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ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Com-
mission) form the specialized system for worldwide standardization. National bodies that are members
of ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, govern-
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document was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technology,
mittee SC 32, Data management and interchange.

second edition cancels\and replaces the first edition (ISO/IEC 9075-15:2019), which has been

nically revised. It also ineorporates the Technical Corrigendum ISO/IEC 9075-15:2019/Cor.1:2022.

The

main changes-are as follows:

mprovethe presentation and accuracy of the summaries of implementation-defined and imple
ation-dependent aspects of this document;

ntroduction of several digiml artifacts:
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men-

— alignment with updated ISO house style and other guidelines for creating standards.

This second edition of ISO/IEC 9075-15 is designed to be used in conjunction with the following editions
of other parts of the ISO/IEC 9075 series, all published in 2023:

— ISO/IEC 9075-1, sixth edition;

— ISO/IEC 9075-2, sixth edition;

— ISO/IEC 9075-3, sixth edition;
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— ISO/IEC 9075-4, seventh edition;
— ISO/IEC 9075-9, fifth edition;

— ISO/IEC 9075-10, fifth edition;
— ISO/IEC 9075-11, fifth edition;

— ISO/IEC 9075-13, fifth edition;

— ]SO/IEC 9075-14, sixth edition;

— 1SO/IEC 9075-16, first edition.

Alist of all parts in the ISO/IEC 9075 series can be found on the ISO and IEC websites,

Any feedback or questions on this document should be directed to the user’s national standards bofy. A
complete listing of these bodies can be found at www.iso.org/members.html.and www.iec.ch/natipnal-

cominittees.
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Introduction

3(E)

This document was developed in response to industry demand for the ability to store and manipulate
data in the form of multidimensional arrays within databases managed using database language SQL.

The organization of this document is as follows:

1)
2)

3)
4)
5)

6)

7)

8)

9)

10)

11)

12)

13)
14)
15)

16)

17)

18)

19)

20)

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

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

Clause 3, “Terms and definitions”, defines the notations and conventions used in¢his document.

Clause 4, “Concepts”, presents concepts used in the definition of multidimensional arrays.

Clause 5, “Lexical elements”, defines a number of lexical elements used in'the definition of multtidi-

mensional arrays.

Clause 6, “Scalar expressions”, defines a number of scalar expressions used in the definition of

multidimensional arrays.

Clause 7, “Query expressions”, defines the elements of thelanguage that produce rows and tal
of data as used in multidimensional arrays.

Clause 8, “Predicates”, defines the predicates used inrthe definition of multidimensional arrays

Clause 9, “Additional common rules”, specifies the rules for assignments that retrieve multidin
sional array data from or store multidimensiehal array data into SQL-data, and formation rule
set operations.

Clause 10, “Additional common elements”) defines additional common elements used in the defin
of multidimensional arrays.

Clause 11, “Schema definition and manipulation”, defines facilities for creating and managing
schema.

Clause 12, “SQL-client medules”, defines SQL-client modules and externally-invoked procedur
the context of multidimensional arrays.

Clause 13, “Dataunanipulation”, defines the data manipulation statements.

Clause 14, “Additional data manipulation rules”, defines additional rules for data manipulation.

Clause 25¢"Dynamic SQL”’, defines the facilities for executing SQL-statements dynamically in tl
context.of multidimensional arrays.

Clause 16, “Embedded SQL”, defines the host language embeddings in the context of multidimensi

bles
D.
hen-

s for

tion

pS in

ne

onal

arrays

Clause 17, “Call-Level Interface specifications”, defines facilities for using SQL through a Call-Level

Interface.

Clause 18, “Information Schema”, defines the Information and Definition Schema objects associated

with multidimensional arrays.

Clause 19, “Definition Schema”, defines base tables on which the viewed tables containing sch
information depend.

Clause 20, “Status codes”, defines SQLSTATE values related to multidimensional arrays.

© ISO/IEC 2023 - All rights reserved
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21)
22)

23)

Clause 21, “Conformance”, defines the criteria for conformance to this document.

Annex A, “SQL conformance summary”, is an informative Annex. It summarizes the conformance
requirements of the SQL language.

Annex B, “Implementation-defined elements”, is an informative Annex. It lists those features for
which the body of this document states that the syntax, the meaning, the returned results, the effect
on SQL-data and/or schemas, or other aspect is partly or wholly implementation-defined.

M lasn asn ot s A A ot Al oo Ao 1o o i o Ay T Dot ot o n Fo e

24)

25)

26)

27)

28)

In th
begi

Anraaasz C Tl asa bt e A o an ot Al an a1 o o o a3y Ay T oot oo £ for
LXTTTIC A \4’ llllt_ll\,lll\,ll\,u\,l\}ll U\,P\,llu\,ll\, CICITICIICO ) 1O AdIT TITIVUT ITIIAUIVUO T1IIITIICAL. TUTIOLO LlIITUusL 1TCAatltulrcvp

which the body of this document states that the syntax, the meaning, the returned results, the’effect
on SQL-data and/or schemas, or other aspect is partly or wholly implementation-dependent.

Annex D, “SQL optional feature taxonomy”, is an informative Annex. It identifies the optional features
of the SQL language specified in this document by an identifier and a short descriptive name. This
taxonomy is used to specify conformance.

Annex E, “Deprecated features”, is an informative Annex. It lists features that‘the responsible
Technical Committee intends not to include in a future edition of this dgecument.

Annex F, “Incompatibilities with ISO/IEC 9075:2016”, is an informative Annex. It lists incompatib-
ilities with the previous version of this document.

Annex G, “Defect Reports not addressed in this edition of this decument”, is an informative Annex.
It describes the Defect Reports that were known at the timié)of publication of this document. Hach
of these problems is a problem carried forward from the{previous edition of the ISO/IEC 9075
series. No new problems have been created in the drafting of this edition of this document.

e text of this document, in Clause 5, “Lexical elements”, through Clause 21, “Conformance”, Subclapses
n new pages. Any resulting blank space is not significant.

© ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=0b800f815ab0fe611416e4566ef50546

INTERNATIONAL STANDARD ISO/IEC 9075-15:2023(E)

Information technology — Database language SQL —

Part 15:
Multidimensional arrays (SQL/MDA)

1 |Scope

Thiq document defines ways in which Database Language SQL can be used in conjunction with multidi-
mer]sional arrays.
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2 Normative references

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

f 41 ) R b ] Ll £ o | dofa 1 1 a | ) 1.
refe CILES, UIT IaltoL TUILIVIT U UHIT TTITITHLCTUW UULUITITIIU THITIUUIllS dlly dllITITULIITIILS J AP PIITS.

T

§0/IEC 9075-1, Information technology — Database languages — SQL — Part 1: Framewornik
$0L/Framework)

~

I§0/1EC 9075-2, Information technology — Database languages — SQL — Part 2: Foundation
$QL/Foundation)

—

I§0/IEC 9075-3, Information technology — Database languages — SQL — Part 32 Call-Level Interface
(§QL/CLI)

I§0/1EC 9075-11, Information technology — Database languages — SQL ™~ Part 11: Information ¢nd
Definition Schemas (SQL/Schemata)

Internet Engineering Task Force (IETF) RFC 2046 Multipurpose Internet Mail Extensions (MIME), Part
Two: Media Types. Edited by: Freed, N. November 1996
Apailable at: https://tool s.ietf.org/htm/rfc2046

Internet Engineering Task Force (IETF) RFC 8259 The JavaScript Object Notation (JSON) Data Interchgnge
Fprmat. Edited by: Miller, Matthew December 2018
Apailable at: ht t ps: // dat at racker.ietf. org/ doc/rfc8259/
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Terms and definitions

3(E)

For the purposes of this document, the terms and definitions given in ISO/IEC 9075-1, ISO/IEC 9075-2,

and

the following apply.

ISO

31
coo
non

3.2
maj
<of

Not
bec:
ofa

3.3
MD

ords¢
is 1;
Not
list

MD-
with

3.4
MD

narj

3.5
MD
nun

3.6
MD
non

and [EC maintain terminological databases for use in standardization at the following addresse
ISO Online browsing platform: available at ht t ps: / / ww. i so. or g/ obp

IEC Electropedia: available atht t ps: // ww. el ect r opedi a. or g/

rdinate
Ltempty ordered list of integers

[imum MD-extent
hn MD-array type or a site of MD-array type> MD-extent (3.6) of dn MD-array type

e 1 to entry: The term “maximum MD-extent” is used for the MD-extent (3.6) of an MD-array tyfj
use it defines the maximum MD-extent that a value of that MD-array type can have. The MD-extent
1 MD-array value must be within the maximum MD-extent of the value’s type.

array
bred collection of elements of the same type associated with an MD-extent (3.6) where each elen
1 associated with some coordinate (3.1) within its MD-extent (3.6)

e 1 to entry: A coordinate (3.1) is withinidn MD-extent (3.6) if every coordinate value from the int
s greater than or equal to the lower limit, and less than or equal to the upper limit of the
interval (3.7) of the MD-axis (3.4)-atthe position in the MD-extent (3.6) as the coordinate value
in the coordinate (3.1).

axis
ed MD-interval (3.7)

dimension
ber of MD-gxés (3.4) in the MD-extent (3.6) of an MD-array (3.3)

extent
tempty ordered collection of MD-axes (3.4) with no duplicate names

12

e
3.6)

hent

poer

has

3.7

MD-interval
integer interval given by a pair of lower and upper integer limits such that the lower limit is less than or
equal to the upper limit; the interval is closed, i.e., both limits are contained in it
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4

This

Concepts

Clause modifies Clause 4, “Concepts”, in ISO/IEC 9075-2.

4.1
This
4.1
This
The

The
htt
this
I SC
file

4.2
Thig
4.2
This

Notationmsanmd conventions
Subclause modifies Subclause 4.1, “Notations and conventions”, in ISO/IEC 9075-2.
1 Notations
Subclause modifies Subclause 4.1.1, “Notations”, in ISO/IEC 9075-2.

notations used in this document are defined in ISO/IEC 9075-1.

syntax defined in this document is available from the ISO website as a “digital artifact”. See
ps://standards.iso.org/iso-iec/9075/- 15/ ed- 2/ en/-tedownload digital artifact
document. To download the syntax defined in a plain-text format, select the file named

named | SO | EC 9075- 15( E) _MDA. bnf . xni .

Data types
Subclause modifies Subclause 4.2, “Data types”, inJSO/IEC 9075-2.

1 General introduction to data types

Subclause modifies Subclause 4.2.1, “Genexal introduction to data types”, in ISO/IEC 9075-2.

‘InS(

ert into the 4th paragraph, in the 1stdist item, after the last list item:

MD-array type: MDARRAY

‘InS(

rt into the 5th paragraph,after the last list item:‘

4.2
This

MD-array types.

2 Data type terminology
Subclause maodifies Subclause 4.2.4, “Data type terminology”, in ISO/IEC 9075-2.

‘IHS(

ert after they11th paragraph: ‘ Adatatype TYis a collection-containing type if exactly one of the folloy

is tr

Lie:

) | EC_9075- 15( E) _MDA. bnf . t xt . To download the syntax defined in an XML format, selec

s for

the

ving

TY is a collection type;

TY is a row type, and the declared type of some field of TY is a collection-containing type;

TY is distinct type, and the source type of TY is a collection-containing type;

TY is a structured type and the declared type of some attribute of TY is a collection-containing type.

Insert into the 11th paragraph, after the last list item:

A type T is MD-array-ordered if T is S-ordered, where S is the set of MD-array types.
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4.3
This
4.3.
This

ISO/IEC 9075-15:202

3(E)

4.3 Numbers

Numbers
Subclause modifies Subclause 4.5, “Numbers”, in ISO/IEC 9075-2.

1  Operations involving numbers

Subclause modifies Subclause 4.5.3, “Operations involving numbers”, in ISO/IEC 9075-2.

‘Insert into the 1st paragraph, after the last list item: ‘

<md-array axis index function> (see Subclause 4.5.4.3, “Operators that operate on MD-array Va]lues

and return numbers”) operates on an MD-array argument and an MD-axis name, and refurns
integer denoting its index position in the MD-extent of the MD-array.

<md-array dimension> (see Subclause 4.5.4.3, “Operators that operate on MD-artay values anid

return numbers”) operates on an MD-array argument and returns an integer denoting its MD-
dimension.

<md-array lower axis limit> (see Subclause 4.5.4.3, “Operators that opetrate on MD-array valu
and return numbers”) operates on an MD-array argument and an MP-axis name or index, and
returns the lower limit of an MD-axis.

<md-array upper axis limit> (see Subclause 4.5.4.3, “Operatorsthat operate on MD-array values

and return numbers”) operates on an MD-array argument @dnd an MD-axis name or index, and|
returns the upper limit of an MD-axis.

4.4 User-defined types

This
4.4
This

Subclause modifies Subclause 4.9, “User-defined types”, in ISO/IEC 9075-2.
1 Distinct types
Subclause modifies Subclause 4.9.2, “Distinct types”, in ISO/IEC 9075-2.

‘IHS(

ert after the 4th paragraph: ‘ CT shallnot be an MD-array type.

4.5
Thig
4.5
Thig

Collection types
Subclause modifies Subclause 4.12, “Collection types”, in ISO/IEC 9075-2.

1 Introduction’to collection types

Subclause modifies Subclause 4.12.1, “Introduction to collection types”, in ISO/IEC 9075-2.

‘InS(

rt into thiey1st paragraph, after the 1st list item:‘

MD3arrays

‘Aug

nient the 2nd paragraph| by adding “MDARRAY” the list of alternatives for KC.

AN

ES

‘Insert after the 2nd paragraph:‘ A maximum MD-extent is mandatory for MD-arrays.

Insert into the 5th paragraph, after the 1st list item:|

MDARRAY (MD-array type).

‘Insert into the 5th paragraph, after the 2nd list item:‘

If CT is an MD-array type, the MD-axis descriptors of each dimension of the MD-array.

© ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=0b800f815ab0fe611416e4566ef50546

ISO/IEC 9075-15:2023(E)

4.5

Collection types

‘Insert after the 5th paragraph:‘ An MD-axis descriptor describes a dimension of an MD-array type. The

MD-

axis descriptor includes:
The name of the MD-axis.
The ordinal position of the MD-axis in the MD-extent of the MD-array type.
The lower limit of the MD-axis.

The upper limit of the MD-axis.

‘InS(

rt into the 7th paragraph, after the last list item:

4.5

An |
that
of A

The
1<d
LO
MDH

MD-array-returning external function
2 MD-arrays

ID-array A is a collection where each element is uniquely identified by a d-dimensional coordin|
is an element of the Cartesian product of the d MD-intervals of A’s MD-extent.,d is the MD-dimen|

MD-extent of A is a non-empty array of MD-axis elements. The MD-axis’at position i, with 1 (on
, consists of a name N; unique within this MD-extent and a closed MD-interval given by a lower

ind an upper limit HI;. A LO; or HI; that is the null value in a maximum MD-extent indicates that
axis has no lower or upper limit, respectively.

ate
sion

p) <
imit
the

Each MD-axis of an MD-extent can be uniquely identified threugh either its name or its position i within

the
inte
card

An |
den
low

IfD

Ifd
and

Ifd
EHI

MD-extent, where 1 (one) <i < d. The extent of an MD+axis AE; is defined as the length of the MO
rval of AE;: HI; - LO; + 1 (one). An MD-extent D is.denoted as [ N1 (LO1 : HI1), ..., Ng (LOg4: HIy) 1.
inality of an MD-extent DC is the product of the'extents of the MD-axes of D: AE; x ... x AEy.

ID-extent D, denoted as [ DNy ( DLOq : DHR), ..., DN4 ( DLOg4 : DHIy) |, is within another MD-exte
bted as [ ENy (ELOq : EHI4), .., EN, ( ELOg: EHI,) ],if d <e, and, for all i, 1 (one) <i <d, all of the
ng are true:

ELO; is the null value or DLO; > ELO;.
EHI; is the null value or DHI; < EHI;.

is within E and d = e, then D is strictly within E.

= e, DLO; is not distivict from ELO; and DHI, is not distinct from EHI,;, then D is interval-equal to E
E are intervalsequal, and additionally DN; = EN;, then D is equal to E.

= e and DIV = EN,, then the union of D and E'is defined as [ DNy ( MIN ( DLOq, ELOq ) : MAX ( DH]
1)), .o.DNy (MIN (DLOg4, ELO;) : MAX ( DHI g, EHI ) ]. The union U of a non-empty set of N MD-ext

1., Dj.is defined as defined in this list.

The

nt E,
fol-

IfD

ents

If Nis 1 (one), then Uis D;.

If Nis 2, then U is the union of D and D,.

Otherwise, let TMPD be the union of D1 and D5. For all i, 3 <i < N, let TMPD be the union of TMPD

and D;. Uis TMPD.

A site AS of MD-array type has a maximum MD-extent D. The MD-extent E of an MD-array occupying AS
is constrained to be strictly within D.
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An MD-array type is a <collection type> whose element type EDT is not a collection-containing type. If
AT is some MD-array type with element type EDT and maximum MD-extent D, then every value of AT is
an MD-array with element type EDT and maximum MD-extent D.

Two MD-arrays A and B are identical if and only if both A and B have the same MD-extent D, and if, for
every coordinate P in D, the element at coordinate P in 4 is identical to the element at coordinate P in B.

4.5.3 Collection comparison and assignment

ThifSubclause modifies Subclause 4.12.4, " Collection comparison and assignment’, in ISO/IEC 9075-2

‘Insvrt after the 4th paragraph: ‘ A value of an MD-array type AT with MD-extent D is assignableto ajsite
of ap MD-array type AS with maximum MD-extent E if D is strictly within E.

MD-array values are not comparable.
4.54 Operations involving MD-arrays

4.54.1 Operators that operate on MD-array values and returnkMD-array values

<md-array subset> is an operation that returns an MD-array value consisting of only those elements frrom
its ihput MD-array A whose coordinates are within the MD-extent defined by the subset. The subset MD-
extent can be defined as:

— | alist of <md-axis limits named> and <md-axis slice named>, corresponding to specific MD-axgs;
— | alist of <md-axis limits positional> and <md-axis slice'positional>, listed for every MD-axis in turn;

— | an <md-extent> function, which allows subsettingZzan MD-array to the MD-extent of another MD-
array.

<md-axis limits named> and <md-axis limits pdsitional> specify lower and upper trim limits for an MD-
axis| A wildcard operator * provided in the lower and/or upper trim limits expands to the current limits
of the MD-axis. Trimming does not change the MD-dimension of the result MD-array.

<m(-axis slice named> and <md-axis-slice positional> specify a single coordinate on the selected M]D-
axis| Slicing reduces the dimension of'the result MD-array by one, i.e., for N <md-axis slice named> in an
<md-array subset> on 4, the MD-dimension d of the result is d = MDDIMENSION(4) - N.

<m(-axis limits named> and smd-axis slice named> allow positionally-independent addressing of MD-
axeq through their uniquefiames, in contrast to <md-axis limits positional> and <md-axis slice positional>.

<m(-array value expresSion> covers the usual arithmetic, comparison, and logical operations wher¢ at
least one operand i§ ain MD-array. The MD-extents of MD-arrays A and B in an <md-array value expressjon>
of the form A op B shall be equal. The result is an MD-array value with an MD-extent equal to the MD-
extent(s) of the'input MD-array(s).

<m(-arrdyreshape function> is an operation that, given an MD-array with MD-extent D and an MD-extent
hthat MDDIMENSION (D) = MDDIMENSION(E), returns an MD-array with the same elements a§ the
0 A 1 a a A 1 a 1 a a a 0 A 1 a 1 a) . a 111 1 a - lues

at those coordinates within E that are not within D. The result MD-array value has an MD-extent E.

<md-array shift function> is an operation that, given an MD-array with MD-extent D and an offset
coordinate of MD-dimension equal to MDDIMENSION(D), returns an MD-array with an MD-extent D and
the same elements as the input MD-array, such that each element at coordinate P is shifted by the offset
coordinate.

<md-array scale function> is an operation that returns an MD-array with the target MD-extent indicated
and elements obtained by using nearest-neighbor interpolation to fit the input MD-array elements at
coordinates within the MD-extent of the result MD-array.
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<md-array absolute value expression> is a function that returns an MD-array with an MD-extent equal
to the MD-extent of its input MD-array, where the element at each coordinate in the result is derived by
applying <absolute value expression> to the element at the same coordinate in the input.

<md-array natural logarithm> is a function that returns an MD-array with an MD-extent equal to the MD-
extent of its input MD-array, where the element at each coordinate in the result is derived by applying
<natural logarithm> to the element at the same coordinate in the input.

<md-array common logarithm> is a function that returns an MD-array with an MD-extent equal to the
MDdextent ofits input MD-array, where the elementat each coordinate in the resultis derived by applying
<common logarithm> to the element at the same coordinate in the input.

<md-array exponential function> is a function that returns an MD-array with an MD-extent equal tq the
MD-extent of its input MD-array, where the element at each coordinate in the result is derived’by applying
<exponential function> to the element at the same coordinate in the input.

<md-array square root> is a function that returns an MD-array with an MD-extent egual to the MD-extent
of itf input MD-array, where the element at each coordinate in the result is derived by applying <sqpare
root> to the element at the same coordinate in the input.

<md-array floor function> is a function that returns an MD-array with an.MD-extent equal to the MD-
extent of its input MD-array, where the element at each coordinate inithéresult is derived by applyipg
<flopr function> to the element at the same coordinate in the input.

<md-array ceiling function> is a function that returns an MD-array with an MD-extent equal to the MD-
extent of its input MD-array, where the element at each coordinate in the result is derived by applyipng
<ceiling function> to the element at the same coordinatednthe input.

<mgd-array trigonometric function> is a function thatxeturns an MD-array with an MD-extent equal|to
the MD-extent of its input MD-array, where the element at each coordinate in the result is derived by
applying <trigonometric function> to the elementat the same coordinate in the input.

<md-array power function> is a function thatreturns an MD-array with an MD-extent equal to the MD-
extent of its input MD-arrays, where the element at each coordinate in the result is derived by applying
<popver function> to the element at the:same coordinate in the input and the second argument of the
fundtion.

<md-array modulus expression3iis a function that returns an MD-array with an MD-extent equal to|the
MD-extent of its input MD-arrays, where the element at each coordinate in the result is derived by
applying <modulus expression> to the element at the same coordinate in the input and the second
argument of the function:

<md-array concatenation> is an operation that returns the MD-array value made by joining its MD-afrray
value operands itVthe order given along a specified MD-axis.

4.5/4.2 Operators that operate on MD-array values and return tables

<md-array extent> is an operation that returns the MD-extent D of a given MD-array value A as a table
of cardinality CAR equal to the MD-dimension of 4 and four columns. The row with value i, 1 (one) £i <
CAR, in the first column contains the name, lower limit, and upper limit of the i-th MD-axis in D in the
second, third, and fourth column, respectively.

<md-array max extent> is an operation that returns the maximum MD-extent MD with the declared type
ofa given MD-array value A4 as a table of cardinality CAR equal to the MD-dimension of A and four columns.
The row with value i, 1 (one) < i< CAR, in the first column contains the name, lower limit, and upper limit
of the i-th MD-axis in MD in the second, third, and fourth column, respectively.

<collection derived table> allows converting an <md-array value expression> AVE with element type ET
and MD-dimension d to a table. The resulting table has d columns holding the coordinate values of each
element, and, if ETM is not a row type, one column, or, if ET is a row type of degree N, N columns for the
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element values of AVE. If WITH ORDINALITY is specified, then the resulting table has an additional
ordinality column holding the values from 1 (one) to the cardinality of AVE.

4.5.4.3 Operators that operate on MD-array values and return numbers

<md-array axis index function> is an operation that, for a given MD-array and an MD-axis name, returns
the index position of the MD-axis with the specified name in the MD-extent of the MD-array.

<md-array dimension> is an operation that returns the dimension of the MD-array as an exact numeric
wit scale U (zero]J.

<md-array lower axis limit> is an operation that, for a given MD-array and an MD-axis identified ‘by|its
position or its name, returns the lower limit the MD-axis as an exact numeric with scale 0 (zero).

