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Foreword

I SO (the International Organization for Standardization) and | EC (the International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of 1SO or IEC
participate in the development of International Standards through technical committees established by the
respectlve organl zatl on to deal Wlth partl cular flelds of technlcal act|V|ty ISO and IEC technlcal commltteas
7 ' . . ' = ' ntal,

any
SO
list ¢f patent declarations received (see www. i so. or g/ pat ent s), or thelEC list of patent declarations
recgived (seeht t p: / / patents. i ec. ch).

Anyltrade name used in this document isinformation given for the cofvenience of users and does not consfjtute
an endorsement.

For pn explanation of the voluntary nature of standards, the meaning of 1SO specific terms and expressions
relatied to conformity assessment, aswell asinformation about 1 SO's adherence to the World Trade Organizgtion
(WTO) principlesin the Technical Barriersto Trade (TBT) seewww. i so. org/i so/foreword. htni .

Thigdocument was prepared by Technical CommitteetSO/IEC JTC 1, Information technology, Subcomniittee
SC 32, Data management and interchange.

Thigisthefirst edition of this document.
A ligt of al partsin the ISO/IEC 9075 seties can be found on the | SO website.

Anylfeedback or questions on thisdocument should be directed to the user's national standards body. A complete
listipg of these bodies can be found at www. i so. or g/ menbers. htm .

NOTE 1 — Theindividual parts-of multi-part standards are not necessarily published together. New editions of one or morg parts
may be published without-publication of new editions of other parts.
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I ntroduction

This document was developed in response to industry demand for the ability to store and manipulate datain
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)

Clause 1, " Scope”, specities the scope of this document.

Clause 2, “Normative references’, identifies additional standardsthat, through referencein thisdocun
constitute provisions of this document.

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

Clause 4, “ Concepts’, describes the concepts used in | SO/IEC 9075.

nent,

Clause 5, “ The parts of ISO/IEC 9075", augments Clause 5, “ The parts of 1SO/NEC 9075", of 1SO9075-1,
by summarizing the content of this document, in terms of the concepts descritied in Clause 4, “ Concepts’,

of 1SO9075-1.
Clause 6, “ Concepts’, presents concepts used in the definition of multidimensional arrays.

Clause 7, “Lexica e ements’, definesanumber of lexical e ementstised in the definition of multidimens
arrays.

Clause 8, “ Scalar expressions’, defines a number of scalavexpressions used in the definition of multi
mensional arrays.

Clause 9, “Query expressions’, defines the elements of the language that produce rows and tables of
as used in multidimensional arrays.

Clause 10, “Predicates’, defines the predicates used in the definition of multidimensional arrays.

Clause 11, “Additional common rules’,specifies the rules for assignments that retrieve multidimens
array datafrom or store multidimehsional array datainto SQL-data, and formation rulesfor set operat

ona

di-

data

ona
ons.

Clause 12, “Additional commerrelements’, defines additional common elements used in the definitign of

multidimensional arrays.

Clause 13, “ Schema definition and manipulation”, defines facilities for creating and managing a schema.

Clause 14, “ SQL<clent modules’, defines SQL-client modules and externally-invoked proceduresin/the

context of mulfidimensional arrays.

Clause 15;\Data manipulation”, defines the data manipulation statements.

Clause 16, “Dynamic SQL”, definesthefacilitiesfor executing SQL -statements dynamically in the comtext

of-multidimensional arrays.

Clause 17, "Embedded SQL”, defines the host Tanguage embeddings in the context of multidimensional

arrays.

Clause 18, “Call-Level Interface specifications’, defines facilities for using SQL through a Call-Level

Interface.

19) Clause 19, “Information Schema’, defines the Information and Definition Schema objects associated with

multidimensional arrays.

20) Clause 20, “Definition Schema”, defines base tables on which the viewed tables containing schemainfor-

mation depend.

X Multidimensional Arrays (SQL/MDA) ©ISO/IEC 2019 — Al rights res
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21) Clause 21, “ Status codes”’, defines SQLSTATE values related to multidimensional arrays.
22) Clause 22, “Conformance”, defines the criteriafor conformance to this document.

23) Annex A, “SQL Conformance Summary”, is an informative Annex. It summarizes the conformance
requirements of the SQL language.

