTFswill not need a start or finish component procedure. The DBM Swill provide completeinfrastructd

f
[

the input tables and the output stream, so the'start component procedure is not needed to initialize that
rastructure and the finish component procedure is not needed to clean it up.

Thus, the start and finish component procedures only need to worry about other resources that the PTF neeg
dyring the execution phase. For example, a PTF may wish to open an operating system file during the start

C
dg

T
ta

5.

mponent and close it again during the finish component. Alternatively, the fulfill component procedure cou
both the file open and close. Thus, it is more amatter of programming style whether to have start and fini

cq@mponent procedures.

he PTF fulfill component procedure is mandatory. Thisis the only one that receives cursors to read the inp
hle arguments.

2.2 Privatedata

“start”: PTF component procedure to be invoked at the start of execution onravirtual processor (optiond).

“finish”: PTF component procedure to beinvoked at the end of execution on avirtual processor (optiond).

pwever, evenif itisoptional, it may still be useful becausethe PTF describe component procedure can vali d;tte

~—

at

~—

S

5h

T

nedesign specification can also specify private data for the PTF component procedures. The private data i

5

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 variablesthat it must allocate and passto
the PTF component procedures. Each PTF component procedure perceives the private data as argumentsin its
argument list.
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Private data can be of any SQL types that have bindings in the implementation language. The private datais
passed by the DBM S as INOUT parameters to the PTF component procedures. The DBM S makes no use of
the private data, smply passing it around between the PTF component procedures to enable them to communicate.

Private data serves two purposes:

are asfollows:

1)—Thedescritie component procedure may anayZe the mput arguments, and pass adigest to thetater PTH
component procedures in the execution phase. This way, the execution phase component procedures ddg
not need to re-analyze the input arguments.

2) If the execution phase has start and finish component procedures, then the private data can be used for

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

Optionally you can specify default values for the private data. Private data defaults tovull if no explicit defalilt
is|specified. The describe component procedure will see the private data initialized to the default values. Su
sqquent component procedures see the private data as it was last set by the preceding component procedure
the sequence: describe — start — fulfill — finish.

5.3 Routinecharacteristics of the component procedures

The PTF author must decide the routine characteristics of the gomponent procedures. The routine characteristi

Table 2 — PTFtoutine char acteristics

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 characteris-
tic>

A PTF component procedure is deterministic if it produces
the same results (initial result row type, result rows, status
code) when invoked with the same scalar arguments, PTF
descriptor areas and PTF extended cursors. A PTF fulfill
component procedureisnon-deterministic if theresult rows
depend on the order of the PTF extended cursor(s). The PTF

D

:)_
in

ICS

describecomponent procedure must-bedeterministic—The
PTF start, fulfill, and finish component procedures must be
deterministic if the PTF is to be deterministic.

©ISO/IEC 2017 — All rights reserved
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5

A

Characteristic

Value

<SQL -data access indica-
tion>

— The describe component procedure will usually be
CONTAINS SQL, though READS SQL DATA is pos-

sible.

If the start and finish component procedures only man-
age external resources such asfiles, then they will usu-
ally be CONTAINS SQL if the implementation lan-
guageis SQL and NO SQL for external languages such
as C, though READS SQL DATA ispossible. If they
output rows using <pipe row statement>, thenthey will
usually be CONTAINS SQL.

If there is atable argument, then the fulfill' component
procedure will probably be READS'SQL ; otherwise,
CONTAINS SQL may be sufficient.

<null-call clause> (omit)
<returned result setscharac- | Must be DYNAMIC RESULTSETSO0.
teristic>

<savepoint level indica Must be OLD SAVEPOINT LEVEL

tion>

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

Irrelevant if the only SQL statements are FETCH from a
table argument cursor or SET/GET/COPY DESCRIPTOR
of PTF-descriptor arguments. Definer's rights may be used
if the-PTF executes SQL against tables proprietary to the
PTF (as opposed to the query author's data, which should
be passed viatable arguments). Invoker'srightsis permitted
but will usually not be necessary.

Hviceto the DBMS: the PTF,component procedure characteristics cannot be deduced from the PTF declaratid
ne DBM S tool should previde some kind of interface for the PTF author to specify them, preferably in afi
support an iterative‘devel opment process.

2.4 Caomponent procedure signatures

thispoint, the PTF author has skeleton DDL that declares the PTF input parameters, the PTF private dat

=

h,

dthe names of the PTF component procedures. The DBM S should provide some kind of DBM Stooal for t

he

next step, which isgenerating the parameter lists of the PTF component procedures. The DDL aready specified
implies the parameter lists for the PTF component procedures, so this step can be done manually in principle,
but in practice it will be useful to have aDBM S 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 asfollows:
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1) The private parameters are placed at the head of the parameter list of the PTF component procedure, in
order of declaration in the skeleton DDL.
2) The parameters of the PTF come next, in order of declaration.

a) Scaar parameter declarations are simply copied from the PTF parameter list to the PTF component
procedure parameter st

b) A DESCRIPTOR parameter is passed as a single VARCHAR parameter, for the PTF extended nape
of the PTF descriptor area.

C) A table parameter is passed as a consecutive list of two to four VARCHAR parameterSthat name the
PTF descriptor areas and cursors relevant to that table parameter and PTF component procedure. The
preciselist of VARCHAR parameters depends on the table parameter's semantics (row or set semantigs)
and the PTF component procedure, as shown in the following table:

Table 3 — Table parameter semanfics

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

partitioning descriptor name
_ ordering descriptor name
requested row type descriptor hame requested row type descriptor name

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) Nextthereisasingle VARCHAR parameter for the PTF extended name of the result row type's PTF
descriptor areal

a) Faerthe describe component procedure, this parameter is called the initia result row type descriptg
The describe component procedure populates the initial result row type descriptor to describe the
proper result columns of the PTF. (This parameter isomitted for the PTF describe component procedyre
if there are no proper result columns— RETURN ONLY PASS THROUGH — or the return type
dectares afixed Tow type.)

—

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

4) Finaly, thereisa CHAR(5) parameter for the status code.
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As seen above, many arguments that are passed to the PTF component procedures are PTF extended names.
PTF extended names are discussed in Subclause 7.2, “ PTF extended names’ . PTF extended names are character
strings generated by the DBMS, so the DBM S 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 dif-
ferent input tables, each with adlfferent digti nctlve character Another character can be used to disti ngwsh the

2—character names wi II eas Iy support up to 36 |nput tabl& and 36 DESCRI PTOR parameters In thefoII0\N| ng
table, let n be the maximum number of charactersin a PTF extended name.

The transformation of PTF private data and PTF input parameter to PTF component procedure parameter is
symmarized in the following table:

Table 4 — Corresponding PTF component procedure parameter’s

PTF private data and
input parameters

Corresponding PTF component procedure parameter (s)

For each parameter:

scalar

scalar

PTF descriptor area

VARCHAR(N)

table

two to four VARCHAR(R) parameters as described above

At theend of theparameter list:

result row type descriptor

VARCHAR(ny(omitted if the PTF has no proper result columns,

area or the proper:. result columns are declared in the CREATE FUNC-
TION)
status code CHAR(5)

CREATE FUNCTI ON Ptf (

Par | NTEGER,
Desc DESCRIPTCR )
RETURNS TABLE

NQT DETERMNI STI C
READS SQL DATA

PRI VATE DATA (

Priv | NTEGER )

For example, consider the folljewing skeleton DDL:

I nput 1 TABLE W TH-ROW SEMANTI CS,
I nput 2 TABLE W-TH"SET SEMANTI CS,

DESCRI BE W TH PROCEDURE Pt _descri be
START W TH PROCEDURE Ptf_start

FULFI LL W TH PROCEDURE Ptf _fulfill
FI'Nl SH W TH PROCEDURE Pt f _fi ni sh

Then the signature for Ptf_describe is generated as follows:

CREATE PROCEDURE Pt f _describe (
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/* private data */

I NOUT Priv | NTECGER,

/* Inputl (row semantics) */

IN I nputl_row descr VARCHAR(2),

IN I nput1_request_descr VARCHAR(2),
/* Input2 (set semantics) */

R

'NTTTputZ2Z_Tow_descr VARCHAR(Z),

I N I nput 2_pby_descr VARCHAR(2),

I N I nput 2_order _descr VARCHAR(2),

I N I nput 2_request _descr VARCHAR(2),

/* Par */
I N Par | NTEGER,
/* Desc */

I N Desc VARCHAR (2)
/* status code */

I NOUT Status CHAR(5)
DETERM NI STI C

FADS SQL DATA

pte that Ptf_describe must be deterministic, even if Ptf is not. The DBM Stool can copy the SQL -data acce
FADS SQL DATA from the declaration for the PTF.

ne parameter list for the Ptf_start is

REATE PROCEDURE Ptf _start (

/* private data */

I NOUT 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 */
I N Par | NTEGER,
/* Desc */

I N Desc VARCHAR (2)
/* status code */

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

mjnistic. The DBMS'toel can just assume that all PTF component procedures of Ptf are non-deterministic.

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

was declared as NOT.DETERMINISTIC; therefore, at |east one of its component proceduresis not dete

was declared asDETERMINISTIC, then all component procedures must be deterministic as well.

TE.FUNCTION Ptf _ful fill (
[ *Aprivate data */
I'NGUT Priv | NTEGER,

ISS

=
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IN I nput1l_cursor_descr VARCHAR(2),
IN I nput1_cursor_name VARCHAR(2),
/* Input2 */

IN I nput 2_cursor_descr VARCHAR(2),
I N I nput 2_pby_descr VARCHAR( 2),

IN I nput 2_order_descr VARCHAR(2),

I N I nput 2_cur sor_name VARCHAR(2),
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/* Par */
I N Par | NTEGER,
/* Desc */

I N Desc VARCHAR (2)

/* status code */

I NOUT Status CHAR(5)
) NUI DETERIVI NI STT C
READS SQL DATA

The parameter list for the Ptf_finishis:

CREATE PROCEDURE Ptf _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 */
I N Par | NTEGER,
/* Desc */

I N Desc VARCHAR (2)
/* status code */

I NOUT Status CHAR(5)
) INOT DETERM NI STI C
READS SQL DATA

The only difference in the parameter lists of Ptf_start andPtf_finish isthat the private parameters are passeql
aqIN to Ptf_finish, since thereis no later stage to read the private parameters.

0
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and Subclause 5.2, “Design specification”. Here we summarize the DDL relevant to PTFs.

ISO/IEC TR 19075-7:2017(

E)

6.1 PTF creation

Data definition language

istopic haslargely been covered implicitly in the preceding sections Subclause 5.1, “ Functional specificatior

1 PTF creation

ne following shows the parts of the BNF from [ SO9075-2], Subclause 11.60,.4<SQL -invoked routine>", th
e relevant to the declaration of a PTF. BNF productions that do not apply t0,PTF declaration have been
hitted.

chema function> ::=
CREATE <SQ.-i nvoked function>

QL-i nvoked function> ::=
<function specification> <routine body>

QL paraneter declaration list> ::=
<l eft paren>

[ <SQ. paraneter declaration>

[ { <comma> <SQ. paraneter declaration>}... ] ]
<right paren>

QL paraneter declaration> ::=

[ <SQ paraneter name> ]
<paraneter type>

[ DEFAULT <paraneter default> ]

arameter default> :: 7

<val ue expressi op>
| <contextually typed val ue specification>
| <descriptor wyalwe constructor>

aranmeter type> ::=

<data type> [ <locator indication> ]
| <genefi'c table paranmeter type>
| <deseri ptor paraneter type>

eneri c tabl e paraneter type> ::=

at

TARI F [ <pass through option> ]

[ <generic table semantics> ]

<pass through option> ::=

PASS THROUGH
| NO PASS THROUCH

<generic table semantics> ::=

©ISO/IEC 2017 — All rights reserved
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| WTH SET SEMANTICS [ <generic table pruning> ]

<generic table pruning> ::=
PRUNE ON EMPTY
| KEEP ON EMPTY

<descrintor naranmeter tvnes - =
Ll Lo PALM

DESCRI PTOR

<flunction specification> ::=

FUNCTI ON <schema qualified routi ne name>
<SQ. paraneter declaration |ist>
<returns cl ause>
<routine characteristics>

<rloutine characteristics> ::=
[ <routine characteristic>. .. ]

<rloutine characteristic> ::=
SPECI FI C <speci fic name>

| <determ nistic characteristic>

| <SQ.-data access indication>

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

<rleturns type> ::=
<returns table type>

<rleturns table type> ::=
TABLE [ <table function colum list>]
| ONLY PASS THROUGH

<rlouti ne body> ::=
<pol ynor phi ¢ tabl e function body>

<gol ynor phi ¢ tabl e function body> ::=
[ <PTF private paraneters> ] [ DESCRI BE WTH <PTF descri be conponent procedure> ] [ START
W TH <PTF start conponent\‘procedure> ] FULFILL WTH <PTF fulfill conponent procedure>
FI Nl SH W TH <PTF fi ni sh \conponent procedure> ]

—

<HTF private parameters> ::=
PRI VATE [ DATA ](<SQL paraneter declaration |ist>

<KTF descri be gconponent procedure> ::=
<speci fi c routine designator>

<HTF start_conponent procedure> ::=
<specisfi*c routine desi gnator>

<RTE-ful fill conmponent procedure> ::=

cshacti fi e ronti ng daci anat Ar
P - —eHh GeS-gHat-o+

<PTF finish conponent procedure> ::=
<speci fic routine designator>

The defaults for the optional syntax are:
1) <passthrough option> defaultsto NO PASS THROUGH.
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<generic table semantics> defaultsto WITH SET SEMANTICS.
<generic table pruning> defaults to KEEP ON EMPTY .

<gpecific name> defaults to an implementati on-dependent specific name.

<deterministic characteristic> defaultsto NOT DETERMINISTIC.
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cgmponent procedures first, then the PTF itself. Thisis analogous to ayiew: the underlying tables must be

Stibclause 5.2.3, “ Routine characteristics of the component procedures’. Since there is no syntax indicating

<SQL -data access indication> defaults to READS SQL DATA if thereis an input table; otherwise, the
default is CONTAINS SQL.

2 PTF component procedures

PTF requires one to four PTF component procedures. These are declared as conventional SQL-invoked
ocedures. This means that the PTF is dependent on its component procedures-Although the PTF author will
brt the specification and design process with the PTF, the implementation wilkstart with the PTF compongnt
ocedures, which should be declared before the PTF itself is. The order of ‘creation and declaration is PTF

pated first, then the view.

he syntax to create a PTF component procedure is the same as{or ‘any other SQL-invoked procedure. Thefe
no special syntax in the declaration of a PTF component procédure that announces that it isintended for use
aPTF

ne PTF component procedure does not have parametersfor generic tables or descriptor areas. Instead, the
'F component procedure has parameters for the PTFéxtended names of cursors and descriptor areas. This
plained in Subclause 5.2.4, “ Component procedure signatures”.

here are syntactic restrictions on the characteristics of PTF component procedures, as explained in

at an SQL -invoked procedure will besubsequently used as a PTF component procedure, these restrictiong
P not syntax checked when the PTE component procedure is created. Instead, they are checked when the PTF
created.

3 Altering PTF component proceduresand PTFs

ne SQL standardhas very limited capabilitiesto alter SQL-invoked routinesin general. Only external routines
gy be altered;not routineswritten in SQL. An external routine can be altered only if there are no dependenciles

it. Since:aPTF is dependent on its component procedures, this means that once an SQL -invoked procedu
nameg.as a component procedure of aPTF, it can no longer be altered. The only recourse isto drop the PTF
forealtering its components, after which the PTF may be re-created.

=
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6.4 DroppingaPTF and its component procedures

Because of the dependency relationship, a PTF must be dropped before altering or dropping its component
procedures.
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bgdies of the PTF component procedures. To do that, the PTF author will need to understand the following:

cqmponent procedure interface” (and the feature that it implies, Feature B209, “ PTF extended names’). If t

ter specifying the PTF, the PTF author will implement it, that is, supply the programming logic for the'routi

How the DBM S will process and invoke of the PTF.
How to read and write PTF descriptor aress.
How to read the input PTF cursor.

How to output a row.

this Subclause, we talk about the remaining topics in ageneric fashion. This Subclause describes the infra
icture that the DBM S provides so that the PTF author can implement the PTF.

hplementation of a PTF depends upon theinterface provided by the DBMS. [| SO9075-2], specifiesaninterfa
a specification device. Thisinterface is optional, and is governed by conformance Feature B208, “PTF

BM S provides a different interface, then the implementation of a PTF will need to use that interface rathe
an the one shown in this Technical Report.

1 PTF descriptor areas

[ Fs use PTF descriptor areas for thetollowing purposes:
To describe the row type/of, thput tables.
To describe the partitioning and ordering of input tables.
To describe therew’type of the result.
To receive deseriptions 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.

b 1) ispresented in Clause 4, “PTF processing model”, Clause 9, “ Compifation”, and Clause 11, “ Execution”.

SZ

P
1
2
3
4
5
6
4

pe"Subclause 4.8, “Flow of row types’, for alist of the various input and output row types.

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

A PTF descriptor area consists of a header and zero or more SQL item descriptor areas. SQL item descriptor

ar

eas within a PTF descriptor area are numbered sequentially beginning at 1. A PTF descriptor area can be

visualized like this;
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1.1 PTF descriptor area header

1 PTF descriptor areas

Table 5— PTF descriptor area

Descriptor area header

SO 1t A tatar aran 1
O e UCSCITPtoarca T

SQL item descriptor area 2

SQL item descriptor area 3

ne header is used to provide information about the PTF descriptor area as awholeAn SQL item descriptd
Pa presents information about a single column of atable, a partitioning, or an ofdering.

he header and each SQL item descriptor area have several named components: There is no prescribed datg

bader or SQL item descriptor areais referenced by a keyword, essentially the name of the component.

he PTF can get the value of one or more components using a GET/DESCRIPTOR command. The PTF can

hereis also a COPY DESCRIPTOR command that may be:used to copy an SQL item descriptor area fron
urce PTF descriptor areato a destination PTF descriptor.area.

create asibling node; if LEVEL goesdown by 1, that means the previous set of childrenisdone. LEVEL|i

the number of columns.