<md-array upper axis limit> is an operation that, for a given MD-array and an MD-axis/identified by]its
position or its name, returns the upper limit the MD-axis as an exact numeric with scale’0 (zero).

4.5/4.4 Operators that operate on MD-array values and return character strings

<md-array axis name function> is an operation that, for a given MD-array,and an MD-axis identified by
its gosition, returns the name of the MD-axis as a character string.

4.5/4.5 Operators that operate on MD-array values and return numbers or Boolean
values

<m(-array aggregation expression> is an operation that returns an aggregated value obtained from
iterating over all coordinates in the MD-extent indicated in.jts <md-extent alternative>, evaluating the

<value expression primary> at each particular coordinate that satisfies the optional <search conditipn>,
and[aggregating the result by applying the <md-array.aggregation operator>.

<md-array aggregation function> is an operationthat returns a value aggregating all elements of the
inpyt MD-array. Table 1, “Table aggregation operators”, lists all predefined aggregation functions. Let A
be an MD-array of numeric element type, let:B be an MD-array of Boolean element type, and let C bg¢ an
MDarray of any element type.

Table 1 — Table aggregation operators

Operation Meaning

MDSUM(4) Sum of all elements in A

MDAVG(A) Average of all elements in A

MBMIN(A) Minimum of all elements in A

MDMAX(A4) Maximum of all elements in A
MDCOUNT(C) Number of non-NULL elements in C
MDCOUNT_TRUE(B) Number of True non-NULL elements in B
MDCOUNT_FALSE(B) Number of False non-NULL elements in B
MDCOUNT_UNKNOWN(B) Number of Unknown elements in B
MDANY(B) [s there any element in B with value true?
MDALL(B) Do all elements in B have value true?
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4.5

4.5.

Collection types

4.6
strings

Operators that operate on MD-array values and return character or binary

<md-array encode function> is an operation that accepts an MD-array and returns a character string or
a binary string containing the MD-array encoded in the data format indicated by its media type (specified
in RFC 2046). MD-arrays can be encoded using JSON (media type “application/json” according to RFC

8259). Support for encoding to further media types is implementation-defined (IA096).

4.5

4.7 ﬂpprafnrc that construct new Mn-nrrny values

<md
stri
dec
type
furt

<md
exte

<mg
alte

<md
exte
expl

<mq
basé
corr
nanj

4.5

<md
with

4.5

An <
that
The
whe

An |

Evel
axis
the

-array value constructor by decoding> is an operation that accepts a character string or abina
g and returns an MD-array containing the elements at their respective coordinates, detétminec
ding the character or binary string. Such a character or binary string contains a JSON enéoding (m
“application/json” RFC 8259) of the MD-array to be decoded. Optional support for decoding fr
her media types is implementation-defined (IA095).

nt specified by <md-extent alternative> and elements enumerated by <md-array element list>.

-array value constructor by query> returns an MD-array with the MD-extent specified by <md-ex
native> and elements provided by the result of <table subquery>.

-array value constructor by iteration> returns an MD-array with-the MD-extent specified by <nj
nt alternative> and each element as the result of <md-array element>. The <md-array element3
ession may contain MD-axis variables that allow referen¢ing the element’s coordinate.

-array value constructor by join> performs a join on‘two or more MD-arrays of equal MD-extern

esponding elements of each input MD-array, in the'order in which they have been specified. The
es of each element in the result can be explicitly specified or implicitly generated.

4.8 Operators that operate on MD-array values and return MD-array element

-array element reference> is an operation that returns the MD-array element at a specific coordi
in the MD-extent of the MD-array.

5 MD-axis variables

specify MD-axis variables for every MD-axis in the MD-extent specified by the <md-extent alternat

n referenced by-its name, ranges from the lower to the upper limit of the MD-axis.
ID-axis varjable is specified by <md-axis variable>.

y MD-axis variable has a scope. In <md-array value constructor by iteration>, the scope of an M
vapiable is the immediately contained <md-array element>. In <md-array aggregation expressi
bcope of an MD-axis variable is the immediately contained <value expression primary> and <se

-array value constructor by enumeration> is an operation that returns an MD-=array with the M[D-

d on their coordinates. An element in the resulting™MD-array is a row value constructed from the

y
| by

edia

tent

1d-

ts

field

5

hate

md-array aggregation expression> or an <md-array value constructor by iteration> are operations

ve>,

name of each MD-axis variable is equivalent to the name of the corresponding MD-axis, and its value,

D-
hn>,
hrch

condition>, if Specified. Two MD-axis variables that are equivalent are neverthieless distnct it they have
different scope.

10
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Lexical elements

This Clause modifies Clause 5, “Lexical elements”, in ISO/IEC 9075-2.

5.1
This

Ful

Spe

<token>—and <separator>

Subclause modifies Subclause 5.2, “<token> and <separator>", in ISO/IEC 9075-2.

1ction

ify lexical units (tokens and separators) that participate in SQL language.

Format

<r eg

erved word> ::=
Il Al alternatives fromI|SQO|EC 9075-2

MDAGGREGATE | MDALL | MDANY | MDARRAY | MDAVG | MDAXLS HI GH | MDAXI'S | NDEX | NMDAXI S
MDAXI S_NAME | MDAXI S NAVES | MDCONCAT | MDCOUNT.-| “NDCOUNT FALSE

MDCOUNT_TRUE | MDCOUNT_UNKNOAN | MDDECODE | MDDLNENSI ON | MDENCODE | NMDEXTENT
MDJOI N | MDVAX | NMDMVAX_EXTENT | MDM N | NMDRESHAPE | MDSCALE | MDSHI FT | MDSUM

<non-reserved word> ::=

Sy

Il Al alternatives fromI|SQO|EC 9075-2
ELEMENTS

)itax Rules

No additional Syntax Rules.

Acc¢ess Rules

Gel

No additional Aceess Rules.

neral Rules

No additional General Rules.

Co

formmance Rules

No additional Conformance Rules.
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5.2 Names and identifiers

This Subclause modifies Subclause 5.4, “Names and identifiers”, in ISO/IEC 9075-2.

Function

Specify names.

Fonl'mat

<nd{axis variable> ::=
<ildentifier>

Syntax Rules

No additional Syntax Rules.

Access Rules

No additional Access Rules.

General Rules

1) ‘Insert after the last GR:‘ An <md-axis variable>‘identifies an MD-axis variable associated with an

MD-axis whose name is equivalent to the <md-axis variable>.

Conformance Rules

No additional Conformance Rules.

12
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6 Scalar expressions
This Clause modifies Clause 6, “Scalar expressions”, in ISO/IEC 9075-2.
6.1—<datatype>
Thig Subclause modifies Subclause 6.1, “<data type>", in ISO/IEC 9075-2.
Function
Spetify a data type.
Format
<colll ection type> ::=
Il All alternatives froml|SQO |EC 9075-2

| |<nd-array type>
<nmd{array type> ::=

<dat a type> MDARRAY <maxi mum nd- ext ent >
<mafi mum nd-extent> ::=

<l eft bracket or trigraph> <maxi mum nd-axi's' |ist> <right bracket or trigraph>

| |<l eft bracket or trigraph> <maxi mum nd-axi's |ist anonynmous> <right bracket or trigr
<mayi mum nd-axis list> ::=

<gaxi mum nd- axi s> [ { <comma> <maxi mm nmd-axis> }... ]
<me)i mum nd-axi s i st anonynpus>.\n=

<iyaxi mum nd- axi s anonynous> [ {“/<conma> <maxi num nd- axi s anonynous> }... ]
<maxi mum nd- axi s> ::=

<nd-axi s name> [ <l eft paren>

<maxi mum nd- axi s_| ower |imt> <col on> <maxi mum nd-axi s upper limit>
<right paren> ]

<me)i mum nd- axi s _anonynous> :: =

<fraxi mum nd- axing’ | ower |imt> <col on> <maxi num nd-axi s upper limt>
<maxi mum nd-axis lower limt> ::=

<fd- axi sL¥m t >
<ma)i pim'nd- axi s upper limt> ::=

<qd=axis limt>

hph>

<nd-

I
<nd-

axis limt> ::=
<nmd-axis limt fixed>
<asterisk>

axis limt fixed> ::=

<signed nuneric literal >

<md-
<i

axis name> ::=
dentifier>

© ISO/IEC 2023 - All rights reserved

13


https://standardsiso.com/api/?name=0b800f815ab0fe611416e4566ef50546

ISO/IEC 9075-15:2023(E)
6.1 <data type>

Syntax Rules

1) ‘Insert after SR 47):‘ The element type of an <array type> shall not be an MD-array type.

2) \Insert after SR 47):‘ An <md-array type> AT specifies an MD-array type. The <data type> DT

immediately contained in AT is the element type of the MD-array type. DT shall not be a collection-
containing type.

a)

If <maximum md-extent> EU immediately contains <maximum md-axis list> MAL and any

b)

g)

h)

<maximum md-axis> immediately contained in MAL specifies an <md-axis name> butd
not specify <maximum md-axis lower limit> and <maximum md-axis upper limit>,then
is equivalent to MN( *: *).

If any <maximum md-axis lower limit> ALL simply contained in AT is an <asterisk>, then
is is the null value.

If any <maximum md-axis upper limit> AUL simply contained in AT is an’<asterisk>, then
is the null value.

The declared type of <md-axis limit fixed> and <md-axis limit>is'anh implementation-def]
(IV201) exact numeric type with scale 0 (zero).

The minimum value of <md-axis limit fixed> is implementation-defined (IL013). <md-axi

limit fixed> shall not be smaller than this value.

The maximum value of <md-axis limit fixed> is implementation-defined (IL014). <md-a
limit fixed> shall not be greater than this value.

Case:

i) If EU immediately contains <maximum md-axis list>, then let d be the number of
<maximum md-axis> simply. centained in EU.

ii) Otherwise, let d be the numiber of <maximum md-axis anonymous> simply conta
in EU.

dis the MD-dimension of AF. d shall be less than or equal to an implementation-defined (IL
maximum value.

Fori, 1 (one)<i&d,
i) Case:

1\~ If EU immediately contains <maximum md-axis list>, then let AU; be the i-th
<maximum md-axis> simply contained in EU. Let MN; be the value of <md-a
name> immediately contained in AU;.

2)  Otherwise, let AU; be the i-th <maximum md-axis anonymous> simply conta

hes
EU

ALL

AUL

ned

Kis

ned

17)

XiS

ned

in EU and let SEQ; be the <unsigned integer> numericliteral with no leading z

eros

j)

14

corresponding to i. The Syntax Rules of Subclause 9.15, “Indexed name”, are

applied with d as LASTINDEX, SEQ; as INDEX, and 'D' as PREFIX; let MN; be the

INDEXEDNAME returned from the application of those Syntax Rules.

ii) Let MLO; be the <maximum md-axis lower limit> and let MHI; be the <maximum md-

axis upper limit> specified or implied by AU;.

Let MD be [ MNq (MLO1 : MHI4), ..., MN43 (MLOg4 : MHIy;) ]. MD is the maximum MD-extent
site with data type AT.
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i) Foralli, 1 (one) <i<d, if neither MLO; or MHI; are the null value, then MLO; shall be
less than or equal to MHI;.

ii) Foralliandj, 1 (one) <i,j <d, i #j, MN; shall not be equivalent to MN;.
iii)  The value of MLO; is the value of the corresponding <maximum md-axis lower limit>.

iv) The value of MHI, is the value of the corresponding <maximum md-axis upper limit>.

3) | |Insert after SR 47):| The element type of a <multiset type> shall not be an MD-array type.

Acc¢ess Rules

No additional Access Rules.

General Rules

1) ’Insert after GR ZO)a):‘ If KC is MDARRAY, then the collection type descriptor additionally inclyides
a set of MD-axis descriptors, each of which, for 1 (one) <i<d, contains the name MN;, the ordjnal

position i, the lower limit MLO;, and the upper limit MHI; for they:th MD-axis of the MD-array flype.

Conformance Rules

1) ]Insert after the last CR: ‘ Without Feature A010, “Multi-dimensional array support”, conforming
SQL language shall not contain an <md-array type>.
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6.2 <value expression primary>

This Subclause modifies Subclause 6.3, “<value expression primary>", in ISO/IEC 9075-2.

Function

Specify a value that is syntactically self-delimited.

Format

<noi- par ent hesi zed val ue expression primary> ::=
I'' Al alternatives from|SQ |EC 9075-2

| |<md-array aggregati on expression>

| |<md-axis vari abl e>

| |<md-array el enent reference>

<colll ecti on val ue constructor> ::=
Il Al alternatives froml|SQ|EC 9075-2
| |<md-array val ue constructor>

Syntax Rules

1) ‘Augment SR1) ‘ by adding “<md-array element reference>, <md-axis variable> and <md-array
aggregation expression>" to the list of simply contained BNF non-terminals.

2) ‘Insert after the last SR:‘ The declared type of ailxmd-axis variable> is exact numeric with scalle 0
(zero).

3) ‘Augment SR 3) ‘ by adding “<md-array value constructor>" to the list of simply contained BNF non-
terminals.

Acc¢ess Rules

No additional Access Rules:

General Rules

1) ‘Augment GR 1)‘ by adding “<md-array element reference>, <md-axis variable> and <md-array
aggregationiexpression>" to the list of simply contained BNF non-terminals.

2) ‘Augment GR2) ‘ by adding “<md-array value constructor>" to the list of simply contained BNF non-
terminals.

Conformance Rules

1) ‘Insert after the last CR: ‘ Without Feature A010, “Multi-dimensional array support”, conforming
SQLlanguage shall not contain a <non-parenthesized value expression primary> that simply contains
an <md-axis variable>.

2) ‘Insert after the last CR: ‘ Without Feature A010, “Multi-dimensional array support”, conforming
SQL language shall not contain a <collection value constructor> that simply contains an <md-array
value constructor>.
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3) ‘Insert after the last CR: ‘ Without Feature A010, “Multi-dimensional array support”, conforming
SQL language shall not contain a <non-parenthesized value expression primary> that simply contains
an <md-array aggregation expression>.

4) ’Insert after the last CR: ‘ Without Feature A010, “Multi-dimensional array support”, conforming
SQL language shall not contain a <non-parenthesized value expression primary> that simply contains
an <md-array element reference>.
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6.3 <md-array subset>

Function

Returns a subset of an MD-array.

Format

<md{array subset> ::=
<nd-array val ue expressi on>
<l eft bracket or trigraph> <nd-axis subset |ist> <right bracket or trigraph>

<nd{axi s subset list> ::=
<nd- axi s subset |ist naned>
| |<md-axis subset |ist positional>

| |<md-array subset extent>

<nmd{axi s subset |ist named> ::=
<ipd- axi s subset naned> [ { <comma> <nd-axi s subset named> } .-~

<nmd{axi s subset list positional> ::=
<ijd- axi s subset positional > [ { <commm> <nd-axis subset, positional > }... ]

<nd{axi s subset nanmed> ::=
<nd-axis limts nanmed>
| |<md-axis slice named>

<nd{axi s subset positional> ::=
<md-axis limts positional >
| |<md-axis slice positional>

<md{axis limts naned> ::=
<nd- axi s nane> <l eft paren> <md-interval expression> <right paren>

<nmd{axis limts positional> ::=
<fd-interval expression>

<md{i nterval expression> (5
<npd-axis lower limt eXpression> <colon> <nd-axis upper limt expression>

<md{axis |ower |imtgcexpression> ::=
<pd-axis limt expression>

<md{axi s upper /hi'm t expression> :
<nd-axi s |ifid expression>

<md{axis ki-ni't expression> ::=
<nunefric val ue expressi on>
<asteri sk>

<md-axi s slice named> ::=
<md- axi s nane> <l eft paren> <md-axis slice positional> <right paren>

<md-axis slice positional> ::=
<nuneric val ue expressi on>

<md-array subset extent> ::=
MDEXTENT <l eft paren> <md-array val ue expression> <right paren>
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Syntax Rules

1)

2)
3)

3(E)
set>

Let AS be the <md-array subset>, let AVE be the <md-array value expression> immediately contained

in AS, and let ASL be the <md-axis subset list> immediately contained in AS.

Let MDT be the declared type of AVE.

The Syntax Rules of Subclause 9.16, “MD-array subset”, are applied with MDT as MDARRAY TYPE

and ASL as MDAXIS SUBSET LIST; let TMD be the TARGET MAXIMUM MDEXTENT and let EQ be

the

EQUIVALENCE returned from the application of those Syntax Rules.
Case:
a) IfEQis nota zero-length character string, then <md-array subset> is equivalent-to AVE &
b) Otherwise:

i) Let EDT be the element type of AVE.

ii) The declared type of AS is an MD-array type of element typé £DT and maximum N
extent TMD.

Access Rules

Gel

1)

2)

3)

4)

5)

6)

No additional Access Rules.

neral Rules

Let AS be the <md-array subset>, let AVE be the.<md-array value expression>immediately conta

EQ

1D-

ned

in AS, and let ASL be the <md-axis subsetlist> immediately contained in AS. Let AV be the valule of

AVE.

If AV is the null value, then the result'of AS is the null value and no further General Rules of thi
Subclause are applied.

The General Rules of Subclause 9.16, “MD-array subset”, are applied with AV as MDARRAY VAL
and ASL as MDAXIS SUBSET LIST; let SMD be the SOURCE MDEXTENT, let TMD be the TARGET
MDEXTENT, and let SLICEDAXES be the SLICED MDAXES returned from the application of thos
General Rules.

Let D be the MD<extent of AV, let d be the number of MD-axes in D, and let t be the number of ]
axes in TMD:

If SMD ismiot within D, then an exception condition is raised: data exception — MD-array subsef

within-MD-extent (2203L).

Let'TV be the MD-array value with element type EDT and MD-extent TMD constructed in the folloy

UE

[}

not

ving

way—FEor-each-coordinate R-within-SMD:

a) Let RP;be the i-th element of R, 1 (one) <i<d.

b) Letjbe1 (one).

c) Forallk, 1 (one) <k<d,such that kis not an element of SLICEDAXES:
i) Let TP; be RPy,.

ii) jis increased by 1 (one).

© ISO/IEC 2023 - All rights reserved
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7)

d) Let @ be the coordinate denoted by [ TP4, ..., TP¢].
NOTE 1 — There are t non-SLICEDAXES.

e) The elementin TV at coordinate Q is the element in AV at coordinate R.

TV is the value of AS.

Conformance Rules

1)

20

Without Feature A010, “Multi-dimensional array support”, conforming SQL language shall hot
contain an <md-array subset>.
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6.4 <identifier chain>

<identifier chain>

This Subclause modifies Subclause 6.6, “<identifier chain>", in ISO/IEC 9075-2.

Function

Disambiguate a period-separated chain of identifiers.

Fonl'mat

Syr
1)
2)

Access Rules

Gel

1)

Col

No additional Format items.

itax Rules
‘Insert after SR 9)a)ii)1)C):‘ The scope of an MD-axis variable equivalentto /.
‘Insert after SR 9)a)ii)2)B): ‘ If IPST is an <md-array aggregation expression> or an <md-array v|

constructor by iteration>, then let SV be the MD-axis variable equivalent to /1. PIC; is the basis
IC, the basis length is 1 (one), the basis scope is the scope of.SP,-and the basis referent is SV.

No additional Access Rules.

neral Rules

|Insert after GR 4):| If BIC is an MD-axis Variable, then BIC references the MD-axis SV of a giver
execution of the <md-array aggregation expression> or an <md-array value constructor by iterat
whose <md-extent> contains SV.

1formance Rules

No additional Conformance Rules.

alue
of

on>
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6.5 <md-array aggregation expression>

Function

Aggregate MD-array values into a single value.

Format

<md-{array aggregati on expression> ::=
MPAGCGREGATE <nd- array aggregati on operator>

OVER <nd-extent alternative>

USI NG <val ue expression prinary>

[ WHERE <search condition> ]

<nmd{array aggregation operator> ::=
<plus sign>| AND| OR| MAX | MN

Syntax Rules

1) | Thedeclared type of <md-array aggregation expression> AAE is the declared type of the immedigtely

aggregation operator>.

Case:

applied.

2) | Ifthe <md-extent altegnative> immediately contained in AAE is an <md-array extent> EA, then:

MD-dimension of AVE1.
b) Case:

MDAGGREGATE op

c)  Otherwise, VE is an operand of an-ordering operation.

ii) The declared type ‘of VE shall not be row-ordered.

contained <value expression primary> VE. Let op be the immediately contained <md-array

a) Ifopis <plus sign>, then the declared type®©f VE shall be numeric.
b) Ifopis AND or OR, then the declared type of VE shall be Boolean.

i) The Syntax and Conformance Rules of Subclause 9.11, “Ordering operations”, are

i) If <search condition> SC is immediately contained in AAE, then AEE is equivalent fo

a) Let AVE1 bethe<md-array value expression> immediately contained in EA and let e be the

OVER [ MDAXI S_NAME(AVEL, 1) ( MDAXIS LOWAVEL, 1) : MDAXI S H GH(AVEL, [1)
)
MDAXI S_NAVE( AVEL, e) ( MDAXI'S LONAVEL, e) : MDAXI S_H GH(AVEL, e)
)
1
USI NG VE
VWHERE VE IS NOT NULL AND SC
ii) Otherwise, AEE is equivalent to
MDAGGREGATE op
OVER [ MDAXI S _NAVE(AVELl, 1) ( MDAXIS LONAVEL, 1) : MDAXI S H GH(AVE1l, 1)

).

22
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MDAXI S_NAMVE(AVEL, e) ( MDAXIS LONAVEL, e) : NDAXI S H GH(AVEL, e)
)

]
USI NG VE
VHERE VE IS NOT NULL

3) Let MD be the maximum MD-extent specified by <md-extent> and let d be the number of MD-axes
in MD. For 1 (one) <i <d, let AV; be an <md-axis variable> whose name is equivalent to the name

nfthn 1 fh I\/!D axic ln ]V[D_ Thn c‘rnpn r\f‘A‘]'/l ic "/E and tho (coarrh condition> immnr‘i')fo]}r r‘nnta ned

in <md-array aggregation expression>, if specified.

Acc¢ess Rules

None.

General Rules

1) | Let D be the MD-extent specified by <md-extent>, let d be the nuniber of MD-axes in D, and le{ N;,
LO;, and HI;, be the name, lower limit, and upper limit, respectively, of the i-th MD-axis in the max-
imum MD-extent of D, 1 (one) <i<d.

2) | LetSbe the union of all coordinates [ Py, ..., P;], such that'LO; < P < Hl4, .., LO3 < Py < Hl, (that s,
S is the Cartesian product of all MD-intervals in D).

3) | Letop be <md-array aggregation operator>. Let AGG be
Case:
a) Ifopis <plussign>, then 0 (zero).

b) Ifopis MAX, then an implemeritation-defined (IL067) minimum value of a type compardgble
to the <value expression primary>.

c) Ifopis MIN, then an implementation-defined (IL068) maximum value of a type compargble
to the <value expression primary>.

d) Ifopis AND, then-True.
e) Ifopis OR, then False.
4) | Let NULLRESbe True.

5) | For every'coordinate [ Py, .., P;]in S,

a), \»Let BV be True.

b) If <search condition> BVE is specified, then the value of any AV; contained in BVE, 1 (one]) <i
<d, is equal to P;. Let BV then be the result of evaluating BVE.

c) Case:

i) If BV is True, then the value of any AV; contained in VE, 1 (one) <i<d, is equal to P;. Let
NULLRES be False. Let the value of VE be TEMP.

Case:

1) Ifopis MIN, then let AGG be the lesser of AGG and TEMP.
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6.5

6)

Col

1)

<md-array aggregation expression>

2) Ifopis MAX, then let AGG be the greater of AGG and TEMP.
3) Ifopis AND or OR, then let AGG be the value of AGG op TEMP.

4) Otherwise, op is <plus sign>; let TP be the declared type of <md-array aggregation
expression>.

Case:

If TP is exact numeric and the mathematical result of AGG op TEMP is not
exactly representable with the precision and scale of TP, then an exception
condition is raised: data exception — numeric value out of range (22003).

B) If TPis approximate numeric and the exponent of the approximate mathe-
matical result of AGG op TEMP is not within the implementation-defined
(IL202) exponent range for TP, then an exception condition is raised: glata
exception — numeric value out of range (22003).