24) 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/ar cechamac or anv othar hahavaaric narthv arvwhaollb 2 imnlonmantation-dafined
OO O OCT Mo, O U Ty - Ot e 0T TO T T O Pai Ty~ O vy oy T P S et r o O icor

25) [Annex C, “Implementation-dependent elements’, isan informative Annex. It lists those features{or Which
the body of this document states that the syntax, the meaning, the returned results, the effect on SQL {data
and/or schemas, or any other behavior is partly or wholly implementati on-dependent.

26) [Annex D, “Incompatibilities with ISO/IEC 9075:2011", is an informative Annex. It listSincompatibilities
with the previous version of this document.

27) [Annex E, “SQL feature taxonomy”, is an informative Annex. It identifies features of the SQL langugge
specified in this document by an identifier and a short descriptive name. Thistaxonomy is used to specify
conformance.

In the text of this document, Clauses and Annexes begin new odd-numbered pages, and in Clause 7, “Lexical
elements’, through Clause 22, “Conformance’, Subclauses begin new pages. Any resulting blank space i$ not
signjficant.

©ISO/IEC 2019 — All rights reserved Introduction xi


https://standardsiso.com/api/?name=ee44e689367b0fc5984eebe253cb8501

| SO/IEC 9075-15:2019(E)

Xii

(Blank page)

Multidimensional Arrays (SQL/MDA)

©ISO/IEC 2019 — All rights reserved


https://standardsiso.com/api/?name=ee44e689367b0fc5984eebe253cb8501

INT

ERNATIONAL STANDARD ISO/IEC 9075-15:2019(E)

| nfor mation technology database languages — SQL —
Part 15:

MU

This

arrays.

[ti-dimensional arrays (SQL/MDA)
Scope

document defineswaysin which Database Language SQL can be used in conjunction with multidimensional

©ISO/IEC 2019 — Al rights reserved Scope 1


https://standardsiso.com/api/?name=ee44e689367b0fc5984eebe253cb8501

| SO/IEC 9075-15:2019(E)

(Blank page)

2 Multidimensional Arrays (SQL/MDA)

©ISO/IEC 2019 — All rights reserved


https://standardsiso.com/api/?name=ee44e689367b0fc5984eebe253cb8501

I SO/IEC 9075-15:2019(E)

2 Normativereferences

The following documents are referred to in the text in such away that some or al of their content constitutes
reguirements of this document. For dated references, only the edition cited applies. For undated references, the
latest edition of the referenced document (including any amendments) applies.

/IEC 9075-1:2016, Information technology — Database languages — SQL — Part 1: Framework
L/Framework).

/IEC 9075-2:2016, Information technology — Database languages — SQL — Part 2;-Foundation
L/Foundation).

/| EC 9075-3:2016, I nfor mation technology — Database languages— SQL —Part 3: Call-Level Intefface
L/CLI).

/IEC 9075-11:2016, Infor mation technol ogy — Database languages —SQL — Part 11: Information
d Definition Schemas (SQL/Schemata).

ultipurpose Internet Mail Extensions (MIME), Part Two: MediaTypes
ftp://tools.ietf.org/htm/rfc2046

M
h
The JavaScript Object Notation (JSON) Data I nterchange Format
http://tools.ietf.org/htm/rfc7159

P —

P —
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3.1 Definitions

Terms and definitions

This Clause modifies Clause 3, “ Definitions, notations, and conventions” , in [|SO9075-2].

3.1

Thig Subclause modifies Subclause 3.1, “ Definitions” , in [1S09075-2].

3.1

For
appl

1SO

3.1

3.1

3.1

3.1

3.1

1.1 coordinate

1.2  maximum MD-extent (of an M D-aryay type or a site of MD-array type)

1.3 MD-array

1.4 MDP-axis
named MD-interval
1.5 M D-dimension

Definitions

L Definitions provided in this document

he purposes of this document, the terms and definitions given in |SO9075-1, | SO9075-2, and thefolloy
V.

and |EC maintain terminological databases for use in standardization at the following addresses:
|EC Electropedia: availableat ht t p: / / ww. el ect r opedi a. or g/
SO Online browsing platform: availableat ht t p: / /ywwww. i so. or g/ obp

non-empty ordered list of integers

MD-extent of an MD-array type

M D-extent that a value of that MD-array type can have. The MD-extent of an MD-array value must be within the maximum
extent of the value's type.

ordered collection of e ements of the same type associated with an MD-extent where each eley
is 1:1 associated-with some coordinate within its MD-extent

NOTE 3 — A coordinate is within an MD-extent if every coordinate value from theinteger list is greater than or equal to the

alue has within'the coordinate.