=

ucture for the header or SQL item descriptor area (nothing like a C st ruct’). Instead, each component of a

t the value of componentsin the header or SQL item descriptor areas using a SET DESCRIPTOR commard.

bcause SQL has constructed types, which permit arbitcary nesting of datatypes, the SQL item descriptor argas
N form atree. The tree isflattened as pictured above, by walking the tree from root to leaves and left to rigfnt,
nitting an SQL item descriptor area whenever-anode isfirst entered. The LEVEL component indicates how
eply nested an SQL item descriptor areais from the root. Scanning thelist of SQL item descriptor areasfrgm
st to last, if LEVEL goesup by 1, that means to create a child node; if LEVEL remains the same, that meahs

n SQL item descriptor areas that arenot subordinate to a constructed type. The header component COUNT
thetotal number of SQL item deseriptor areas (including subordinate ones), whilethe TOP_LEVEL _COUNT

a

A|PTF descripter-area header has the following components:
Table 6 — PTF descriptor area header
Name Datatype | Use

TOP_LEVEL _COUNT | integer Number of columns described by the SQL item descriptor areas

COUNT integer Number of SQL item descriptor areas. Thisis equal to

TOP_LEVEL_COUNT if thereare no constructed types (collections
or rows).
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7.1.2 SQL item descriptor areasfor row types

An SQL item descriptor areadescribes acolumn of atable, apartitioning, or an ordering. When used to describe
acolumn of atable, it consists of anumber of components with three purposes:

1

Nameatha column
rarRethe-cortih:

4 =84 = @ D E S S LD

Cq

g

Define adata type.
Pass a value of that data type to or from the DBMS.
hen used to describe a column of a partitioning, the only purpose is to name the column.
hen used to describe a column of an ordering, the components describe the following:
The name of the column.
Whether the column is sorted in ascending or descending order.
Whether nulls are sorted first or last.
e consider the components relevant to a column of atablefirst.

ne column name isin the NAME component. This is a variableléngth character string that is case sensitiv|
d holds the column name after any case conversion or escaping have been applied. Thus, acolumn nameth
bs created with the <identifier> Col is represented as 'COL;whereas "Col" is represented as 'Col".

ne most important component for defining atype is called TY PE, which isasmall integer with predefined
desfor the various datatypes (for example, CHARACTER is1, INTEGER is4, etc.). The DBM S may defi
ditional data types using negative integers, which:this Technical Report cannot enumerate. Many data typ
e also qualified by additional components. Thelcompl ete set of relevant components for each SQL typeis
own in the following table:

Table 7 — Rélevant SQL item descriptor components

4%

es

Data type Relevant SQL item descriptor components
CHAR(N) TYPE=1

CHARACTER SET catl,schl.set LENGTH =n

| COLLATION cat2eh2.call | CHARACTER_SET_CATALOG = catl

CHARACTER_SET_SCHEMA = schl
CHARACTER_SET_NAME = set
Optionally, a collation may be specified:
COLLATION_CATALOG = cat2
COLLATION_SCHEMA = sch2
COLLATION_NAME = coll
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Datatype Relevant SQL item descriptor components
VARCHAR(n) TYPE=12
CHARACTER SET catl.schl.set LENGTH =n

[ COLLATION cat2.sch2.call ]

CHARACTER_SET_CATALOG = catl

CHARACTER_SET_SCHEMA =shT
CHARACTER_SET_NAME = set
Optionally, a collation may be specified:
COLLATION_CATALOG = cat2
COLLATION_SCHEMA = sch2
COLLATION_NAME =call

CLOB(n)
CHARACTER SET catl.schl.set
| COLLATION cat2.sch2.coll ]

TYPE =40

LENGTH =n
CHARACTER_SET_CATALOG & catl
CHARACTER_SET_SCHEMA = schl
CHARACTER_SET_NAME= set
Optionally, a collation may-be specified:
COLLATION_CATALOG = cat2
COLLATION_SCHEMA = sch2
COLLATION_NANE = coll

BINARY (n) TYPE =60
LENGTH =n
ARBINARY (n) TYPE=61
LENGTH =n
BLOB(n) TYPE =30
LENGTH =n
NUMERIC(prec, sc) TYPE=2
PRECISION = prec
SCALE=sc
DECIMAL (prec, c) TYPE=3
PRECISION = prec
SCALE=sc
BMALLINT TYPE=5
NTEGER TYPE=4
BIG|NT TYPE=25
FLOAT (prec) TYPE=6
PRECISION = prec
REAL TYPE=7
DOUBLE PRECISION TYPE=8
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VITHOUT TIME ZONE

Datatype Relevant SQL item descriptor components
DECFLOAT (prec) TYPE =26
PRECISION = prec
BOOLEAN TYPE=16
DATE TYPE=9
DATETIME_INTERVAL_CODE=1
TIME(prec) TYPE=9

DATETIME_INTERVAL_CODE =2
PRECISION = prec

TIME(prec)
WITH TIME ZONE

TYPE=9
DATETIME_INTERVAL_CODE =4
PRECISION = prec

TIMESTAMP(prec)
WITHOUT TIME ZONE

TYPE=9
DATETIME_INTERVAL: CODE =3
PRECISION = prec

TIMESTAMP(prec)
VITH TIME ZONE

TYPE=9
DATETIMEJNTERVAL_CODE =5
PRECISION = prec

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

NTERVAL { TYPE =10
Y EAR(prec) DATETIME_INTERVAL_PRECISION = prec
MONTH(prec) The vaue of DATETIME_INTERVAL_CODE depends on
DAY (prec) theinterval qualifier asfollows:
HOUR(prec) YEAR: 3
MINUTE(prec) } MONTH: 2
DAY: 3
HOUR: 4
MINUTE: 5
NTERVAL { TYPE =10
Y EAR(prec) TO MONTH DATETIME_INTERVAL_PRECISION = prec
DAY (prec) TOHOUR The value of DATETIME_INTERVAL_CODE depends on

theinterval qualifier asfollows:
YEARTO MONTH: 7

DAY TOHOUR: 8

DAY TO MINUTE: 9

HOUR TO MINUTE: 11

©ISO/IEC 2017 — All rights reserved
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Datatype Relevant SQL item descriptor components

INTERVAL { TYPE=10

DAY (prec) TO SECOND(frac) DATETIME_INTERVAL_PRECISION = prec
HOUR(prec) TO SECOND(frac) The value of DATETIME_INTERVAL_CODE depends on
MTNUTE(prec) TO SECOND({{Tac) theinterval qualifier as folTows:.

SECOND(prec, frac) } DAY TO SECOND: 10

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

ROW (fieldq, field, ... fieldy) TYPE=19

DEGREE = n

There are n immediately subordinateSQL item descriptors
that describe field,, fieldy, ... fieldy

Wiser-defined type TYPE=17

USER _DEFINED_TYPECEATALOG = catl
USER DEFINED TYPE SCHEMA = schl
USER_DEFINED_TYPE_NAME =ty

REF (catl.schi.ty) TYPE=20
$COPE cat2.sch2.tab USER_DEFINED_TYPE_CATALOG = catl
USER_DEFRINED_TYPE_SCHEMA = schl
USER.BEFINED_TYPE_NAME =ty
SCOPE CATALOG = cat2
SCOPE_SCHEMA = sch2

SCOPE_NAME = tab

fy ARRAY [ card] TYPE =50

CARDINALITY = card

There is oneimmediately subordinate SQL item descriptor
areathat describes the element typety

ty MULTISET [ card ] TYPE =55

CARDINALITY = card

Thereisoneimmediately subordinate SQL item descriptor
areathat describes the element type ty

Constructed types (arrays, multisets, rows) are described using several consecutive SQL item descriptor ar
The first SQL item descriptor area specifies the kind of constructed type, and subsequent SQL item descrlpt r
arpas-describe the components: the element type of a collection, or the fields of arow type. The LEVEL com-
pgrient is used for bookkeeping to keep track of the depth of nesting. At thetop level, LEVEL is0, and LEVEL
isTncremented Dy 1 to descend aTevel when describing a construcied type.

There are also components to indicate if the described column is nullable, or if it isamember of the primary
key or candidate key. These components are not needed for PTFs, and are not considered in this Technical
Report.

Each SQL item descriptor area has a component called DATA that can hold the value of the corresponding
column, which must be of the type described by the other components. DATA is conceptually similar to aunion
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in C, since all types can be placed there. Subordinate item descriptor areas are not used to pass elements of a
collection or components of arow type; the entire value must be passed at the top level of a constructed type.
The DATA component may be used when reading arow of an input table, or when creating an output row.

7{1.3 SQL item descriptor areasfor partitioning

The only relevant components when describing a partitioning are LEVEL and NAME. Since type informatipn
is[not present, there are no subordinate SQL item descriptor areas. Therefore, LEVEL is0 in every \SQL itefn
degscriptor area, and in the header, COUNT = TOP_LEVEL_COUNT isthe number of partitioning columns.

714 SQL item descriptor areasfor ordering

PTF descriptor areas are al so used to describe the ordering of input tables with set semantics. Thereis no negd
far type information, so there is no need for subordinate item descriptor areas when describing an ordering.
Copnseguently COUNT and TOP_LEVEL_COUNT in the header are the'same value, which is the number g
cqlumnsin the ORDER BY clause. In the SQL item descriptor areas, four components are used:

— LEVEL (aways0).

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

— ORDER _DIRECTION, either +1 for ASC (ascendifag) or —1 for DESC (descending).
— NULL_PLACEMENT, either +1 for NULLS EMRST or -1 for NULLSLAST.

=n

72 PTF extended names

Ingeneral, the SQL standard hasthree namespaces for SQL descriptor areas. the non-extended namespace, the
eqtended namespace, and the/PTF namespace. The distinguishing feature of the PTF namespace is that the
DBMS assigns the names rather than the PTF author or the query author. Non-extended names and extendefl
names are assigned to SQL, descriptor areas using the ALLOCATE DESCRIPTOR command. In contrast, gl
the SQL descriptor aréas discussed in this Technical Report are created automatically by the DBMS (the PTF

and thereis no reason for aPTF component procedure to examine the val ue of thisinput argument Instead,
the name can simply be passed along in various commands (GET DESCRIPTOR, SET DESCRIPTOR, and
COPY DESCRIPTOR), as explained in succeeding subsections.

Evenif the DBMS does not support the entire interface described in this Clause, it may choose to support PTF
extended names, in which case it can claim conformance to Feature B209, “ PTF extended names’, without
claiming conformance to Feature B208, “PTF component procedure interface”.
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7.

3 ReadingaPTF descriptor area

PTF descriptor areas are read using the GET DESCRIPTOR command. For example, suppose that Input_descr
is an argument that contains the name of a PTF descriptor area. The PTF component procedure might contain:

E)

T
w

If

EC SQ. GET DESCRI PTOR PTF : I nput_descr :ltenms = COUNT;

his command gets the COUNT component from the header of the PTF descriptor areain the PTF namespa
hose name is given by Input_descr. The result is placed in the host variable items.

the implementation language is SQL/PSM, the command looks very similar:

O

2,

GHT DESCRI PTOR PTF | nput _descr itens = COUNT;
The main difference hereis that embedded variables are preceded by a colon, whereas' SQL/PSM variables g
not.
After getting the number of SQL item descriptors, the PTF component procedure will typically set up aloo
tojexamine al the items. The loop might examine the column names and data'types, for example. Let Jbe 3
vgriable used to index into an array, with J=1 for the first column, etc. To-obtain column name and data type
information on the J-th column, in embedded C the command would be:
EXEC SQ. GET DESCRI PTOR PTF : | nput_descr VALUE :J
:nanme[ J- 1] = NAME,
;dtype[J-1] = TYPE;
The VALUE clause specifies which item descriptor areaiS'desired. Note the use of J-1 to account for O-rel ati
arfaysin C vs 1-relative itemsin SQL descriptor areas:1n SQL/PSM the command is:
GHT DESCRI PTOR PTF | nput _descr
VALUE J
name[ J] = NAME,
dtype[J] = TYPE;
Dptatypesare represented by codes défined in the SQL standard. Depending on the type, additional components
off the item descriptor area may<berelevant, such as LENGTH, PRECISION, or SCALE. See Subclause 7.1
“$QL item descriptor areas far row types’, for more details.
714  Writing@PTF descriptor area
Tihe PTF descfibe component procedure must populate PTF descriptor areas for two purposes:
Therequested row type: thisis essentialy just alist of the names of the columns that the PTF wishes tg
read on the cursor for an input table.
2) Theinitial result row type: if the CREATE FUNCTION that created the PTF does not declare the proper

columns (either through <table function column list> or RETURNS ONLY PASS THROUGH), then the
PTF describe component is responsible for describing the names and types of the proper result columns.

For each of these purposes, the DBM S allocates an empty PTF descriptor areain the PTF descriptor namespace
and passes the name of the PTF descriptor areato the describe PTF component procedure. Initially, the COUNT
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in the PTF descriptor area header will be O; before returning, the PTF describe component procedure should
set this to the number of requested columns or output columns.

In addition, during execution, the PTF component procedureswriteto the DATA components of theintermediate
result row descriptor.

Writimgto a PT F descriptor area s one of theTmost chattengimg parts of writimg a P . Wewitt present thr
different ways from which the PTF author may choose, depending on the complexity of the PTF.

U

7.1 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
w/|th an unlikely but simple example, supposethat theresultisawaysasingle columncalledV of type DOUBLE
PRECISION. Inthat case, the PTF describe component procedure might use a DESCRIBE such asthefollowing:

EXEC SQL PREPARE St nt

FROM ' SELECT CAST (0 AS DOUBLE PRECI SIQN) AS V
FROM | NFORMATI ON_SCHEMA. TABLES' ;

EXEC SQL DESCRI BE St nt

USI NG DESCRI PTOR PTF :Initial _result_row,

Tihe precise FROM clause in the prepared statement isirrelevant; This example used atable known to exist and
be readable by PUBLIC inthe FROM clause, so that the PREPARE statement is guaranteed to succeed. Similar|y,
thee precise column definition in the SELECT list does not matter. The point isto prepare any statement with
asingle column named V of type DOUBLE PRECISION:. Using a CAST and acolumn aliasis aclear and
cdrtain way to do this.

This example is unrealistic because the PTF author has a better way to declare that the PTF always returns a
sipglecolumnV of type DOUBLE PRECISION, by simply declaring it inthe CREATE FUNCTION statement.
Hpwever, the example can be generalized by making it more dynamic. For example, suppose that the varialle
IsPoubleisaboolean variable that isTrue if the column should be DOUBLE PRECISION; otherwise, the
cqlumn should be INTEGER. In that-case, one might write the following in SQL/PSM:

SHT String = ' SELECT CAST (0 AS'
I
CASE WHEN | sDoubl e THEN
' DOUBLE PRECI SI ON
ELSE
" | NTEGER
END
H
'y ASV
FROM | NFORMATI ON_SCHEMA. TABLES' ;
PREPARE Stnt FROM Stri ng;
DESERI BE Stnt USI NG DESCRI PTOR PTF Initial _result_row,

7.4.2 Using SET DESCRIPTOR to populate a PTF descriptor area

To use SET DESCRIPTOR, first item descriptor area(s) must be added to the empty PTF descriptor area. This
can be done by setting COUNT to a non-zero value. The command in embedded SQL might look like this:
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EXEC SQL SET DESCRI PTOR PTF :lnitial _result_row

COUNT = :ncol;

or, if the implementation language is SQL/PSM, then this:

SH

A

as

Fq
o]

E)

H

It
by
SH

7.

C
de

Td

E)

T

In

anpropriately. Each item descriptor arearequiresaLEVEL, NAME, and TY PE, and possibly other cemponen

%meti mes, the result row typejsithe same as either an input table (for example, TopNplusin our running
C

T DESCRHPTORPTF T tiat —Tesutt—_Tow
COUNT = ncol;
ter item descriptor area(s) have been added to the PTF descriptor area, the various components mustbe s

explained in Subclause 7.1.2, “ SQL item descriptor areas for row types’.

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

EC SQ. SET DESCRI PTOR PTF :Initial _result_row
VALUE : Ncol
LEVEL = O,
NAMVE = : Col nane,
TYPE = 12,
LENGTH = 100;

bre, 12 isthe code for VARCHAR type.

may be convenient to build the result row type descriptor inaloop. The loop might increment variable Ng
1 on each iteration, then set COUNT in the header to Neol'to allocate another SQL item desciptor, and th
t the column name and type information in the item déscriptor areaindexed by Ncol.

1.3 Using COPY DESCRIPTOR topopulate a PTF descriptor area

DPY DESCRIPTOR is a command.to.copy either an entire PTF area descriptor, or just asingle SQL item
pScriptor area. Here, we examine situations where each of these can be useful.

amples) or is simply provided by the query author (ExecR in our running examples). In that case, the mo
nvenient way to popul ate the result row typeisto copy it inits entirety from someinput PTF descriptor arg
copy an entire PTRarea descriptor, the PTF author might use something like the following:

EC SQ. COPY_DESCRI PTOR PTF : I nput _tabl e_descr
TO PTF : Result_row_type;

ne preceding simply copies the entire PTF descriptor from Input_table_descr to Result_row_type.

other Circumstances, it may bethat only selected SQL item descriptors should be copied. For example, perhg

all

output column has the same column name and/or type information as a column of an input table. In that

r example, to specify that the column whaose ordinal position in the row is given by Ncolland whose name

ol

223

bl

case, It might be convenient to just copy the column name and/or type Information from the Input table's
descriptor areato the result's PTF descriptor area. For example, in embedded SQL,

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

F
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This copies from the PTF descriptor areaidentified by Source descr in the item identified by c1 to the PTF
descriptor areaidentified by Dest_descr, placing the information in the item descriptor areaidentified by c2.
This example copies the NAME and TY PE components from the source to the destination. When copying
TY PE, any other components that are required to complete the type specification are also copied.

Thistechnigue can also be used in conjunction with SET DESCRIPTOR as explained abovein Subclause 7.4.2,
“Wsing SET DESCRIPTOR to populate a PTF descriptor area’. For example, suppose that the first column pf
the output should be the same as the first column of the input, except that the column name is aways X..In that
cgse, one might use COPY DESCRIPTOR to copy the type information and SET DESCRIPTOR torset-the
cqlumn name, like this:

EXEC SQL COPY 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';

7|5 ReadingaPTF input cursor

the rows of the partition of IT that is assigned to VP. The BBM S will give this cursor anamein the PTF
namespace for cursors. The PTF fulfill component procédure 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 com-
miands to read the cursor. In addition, the row typeof the input cursor is described by a PTF descriptor area|
whose name isin another input argument. The BTF fulfill component procedure can simply FETCH from the
input cursor into the PTF descriptor area for. that input table.

F%rneach input table I T, during execution on avirtual processor VP, the DBM S will create a cursor that reads

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

EXEC SQL FETCH FROM PTF- “Vnput _cur sor
| NTO DESERI PTOR PTF : | nput _row_descr;

offif the implementation’language is SQL/PSM,

FETCH FROM PFE “Whput _cur sor
| NTO DESCRI PTOR PTF | nput _row_descr;

After fetehing arow into a PTF descriptor area, the PTF fulfill component procedure will want to access the
d4ta in the columns of the row. This dataisin a component of the item descriptor area called DATA. Unlike

For example, suppose that Var is a variable of an appropriate type to receive the value of a column found in
the item descriptor areaindicated by Colno. Then, the value of that column can be obtained in Var using this
command in embedded SQL:

EXEC SQL GET DESCRI PTOR PTF : I nput_row_descr VALUE : Col no
:Var = DATA;
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or, using SQL/PSM:

GET DESCRI PTOR PTF | nput _row _descr VALUE Col no

If the input data can be of several types, then it will generally be necessary to set up conditional logic that tests
Of acolumn SO 3

T

h

v

gd

n
US

E)

E)

It
in
th

E)

Td

E)

2
Fi;exampl e, suppose the output row has two columns. Suppose that the value of the first column has been
C

Var = DATA;

pically the PTF fulfill component procedure will fetch rows from the input cursor until it reaches the'end
cursor. At that point, the PTF fulfill component procedure does not need to close the cursor; thiswill be
dled automatically by the DBM S when the PTF fulfill component procedure returns control to.the DBM

6 Outputtingarow

Lring run-time on avirtual processor VP, the PTF start, fulfill, and/or finish component procedures need t(
nerate and output row(s) for the result. Outputting arow is a two-step process:

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

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

mputed in variable X and the value of the second column.has been computed in variableY. Suppose that t
e of the result row descriptor isin the argument Intermediate_result_row. Then, these commands could
ed to popul ate the output row:

EC SQ. SET DESCRI PTOR PTF :Internediate_result_row
VALUE 1., DATA = :X;

EC SQ. SET DESCRI PTOR PTF :Internediate _result_row
VALUE. 2 DATA = :.Y;

is also possible to use COPY DESCRIPTOR to transfer DATA from an input row to the result row. If the
put row has precisely the samexow type as the result row (corresponding column names and types match
en COPY DESCRIPTORwithout VALUE can be used, like this:

EC SQL COPY DESCRI'PTOR PTF : | nput_tabl e_descr (DATA)
TO PTF :Internediate_result_row,

copy asingle,column from an input row to the result row, the VALUE clause is needed:

EC SQL.COPY DESCRI PTOR PTF : | nput_t abl e_descr
VALUE : | nCol No ( DATA)
TO PTF :Intermediate_result_row
VALUE : Cut Col No;

A4

Thistechnigque can be used with pass-through surrogate values. For any input table with pass-through columns,
the pass-through input surrogate columnisthe last onein the cursor row type. The DBMSwill giveit adistinctive
implementation-dependent name. The corresponding pass-through output surrogate column can be found in
the intermediate result row descriptor by searching for the matching name. Having located the surrogatesin
the input and output rows, COPY DESCRIPTOR can be used to copy the surrogate value from the input row

to
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the output row.
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Once 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 :Internediate_result_row,

If there is more than one output row, the result row descriptor can be reused for each output row, for example,
infaToop.
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| nvocation

P||i mary audience: DBM S developer and query author.
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nce the PTF and its component procedures have been written, it is possible to write an invocation: During
/el opment, the PTF author will write test invocations; in deployment, the query author will writeinvocation
camples of theinvocation syntax have already been presented in Subclause 3.2, “ Motivating.examples’. Hel
b present the invocation syntax formally.

1 <tableprimary>

PTFisinvoked only inaFROM clause, asakind of <table primary>. Thereare many kinds of <table primaryj
£ most common being atable name. For PTFs, the relevant syntax bégins as follows:

able primary> ::=

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

hus a PTF invocation consists of a <PTF derived table> and sometimes a <correlation or recognition>. Th
NF above suggests that the query author can choose to have the <correlation or recognition> or not, but in
Ct its presence or absenceis dictated by the DDL that created the PTF, as we shall seein Subclause 8.3,
Proper result correlation name and proper result column naming”.

2 <PTF derived table>

TF derived table> ;.=
TABLE <l eft parep>_<routine invocation> <right paren>

<PTF derived table> consists of the keyword TABLE and a parenthesized <routine invocation> that invok
e PTF. Thisisthe'same syntax that is used to invoke a monomorphic table function.