C) IfTPisthe decimal floating point type, then the result is an implementation-
defined (IV240) value IV of TP such that no othervalue of TP is strictly
between IV and the mathematical result of AGG op TEMP. If the expongnt
of IV is not within the implementation-defined (IL202) exponent range for
TP, then an exception condition is raised»data exception — numeric vdlue
out of range (22003).

D) Otherwise, let AGG be the value of AGG op TEMP.
ii) Otherwise, VE is not evaluated for this coordinate.
Case:

a) If NULLRES is Ealse then the result of @md-array aggregation expression> is AGG.

b)  Otherwise, the result of <md-arrayaggregation expression> is the null value.

1formance Rules

Without Feature A010, “Multi-dimensional array support”, conforming SQL language shall not
contain <md-array aggregation expression>.

24
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<case expression>

This Subclause modifies Subclause 6.12, “<case expression>", in ISO/IEC 9075-2.

Function

Specify a conditional value.

Fonl'mat

<sed

Sy

1)

\r ched
oA

VWHEN <nd- array bool ean expressi on> THEN <resul t>

)itax Rules

when cl ause> ::=
alternatives from|SQO | EC 9075-2

‘Insert after SR 2):‘ If a <case specification> specifies a <searched cdse>, then:

a)
b)

d)

Let N be the number of <searched when clause>s.

For each i between 1 (one) and N, let SWC; be the i-th-<Searched when clause>, let SC; bel
immediately contained <search condition> or <md-array boolean expression> of SW(;, g
let R; be the <result> immediately contained in SWC;.

Case:

i) If <else clause> is specified, then'let M be N + 1. Let R be the <result> immediate
contained in the <else clausex:

ii) Otherwise, let M be N.

Either every SC;, 1 (one) <i <N, shall be an <md-array boolean expression>, or no SC;, 1 (
<i< N, shall be an <md-array boolean expression>.

If every SC; is an <md-array boolean expression> MBE;, then let MDT; be the declared tyy
MBE; and let d;bethe MD-dimension of MDT}. Foralljand k,j + kand 1 (one) <j, k<N, d; §
be equal to dj. ket MN; be the name of the i-th MD-axis in the maximum MD-extent of M1
1 (one) <@=<dy.

i) <case specification> shall not generally contain a <routine invocation> whose sul
routine is an SQL-invoked routine that is possibly non-deterministic or that possi
modifies SQL-data.

ii) <case specification> shall not generally contain a <table primary> that contains a <

the
nd

bne)

e of
hall
DT,

ject
bly

data

r‘hangp delta table>

iii)  Forallj, 1 (one)<j<M:

Case:

1)  IfR;is of MD-array type, then let MDT be the declared type of R;, and let e be the

MD-dimension of MDT. e shall be equal to d;. Let RA4; be R;.
2)  Otherwise, let e be dy. RA; is equivalent to

MDARRAY [ M\; ( MDAXIS LOW(SC;, 1) @ MDAXIS HIGH (SC;, 1) ),

© ISO/IEC 2023 - All rights reserved
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M ( MDAXIS LON (SC;, €) : MDAXIS HIGH (SC;, e) ) ]
ELEVENTS R,

Access Rules

None.

General Rules

1) ‘Insert before GR 2)a):‘ If the value of every SC;, 1 (one) <i < N, is an MD-array value, then:

a)  LetD;be the MD-extent of the value of SC;. For all jand k, j # kand 1 (one) < j, k<N, if Djfis
not equal to Dy, then an exception condition is raised: data exception — MD-array operands
with non-matching MD-extents (2203R).

b)  Forallj, 1 (one) <j<M,let E; be the MD-extent of the value of RA;, {f E;is not equal to Dy, then

an exception condition is raised: data exception — MD-array operands with non-matching|MD-
extents (2203R).

c) If<else clause> is specified, then let CEEC be equivalent tOELSE RAy[ Ny, .., N;]; otherwise,
let CEEC be a character string of length 0 (zero).

d) Letdbedq, and let N;, LO;, and HI;, be the name, lower limit, and upper limit, respectively, of
the i-th MD-axis in the MD-extent of the value®0f’SCy, 1 (one) <i<d.

e)  The value of the <case specification> is the'value of:

MDARRAY [ Ny ( LOL : HIp ),

Ng (LQy: Hg) ]
ELEMENTS
CASE WHEN SCi[ Ni, ..., NgJ=THEN RA[ Ni, ..., Ny ]
VHEN SCM N, .. (Mg 1 THEN RAML Np, oo, Ng ]
CEEC END

Conformance Rules

1) ’Insert after thellast CR: ‘ Without Feature A010, “Multi-dimensional array support”, in conforrhing
SQL languageg,.a <case expression> shall not support operands of MD-array type.

2) ‘Insert after the last CR:‘ Without Feature A011, “MD-array BOOLEAN element type”, conformjng
SQL langtage shall not contain a <searched when clause> that immediately contains an <md-ajrray
booléan expression>.
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<cast specification>

This Subclause modifies Subclause 6.13, “<cast specification>", in ISO/IEC 9075-2.

Function

Specify a data conversion.

Fonl'mat

<cag

<nd-
<(

<nd-
<(

<md-

t target> ::=

I'' Al alternatives from|SQ |EC 9075-2
<nmd- array cast>

<nmd-array base type cast>

<md- array maxi mrum nd-extent cast>

array cast> ::=
ata type> MDARRAY <nd-array axi s names>

array base type cast> ::=
ata type> MDARRAY

array maxi mum nd-extent cast> ::=

MDARRAY <maxi mum nd- extent cast alternative>

<ma

<md-
<|

<nd-

i mum nd-extent cast alternative> ::=
<maxi mum nd- ext ent >
<nmd-array axi s names>

axis explicit nane list> ::=
eft bracket or trigraph> <nd-axis nane>
[ { <comma> <nd-axis name> }...xJJ<right bracket or trigraph>

array axis nanmes> ::=

MDPAXI S_NAMES <| eft paren> <nd<{anray val ue expressi on> <right paren>

Sy

1)

)itax Rules

‘Insert before SR 1)a):‘ If <cast target> immediately contains an <md-array cast>, <md-array |

then:

a) Neither <cast operand> nor <cast target> shall generally contain a <routine invocation> wi
sttbject routine is an SQL-invoked routine that is possibly non-deterministic or that poss
modifies SQL-data.

b) Neither <cast operand> nor <cast target> shall generally contain a <table primary> that

type cast>, <md-array maximum md-extent cast>, or <data type> TD that is an <md-array type

ase

nose
ibly

con-

tains a <data change delta table>.

The <cast operand> shall be an <md-array value expression>. Let AVE be the <cast operand>.
Let MDT be the declared type of AVE, let EDT be the element type of MDT, let d be the MD-
dimension of MDT, and let MN; be the name of the i-th MD-axis in the maximum MD-extent of

MDT, 1 (one) <i<d.
Case:

i) If an <md-array cast> AC is specified, then let TEDT be the data type identified by the
<data type> immediately contained in AC and let ANC be the <md-array axis names>
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immediately contained in AC. TEDT shall not be a collection-containing type. The <cast

specification> is equivalent to

CAST( CAST(AVE AS TEDT MDARRAY) AS ANC)

If TD is an <md-array type>, then let TEDT be the <data type> immediately contained
in TD, and let ANC be the <maximum md-extent> immediately contained in TD. TEDT

shall not be a collection-containing type. The <cast specification> is equivalent to

iii)

Access Rules

CAST(CAST(AVE AS TEDT NDARRAY) AS VDARRAY ANC)

If an <md-array base type cast> ABTC is specified, then let TEDT be the data'\type
identified by the <data type> immediately contained in ABTC. The <cast specificat
is equivalent to

MDARRAY [ MV, ( MDAXI S_LOW (AVE, 1) : MDAXI S HI GH (AVE, 1))\
My ( MDAXI S LON (AVE, d) : MDAXIS HI GH (AVE, @)) ]
ELEMENTS CAST(AVE[ M\;, ..., My ] AS TEDT)

Otherwise, an <md-array maximum md-extent cast> MM¢'is specified. Let MMCA
the <maximum md-extent cast alternative> immediately contained in MMC.

Case:

1) If MMCA is a <maximum md-extent> PMD, then the MD-dimension of TMD s
be equal to d. TMD is the maximum MD-extent of TD.

2)  Otherwise, let AVE1 be the <md-array value expression> immediately conta
in the <md-array axis names=immediately contained in MMC4, and let e be
MD-dimension of AVE1. e shall be equal to d. The <cast specification> is equiv3
to:

CAST(AVE AS MDARRAY)[ MDAXI S_NAME(AVEL, 1) ( MDAXI S LOWAVEL, 1) :
MDAXI S_HI GH( AVEL[ 1) ),

MDAXI S_NAME(AVEL, e) ( MDAXI'S LONAVEL, e) :
MDAXI S_HI GH(AVEL, e) ) ] )

No additional Aetess Rules.

General Rules

1) ‘Insert before GR 7):‘ If <cast target> simply contains a <maximum md-extent>, then:

a) LetLO;and HI;, 1 (one) <i<d, be the lower limit and upper limit, respectively, of the i-th

on>

be

hall

ned
the
lent

MD-

axis in the MD-extent of the value of AVE. Let TMN,, be the name of the i-th MD-axis in TMD.

b)  Let D be the MD-extent denoted by [ TMN{ (LOq : HI4), ..., TMN; (LOg4: Hly) ]

Case:

i)

ii)

28

If D is not strictly within TMD, then an exception condition is raised: data exception —
MD-array source MD-extent not strictly within maximum target MD-extent (2203Q).

Otherwise, TV is the value of AVE with MD-extent D.
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Conformance Rules

1) ‘Insert after the last CR: ‘ Without Feature A010, “Multi-dimensional array support”, conforming
SQL language shall not contain a <cast target> that immediately contains an <md-array cast>, an
<md-array base type cast>, or an <md-array maximum md-extent cast>.

2) ‘Insert after the last CR: ‘ Without Feature A010, “Multi-dimensional array support”, in conforming
SQL language, <cast specification> shall not support <cast operand>s of MD-array type.
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6.8 <value expression>

This Subclause modifies Subclause 6.29, “<value expression>", in ISO/IEC 9075-2.

Function

Specify a value.

Fonl'mat

<colll ection val ue expression> ::=
I'' Al alternatives from|SQ |EC 9075-2
| |<md-array val ue expression>

Syntax Rules

1) ‘Augment SR 5) ‘ by adding “<md-array value expression>" to the list of BNF non-terminals.

Access Rules

No additional Access Rules.

General Rules

1) ’Augment GR 4)‘ by adding “<md-array valug-expression>" to the list of BNF non-terminals.

Conformance Rules

1) ’Insert after the last CR: ‘ WithoutFeature A010, “Multi-dimensional array support”, conforming
SQL language shall not contain.a <collection value expression> that immediately contains an md-
array value expression>,
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6.9 <numeric value function>

This Subclause modifies Subclause 6.31, “<numeric value function>", in ISO/IEC 9075-2.

Function

Specify a function yielding a value of type numeric.

Format

<nureric value function> ::=

I'' Al alternatives from|SQ |EC 9075-2
| |<md-array di nension>

| |<md-array axis index function>

| |<nmd-array |lower axis limt>

| |<md-array upper axis limt>

| |<md-array aggregation function>

<nmd{array dinension> ::=
MPDI MENSI ON <| eft paren> <nd-array val ue expressi on> <ri ght “paren>

<md{array axis index function> ::=

MDAXI S_| NDEX <l eft paren>
<md-array val ue expressi on> <conma> <nd- axi s nane>
<right paren>

<nmd{array lower axis limt> ::=
MPAXI S_LOW <l eft paren> <nd-array nd-axi s> _<ci ght paren>

<nmd-{array upper axis limt> ::=
MPAXI S_HI GH <l eft paren> <nd-array nd-axi s> <right paren>

<nmd{array aggregation function> ::=
<fd-array aggregati on function_tame>
<l eft paren> <nd-array vallue expression> <right paren>

<md-{array aggregation functiten* name> ::=
MDALL

MDANY

MDAVG

MDCOUNT

MDCOUNT _FALSE
MDCOUNT_TRUE
MDCOUNT_UNKNOWN
VDMVAX

VDM N

MDSUM

Syntax Rules

1) ‘Insert after the last SR:‘ If <md-array dimension>, <md-array axis index function>, <md-array
lower axis limit>, <md-array upper axis limit>, or <md-array aggregation function> is specified,
then let AVE be the simply contained <md-array value expression>. Let MDT be the declared type
of AVE, let EDT be the element type of MDT, let d be the MD-dimension of MDT, and let MN; be the

name of the i-th MD-axis in the maximum MD-extent of MDT, 1 (one) <i<d.

2) ‘Insert after the last SR:‘ If <md-array dimension> is specified, then the declared type of the result
is an implementation-defined (IV241) exact numeric type with scale 0 (zero).
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3)

4)

5)

32

‘Insert after the last SR: ‘ If <md-array axis index function> AIF is specified, then the declared type

oftheresultis an implementation-defined (IV242) exact numeric type with scale 0 (zero). The <
axis name> immediately contained in A/F shall be equivalent to MNj, for some idx, 1 (one) < i

d.

md-
dx <

‘Insert after the last SR: ‘ If <md-array lower axis limit> or <md-array upper axis limit> is specified,
then the declared type of the result is an implementation-defined (IV243) exact numeric type with

scale 0 (zero). Let AD be the index specified by <md-array md-axis>.

Insert after the last SR:| If <md-array aggregation function> MAF is specified, then MAF shall
generally contain a <routine invocation> whose subject routine is an SQL-invoked routin€ tha
possibly non-deterministic or that possibly modifies SQL-data, and MAF shall not generally’con
a <table primary> that contains a <data change delta table>.

Case:

a) If <md-array aggregation function name> is one of MDSUM, MDMAX, MDMIN, MDALL, of
MDANY, then let op be <plus sign> for MDSUM, MAX for MDMAX, MIN for MDMIN, AND f

MDALL, and OR for MDANY. <md-array aggregation function> is;equivalent to:

MDAGGREGATE op
OVER [ M\; ( MDAXIS LON (AVE, 1) : MDAXIS HI GH (AVE, 1)),

My ( MDAXI S_LOW (AVE, d) : NMDAXIS_HI GH_(AVE, d) ) ]
USI NG AVE] MNj, ..., M\ ]
WHERE AVE[ M\;, ..., My ] IS NOT NULL

b) If <md-array aggregation function name> is® DCOUNT_TRUE, then <md-array aggregati
function> is equivalent to:

MDAGGREGATE <pl us si gn>
OVER [ MN\; ( MDAXI S_LOW (AVE, 1)\ MDAXI S HIGH (AVE, 1) ),

My ( MDAXI S_LOW (AVE, 'd) : MDAXIS_HI GH (AVE, d) ) ]

USI NG CASE WHEN AVE[ M\yjy<52., My ] THEN 1 ELSE 0 END
WHERE AVE[ MNy, ..., M{] 1S NOT NULL

c) If <md-array aggregation function name> is MDCOUNT_FALSE, then <md-array aggregat
function> is equivalent to:

MDCOUNT_TRUE(-AVE | S FALSE )

d) If <md-array aggregation function name> is MDCOUNT_UNKNOWN, then <md-array agg
ation‘fimction> is equivalent to:

MOCOUNT _TRUE( AVE |'S UNKNOWN )

e)\. " If <md-array aggregation function name> is MDCOUNT, then <md-array aggregation funct

not
Lis
tain

or

ion

reg-

on>

is equivalent to:

MDAGGREGATE <pl us si gn>
OVER [ M\; ( MDAXIS LOW (AVE, 1) : MDAXIS_HIGH (AVE, 1) ),

My ( MDAXI S_LOW (AVE, d) : MDAXIS_HIGH (AVE, d) ) ]
USI NG 1
WHERE AVE[ M\;, ..., Mg ] I'S NOT NULL

f)  Otherwise, <md-array aggregation function name> is MDAVG and <md-array aggregation

function> is equivalent to:
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CASE WHEN MDCOUNT ( AVE ) = 0 THEN NULL
ELSE MDSUM ( AVE ) / MDCOUNT ( AVE ) END

Access Rules

No additional Access Rules.

General Rules

1) ‘Insert after the last GR: ‘ The result of <md-array dimension> is d.

2) ‘Insert after the last GR:‘ The result of <md-array axis index function> is idx.

3) ‘Insert after the last GR: ‘ If <md-array lower axis limit> or <md-array upper axis limit> is specified,

then:

a)
b)

Let VAVE be the value of AVE.
Case:
i) If VAVE is the null value, then the result is the null value.

ii) Otherwise, let LO; and HI; be the lower and upper limits of the i-th MD-axis of the
extent of VAVE.

Case:

1) If <md-array lower axis limit>"is specified, then the resultis LO4p.

2)  Otherwise, the result isHi .

Conformance Rules

1) ‘Insert after the last CR: ‘ Without Feature A010, “Multi-dimensional array support”, conforming

SQL language shall not contain <md-array dimension>, <md-array lower axis limit>, <md-arrdy
upper axis limit>, or <tnd-array axis index function>.

2) ]Insert after the last €R: ‘ Without Feature A010, “Multi-dimensional array support”, conforming

SQL language shall not contain <md-array aggregation function>.

MD-

3) ‘Insert aftet.the last CR:‘ Without Feature A011, “MD-array BOOLEAN element type”, conformjng

SQL language shall not contain an <md-array aggregation function name> that is MDALL, MDANY,
MDCOUNT_FALSE, MDCOUNT_TRUE, or MDCOUNT_UNKNOWN.
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6.1

0 <string value function>

This Subclause modifies Subclause 6.33, “<string value function>", in ISO/IEC 9075-2.

Function

Specify a function yielding a value of type character string or binary string.

Fonl'mat

<st1

<chd

|
<nd-

MDAXI S_NAME <l eft paren>

Sy
1)
2)
3)

Access Rules

ing value function> ::=
I'' Al alternatives from|SQ |EC 9075-2
<md-array encode function>

\Ir act er val ue function> ::=
Il Al alternatives fromlISQ|EC 9075-2
<md-array axis nanme function>

array axis nane function> ::=

<md-array val ue expressi on> <conma> <nuneric val ue expressi on>
<right paren>

)itax Rules

‘Augment SR1) ‘ by adding “<md-array encode function>" to the list of BNF non-terminals.

‘Augment SR 2) ‘ by adding “<md-array axis-rame function>" to the list of BNF non-terminals.

‘Insert after the last SR: ‘ If <md-array axis name function> ANF is specified, then:

a) Let MDT be the declared type-of the <md-array value expression> immediately containe
ANF, let MD be the maximum*MD-extent of MDT, let d be the number of MD-axes in MDT,
let MN; be the name of thei-th MD-axis in MD, 1 (one) <i<d.

b) Let NVEbe the <numeric value expression>immediately contained in ANF. The declared
of NVE shall be anh éxact numeric type with scale 0 (zero).

c) Let VL be theimplementation-defined (IL006) maximum length of variable-length chara
strings. The declared type of the result is variable-length character string type with maxin
length-equal to VL.

WNe additional Access Rules.

H in
and

[ype

cter
num

General Rules

1)
2)
3)

34

‘Augment GR 1)‘ by adding “<md-array encode function>" to the list of BNF non-terminals.

‘Augment GR 2)‘ by adding “<md-array axis name function>" to the list of BNF non-terminals.

‘Insert after the last GR:‘ The result of <md-array axis name function> is determined as follows:

a) Let NVbe the value of NVE.
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b) If NVis the null value, then the result is the null value and no further General Rules of this
Subclause are applied.

c) IfNVislessthan1 (one) or greater than d, then an exception condition is raised: data exception
— MD-array invalid MD-axis (2203T).

d) Let AVE be the value of the <md-array value expression>.

e) If AVE is the null value, then the result is the null value and no further General Rules of this

CSuboloicn apn o lind
oaotraasCarCapprcor

f)  Theresultis MNyy.

Conformance Rules

1) ‘Insert after the last CR: ‘ Without Feature A010, “Multi-dimensional array support”, conforming
SQL language shall not contain <md-array axis name function>.

2) ‘Insert after the last CR: ‘ Without Feature A010, “Multi-dimensional array support”, conforming
SQL language shall not contain a <string value function> that is an-<md-array encode functior>.
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6.11 <md-array encode function>

Function

Convert an array to format-specific encoded string.

Format

<md-{array encode function> ::=
MDPENCCDE <I| ef t par en>
<md-array val ue expression> <conma> <format identifier>
[ <nd-array encode returning clause> |
<ili ght paren>

<foqmat identifier> ::=
<g¢haracter string literal >

<md{array encode returning clause> ::=
RETURNI NG <data type>

Syntax Rules

1) | Let AEF be the <md-array encode function> and let FID.be the value of <format identifier> imnledi-

ately contained in AEF. FID shall be a valid media typéjas specified in RFC 2046.
2) | If <md-array encode returning clause> is not specified, then

Case:

string type is implicit.

b)  Otherwise, an implementation-defined (ID226) string type is implicit.

3) | The <data type> DT immediately contained in the explicit or implicit <md-array encode retur
clause> shall be a <predefined type> that identifies a character string data type or binary stri

data type.
4) | The declared type ofAEF is the data type specified by DT.

Access Rules

None,

General Rules

a) IfFID is equivalent to 'application/json’, then an implementation-defined (ID225) charafter

xing
g

1) Let AVE be the value of the <md-array value expression> immediately contained in AEF.

2) If AVE is the null value, then the result of AEF is the null value and no further General Rules of this

Subclause are applied.
3) Let ET be the element type of the declared type of AVE.
Case:

a) IfFIDis equivalent to 'application/json’, then
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i) The function F transforming an MD-array A to JSON text is defined recursively as follows.

Let N be the value of MDAXIS_NAME(4, 1), let LO be the value of MDAXIS_LOW(4, 1),
and let HI be the value of MDAXIS_HIGH(4, 1).

Case:

1) If MDDIMENSION( A ) is equal to 1 (one), then

Case:

A)

B)

Conformance Rules

JSON_

If ET is arow type, then let DET be the degree of ET and let FN; be then
of the j-th field of ET, 1 (one) < j < DET. F(A) is the result of

JSON_ARRAY(
JSO\I_(BJECT( FNJ_ . A[ Lq . FN]_, ey FNEET . A[ Lq \ FNEET ),
JSON OBJECT( FNy : A[H.FNy, ..., FNpger @ AIERY. FNoer ),

)
Otherwise, F(A4) is the result of

JSON_ARRAY( A[LO, ..., A[H] )

2)  Otherwise, let G;be F(A[ N(i)]), LO <i<£dI. F(A) is the result of

ARRAY(Glo ..., Gu)

ii)  The result of AEF is JSON_OBJECT('data’' VALUE F(AVE) FORMAT JSON).

b)  Otherwise, the result of AEF is implementation-defined (IV244). If an encoding error ocq
then an exception condition is raised:({data exception — MD-array encoding error (22037

1) | Without Feature A014, “MDA eneode/decode functions media type: application/json”, conforr

2) | Without Feature A015;“MDA encode/decode functions with implementation-defined behavigr”,
conforming SQL language shall not contain an <md-array encode function> that contains a <for
identifier> that istaet equivalent to 'application/json'.

SQL language shall not contain'<md-array encode function>.

gme

urs,

ning

”

mat
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6.12 <md-array value expression>

Function

Specify an MD-array value.