ving

NOTE 2 — The term “maximum M D-extent™\js used for the MD-extent of an MD-array type because it defines the maximfim

MD-

nent

ower

imit, and less than‘or equal to the upper limit of the MD-interval of the MD-axis at the position in the M D-extent as the coordlinate

number of MD-axes in the MD-extent of an MD-array

3116 MD-extent

non-empty ordered collection of MD-axes with no duplicate names

3.1.17 MD-interval

©ISO/IEC 2019 — All rights reserved

integer interval given by apair of lower and upper integer limits such that the lower limitisless
or equal to the upper limit; the interval is closed, i.e., both limits are contained in it

than
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4.1 SQL datatypes

This Clause modifies Clause 4, “ Concepts’ , in [1S09075-1].

4.1 SQL datatypes

Thig Subclause modifies Subclause 4.4, “ QL data types’, in [1S09075-1].

411 SQL datatypes

Thig Subclause modifies Subclause 4.4.5, “ Constructed composite types’ , inPl SO9075-1].

4.11.1 Collection types

Thig Subclause modifies Subclause 4.4.5.1, “ Collection types™, in [1SO9075-1].

|Ap|q»end this paragraph |An MD-array isan ordered collection of not necessarily distinct values, whose €l enents

are fleferenced by their

coordinate in the MD-array.

| Apppend this paragraph| An MD-array type is.specified by an MD-array type constructor.

4.2| SQL-schema objects

Thig Subclause modifies Subclawse 4.6, “ SQL-schema objects’, in [1S09075-1].

4.2l User-defined types

Thig Subclausemodifies Subclause 4.6.4, “ User-defined types’, in [ISO9075-1] .

4.2.1.1 Distinct types

This Subclause modifies Subclause 4.6.4.2, “ Distinct types’, in [1S09075-1].

|Replace 1st paragraph

A digtinct typeis a user-defined data type that is based on some predefined type, array

type, or multiset type. The values of a distinct type are represented by the values of the type on whichitis

based.

©ISO/IEC 2019 — Al rights reserved Concepts 7
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5.1 Overview

5 Thepartsof ISO/IEC 9075

This Clause modifies Clause 5, “ The parts of ISO/IEC 9075” , in [ISO9075-1].

51/ Oveview

Thig Subclause maodifies Subclause 5.1, “ Overview” , in [1S09075-1].

| Insgrt beforethelast paragraph| I SO/IEC 9075-15 defineswaysin which Database L anguiage SQL can be Lised
with multidimensional array data.

5.2 [ISO/IEC 9075-15: MultiDimensional Arrays (SQL/MDA)

I SOJIEC 9075-15 defines facilities that allow Database Language SQL to support creation and manipulatjon
of multidimensional arrays.

Thege include:
1) |A new collection type, MD-array.
2) [New built-in operators to create and manipul at€’val ues of the MD-array type.

©ISO/IEC 2019 — All rights reserved Thepartsof ISO/IEC 9075 9
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6 Concepts

This Clause modifies Clause 4, “ Concepts’ , in [1S09075-2].

6.1 Datatypes

Thig Subclause modifies Subclause 4.1, “ Data types’ , in [1S09075-2] .

6.1.l General introduction to data types

Thig Subclause modifies Subclause 4.1.4, “ Data type terminology” , in [|S©9075-2] .

| Refjlace 4th paragraph|.

A cgnstructed typeis specified using one of SQL's data type construetors, ARRAY, MDARRAY, MULTIS$ET,
RER, and ROW. A constructed typeis either an array type, an MD-array type, amultiset type, areference lype,
or afrow type, according to whether it is specified with ARRAY, MDARRAY, MULTISET, REF, or ROW
respectively. Array types, MD-array types, and multiset types are known generically as collection types.

6.1.2 Datatype terminology

Thig Subclause modifies Subclause 4.1.4; £ \Data type terminology” , in [ 1SO9075-2].

| Append this paragraph| A datatype TY.isacollection-containing typeif exactly one of the following conditions
istre:

— |TYisacaollection type.
— |TYisarow type, andthe declared type of some field of TY is a collection-containing type.
— |TYisdistinct type; and the source type of TY is a collection-containing type.

— |TYisastructured type and the declared type of some attribute of TY is a collection-containing type.

|Augment.thelist in 11th paragraph|

— |Atype TisMD-array-ordered if T is S-ordered, where Sis the set of MD-array types.