3 < Proper result correlation name and proper result column naming

IS.
€,

D

es

<correlation or recognition> ::=

[ AS] <correlation name>
[ <parenthesized derived colum |ist> ]

The correlation nameis used to qualify the proper result columns of the PTF, that is, the columns that the PTF
itself generates. We will call this the proper result correlation name to distinguish it from the table argument
correlation names that may be associated with input tables (see Subclause 8.6, “ <table argument proper>", and

©ISO/IEC 2017 — All rights reserved Invocation

65


https://standardsiso.com/api/?name=a91b0f5561476f36f86ef8c70158a615

ISO/IEC TR 19075-7:2017(E)
8.3 Proper result correlation name and proper result column naming

Subclause 8.7, “ Table argument correlation name”, regarding table argument correlation names). Hereisa
skeleton example:

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

Optionally, you can rename the proper result columns. In the preceding example, suppose that there is one

proper result column, named Score, and you want to rename it to Val:

F

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

Ifithe PTFisdeclared RETURNS ONLY PASS THROUGH, then there are no proper result columns and hen

t
n
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proper result correl ation name (and column renaming) isforbidden. Otherwise, the proper résult correl ati
eisrequired, and the column renaming is optional.

4  <routineinvocation>

<floutine invocation> is enhanced to support table and descriptor argumernits (for PTF only, of course):

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

outi ne name> ::=
[ <schema name> <period> ] <qualified identifief>

he <routine invocation> must, of course, invoke a PTEZ he usual hame resolution rules of the SQL standd

apply, including the use of the SQL path and the precise argument list to determine the specific PTF to invok
he compl ete rules for subject routine resolution are'‘complex and outside the scope of this Technical Repot.

he PTF author can avoid most of this complexity by avoiding duplicate PTF names. Even though the standg
rmits overloading of SQL-invoked routines)it is better to use optional parametersin asingle PTF definitig
ther than defining multiple PTFs of the.same name and different parameter lists. The query author may dd
Hl| to use fully qualified schema names-when invoking a PTF, though this Technical Report has not done 3
its examples.

e PTF. The query author only-heeds EXECUTE privilege on the PTF, not on the PTF component proceduré

QL argument |ist>\ )=
<left paren> [ _<SQ@. argunent>
[ { <comma>)<SQ argunent> }... ] ]
[ <copantition clause> ] <right paren>

he optional~<copartition clause> is used in copartitioning and will be presented later in Subclause 8.13,
Copartitioning”.

Qk_argunment> :: =

pte that the query author doeshet invoke the PTF component procedures explicitly, these being hidden withi

rd

rd
n,

0

>

S,

<val ue expression

<general i zed expression>

<target specification>

<contextual |y typed val ue specification>
<named argument specification>

<t abl e argunent >

<descri ptor argunent>

<named argunent specification> ::=
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<SQ. paraneter name> <naned argunment assignment token>
<named argunment SQ. ar gunent>

<narmed argunment SQL argunent> ::=
<val ue expressi on>
<target specification>

1 + + Ll + A ] i $

| CUITTU TALT UATT y 1 ypcu vaAal utT D'JC\.;I rrovacit urt
| <table argunent>

| <descriptor argunent>

Input values can be passed to a PTF either positionally or by parameter names (named arguments)}, There aje
two kinds of argumentsthat are allowed only in PTF invocations: <table argument> and <descriptor argument>.
Al their names imply, a <table argument> is used to pass an input table, and a <descriptor argument> is used
tolpass a descriptor to a PTF.

All of the examplesin this Technical Report use named arguments as a “ best practice™drom a readability
stgndpoint; however, positional argument lists are also permitted. Optional arguments may be omitted, in whith
cgse the default is taken.

8|5 <tableargument>

Npw we focus on <table argument>:

<tlabl e argunment> :: =
<tabl e argunent proper>
[ [ AS] <table argunent correl ati on _nanme>
[ <table argunent parenthesized derived colum list>] ]
[ <table argunent partitioning> ]
[ <table argunent pruning> ]
[ <table argunent ordering> ]

<tlabl e argunment correl ati on nane> :: =
<correl ati on name>

<tlabl e argunment parenthesized derived colum list> ::=
<par ent hesi zed derived colum |ist>

hat is, a <table argurhent> consists of up to six components:
The <table afgument proper>, which specifies the input table.

T
1

2) An optional <correlation name> for the input table.

3) If thereisa<correlation name>, then optional column renaming of the input table.
4

An optional partitioning (set semantics tables only).

5) Anoptional pruning (set semantics tables only).
6) An optiona ordering (set semantics tables only).
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8.6

<table argument proper>

<table argument proper>

Now let'slook at <table argument proper>:

<tabl e argunent proper> ::=

TARL

Tlhis has two subcases;

8/6.1 <tableor query name>

TADLL : Cft pcu Tl tclb: C Ul qUC| _y marc 1 I Uht pcu Tl
TABLE <t abl e subquery>
<routine invocation>

Thusthere are three waysto specify atable: <table or query name>, <table subquery>, or <routinefinvocation>
(nested table function invocation). The next three subsections consider each of these in turn.

A <table name>, which of course might be schema qualified and might e a DDL view name. Using th
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

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

syntax presented so far, but they are used 1o reference input tablesin <copartition clause> (presented lafer

in Subclause 8.13, “ Copartitioning” );land also outside of the PTF invocation to reference the partitionif
columns (if the table has set semanitics) or any column of the input table (if the table has pass-through
columns).

A <query name>, which isthe name of an in-line view declared in the WITH clause. If Qnisa<query
name>, then one couldwrite any of the following:

FROM TABLE (Pt {~TABLE (1) ) ) AS P
FROM TABLE<(Ptf ( TABLE (Qn) ASE) ) AS P

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

In thefirst example above, the default range variableis Qn.

(1%

9

8.6.2 <tablesubquery>

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

FROM TABLE (Ptf ( TABLE ( SELECT * FROMEnp ) ) ) AS P

68 Polymorphic Table Functionsin SQL

©ISO/IEC 2017 — All rights reserved


https://standardsiso.com/api/?name=a91b0f5561476f36f86ef8c70158a615

ISO/IEC TR 19075-7:2017(E)
8.6 <tableargument proper>

Thereis no default range variable in this caseg; it isimplementation-dependent and unknowabl e to the query
author. The following example provides an explicit correlation name:

FROM TABLE (Ptf ( TABLE ( SELECT * FROMEmp ) ASV ) ) AS P

8,

A
of]
is

F

In
of
uSs

If
ta
reg
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6.3 Nested table function invocation

<routine invocation> used as a <table argument proper> must invoke atable function, either monomorph|c
atable. Thereis no default correlation name, but one can be provided explicitly. Some examples:

FETABLE(Reduce( Map (...) ) ) ASP

the preceding examples, Reduce is a polymorphic table function, and Map.isinvoked as a table argumen

ed as a table argument is necessarily a nested table function invocation:

the nested table function is monomorphic, then the correl ation narie qualifies all result columns of the nested
ble function. If the nested table function is polymorphic, thenthe correlation name qualifies only the proper
sult columns; any pass-through or partitioning columns are-qualified by the appropriate range variables
tablished within the nested <routine invocation>.

F

F

T

8

A
ha

r example, suppose that Map is a polymorphic tablefunction that has one table argument, which has pass
through columns. Consider the following invocati or:

AS P

nen E qualifies the pass-through columns of Emp, whereas M qualifies the proper result columns of Map.
he result of Map in the preceding exampleis partitioned on E.E1 and M.M1.

7 Tableargument correlation name

r

polymorphic. No TABLE operator is required (or permitted) in this case because the function's return type

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

Reduce. Map may be either monomorphic or polymorphic table function,-Note that a <routine invocation>

o

TABLE ( Reduce
( Map ( TABLE ( Enp ASxEJ) ) AS M
PARTI TI ON BY-E. E1, M ML )

n optional correlation name for atable argument may be supplied after the <table argument proper>; examplies
ve already been provided above. In the absence of atable argument correlation name, a<table or query name>
ovides adefault range variable to reference the input table; the other kinds of <table argument proper> dd
nTt have default range variables. A range variable may be used for the following purposes:

1
2)

3)

Forusema<copartition craoses, it any.

To qualify column namesin <table argument partitioning> (see Subclause 8.10, “Partitioning™) or <table
argument ordering> (see Subclause 8.12, “ Ordering”).

If the input table has set semantics, then its correlation name may be used to reference the partitioning
columns later in the query (“later” meansin any subsequent lateral joins in the FROM clause, aswell as
the WHERE, GROUP BY, and HAVING clauses, and the SELECT list).
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4)

8

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.

A
to
m

ng
de

8

W

cglumns are renamed, those new names are the ones to reference in the partitioning and ordefing clauses. The

8 Tableargument column renaming

table argument correlation name may be followed by an optional parenthesized list of column names, usgd
rename the columns of the input table. If the table argument is a <routine invocation> that invokesa poly,
prphic table function, then this only renames the proper result columns of the nested PTF invacation. If

W names are also the column names that the PTF will see; this could be important if thelPFF author has
bsigned the PTF to look for specific column names in the input.

9 Rangevariablesand column renaming in nested PTF

hen there are nested PTF invocations, range variables and column renaming can occur at many levels. Th

D

it$ only opportunity to be renamed. This opportunity istheinnermost'scopein the syntax where arange varial]

f

receive a different range variable (or renaming) in an outer scope.

Hereisan example:

F

T

portant thing to note is that a column has only one opportunity te,receive arange variable, and thisis al

-

that column can be determined. Once acolumn receivesits range variable (and optional renaming), it canrjot

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

this example:
Emp has one column.
F has one proper result coltimn.
G has one proper result.column.
nen:
The column©f )Emp is renamed Eno.
The propefresult column of Fisrenamed Rno.

The,proper result column of G is renamed Sno.

is,every column has one opportunity to be renamed, which is at the place in the syntax where the correl atipn

nameTtor that column can be Introduced.

8.10 Partitioning

After the <table argument proper>, there is the optiona <table argument partitioning>:
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<tabl e argunent partitioning> ::=
PARTI TI ON BY <tabl e argunent partitioning |ist>

<tabl e argunment partitioning list> ::=
<col um reference>
| <left paren> [ <column reference>

L L l £ al 1 1 + Lt
Y coTTer oo T crer chectT T 1 1 g par it

Thus <table argument partitioning>isPARTITION BY with alist of zero or more columns. Thelist cap-always
be enclosed in parentheses. If there is only one partitioning column, then the parentheses are optional.

Here are some examples with asingle table using PARTITION BY':

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

FROM TABLE (Ptf ( TABLE (M. Enp)
PARTI TI ON BY (Deptno, Jobclass) )y 9)“AS P

The first example uses () to indicate explicitly that there are no partitioning columns. The second example
shlows a single partitioning column without parentheses. Thethird example shows a single partitioning column
w/th parentheses. The fourth example shows alist of twgpartitioning columns with parentheses.

8/11 Pruning

If|Feature B204, “PRUNE WHEN EMPFY", 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 there
is[no point in invoking the PTF on an empty partition because the result will be empty. If atable parameter |s
declared to be KEEP WHEN EMPTY , then the PTF may be capable of producing aresult, but the query author
mjght be uninterested in it.(So, In that case the query author can ask to prune anyway with this syntax:

<tlabl e argunent praning> ::=
PRUNE WHEN ENBTY
| KEEP WHEN ENMPTY

KEEP WHENEMPTY is the default.

If[Feature: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 .

8.12 Ordering

Ordering is specified by an ORDER BY clause:

<tabl e argunent ordering> ::=
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<t

ORDER BY <tabl e argunent ordering list>

abl e argunent ordering list> ::=
<t abl e argunment ordering col um>
| <left paren> <table argunment ordering col um>
[ { <conmme> <table argument ordering colum> }... ] <right paren>

<t

<d

<I

T
q

abl e argunment ordering colum> ::=
<colum reference> [ <ordering specification> ]
[ <null ordering> ]

rdering specification> ::=
ASC
| DESC

ull ordering> ::=
NULLS FI RST
| NULLS LAST

hus <table argument ordering>isORDER BY with alist of one or more col umns. Each column may optionally

 sorted in either ascending (ASC) or descending (DESC) direction; thedefault is ASC. Each column may

b
0
[
t
t
C

H

FROM TABLE (Ptf ( TABLE (M. Enp)

FROM TABLE (Ptf ( TABLE (M. Enp)

FROM TABLE (Ptf ( TABLE (M. Enp)

FROM TABLE (Ptf ( TABLE (M. Enp)

8

If
w

tionally be be sorted with either nullsfirst (NULLS FIRST) or nullsdast(NULLS LAST); the default is
plementation-defined. The list can always be enclosed in parentheses. If there is only one ordering colum
the parentheses are optional. Note that this differs from the ©RDER BY clause in some other contexts
only columns may be sorted (not arbitrary expressions) andthe'list must be parenthesized if morethan o
lumn islisted.

bre are some examples with a single table using ORDER BY :
ORDER BY Enmpno ) ) ASP
ORDER BY Enpno-DESC ) ) AS P

ORDER BY (Enpno DESC) ) ) AS P

ORDER BY (Deptno ASC, Jobclass DESC) ) )
AS P

13 Copartitioning

theDBM S supports Feature B202, “ PTF Copartitioning”, then a PTF invocation may specify copartitioni
thrthe following syntax:

<copartition clause> ::=

COPARTI TI ON <copartition list>

<copartition list> ::=

<copartition specification>
[ { <comma> <copartition specification> }... ]

<copartition specification> ::=
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<l eft paren> <range vari abl e> <coma> <range vari abl e>
[ { <conma> <range variable> }... ]

<range variable> ::=
<tabl e nanme>
| <correlation name>

Al<copartition clause> is used if there are multiple partitioned tables and copartitioning is desired. By defau
if there are multiple partitioned tables, then the cross product of the partitionsisformed to determine thevirty
priocessors. Copartitioning is an alternate way of determining virtual processors, in which afull outer|equijg
off the partitioning keys is used to associate partitions on avirtua processor. (Right, left and inner joins can
alBo be obtained depending on whether any of the partitioned tables specify PRUNE WHEN EMPTY in eith
the DDL or the query.) Copartitioning is explained in Subclause 12.7.9, “Virtual processorsfor Similarity”.

Al<copartition clause> hasalist of <copartition specification>s. Each <copartition specification> isaparenth
sized list of input tables to be copartitioned. Each input table is referenced by its rangevariable (correlation

name, if any, otherwise the table name). Each input table listed in a <copartition §pecification> must be parti-

tigned. They must all have the same number of partitioning columns, and corresponding partitioning colum
must be comparable.

If thereis more than one <copartition specification>, then the cross product isformed between the copartitioning

8|14 Crossproducts of partitions

Ifthere is more than one partitioned input table with.set semantics, and they are not all copartitioned togeth
infasingle <copartition specification>, then execution of the PTF invocation will require the DBM Sto form
crpss products of partitions. (See Subclause 11:2,“ Partitions and virtual processors’, for more information
aljout the formation of partitions.) The DBMS can choose not to support cross products of partitions, with
syntactic restrictions such as the following:

— Permit at most one table parameter (that is, do not support Feature B201, “More than one PTF generic
table parameter”).

— Permit at most one table parameter with set semantics. In this case, the DBM S will not support Featurg
B202, “PTF Copartitioning”, since copartitioning isonly possibleif there are at least two input tableswi
set semantics.

—  Permit morethan one table parameter with set semantics, but allow at most one of them to be partitiong
In this case the DBM S will not support Feature B202, “ PTF Copartitioning”.

—  Permitumore than one table parameter with set semantics, and allow them al to be partitioned, but requi
that.if.there are at least two partitioned input tables, then all partitioned input tables must be listed in a
single <copartition specification>.

Miore than one <copartition specification> requires Feature B203, “Mare than one copartition specification’].

It,
al
in
er

e-

ns

S.

er

d.

=

e

If The DBMW'S SUpPOTTS CroSs products of partitions, then the DBMS Can claim conformance 1o Feature 820
“Cross products of partitionings’.
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8.

<d

15 <descriptor argument>

escriptor argument> ::=
<descri ptor val ue constructor>

Qaccori nt ra¥d \IQI He r\nnef r||r~f ra¥d - =
Pt

<(

<d

A
eq
de

names; ExecR is an example that uses a descriptor to pass a compl ete row type.

A~2=a~a )

DESCRI PTOR <l eft paren> <descr| ptor colum list> <right paren>

escriptor colum list> ::=
<descri ptor columm specification>
[ { <comma> <descriptor columm specification> }... ]

escriptor columm specification> ::=
<col um name> [ <data type> ]

<descriptor argument> is the keyword DESCRIPTOR followed by a parenthesized [ist of column names;

bscribes arow type. Inthe examples, CSVreader and Pivot use descriptor argumentsthat arejust lists of colun

ich column name may optionally have adatatype. If every column name has a data type, then the descriptor

L
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9.1 Calling the describe component procedu

Compilation

re

V\]ith an invocation written, it istime to compiletheinvocation. If you are the query author, this step corresponds

to)
m
Vi
m
st
W

9

Tq
dd

1

4
5

T
tu

Ptimary audience: DBM S devel oper

gy occur when you compile the embedded program. Also, if aPTF isinvoked in aDDL object,such asa
pw definition or the body of an SQL -invoked routine, then the invocation may be compiled onceand execut
any times. Using an interactive SQL interface, the query author is not aware of query compilation as asepar
bp from query execution, but the DBM S and the PTF do perceive query compilation and-guery execution
0 separate steps. This section will talk about query compilation.

1 Calling the describe component procedure

compile aPTF invocation, the DBM Swill invoke the PTF describe component procedure. The DBMS my
the following:

Create a private data area for the invocation. The private'data area consists of one variable for each iten
in the PRIVATE declaration of the CREATE FUNCTION statement that created the PTF.

Create PTF descriptor areas for the input tables:Each input table has afull row type descriptor and a
requested row type descriptor. The full row type descriptor describes SELECT * from theinput table. T
requested row type descriptor is empty se,that the describe component procedure can populate it. For g

and one for the ordering.

proper result columns using.<table function column list>, then theinitial result row type descriptor describ
the proper result columns specified in DDL. Otherwise, the initial result row type descriptor is empty.

Give all of these PTiF descriptor areas PTF extended names in the PTF name space.

Create a statusvariable (type CHAR(5)) initialized to '00000".

With this dataifplace, the DBM Sisready to assemblethe argument list for the describe component procedure.

ne argument\fist must conform to the algorithm described in Subclause 5.2.4, “ Component procedure sign
Fes’. Any.sCalar arguments that are not compile-time constants (for example, columns) are treated as null

input table with set semantics, two additronal PTF descriptor areas are required, one for the partitioning

Create the PTF descriptor areafor theinitial result row type. If the PTF was created with a known list ¢f

PREPARE in dynamic SQL. If you are using an embedded |anguage preprocessor, then query compilatign

(0]

st

ne
n

es

o

9.2 Insidethedescribe component procedure

Primary audience: PTF author

The PTF author supplies the logic of the PTF describe component procedure. The PTF describe component
procedure has four tasks:
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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 the DBM S will cause a
syntax error.

If theinput arguments are acceptable, popul ate the requested row type descriptor areafor each input table.

TH ROUGH then the PTF descnbe component procedure must popuI ate theinitial result row type
descriptor area.

If thereis private data, the PTF describe component procedure can set values in the private data that wi
be passed to the later run-time PTF component procedures.

3 Usingtheresult of describe

imary audience: DBM S devel oper

ne PTF describe component procedure returns control to the DBMS. If\the status code is hot success, then
e DBMS quitswith asyntax error. Otherwise, the DBM S inspects therequested row type descriptors and t
tial result row type descriptor for validity. Requested row type descriptors must satisfy the following con
aints:

The number of columns must be a positive integer.

=)

The NAME components of the top-level item descriptors must be mutually distinct and equal to colum
names of the input table.

heinitial result row type descriptor must satisfy.the following:

The number of columnsin the result row-type must be a positive integer, unless the PTF was created with
RETURN ONLY PASS THROUGH (in which case there are no proper result columns).

Every column must have a name-(hot null or a zero-length string).
There must be no duplicate'column names.

Every column must have'avalid data type, that is, the components of the column's SQL item descriptor
areamust describe adatatype.

the DBMS doesnot detect any errors, then the DBM S saves the private data area and the PTF descriptor
pas for use during execution.
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10 Optimization

P||i mary audience: DBMS developer, PTF author

Tihe standard does not specify how a DBM S optimizes a PTF invocation, but this subject is naturally-importgnt
tolall three audiences. The query author wants good performance, the DBM Swantsto provide good performange,
and the PTF author also wants the query author (the PTF author's customer) to obtain good pérformance.

Although the standard does not specify how to optimize a PTF invocation, the important'thing to note here |s
thit the standard has left flexibility for the DBMS and the PTF author to achieve this.

First, if a PTF invocation is partitioned, then each partition is executed in a separéte virtual processor. Thisis
the standard's way of saying that these partitions can be executed in parallel on'separate processors.

ond, if the SQL-implementation supports Feature B204, “PRUNE WHEN EMPTY”, then this feature can
be used to eliminate empty partitions. The PTF author can do thisif thedPTF does not produce results on empty
partitions. Evenif the PTF does produce results on an empty partition, the query author can still specify PRUNE
WHEN EMPTY if the query author is not interested in results fromrah empty partition. Pruning empty partitions
can be especially significant if thereis copartitioning, because it reduces full outer joinsto single sided or inner
joins.