Format

<nmd{array val ue expression> ::=
<md- array bool ean expressi on>
| |<md-array nuneric expression>
| |<md-array prinmary>

<nmd{array bool ean expression> ::=

<md- array bool ean terne

| |<md-array bool ean expression left>
<md- array bool ean expression right>
| |<md-array bool ean expressi on bot h>

<md{array bool ean expression left> ::=
<fd- array bool ean expressi on> OR <bool ean terne

<md-{array bool ean expression right> ::=
<Bool ean val ue expressi on> OR <nd-array bool ean terup

<md{array bool ean expression both> ::=
<fd- array bool ean expressi on> OR <nd-array boabean terns

<md{array boolean terns ::=

<md- array bool ean factor>

| |<md-array boolean termleft>
| |<md-array bool ean termright>
| |<md-array bool ean term bot h>

<md-{array boolean termleft> ::<£
<id- array bool ean ternk AND <bool ean factor>

<mdqarray boolean termrighty> ::=
<Bool ean tern> AND <nd-array bool ean factor>

<md-{array bool ean tefmboth> ::=
<id- array bool ean-ternm> AND <nd-array bool ean factor>

<nmd{array bool €anvfactor> ::=
[ [INOT ] <ndvarray bool ean test>

<md{array“bool ean test> ::=
<fd- ar riay conparison expression> [ IS [ NOT ] <truth val ue> ]

<ndlarrayconparison—expression> =
<md-array bool ean primry>
| <md-array conparison expression |eft>
| <md-array conparison expression right>
| <md-array conparison expression both>

<md-array conparison expression left> ::=
<md-array nuneric expressi on> <conp op> <numeric val ue expression>

<nmd-array conparison expression right> ::=
<nuneric val ue expressi on> <conp op> <nd-array nuneric expression>
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array conparison expression both> ::=

array boolean primary> ::=
<md-array primary>
<par ent hesi zed nd-array bool ean expressi on>

<par ent hesi zed nd-array bool ean expression> ::=

<

eft paren> <nd-array bool ean expression> <right paren>

<md-

<md

<md-
[

<nd-

array numeric expression> ::=
<md-array nuneric ternp

<md-array nuneric expression left>
<md-array nuneric expression right>
<md-array nuneric expression both>

array numeric expression left> ::=
<nmd-array nuneric expression> <plus sign> <ternp
<nmd-array nuneric expression> <minus sign> <ternp

array numeric expression right> ::=
<numeric val ue expression> <plus sign> <nd-array nuneric tetnp
<nurmeric val ue expression> <m nus sign> <nd-array nuneric terns

array numeric expression both> ::=
<md-array nuneric expressi on> <plus sign> <nd-array~funeric ternp
<md-array nuneric expression> <minus sign> <md-argay’ nuneric terne

array numeric ternmp ::=
<md-array nuneric factor>
<md-array nuneric termleft>
<md-array nuneric termright>
<md-array nuneric term both>

array nuneric termleft> ::=
<md-array nuneric ternm> <asterisk>v<factor>
<md-array nuneric ternms <solidus> <factor>

array nunmeric termright> .:=
<terne <asterisk> <nd-array nuneric factor>
<ternp <solidus> <nd-arnay nuneric factor>

array nuneric term-both> ::=
<nmd-array nunerigc.tern> <asterisk> <md-array nuneric factor>
<nmd- array nunerirc’ternt <solidus> <nd-array numeric factor>

array numepihcvfactor> ::=
<sign>] spd-array numeric primry>

arrayspumeric primry>

<nd- ar kay primary>

<md-

array field reference> ::=

<md-array primary> <period> <field nanme>

<nd-

array primry> ::=

<val ue expression primary>
<md-array subset>
<md-array val ue function>
<nd-array field reference>

© ISO/IEC 2023 - All rights reserved

39


https://standardsiso.com/api/?name=0b800f815ab0fe611416e4566ef50546

ISO/IEC 9075-15:2023(E)
6.12 <md-array value expression>

Syntax Rules

1)

2)

3)

4)

5)

40

The declared type of <md-array value expression> is the declared type of the immediately contained
<md-array boolean expression>, <md-array numeric expression>, or <md-array primary>.

The declared type of <md-array numeric primary> shall be an MD-array type whose element type
is a numeric type.

The declared type of <md-array boolean primary> shall be an MD-array type whose element type

is Boolean.

The declared type of <value expression primary> immediately contained in <md-array primaj
shall be an MD-array type.

If <md-array boolean factor>, <md-array boolean test>, <md-array numeric facters, or <md-a
field reference> is contained in an <md-array value expression> MAVE, then:

a)
b)

Let OP1 and OPZ be zero-length character strings.

Case:

i)

iii)

If OP1 or OPZ2 is a character string of length greater than 0 (zero), then:

y>

rray

If <md-array boolean factor> E is simply contained in MAVE, then let AVE be the <md-
array boolean test> immediately contained in E. If NOT is immediately contained fn E,

then let OP1 be NOT.

If <md-array boolean test> E is simply containéd in MAVE, then let AVE be the <mgd-

array comparison expression> immediately contained in E. If <truth value> TV is
immediately contained in E, then

Case:
1) IfNOT is immediately cofitained in E, then let OP2 be | S NOT TV.
2)  Otherwise, let OP2 bel S TV.

If <md-array numericfdctor> E is simply contained in MAVE, then let AVE be the 4md-
array numeric primary> immediately contained in E. If <sign> S is immediately contajned

in E, then let ORI be S.

If <md-array-field reference> E is simply contained in MAVE, then let AVE be the <md-

array primary> immediately contained in E, let EDT be the declared element type
MDTand let FN be the <field name> immediately contained in E.

1)\~ EDT shall be a row type.
2)  FN shall unambiguously reference a field of EDT.
3) Let OP2 be <period> FN.

of

E shall not generally contain a <routine invocation> whose subject routine is an SQL-
invoked routine that is possibly non-deterministic or that possibly modifies SQL-data.

E shall not generally contain a <table primary> that contains a <data change delta
table>.

Let MDT be the declared type of AVE. MDT shall be an MD-array type.

Let MD be the maximum MD-extent of MDT, let d be the number of MD-axes in MD,
let MN; be the name of the i-th MD-axis in MD, 1 (one) <i<d.

and
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E is equivalent to
MDARRAY [ M\; ( MDAXI S_LONAVE, 1) : MDAXI S H GH(AVE, 1) ),

My ( MDAXI S LONAVE, d) : MDAXIS H GHAVE, d) ) ]
ELEMENTS ( OPL AVE[M\;, ..., My OP2 )

6) If <md-array boolean expression>, <md-array boolean term>, <md-array comparison expression>,
<md-array numeric expression>, or <md-array numeric term> is simply contained in an <md-array

value expression> MAVE, then:
a) Case:

i) If MAVE is an <md-array boolean expression> BE, and one of <md-array boolean
expression left>, <md-array boolean expression right>, or <md-array boolean expression
both> is immediately contained in BE, then:

1) Let E be the <md-array boolean expression left>, <md-array boolean expression
right>, or <md-array boolean expression both> immediately contained in BE.

2)  Let V1 be the <md-array boolean expression> or-<boolean value expressionp
immediately contained in E and let V2 be the <md-array boolean term> or
<boolean term> immediately contained in E;

3) LetOPbeOR.

ii) If <md-array boolean term> BE is simply:€entained in MAVE, and one of <md-arrgy
boolean term left>, <md-array boolean‘term right>, or <md-array boolean term b¢th>
is immediately contained in BE, then:

1)  Let E be the <md-array bodlean term left>, <md-array boolean term right>, pr
<md-array boolean termrboth> immediately contained in BE.

2)  LetV1bethe <md-array boolean term> or <boolean term> immediately contajned
in E and let V2 bethe <md-array boolean factor> or <boolean factor> immedigtely
contained in £.

3) Let OPbe'AND.

iii)  If<md-array-eomparison expression> BE is simply contained in MAVE, and one of gmd-
array comparison expression left>, <md-array comparison expression right>, or 4md-
array_eomparison expression both> is immediately contained in BE, then:
1)y~ Let E be the <md-array comparison expression left>, <md-array comparison

expression right>, or <md-array comparison expression both> immediately|
contained in BE.

2)  LetV1bethe first <md-array numeric expression> or <numeric value expressjon>
immediately contained in E and let V2 be the second <md-array numeric
expression> or <numeric value expression> immediately contained in E

3) Let OP be the <comp op> immediately contained in E.

iv) If MAVE is an <md-array numeric expression> BE and one of <md-array numeric

expression left>, <md-array numeric expression right>, or <md-array numeric
expression both> is immediately contained in BE, then:

1) LetE be the <md-array numeric expression left>, <md-array numeric expression
right>, or <md-array numeric expression both> immediately contained in BE.
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2)  Let V1 be the <md-array numeric expression> or <numeric value expression>

immediately contained in E and let V2 be the <md-array numeric term> or <te
immediately contained in E.

3) Case:

rm>

A)  If <plus sign> is immediately contained in E, then let OP be <plus sign>.

B) Otherwise, let OP be <minus sign>. If V2 is a <factor> or an <md-array
Hraariefactars ot s A i ot oy oo bt e o ccigns ot 1o o o

n S s thaot s a i ool BnEainca icn>-that ic o sl Q
ITUIIICI IC IdClUTL CIidau lllllll\,\/lla\,\,ly CUIIldIIIoO d Jlsll tIIidi o da IIIIITUO O

FMS, then there shall be a <separator> between OP and FMS.

If <md-array numeric term> BE is simply contained in MAVE, and one of <md-arr
numeric term left>, <md-array numeric term right>, or <md-array numeriotermb
is immediately contained in BE, then:

1) Let E be the <md-array numeric term left>, <md-array numebic term right>
<md-array numeric term both> immediately contained/in BE.

2)  Let V1 be the <md-array numeric term> or <term> ilnmediately contained i
and let V2 be the <md-array numeric factor> or <factor> immediately conta
in E.

3) Let OP be the <asterisk> or <solidus> immediately contained in E.

gn>

1\
bth>

or
nE

ned

ked

h> .

the

VI

the

V2

b)  BEshall not generally contain a <routine invocation> whose subject routine is an SQL-invq
routine that is possibly non-deterministic or thatpossibly modifies SQL-data.

c)  BE shall not generally contain a <table primary> that contains a <data change delta tablg

d) Let T1 be the declared type of V1 and let\T2 be the declared type of V2.

e) Case:

i) If T1 is an MD-array type, then let MD1 be the maximum MD-extent of T1, let d1 be
number of MD-axes in(MD1, let MN1; be the name of the i-th MD-axis in MD1, 1 (one)
<i<dl.Letdbedl,let MD be MD1,let MN;be MN1; let AVE be V1, and let EXP1 be
MN1, ..., MN4 1.

ii) Otherwise, let EXP1 be V1.

f)  Case:

i) 1f<T2’is an MD-array type, then let MD2 be the maximum MD-extent of T2, let d2 bg
number of MD-axes in MD2, let MN2; be the name of the i-th MD-axis in MDZ2, 1 (one)
<i<d2.Letdbed2 let MD be MD2,let MN;be MNZ2;, let AVE be V2, and let EXP2 be
MNy, .., MNg .

ii) Otherwise, let EXP2 be V2.

g) Ifboth T1and T2 are MD-array types, then d1 shall be equal to d2 and MN1; shall be equivalent
to MN2;, 1 (one) <i<d.

h)  The declared type of E is an MD-array type with maximum MD-extent MD.

i) If only one of T1 or T2 is an MD-array type, then E is equivalent to

MDARRAY [ MV( MDAXIS_ LONAVE, 1) : NDAXIS H GH(AVE, 1) ),

My ( MDAXI S_LONAVE, d) : MDAXIS_H GH(AVE, d) ) |

ELEMENTS ( EXP1 OP EXP2 )
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Access Rules

No additional Access Rules.

General Rules

1)

If <md-array comparison expression>, <md-array numeric expression>, <md-array numeric term>,

Col

1)

2)

3)

4)

mdearravhanlaan avnraccinmy orcmdearrauvhanlann tarms ic cirmnly caontainad in an —nd alr'ra
T oy oo CXpTeooTOTT 5-OT T oy oo oot i To U pry CoTrtor et o ~tirer=cyl

value expression>, then let LD be the MD-extent of V1 and let RD be the MD-extent of /2.
Case:

a) IfLDisnotequalto RD, then an exception condition is raised: data exception — MD-arraly
operands with non-matching MD-extents (2203R).

b) Otherwise, the result of E is:
MDARRAY [ M\; ( MDAXI S LONAVE, 1) : MDAXI S H GH(AVE, 1) )§

My ( MDAXI S_LONAVE, d) : NDAXI S_HI GH(AVE, cd)) ]
ELEVENTS ( EXPL OP EXP2 )

1formance Rules

Without Feature A010, “Multi-dimensional array support”, conforming SQL language shall not
contain an <md-array value expression>.

Without Feature A012, “MD-array truth valueitests”, conforming SQL language shall not contaijn an
<md-array boolean test> that contains a <truth value>.

Without Feature A011, “MD-array BOOLEAN element type”, conforming SQL language shall ng
contain an <md-array boolean primary> that simply contains an <md-array primary>.

[

—+

Without Feature A011, “MD-array BOOLEAN element type”, conforming SQL language shall ng
contain an <md-array valuetexpression> that simply contains an <md-array boolean expression>.

© ISO/IEC 2023 - All rights reserved 43


https://standardsiso.com/api/?name=0b800f815ab0fe611416e4566ef50546

ISO/IEC 9075-15:2023(E)
6.13 <md-array value function>

6.13 <md-array value function>

Function

Specify a function yielding a value of an MD-array type.

Format

<md

array value function> ::=
<md-array shift function>
| |<md-array reshape function>

| |<md-array scal e function>

| |<md-array absol ute val ue expressi on>
| |<md-array natural |ogarithme

| |<md-array common | ogarithme

| |<md-array exponential function>

| |<md-array square root>

| |<md-array floor function>

| |<md-array ceiling function>

| |<md-array trigonometric function>

| |<md-array power function>

| |<md-array nodul us expressi on>

| |<md-array concatenation>

<nmd{array reshape function> ::=

MDRESHAPE <I eft paren>
<md- array val ue expressi on> <comma> <nmd-axi’s linmts |ist>
<right paren>

<md{array shift function> ::=
MpPSHI FT <l eft paren>
<md- array val ue expressi on> <conmra>
<l eft bracket or trigraph> <nmd~axis slice list> <right bracket or trigraph>
<fli ght paren>

<nmd{array scale function> :: 3

MPSCALE <l eft paren>
<nd-array val ue expressi on> <conma> <nd-axis limits |list>
<right paren>

<md{axis limts |ist>:=

| |<md- array{extent >

<md{axis ki-nits list positional> ::=
<lfef t¢ bracket or trigraph>
<nd-axis limts positional> [ { <comma> <nd-axis limts positional>}... ]

<l eft bracket~or/ trigraph> <md-axis linmts |list positional> <right bracket or trigr
| |<l eft bracketvor trigraph> <nd-axis linmts |list named> <right bracket or trigraph3

hph>

<m-cght—bracket-—or triagraph>
H—gH—Racket ———-gaph

<nmd-axis limts |list named> ::=
<l eft bracket or trigraph>
<md-axis limts naned> [ { <comma> <nmd-axis limits named> }... ]
<right bracket or trigraph>

<nmd-array power function> ::=
<md-array power function left>
| <md-array power function right>
| <md-array power function both>
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<md-array power function left> ::=
POVER <l eft paren> <nd-array numeric expression> <conma>
<nuneric val ue expression> <right paren>

<nmd-array power function right> ::=
POAER <I| eft paren> <numeric val ue expressi on> <comma>
<nd-array nuneric expression> <right paren>

<md-array power function both> ::=
PONER <l eft paren> <nd-array nuneric_expressi on> <comma>

<md

<md

<md-

<nd-

<md-

<nd-
LN

<md-
L(

<nd-
E

<
S

<nd-
FL

<
{

<nd-
<t

<md-array nuneric expression> <right paren>

array nodul us expression> ::=

<md- array nodul us function |eft>
<md- array nodul us function right>
<md- array nodul us function both>

array nodulus function left> ::=
MDD <l ef t
<nuneric val ue expression> <right paren>

paren> <nd-array numeric expression> <conmma>

array nodul us function right> ::=
MDD <I eft
<nd-array nuneric expression> <right paren>

paren> <nuneric val ue expression> <conma>

array nodul us function both> ::=
MPD <| ef t
<md-array nuneric expression> <right paren>

paren> <nd-array numeric expression> <comma>

array absol ute val ue expression> ::=
ABS <l eft

paren> <md-array numeric expressi on>"<ri ght paren>

array natural logarithm ::=

<l eft

paren> <md-array nuneric expressi on> <right paren>

array comon logarithm ::=
DG10 <l eft paren> <nd-array nuperiC expression> <right paren>

array exponential function> %=

P <l eft

paren> <nd-array taumeri c expressi on> <right paren>

array square root> : =
PDRT <l eft paren> <nd-array nuneric expression> <right paren>

array f

| oor funetion> ::=

OOR <l eft paren> <nd-array numeric expression> <right paren>

array ceilidg function> ::=

CEIL |

arr ayt

ri-genonetric function nane> <l eft

CELI NG } <left paren> <nd-array nuneric expression> <right paren>

rigononetric function> ::=

paren> <nd-array numeric expression> <right

par ¢n>

<nd-array concatenation> ::=
MDCONCAT <l eft paren> <md-array val ue expression> <comma> <nd-array nd-axi s> <right paren>

Syntax Rules

1)

If <md-array reshape function>, <md-array shift function>, or <md-array scale function> is specified,

then:

a) Let AVE be the <md-array value expression> immediately contained in <md-array reshape
function>, <md-array shift function>, or <md-array scale function>. Let MDT be the declared
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type of AVE, let EDT be the element type of MDT, let d be the MD-dimension of MDT, and let
MN; be the name of the i-th MD-axis in the maximum MD-extent of MDT, 1 (one) <i<d.

b) Foralli 1 (one) <i<d,let TN; be MDAXIS_NAME(AVE, i), let TLO; be MDAXIS_LOW(AVE, i),
and let THI; be MDAXIS_HIGH(AVE, i).

c) Case:
i) If <md-array shift function> is specified, then:

1) Case:

A)  Ifthe immediately contained <md-axis slice list> is an <md-axis slice ljst
named>, then let e be the number of <md-axis slice named> simply contajned
in the <md-axis slice list named>. For i, 1 (one) <i < e, let/SN; be the <ind-
axis name> and let SP; be the <numeric value expressian>simply contajned
in the i-th <md-axis slice named>.

I) e shall be less than or equal to d.

1) Foralliandj, i+jand 1 (one) <, j <€, SN; shall not be equivalept to
SN;.

[II) Foralli, 1 (one) <i<ethereshall existj, 1 (one) <j <d, such that
SN;is equivalent to MN;.

IV)  Forallj, 1 (one) <j<d
Case:
1) Iftheréexists i, 1 (one) <i<e, such that SN; is equivalent fo

MNj, then let Sj be SP;.

2). ( Ptherwise, let S; be 0 (zero).

B) Otherwise, let e be the number of <numeric value expression>s simply
contfained in the <md-axis slice list positional>. e shall be equal to d. For i,
1 (bne) <i<e, letS;be the <numeric value expression> simply containjed
in the i-th <md-axis slice positional>.

2) _~<mmd-array value function> shall not generally contain a <routine invocation>
whose subject routine is an SQL-invoked routine that is possibly non-determinfistic
or that possibly modifies SQL-data.

3) <md-array value function> shall not generally contain a <table primary> that
contains a <data change delta table>.

4)  The <md-array value function> is equivalent to:

MDARRAY [ M\; ( MDAXIS_LOWN AVE, 1) + S; : MDAXIS_LON AVE, 1) + S; ),

My ( MDAXIS_LON AVE, d) + Sq : MDAXIS LON AVE, d) + Sq)
]
ELEMENTS AVE[ MN; - Sq, ..., My - Sq ]
ii) Otherwise, let ATL be the immediately contained <md-axis limits list>.
1) Case:
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Nt to

ATL,
b1~

bly

let
din

A)  If <md-axis limits list named> ABLN is immediately contained in ATL, then
let e be the number of <md-axis limits named> immediately contained in
ABLN. For 1 (one) <i<e, let SN; be the <md-axis name>, let SLO; be the
<md-axis lower limit expression>, and let SHI; be the <md-axis upper limit
expression> simply contained in the i-th <md-axis limits named>.

I) Foralliandj,i+jand 1 (one) <i,j<e, SN;shall not be equivalent to
SN;.
IT) Forallj, 1 (one)<j<e,
1)  Thereshall existi, 1 (one) <i<d, such that SN, is equivale
MN;.
2)  IfSLO;is not an <asterisk>, then let TLO; bé SLO;.
3) IfSHIj is not an <asterisk>, then let THI; be SHIj.

B) Ifan <md-axis limits list positional> ATLP is immediately contained in
then let e be the number of <md-axis limits'positional> immediately c
tained in ATLP. e shall be equal to d.

1) Forallj, 1 (one)<j<e,
1) Let ABP;be the i-th <md-axis limits positional> immediat
contained in ATLP:
2)  Let SLO; beithe'<md-axis lower limit expression> simply g
tained in4BP;.
3) LetSHI;be the <md-axis upper limit expression> simply @
tained in ABP;.
IT) Foralli, 1 (one) <i<d,
1) IfSLO;is not an <asterisk>, then let TLO; be SLO;.
2)  If SHI;is not an <asterisk>, then let THI; be SHI,.
G)~ Otherwise:
1) Let AE be the <md-array extent> immediately contained in ATL
AVE1 be the <md-array value expression> immediately containg
AE, and let e be the MD-dimension of AVE1. e shall be equal to d
1) Case:
1) If <md-array reshape function> is specified, then let OP b
MDRESHAPE.
2)  Otherwise, let OP be SCALE.
[II)  <md-array value function> is equivalent to

© ISO/IEC 2023 - All rights reserved
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Case:

A)

If <md-array reshape function> is specified, then:

)

<md-array value function> shall not generally contain a <routine

invocation> whose subject routine is an SQL-invoked routine that is

pnccih]y non-deterministicorthat pnccih]y maodifies QQT -data

B)

1)

1))

Otherwise, for all i, 1 (one) < i< d, let R; be ( MDAXIS_HIGH (AVE, i) -
MDAXIS_LOW (AVE, i) + 1)\ THI; - TLO; + 1).

)

1)

1)

<md-array value function> shall not generally contain a <tdble
primary> that contains a <data change delta table>.

The <md-array value function> is equivalent to:

MDARRAY [ TNy ( TLOp @ THi1 ), ..., TNg ( LGy : THI4 )
ELEMENTS
CASE WHEN MDAXI S LONAVE, 1) <= TN; AND

TN; <= MDAXI S H GH(AVE, 1)<AND ... AND

MDAXI S LON AVE, d) <= TNy \AND
TNy <= MDAXI S_H GH( AVE,~d)
THEN AVE[ TNi, ..., TNy}

ELSE NULL
END

<md-array value«function> shall not generally contain a <routire

invocation> whose subject routine is an SQL-invoked routine that is

possibly nontdeterministic or that possibly modifies SQL-data.

<md-array value function> shall not generally contain a <table
primary> that contains a <data change delta table>.

The <md-array value function> is equivalent to:

MDARRAY [ TNy ( TLOp @ THi1 ),
TNg ( TLQy : THig ) ]
ELEMENTS AVE[ FLOOR((TN; — TLO;) * R;) + SLO,
FLOOR((TNg — TLQy) * Rg) + SLQy ]

If <md-arrayaodulus expression> or <md-array power function> is specified, then let AVF be|the

<md-array miodulus expression> or <md-array power function>.

a) AWFshall notgenerally contain a <routine invocation>whose subject routine is an SQL-inv;rked
routine that is possibly non-deterministic or that possibly modifies SQL-data nor a <tab

primary> that contains a <data change delta table>.