6.2 Numbers

This Subclause maodifies Subclause 4.4, “ Numbers”, in [1SO9075-2] .

©ISO/IEC 2019 — All rights reserved Concepts 11
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6.2.1 Operationsinvolving numbers

This Subclause modifies Subclause 4.4.3, “ Operations involving numbers’ , in [1S09075-2].

|Augment the list following the 1st paragraph|

— <md-array axisindex function> (see Subclause 6.4.4.3, “ Operators that operate on MD-array values and
return numbers’) operates on an MD-array argument and an M D-axis hame, and returns an integer denoting
its index position in the MD-extent of the MD-array.

— |<md-array dimension> (see Subclause 6.4.4.3, “ Operators that operate on MD-array values and retuv|n
numbers’) operates on an MD-array argument and returns an integer denoting its MD-dimension.

— |<md-array lower axislimit> (see Subclause 6.4.4.3, “ Operatorsthat operate on MD-array valuesand rgturn
numbers’) operates on an MD-array argument and an MD-axis name or index, and refurss the lower |imit
of an MD-axis.

— |<md-array upper axislimit> (see Subclause 6.4.4.3, “ Operatorsthat operate on NID-array valuesand rgturn
numbers’) operates on an MD-array argument and an MD-axis hame or index{ and returns the upper |imit
of an MD-axis.

6.3| User-defined types

Thig Subclause modifies Subclause 4.7, “ User-defined types:., in [1S09075-2].

6.3.l Distinct types

Thig Subclause modifies Subclause 4.7.2, “ Distinct types”, in [1S09075-2].

|Redlace 4th paragraph|

A digtinct type DT whose sourcetypeisacollection type CT is said to have an el ement type, whichisthe element
typgof CT. CT shall not bean MDsarray type. A value of DT hasacardinality, which isthe number of elements
in that value. A distinct type whose source type is an array type AT is said to have a maximum cardinality
whi¢h is the maximum cardimality of AT.

6.4 Collection types

Thig Subclause modifies Subclause 4.10, “ Collection types’, in [1S09075-2] .

6.4.1 Introduction to collection types

This Subclause modifies Subclause 4.10.1, “ Introduction to collection types’, in [1S0O9075-2].

|Replace last sentence of the 1st paragraph|.

This document supports three kinds of collection types. arrays, MD-arrays, and multisets.

| Replace 2nd paragraph|.
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A specific <collection type> CT is a <data type> specified by pairing a keyword KC (one of ARRAY,
MDARRAY, or MULTISET) with aspecific datatype EDT. In addition, amaximum cardinality may optionally
be specified for arrays, while a maximum MD-extent is mandatory for MD-arrays. Every element of every

possible value of CT isavaue of EDT and is permitted to be, more specifically, of some subtype of EDT. EDT
istermed the element type of CT. KC specifies the kind of collection, such as ARRAY, MDARRAY, or
MULTISET, that every value of CT is, and thus determines the operators that are available for operating on or
returning values of CT.

[Rep

lace the list following the 4th paragraphl:

6.4.

An|
an g

The
d, c
and
has

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

MD

The type designator of CT.
The descriptor of the element type of CT.

An indication of the kind of the collection of CT: ARRAY (array type), MDARRAY (MD-array typg
MULTISET (multiset type).

If CT isan array type, the maximum number of elements of CT.

If CT isan MD-array type, the MD-axis descriptors of each dimension of theMD-array.

M D-axis descriptor describes adimension 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.

P MD-arrays

ID-array Aisacollection where each.efement is uniquely identified by ad-dimensional coordinate th
ement of the Cartesian product of the d MD-intervals of A's MD-extent. d is the MD-dimension of A

MD-extent of Aisanon-emptyarray of MD-axis elements. The MD-axis at position i, with 1 (one) 1
nsists of a name N; unique within this MD-extent and a closed MD-interval given by alower limit L

an upper limit HI;. A LO; or HI; that isthe null valuein a maximum M D-extent indicates that the MD
no lower or upper |init, respectively.

extent, where'dl (one) < i < d. The extent of an MD-axis AE; is defined as the length of the MD-interv,

AE;

A

of aLM D=extent DC is the product of the extents of the MD-axes of D: AE; X ... x AEg.
n