Third, the interface to the describe component proceduresupports column projection in two ways:

D

1) The describe component procedure can eliminate undesired input columns using the requested row typ
descriptors.

2) TheDBMS can optimize pass-through ¢olumns using column projection. For example, if the pass-through
surrogate is a compressed value, onlyithe columns that are actually referenced need to be compressed.

cddures for optimization. For example, query planning frequently attempts to estimate the cost of different

gyery plans based on estimates.of the size of intermediate tables. A DBM S might support a PTF componen
priocedure for providing size estimates to be used in query planning. The standard permits such extensions tp
thie PTF component progedure interface, but they are extensions of the standard and are not discussed further
in[this Technical Repart:

F%thh, the DBMS can extend its PTE interface during compilation to support additional PTF component prio-
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11 Execution

1

T

or
S
Cq

1
2

Pimary audience: DBM S devel oper

a)

b)

a)

bW we come to the most complicated part of a PTF life cycle, the execution phase. We begin by lookihg 4
P execution model in the standard.

1.1 Partitionsand virtual processors

ne DBM S begins the execution by partitioning the input tables. Each partitionis assigned to a separate virtu
ocessor. There are nuances depending on the number of input tables, whether they have row semantics or 9
mantics, whether they are copartitioned, and whether they are pruned when empty. Here are some of the
ses that can arise:

If there are no input tables, then the DBM S must execute the-PTF in asingle virtual processor.

If thereis oneinput table:

If there'is one input table with row semantics and one table with set semantics, then essentialy the DBM
must-perform across product of the virtual processors called for by item 1) and item 2) above. For examp

If theinput table has row semantics, then the DBM S Can create an arbitrary number of virtual processars

and assign each input row to any virtual processor using any algorithm of itschoosing. At one extrer]
would beto create avirtual processor for eachi row; at the other extreme would be to processall ing
rows on the same virtual processor.

If the input table has set semantics.and is not partitioned, then the DBM S will first check to seeif t
input table is empty and PRUNEMVHEN EMPTY was specified. In this case, the DBM S does not
need to invoke the PTF at all;theé result is empty. Otherwise (either there are rows, or KEEP WHE]

EMPTY was specified), the DBM S must create asingle virtual processor to process the entire inpu:t
e

table. If the query has ordered the data, then the DBM S must sort the data before presenting it to t
PTF fulfill componentyprocedure.

If the input tablehas set semantics and is partitioned, then again the DBM S will first check to see
the input tableisempty and PRUNE WHEN EMPTY is specified. In this case, the DBMS does no
need to invokethe PTF, since the result is empty. Otherwise, the DBM S partitions the data accordi
to the partitioning columns, creating one virtual processor for each partition. The DBM S sorts eacl
partition if requested by the query.

ne
ut

ne

N

If the table with set semanticsis not partitioned, then the DBM S could choose to use an implementatig

N-

b)

dependent algorithm to partition the input table with row semantics, creating one virtual processor f

or

each implementation-dependent partition, and “broadcast” the entire table with set semanticsto each

virtual processor.

If thetable with set semanticsis partitioned, then the DBM S could set up virtual processors correspond-

ing to the partitions of that table, broadcasting the entire table with row semantics to each virtual
processor.
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4)

See Subclause 12.4.9, “Virtual processors for Score”, for examples of these scenarios.

If there 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 copartitioning is specified. Copartitioning is best understood by looking at
the example in Subclause 12.7.9, “Virtual processors for Similarity”.
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ngt need to be the same as used with the.describe component procedure, but they might as well be, and we

oyr examples we let ST be the.name of this status code variable.

Prlimary audience: DBM S devel oper

If thereisoneinput table with row semantics and two input tables with set semantics, then the DBM § must
create virtual processorsthat are essentially the cross product of item 1) and item 4).

With more input tables, the possible configurations grow by generalizing the preceding points.

pte that the scenarios that involve cross products of partitions are permitted only if Feature B207, “Cross
oducts of partitionings’, is supported; otherwise, these cross product scenarios cannot arisebecause the syntpx
gt [eads to them is prohibited. See Subclause 8.14, “ Cross products of partitions’, fena discussion of som
the syntactic restrictions that a DBM S might adopt to avoid having to create crossyproducts of partitions.

112

h each virtual processor, the DBMS instantiates the PTF private variables usifig the values that were output
bm the PTF describe component procedure. Note that the PTF private varjables are local to each virtual prjo-
SSor, So they cannot be used to share information between virtual processors.

N each virtual processor, the DBMS also instantiates all the PTF descriptor areas that it had after the PTF
bscribe component procedure exited. The DBM S must also creatéthe following new PTF descriptor areas

For each input table, the cursor row type descriptor. Thisisthe same as the requested row type descriptor,
plus one additional column for the pass-through input.surrogate column if the input table has pass-through
columns.

The intermediate result row type descriptor. Thisis the same asthe initial result row type descriptor, plus
one additional column (the pass-through output surrogate column) for each input table with pass-through
columns.

hch PTF descriptor area receives a PTF.extended name in the PTF namespace. The PTF extended names do

sume that convention in our examples.

ne DBMS aso needs to allocate a CHAR(5) variable for a status code, initialized to '00000' for success. I

1.2 Callingthe start component procedure

h eachovirtual processor, the DBM S invokes the start component procedure (if any). The technique for genér-

two

ngthe parameter list isshown in Subcl ause5 2. 4 “ Component proceduresgnatures” In our examples orIy

Subclause 12 6, “ ExecR”)
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11.3 Insidethe start component procedure

Primary audience: PTF author

Thetypical task for the PTF start component procedure isto |n|t|aI|ze anon-DBMS resourcefor the PTF fulfill

mjght generate output row(s), for example, if there are “header” rows for the complete output'on-avirtual prjo-
cgssor. However, the PTF start component procedure cannot set any pass-through columnsbecause it does rjot
have a cursor to supply avalid value for a pass-through surrogate.

11.4 Calling the PTF fulfill component procedure

Plimary audience: DBM S devel oper

Op each virtual processor, if the start component procedure has begh invoked, the DBM S checks the status
cqde.

Absuming the status code was success, the DBM S opens aread-only nonscrollable cursor for each input table.
Tihe cursor ranges over just the rows of the partition assigned to the virtual processor. The DBMS gives the
cyrsor an extended name in the PTF namespace.

11.5 Insidethe PTF fulfill component procedure

Ptimary audience: PTF author

Thetask of the PTF fulfill compoernent procedure isto generate the output rows. Each output row is passed tp
the DBM S using the PIPE ROW command, described in Subclause 7.6, “ Outputting arow”. If there are ingut
raws, the PTF fulfill component procedure will generally read them from the PTF dynamic cursors.

11.6 Closifagcursors

imary.audience: DBM S devel oper

henthe PTFfulfill component procedurefinisheson avirtua processor, the DBM S can closetheinput cursdrs
orrthat vittuatprocessor:

11.7 Calling the PTF finish component procedure

Primary audience: DBM S devel oper
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On each virtual processor, the DBMS invokes the finish component procedure (if any). In our examples, only
two PTFs have finish component procedures. CSVreader and ExecR.

1

8 Insdethe PTF finish component procedure
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Pimary audience: PTF author

Ptfimary audience: DBM S devel oper

Pimary audience: DBM S devel oper

Ptimary audiencés DBM S devel oper

union of the'fows that were output on each virtual processor by the PTF fulfill component procedure. If thel

ne typical task for the PTF finish component isto perform any finishing activity on any non-DBMS resour
pt was obtained in the PTF start component procedure. In our examples, CSVreader_finishes closes afile
ubclause 12.2.12, “Inside CSVreader_start”) and ExecR releases an R engine (see Subclause12.6.11, “Insi
ecR_start”). A PTF finish component procedure might al so output rows, for example, “ summary” or “foote
WS.

1.9 Collecting the output

henever a start, fulfill, or finish component procedure performs.a PIPE ROW command, the DBM S must
pce the row into the result of the <table primary>. If the virtual processors are running concurrently, thiswj
[uire aggregating the output rows across the servers on which the virtual processors are running.

.10 Cleanup on avirtual processor

hen avirtual processor has finished, the DBMS can deallocate all the PTF descriptor areas on that virtual
OCESSOT.

1.11 Final result

hen all virtual processors have finished, the DBMS has the complete result of the PTF invacation, as the

e partitioning columns, the result rows are prefixed with the partitioning columns.

e
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12 Examples
Tihe examples were chosen to exemplify the following scenarios:

Bxample Input scenario Output scenario Other characterigtic

Hrojection One input table with row Row type provided by Fully worked-¢ode examples.
semantics. query author; pass-through

columns.
qSVreader No input tables. Row type determined by Start and finish component prq-
reading afile. cedures, using private dataforja
file handle.

Rivot One input table with row Proper result columns
semantics and pass-through | determined from descriptor
columns. arguments supplied by

query.

Score One input table with row One properresult column
semantics and pass-through | declaredin DDL.
columns, one input table
with set semantics and no
pass-through columns,

TiopNplus One input table with, set Result row typeissame as | Private datato communicate
semantics, sorted. Fhe input row type (if rewritten | between describe component
example does not use pass- | with pass-through columns, | procedure and fulfill component
through columns, but could | there is one proper result procedure.
be rewritten to use pass- column, declared in DDL).
through celumns.

HBxecR One input table with set Row type provided by Start and finish component prg-
semantics and no pass- query (rather than inferred | cedures, using private dataforja
through columns. by PTF). handle to an R engine.

Similarity. Two input tables with set Fixed row type declared in
semantics and no pass- DDL.
through columns, sorted.

UDjoin Two input tableswith set [ Only pass-through columns.
semantics, both with pass-
through columns.

Nested PTF Nested PTF invocation.

invocation
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12.1 Projection

12.1.1 Overview
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is example shows how a PTF could perform a column projection of itsinput table. Of course, column pro
ion isabasic capability of SQL, so there is no need to write such a PTF. The main point to this exampleis
itisfully worked, showing every line of code that the PTF author must write, and every descriptor'that the

ut column. Again, thisis not an interesting use of pass-through columns, but it demonstrates the technique,
luding the handling of the input and output surrogate columns.

ing Projection, the query author will be able to write a query such as the following:

LECT P. Enpno, E. Enpno, E. Enane
TABLE ( Projection (
I nput => TABLE (Enp) AS E,
Col utms => DESCRI PTOR ( Enpno)
) AS P

this query, the input table is Emp; let us assume that it hasfour columns (Empno INTEGER, Ename VAR-
HAR(30), Salary INTEGER, Manager INTEGER). The inpuit table has correl ation name E. Because the ingut
ple has pass-through columns, all columns of Emp are:available in the output of Projection, qualified by B.
he query has chosen to access E.Empno and E.Enamg. Projection also has one proper result column, which
simply a copy of Empno. The proper result column is qualified by the correlation name P, seen as PEmpro
the SELECT list.

.1.2 Functional specification of,Projection

he PTF author decides that Projection will have two parameters:
Aninput table.
A descriptor that.lists the columns of the input table to be projected as proper result columns of Projectign.

ne PTF can operate on arow-by-row basis; therefore, the input table will have row semantics. In addition,
e PTF author decides to permit pass-through columns.

nese decisions lead to the following skeleton DDL for Projection:

REATE FUNCTI ON Proj ection (

)

Vnput TABIE PASS THROUGH W TH ROW SEMANTI CS
Col unms DESCRI PTOR
RETURNS TABLE

DETERM NI STI C
READS SQL DATA
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12.1.3 Design specification for Projection

The design specification provides the details that are private to the PTF (not visible to the query author). For
the design specification, the PTF author decides:

1 Whather-start and-finich comnonant-nraocedures ara recuired
WHERE-SaRaReHHFSR-COMMPOReRtproceaH-esSare HequHea:

Projection does not require any resources outside the DBMS, so start and finish component procedures
are not required.

2) The namesfor 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.

Thereis no information to pass from compile time to run-time, other than the information that will be
captured in the descriptorsthat the DBM Swill build and pass to the fulfith component procedure. Thisfact
will become clear when welook at thelogic of thefulfill component proeedure. (In actual PTF devel opment,
the PTF author may revisit this decision as the development unfolds.)

Ap aresult of these decisions, the PTF author can enhance the skeleton DDL as follows:

CREATE FUNCTI ON Proj ection (

| nput TABLE PASS THROUGH W TH ROW SEMANTI CSf
Col uimms DESCRI PTOR

) |RETURNS TABLE

DHTERM NI STI C

RHADS SQL DATA

DESCRI BE W TH PROCEDURE Pr oj ecti on_dese¢ki be
FULFI LL W TH PROCEDURE Proj ecti on_f ullDil |

12.1.4 Projection component procedures

The DBMS should providelatool for the PTF author that will generate the signatures of the PTF component
priocedures from the skeleton PTF definition.

Alkey decision for the DBMS is the maximum length of descriptor and cursor names. These names will be
gl‘tomati cally generated and can be meaningless, other than the fact that they must be unique. As explained|i

bclause 7.2, PTF extended names”, these names can be short. Using just the uppercase Latin letters, a orle-
character name can support up to 26 different descriptor names, and up to 26 different cursor names. A two
characteffname using Latin letters or digits in the second character can support up to 26* 36 = 936 different
names, The examplesin this Technical Report assume two-character names, which is more than adequate for
the'tength of parameter listsin the examples. T

=]

The DBM S tool will generate parameter definitions for the PTF component procedures that are derived from
PTF parameters. The DBM S should document its conventions for generating the parameters of the PTF com-
ponent procedures. The conventions used in this Technical Report are as follows:

1) Scaar parametersaresimply copied from the PTF parameter definition to the corresponding PTF component
parameter definition.
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2)

3)

A descriptor parameter of a PTF generatesa VARCHAR(2) parameter of the PTF component procedures.
To highlight that the parameter is a descriptor name, “_descr” is appended to the parameter name in the
PTF component procedure.

A table parameter requires severa descriptorsand one cursor, asenumerated in Subclause 5.2.4, “ Component
procedure signatures’. Each of theseisa VARCHAR(2) parameter in the PTF component procedures. The

)

5ing the DBM S tool asspecified above, the output of the tool might look like this:

REATE PROCEDURE-Broj ecti on_descri be (

LANGUAGE SQL DETERM NI STI C CONTAI NS SQL

SQ

names of these parameters are derived by appending specific stringsto the PTF parameter name, asfollaws:

Descriptor or cursor Suffix on the parameter name

Full row type _row_descr

Partitioning (set semanticsonly) | _pby descr

Ordering (set semanticsonly) | _order_descr
Requested row type _request_descr
Cursor row type _cursor_descr
Cursor _cursor_name

There are two result row descriptors; this Technical Report calls these the Initial_result_row and the
Intermediate_result_row, both of type VARCHAR(2):

There is a status parameter of type CHAR(5) named Status.
The describe component procedure is dwaysSDETERMINISTIC.

The other component procedures copy either DETERMINISTIC or NOT DETERMINISTIC fromthe PTF
definition.

The fulfill component proceduré copies the SQL -data access (either CONTAINS SQL or READS SQL
from the PTF definition.

The other component pracedures have SQL -data access CONTAINS SQL.

I N I nput _rew descr VARCHAR(2),

I N I nput_f.equest _descr VARCHAR(2),
I N Colurms_descr VARCHAR( 2),

I N knitl al _resul t _row VARCHAR( 2),
I NOJT St atus CHAR(5)

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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BEG N
END
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12.1.5 Invoking Projection

SELECT P. Enpno, E. Enpno, E. Enane
FROM TABLE ( Projection (

) AS P

12.1.6 Calling Projection_describe

TABLE Emp (
Enmpno | NTECER,
Enane VARCHAR( 30),
Sal ary | NTEGER,
Manager | NTEGER )

The query author writes the following query:

I nput => TABLE (Enp) AS E,
Col utms => DESCRI PTCR ( Enpno)

Glven the query, the DBM S must assembl e the arguments to Projection_describe. There are five arguments;

1) Input_row_descr, the descriptor of the input table's row type. Emp has the following signature:

The DBMS builds a descriptor for Emp's row type, naming it 'l 1', with the following contents:

Content
Header | COUNT =4
TOP_LEVEL_COUNT =4
Other components unspecified
[tem 1 NAME ="EMPNO'

LEVEL =0
TYPE = 4 (for INTEGER)
Other components unspecified

©ISO/IEC 2017 — All rights reserved
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Content

Item 2 NAME ='ENAME'

LEVEL =0

TYPE = 12 (for VARCHAR)

CENGTH =30
CHARACTER_SET_CATALOG, CHAR-
ACTER SET SCHEMA, and CHARAC-
TER_SET_NAME arethe catalog, schema,
and local name of the default character set.
Other components unspecified

Item 3 NAME ='SALARY'

LEVEL =0

TYPE =4 (for INTEGER)
Other components unspecified

Item 4 NAME = 'MANAGER'
LEVEL =0

TYPE =4 (for INTEGER)
Other components unspecified

2) Input_request_descr, the input table's requested row type. The DBMS assigns this descriptor the PTF
extended name 'Al'. Thisis an empty descriptor, likethis:

Content

Header | COUNT =0
TOP LEVEL_COUNT =0
Other components unspecified

3) Columns_descr, the descripter generated from the query's argument. The DBM S assigns thisthe name'Q’,
with the following contents.

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

4) Initial_result_row, the descriptor of the proper result columns. The DBMS assigns this the name 'R'. This
is another empty descriptor:
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Content

Header | COUNT =0
TOP_LEVEL_COUNT =0
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Status, the status argument. The DBM S allocates a CHAR(5), initializes it ‘00000 (success).

ter assembling these arguments, the DBM S can call Projection_describe like this:

LL Projection_describe (
| nput _row_descr => "11",
| nput _request _descr => "Al",
Col utms_descr VARCHAR => 'Q ,
Initial _result_row=> "R,
Status => ST

.1.7 Inside Projection_describe

he tasks for Projection_describe are:
Examine the arguments for validity, returning anerror if they are not valid.

Popul ate the requested row type descriptor withithe names of the columnsthat Projection wishesto recei
during execution.

Populate the initial result row type with'the names and data types of the proper result columns.

he code for Projection_describe might be:

REATE PROCEDURE Proj ecti en\descri be (
I N I nput _row descr VARCHAR(2),
I N I nput _request _descr VARCHAR(2),
I N Col ums_descr( VARCHAR( 2),
IN Initial_result_row VARCHAR(2),
I NOUT St at usCEHAR( 5)
LANGUAGE SQLSDETERM NI STI C CONTAI NS SQL
L SECURI TY“DEFI NER
G N
/* | ocalkvvariabl es used to scan Col utms_descr
** (Collumsl, C1, Nanel) and | nput_row descr
**x" (Col ums2, C2, Nane2)
>/

©ISO/IEC 2017 — All rights reserved

DECLARE Col ums1, Col umms2 | NTEGER;
/* nunber of columms */
DECLARE Cl1, C2 INTEGER, /* current colum nunber */
DECLARE Nanel, Nanme2 VARCHAR(128);
/* current columm nane */
DECLARE Found BOCLEAN; /* flag set to TRUE if a
** mat ching colum nane is found */
/* Copy Col um_descr to |nput_request_descr.
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** Note that the DBMS only requires the col um

** nanmes in |nput_request_descr, not their types.

** |t is an error if a colum nanme in

** | nput _request _descr is not a colum in

** | nput _row_descr, but the DBVMS will perform

** that check so Projection_describe does not
neea to I

COPY DESCRI PTOR PTF Col utms_descr
TO PTF | nput _request _descr;

/* Populate Initial _result_row Each colum

** naned in Col ums_descr provides the nanme

** of a proper result columm, because this is

** jnplementing a projection operation. W need

** to find the colum in Input_row descr and

** copy the type information to Initial_result_row
*/

GET DESCRI PTOR PTF Col um_descr
Col unmms1 = TOP_LEVEL_COUNT;

GET DESCRI PTOR PTF | nput _row descr
Col unms2 = TOP_LEVEL_COUNT;

/* Quter |oop scans the colum nanes
** in Colums_descr
*/
SET C1 = 1;
Quterloop: WHI LE (ClL <= Colummsl1) DO
GET DESCRI PTOR PTF Col um_descr VALUE.E1l
Nanel = NAME;

/* Inner |oop scans the col um names

** in | nput_row_descr

*/

SET C2 = 1;

SET Found = FALSE;

I nnerl oop: WHI LE (C2-<="Col um2) DO

GET DESCRI PTOR PTF¥nput _row descr VALUE C2

Narme2 = NAME;

/* Check for\a match */
| F (Namez~=“Nanme2) THEN
COPY{DESCRI PTOR PTF | nput _row_descr
VAEUE C2 (NAME, TYPE)
JO PTF Initial _result_row VALUE C1,;
SET Found = TRUE;
LEAVE | nner| oop;
END | F;
SET CZ = CZ+1,
END VWHI LE | nnerl oop;

/* If no match was found, return an error */
| F (Found = FALSE) THEN
SET Status = '42000'; /* syntax error */
RETURN;
END | F;
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/* go to next proper result colum */
SET C1 = Ci1+1;
END WHI LE Qut erl oop;

/* Success! just return; Status is already success */

REl ORN;
END

12.1.8 Result of Projection_describe

In this example, Projection_describe populates the Input_request_descr descriptor as follows:

Content

Header | COUNT =1
TOP_LEVEL_COUNT =1
Other components unspecified

Item 1 NAME ='EMPNCO'

LEVEL =0

TYPE = 0 (for unspecified type)
Other components tnspecified

The DBMS checks that thisis a non-empty list of gdistinct column names of the input table Emp.