§

b) Case:

i) If AVF is an <md-array power function>, then let E be the <md-array power function
left>, <md-array power function right>, or <md-array power function both> immediately

contained in AVF. Let OP be POWER.

ii) Otherwise, let E' be the <md-array modulus function left>, <md-array modulus function
right>, or <md-array modulus function both> immediately contained in AVF. Let OP be

MOD.
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c) LetV1be the first <md-array numeric expression> or <numeric value expression> immediately
contained in E, and let V2 be the second <md-array numeric expression> or <numeric value

expression> immediately contained in E.

d) Let T1 be the declared type of V1, and let T2 be the declared type of V2.

e) Case:

i) If T1 is an MD-array type, then let MD1 be the maximum MD-extent of T1, let d1 be the
number-of- Mb-axestr-Mbtet MM be-the-name-of- the+-thr-MP-axisin-MbP+1{ene)
<i<dl.Letdbedl,let MD be MD1,let MN;be MN1; let AVE be V1, and let EXR1 bg V1|
MNy, .., MNg4 .

ii) Otherwise, let EXP1 be V1.

f)  Case:
i) If T2 is an MD-array type, then let MD2 be the maximum MD-gxtent of T2, let d2 bg the

number of MD-axes in MDZ2, let MN2; be the name of the i-thYMD-axis in MDZ2, 1 (one)

<i<d2.LetdbedZ let MD be MD2,let MN;be MNZ2; let AVE be V2, and let EXP2 be
MN7y, .., MNg4].

ii) Otherwise, let EXP2 be V2.

g) Ifboth T1and T2 are MD-array types, then d1 shallbe €qual to d2 and MN1; shall be equivg
to MN2;, 1 (one) <i<d.

h)  The declared type of E is an MD-array type-with maximum MD-extent MD.
i) If only one of T1 or T2 is an MD-array type, then E is equivalent to
MDARRAY [ M\; ( MDAXI S LOW (AVE,“1) : MDAXIS H GH (AVE, 1) ),

My ( MDAXI S_LONMAVE, d) : MDAXIS_HI GH (AVE, d) ) ]
ELEVENTS OP ( EXPl, EXP2-)

Let E be the <md-array absélute value expression>, <md-array natural logarithm>, <md-array

V2

lent

common logarithm>, <md3yarray exponential function>, <md-array square root>, <md-array flpor

function>, <md-array €eiling function>, or <md-array trigonometric function> simply containg
<md-array value function>. Let AVE be the <md-array value expression> simply contained in
MDT be the declared type of AVE, let EDT be the element type of MDT, let d be the MD-dimensi

din
Let
on

of MDT, and let' MN; be the name of the i-th MD-axis in the maximum MD-extent of the declared fype

of AVE, 1 (eneY<i<d.

a) LetOPbe
Case:
i) £ Eis (mr‘l_nrray absolute value nvprnccinns} then ABS
ii) If E'is <md-array natural logarithm>, then LN.

iii)  IfEis <md-array common logarithm>, then LOG10.
iv) If E is <md-array exponential function>, then EXP.
V) If E is <md-array square root>, then SQRT.

vi) If E'is <md-array floor function>, then FLOOR.

vii)  If E'is <md-array ceiling function>, then CEIL.
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b)

d)

viii) If E is <md-array trigonometric function>, then the <trigonometric function name>
immediately contained in E.

E shall not generally contain a <routine invocation> whose subject routine is an SQL-invoked
routine that is possibly non-deterministic or that possibly modifies SQL-data.

E shall not generally contain a <table primary> that contains a <data change delta table>.

E is equivalent to

4) | If <md-array concatenation> AC is specified, then:

a)

b)

d)

Acc¢ess Rules

General
1) | Case:
a}

No additional Access-Rules.

MDARRAY [ M\; ( MDAXI S LOW (AVE, 1) : MDAXIS HI GH (AVE, 1) ),
My ( MDAXI S LON (AVE, d) : MDAXIS HI GH (AVE, d) ) ]
ELEMENTS OP(AVE[ MNj, ..., M ])

Let AVE1 be the <md-array value expression> immediately contained in‘A(C, let d be the MD-

dimension of AVE1, and let MLO; and MHI; be the lower limit and upperlimit, respectively, of
the i-th MD-axis in the maximum MD-extent of the declared type 6fAVE1, 1 (one) <i < dfLet
AVE2 be the <md-array value expression> immediately contained,in the <md-array md-axis>
immediately contained in AC, let e be the MD-dimension of AVEZ; and let ELO; and EHI; bg the
lower limit and upper limit, respectively, of the i-th MD-axis in the maximum MD-extent jof
the declared type of AVEZ, 1 (one) <i < d. d shall be equal+to e.

Let DT1 be the element type AVE1 and DT2 be the €lement type of AVEZ. The Syntax Rulgs of
Subclause 9.5, “Result of data type combinations®.are applied with the set comprising D[’
and DTZ as DTSET; let DT be the RESTYPE returned from the application of those Syntax Rules

Let AD be the MD-axis index specified by the <md-array md-axis> immediately containef in
AC.

The declared type of the result of <md-array concatenation> is an MD-array type with element
type DT, and a maximum MD-extent equal to the maximum MD-extent of the first input MD-
array, except along the AD-thMD-axis, which has a lower limit equal to MLO4p, and uppdr

limit equal to MHI4p + (EHI4p - ELOg4p + 1).

Rules

[f <md-array concatenation> is specified, then let AV be the value of the first <md-array vplue
expression> and let AVZ be the value of the second <md-array value expression>.

50

i) If at least one of AVI and AVZ is the null value, then the result of the <md-array concat-
enation> is the null value.

ii) Let N1; LO1;, and HI1;, be the name, lower limit, and upper limit, respectively, of the
i-th MD-axis in the MD-extent of AV1, 1 (one) <i<d. Let N2;, LO2;, and HIZ2;, be the
name, lower limit, and upper limit, respectively, of the i-th MD-axis in the MD-extent
of AV2,1 (one) <i<d.

iii)  If N14pisnotequivalentto N2,p, then an exception condition is raised: data exception
— MD-array invalid MD-axis (2203T).
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If there exists i, 1 (one) <i<dand i # AD, such that LO1;+ LOZ2; or HI1;+ HIZ;, then an
exception condition is raised: data exception — MD-array operands with non-matching

MD-extents (2203R).

Foralli, 1 (one)<i<dandi=+AD,let LO3;be LO1;and let HI3; be HI1;. Let LO34p be
LO1pand HI34pbe HI14p + (HI24p - LO24p + 1). Let D3 be the MD-extent denoted by

[ N1y (LO3q:HI3q), ... N14(LO3g: HI3y) ].

Vl)

Case:

i)

ii)

Conformance Rules

1) | Without Feature A010, “Multi-dimensional array support”, conforming SQL language shall not
contain <md-array value function>,

b) If <md-array modulus expression> or <md-array power function> is specified, then let L
the MD-extent of the value of AVE1 and let RD be the MD-extent of the vallie-of AVEZ.

Tl 1 ] £ | + i - H 1 PRGN ) 1 £
I'TICT 1CoUIl vadalutT Ul U~ alr 1a_y LuIlICailliativull 15 CLIL{IV(]ICLLL LU LUIIT vadIiucT Ul.

COALESCE ( MDRESHAPE ( AV1, D3 ),
MDRESHAPE ( MDSHIFT ( AV2, [ Nipp ( Hilpp + 1) ] ), D3)H)

If LD is not equal to RD, then an exception condition is raiseds data exception — M
array operands with non-matching MD-extents (2203R).

Otherwise, the value of E is equivalent to the value ‘of:
MDARRAY MN; ( MDAXIS_LOWAVE, 1) : MDAXI S<H GH(AVE, 1) ),

My ( MDAXI S_LONAVE, d) : MDAXIS_H GH(AVE, d) )
ELEMENTS OP ( EXPLl, EXP2 )

D be

D-
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6.14 <md-array value constructor>

Function

Specify construction of an MD-array.

Format

<md-{array val ue constructor> ::=

<md-array val ue constructor by enuneration> ::=

<md{array elenent list> ::=

<nmd{array elenent list inner> ::=

<md{array elenent> ::=

<md-{array val ue constructor by query> ::=

<md{array value constructor by iteration>":=

<md-{array val ue constructor by décoding> ::=

<md{array returning clauses ::=

<md-{array val ue constructor by join> ::=

<md-array“val ue expression as field> ::=

<md- array val ue constructor by enuneration>
<md- array val ue constructor by query>
<md-array value constructor by iteration>
<md-array val ue constructor by decodi ng>
<md- array val ue constructor by join>

I
I
I
I
MDARRAY <nd-extent alternative> <nd-array elenment |ist>
<lfeft bracket or trigraph> <nd-array elenent list inner> <right bracket or trigraph3
<fd-array elenent> [ { <comma> <nd-array elenment> }.{]
<yal ue expression>

MPARRAY <nd-extent alternative> <table subguery>

MDARRAY <md-extent alternative>
ELEMENTS <nd-array el enent >

MPDECODE <l eft paren> <string val ue expressi on>
<comme> <format identifirver> <nd-array returning clause> <right paren>

RETURNI NG <nd- array #type>

MPJO N <l eft paren>
<md- arr ay val ue expression as field> <comma> <nd-array val ue expression as field
[ { <comma> <nd-array val ue expression as field>}... ] <right paren>

<nd- ar ay val ue expression> [ AS <field nane> ]

Syntax Rules

1)

2)

52

The declared type of <md-array value constructor> AVC is the declared type of the immediately

contained <md-array value constructor by enumeration>, <md-array value constructor by query>,

<md-array value constructor by iteration>, <md-array value constructor by decoding>, or <md-
array value constructor by join>.

If <md-array value constructor by enumeration>, <md-array value constructor by query>, or <md-

array value constructor by iteration> is specified, then:
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3)

4)

5)

6)

7)

ISO/IEC 9075-15:202
6.14 <md-array value construc

3(E)
tor>

a) LetAVCE be the <md-array value constructor by enumeration>, <md-array value constructor

by query>, or <md-array value constructor by iteration>.

b)  Let EA be the <md-extent alternative> immediately contained in AVCE.

c) Let MD be the maximum MD-extent specified by E4, let d be the number of MD-axes in MD,

and let MN; be the name of the i-th MD-axis in MD, 1 (one) <i <d.

If AVC is an <md-array value constructor by enumeration>, then the Syntax Rules of Subclause 9.5,

immediately contained in the <md-array element list inner> immediately contained in AVEE.a
DTSET; let ET be the RESTYPE returned from the application of those Syntax Rules. The-declar
type of AVCE is an MD-array type with element type ET and maximum MD-extent MD,

If AVC is an <md-array value constructor by query>, then:

a) The <query expression> QF simply contained in the <table subquery>shall be of degree
1 (one). Foralli, 1 (one) <i<d:

i) There shall exist a unique j, 1 (one) <j < N, such that the nante of the j-th column ¢
is equivalent to MN;.

ii) Let NORD; be the j-th column of QE. The declared type of NORD; shall be exact nur
with scale zero.

b) Let NVbe the number, such that the NV-th column'6f QF is not equivalent to any NORD;,
(one) <i<d.

c) Let ET be the declared type of the NV-th ¢olumn of QE.

nt>s
5
ed

d+

fQE

eric

=

d) The declared type of AVCE is MD-arraywith element type ET and maximum MD-extent MD.

If AVC is an <md-array value constructer, by iteration>, then:
a) Let ET be the declared type.of the immediately contained <md-array element>.

b) Thedeclared type of AVCE'is'an MD-array type with element type ET and maximum MD-ex
MD.

c) For1 (one) <i<d, let AV; be an <md-axis variable> whose name is equivalent to MN;. The

scope of AV; isthe <md-array element> immediately contained in AVC.

If <md-array vadlue constructor by decoding> ACD is specified, then:
a) Let ATbe the <md-array type> simply contained in ACD. AT shall not contain <asterisk>.
b) _LetMD be the maximum MD-extent of AT and let ET be the element type of AT.

c)<_ Y Let FID be the value of the <format identifier> immediately contained in ACD. FID shall b

tent

valid MIME identifier as specified in RFC 2046.

d) The declared type of ACD is AT.

If AVC is an <md-array value constructor by join>, then:

a)  AVCshall not generally contain a <routine invocation> whose subject routine is an SQL-invoked

routine that is possibly non-deterministic or that possibly modifies SQL-data.

b)  AVC shall not generally contain a <table primary> that contains a <data change delta table>.

c) Let N be the number of <md-array value expression as field>s immediately contained in AVC.

Foralli, 1 (one) <i< N:

© ISO/IEC 2023 - All rights reserved
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i) Let AVCF; be the i-th <md-array value expression as field> immediately contained in
AVC.
ii) Either every AVCF; shall immediately contain a <field name>, or no AVCF; shall imme-

diately contain a <field name>.

iii)  Let AVE;be the <md-array value expression> immediately contained in AVCF;, let MDT;
be the declared type of AVE}, and let MD; be the maximum MD-extent of MDT;.

iv) Let d be the MD-dimension of MD{ and let MN, be the name of the k-th MD-axis inJ{/D1,
1 (one) < k< d. The MD-dimension of MD]-, 2 <j < N, shall be equal to d, and the/ngme
of the k-th MD-axis in MD; shall be equivalent to MN.

v) Let ET; be the element type of MDT;. ET; shall not be a row type or structured typé.

vi) Case:

1)  If no AVCF;immediately contains a <field name>, ther the Syntax Rules of

Subclause 9.15, “Indexed name”, are applied with@®\as LASTINDEX, i as INDEX,
and 'FIELD' as PREFIX; let FN;be the INDEXEDNAME Teturned from the applicdtion

of those Syntax Rules

2)  Otherwise, let FN; be the <field name> immediately contained in AVCF;.
d) Let ERT be a row type described by a sequence of\(FN;, ET;) pairs, 1 (one) <i< N.

e) The declared type of MAVC is an MD-array type with element type ERT and maximum MD-
extent MD1.

Access Rules

None.

General Rules

1) | The result of <md-arrayvalue constructor> AVC is the result of the simply contained <md-arrgy
value constructorby-énumeration>, <md-array value constructor by query>, <md-array value
constructor by iteration>, <md-array value constructor by decoding>, or <md-array value constryctor
by join>.

2) | If <md-artay value constructor by enumeration>, <md-array value constructor by query>, <mf-
array value constructor by iteration> is specified, then:

a){_Y Let AVCE be the <md-array value constructor by enumeration>, <md-array value constructor
by query>, <md-array value constructor by iteration>.

b) Let EA be the <md-extent alternative> immediately contained in AVCE.
c) Let D be the MD-extent specified by EA and let d be the number of MD-axes in D.

3) The result of <md-array value constructor by enumeration> is an MD-array TV with MD-extent D,
determined as follows:

a) LetLO;and HI; be the lower and upper limits, respectively, of the i-th MD-axis in D, 1 (one) <
i<d.

b) LetAE;be the value of HI; - LO;+ 1,1 (one) <i<d.
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4)
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6)

d)
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Let AEL be the <md-array element list inner> simply contained in AVCE.
For each coordinate R within D:
i) Let P; be the i-th element of R, 1 (one) <i<d.
ii) Letjbe (Pyj-LOg) + AEgx ((Pg.; - LOg.1) + AE4.; x (.. + AE; x (P1 - LOq)) .. )) + 1.

iii)  The elementin TV at coordinate R is the value of the j-th <md-array element> immedi-

L

The result of <md-array value constructor by query> is an MD-array TV with MD-extent B,
determined as follows:

a)
b)

c)

The result of <md-array value censtructor by iteration> is an MD-array TV with MD-extent D,
determined as follows.

For each coordinate R within D:

a)
b)

If <tnd-array value constructor by decoding> ACD is specified, then let SVE be the <string valug
expression> immediately contained in ACD. Let BP be the result of JSON_QUERY(SVE, 'lax $datia").

+al o P2 AL
atCTy COTTrCarrC O 71515

QF is evaluated, producing a table T.

For all coordinates W within D, the element value in TV at coordinate Ws initially set to|the
null value.

For each row in T:

i) Let P; be the value of the NORD;-th column, 1 (one) <i<'d.

ii) If any P; is the null value, then an exception condition is raised: data exception — MD-
array null coordinate in query constructor (2203N).

iii) Let R be the coordinate denoted by [ Py, .5.Py]. If R is not within D, then an exception

condition is raised: data exception — MD-array coordinate not within specified ML
extent (2203P).

iv) A coordinate [ Py, .., P4 ] is equalito coordinate [ Qq, .., Q7 ] if P;=Q;, 1 (one) <i<d.If
Ris equal to the coordinate specified by any other row in T, then an exception condition
is raised: data exception — MD-array duplicate coordinate in query constructor (220BM).

v) The value in the NV-th-column of T is the element value in TV at coordinate R.

Let P; be the-i-th' element of R, 1 (one) <i<d.

The element in TV at coordinate R is the value of the <md-array element> immediately cpn-
tainedjin‘the <md-array value constructor by iteration>, in which the value of any AV}, 1 (pne)

<Ji<d,isequal to P;.

a)

b)

If BP is the null value, then the value of ACD is the null value and no further General Rules of
this Subclause are applied.

Case:
i) If FID is equivalent to 'application/json’, then:
1) Givenan SQL/JSON itemJand an MD-extent D, the function Fis defined recursively
as follows.
Case:
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A) If Dis the null value, then:
1) Let ST1 be the completion condition successful completion (00000).

1) The General Rules of Subclause 9.48, “Casting an SQL/JSON sequence
to an SQL type”, in ISO/IEC 9075-2, are applied with ST1 as STATUS
IN, ] as SQL/JSON SEQUENCE, NULL as EMPTY BEHAVIOR, ERROR as
ERROR BEHAVIOR, and ET as DATA TYPE; let STZ be the STATUS OUT
and let Vbe the VALUE returned from the application of those General
Rules.

[II) IfSTZis an exception condition, then the exception condition’ST2 is
raised. Otherwise, the result of F(J, D) is V.

B) Otherwise:

1) Let LO and HI be the lower and upper limits of the first MD-axiq of
D,and let EXbe HI - LO + 1.

1) If / is not an SQL/JSON array, or if the number of elements of ] i§ not
equal to EX, then an exception condition'is raised: data exception —
MD-array decoding error (2203Y).

[II) Case:

1) Ifthe number of MP-axes in D is equal to 1 (one), then let|ND
be the null value.

2)  Otherwise, letND be the MD-extent obtained by removing the
first MD-axis. from D.

IV)  LetJ, be the®:th element of / and let G, be F(J, ND), 1 (one) <k
EX.

V) The result of F(J, D) is Gy, ..., Gy

IA

2)  The General Rules of Subclause 9.42, “Parsing JSON text”, in [SO/IEC 9075-2} are
applied with'BP as JSON TEXT, FORMAT JSON as FORMAT OPTION, and WITHPUT
UNIQUEKEYS as UNIQUENESS CONSTRAINT; let ST be the STATUS and let SJJ be
the SOL/J/SON ITEM returned from the application of those General Rules.

3) _dfSTis an exception condition, then the exception condition ST is raised.
4)\~ Let ELEMENTS be the result of F(S/I, MD).
5) Theresult of ACD is:

MDARRAY MD [ ELEMENTS ]

ii) Otherwise, let AVE be an implementation-defined (IV098) MD-array value obtained by
decoding BPaccording to the format indicated by FID- If a decoding error occurs, then
an exception condition is raised: data exception — MD-array decoding error (2203Y).

7) If AVCis an <md-array value constructor by join>, then:

a) LetAV;be the value of AVE}, 1 (one) <i <N, and let D; be the MD-extent of AV;. Forall j, 2 <j
<N, if D;is not equal to Dy, then an exception condition is raised: data exception — MD-array
operands with non-matching MD-extents (2203R).

b) Let Ny, LOy, and Hi, 1 (one) < k < d, be the name, lower limit, and upper limit, respectively,
of the i-th MD-axis in D;.
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c)  The value of AVC is the value of:

MDARRAY [ Ny ( LOy : Hi1 ), ..., Ng ( LQy: Hg) ]
ELEMENTS ROW( AVE; [ Ny, ..., N1, ..., AVENT] N, ..., Ne 1)

Conformance Rules

1) _Without Feature A010, “Multi-dimensional array support”, conforming SQL language shall no

3(E)
tor>

contain an <md-array value constructor>.

2) | Without Feature A013, “MD-array row element type support”, conforming SQL language'shall
contain an <md-array value constructor> that immediately contains an <md-array valde constry
by join>.

3) | Without Feature A014, “MDA encode/decode functions media type: application/json”, conforr
SQL language shall not contain <md-array value constructor by decoding>,

4) | Without Feature A015, “MDA encode/decode functions with implementation-defined behavior”,

conforming SQL language shall not contain an <md-array value consthuctor by decoding> that
contains a <format identifier> that is not equivalent to 'applicatiofi/json’.

not
ctor

ning

”
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Function

Returns an element of an MD-array.

Format

<md-{array el enent reference> ::=

<md-array val ue expression> <l eft bracket or trigraph> <nmd-axis slice |ist> <right-bra

off trigraph>
<nmd{axis slice list> ::=
<nmd-axis slice |list named>
| |<md-axis slice |ist positional>

<nmd{axis slice list named> ::=
<nd-axis slice named> [ { <comma> <nd-axis slice named> }... ]

<nmd{axis slice list positional> ::=
<fd-axis slice positional > [ { <comm> <nd-axis slice positional>}... ]

Syntax Rules

1) | LetASbethe <md-array elementreference>, let AVE be the <md-array value expression>immedij

contained in AS, and let ASL be the <md-axis slieelist> immediately contained in AS.

2) | Let MDT be the declared type of AVE and let EDT be the element type of MDT.

3) | The Syntax Rules of Subclause 9.17, “Canonicalize MD-array element reference”, are applied W

MDT as MDARRAY TYPE and ASL as MDAXIS SLICE LIST; let CASL be the CANONICAL SLICE
COORDINATE returned from the application of those Syntax Rules.

4) | The declared type of AS is EDT.

Access Rules

None.

General Rules

1) | Let A¥-be the value of AVE.

2) | AV is the null value, then the result of AS is the null value and no further General Rules of thi

Sobhelaicn arn analing

Cket

tely

rith

oaotrausCarCapprcorn

3) Let D be the MD-extent of AV, let d be the number of MD-axes in D, and let LO; and HI; be the lower

and upper limits, respectively, of the i-th MD-axisin D, 1 (one) <i<d.

4) LetP; 1 (one) <i<d,be the value of the i-th element of CASL. If P; is less than LO; or greater than
HI;, then an exception condition is raised: data exception — MD-array element reference not within

MD-extent (22040).
5) LetSPbe the coordinate denoted by [ Py, ..., P4 ]
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6) The result of AS is the element in AV at coordinate SP.

Conformance Rules

1)  Without Feature A010, “Multi-dimensional array support”, conforming SQL language shall not
contain an <md-array element reference>.
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This Clause modifies Clause 7, “Query expressions”, in ISO/IEC 9075-2.

7.1 <tablereferences

This Subclause modifies Subclause 7.6, “<table reference>", in ISO/IEC 9075-2.

Function

Refdrence a table.

F0]mat
<tabhle primary> ::=

Il All alternatives froml|SQO |EC 9075-2

| |<md-array extent function> <correlation or recognition>

<nmd{array extent function> ::=
<md-array extent>
| |<md-array max extent>

<nmd{array extent> ::=
MDEXTENT <l eft paren> <nd-array val ue expressi on> <ri ght paren>

<nmd{array max extent> ::=
MDVAX_EXTENT <l eft paren> <nd-array “val ue expressi on> <right paren>

Syntax Rules

1) ‘Insert before SR 8):‘ If TP simply contains <md-array extent function> MEF, then:

a)
b)

d)

TP is not generally updatable, simply updatable, effectively updatable, or insertable-into

A <correlation or recognition> immediately contained in TP shall immediately contain a
<correlation name> CN and a <parenthesized derived column list> DCLP. DCLP shall conltain
exactlyfour <column name>s, none of which are equivalent to any of the others.

LetAVE be the <md-array value expression> simply contained in MEF. Let MDT be the declared
type of AVE, let EDT be the element type of MDT, and let d be the MD-dimension of MDT.

If <md-array extent> is specified, then MEF is equivalent to:

60

LATERAL (
SELECT *
FROM UNNEST (
ARRAY [ ROW( 1, MDAXI S NAME(AVE, 1),
MDAXI S_LON AVE, 1), NMDAXI S _H GH(AVE, 1) ),

ROW ( d, MDAXI S_NAVE(AVE, d),
MDAXI S LON AVE, d), MDAXIS H GH(AVE, d) ) ]
) AS CN DCLP
WHERE AVE |'S NOT NULL

)
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If <md-array max extent> is specified, then let MN;, MLO;, and MHI;, be the name, lower limit
and upper limit, respectively, of the i-th MD-axis in the maximum MD-extent of MDT, 1 (one)

<i<d. MEFis equivalent to:

( SELECT *
FROM UNNEST ( ARRAY [ ROV (1, M\;, M.O;, M q),

ROV (d, Mg, M.Qy, MHq) 1)
AS CN DCLP )

‘Augment SR 8) ‘ by adding “and no <collection value expression> immediately contained in €I

an <md-array value expression>.” as an additional restriction to the predicate in the lead text
the Rule.

\Insert before SR 9):‘ If TP simply contains a <collection derived table> CDT and GPT immedia

contains a <collection value expression> CVE that is an <md-array value expression>, then:

a)
b)

c)

d)

g)
h)

CDT shall not immediately contain any other <collection value expression>s.

Let MDT be the declared type of CVE, and let ET be the elementtypé of MDT.

Let MD be the maximum MD-extent of MDT, let d be the number of MD-axes in MD, and lpt

MN; be the name of the i-th MD-axis in MD, 1 (one) <i < d-

Case:

i) If ETq is arow type, then let DET be the degree of ET}.

ii) Otherwise, let DET be 1 (one).

Case:

i) If WITH ORDINALITY is specified, then let NORD be 1 (one).
ii) Otherwise, let NORD be Q. (zero).

Let TPTC be the table specified by CDT.

The degree of TPTC is NORD + d + DET.

Let ORD and EN bejimplementation-dependent (UV005) <column name>s that are not e
valent to MN,(I'(one) <j <d, or any <identifier> contained in TP.

The coluin 'descriptors of each of the columns of TPTC are determined as follows:

i) If WITH ORDINALITY is specified, then the name of the first column is ORD and t}
declared type is exact numeric with scale 0 (zero).

ii) The name of the j-th column, NORD + 1 (one) <j <NORD + d, is MN;_yogp and the
declared type is exact numeric with scale 0 (zero).

DT is

of

tely

qui-

1S

iii) Let NEN be NORD +d.

Case:

1) IfETis arow type, then the name and declared type of the k-th column, NEN + 1
<k < NEN + DET is the name and declared type, respectively, of the (k - NEN)-th

field of ET.

2)  Otherwise, the name of the (NEN + 1)-th column is EN, and the declared typ
ET.
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4)

5)

‘Augment SR 12)‘ by adding “<collection derived table> that immediately contains a <collection

value expression> that is an <md-array value expression> " to the list of BNF non-terminals that
may specify TPTI in the lead text of the Rule.

’Augment SR 12)b)i)2) ‘ by adding “<collection derived table> that immediately contains a <collection

value expression> that is an <md-array value expression> " to the list of BNF non-terminals that
may specify the table in the lead text of the rule.

Ac¢ess Rules

Gel

1)

No additional Access Rules.

neral Rules

’Insert before GR 7):‘ If a <table primary> TP immediately contains <collection derived table>

a)

b)

Letd be the number of MD-axes in D, let LO;and HI; be the lower and upper limits, respecti
of the i-th MD-axis in D, and let AE; be the value of HI;</LO; + 1,1 (one) <i <d.

For each coordinate R within D:

i)
ii)

iii)

Let E be the element of AVE at coordinate’R.
Let P; be the i-th element of R.

Let IND be the value of

( Pg- L) + Agg
X (( Pg-1 - LQy-1.)F AEg1
X(+AE2

x (P - LOp ) ). ) +1

The values inh each column of the IND-th row are determined as follows:

1) IffWITH ORDINALITY is specified, then the value in the first column is IND.
2)~The value in the j-th column, NORD + 1 <j < NORD +d, is P;.

3) Case:

A) IfETis arow type, then the value of the k-th column, NEN + 1 <k < NE
DET is the (k — NEN)-th field of E.

CDT

that immediately contains a single <collection value expression> CVE thatis an MD-array, then let
AVE be the value of CVE. Let D be the MD-extent of AVE. The result of TPis.a’table value of cardin
equal to the cardinality of D, the rows of which are set as follows:

hlity

vely,

N +

B) Otherwise, the value of the (NEN + 1)-th column is E.

Conformance Rules

1)

2)

62

‘Insert into CR 2), after the last list item:

a)

Feature A010, “Multi-dimensional array support”.

‘Insert after the last CR: ‘ Without Feature A010, “Multi-dimensional array support”, conforming

SQL language shall not contain <md-array extent> or <md-array max extent>.
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7.2  <query specification>

This Subclause modifies Subclause 7.16, “<query specification>", in ISO/IEC 9075-2.

Function

Specify a table derived from the result of a <table expression>.

Fonl'mat

No additional Format items.

Syntax Rules

1) ‘Insert after SR 19)b)xiv):‘ An <md-array element reference>.

Acc¢ess Rules

No additional Access Rules.

General Rules

No additional General Rules.

Conformance Rules

No additional Conformance Rules.
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8 Predicates

This Clause modifies Clause 8, “Predicates”, in ISO/IEC 9075-2.

8.1
This

Ful

Spe

Format

Syr

<distinct predicate>

Subclause modifies Subclause 8.15, “<distinct predicate>", in ISO/IEC 9075-2.

1ction

ify a test of whether two row values are distinct.

No additional Format items.

itax Rules

No additional Syntax Rules.

Access Rules

Gel

1)

No additional Access Rules.

‘Insert after GR 1)c)v):‘ [f¥# and V2 are values of an MD-array type, then

If V1 and VZ2'do not have interval-equal MD-extents, then the result is True.

If V1 and V2 have interval-equal MD-extents and there exists at least one coordinate P sych
thattheelement at coordinate P in V1 is distinct from the element at coordinate P in VVZ, then

neral Rules
Case:
a)
b)
thevesult is True.
c), \»Otherwise, the result is False.

Conformance Rules

64

No additional Conformance Rules.
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9

ISO/IEC 9075-15:202

Additional common rules

This Clause modifies Clause 9, “Additional common rules”, in ISO/IEC 9075-2.

3(E)

9.1
This

Ful
Spe
indi
Sul

“Re
P
P

Syr

1)

Access Rules

Gel

1)

Retrieval-assignmrent

Subclause modifies Subclause 9.1, “Retrieval assignment”, in ISO/IEC 9075-2.

1ction

ify rules for assignments to targets that do not support null values or that support null values ¥
rator parameters (e.g., assigning SQL-data to host parameters or host varidbles).

pclause Signature
rieval assignnment” [General Rules] (

Ar anet er: “ TARGET”,
Ar anet er: “ VALUE”

TARGET — a site that is the target of a retrieval assighment operation.

VALUE — a value that is to be assigned to TARGET.

)itax Rules

‘Insert after SR 8)b):| If TD is ann MD-array type, then SD shall be an MD-array type. The MD-
dimension of TD shall be equal to the MD-dimension of SD.

None.

neral Rules

of this Subclause.

vith

‘Replicate GR1): ‘Let T be the TARGET and let VV be the VALUE in an application of the General Rules

2)

ilnsert after GR 7)V):i It the declared type of T 1s an MD-array type, then

Case:

a) Ifthe MD-extent M of Vis strictly within the maximum MD-extent of T, then, for each pai
elements of Vand T, the General Rules of this Subclause are applied with the element of
TARGET and the element of V as VALUE. The MD-extent of the value of T is M.

r of
T as

b) Otherwise, an exception condition is raised: data exception — MD-array source MD-extent not

strictly within maximum target MD-extent (2203Q).

© ISO/IEC 2023 - All rights reserved
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Conformance Rules

None.

66 © ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=0b800f815ab0fe611416e4566ef50546

9.2
This

ISO/IEC 9075-15:2023(E)
9.2 Store assignment

Store assignment

Subclause modifies Subclause 9.2, “Store assignment”, in ISO/IEC 9075-2.

Function

Specify rules for assignments where the target permits null without the use of indicator parameters or

indi

cator variables such as cfnring QQI -data or cpfﬁng the value of QQI parameters

Sul

“ St
P
P

Sy

1)

pclause Signature
Dr e assi gnment” [General Rules] (

Ar anet er: “ TARGET”,
Ar anet er:  “ VALUE”

TARGET — a site that is the target of a retrieval assignment operatiorr

VALUE — a value that is to be assigned to TARGET.

)itax Rules

‘Insert after SR 6)b):| If TD is an MD-array type, then.SD shall be an MD-array type. The MD-
dimension of TD shall be equal to the MD-dimensjon of SD.

Acc¢ess Rules

Gel

1)

2)

No additional Access Rules.

neral Rules

of this Subclause.

’Insert after GR 3)b)xxii):‘ If the declared type of T is an MD-array type, then

Case:

elements of Vand T, the General Rules of this Subclause are applied with the element of
TARGET and the element of V as VALUE. The MD-extent of the value of T is M.

NOTE 2 — The maximum MD-extent L of T is unchanged.

\Replicate GR1): \Let Tbethe TARGET and let Vbe the VALUE in an application of the General Rules

a) IftheMD-extent M of Vis strictly within the maximum MD-extent of T, then, for each pailr of

T as

b) Otherwise, an exception condition is raised: data exception — MD-array source MD-extent not

strictly within maximum target MD-extent (2203Q).

Conformance Rules

No additional Conformance Rules.
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Passing a value from a host language to the SQL-server

9.3 Passing a value from a host language to the SQL-server

This Subclause modifies Subclause 9.3, “Passing a value from a host language to the SQL-server”, in ISO/IEC

9075-2.

Function

Spe

ify rules to passa value from a host anglmgp tathe QQI -server.

Subclause Signature

“Papsing a value froma host |anguage to the SQ.-server” [General Rules] /(
Paranmet er: “ LANGUAGE",
Paranmeter: “SQ. TYPE",
Paraneter: “HOST VALUE”
) Returns: “SQ. VALUE"
L ANGUAGE — the name of a host programming language (ADA, C, GCOBOL, FORTRAN, M, PASCA
PLI).
BQL TYPE — a specification of an SQL data type, possibly including a <locator indication>.
HOST VALUE — a value of a host language type.
5QL VALUE — the SQL TYPE representation of HOST VALUE, that is the result of invoking this subcl
1sing this signature.
Syntax Rules

No additional Syntax Rules.

Access Rules

Gel

1)

2)

No additional Access Rules:

neral Rules

in an application of the General Rules of this Subclause. The result of the application of this Subcl
is returned as SQL VALUE.

lAugment GR S)a)ii)‘ by adding “MD-array value” to the list of possible values of SV.

puse

\ Replicate GR-1): ‘Let LANG be the LANGUAGE, let DT be the SQL TYPE, and let Pl be the HOST VALUE

puse

Conformance Rules

68

No additional Conformance Rules.
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9.4 Passing a value from the SQL-server to a host language

This Subclause modifies Subclause 9.4, “Passing a value from the SQL-server to a host language”, in ISO/IEC
9075-2.

Function

Spe

ify rules to passa value from the QQI -serverto ahaost ]qngnqu

Sul

“Pa

00U TV T

Syr

Access Rules

Gel

1)

2)

pclause Signature

5sing a value fromthe SQ.-server to a host | anguage” [General Rules] /(
ar amet er ;. “ LANGUAGE”

arameter: “SQL TYPE',

arameter: “SQ VALUE"

bt urns: “HOST VALUE'

L ANGUAGE — the name of a host programming language (ADA, C, GCOBOL, FORTRAN, M, PASCA
PLI).

BQL TYPE — a specification of an SQL data type, possibly including a <locator indication>.
5QL VALUE — a value of type SQL TYPE.

HOST VALUE — a host language data type representation of SQL VALUE that is the result of invo
this subclause using this signature.

itax Rules

No additional Syntax Rules.

No additional Access Rules:

neral Rules

[Replicate GR-1):|Let LANG be the LANGUAGE, let DT be the SQL TYPE, and let SV be the SQL VA
in an application of the General Rules of this Subclause. The result of the application of this Subcl
is returned as HOST VALUE.

lAugment GR 5)a) ‘ by adding “MD-array locator value” to the list of possible values of PL.

king

LUE
huse

Conformance Rules

© ISO

No additional Conformance Rules.
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9.5 Result of data type combinations

This Subclause modifies Subclause 9.5, “Result of data type combinations”, in ISO/IEC 9075-2.

Function

Specify the result data type of the result of certain combinations of values of compatible data types, such
as <gase expression=s, <collection value expression>s,ora columnintheresultofa <query expression>.

Subclause Signature

“Repult of data type conbinations” [SyntaxRules] (
Paranet er: “DTSET”
) Returns: “RESTYPE’

PDTSET — a set of SQL data types.

RESTYPE — an SQL data type that can be used to represent values of-all’'SQL data types containgd in
DTSET.

Syntax Rules

1) ‘Replicate GR1): ‘Let IDTS be the DTSET in an application of the Syntax Rules of this Subclause.|The
result of the application of this Subclause is returped as RESTYPE.

2) \Insert after SR 3)i):‘ If any data type in DTS is\an MD-array type, then every data type in DTS ghall
be an MD-array type of the same MD-dimension d and for all i, 1 (one) <i < d, the name of theli-th
MD-axis of the MD-extent of some data typée in DTS shall be equivalent to the name of the i-th MD-
axis of the MD-extents of all other datatypes in DTS. The data type of the result is an MD-array fype
with element data type ETR, where-ETR is the data type resulting from the application of this $ub-
clause to the set of element types:of the MD-array types of DTS, and maximum MD-extent equjl to
the union of the maximum MD-extents of the data types in DTS.

Access Rules

No additional Access Rules.

General Rules

No additional General Rules.

CO hfriy ) Pa¥al 3
I1IUL 1I1IIAdIICC 1I\U

No additional Conformance Rules.
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9.6 Type name determination

This Subclause modifies Subclause 9.9, “Type name determination”, in ISO/IEC 9075-2.

Function

Determine an <identifier> given the name of a predefined or collection type.

Syntax Rules

1) | [Insertafter SR 2)w):| If DT specifies MDARRAY, then let FNSDT be “MDARRAY”.

Acc¢ess Rules

No additional Access Rules.

General Rules

No additional General Rules.

Conformance Rules

No additional Conformance Rules.
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9.7 Determination of identical values

This Subclause modifies Subclause 9.10, “Determination of identical values”, in ISO/IEC 9075-2.

Function

Determine whether two instances of values are identical, that is to say, are occurrences of the same value.

Syntax Rules

No additional Syntax Rules.

Acc¢ess Rules

No additional Access Rules.

General Rules

1) ‘Insert after GR Z)d)iii):‘ If V1 and V2 are MD-arrays and have equal MD-extents and elements|in
the same coordinate in the two MD-arrays are identical, then V1 is identical to V2.

Conformance Rules

No additional Conformance Rules.
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9.8 Equality operations

This Subclause modifies Subclause 9.11, “Equality operations”, in ISO/IEC 9075-2.

Function

Specify the prohibitions and restrictions by data type on operations that involve testing for equality.

Syntax Rules

1) ‘Insert before SR 3): ‘The declared type of an operand of an equality operation shall not‘be MD
array-ordered.

Access Rules

No additional Access Rules.

General Rules

No additional General Rules.

Conformance Rules

No additional Conformance Rules.
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9.9

Grouping operations

Grouping operations

This Subclause modifies Subclause 9.12, “Grouping operations”, in ISO/IEC 9075-2.

Function

Specify the prohibitions and restrictions by data type on operations that involve grouping of data.

Sy

1

)itax Rules

Acc¢ess Rules

Gel

Col

No additional Access Rules.

neral Rules

No additional General Rules.

1formance Rules

No additional Conformance Rules.

‘Augment SR 3) ‘ by adding “MD-array-ordered” to the list of excluded declared types:

74
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9.10 Multiset element grouping operations

This Subclause modifies Subclause 9.13, “Multiset element grouping operations”, in ISO/IEC 9075-2.

Function

Specify the prohibitions and restrictions by data type on the declared element type of a multiset for
operations that involve grouping the elements of a multiset

Syntax Rules

1) \Augment SR 3) ‘ by adding “MD-array-ordered” to the list of excluded declared types:

Access Rules

No additional Access Rules.

General Rules

No additional General Rules.

Conformance Rules

No additional Conformance Rules.
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9.11 Ordering operations

This Subclause modifies Subclause 9.14, “Ordering operations”, in ISO/IEC 9075-2.

Function

Specify the prohibitions and restrictions by data type on operations that involve ordering of data.

Sy

1

)itax Rules

Acc¢ess Rules

Gel

Col

No additional Access Rules.

neral Rules

No additional General Rules.

1formance Rules

No additional Conformance Rules.

‘Augment SR 3) ‘ by adding “MD-array-ordered” to the list of excluded declared types:

76
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9.12 Potential sources of non-determinism

This Subclause modifies Subclause 9.16, “Potential sources of non-determinism”, in ISO/IEC 9075-2.

Function

Define the potential sources of non-determinism.

Syntax Rules

1) ‘Insert after SR 1)as):‘ An <md-array value constructor by query>.

Acc¢ess Rules

None.

General Rules

None.

Conformance Rules

None.
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9.13 Invoking an SQL-invoked routine

This Subclause modifies Subclause 9.18, “Invoking an SQL-invoked routine”, in ISO/IEC 9075-2.

Function

Execute the invocation of an SQL-invoked routine.

Fonl'mat

No additional Format items.

Syntax Rules

No additional Syntax Rules.

Acc¢ess Rules

No additional Access Rules.

General Rules

NOTE 3 — The General Rules of this Subclause as defined in'GR 2) of Subclause 9.18, “Invoking an SQL-invoked routine”,
n ISO/IEC 9075-2 are not always terminated when an exception condition is raised.

1) ‘Insert before GR 9)g)ii)5):‘ If R is an MD-array-returning external function, then:

a) Let MDAR be an MD-array whose.declared type is the result data type of R.

b)  The General Rules of Subclause 9.18, “Execution of MD-array-returning external functions”,
are applied with MDAR assMDARRAY, ESPL as EFFECTIVE SQL PARAMETER LIST, and P as
PROGRAM.

2) ‘Insert after GR 9)i)i)4)A)lII):‘ If R is an MD-array-returning external function, and R specifies
PARAMETER STYLESQL, then let ERDI be MDAR.

ConformanceRules

No additional Conformance Rules.
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9.14 Data type identity

This Subclause modifies Subclause 9.30, “Data type identity”, in ISO/IEC 9075-2.

Function

Determine whether two data types are compatible and have the same characteristics.

Syntax Rules

1) ‘ Insertafter SR 11)b): ‘ If PM is an MD-array type, then the maximum MD-extent of PM‘shall be egual
to the maximum MD-extent of P.

Access Rules

No additional Access Rules.

General Rules

No additional General Rules.

Conformance Rules

No additional Conformance Rules.

© ISO/IEC 2023 - All rights reserved 79


https://standardsiso.com/api/?name=0b800f815ab0fe611416e4566ef50546

ISO/IEC 9075-15:2023(E)
9.15 Indexed name

9.15 Indexed name

Function

Specify rules to derive a name based on the given prefix and index.

clause Signature

Syr

1)

2)

3)

4)

lexed nane” [Syntax Rules] (
Ar anet er:  “ LASTI NDEX” ,

Ar anet er:  “ 1 NDEX”,

Ar anet er . “ PREFI X’

bt urns: “ 1 NDEXEDNANME"

hssigned INDEXEDNAME values with a consistent length.

NDEX — an unsigned integer value specifying the (1-based) index of an anonymous MD-array
within a particular MD-extent for which an indexed name is to be)derived.

NDEXEDNAME — the derived unique name (<identifier>) of an MD-array axis.

)itax Rules

Let D be the LASTINDEX, let Al be the INDEX, and let P be the PREFIX in an application of the Sy

Let NZ be the result of

FLOOR( LOGLO( D) ) — FLOOR( LOGLO( Al ) )

Let PAD( be the zero-length string. Let PAD;, 1 (one) <i < NZ, be the value of
PAD .1 || "0

Let AN be thevalue of

P || PAD\z-~}| CAST( Al AS CHARACTER VARYI NG(n) )

wheren is the implementation-defined (IL006) maximum length of a variable-length characte
string.

5)

PREFIX — a character string value used to ensure that INDEXEDNAME is a valid SQL <identifier>.

LASTINDEX — an integer value specifying the largest index value for a given MD-array axis; it is ised
n this Subclause to determine a padding for the INDEX, so that MD-axes.ef the same MD-extent|are

Xis

ntax

Rules of this Subclause. The result of thé application of this Subclause is returned as INDEXEDNAME.

PTITE TS

[« 9
b
[«
b
ar
T

ESEE d Colbolo
cuT

Esaalpigtion ~C+l o C Ryl jedaypaain ot 1 o tha dralrin o Co
Tvaraatror O tncoy rrtaxarC S 1S teTrate o et ToTtCImv ORIgouotaus

which receives AN as INDEXEDNAME.

Access Rules

80

None.
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General Rules

None.

Conformance Rules

None.
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9.1

6 MD-array subset

Function

Convert an <md-array subset> to MD-extents that take into account sliced MD-axes.

clause Signature

array subset” [Syntax Rules] (

Ar amet er:  “ MDARRAY TYPE”,

Ar anet er: “MDAXI S SUBSET LI ST”

bt urns: “ TARGET MAXI MUM MDEXTENT” and “ EQUI VALENCE"

MDARRAY TYPE — an MD-array type.
MDAXIS SUBSET LIST — an <md-axis subset list>.

TARGET MAXIMUM MDEXTENT — a potentially empty maximum MD-extent derived from the
provided MDARRAY TYPE and MDAXIS SUBSET LIST.

FEQUIVALENCE — a potentially empty character string representing-a syntax equivalence to a maxir
MD-extent derived from the provided MDARRAY TYPE andMDAXIS SUBSET LIST.

array subset” [General Rules] (

ar amet er ;. “ MDARRAY VALUE",

br amet er: “MDAXI S SUBSET LI ST”

bt urns: “ SOURCE MDEXTENT”, “TARCGET MDEXTENT”, and “SLI CED MDAXES'

MDARRAY VALUE — an MD-array value.
MDAXIS SUBSET LIST — an <md-axis subset list>.

SOURCE MDEXTENT — the MD-extent of MDARRAY VALUE with the MDAXIS SUBSET LIST appl
fo it such that a pair of <md-axis [ower limit expression> and <md-axis upper limit expression>
replace the lower and upperlimit of the corresponding MD-axis in the result unless equivalent t
<asterisk>, and a <md-axis_slice positional> replaces both the lower and upper limit of the corr
ponding MD-axis.

TARGET MDEXTENT*— same as the SOURCE MDEXTENT, except that it does not contain the MI}
hxes corresponding to <md-axis slice positional>s in the provided MDAXIS SUBSET LIST.

SLICED MDAXES — a potentially empty set of indexes of MD-axes that are slices in the provided
MDAXIS SUBSET LIST.

itax Rules

Sy

num

ied

0 an
PS-

1)

2)
3)

82

Let MDT be the MDARRAY TYPE and let ASL be the MDAXIS SUBSET LIST in an application of the
Syntax Rules of this Subclause. The result of the application of this Subclause is returned as TARGET

MAXIMUM MDEXTENT and EQUIVALENCE.
MDT shall be an MD-array type and ASL shall be an <md-axis subset list>.

Let EDT be the element type of MDT, let MD be the maximum MD-extent of MDT, let d be the number
of MD-axes in MD, and let MN;, MLO;, and MHI;, be the name, lower limit, and upper limit, respectively,

of the i-th MD-axis in MD, 1 (one) <i<d.

© ISO/IEC 2023 - All rights res

erved


https://standardsiso.com/api/?name=0b800f815ab0fe611416e4566ef50546

4)

5)
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The declared type of <numeric value expression>s simply contained in ASL shall be exact numeric
with scale 0 (zero).