Projection_describe populates the Initial_result row descriptor as follows:

Content

Header - | COUNT =1
TOP_LEVEL_COUNT =1
Other components unspecified

Item 1 NAME ='EMPNO'

LEVEL =0

TYPE = 4 (for INTEGER)
Other components unspecified

—F

Tihe DBM'S checks this descriptor for validity as an output row type: at least one column, acceptable disting
ccll umn names (not zero-length or null), and valid data types.

12.1.9 Virtual processorsfor Projection

Thereisasingleinput 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.)
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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 cursor row
typeistherequested row type plusone additional column, the pass-through input surrogate column. TheDBMS
gives this column an implementation-dependent name and data type.

PROCEDURE Proj ection_fulfill (

12.1.10Calling Projection_fulfill

On each virtual processor, the DBMS calls Projection_fulfill. Recall that its signatureis:

This requires three descriptors, a cursor, and a status variable, as follows:

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)

Input_cursor_descr describes the input cursor's row type. Thisconsists of the columns that Projec-
tion_describerequested inusing Input_request_descr, plus one ¢olumn for the pass-through input surrogate.
The DBM S namesthe pass-through input surrogate column ‘$surrl’ (this nameisimplementation-dependent,
but must not be equivalent to any column name of the reguested row type or the intermediate result row
type). The DBMS builds a descriptor and names it 'GR"; the contents look like this:

Content

Header | COUNT =2
TOP_LEVEL_COUNT =2
©Other components unspecified

Iteml NAME ='EMPNO'

LEVEL =0

TYPE =4 (for INTEGER)
Other components unspecified

Item 2 NAME = "$surrl’
LEVEL =0
TY PE = implementation-dependent

TheDBMS opens a cursor and gives it the PTF extended name 'CN'.

The DBM S builds a descriptor from the Columns argument in the PTF invocation, naming it 'Q'. Thishas

4)

5)

92

the same contents as previously seen in Subclause 12.1.6, “Calling Projection_describe”.

The DBM S 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 must be the same as the name of the pass-through input sur-
rogate column.

The DBMS allocates a CHAR(5) variable called ST for the status variable.
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After creating and naming these things, the DBMS calls Projection_fulfill like this:

CALL Projection_fulfill (
| nput _cursor _descr => "'CR,
I nput _cursor _name => 'CN ,
Col ums_descr => 'Q,

Internediate result _row => "MR ,
Status => ST

12.1.111nside Projection_fulfill

miediate output row and repeat.

CREATE PROCEDURE Projection_fulfill (

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)

) |LANGUAGE SQL DETERM NI STI C CONTAI NS SQL
SQL SECURI TY DEFI NER

BHEG N

/* condition handl er for the subsequent | oop.

** \When the input cursor is exhausted this

** handler will be invoked, causing

** Projection fulfill to exit.

** There is no other task far ythe condition handler
** so a no-op would be sufficient. SQ.L does not

** have a no-op, SO we set:Status to success */
DECLARE EXI T HANDLER FOR 'NOT FOUND

SET Status = '00000';

/* Loop until there is no nore data */
Loop: WH LE TRUE'DO
FETCH PTE-Nnput _cursor_nane
| NTO DESCRI PTOR PTF | nput _cursor _row,
COPY PESCRI PTOR PTF I nput _cursor_row ( DATA)
TOPTF I nternediate_result_row
Pl PE"ROW PTF | nternedi ate_result _row
END“WHI LE Loop;
END

Thetask for Projection_fulfill isto read theinput cursor and write output rows. Notethat the input cursor's rgw
typeis precisely the same as the intermediate output row. This meansthat Projection_fulfill'slogic can be very
sijnple: read arow from the cursor; test for end of data; if data was read, then copy the input row to the inter

12.1.12Coallecting theresults

Each time that Projection_fulfill executes a PIPE ROW statement, the DBM S builds arow of output. The
intermediate result row that is delivered to the DBM S has two columns:
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1) The proper result column EMPNO. This column can be copied into the complete result row, whereit is
qualified by the correlation name P.

2) The pass-through output surrogate column $surrl. This column must be expanded into the columns of
Emp, qualified by E.

12.1.13Cleanup

When Projection_fulfill finishes on avirtual processor, the DBMS can destroy the virtual progéssor.
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12.2 CSVreader

This example was introduced in Subclause 3.2.1, “CSVreader”.

12.2.1 Overview

Alspreadsheet can generally output acomma-separated list of values. Generally, thefirst line of thefile contai ps
alist of column names, and subsequent lines of the file contain data. The datain general can bétreated as a
layge VARCHAR. However, some of the fields may be numeric or datetime. The PTF author has provided 3
PTF caled CSVreader designed to read afile of comma-separated values and interpret thisfile as atable.

The distinguishing feature of this exampleis that there are no input tables.

12.2.2 Functional specification of CSVreader

ne PTF author decides that CSVreader have the following inputs;

The file name, a character string.

T
1

2) Anoptiona list of column namesto be treated as REAL,
3) Anoptiona list of column namesto be treated as DATE.
T

hus the signature that is visible to the query authorwill be:

FUNCTI ON CSVr eader (

Fi | e VARCHAR(1000),

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

NOT DETERM NI STI C

CONTAI NS SQL

Npte that this example has no input table. This example is non-deterministic because the results will vary
depending on the contents of the file. The SQL-data accessis CONTAINS SQL because there are no table
parameters and no side tables that are read by the PTF.

12.2.3 Besign specification for CSVreader

For-the design specification, the PTF author decides:

1) Whether PTF start and/or finish component procedures are required.

The PTF author decides to have a PTF start component procedure to open the input file, and a PTF finish
component procedure to close the input file.
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An aternative 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 this tech-

nigue.

2) The names of the PTF component procedures.

CSVreader_fulfill and CSVreader_finish.
3) The private datafor 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 CSV/teader:

CREATE FUNCTI ON CSVr eader (

Fi |l e VARCHAR(1000),

Fl oat s DESCRI PTOR DEFAULT NULL,

Dat es DESCRI PTOR DEFAULT NULL )
RETURNS TABLE

NOT DETERM NI STI C

CONTAI NS SQL

PRI VATE DATA (

Fi | eHandl e | NTEGER )

DESCRI BE W TH PROCEDURE CSVr eader descri be
START W TH PROCEDURE CSVr eader _start
FULFI LL W TH PROCEDURE CSVreader _ful fill
FIINl SH W TH PROCEDURE CSVreader fi ni sh

12.2.4 CSVreader component procedures

lowing skeleton signatures for the PTE component procedures. We are assuming that the PTF author will
inpplement the PTF in SQL/PSM

CREATE PROCEDURE CSVreader_describe (

I NOUT Fi | eHandl e~ NTEGER,

IN File VARCHAR(1000),

I N Fl oat s_descr~"VARCHAR( 2) ,

I N Dat es_descr VARCHAR( 2),

IN Initidlloresult_descr VARCHAR(2),
I NOUT Staat'us CHAR(5)

) |[LANGUAGE SQ. DETERM NI STI C CONTAI NS SQL
SQL SECURI'TY DEFI NER

BHG N

EI‘}ID

Tihe DBMS should provide atool that takes the preceding skeleton DDL for CSVreader and generates the fol-

CREATE PROCEDURE CSVreader_start (
I NOUT Fi |l eHandl e | NTEGER,
IN File VARCHAR(1000),
IN Fl oat s_descr VARCHAR(2),
I N Dat es_descr VARCHAR(2),
IN I nternediate_result_descr VARCHAR(2),
I NOUT Status CHAR(5)
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) LANGUAGE SQL NOT DETERM NI STI C CONTAI NS SQL
SQL SECURI TY DEFI NER

BEG N
END

CREATE PROCEDURE CSVreader _ful fill (

)
Sq
BE

I'N
I'N
I'N
I'N

G N

END

CH

)
Sq
BE

REATE
I'N
I'N
I'N
I'N
I'N

G N

END

1

2)

3)

4)

11

p.2.5 | mplementation of CSVreader

NOOT i reHandte 1 NTEGCKR,

I NOUT Status CHAR(5)
LANGUAGE SQL NOT DETERM NI STI C CONTAI NS SQL
. SECURI TY DEFI NER

I NOUT Status CHAR(5)
LANGUAGE SQL NOT DETERM NI STI C CONTAI NS SQL
. SECURI TY DEFI NER

NOTE2 —

Fi | e VARCHAR(1000),

Fl oat s_descr VARCHAR(2),

Dat es_descr VARCHAR(2),

I ntermedi ate_result_descr VARCHAR(2),

PROCEDURE CSVr eader _fini sh (

Fi | eHandl e | NTEGER,

Fi | e VARCHAR(1000),

Fl oat s_descr VARCHAR(2),

Dat es_descr VARCHAR(2),

I ntermedi ate_result_descr VARCHAR(2),

DBMS tool output should go to one or two filesNf-the PTF author will be writing in SQL/PSM, then the output can go t
single file with the preceding contents. If the-PTF author will be writing in an external language such as C, then the outp!

should go to two files, one for the SQL DDLE.similar to the above and another with askel eton procedure header in the exterpal

language.

a
it

The names of the parameters are arbitrary asfar asthe DBMS is concerned; actually, they are not even required for the DIPL

to accompany an external language. However, the PTF author will want the parameter names of the PTF component procedu
to be similar to the parameter.names of the PTF itself. The DBM Stool should have some predictable algorithm for generati
the parameter names. In thisexample, the DBM Stool has added _descr to the names of the PTF descriptor area parametd

The penultimate parameter is the extended name of the descriptor areafor the result row type of the PTF. For the describ
component procedure, thisisthe initial result row type descriptor, and for the run-time component procedures thisisthe
intermediate resultrow type descriptor.

Thefinalparameter isan SQLSTATUS code. Thisisan INOUT parameter which the DBM Sinitializes to success (' 00000

the PT.F'¢omponent procedure must change this value to indicate failure. Later, we will consider how to write the routing
body-of the PTF component procedures.

€s

ng
rS.

11

~—

Next the PTF author must write the bodies of the PTF component procedures. We discuss the logic of each
PTF component procedure below at the point where the procedure isinvoked, to provide context to understand
the logic of each component procedure.
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12.2.6 Invoking CSVreader

The query author can see the following signature:

FUNCTI ON CSVr eader (

— e VARCHAR(C 060
Fl oat s 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:

— File: acharacter string containing the name of afile. Thefile should contain text formatted into lines. Eagh
lineis subdivided by commasinto fields. In thefirst line, the fields are regarded as supplying column
names. Each remaining line of the table produces one row of output.

— Floats: by default, afield 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 columnsthat are to be interpreted as dates
according to some format.

UBing thisinformation, the query author writes the following:invocation of CSVreader PTF:

SHLECT *
FROM TABLE ( CSVreader (
File => '"abc.csv',

Fl oats =>

DESCRI PTOR ("principle", "interest")
Dat es => DESCRI PTOR ("due_date")
) ) AS S

To run successfully, there must be an operating system file named abc.csv. Thefirst line of the file must have
atomma-separated list of column names, among which must be principle, interest, and due_date. Each
rgmaining line of the file must-be'a comma-separated list of values; the fields for the principle and interest
cqlumns must be formattednumerically; the field for due_date must be formatted as a date.

12.2.7 CallingCSVreader_describe

In order ta<Compile the preceding query, the DBMS calls the PTF describe component procedure,
CBVreader-describe. As stated in Subclause 12.2.4, “CSVreader component procedures’, the parameter |is
off CSVreader_describeis:

PROCEDURE CSVr eader _descri be (

I NOUT Fi |l eHandl e | NTECER,

IN File VARCHAR(1000),

IN Fl oats_descr VARCHAR(2),

I N Dat es_descr VARCHAR(2),

IN Initial _result_descr VARCHAR(2),
I NOUT Status CHAR(5)

)
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The private datais:

PRI VATE DATA ( Fil eHandl e | NTEGER )

The DBMS must allocate the private variable shown above, initialized to null. Thiswill be passed as the first
argument of CSVreader_describe.

The next argument, File, isascalar that is simply copied from the invocation of CSVreader.

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 constructorsin the
invocation of CSVreader:

DESCRI PTOR ("principle", "interest")
DHSCRI PTOR (" due_date")

The corresponding arguments in CSVreader_describe are character strings holding the PTF extended name;
of{the PTF descriptor areas. The DBM S might name these PTF descriptor areas Q1 and Q2. Q1 hasthefollowing
cantents:

\"Z

Content

Header | COUNT =2
TOP_LEVEL_COUNT= 2
Other components unspecified

Item 1 NAME = "prineipl€e

LEVEL =0

TYPE=0

Other components unspecified

Item 2 NAME = "interest’

LEVEL =0

TYPE=0

Other components unspecified

QPR has the following cortents:

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 must also allocate an empty read-write PTF descriptor areafor theinitial result row type. Let this
PTF descriptor area be named R. R has the following contents:
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Content

Header | COUNT =0
TOP LEVEL_COUNT =0

CA

1

IS

B 4 QQ

N

Npte that although R has no SQL item descriptor areas, the describe component procedure can (and.must) &
mpre, up to some implementati on-defined maximum number of columns.

Filnally the DBM S must alocate a CHAR(5) variable for the status code, initialized to ‘00000, \Let ST be th
stgtus code variable.

Npw the DBM S makes the following invocation:

Okla s HY PR |
ULNCT CUITIPUINET LS UTNSPJCUTTicu

LL CSVreader _describe (
Fi | eHandl e => Fi | eHandl e,
File => '"abc.csv',
Fl oats_descr => 'Ql',
Dat es_descr => 'Q@',
Initial _result_row=>"'R
Status => ST

.2.8 Inside CSVreader_describe

ne basic objective of CSVreader_describeis te'populate the PTF descriptor areawhose nameis passedin t
tial_result_row argument. If CSVreader *describe is unable to do this, for example, if the input argument

ile does not contain the name of afile that-CSVreader_describe can open, then CSVreader_describe returrs

error code in the argument Status.(Note that this argument has been initialized by the DBM Sto indicate
For, so CSVreader_describe only.needsto set ST in case an error is detected.)

he logic for CSVreader_describe may look something like this:

Open the file whose-name is passed in the File argument. |f the open operation fails, return an error in t
Status argument.

Read the firsttine of the input file. If the file is empty, return an error.
Initializenavariable Colno = 0;

In ateep, parse thefirst line into tokens delimited by commas. For each token:

100 Polymorphic Table Functionsin SQL

a)™ 'Increment Colno.

b) Increase the number of item descriptor areasin the result row type descriptor area:

SET DESCRI PTOR I nitial _result_row COUNT = Col no;

This has the side effect of adding an empty SQL item descriptor area at the end of the result row
descriptor area.

¢) Placethetokenin avariable, Colname.
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d) Set the name of the new column to Colname:

SET DESCRIPTOR Initial _result_row
VALUE Col no NAME = Col nane;

e) Determine the data type of the column, asfollows:

i) If the column nameis found in the input PTF descriptor area Floats_descr, then the column
typeis REAL,

i) If the column nameisfound in theinput PTF descriptor area Dates _descr, then the column type
is DATE.

iii)  Otherwise the column typeis VARCHAR(100).

f) Use SET DESCRIPTOR to set the type of the column. For example, if thecolumn typeis VAR-
CHAR(100), this statement could be used:

SET DESCRIPTCOR Initial _result_row
VALUE Col no TYPE = 12, LENGTH = 100;

5) Closetheinput file.

If|CSVreader describe wished to communicate with the run-time PTF component procedures, it could do sp
by setting valuesin the private variables. In this example, thereds no information to convey that won't be con-
vayed in theresuult row type descriptor area. Therefore, CSV reader can simply leavethe private data (FileHandle)
untouched.

12.2.9 Result of CSVreader _describe

B

The result of CSVreader_describe will-depend on the first line in abc.csv. We are assuming that the first line

dqcno, nane, due_dat e, pri nci‘phe, i nt er est

Then CSVreader _describewill populatetheinitial result row type descriptor to describe five columns, as named
aljove. The columns named "principle” and "interest" will be of type REAL and the column named "due_datge"
w/|ll be of type DATE. The other columns will be of type VARCHAR(100). Therefore, the descriptor looks
likethis:

Content

Header COUNT =5
TOP_LEVEL_COUNT =5

Othaor camnanantc L incnan £ A
DT COMPUrChtS arSpCorTca
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Content

Item 1 NAME = 'docno’

LEVEL =0

TYPE=12

CENGTH =100
CHARACTER_SET_CATALOG, CHAR-
ACTER _SET SCHEMA, and CHARAC-
TER_SET _NAME arethe catalog, schema,
and local name of the default character set.
Optionally, COLLATION_CATALOG,
COLLATION_SCHEMA, and COLLA-
TION_NAME may specify a collation.
Other components unspecified

Item 2 NAME = 'name'

LEVEL =0

TYPE=12

LENGTH =100
CHARACTER_SET_CATALOG, CHAR-
ACTER_SET_SCHEMA;and CHARAC-
TER_SET_NAME arethecatalog, schema,
and local name of thedefault character set.
Optionally, COLLATION_CATALOG,
COLLATIONSCHEMA, and COLLA-
TION_NAME may specify a collation.
Other components unspecified

Item 3 NAME="'due _date

LEMEL =0

TYPE=9
DATETIME_INTERVAL_CODE =1
Other components unspecified

Iltem 4 NAME = "principle

LEVEL =0

TYPE=7

Other components unspecified

Item 5 NAME = "interest’

LEVEL =0

TYPE=7

Other components unspecified

Then the row type looks like this:

Correlation S
name

Column name | docno name due date | principle | interest
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Datatype VARCHAR(100) | VARCHAR(100) | DATE | RREAL | REAL

The query was:

S
E

SH

1

Tq
T

PH

T
S
de

-
Q
rq
C
13

T

CT _*

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

bsed on the row type generated by CSVreader_describe, the SELECT * is equivalent to:

LECT S."docno", S."nane", S."due_date", S."principle", S "interest'

p.2.10Virtual processor for CSVreader

execute the invocation, the DBM S uses asingle virtual processor, since there are no input tables.
ne private datafor CSVreader is.

| VATE DATA ( Fil eHandl e | NTECER )

ne DBM S must allocate memory on the virtual processer for this private variable, plusa CHAR(5) for the
DL status code. We will portray the private variable with the same name as shown in the PRIVATE DATA
bclaration above; we give the status code variable the name ST.

ne DBM S must a soinstantiate copies of the SQL descriptor areasthat were present after CSVreader_descri

cqmpleted. We assume that they have been given the same PTF extended names as before; they were 'Q1'

2' for the two SQL descriptor areas provided by the query, and 'R’ for the SQL descriptor area of the resul
W type. The contents of these SQL\descriptor areas are found in Subclause 12.2.7, “Calling
SV reader_describe”, and Subclause 12.2.9, “Result of CSVreader_describe”.

.2.11Calling CSVreader_start

he signature for CSVreader_start is given in Subclause 12.2.4, “ CSVreader component procedures’, as:

PROCEDURES CSVr eader _start (

| NOIT>Fi | eHandl e | NTEGER,
IINVFi | e VARCHAR(1000),

pe

t

LN Fl oat s_descr VARCHAR(2),

N ARL N

)

LILA %t Co dUO\JI \VIII'\\RQUV'\I\\ L}
IN Internedi ate_resul t _row VARCHAR(2),
I NOUT Status CHAR(5)

Sincethereare no input tables, thisisalmost identical to the signaturefor CSVreader_describe, the one difference
being that the describe component procedure populatestheinitial result row descriptor, whereas CSVreader_start
has the intermediate result row descriptor asinput. This example has no pass-through columns, so the interme-
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diateresult row descriptor isidentical to theinitial result row descriptor asit was output by CSVreader _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 DBM S calls CSVreader_start as follows:

CALL CSVreader_start (

Fil eHandl e => Fil eHandl e,

File => '"abc.csv',

Fl oats_descr => 'Ql',

Dat es_descr => 'Q@',
Intermediate_result _row => 'R
Status => ST

12.2.12Inside CSVreader_start

SVreader_start must initialize the processing on the virtual processor. Thefile hamed by the File argument
bc.csv) should be opened, and afile handle placed in the FileHandl e argument. As a safety check,
SVreader_start should read thefirst line of the file and confirm that the column names are correctly described
the SQL descriptor areafor the result row type, the one whose PTF.extended name is passed in I ntermedi-
e result_row argument ('R’). The reason for the safety check isthat contents of the file may have changed
pte that it is possible to prepare the invocation at one time andexecute it later. If any of these steps fail, then
error can be returned in the status code argument.

LZIT OO0

12.2.13Calling CSVreader_fulfill

The DBMS checks the status code that wasseturned from CSVreader_start. If it is not '00000" (success), then
the DBM S terminates the virtual processor-Otherwise, the DBM S proceedsto call the next stage,
CBVreader_fulfill.

The signature for CSVreader fulfill is given in Subclause 12.2.4, “ CSVreader component procedures’, as.

PROCEDURE CSVr eader _fulf il (

I NOUT Fi | eHandl e~ NTECER,

IN Fil e VARCHAR(1000),

I N Fl oat s_descr~VARCHAR( 2) ,

I N Dat es_desc+¥ VARCHAR( 2),

I N I nternediat e_resul t _row VARCHAR(2),
I NOUT Stat'us CHAR(5)

)

Silncethere is no input table, the input arguments are the same as the preceding stage, CSVreader_start, and
cgnsimply be maintained by the DBM S without change.

12.2.14Inside CSVreader_fulfill

CSVreader_start has aready read the first line of the input file whose handle is in the parameter FileHandle.
CSVreader_fulfill should now read the remaining lines of theinput file. Each lineis parsed by commadelimiters,
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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 areawhose name is passed in the Interme-
diate result_row argument. After setting the DATA component for every column of aresult row,
CSVreader_fulfill uses PIPE ROW to send the row to the DBMS.

For example, suppose the following lineis read:

er

17
C
SH
SH
SH

SH

3, Mary, 01/ 01/ 2014, 234. 56, 345. 67
SVreader_fulfill then performs SET DESCRIPTOR commands equivalent to the following:

T DESCRI PTOR PTF Internedi ate_result_row VALUE 1
DATA = '123';

T DESCRI PTOR PTF Internedi ate_result_row VALUE 2
DATA = 'Mary';

T DESCRI PTOR PTF Internedi ate_result_row VALUE 3
DATA = CAST (' 2014-01-01" AS DATE);

T DESCRI PTOR PTF Internedi ate_result_row VALUE 4
DATA = CAST ('234.56" AS REAL);

SHET DESCRI PTOR PTF Internediate_result_row VALUE 5

DATA = CAST (' 345.67' AS REAL);
After setting all columns of the output row, CSVreader fulfill sendSthe row to the DBMS using a PIPE RO
cgmmand:
PIIPE ROW PTF I nternedi ate_result_row,
CBVreader_fulfill should do this repeatedly until the end-of fileis reached, calling PIPE ROW once for eacl
input line. CSVreader_fulfill should also incorporate logic to check that the input is correctly formed; if an

(&1

1

T

13

W

N
in

For is encountered, then an error code can be returned in the Status argument.

p.2.15Coallecting the output

p.2.16Calling CSVreader _finish

hen CSVreaderfulfill completes, the DBM S checks the status code.

ext the DBM'S calls CSVreader_finish to perform final cleanup. The signature for CSVreader_finish is givé
Subclause 12.2.4, “ CSVreader component procedures’, as.

he DBMSS collects the output that it receives via PIPE ROW commands performed within CSVreader_fulfill.

N

tN

PROCEDURE CSVr eader _finish (

©ISO/IEC 2017 — All rights reserved

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)
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The input arguments are the same as the preceding stage, CSVreader_fulfill, and can ssmply be maintained by

the DBM S without change. Therefore, the DBM S uses the following invocation:

CA

LL CSVreader_finish (
Fi | eHandl e => Fi | eHandl e,
File => "abc.csv',

A

Fl oats_descr => 'Ql',

Dat es_descr => '@',

I ntermedi ate_result_row =>
Status => ST

12.2.17Inside CSVreader_finish

12.2.18Cleanup

ter CSVreader_finish completes, the DBM S may do any final cleanup, such as deall ocating the PTF

déscriptor areas.

'R

CBVreader_finish closes the input file indicated by FileHandle.
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12.3 Pivot

This example was introduced in Subclause 3.2.2, “Pivot”.

1

In
ar

ty

1

T

CH

)
DE

R

p 3.1 Overview

d the output is normalized. For example, maybe an input table has six columns, forming threg pairs of (pho
pe, phone number), and the user wishes to normalize this into a table with two columns.
.3.2 Functional specification of Pivot

ne functional specification specifies the interface that is visible to the query author.

Pivot needs the following inputs:

ne parameter list looks like this;

REATE FUNCTI ON Pi vot  (

RETURNS TABLE
FTERM'NI STI C

FABDS SQL DATA

general, apivot isan operation that reads arow and outputs several rows. Generally, theinput is denormaliz

An input table. Since a pivot can be performed on a single rowthis input table has row semantics. This
input table will use Feature B205, “ Pass-through columns’smaking al columns of theinput table availal]
in the output, qualified by the input table argument's range variable.

A list of theinput columnsthat will go into the first utput row, alist for the second row, etc. Each of the
suggests a PTF descriptor area. In general, we den't-know how many pivots the query author will want
do, so the technique will be to just declare alarge number of PTF descriptor areas, which can default tq
null. The query author will supply as many.as'desired.

Since the columns to be pivoted will alkhave distinct names, such as (Phtypel, Phnumberl), (Phtype2,
Phnumber2), ..., the PTF will not knew-what the desired output column names are for the pivoted columi
Therefore, the PTF will require aRTF descriptor areafor these output column names.

| nput TABLE PASS~THROUGH W TH ROW SEMANTI CS,
CQut put _pi vot _cgl-imms DESCRI PTOR,

| nput _pi vot _cokunmms1 DESCRI PTCR,

| nput _pi vot_col unms2 DESCRI PTOR DEFAULT NULL,
| nput _pi vot-"col utms3 DESCRI PTOR DEFAULT NULL,
| nput _piwot _col utms4 DESCRI PTOR DEFAULT NULL,
| nput\pi vot _col utms5 DESCRI PTOR DEFAULT NULL

e

e

5e
to

IS.

This shows the capability to pivot at most 5 sets of columns. Of course, the PTF author could support many
more.
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12.3.3 Design specification for Pivot

The design specification specifies detailsthat are private, that is, not visible to the query author. For the design
specification, the PTF author decides:

Pivot does not need any resources not provided by the DBMS, so there are no start or finish companen
procedures.

2) The names of the PTF component procedures.

The PTF author decides to name the PTF component procedures Pivot_describe and Piyot_fulfill.
3) The private datafor the PTF component procedures.

Pivot does not need any private data.

This leads to the following skeleton DDL.:

CREATE FUNCTI ON Pi vot (

| nput TABLE PASS THROUGH W TH ROW SEMANTI CS,

Qut put _pi vot _col umms 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 NULLy
| nput _pi vot _col utms5 DESCRI PTOR DEFAULT NULL
) |RETURNS TABLE

DETERM NI STI C

RHADS SQ. DATA

DESCRI BE W TH PROCEDURE Pi vot _descri be

FULFI LL W TH PROCEDURE Pi vot _ful fill

12.3.4 Pivot component procedures

The DBM S tool should generate something like this:

CREATE PROCEDURE~Pi\Vot _descri be (

I N I nput _row-descr VARCHAR(2),

I N I nput {request _descr VARCHAR(2),

I N Qutput~pi vot _col uims_descr VARCHAR(2),
I N I nput _pi vot _col uims1_descr VARCHAR(2),
I Nel'nput _pi vot _col ums2_descr VARCHAR(2),
FN I nput _pi vot _col uims3_descr VARCHAR(2),
DN | nput _pi vot _col uims4_descr VARCHAR(2),
N Tnput _prvot_col ummsb_descr VARCHAR(Z),
IN Initial_result_row VARCHAR(2),

I NOUT Status CHAR(5)

) LANGUACGE SQ. DETERM NI STI C CONTAI NS SQL
SQL SECURI TY DEFI NER

BEG N

END
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CREATE PROCEDURE Pivot _ful fill (

I N I nput _cursor_row VARCHAR( 2),

I N I nput _cursor_name VARCHAR(2),

I N Qut put _pi vot _col utms_descr VARCHAR( 2),
I N I nput _pi vot _col ums1_descr VARCHAR(2),
I N I nput _pi vot _col ums2_descr VARCHAR(2),
"NTTput _prvot_cof ums3_descr VARCHARC2),
I N I nput _pi vot _col ums4_descr VARCHAR(2),
I N I nput _pi vot _col ums5_descr VARCHAR(2),
IN Internedi ate_resul t _row VARCHAR(2),

I NOUT Status CHAR(5)

) [LANGUACE SQ. DETERM NI STI C READS SQL DATA
SQL SECURI TY DEFI NER

BEG N

END

12.3.5 Invoking pivot

The DDL visibleto the query author isthis:

CREATE FUNCTI ON Pi vot (

| nput TABLE PASS THROUGH W TH ROW SENMANTI CS,

CQut put _pi vot _col uimms DESCRI PTOR,

| nput _pi vot _col utms1 DESCRI PTOR,

I nput _pi vot _col utms2 DESCRI PTOR DEFAULT NUEL,
I nput _pi vot _col utms3 DESCRI PTOR DEFAULT*NULL,
| nput _pi vot _col utms4 DESCRI PTOR DEFAULSE NULL,
| nput _pi vot _col utms5 DESCRI PTOR DEFAWLT NULL
) |RETURNS TABLE

Here is an example of an invocation of Pivot:

SHLECT D.I1d, D.Name, P.Phonetype, P. Phonenunber

FROM TABLE (Pivot ( Input => TABLE (Joe.Data) AS D,
Qut put.ipi vot _col utms => DESCRI PTCR ( Phonet ype, Phonenunber),
| nput—pi vot _col utms1 => DESCRI PTOR ( Phtypel, Phnunber1l),
L.nput _pi vot _col utms2 => DESCRI PTOR ( Phtype2, Phnunber 2)

) ) AS-P

Ta succeed, Joe.Datamust be atable having columns called Id, Name, Phtypel, Phnumberl, Phtype2, and
Pinumber2. Thethird, fourth, and fifth set of pivot columns are unused; these will default to null values.

12.3.6 'Calling Pivot_describe

To compile the query, the DBM S calls Pivot_describe. The signature of the describe component procedure (see
Subclause 12.3.4, “Pivot component procedures’) is as follows:

PROCEDURE Pi vot _descri be (

I N I nput _row descr VARCHAR(2),

I N I nput _request _descr VARCHAR(2),

I N Cut put _pi vot _col utms_descr VARCHAR( 2),
I N I nput _pi vot_col umsl_descr VARCHAR(2),
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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 uims4_descr VARCHAR(2),
I N I nput _pi vot _col ums5_descr VARCHAR(2),
IN Initial_result_row VARCHAR(2),

I NOUT Status CHAR(5)

The query has supplied Joe.Data as theinput table. There are two descriptors associated with this table;the fu
row type, and the requested row type. The full row type descriptor describes every column of the input tabl ¢
L ¢t us suppose that the DBMS callsit | 1. Let us also suppose that Joe.Data has the following columns:

M4

TABLE Joe. Data (

I d | NTEGER PRI MARY KEY,
Nanme VARCHAR(30),

Pht ypel VARCHAR(5),
Phnumber 1 VARCHAR( 15),
Pht ype2 VARCHAR(5),
Phnunber 2 VARCHAR( 15)

This row type has the following PTF descriptor area (called 11):

Content

Header

COUNT =6
TOP_LEVEL_COUNT =6
Other components unspecified

Item 1

NAME =D’

LEVEL =0

TYPE= 4 (for INTEGER)
QOther components unspecified

Item 2

NAME = 'NAME'

LEVEL =0

TYPE = 12 (for VARCHAR)

LENGTH =30
CHARACTER_SET_CATALOG, CHAR-
ACTER_SET_SCHEMA, and CHARAC-
TER_SET_NAME arethe catalog, schema,
and local name of the default character set.
Other components unspecified

Item 3

NAME ="'PHTYPET
LEVEL =0

TYPE=—12({for VARCHAR)

LENGTH =5
CHARACTER_SET_CATALOG, CHAR-
ACTER_SET_SCHEMA, and CHARAC-
TER _SET NAME arethecatalog, schema,
and local name of the default character set
Other components unspecified
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Content

Item 4

NAME = 'PHNUMBERY'
LEVEL =0
TYPE =12 (for VARCHAR)

12.3 Pivot

CENGTH=15
CHARACTER_SET_CATALOG, CHAR-
ACTER _SET SCHEMA, and CHARAC-
TER_SET _NAME arethe catalog, schema,
and local name of the default character set
Other components unspecified

Item 5

NAME = 'PHTYPE2

LEVEL =0

TYPE =12 (for VARCHAR)
LENGTH=5

CHARACTER_SET CATALOG, CHAR-
ACTER_SET_SCHEMA, and CHARAC-
TER_SET_NAME arethe catal @g,'schema,
and local name of the default character set
Other components unspegified

Item 6

NAME ="'PHNUMBER2

LEVEL =0

TYPE = 12 (for YVARCHAR)

LENGTH =15
CHARACTER_SET_CATALOG, CHAR-
ACTER.SET _SCHEMA, and CHARAC-
TER.SET_NAME arethe catalog, schema,
and-local name of the default character set
Other components unspecified

ne DBM S must also create an-empty descriptor areafor the requested row type; let us suppose that the DBM
Ilsit Al. An empty descriptor arealooks like this:

Content

Header

COUNT =0
TOP_LEVEL_COUNT =0
Other components unspecified

T

nere are three query-specified PTF descriptor areas; et them be named Q1, Q2, and Q3. Thefirst (named Qft)

isforthis argument 1n the query Ivocation of FIvot:

Qut put _pi vot _col uims => DESCRI PTOR (Phonet ype, Phonenunber),

The contents of Q1 are:
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Content

Header

COUNT =2
TOP_LEVEL_COUNT =2

Okla s HY PR |
ULNCT CUITIPUINET LS UTNSPJCUTTicu

Item 1

NAME ="PHONETY PE'
LEVEL =0

TYPE=0

Other components unspecified

Item 2

NAME = 'PHONENUMBER'
LEVEL =0
TYPE=0

The second (named Q2) is for this argument in the invocation of Pivot:

| qput _pi vot _col utms1 => DESCRI PTOR ( Phtypel, Phnunber 1)

The contents of Q2 are:

Content

Header

COUNT =2
TOP_LEVEL_COUNT =2
Other components unspecified

Item 1

NAME ="PHTYPEL

LEVEL =0

TYPE=0

Other components unspecified

Item?2

NAME ='PHNUMBERY'
LEVEL =0
TYPE=0

The third (named-Q3) isfor this argument in the invocation of Pivot:

| Qput _pi vot)'col utms2 => DESCRI PTOR ( Phtype2, Phnunber 2)

The contents of Q3 are:

Content

Header

COUNT =2
TOP_LEVEL_COUNT =2
Other components unspecified
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LEVEL =0
TYPE=0

12.3 Pivot
Content
Item 1 NAME ="'PHTYPE2'
LEVEL =0
TYPE=0
Other components unspecitied
Item 2 NAME = 'PHNUMBER?2'

The DBM S must also allocate an empty read-write PTF descriptor areafor theinitial restltrow type. Let the
injtial result row type PTF descriptor area be named R. R has the following contents:

Content

Header

COUNT =0
TOP_LEVEL_COUNT =0
Other components unspecified

stgtus code variable.

CALL Pivot _describe (
| nput _row descr => "11",

Qut put _pi vot _col umms_descr
| nput _pi vot _col uimms1_descr
| nput _pi vot _col uimms2_descr
| nput _pi vot _col uims3_descr.
| nput _pi vot _col uimms4_desecr
| nput _pi vot _col uimms5b..descr
Initial _result_rows=> "R,
Status => ST

12.3.7 Inside Pivot_describe

Thetasks of Pivot_describe are:

Filnally the DBM S must alocate a CHAR(5) variable for thestatus code, initialized to '00000'. Let ST bethe

Npw the DBM S makes the following invocation:

| nput _request _descr => "'Al",

=>wql',
s,
=@,
=> NULL,
=> NULL,
=> NULL,

1) To validate the input arguments.

2) To populate the requested row type descriptor (named A1).

3) To populate theinitia result row type descriptor (named R).

In our example, the input table has the following row type:
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TABLE Joe. Data (

| D | NTEGER PRI MARY KEY,
Name VARCHAR(30),

Pht ypel VARCHAR(5),
Phnumber 1 VARCHAR( 15),

)
T

SH

he query author has written the following query:

LECT D.1d, D.Name, P.Phonetype, P. Phonenunber
FROM TABLE ( Pivot ( Input => TABLE (Joe.Data) AS D,

pse are the columns that Pivot_describe must request by placing their names in the requested row type
bSCri ptor.

ne columns of theinitial result row type are:

pte that the PTF is not responsible for placing any columns of the input table in the result row; thiswill be

ne logic might look like this:

PTypeZ2 VARCHAR(S),
Phnumber 2 VARCHAR( 15),

CQut put _pi vot _col uims => DESCRI PTCR ( Phonet ype, Phenenunber),
I nput _pi vot _col ums1 => DESCRI PTOR ( Phtypel, Phrunberl),
I nput _pi vot _col ums2 => DESCRI PTOR ( Phtype2, Phnunber 2)

) ) ASP

satisfy the query, the PTF will need to read the columns Phtypel, Phnumerl, Phtype2, and Phnumber2;

ETYPE VARCHAR(5),
ENUVBER VARCHAR( 15)

dled using pass-through columns. Thus, the PT.E:must only describe the two columns PHONETY PE and
ONENUMBER.

Copy the column names from Input:-pivot_columnsl, ... Input_pivot_columnsb to Input_request_descr
This can be done by looking at each of Input_pivot_columnsl through Input_column_descr5 in turn. If
the argument is null, there isiothing to do. Otherwise, get the number of columns and, in aloop, copy
each column name, appending it to Input_request_descr with logic like this:

SET rcol = rcol #\;
COPY DESCRI PTOR-PTF | nput _pi vot _col uims1 VALUE i col ( NAME)
TO PTF | nput _request _row VALUE (rcol)

Note that it isonly necessary to set the name component in the requested row type descriptor, since these
must all-beécolumns of the input table and the DBMS already knows their data types.

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:

3)

COPY DESCRI PTOR PTF Qut put _pi vot _col uimms_descr
TO PTF Initial _result_row

Note that the source PTF descriptor areaonly hasthe column names, so it isstill necessary to set the column
datatypes.

Determine the type of each result column as the union type of all corresponding columnsin the PTF
descriptor areas named by arguments Input_pivot_columnsl_descr through Input_pivot_columns5_descr.
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(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.)

1T/.3.8 Result of Pivot_describe

ot_describe populates the requested row type descriptor, named A1, asfollows:

Content

Header | COUNT =4
TOP_LEVEL_COUNT =4
Other components unspecified

Item 1 NAME = 'PHTYPEY'

LEVEL =0

TYPE=0

Other components unspecified

Item 2 NAME = 'PHNUMBERY'
LEVEL =0
TYPE=0

Item 3 NAME = 'PHTYPE2

LEVEL =0

TYPE=0

Otherccomponents unspecified

Item 4 NAME ="'PHNUMBER2'
LEVEL =0
TYPE=0

Pivot_describe popul atesthePTF descriptor areafor the initial result row type, named R, as follows:

Content

Header | COUNT =2
TOP_LEVEL_COUNT =2
Other components unspecified
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Content

Item 1

NAME ='PHONETY PE'
LEVEL =0
TYPE =12 (for VARCHAR)

CENGTH=5
CHARACTER_SET_CATALOG, CHAR-
ACTER _SET SCHEMA, and CHARAC-
TER_SET _NAME arethe catalog, schema,
and local name of the default character set
Other components unspecified

Item 2

NAME = 'PHONENUMBER'

LEVEL =0

TYPE = 12 (for VARCHAR)

LENGTH =15

CHARACTER_SET CATALOG, CHAR-
ACTER_SET_SCHEMA, and CHARAC-

TER_SET_NAME arethe catal @g,'schema,
and local name of the default character set

Other components unspegified

Tihe columns of the result have correlation name P, so the tow type can be portrayed like this:

Correlation name | Column hame Datatype

D ID INTEGER
NAME VARCHAR(30)
PHTY PE1 VARCHAR(30)
PHNUMBER1 VARCHAR(15)
PHTY PE2 VARCHAR(30)
PHNUMBER2 VARCHAR(15)

P PHONETY PE VARCHAR(30)
PHONENUMBER | VARCHAR(15)

Notethat all columns of the input table are accessible using correlation name D. The example query has only

asked for ID and NAME.
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12.3.9 Virtual processorsfor Pivot

Pivot has one input table with row semantics. The DBMS can create an arbitrary number of virtual processors,
and partition the input table arbitrarily among the virtual processors.