Case:
a) IfASLis an <md-axis subset list positional>, then:
i) The number of <md-axis subset positional>s immediately contained in the <md-axis
subset list positional> ASLP shall be d.
ii) ASLP shall simply contain at least one <md-axis limits positional>.
iii)  LetASP;be thei-th <md-axis subset positional>immediately contained in ASL:P} 1 (pne)
<i<d.
iv) Let TMD be a zero-length character string, and let EQ be a character'string equivalent
to
[ M\p ( ASPp ),
Mg ( ASPg )
]
b) IfASL is an <md-array subset extent>, then:
i) Let AVE1 be the <md-array value expression>\immediately contained in ASL and let e
be the MD-dimension of AVE1. e shall be equal to d.
ii) Let TMD be a zero-length character string, and let EQ be a character string equivalent
to
[ MDAXI S LONAVEL, 1) : MDAXI'S H GH(AVELl, 1),
| MDAXI S_LONAVEL, e) : NDAXI S_H GH(AVEL, e)
c) Otherwise:
i) Let ASNNUM he'the number of <md-axis subset named> immediately contained in ASL.
ASNNUM shallbe less than or equal to d.
ii) For i, 1{one) <i <ASNNUM:
1)~ \Eet ASN; be the i-th <md-axis subset named> immediately contained in ASL.
2)  Let M; be the <md-axis name> simply contained in ASN;.
3) LetO;be the <md-interval expression> or <md-axis slice positional> simply
contained in ASN;.
iy Foralliandj 1 {one}<ij< ASNNUM, and i}, M;shall not be equivalent to M;
iv) Foralli, 1 (one) <i<ASNNUM, there shall exist j, 1 (one) <j <d, such that M; is
equivalent to MN;.
v) Let SLICENUM be the number of <md-axis subset named> immediately contained in

ASL that are an <md-axis slice named>.
1) dshall not be equal to SLICENUM.
2) Lettbed- SLICENUM.

© ISO/IEC 2023 - All rights reserved

83


https://standardsiso.com/api/?name=0b800f815ab0fe611416e4566ef50546

ISO/IEC 9075-15:2023(E)
9.16 MD-array subset

3) Letibel (one).

4) Forallj, 1 (one) <j<d, such that no k exists, 1 (one) < k <ASNNUM, where MN;

is equivalent to My and O, is an <md-axis slice positional>:
A)  Let TMN;be MNj, let TMLO; be MLO;, and let TMHI; be MHI;.

B) iisincreased by 1 (one).

6)

vi) Tet TMD be the maximurm MD-extent denoted by | TMNT ( TMEOT T TMHIT ), -,
TMN; ( TMLO;: TMHI;) ], and let EQ be a zero-length character string.

Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subc¢lause
which receives TMD as TARGET MAXIMUM MDEXTENT and EQ as EQUIVALENCE.

Access Rules

Gel

1)

2)
3)

4)

5)

6)

7)

None.

neral Rules

Let AV be the MDARRAY VALUE and let ASL be the MDAXISSUBSET LIST in an application of the

General Rules of this Subclause. The result of the application of this Subclause is returned as SO
MDEXTENT, TARGET MDEXTENT, and SLICED MDAXES:

Let D be the MD-extent of AV, let d be the numberof MD-axes in D, and let MN,, LO;, and HI;, be
name, lower limit, and upper limit, respectively,'of the i-th MD-axis in D, 1 (one) <i<d.

Let SLICEDAXES be an empty set.
Let ASNNUM be the number of <md-axis subset named> simply contained in ASL.

NOTE 4 — ASL is an <md-axis subsetlist> that is an <md-axis subset list named>. The Syntax Rules of this Subc|
syntactically transform <md-axisisubset list positional> and <md-array subset extent> into a form that is an <
axis subset list named>.

For i, 1 (one) <i <ASNNUM:

a) Let ASN;be theii-th <md-axis subset named> simply contained in ASL.

b) Let M;bethe <md-axis name> simply contained in ASN;.

c) LetQOjbethe <md-interval expression> or <md-axis slice positional> simply contained in 4

Let SLICENUM be the number of <md-axis subset named> simply contained in ASL that are an <
axis\slice named>.

RCE

the

ause
md-

SN;.

md-

Let tbe d - SLICENUM.

8)
9)

84

Letibe 1 (one).

Forallj, 1 (one) <j<d:

Case:

a) Ifkexists, 1 (one) <k <ASNNUM, such that MN; is equivalent to My, then
Case:

i) If Oy is an <md-interval expression>, then:
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1) Let PLO be the <md-axis lower limit expression> immediately contained in Oy,

and let PHI be the <md-axis upper limit expression> immediately contained in
O

2) Case:
A) If PLOis <asterisk>, then let SLO; be LO;.

B) Otherwise, let SLO; be the value of PLO.

3) Case:
A) If PHI s <asterisk>, then let SHI; be HI;.

B)  Otherwise, let SHI; be the value of PHI.

4)  IfSLO;or SHI;is the null value, then an exception condition iSxaised: data excepjtion
— MD-array null limit in subset (2203]).

5)  Let TN;be MNj, let TLO; be SLO;, and let THI; be SHi}:
6) iisincreased by 1 (one).

ii) Otherwise:
1)  Let P be the value of the <md-axis slice positional> Oy

2) If Pisthe null value, then an exception condition is raised: data exception — [MD-
array null limit in subset (2203]):

3)  LetSLO;be P and let SHI; be'P.
4) jisadded to SLICEDAXES.
b)  Otherwise:
i) Let SLO; be LO;, let SHI; be HI;, let TN;be MN;, let TLO; be SLO;, and let THI; be SHI;.
ii) iis increasedby 1 (one).

10)| Let SD be the MD-extent'denoted by [ MN1 (SLOq : SHI{ ), .., MN; (SLOg4: SHI;) ], and let TD bg the
MD-extent denotedby [ TN1 ( TLOq : THI1 ), .., TN ( TLO.: THI;) 1.

11)| Evaluation ofithe General Rules is terminated and control is returned to the invoking Subclaug
which receives SD as SOURCE MDEXTENT, TD as TARGET MDEXTENT, and SLICEDAXES as SLIQED
MDAXES:

o

Conformance Rules

None.
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9.17 Canonicalize MD-array element reference

Function

Convert an MD-array element reference to a canonical coordinate.

clause Signature

Sy

1)

2)
3)

4)

honi cal i ze MD-array el ement reference” [SyntaxRules] (
ar amet er ;. “ MDARRAY TYPE”,

r aneter: “NMDAXI' S SLI CE LI ST”

et urns: “ CANONI CAL SLI CE COORDI NATE”

MDARRAY TYPE — an MD-array type.
MDAXIS SLICE LIST — an <md-axis slice list>.

CANONICAL SLICE COORDINATE — a coordinate derived from the provided MDAXIS SLICE LIST
fhat all <md-axis slice positional> from it have been ordered to match’'the corresponding MD-ay
n the provided MDARRAY TYPE.

)itax Rules

Let MDT be the MDARRAY TYPE and let ASL be the MDAXIS SLICE LIST in an application of the Sy
Rules of this Subclause. The result of the application of this Subclause is returned as CANONI(]
SLICE COORDINATE.

MDT shall be an MD-array type and ASL shall be an <md-axis slice list>.

Let EDT be the element type of MDT, let-MD be the maximum MD-extent of MDT, let d be the nun
of MD-axes in MD, and let MN; be:the name of the i-th MD-axis in MD, 1 (one) <i<d.

Let e be the number of <md-axis slice named>s or <md-axis slice positional>s simply containe
ASL. e shall be equal to d.

Case:

a) IfASLisan <md-axis slice list positional> ASLP, then let O; be the i-th <md-axis slice positio
immediately contained in ASLP, 1 (one) <i<e.

b)  Otherwise, ASL is an <md-axis slice list named> ASLN.

i) Let ASN; be the i-th <md-axis slice named> immediately contained in ASLN and le
be the <md-axis name> immediately contained in ASN;, 1 (one) <i<e.

tuch

ntax
AL

nber

din

nal>

5)
6)

86

LR Y o 1 P e ) g q - ) 1 41 H 1 g AL
1) ror4dnrdaiadyj, 1 (UlIc) =1, =€, dllu T+, IVII SIIAITTTOT DT CTUUIVAITIIT LU IVIJ.

iii)  Foralli, 1 (one)<i<e:

1)  There shall exist exactly one j, 1 (one) <j < d, such that M; is equivalent to MN;.

2)  LetO;be the <md-axis slice positional> immediately contained in ASN;.

Let RET be the coordinate denoted by [ Oy, ..., 04 ].

Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,

which receives RET as CANONICAL SLICE COORDINATE.
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Access Rules

None.

General Rules

None.

Conformance Rules

None.
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9.18 Execution of MD-array-returning external functions

Function

Specify the execution of an external function that returns an MD-array value.

clause Signature

Syr

bcution of MD-array-returning external functions” [General Rules] (
ar anet er: “ MDARRAY”

br amet er: “EFFECTI VE SQL PARAVETER LI ST”,

ar amet er ;. “ PROGRAM

MDARRAY — a coordinate derived from the provided MDAXIS SLICE LIST such that all <md-axis
bositional> from it have been ordered to match the corresponding MD-axesdn the provided MDAR
T'YPE.

EFFECTIVE SQL PARAMETER LIST — effective SQL parameter list of the MD-array-returning exte
function.

PROGRAM — the program identified by the external name ofthe MD-array-returning external func

itax Rules

None.

Acc¢ess Rules

Gel

1)

2)

3)

None.

neral Rules

LetARbe the MDARRAY, let ESPL be the EFFECTIVE SQL PARAMETER LIST, and let P be the PROG]|
in an application 6fthe General Rules of this Subclause.

and let Nj, LOj, and HIj be the name, lower limit, and upper limit, respectively, of the j-th MD-ax
D,1 (on€)<j<d.

Forially, 1 (one) <j < d, let AE; be the value of HI; - LO; + 1 and let PAE; be the value of AE; x A

Slice
RAY

rnal

tion.

RAM

Let D be the MD-extent of AR, let ARC be the cardinality of D, let d be the number of MD-axes i D,

is in

j+1

X, X AEd.

4)
5)
6)
7)
8)

88

Let EN be the number of entries in ESPL.
Let ESP;, 1 (one) <i<EN, be the i-th parameter in ESPL.
Let FRN be the number of result data items.

Let PN and N be the number of values in the static SQL argument list of P.

Depending on whether the language of P specifies ADA, C, COBOL, FORTRAN, M, PASCAL, or PLI,

let the operative data type correspondences table be Table 2, “Data type correspondences for A

da”,

Table 3, “Data type correspondences for C”, Table 4, “Data type correspondences for COBOL’, Table 5,
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“Data type correspondences for Fortran”, Table 6, “Data type correspondences for M”, Table 7, “Data
type correspondences for Pascal”, or Table 8, “Data type correspondences for PL/1”, respectively.
Refer to the two columns of the operative data type correspondences table as the SQL data type
column and the host data type column.

Forivarying from 1 (one) to EN, let PD; be the i-th parameter of P, let PT; be the <data type> of ESP;,
and let the host language data type DT; of PD; be the data type listed in the host data type column
of the row in the operative data type correspondences table whose value in the SQL data type

1 4 DT
CUIUIIIIT IO T 1 I

Let E be 0 (zero).
If the call type data item has a value of -1 (negative one, indicating open call), then:

a) Forivarying from 1 (one) through EN, the values of the parameters PD; aré/sSet as follows.

The General Rules of Subclause 9.4, “Passing a value from the SQL-server to a host language”,
are applied with the language of P as LANGUAGE, PT; as SQL TYPEand the value of ESP; s

SQL VALUE; let PD; be the HOST VALUE returned from the application of those General Riiles.

b)  Pis executed.

c) Forivarying from 1 (one) through EN, the General Rules of Subclause 9.3, “Passing a valpie
from a host language to the SQL-server”, are appliedwith the language of P as LANGUAGE, PT;

as SQL TYPE, and the value of PD; as HOST VALUE; let ESP; be the SQL VALUE returned frgm
the application of those General Rules.

a) Ifthe value of the exception data itemi5*'00000" (corresponding to the completion condition
successful completion (00000)) or the first 2 characters of the exception data item are '01'
(corresponding to the completioni_condition warning (01000) with any subcondition), then
set the call type data item to O\(zero) (indicating fetch call).

b) Ifthe exception data itemis)''02000' (corresponding to the completion condition no data
(02000)):

i) If each PD;,.((PN+FRN)+N+1) <i < ((PN+FRN)+N+FRN) (that is, the SQL indicator

argumentscorresponding to the result data items), is negative, then set AR to the|null
value:

ii) Setthe call type data item to 1 (one) (indicating close call).
c) Otherwise, set the call type data item to 1 (one) (indicating close call).

The following steps are applied repeatedly until the call type data item has a value other than |0
(zero) (corresponding to fetch call):

or-1 1 a a a N— Q e R a a e 04 “P

the SQL-erer to a host language”, are applied with the language of P as LANGAGE, PT;as
SQL TYPE, and the value of ESP; as SQL VALUE; let PD; be the HOST VALUE returned from the
application of those General Rules.

b)  The value of PDgy_1 (that s, the save area data item) is set to the value returned in PDgy_q
by the prior execution of P.

c)  The value of PDgy (that is, the call type data item) is set to 0 (zero).

d) Pisexecuted.
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e) Forivarying from 1 (one) through EN, the General Rules of Subclause 9.3, “Passing a value
from a host language to the SQL-server”, are applied with the language of P as LANGUAGE, PT;

as SQL TYPE, and the value of PD; as HOST VALUE; let ESP; be the SQL VALUE returned from
the application of those General Rules.

f)  Case:

i) If the exception data item is ‘00000’ (corresponding to completion condition successful
completion (00000)) or the first 2 characters of the exception data item are '01' (corres-
ponding to completion condition warning (01000) with any subcondition), then:

1) Increment E by 1 (one).

2) If E> ARC, then an exception condition is raised: data exception -~ MD-arra)| ele-
ment error (2203X).

3) LetRMbeE.Forj,1 (one)<j<(d-1):
A)  LetR;be the value of CAST(((RM / PAEj,1) + LO;)-AS INT).
B)  Let RM be the value of MOD(RM  PAE; .1) .

4)  Let Ry be the value of RM.

5) Let Q be the coordinate denoted by [ R45...), Ry |-

6) Case:

A) Ifeach PD;, ((PN+FRN)+N#¥1) <i < ((PN+FRN)+N+FRN) (that is, the SQL
indicator arguments corresponding to the result data items) is negative,
then let the elementof AR at coordinate Q be the null value.

B) If FRNis 1 (one)ythen let the element of AR at coordinate Q be the valye of
the result data item.

C) Otherwise:

I) Let RDI;, 1 (one) <i < FRN, be the value of the i-th result data it¢m.
I1) Let the element of AR at coordinate Q be the value of the followjng
<row value expression>:
RON( RDI1, ..., RDIpgn )

ii) If the exception data item is '02000' (corresponding to completion condition no data
(02000)), then:

1) Ifthe value of E is 0 (zero), then set AR to the null value.
2)  Setthe call type data jitem to 1 (one) (indicating close call)

iii) Otherwise, set the value of the call type data item to 1 (one) (indicating close call).

14) If the call type data item has a value of 1 (one) (indicating close call), then P is executed with para-
meters whose values are set as follows:

a) Foriranging from 1 (one) to EN-2, the General Rules of Subclause 9.4, “Passing a value from
the SQL-server to a host language”, are applied with the language of P as LANGUAGE, PT; as

SQL TYPE, and the value of ESP; as SQL VALUE; let PD; be the HOST VALUE returned from the
application of those General Rules.

90
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b)  The value of PDgy_1 (thatis, the save area data item) is set to the value returned in PDgp_q
by the prior execution of P.

c)  The value of PDgy (that is, the call type data item) is set to 1 (one).

d) Pisexecuted.

15) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

None.
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10 Additional common elements

This Clause modifies Clause 10, “Additional common elements”, in ISO/IEC 9075-2.

10/ 1—<md extentaltermative>

Function

Spe¢ify an MD-extent or a maximum MD-extent.

Format

<nd{extent alternative> ::=
<nd- ext ent >
| |<nmd-array subset extent>

<nmd{extent> ::=
<lfeft bracket or trigraph> <nmd-axis |ist> <right bracket or trigraph>

<md{axis list> ::=
<pd-axi s> [ { <comme> <nd-axis> }... ]

<nmd{axi s> ::=
<nd- axi s nane>
<left paren> <md-axis lower |inmt> <€o6lon> <md-axis upper linmt> <right

<md{axis lower limt> ::=
<nureric val ue expressi on>

<md{axi s upper limt> ::=
<gureric val ue expressi on>

par en>

Syntax Rules

1) | The maximum MDP:=extent specified by <md-extent alternative> is the maximum MD-extent specjfied
by the immediately contained <md-extent> or <md-array subset extent>.

2) | Thedeclated types of <md-axis lower limit> and <md-axis upper limit> shall be exact numeric yith

scale 0 (zero).

3) | If<md-extent> EU is specified, then:

92

X Il o+ dbaoth Layraf 4 3 3 ] o1 a3 I
Cl) LTTUU UT UUIT 1ITUIIToTT Ul ITTUTAdALS Olllll_lly CuIIiAaIlIiICu 111 .
b) The maximum number of <md-axis> is implementation-defined (IL203). d shall be less than
this maximum value.
c) Let MN;, MLO;, and MHI;, 1 (one) <i < d, be the <md-axis name>, <md-axis lower limit>, and

<md-axis upper limit>, respectively, of the i-th <md-axis> immediately contained in the <md-
axis list> immediately contained in <md-extent>.

i) The declared types of MLO; and MHI; shall be exact numeric with scale 0 (zero).
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ii) Foralliandj, 1 (one) <i,j <d, i #j, MN; shall not be equivalent to MN;.

d) Let MD be the maximum MD-extent denoted by [ MN; ( NULL : NULL), .., MN4; ( NULL : NULL
) ]- MD is the maximum MD-extent specified by EU.

4) If <md-array subset extent> AE is specified, then let AVE be the <md-array value expression>
immediately contained in AE and let MD be the maximum MD-extent of AVE. MD is the maximum
MD-extent specified by AE.

Ac¢Less Rules

None.

General Rules

1) | The MD-extent defined by <md-extent alternative> is the MD-extent defined by the immediatgly
contained <md-extent> or <md-array subset extent>.

2) | If <md-extent> EU is specified, then:

a) Foralli,1(one)<i<d:
i) Let 4; be the i-th <md-axis> simply contained‘in EU.
ii) Let N; be the value of the <md-axis name>immediately contained in 4;.
iii)  Case:

1)  If the value of the <md-axislower limit> immediately contained in 4; is the null

value, then an exception‘condition is raised: data exception — MD-array null limit
in MD-extent (2203K);

2)  Otherwise, let LO;be the value of the <md-axis lower limit> immediately contajned
in Ai'
iv) Case:

1) Ifthevalue of the <md-axis upper limit> immediately contained in 4; is the hull

value, then an exception condition is raised: data exception — MD-array null |[imit
in MD-extent (2203K).

2)  Otherwise, let HI; be the value of the <md-axis upper limit> immediately contajned
in Al"

V) If LO; is greater than HI;, then an exception condition is raised: data exception — MD-
array lower limit greater than upper limit (2203U).

vi) If LO;is less than MLO; or HI; is greater than MHI;, then an exception condition is raised:
data exception — MD-array limit in MD-extent out of bounds (22044).

b) LetD be the MD-extent denoted by [ Ny (LOq1: HI1), ..., Ny (LOg: HI;) ]. D is the MD-extent
specified by EU.

3) If<md-array subset extent> AE is specified, then let D be the MD-extent of the value of AVE. D is the
MD-extent specified by AE.
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Conformance Rules

1)  Without Feature A010, “Multi-dimensional array support”, conforming SQL language shall not

contain an <md-extent alternative>.

94
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10.2 <md-array md-axis>

Function

Specify an MD-axis as a name or index.

Format

<md{array mnd-axis> ::=
<fd-array val ue expressi on> <conma> <nd-axis identifier>

<nmd{axis identifier> ::=
<unsi gned i nt eger >
| |<md- axi s nanme>

Syntax Rules

1) | Let MDT be the declared type of the <md-array value expression>{let d be the MD-dimension pf
MDT, and let N;, 1 (one) <i < d, be the name of the i-th MD-axis ih the maximum MD-extent of MDT.

Case:

a) Ifthe <md-axisidentifier> Al immediately contained'in an <md-array md-axis> is an <unsigned
integer>, then the value of Al shall be greater than 0 (zero), and less than or equal to d. Let AD
be the value of the <unsigned integer>.

b)  Otherwise, the immediately contained <imd-axis name> shall be equivalent to N;, for sonje i,
1 (one)<i<d. LetAD=1.

2) | AD is the MD-axis index specified by <md-array md-axis>.

Access Rules

None.

General Rules

None.

Conformance Rules

1) | Without Feature A010, “Multi-dimensional array support”, conforming SQL language shall nof

P 1 ] :
CUIILAHT dIT' SIOTU=diTdy IITU=dX15~.
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This

Schema definition and manipulation

Clause modifies Clause 11, “Schema definition and manipulation”, in ISO/IEC 9075-2.

11,

This

Ful

Define a column of a base table.

Format

Syr

Access Rules

Gel

Coa

1)

1+——<colummdefinitions

Subclause modifies Subclause 11.4, “<column definition>", in ISO/IEC 9075-2.

1ction

No additional Format items.

itax Rules

No additional Syntax Rules.

No additional Access Rules.

neral Rules

No additional General Rulés;

1formance Rules

‘ Insert after the last CR: ‘ Without Feature A016, “Persistent MDA values”, conforming SQL langliage
shall not cantain a <column definition> whose declared type is based on an MD-array type.

96
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11.2 <view definition>

This Subclause modifies Subclause 11.32, “<view definition>", in ISO/IEC 9075-2.

Function

Define a viewed table.

Fonl'mat

No additional Format items.

Syntax Rules

No additional Syntax Rules.

Acc¢ess Rules

No additional Access Rules.

General Rules

No additional General Rules.

Conformance Rules

1) ‘ Insert after the last CR: ‘ Without Feature A016, “Persistent MDA values”, conforming SQL langtliage

shall not contain a <view definition> that defines a column whose declared type is based on an
array type.

MD-
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11.3 <user-defined type definition>

This Subclause modifies Subclause 11.51, “<user-defined type definition>", in ISO/IEC 9075-2.

Function

Define a user-defined type.

Fonl'mat

No additional Format items.

Syntax Rules

1) ‘Augment SR 7)a)‘ by adding “PSDT shall not be an MD-array type. ” at the'end of the lead text|of

the rule.

Access Rules

No additional Access Rules.

General Rules

No additional General Rules.

Conformance Rules

No additional Conformance Rules.

98
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This

ISO/IEC 9075-15:2023(E)
11.4 <SQL-invoked routine>

4 <SQL-invoked routine>

Subclause modifies Subclause 11.60, “<SQL-invoked routine>", in ISO/IEC 9075-2.

Function

Define an SQL-invoked routine.

Fonl'mat

Syr

1)

Access Rules

Gel

Col

No additional Format items.

)itax Rules

‘Insert before SR 9)p):‘ An MD-array-returning external function is an SQL-invoked function th
an external routine for which exactly one of the following is true:

a)  A<result cast from type> is specified that does not contain a-<locator indication>, but si
contains an <md-array type>.

b) A <result cast from type> is not specified and <returfisydata type> does not contain a <log
indication>, but simply contains an <md-array type>.

No additional Access Rules.

neral Rules

No additional General Rules.

1formance Rules

No additional Conformance Rules.

at is

nply

ator
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12

SQL-client modules

This Clause modifies Clause 13, “SQL-client modules”, in ISO/IEC 9075-2.

12

This

Ful

Define an externally-invoked procedure.

Format

Syr

1)

2)

3)

1——<extermatly-invoked procedure>

Subclause modifies Subclause 13.3, “<externally-invoked procedure>", in ISO/IEC 9075-2.

1ction

No additional Format items.

itax Rules

‘Insert into SR 4)a), before the 4)a)v) list item:

a) MD-array type;

‘ Insert after SR 4)a): ‘ If Tis an MD-array typé;then the host parameter identified by <host param
name> is called an MD-array locator parameter.