1

O

13

A

CA

Prinr to-ctartinathavirtiial nraceceares tha DRMS ecan-do-thae folowina:
[HEO-SaHRg e YH e pHeEEeSSorStHe D ervro-CaR-66tHe+orrBWHRG:

Determine the row type of the cursor, which can be described using this <cursor specification>:

SELECT PHTYPE1l, PHNUMBER1, PHTYPE2, PHNUMBERZ,
EncodeSurrogate (1D, NAME) AS "$surrl"
FROM Joe. Dat a

Notethat thisisthe requested row type with one additional column, the pass-through input 'surrogate colun
Here, EncodeSurrogate is an implementati on-dependent function that encodes the'columns ID and NAM
in the pass-through input surrogate column named "$surrl”. In this example the DBM S only needs to

represent ID and NAME in the surrogate because those are the only columns-ef the table argument that

the query asks for. The DBM S can pass a descriptor of this row type to,each'virtual processor.

Determine the intermediate result row type; thisistheinitial result row type plus one additional column

the pass-through output surrogate column. The data type and name of the output surrogate must be the
same as for the input surrogate.

N each virtual processor, the DBM S does the following initidization:

The DBM S opens aPTF dynamic cursor that reads thépartition assigned to that virtual processor; suppg
that the PTF extended name of the cursor is CN (thé€’same PTF extended name can be used on all virtu
processors because each has its own address space).

The DBMS creates the requisite descriptors: The descriptors that were supplied by the query are the sar
asthey were for Pivot_describe. We will assume that they have the same PTF extended names as they d
during Pivot_describe (though thisis notnecessary). The cursor row descriptor and the intermediate rest
row descriptor are determined by the,DBMS prior to starting the virtual processor; we assume that they
are named 'CR' and 'MR' respectively.

Pivot has no private data to.allocate on any virtual processor.

The DBMS must however-alocate memory on each virtual processor for the SQL status code, aCHAR
variableinitialized t0¥00000'. We portray this status code as a variable named ST.

p.3.10Calling Pivot_fulfill

ter initializing avirtual processor, the DBMS isready to invoke Pivot_fulfill as follows:

n.
E

=%

ne
id
it

o)

LEOPi vot ful fill (

IN I nput_cursor_row => 'CR,

I N I nput_cursor_nanme => 'CN ,

Qut put _pi vot _col ums_descr => 'Ql',
I nput _pi vot _col ums1_descr => 'Q@',
| nput _pi vot _col uims2_descr => ' @',
I nput _pi vot _col uimms3_descr => NULL,
| nput _pi vot _col uimms4_descr => NULL,
I nput _pi vot _col uimms5_descr => NULL,
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Intermediate_result_row => "M,
Status => ST

|||||

13

T
re
of

T
1

he task of Pivot_fulfill isto process the rows of the input table and generate the output rows. Each input rd
sults in multiple output rows. Thistask is distributed over the virtual processors, which each see'a partitio

ne logic of Pivot_fulfill might be:

the input table.

Initialization:

a) Locatethe pass-through input surrogate column in the cursor row type descriptor. It is alwaysthe | gst

column.

b) Locate the pass-through output surrogate column in the intermediate result row descriptor. Since th

example has only one pass-through table, the surrogate is thefast column of the intermediate resul
row type.

Fetch arow of theinput cursor, like this:

FETCH FROM PTF | nput _cursor _nane
I NTO DESCRI PTOR PTF | nput _cursor _row;

If the FETCH encounters the end of the cursorgketurn with success in the status code.

If FETCH encounters an error, set the Status argument to that error code and return.

Copy the pass-through input surrogate column from theinput cursor row to the pass-through output surrogdte

column in the intermediate result few.

If Input_pivot_columnsl is not null, then copy the input columns listed in this PTF descriptor areato tk
corresponding columns of the'result PTF descriptor area

Send the result row to thé DBM S with:
Pl PE ROW PTF Inatérnedi ate_result _row,

Process Inputvpivot_columns 2, Input_pivot_columns3, ..., Input_pivot_columnsb the same way. Each
one that isnot null causes a separate output row from the same input row.

L oop:back to step 2.

w

=}

S
[

e

12.3.12Coallecting theresults

The DBMS collects the result rows that are sent via PIPE ROW commands on all virtual processors. For each
row, the DBM S must expand the output pass-through surrogate column to recover the values of ID and NAME.
The union of these rows constitutes the overall result of the invocation of Pivot.
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12.3.13Cleanup

After avirtual processor completes, the DBMS closes the input cursor, deallocates its data structures (such as
PTF descriptor areas), and terminates the virtual processor.
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12.4 Score

This example was introduced in Subclause 3.2.3, “ Score”.

13

S

24.1 Overview

ore has two input tables:
One input table contains rows to be scored according to some algorithm.
The other input table contains the parameters for the algorithm that is used to score arow.

ne output of Scoreisthe score computed for each input row according to the scoring algorithm as parameteriz
the parameter table. The original input row is available as well, via the pass-through mechanism, asisth

partitioning column of the parameter table.

.4.2 Functional specification of Score

ore has two input tables:

One input table contains rows to be scored according to"'some algorithm. This table has row semantics

the query using the pass-through mechanism.

The other input table contains the parametersfor the algorithm that is used to score arow. This table hg
set semantics since the entire table is required to specify the algorithm. An empty table does not specify
an algorithm, so thisinput table is prunable (there is no result if the input table is empty). Since aresult

input table.

CREATE FUNCTI ON Scor g~(
Dat a TABLE PASS™THROUGH W TH ROW SENMANTI CS,
Mbdel TABLE NO PASS THROUGH
W TH SET (SEMANTI CS PRUNE WHEN EMPTY
) RETURNS TABLE-( Score REAL)
DETERM NI STIC
READS SQL DATA

F

r each rew,of thefirst input table, Score usesthe model supplied by the second input table to compute aval

infa column called Score of type REAL. Since the proper result column isfixed, it can be specified in the

C

EATE FUNCTION statement as shown above.

since each row can be processed separately. The RTFwill make the contents of an input row available fo

not associated with a particular row.ef this table, the PTF does not provide pass-through columns for this

el

D

S

is

12.4.3 Design specification for Score

The design specification specifies detailsthat are private, that is, not visible to the query author. For the design
specification, the PTF author decides:

120 Polymorphic Table Functionsin SQL

©ISO/IEC 2017 — All rights reserved


https://standardsiso.com/api/?name=a91b0f5561476f36f86ef8c70158a615

ISO/IEC TR 19075-7:2017(E)
12.4 Score
1) 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.

2) The names of the PTF component procedures.

The PTF author decides to name the PTF component procedures Score_describe and Score fulfill.
3) The private datafor 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 SEMANTI CS,
Mbdel TABLE NO PASS THROUGH
W TH SET SEMANTI CS PRUNE WHEN EMPTY
) |RETURNS TABLE ( Score REAL)
DETERM NI STI C
READS SQL DATA
DESCRI BE W TH PROCEDURE Scor e_descri be
FULFI LL W TH PROCEDURE Score_ful fill

12.4.4 Score component procedures

The DBM S tool should generate something like this:

CREATE PROCEDURE Score_describe (

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)

) |[LANGUAGE SQ. DETERM)NI STI C CONTAI NS SQL
SQL SECURI TY DEFI NER

BHG N

END

CREATE PREEEDURE Score_fulfill (

I N Data_cursor_descr VARCHAR(2),

I NUBat a_cur sor _name VARCHAR( 2),

I' N Model _cursor_descr VARCHAR(2),

FN Model pby descr VARCHAR(?2),

I N Model _order_descr VARCHAR(2),

I N Model _cursor _nane VARCHAR(2),

IN Internedi ate_resul t _row VARCHAR( 2),
I NOUT Status CHAR(5)

) LANGUAGE SQ. DETERM NI STI C READS SQL DATA
SQ. SECURI TY DEFI NER

BEG N

END
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NOTE 3 —
1) Thefirst table parameter has row semantics; therefore, it requires the following parameters in the component procedures:

a)  Inthe describe component procedure, the full row type (Data_row_descr), and the requested row type
(Data_request_descr).

3 <k o +: FAmWP=vs (| AY oLl LRt
CUMPUINICT U JTULCUUT S, NT LUroUln TUVW Ty U (VA LUTOUT . UCoUT J, ANTULTIC LU oUT TIAITiT {(ydla._LUNroutl _ Tidiric) .

2)  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), th
ordering (Model_order_descr), and the requested row type (Model_request_descr).

=0
D

b) Inthefulfill component procedure, the cursor row type (Model_cursor_descr), the partitioning (Medel_pby_descr), 1
ordering (Model_order_descr), and the cursor name (Model_cursor_name).

12.4.5 Invoking Score

The DDL visible to the query author is:

CREATE FUNCTI ON Score (
Data 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)

Here is the example invocation initially shown in Subclatise 3.2.3, “ Score™:

SHLECT D.Id, D.S, D.T, MMdelid, T.Score
FROM TABLE ( Score ( Data => TABLE (MData) AS D
Mbdel => TABLE_(Vbdels) AS M
PARTITI ON BY Mbdelid )
)y AST

12.4.6 Calling Score destribe

Tihe signature of Score_describe, previously shown in Subclause 12.4.4, * Score component procedures’, is;

PROCEDURE Scor€ descri be (

I N Dat a_row_descr VARCHAR(2),

I N Dat-a\r equest _descr VARCHAR(2),
I N Mbdel _row descr VARCHAR(2),

| NvMbdel _pby_descr VARCHAR(2),

I'N Model _order_descr VARCHAR(2),
N Mbdel request descr VARCHAR(?2),
I NOUT Status CHAR(5)

)

Before calling Score_describe, the DBMS must create PTF descriptor areas for the first six input parameters.
Asoriginally presented in Subclause 3.2.3, “ Score”, thefirst input table Data has thisrow type: (ID INTEGER,
SREAL, T REAL). Therefore, the DBMS can create a PTF descriptor areafor the full row type (let us call it
11" asfollows:
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Content
Header | COUNT =3

TOP_LEVEL_COUNT =3

Other-componentsunspecifrec
Item 1 NAME ="'ID'

LEVEL =0

TYPE =4 (for INTEGER)

Other components unspecified
Item 2 NAME ='S

LEVEL =0

TYPE = 7 (for REAL)

Other components unspecified
Item 3 NAME ='T'

LEVEL =0

TYPE =7 (for REAL)

Other components unspecified

‘AL

The DBMS also needs to create an empty PTF descriptor areafor the requested row type of Data; let us call

Content

Header

COUNT =0
TOPLEVEL_COUNT =0
Other components unspecified

Thetable called Models has thistow type: (MODELID VARCHAR(10), PNAME VARCHAR(10), PVALUE
REAL). The DBMS creates.aPTF descriptor area (call it '12") asfollows:

Content
Header | COUNT =3
TOP_LEVEL_COUNT =3
Other components unspecified
Item 1 NAME ='MODELID'

it

LENGTH =10
CHARACTER_SET_CATALOG, CHAR-
ACTER_SET_SCHEMA, and CHARAC-
TER_SET_NAME arethe 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)

CENGTH =10
CHARACTER_SET_CATALOG, CHAR-
ACTER _SET SCHEMA, and CHARAC-
TER_SET _NAME arethe 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 MODEL Stableis partitioned on MODELID. The DBMS creates a PIF descriptor area(call it 'P2") of t
partitioning, listing just the names of the partitioning columns, as follows:

=

e

Content

Header | COUNT =1
TOP_LEVEL .COUNT =0
Other components unspecified

Item 1 NAME ='MODELID'
LEVEL =0
Other components unspecified

The MODEL S table is unordered, so the DBMS creates an empty PTF descriptor areafor this ordering (callf it

P"):

0]

Content

Header | COUNT =0
TOP_LEVEL_COUNT =0
Other components unspecified

t

Tihe DBIWM'S must also create an empty PTF descriptor areafor the requested row type of Models; let us call
‘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 like this:
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Content

Header | COUNT =1
TOP LEVEL_COUNT =0

Okla s HY PR |
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Item 1 NAME ="'SCORE'

LEVEL =0

TYPE =7 (for REAL)

Other components unspecified

Sincethe initial result row type isfixed, this descriptor isnot passed to the describe component procedure, and
d<105 not really need to be constructed.

Finally, the DBMS creates a variable for the status code, a CHAR(5) value initialized to '00000'; let us call it
ST.

After creating and initializing the preceding, the DBM S s ready to call, Score_describe like this:

CALL Score_describe (

Dat a_row _descr => '|1'

Dat a_r equest _descr => 'Al'
Model _row _descr => '12',
Model _pby_descr => ' Pp2',
Model _order _descr => 'S2',
Model _request _descr => ' A2',
Status => ST

12.4.7 Inside Score describe

The tasks for Score describe@re:
Validate the input.

Our example hasnet mentioned any requirements on the input data and model tables, though an actual
implementationwould have some. Any static requirements, such as column names and types, can be
checked by.using GET DESCRIPTOR, returning an error condition if the requirements are not met.
Requirements based on the contents of the model data cannot be checked until run-time since thereis o
cursaropen to read the data.

2) -Request columns for the input tables by populating their requested row descriptors.

In this example, Tet us assume that the PTF requests columns Sand T from Data, and columns Pname and
Pvalue from Models. Therefore, Score _describe must populate Data request_descr like this:
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Content

Header | COUNT =2
TOP_LEVEL_COUNT =2

O] s £ oal
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ltem 1 NAME ='S
LEVEL =0
Other components unspecified

Item 2 NAME ='T'
LEVEL =0
Other components unspecified

and populate Model_request_descr like this:

Content

Header | COUNT =2
TOP_LEVEL_COUNT\=2
Other components-unspecified

ltem 1 NAME = 'PNAME'
LEVEL =0
Other components unspecified

Item 2 NAME ='PVALUE'
LEVEL =0
Other components unspecified

L

These descriptors can be set.using techni ques discussed in Subclause 7.4, “Writing a PTF descriptor aregl’.

12.4.8 Result of Score describe

The DBM S first.ehiecks the status code variable for success; if not, the query has a syntax error.

Otherwise, the DBM S savesthe requested row type descriptorsfor use at run-time (they will be used to construct
the curser-row types later).

The-DBMS can also save theinitial result row type descriptor, or wait till run-timeto build the intermediatg
result row type (thisinformation is already saved In the metadata tor Score, Since it was declared in DDL).

At this point the DBM S 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 3.2.3, “ Score”):

SELECT D.1d, D.S, D.T, M Mdelid, T.Score

FROM TABLE ( Score ( Data => TABLE (MyData) AS D
Mbdel => TABLE (Mbdels) AS M
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access al columns of thefirst input table, since it has pass-through columns. Using M, the query can access
the partitioning column, Modelid, of the second input table. Finally, using T, the query can access the proper

result column computed by the FP1F 1n the column called SCORE. 'hus the row type of the P 1+ 1nvocatlor]

lopks like this:
Correlation D M T
name
Column name | ID S T MODELID SCORE
Datatype INTEGER | REAL REAL VARCHAR(10),*| REAL

SH

12.4.9 Virtual processorsfor Score

LECT D.1d, D.S, D.T, M Modelid, T.Score

FROM TABLE ( Score ( Data => TABLE (MyData) AS.D

) AS T

Model

=> TABLE (Model s)\(AS M
PARTI TI ON BY“Model i d )

Modelid | Pname | Pvalue
wet X 19

wet y 28

wet z 37

dry X 4

dry y 5

dry z 6

Tihe query author has written the following query (initially presehted in Subclause 3.2.3, “ Score”:

This example has one input table with row semantics and one with set semantics. The latter is partitioned. T
sgmple data for the second input tableis.

This has two partitions when partitioned on Modelid, “wet” and “dry”.

The DBM S must ensure 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 “ broadcasting”
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 thefirst input tableis:
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Id S T
122 0.5 34
233 84 6:5
344 10.2 9.3
455 110 8.8
Then the DBMS might create four virtual processors, with cursorsto read each input table-as follows:
Virtual | Cursor for Datatable Cursor for Modelstable
processor
1 SELECT ... SELECT ..
FROM MyData FRONI-Models
WHERE ID =122 OR ID = 233 WHERE Modelid = ‘wet'
2 SELECT ... SELECT ...
FROM MyData FROM Models
WHERE ID =344 OR 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'

M

\Y
T
th
th

B

Ve have omitted the SELECT Yists for now, which will be determined later.)

rtual processors 1 and2-handle the “wet” model, whereas virtual processors 3 and 4 handle the “dry” modgl.
he rows of MyData are partitioned arbitrarily for the “wet” model, and arbitrarily for the “dry” model. Note
pt the same partitioning of MyDatais not used in each model. Thisisafreedom that the DBM S has; however
e DBM S might'also choose to use the same partitioning of MyData in each model.

bfore starting the virtual processors, the DBM S can compute the following descriptors:

The.cursor row type for MyData. Score_describe has requested columns named Sand T. Thisinput tabje
has pass-through columns, so the DBM S adds a pass-through input surrogate column; let us supposeiitfis

aamed "$surr1". Thus, the SFI FCT list for the cursars for MyData in every partitionisSFI FCT S T

2)

3)

128 Polymorphic Table Functionsin SQL

"$surrl”.

The cursor row type for Models. Score_describe has regquested columns named Pname and Pvalue. This
input table does not have pass-through columns; therefore, the SELECT list for the cursors for Modelsis
SELECT Pname, Pvalue.

The partitioning and ordering descriptors for Models; these are the same as were input to Score_describe.
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4) Theintermediate result row type. This has two columns: the proper result columns declared in DDL as
(Score REAL), plus the pass-through output surrogate column named "$surrl".

On each virtual processor, the DBMS does the following initialization:

1) For eachinput table, the DBMS opensaPTF dynamic cursor that readsthe partition assigned to that virtual
Processor. T e dre two input tabtes, so therearetwo PTF cursors. tetthe PT F exteded Trames of theg
cursorsbe'C1' and 'C2'.

2) The DBMS creates copies of the PTF descriptor areas mentioned above, and gives them PTF extended
names.

a) Cursor row type of MyData: 11.
b) Cursor row type of Models: 12.
¢) Partitioning of Models. P2.

d) Ordering of Models: S2.

€) Intermediate result row: R.

Score has no private data to allocate on any virtual processor.

4) TheDBMS must alocate memory on each virtual processordorthe SQL status code, a CHAR(5) variak
initialized to '00000". We portray this status code as a variable named ST.

e

12.4.10Calling Score _fulfill

On each virtual processor, the DBMS calls Score fulfill likethis:

CALL Score_fulfill (

Dat a_cursor_descr => "I1",

Dat a_cur sor _name => 'C1',

Model cursor _descr =>_12",
Mobdel _pby_descr => 'P2",

Model order _descr £>"S2',
Model cursor _namen=> 'C2',
Internedi ate_résul't _row => 'R,
Status => ST;

12.4.1%bnside Score fulfill

Thetogrcfor-Score—futfittmight ook tikethis:
1) Read all of the Model table into memory by performing the following in aloop until no more rows are
available:

FETCH FROM PTF Model _cursor
I NTO DESCRI PTOR PTF Model _cursor_descr;
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2)
3)

4 Score

Build the model detemined by the rowsthat are read. If thereis any error, return an error code in ST.

Get the number of columnsin the cursor for MyData:

CGET DESCRI PTOR PTF Dat a_cursor _descr
Ncol s = TOP_LEVEL_COUNT;

1

O
X

D
1
2
3

byt the complete resultTow type has the following columns: D.Id, D.S, D.T, M.Modelid, and T.Score. The

Note that thefirst (Ncols-1) columns are the requested data, and the last column (index Ncols) isthe pags-
through input surrogate column.

In aloop until the Datatable is exhausted:
a) Read arow of the Datatable:

FETCH FROM PTF Dat a_cur sor
I NTO DESCRI PTOR PTF Dat a_cur sor_descr;

b) Using the datamodel, compute the scorein S.

¢) Placethe scorein the result row:

SET DESCRI PTOR PTF Internediate_result_row
VALUE = 1 DATA = S;

d) Copy the pass-through input surrogate column to the'Rass-through output surrogate column:

COPY DESCRI PTOR PTF Dat a_cursor_descr VARUE Ncol s ( DATA)
TO PTF I nternmedi at e_resukt&row VALUE 2;

e) Pipetherow tothe DBMS:

Pl PE ROW PTF | nternedi ate_resalt _row,

.4.12Collecting the output

h each virtual processor, the DBMS collects the output rows that are sent via PIPE ROW statements from
ore_fulfill. Note that the PIPE ROW command only sends two columns to the DBMS (Score and "$surrl’

~—

BM S assembl es-thie’compl ete result row from the intermediate result row as follows:
D.ld, D.S-and D.T are obtained by expanding the pass-through output surrogate column "$surrl".
M.Medelid is the partitioning key, which is an invariant on the virtual processor.

T.Score is derived from Score in the intermediate result row.

T

e union of the complete result rows is the result of the invocation of Score.
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12.4.13Cleanup

When avirtual processor completes, the DBM S does cleanup tasks such as closing the input cursors and deal-
locating the PTF descriptor areas.
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12.5 TopNplus

This example was introduced in Subclause 3.2.4, “TopNplus’.

12.5.1 Overview

TopNplus takes an input table that has been sorted on a numeric column. It copies the first n rowsthrough t

t

through the range variable for the input table.) Any additional rows are summarized in a singte‘output row i
which the sort column has been summed and all other columns are null.

12.5.2 Functional specification of TopNplus

T

CH

R
N
R

A=)

output table. (However, any partitioning columns are not copied, since those are available tothe query

=)

pNplus requires two input parameters:

Aninput table. Since the algorithm is defined on a set of rows,thisinput table has set semantics. The
algorithm could reasonably be specified to produce no rowsoRempty input, or it could produce a singl
summary row with atotal of 0. We will show the PRUNEWHEN EMPTY choice.

1)

The number of rows to be copied from input to output:(Any remaining input rows will be summarized|in
asingle output row.)

he PTF author can write the following public DDl (visible to the query author viathe Information Schemg):

REATE FUNCTI ON TopNpl us (
| nput TABLE NO PASS THROUGH
W TH SET SEMANTI CS PRUNE WHEN-EMPTY,
Howmany | NTECGER )
TURNS TABLE
DT DETERM NI STI C
FADS SQL DATA

1

T

1)

2)

TopNplusisnot deterministie; because there may betieswhen an input partition is sorted. If aset of tiesoverlgos

cutoff specified by Hewmany, then it is not deterministic which rowswill be copied to the output and whig¢h
swill be summarized.

5.3 Design specification for TopNplus

e.design specification specifies detail s that are private, that is, not visible to the query author. For the desi gn
Tfrcatior, author decides:

Whether PTF start and/or finish component procedures are required.

TopNplus does not need any resources ot provided by the DBM S, so there are no start or fini sh component
procedures.

The names of the PTF component procedures.
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The PTF author decidesto name the PTF component procedures TopNplus_describe and TopNplus _fulfill.

3) The private datafor the PTF component procedures.

TopNplus will require that the input be ordered on a single column, which must be numeric. The describe

component procedure will locate this column. The fulfillment component procedure will need to know

|||||

can save the value to a private variable, thereby passing it to the fulfill component procedure.

Based on these decisions, we have the following skeleton DDL.:

CREATE FUNCTI ON TopNpl us (
| nput TABLE NO PASS THROUGH
W TH SET SEMANTI CS PRUNE WHEN EMPTY,
Howmany | NTEGER )
RETURNS TABLE
PRI VATE DATA (
O der_col _no I NTEGER )
NQT DETERM NI STI C
RHADS SQ. DATA
DHSCRI BE W TH PROCEDURE TopNpl us_descri be
FULFI LL W TH PROCEDURE TopNpl us_ful fill

12.5.4 TopNplus component procedures

The DBM S 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 | NTECER,

IN Initial_result_fow VARCHAR(2),
I NOUT Status CHAR(5)

) |[LANGUAGE SQ. DETERM' NI STI C CONTAI NS SQL
SQL SECURI TY DERENER

BHG N

END

CREATE PROCEDURE TopNplus_ful fill (
| NOUT Order_col _no | NTEGER;

I'N I nput _row_descr VARCHAR(2),
DN | nput _pby_descr VARCHAR( 2)

own, but since the describe component procedure must ook for it anyway, the describe component proeedy

I N I'nput _order_descr VARCHAR(2),

I N I nput _cursor VARCHAR(2),

I N Howrany | NTEGER,

IN Internedi ate_resul t _row VARCHAR(2),

I NOUT Status CHAR(5)
) LANGUAGE SQL NOT DETERM NI STI C READS SQL DATA
SQ SECURI TY DEFI NER
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BEG N
END

NOTE 4 —

1) The parameter lists begin with the private data (Order_col_no).

2\ N1

13

T

CH

)
H

SH

a)  For thedescribe component procedure, four PTF descriptor areas are required, onefor thefull row type (Input_row\ty
onefor the partitioning columns (Input_pby_descr), onefor the ordering (Input_order_descr), and onefor the'regu
row type (Input_request_descr). In the fulfill component procedure, thereis also a parameter for the cursor
(Input_cursor).

b)  Forthefulfill component procedure, three PTF descriptor areasare required, onefor the cursor row type(Input_row_typ
one for the partitioning columns (Input_pby_descr), and one for the ordering (Input_order_descr). Thereisaso a
parameter for the cursor name (Input_cursor).

3) Next comesthe scalar parameter Howmany, which is copied from the signature of TopNplus:

4)  Nextisthe parameter for the PTF descriptor areafor the result row type (called Initial_destult_row in the describe compon
procedure and intermediate result row in the fulfill component procedure).

5) Finaly thereisaparameter for the SQL status code.

.5.5 Invoking TopNplus

ne DDL visibleto the query author is:

REATE FUNCTI ON TopNpl us (
| nput TABLE W TH SET SEMANTI CS PRUNE-WHEN EMPTY,
Howmany | NTEGER

RETURNS TABLE

bre is an example of an invocation:

LECT S. Region, T.*

FROM TABLE ( TopNpl us (

S6

I nput => )TABLE (M. Sal es) AS S
PARTI TI ON BY Regi on
ORDER BY Sal es DESC,
Howmany => 3 )
) ASCH,

pte that only the-partitioning column can be accessed using correlation name S, because the input table ha
t semanties,

4

—

4 +ha "3 'H tatha it tolal
Z) NEATCOMmCthepararmtrerSComeSPontmy ottt TTiput taore: ‘

).
ed

pnt

1)

p 5.6 Calling TopNplus describe

The signature of TopNplus_describe as stated in Subclause 12.5.4, “TopNplus component procedures’, is:

PROCEDURE TopNpl us_descri be (
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| NOUT Order_col _no | NTEGER;
I N I nput _row descr VARCHAR(2),
I N I nput _pby_descr VARCHAR( 2)
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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)

12.5 TopNplus

T

CH

it
T
th

REATE TABLE M. Sal es (
Regi on VARCHAR( 20),
Pr oduct VARCHAR( 20),
Sal esmanl D | NTEGER,
Sal es FLQOAT )

to null.

ne input table My.Sales has the following columns:

ne signature of TopNplus_describe will require that the DBMS create five PTEdescriptor areas. Thefirst i
e full row type PTF descriptor area. Let it be named 'l 1; it has the following contents:

Content

Header

COUNT =3
TOP_LEVEL_COUNT =3
Other componentsunspecified

Item 1

NAME = 'REGION'

LEVEL =0

TYPE =12'(for VARCHAR)

LENGTH =20
CHARACTER_SET_CATALOG, CHAR-
ACTER_SET_SCHEMA, and CHARAC-
TER_SET NAME arethe catalog, schema,
and local name of the default character set.
Other components unspecified

[tem 2

NAME ="'PRODUCT"

LEVEL =0

TYPE =12 (for VARCHAR)

LENGTH =20

CHARACTER_SET CATALOG, CHAR-
ACTER_SET_SCHEMA, and CHARAC-

TER_SET_NAME arethe catalog, schema,
and local name of the default character set.
Other components unspecified

TopNplus has one private variable, an integer named Order_col_no. The DBM S must.alocate thisand initialige

[72]

Item 3

NAME ="'SALES

LEVEL =0

TYPE =7 (for REAL)

Other components unspecified

Next the DBM S must also create a PTF descriptor area of the partitioning; call this P1. The contents of P1 are:
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Content

Header | COUNT =1
TOP_LEVEL_COUNT =1

Okla s HY PR |
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Item 1 NAME = 'REGION'
LEVEL =0
Other components unspecified

Sijnce the input table has set semantics, the DBM S must a so create a PTF descriptor areaof-the ordering. Call
thjs PTF descriptor areas S1. The contents of S1 are:

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_ORDERING =1 (for NULLS
LAST)

Othercecomponents unspecified

(Tfhis assumes an implementation-defined default to NULLS LAST).
Tihe DBM S must also create an.empty PTF descriptor areafor the requested row type; let it be called A1:

Content

Header | COUNT =0
TOP_LEVEL_COUNT =0
Other components unspecified

Tihe DBMS must also allocate an empty read-write PTF descriptor areafor the intermediate result row type
L et theintermediate result row type PTF descriptor area be named R. R has the following contents:

Content

Header | COUNT =0
TOP_LEVEL_COUNT =0
Other components unspecified
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Finally the DBMS must allocate a CHAR(5) variable for the status code, initialized to '00000'. Let ST be the
status code variable.

Now the DBM S makes the following invocation:

CALL TopNpl us_descri be (

O der _col _no => O der_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

12.5.7 Inside TopNplus_describe

The tasks of TopNplus are:

Check the inputs for validity.

The validity check isthat there is a single ordering column of numeric type.
2) Populate the requested row type descriptor.

The requested row descriptor is acopy of the full input row descriptor.

3) Populatetheinitial result row type descriptor:

The initial result row descriptor is a copy-of the full input row descriptor.
Set the value of the private data.

TopNplus can use the following ogic:

Get the number of ordering columnsin local variable OrderColumns:

GET DESCRI PTOR,PTFE | nput _order _descr
Or der Col ummss = COUNT;

2) If OrderCalumnsis not 1, return an error in the status code parameter.

3) Get the name of the ordering column in local variable OrderColumnName:

GET{ DESCRI PTOR PTF | nput _order _descr
VALUE 1 Order Col ummName = NAME;

4) Get the number of input columnsin InputColumns:

GET DESCRI PTOR PTF | nput _r ow _descr
I nput Col utms = COUNT;

5) Inaloop setting | from 1 to InputColumns:
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a) Get theinput column namein ColumnName.

GET DESCRI PTOR PTF | nput _r ow_descr
VALUE | Col umName = NAME;

b) If ColumnName equals OrderColumnName, exit the loop.

1

If no input column has the same name as OrderColumnName, return an error. (If this happens, it indicatles

abug in the DBMS, since the ordering column must be a column of the input table.)

Get the data type of the ordering column:

GET DESCRI PTOR PTF | nput _row_descr
VALUE | OrderType = TYPE;

Check that OrderType is a numeric type (see Subclause 7.1.2, “SQL item descriptor areas for row types
for alist of al type codes). If the ordering column is not numeric, return an &ror.

Populate the PTF descriptor areafor theinitial result row type asacopy of\the input table'srow type, min
any partitioning columns.

a) Initialize OutputColumnsto 0 and Found to O.
b) Inaloop, setting Jfrom 1 through InputColumns:

i) Get the J-th column name:

GET DESCRI PTOR PTF | nput _r ow_des<cf
VALUE J Col ummNanme = NAME

i) Search through the PTF descriptor‘area named by Input_pby descr, looking for amatch to
ColumnName. If the columnname matches a partitioning column, continue the loop at the ne
J.

iii)  If ColumnName doesnot match any namein Input_pby_descr, then increment OutputColum
and append the J-th item descriptor from Input_row_descr to Initial_result_row:

Qut put Col wmms’ = CQut put Col utms + 1;
SET DESCRMPTOR PTF Initial _result_row COUNT = J;
COPY DESCRI PTOR PTF I nput _row _descr
VALUE J (NAMVE, TYPE)
TO PTF Initial _result_row VALUE Cut put Col umms;

The requested row descriptor area can be a copy of theinitial result row:

CORYS\DESCRI PTOR PTF Initial _result_row
TO | nput _r equest _descr;

P

Xt

138 Polymorphic Table Functionsin SQL

[)—SearciTtheTequested Tow descriptor for acotummmwitirthe same rame &s theorderimg coturm. Hthere

S

no such column, return an error (the ordering column must have been a partitioning column, but ordering

on a partitioning column will not order a partition). Otherwise, save the column number in the private
variable Order_col_no.
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The DBMS checks the status code for success. Then the DBM S saves the private data, requested row type
descriptor, and the initial result row type descriptor for use a run time.

T

13

T

SH

1e-completeresult-row-typeds:
Correlation name S T
Column name REGION PRODUCT SALES
Datatype VARCHAR(100) | VARCHAR(100) | VARCHAR(100)

LECT S. Region, T.*

FROM TABLE ( TopNpl us (

T
Cr

T

| nput => TABLE (M. Sal es)

ORDER BY Sal es
Howmany => 3 )
)y AS T

.5.9 Virtual processorsfor TopNplus

AS S

PARTI TI ON BY Regi on

DESC,

ne query (first presented in Subclause 12.5.5, “ Invoking TopNplus') is:

Ni s exampl e has one input table; it has set semantics and is partitioned and ordered. Therefore, the DBMS
Pates one virtual processor for each partitionof theinput table. The DBM S must sort the datain each partitign.

he sample data presented in Subclause2.5.1, “Overview”, is.

Région Product Sales

East A 1234.56
East B 987.65
East C 876.54
East D 765.43
East E 654.32
WWest E 234567
West D 2001.33
West C 1357.99
West B 975.35

©ISO/IEC 2017 — All rights reserved
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T
pr

Region Product Sales

efor regron “West” The data above has been sorted on Sal% in descendr ng order thls is the order requrr
Ir the cursor in each partition.

efore creating the virtual processors, the DBM S can determine the following PTF descriptor areas:

The cursor row type descriptor. This example does not use pass-through columns; therefare, thisisthe
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_describe.

The intermediate result row type descriptor. Since there are no pass-through ‘columns, thisis the same
theinitial result row type descriptor populated by TopNplus_describe.

e DBMSS creates the virtual processors, assigning each of them a partition of the input data. On each virtu
ocessor, the DBM S opens a cursor to read the virtual processor's partition, with row type as described by t

C

SHLECT Product, Sales

F

OH

all

SH

T

PH

T
O

rsor row type descriptor. Let the cursor be named 'C1' in each partition (there is no name conflict becausg
h virtual processor is its own name space). Thus, on region “East” the cursor is:

M. Sal es
ERE Regi on = ' East'
DER BY Sal es DESC

d the cursor of the virtual processor for region “West” is:

LECT Product, Sales
M. Sal es

ERE Regi on = 'West'

fDER BY Sal es DESC

he private data for TOpNplusiS:

| VATE DATA (
O der_col _no | NTEGER )

i s private data wasinitialized by TopNplus_describe and is simply maintained by the DBMS.
h each virtual processor, the DBM S does the following initialization:

The DBMS opens a PTF dynamic cursor that reads the partition assigned to that virtual processor, with
SELECT list determined by the cursor row type descriptor. Suppose that the PTF extended name of the

ed

AS

al

cursor is C1 (the same PTF extended name can be used on al virtual processors because each isits ow

2)
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Aol )
AUUTTOo0 SJALT).

The DBMS creates a copy of the PTF descriptor areas as determined above, and gives them namesin the

PTF extended name space. We will assume the following names:
a) Cursor row type descriptor: 11

b) Partitioning descriptor: P1
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¢) Ordering descriptor: S1
d) Intermediate result row descriptor: R

The DBM S instantiates a copy of the private data as it was output from TopNplus_describe. We show it
as avariable named Order_col_no (the same as the parameter name).

1

T

PROCEDURE TopNpl us_ful fill (

T

CA

13

The DBMS alocates memory on each virtual processor for the SQL status code, a CHAR(5) variahle i|l1i -
tialized to '00000'". We portray this status code as a variable named ST.

.5.10Calling TopNplus_fulfill

ne signature of TopNplus_fulfill isfound in Subclause 12.5.4, “ TopN plus component procedures’, asfollow

| 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 | NTEGER,

IN Internedi ate_resul t _row VARCHAR(2),
I NOUT Status CHAR(5)

nen the invocation looks like this;

LL TopNplus_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

.5.111nside’TopNplus fulfill

In aloop:

a 'Read at most Howmany rows of the input cursor:

©ISO/IEC 2017 — All rights reserved

FETCH FROM PTF | nput _cursor
I NTO DESCRI PTOR PTF | nput _row _descr;

b) Copy the nonpartitioning columnsto Intermediate_result_row.

¢) Output the row in Intermediate result_row:

Pl PE RON PTF I nternedi ate_result_row,
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2) Initializelocal variable Sumto O:
LET Sum = 0. 0O;
3) Inaloop:
a) Read al remaning 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 detéx-
mined by TopNplus_describe and placed in Order_col_no:
GET DESCRI PTOR PTF | nput _row _descr VALUE Order_col _no
Val = DATA;
¢) Add thevalueto SUM:
LET Sum = Sum + Val ;
4) If there were any remaining rows:
a) Letting| range over al columnsof theresult, set the DATA component of the I-th column of the res|
row descriptor areato null:
SET DESCRI PTOR PTF | nt er nedi at e_r esul t.‘&’ow
VALUE | DATA = NULL;
b) Set the order column's DATA to Sum:;
SET DESCRI PTOR PTF Intermnedi ate_result_row
VALUE Order_col _no DATA(S® Sum
¢) Send the summary row to'the DBMS:
Pl PE ROW PTF | nternedi ate_result_row,
12.5.12Collectingthe output
On each virtual processor, the DBM S collectsthe rows that are sent from TopNplus_fulfill. The compl ete restilt
raw is formed from the intermediate result row (piped out of TopNplus_fulfill) plus the partitioning column
(imvariant on the virtual processor). The overall result isthe union of the complete result rows from each virtd
priocessor.

n

S
al

12.5.13Cleanup

After avirtual processor completes, the DBM S performs any cleanup for that virtual processor, such asclosing
the input cursor and deallocating the PTF descriptor areas.
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12.5.14TopNplus 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 modification is that
Feature B205, “ Pass-through columns’, is used to provide the columns of theinput tablein the result. The only

Py g
rgwsinasummary row. Sincethereis no specificinput row to associate with the summary row, the pass-through
cqlumnsin the summary row are set to null.

Tihe DDL becomes:

CREATE FUNCTI ON TopNpl us (
I nput TABLE PASS THROUGH
W TH SET SEMANTI CS PRUNE WHEN EMPTY,
Howmany | NTECGER )
RETURNS TABLE
NOT DETERM NI STI C
REHADS SQ. DATA
DESCRI BE W TH PROCEDURE TopNpl us_descri be
FULFI LL W TH PROCEDURE TopNplus_ful fill

The differences from Subclause 12.5.3, “ Design specification for TopNplus®, are:
PASS THROUGH instead of NO PASS THROUGH.
No private data (the requested row will only have the‘arder column, so thereis no problem finding it).

1

2

Copnsequently, the component procedure signatures are;
CH

EATE 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 SQL
SQL SECURI TY DEFI NER
BHG N
END

CREATE PROCEBURE TopNplus_ful fill (

I N I nput>=cursor _row VARCHAR( 2),

I N | nput _pby_descr VARCHAR( 2)

I N.I"aput _order _descr VARCHAR(2),

NI nput _cursor _nane VARCHAR(2),

KN Howmany | NTEGER,
IN—TterEdiate_Tesut_Tow VARCHAR( 2T
I NOUT Status CHAR(5)

) LANGUAGE SQ. NOT DETERM NI STI C READS SQL DATA
SQ. SECURI TY DEFI NER

BEG N

END

The tasks of TopNplus_describe are:

©ISO/IEC 2017 — All rights reserved Examples 143


https://standardsiso.com/api/?name=a91b0f5561476f36f86ef8c70158a615

ISO/IEC TR 19075-7:2017(E)
125 TopNplus

1)

2)
3)
T
th

T
th

N

T

cqnsisting of the sort column and the surrogate column.

Validate the input (Input_order_descr must have a single column name, identifying a numeric column in
Input_row_descr).

Populate Input_request_descr (with the name of the ordering column).

Populate Initial_row_descr (with asingle column, whose description can be copied from the order column
T TpUt_TOW_OesCr)-

ne DBM S constructs the cursor row descriptor from the requested row descriptor by appending the pass-
Fough input surrogate column.

e DBM S constructs the intermediate result row descriptor from theinitial result row descriptorby appending
P pass-through output surrogate column.

pte that the cursor row descriptor and the intermediate result row descriptor are actually identical in contents,

he logic of TopNplus_fulfill does the following:

Fetch the first Howmany rows from the cursor into the cursor row descriptor. For each of these rows, copy
the cursor row descriptor to the intermediate result row descriptor, and’pipe the intermediate result row|
descriptor to the DBMS.

If there are any remaining rows, fetch them and sum the sort-ecolumn in avariable.

After reading all rows, assign the sum to the first column.of the intermediate result row descriptor, andja
null to the second column.

he DBM S receives the intermediate result row descriftors that TopNplus_fulfill pipes out and expands thgm
obtain the complete result row, as follows:

The first column of the intermediate result-row becomes the only proper result column in the complete
result.

The partitioning columns are copied-from invariant values on the virtual processor receiving the result
row. The partitioning columns are’available on the last row, even if the output surrogate is null.

The pass-through output surrogate column is expanded to obtain the non-partitioning columns of the ingut
table. On the last row, when the output surrogate is null, this expands into null valuesfor all the non-parti-
tioning columns of the irput table.
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