‘Insert into SR 10)e)‘ after

package SQLSTATE_CODES.i's

100

eter

the code:

DATA_EXCEPTI ON=NO” SUBCLASS:
constant SEQLSTATE TYPE : = "22000";

DATA EXCERTH. ON_MD_ARRAY_NULL_LI M T_I N_SUBSET:
const ant_SQLSTATE_TYPE : = "2203J";

DATA_EXCEPTI ON_MD_ARRAY_NULL_LI M T_I N_MD_EXTENT:
constant SQLSTATE TYPE : = "2203K";

DAFA. EXCEPTI ON_MD_ARRAY_SUBSET_NOT_W THI N_MD_EXTENT:
constant SQLSTATE_TYPE : = "2203L";

DATA_EXCEPTI ON_MD_ARRAY_DUPLI CATE_COORDI NATE_I N_QUERY_CONSTRUCTOR:
constant SQLSTATE_TYPE := "2203M';

DATA_EXCEPTI ON_MD_ARRAY_NULL_COORDI NATE_| N_QUERY_CONSTRUCTOR:
constamt —SQESTATE_TYPE—="2203N";

DATA_EXCEPTI ON_MD_ARRAY_COORDI NATE_NOT_W THI N_SPECI FI ED_MD_EXTENT:
constant SQ.STATE TYPE := "2203P";

DATA_EXCEPTI ON_MD_ARRAY_SCURCE_MD_EXTENT_NOT_STRI CTLY_W THI N_NMAXI MUM_TARGET_MD_EXTENT:
constant SQ.STATE TYPE := "2203Q';

DATA_EXCEPTI ON_MD_ARRAY_OPERANDS_W TH_NON_MATCHI NG_MD_EXTENTS:
constant SQLSTATE_TYPE := "2203R’;

DATA_EXCEPTI ON_MD_ARRAY_| NVALI D_MD_AXI S:
constant SQLSTATE_TYPE : = "2203T";

DATA_EXCEPTI ON_MD_ARRAY_LOWER LI M T_GREATER_THAN UPPER LI M T:
constant SQ.STATE TYPE := "2203U';

DATA_EXCEPTI ON_MD_ARRAY ELEMENT ERROR:
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constant SQLSTATE_TYPE := "2203X";
DATA_EXCEPTI ON_MD_ARRAY_DECODI NG_ERROR:
constant SQLSTATE_TYPE : = "2203Y";
DATA_EXCEPTI ON_MD_ARRAY_ENCODI NG_ERROR:
constant SQ.STATE TYPE := "2203Z";
DATA_EXCEPTI ON_MD_ARRAY_ELEMENT_REFERENCE_NOT_W THI N_NMD_EXTENT:
constant SQLSTATE_TYPE := "22040";
DATA_EXCEPTI ON_MD_ARRAY_NULL_VALUE | N_MD_ARRAY_TARGET:
constant SQLSTATE_TYPE : = "22041";
DATA_EXCEPTI ON_MD_ARRAY_SOURCE_MD_EXTENT_NOT_STRI CTLY_W THI N_TARGET_MD_EXTENT:
constant QQ QTATIZ_TVDIZ . 99(\49";
DATA _EXCEPTI ON_MD_ARRAY_TARGET_MD_EXTENT_NOT_STRI CTLY_W THI N_MAXI MUM_MD_EXTENT;
constant SQLSTATE_TYPE := "22043";
DATA_EXCEPTI ON_NMD_ARRAY_LI M T_I N_MD_EXTENT_OUT_OF_BOUNDS:
constant SQLSTATE_TYPE : = "22044";

The text of the Ada library unit package Interfaces.SQL is also available from thé ISO website gs a
“digital artifact”. See ht t ps: // st andar ds. i so. org/i so-i ec/ 9075/ 15/ ed- 2/ en/ to
download digital artifacts for this document. To download the library unitpackage, select the [file
named | SO | EC 9075-15(E) _MDA- I nterfaces. SQ.. ada.

Access Rules

No additional Access Rules.

General Rules

No additional General Rules.

Conformance Rules

No additional Conformance Rules.
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12.

This

Data type correspondences

2 Data type correspondences

Subclause modifies Subclause 13.5, “Data type correspondences”, in ISO/IEC 9075-2.

Function

Specify the data type correspondences for SQL data types and host language types.

Tall)les
‘ Ins¢rtinto Table 21, “Data type correspondences for Ada” | the rows of Table 2, “Data type corvespondences
for Ada”.
Table 2 — Data type correspondences for Ada

SQL Data Type Ada Data Type

MDARRAY None
Ins¢rtinto Table 22, “Data type correspondences for C”| the rows.of Table 3, “Data type correspondehces
for (.

Table 3 — Data type correspondences for C

SQL Data Type C Data Type

MDARRAY None
Ins¢rtinto Table 23, “Data type correspendences for COBOL’ | the rows of Table 4, “Data type corresppnd-

€Nncq

s for COBOL”.

Table'4 — Data type correspondences for COBOL

SQL Data Type COBOL Data Type
MDARRAY None
Ins¢rt into Table 24, “Data type correspondences for Fortran” | the rows of Table 5, “Data type corrgs-

pon

Hencesfor Fortran”.

Table 5 — Data type correspondences for Fortran

SQL Data Type Fortran Data Type

MDARRAY None

Insertinto Table 25, “Data type correspondences for M” | the rows of Table 6, “Data type correspondences

for M”.

102
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Table 6 — Data type correspondences for M

SQL Data Type M Data Type

MDARRAY None

Insertinto Tahle 26 _“Data type r‘nrrpcprmrlpn cesfor Pncr‘n]"} the rows of Table 7 “Data type corresp nd-
encegs for Pascal”.

Table 7 — Data type correspondences for Pascal

wn

QL Data Type Pascal Data Type

MDARRAY None

Ins¢rt into Table 27, “Data type correspondences for PL/1”| the rows of Table'8, “Data type corresppnd-

encegs for PL/I”.

Table 8 — Data type correspondences for PL/I

wn

QL Data Type PL/I Data Type

MDARRAY None

Conformance Rules

None.
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13

Data manipulation

This Clause modifies Clause 14, “Data manipulation”, in ISO/IEC 9075-2.

13
This

Ful

Spe

Format

<up(

Sy

1)

2)

T——=<setclauselists

Subclause modifies Subclause 14.15, “<set clause list>", in ISO/IEC 9075-2.

1ction

ify a list of updates.

ate target> ::=
Il All alternatives froml|SQO |EC 9075-2
<obj ect col um>
<l eft bracket or trigraph> <nd-axis slice |istpw<right bracket or trigraph>
<obj ect col um>
<l eft bracket or trigraph> <nd-axis subset«list> <right bracket or trigraph>

)itax Rules

’Insert after SR11)a): ‘ If the <update target> immediately contains an <md-axis slice list> ASL, then
the declared type MDT of the column of Fidentified by the <object column> OC shall be an MD-afrray

type.

a)  The Syntax Rules of Subclause 9.17, “Canonicalize MD-array element reference”, are applied
with MDT as MDARRAY-TYPE and ASL as MDAXIS SLICE LIST; let CASL be the CANONICAL SLICE
COORDINATE retunnied from the application of those Syntax Rules.

b) Let EDT be the-element type of MDT.

c) The Syntax'Rules of Subclause 9.2, “Store assignment”, in ISO/IEC 9075-2, are applied wjth a
temporary-site whose declared type is EDT as TARGET and the <update source> of the <get
clausé>-as VALUE.

‘Insert after SR 11)a): ‘ If the <update target> immediately contains an<md-axis subset list> A}L,
then.the declared type MDT of the column of T identified by the <object column> OC shall be gan
MD:-array type.

104

The Syntax Rules of Subclause 9.16, "MD-array subset”, are applied with MDT as MDARRAY TYPE
and ASL as MDAXIS SUBSET LIST; let TMD be the TARGET MAXIMUM MDEXTENT and let EQ be the
EQUIVALENCE returned from the application of those Syntax Rules. Let t be the number of MD-axes
in TMD.

Case:
a) IfEQis not a zero-length character string, then <update target> is equivalent to OC EQ.
b) Otherwise:

i) Let EDT be the element type of MDT.
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ii) The Syntax Rules of Subclause 9.2, “Store assignment”, in ISO/IEC 9075-2, are applied
with a temporary site whose declared type is an MD-array type with element type EDT
and maximum MD-extend TMD as TARGET and the <update source> of the <set clause>
as VALUE.

Access Rules

No additional Access Rules.

Gel

Cos

1)

neral Rules

No additional General Rules.

1formance Rules

‘Insert after the last CR: ‘ Without Feature A010, “Multi-dimensional array support”, conforming
SQL language shall not contain an <update target> that immediately-contains an <md-axis slice |ist>
or an <md-axis subset list>.
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14 Additional data manipulation rules

This Clause modifies Clause 15, "Additional data manipulation rules”, in ISO/IEC 9075-2.

147t

Thig Subclause modifies Subclause 15.5, “Evaluating a <set clause list>", in ISO/IEC 9075-2.

Function
Spe¢ify a list of updates.
Syntax Rules

Acc¢ess Rules

General Rules

No additional Syntax Rules.

No additional Access Rules.

Evaluatinga<setclausetist>

1) | The General Rules of Subclause 8.6, “Handler execution”, in ISO/IEC 9075-4, are applied with EDT

as MOST APPROPRIATE HANDLER.

2) ’Insert before GR 3)b)ii):‘ If thesi-th <set clause> contains an <update target> AS that immedigtely

contains an <md-axis slice list> or <md-axis subset list>, then:

106

a) Let ASL be the <md-axis slice list> or <md-axis subset list> immediately contained in AS.
b) Ifthe value of £isthe null value, then an exception condition is raised: data exception — |MD-
array null value’in MD-array target (22041).
c) Let AV bethe value of C. Let SV be the i-th update value.
d) LetDbethe MD-extent of AV, let d be the number of MD-axes in D, and let MD be the maximum
MD?extent of AV.
e){ Y Case:
3 HASHsan<md-axdsshee Hst>then:
1)  Let P;be the value of the j-th element of CASL, 1 (one) <j <d.
2)  Let MN;be the name of the j-th axis in MD, 1 (one) <j < d.
3) LetSD be the MD-extent denoted by [ MN{( P1:P1), ... MN4( Py: Pg) 1.
4) Let VD be SD.
ii) Otherwise:
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1)

2)
3)
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The General Rules of Subclause 9.16, “MD-array subset”, are applied with AV as
MDARRAY VALUE and ASL as MDAXIS SUBSET LIST; let SD be the SOURCE MDEX-
TENT, let TD be the TARGET MDEXTENT, and let SLICEDAXES be the SLICED
MDAXES returned from the application of those General Rules.

Let VD be the MD-extent of SV.

If VD is not strictly within TMD, then an exception condition is raised: data
exception — MD-array source MD-extent not strictly within target MD-extent

f)  IfSDis not strictly within MD, then an exception condition is raised: data exception >~~MPp-
array target MD-extent not strictly within maximum MD-extent (22043).

g) Let UD be the union of D and SD.

For every coordinate R within UD:

[Z220%2].

h) AVisreplaced by an MD-array A with element type EDT and MD-extent UD)derived as follpws.

i) Case:
1) If ASLis an <md-axis slice list>, then let Q be R.
2)  Otherwise:
A)  LetRP;be the j-th element of R, ¥(one) <j < d.
B) Letjbe1 (one).
C) Forallk, 1 (one) <k <d;such that k is not an element of SLICEDAXES:
1) Let TP; be RPy.
I1) jis increased by 1 (one).
D) Let Q bethe’coordinate denoted by [ TPy, ..., TP ].
NOTE 5 —.There are t non-SLICEDAXES.
ii) Case:
1) IfR\is within D and @ is not within VD, then the element in 4 at coordinate R is
the value of the element in AV at coordinate R.
2))~ If Ris not within D and @ is not within VD, then the element in A at coordinate R
is the null value.
3) Otherwise:
A) Case:
B HASE s am<md=axis stice tist>; themtet be S~

1) Otherwise, let IV be the element of SV at coordinate Q.

B) The General Rules of Subclause 9.2, “Store assignment”, in ISO/IEC 9075-2,
are applied with the element of A at coordinate Ras TARGET and Vas VALUE.

Conformance Rules

No additional Conformance Rules.
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15 Dynamic SQL

This Clause modifies Clause 20, “Dynamic SQL”, in ISO/IEC 9075-2.

151

T—Pescriptiomrof SQEdescriptorareas

This

Ful

Spe

Syr

1)

Subclause modifies Subclause 20.1, “Description of SQL descriptor areas”, in ISO/IEC 9075-2.

1ction

ify the identifiers, data types, and codes used in SQL item descriptor areas.

)itax Rules

‘Insert after SR 6)q): ‘ TYPE indicates MDARRAY or MDARRAY LOCATOR, the value d of MDDIM
SION is a valid value for the MD-dimension of an MD-array, there-are exactly d + 1 (one) immedis3
subordinate descriptor areas of IDA, and those SQL item deéscriptor areas are valid.

EN-
itely

2) ’Insert after SR 7)V):‘ TYPE indicates MDARRAY or MDARRAY LOCATOR, and T'is an MD-array fype
with MD-dimension d, where d is the value of MDDIMENSION, and the data type of the element fype
of T matches the data type specified by the e-th ininediately subordinate descriptor area of IDA4,
where e = d + 1 (one). The name, lower limit, and upper limit of the i-th MD-axis match the value
of NAME, MDAXIS_LOW, and MDAXIS_HIGH specified by the i-th immediately subordinate descrilptor
area of IDA.

3) ‘Insert into Table 28, “Data types of <key word>s used in the header of SQL descriptor areas”‘ the
rows of Table 9, “Data types of <key word>s used in SQL item descriptor areas”.

Table 9 — Data types of <key word>s used in SQL item descriptor areas
<key word> Data Type
MDDIMENSION exact numeric with scale 0 (zero)
MDAXIS_LOW. exact numeric with scale 0 (zero)
MDAXIS_HIGH exact numeric with scale 0 (zero)
AccessRules

No additional Access Rules.

General Rules

1)

108

‘Insert into Table 30, “Codes used for SQL data types in Dynamic SQL”
used for SQL data types in Dynamic SQL".
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Table 10 — Codes used for SQL data types in Dynamic SQL

Data Type Code
MDARRAY 52
MDARRAY LOCATOR 53

Conformance Rules

No additional Conformance Rules.
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15.2 <get descriptor statement>

This Subclause modifies Subclause 20.4, “<get descriptor statement>", in ISO/IEC 9075-2.

Function

Get information from an SQL descriptor area.

Fonl'mat

<degcriptor itemnanme> ::=

Il Al alternatives fromI|SQ|EC 9075-2
| |MDDI MENSI ON

MDAXI S_LOW

| |MDAXI S_HI GH

Syntax Rules

No additional Syntax Rules.

Access Rules

No additional Access Rules.

General Rules

No additional General Rules.

Conformance Rules

No additional Conformance:Rules.
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15.3 <describe statement>

This Subclause modifies Subclause 20.10, “<describe statement>", in ISO/IEC 9075-2.

Function

Obtain information about the <select list> columns or <dynamic parameter specification>s contained in
a prapm*pd statement or about the columns of the result set assaciated with a cursor.

Format

No additional Format items.

Syntax Rules

No additional Syntax Rules.

Access Rules

No additional Access Rules.

General Rules

1) ‘Insert after GR 7)d)xi):‘ If TYPE indicates MDARRAY, then MDDIMENSION is set to the MD-
dimension d of the MD-array A.

2) | |Insert after GR 7)d)xi):| If WITH NESTING is specified, then:

a) Let D be the MD-extent of 4,:let d be the number of MD-axes in D, and let N;, LO;, and HI;, [be
the name, lower limit, and-upper limit, respectively, of the i-th MD-axis in D, 1 (one) <idd.

b) Foralli 1 (one) <i<4d,in the i-th immediately subordinate descriptor area, NAME is set{to
N;, MDAXIS_LOWis'set to LO; and MDAXIS_HIGH is set to HI;.

c) The (d+ 1)-thimmediately subordinate descriptor area is set to describe the element type of
A.

Conformance Rules

No additional Conformance Rules.
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16

This

Embedded SQL

Clause modifies Clause 21, “Embedded SQL”, in ISO/IEC 9075-2.

16
This

Ful

Spe

Format

<Ada derived type specification> ::=

I
<Ad3

Syr

1)

2)

1ction

1——<embedded SQE Ada program>

Subclause modifies Subclause 21.3, “<embedded SQL Ada program>", in ISO/IEC 9075-2.

'ify an <embedded SQL Ada programs>.

Il Al alternatives fromI|SQ |EC 9075-2
<Ada nd-array | ocator variabl e>

L nd-array |ocator variable> ::=
DL TYPE | S <md-array type> AS LOCATOR

itax Rules

\Insert after SR 4)c)xi): ‘ If ATS immediately contains an <Ada md-array locator variable> AMD
then the <host parameter data type> of HV is AT AS LOCATOR, where AT is the <md-array typd
immediately contained in AMDLYV.

‘Insert after SR 5)1):‘ The syntax

SQL TYPE IS <nd-array type> AS LOCATOR
shall be replaced by

I nterfaces. SQL.J"NJ

is called an\MD-array locator variable. The data type identified by <md-array type> is called tH
associated'MD-array type of the host variable.

Ac«r'ess Rules

>

in any <Ada nidsarray locator variable>. The host variable defined by <Ada md-array locator variaple>

e

No additional Access Rules.

General Rules

112

No additional General Rules.
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Conformance Rules

1) ‘Insert after the last CR: ‘ Without Feature A010, “Multi-dimensional array support”, conforming
SQL language shall not contain an <Ada md-array locator variable>.
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16.2 <embedded SQL C program>

This Subclause modifies Subclause 21.4, “<embedded SQL C program>", in ISO/IEC 9075-2.

Function

Specify an <embedded SQL C program>.

Fonl'mat

<C (

<C nfd-array |ocator variable> ::=

S

Syr

1)

2)

Access Rules

Gel

erived variable> ::=
Il Al alternatives fromI|SQ|EC 9075-2
<C nd-array | ocator variabl e>

DL TYPE IS <md-array type> AS LOCATOR

<C host identifier> [ <Cinitial value> ]
[ { <conma> <C host identifier> [
<Cinitial value>] }... ]

itax Rules

<host parameter data type> of HV is AT AS LOCATOR;where AT is the <md-array type> immediz
contained in CMDLV.

‘Insert after SR 5)o): ‘ The syntax

SQL TYPE IS <nd-array type> AS LOCATER
shall be replaced by
unsi gned | ong

in any <C md-array locator variable>. The host variable defined by <C md-array locator variab
is called an MD-array lodator variable. The data type identified by <md-array type> is called tH
associated MD-array type of the host variable.

No additienal Access Rules.

neral Rules

‘Insert after SR 4) c)vii):‘ If CVS simply contains a <C md-array locator variable> CMDLV, then the

itely

le>
e

No adaditional Generadl Kules.

Conformance Rules

1)

114

‘ Insert after the last CR: ‘ Without Feature A010, “Multi-dimensional array support”, conforming

SQL language shall not contain a <C md-array locator variable>.
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16.3 <embedded SQL COBOL program>

This Subclause modifies Subclause 21.5, “<embedded SQL COBOL program>", in ISO/IEC 9075-2.

Function

Specify an <embedded SQL COBOL programs>.

Format

< OL derived type specification> ::=
I'' Al alternatives from|SQ |EC 9075-2
| |[<COBCOL nd-array |ocator variabl e>

<COBOL nd-array | ocator variable> ::=
[JUSAGE [ IS] ] SQ TYPE IS <nd-array type> AS LOCATOR

Syntax Rules

1) ‘Insert after SR 4)d)x):‘ If CTS immediately contains a <COBOL'md-array locator variable> CMPLYV,
then the <host parameter data type> of HV is AT AS LOCATOR, where AT is the <md-array type>
immediately contained in CMDLV.

2) ‘Insert after SR 5)m):‘ The syntax

SQL TYPE IS <nd-array type> AS LOCATOR
shall be replaced by
PI C S9(9) USAGE |'S BI NARY

in any <COBOL md-array locator variable>. The host variable defined by <COBOL md-array logator
variable> is called an MD-arraylocator variable. The data type identified by <md-array type> Is
called the associated MD-array type of the host variable.

Access Rules

No additional Aceess Rules.

General Rules

No additional General Rules.

Conformmance Rules

1) ‘ Insert after the last CR:| Without Feature A010, “Multi-dimensional array support”, conforming
SQL language shall not contain a <COBOL md-array locator variable>.
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16.4 <embedded SQL Fortran program>

This Subclause modifies Subclause 21.6, “<embedded SQL Fortran program>", in ISO/IEC 9075-2.

Function

Specify an <embedded SQL Fortran program>.

Fonl'mat

<Forntran derived type specification> ::=
I'' Al alternatives from|SQ |EC 9075-2
<Fortran nd-array | ocator variabl e>

<Forntran nd-array |ocator variable> ::=
SQL TYPE IS <nd-array type> AS LOCATOR

Syntax Rules

1) ‘Insert after SR 5)g)xi): ‘ If FTS immediately contains a <Fortrartimd-array locator variable> FMPLYV,
then the <host parameter data type> of HV is AT AS LOCATOR, where AT is the <md-array type>
immediately contained in FMDLV.

2) ‘Insert after SR 6)1):‘ The syntax

SQL TYPE IS <nd-array type> AS LOCATOR
shall be replaced by
| NTEGER

in any <Fortran md-array locator variable>. The host variable defined by <Fortran md-array logator
variable> is called an MD-arraylocator variable. The data type identified by <md-array type> Is
called the associated MD-array type of the host variable.

Access Rules

No additional Aceess Rules.

General Rules

No additional General Rules.

Conformmance Rules

1) ‘ Insert after the last CR:| Without Feature A010, “Multi-dimensional array support”, conforming
SQL language shall not contain a <Fortran md-array locator variable>.

116 © ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=0b800f815ab0fe611416e4566ef50546

16.
This

ISO/IEC 9075-15:2023(E)
16.5 <embedded SQL MUMPS program>

5 <embedded SQL MUMPS program>

Subclause modifies Subclause 21.7, “<embedded SQL MUMPS program>", in ISO/IEC 9075-2.

Function

Specify an <embedded SQL MUMPS program>.

Format

<MJ

<MUVPS nd-array | ocator variable> ::=

S

Syr

1)

Access Rules

Gel

Col

1)

S derived type specification> ::=
I'' Al alternatives from|SQ |EC 9075-2
<MUMPS nd-array |ocator variabl e>

DL TYPE IS <md-array type> AS LOCATOR

)itax Rules

‘ Insertafter SR 4)c)v):| If MVD immediately contains a <MUMPSmd-array locator variable> MM
then let AT be the <md-array type> immediately containedih MMDLV. The <host parameter d

type> of HV is AT AS LOCATOR. The data type identifieddy AT is called the associated MD-array

type of HV. HV is called an MD-array locator variable.

No additional Access Rules.

neral Rules

No additional General Rules,

1formance Rules

‘Insert after thelast'CR: ‘ Without Feature A010, “Multi-dimensional array support”, conforming

SQL language-shall not contain a <MUMPS md-array locator variable>.

DLV,
hta

© ISO/IEC 2023 - All rights reserved

117


https://standardsiso.com/api/?name=0b800f815ab0fe611416e4566ef50546

ISO/IEC 9075-15:2023(E)
16.6 <embedded SQL PL/I program>

16.6 <embedded SQL PL/I program>

This Subclause modifies Subclause 21.9, “<embedded SQL PL/I program>", in ISO/IEC 9075-2.

Function

Specify an <embedded SQL PL/I program>.

Fonl'mat

<PLAI derived type specification> ::=
I'' All alternatives froml|SQO |EC 9075-2
| |<PL/I nd-array |ocator variabl e>

<PLAI md-array |ocator variable> ::=
SQL TYPE IS <nd-array type> AS LOCATOR

Syntax Rules

1) ‘Insert after SR 4) e)xi):‘ If PTS immediately contains a <PL/] md-array locator variable> PMDLV,
then the <host parameter data type> of HV is AT AS LOCATOR, where AT is the <md-array type>
immediately contained in PMDLV.

2) ‘Insert after SR 5)1):‘ The syntax

SQL TYPE IS <nd-array type> AS LOCATOR
shall be replaced by
FI XED Bl NARY( 31)

in any <PL/I md-array locator variable>. The host variable defined by <PL/I md-array locator
variable> is called an MD-arraylocator variable. The data type identified by <md-array type>
called the associated MD-array type of the host variable.

wn

Access Rules

No additional Aceess Rules.

General Rules

No additional General Rules.

Conformmance Rules

1) ‘ Insert after the last CR:| Without Feature A010, “Multi-dimensional array support”, conforming
SQL language shall not contain a <PL/I md-array locator variable>.
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