HI; - LO;+ 1 (one). An MD-extent D isdenoted as[ N1 (LO1 : Hlq), ..., Ng (LOg4 : Hlg) ]. The cardin

ypes

or

atis

| RLA

axis

the
Al of

ality

D extent D, denoted as|[ DN1 ( DLO; : DHI4), ..., DNg ( DLOg4 : DHI Q) 1, is within another MD-ex

fent

E, denoted as[ ENq ( ELOq : EHIy), ..., ENg (ELOg: EHIg) ], if d < e, and, for al i, 1 (one) < i < d, both of
the following are true:

1
2)
If D

©ISO/IEC 2019 — All rights reserved

ELG; isthe null value or DLO; = ELO;.
EHI; isthe null value or DHI; < EHI;.

iswithin E and d = e, then D is strictly within E.
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If d=e, DLG; isnot distinct from ELO; and DHI; is not distinct from EHI;, then D isinterval-equal to E. If D
and E areinterval-equal, and additionally DN; = EN;, then D isequal to E.

If d = eand DN; = EN;, then the union of D and E isdefined as[ DNq ( MIN ( DLO4, ELO; ) : MAX ( DHIq,
EHI{) ), ..., DNg (MIN ( DLOyg, ELOq) : MAX ( DHIy, EHIg) ]. The union U of a non-empty set of N MD-
extents Dy, ..., Dy isdefined as follows:

1) IfNisl(one),thenUisDj.

2) [If Nis2, then U isthe union of D; and D».

3) |Otherwise, let TMPD bethe union of D1 and D,. For al i, 3<i <N, let TMPD be the union,of FMPD and
Dj. UisTMPD.

A sife ASof MD-array type has a maximum MD-extent D. The MD-extent E of an MD-array occupying ASis
congtrained to be strictly within D.

An MD-array typeis a<collection type> whose element type EDT is not a collection-containing type. If AT is
somge MD-array type with element type EDT and maximum MD-extent D, then\every value of AT isan MD-
array with element type EDT and maximum MD-extent D.

TwgMD-arrays A and B areidentical if and only if both A and B have the same MD-extent D, and if, for gvery
coorldinate P in D, the element at coordinate P in A isidentical to the:d ement at coordinate P in B.

6.4.8 Collection comparison and assignment

Thig Subclause modifies Subclause 4.10.4, “ Collection‘comparison and assignment” , in [ 1S09075-2].

| Refjlace the 1t paragraph:

Twd collections of ARRAY or MULTISET-kind are comparable if and only if they are of the same kind gnd
theill element types are comparable.

|Insgrt after the 4th paragraph};

A vglue of an MD-array type AT with MD-extent D isassignableto asite of an MD-array type ASwith maximum
MDiextent E if D is strictly-within E.

MDtarray values are not.comparable.

6.4.4 Opefationsinvolving MD-arrays

6.4.4T Operatorsthat operate on MD-array values and re&carn MD-array values

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

— A list of <md-axis limits named> and <md-axis dlice named>, corresponding to specific MD-axes.
— A list of <md-axislimits positional> and <md-axis slice positional>, listed for every MD-axisin turn.

— An <md-extent> function, which allows subsetting an MD-array to the M D-extent of another MD-array.

14 Multidimensional Arrays (SQL/MDA) ©ISO/IEC 2019 — All rights reserved
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<md-axis limits named> and <md-axis limits positional> 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.

<md-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 A, the MD-dimension d of theresultisd = MDDIMENSION(A) — N.

<md-axis limits named> and <md-axis glice named> allow positionally-independent addressing of MD-axes
thro

<md-array value expression> covers the usua arithmetic, comparison, and logical operations whereat |

one pperand is an MD-array. The MD-extents of MD-arrays A and B in an <md-array value expression> of the
form A op B shall be equal. The result isan MD-array value with an MD-extent equal to the MD-extent(g) of
the ijnput MD-array(s).

<md-array reshape function> is an operation that, given an MD-array with M D-extent®-and an MD-extent E
such that MDDIMENSION(D) = MDDIMENSION(E), returns an MD-array with the same elements as the
inpyt M D-array at coordinateswithin E that are also within D, plus additional elenientswith null values 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
elenfents as the input M D-array, such that each element at coordinate® 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
elenents obtained by using nearest-neighbor interpolation te fit'the input MD-array elements at coordinates
within the MD-extent of the result MD-array.

<md-array absolute value expression> is a function that returns an MD-array with an MD-extent equal tolthe
MDiextent of itsinput MD-array, where the elementat each coordinate in the result is derived by applyirg
<absol ute value expression> to the element at the-same coordinate in the input.

<md-array natural logarithm>isafunction that returnsan M D-array with an MD-extent equal to the M D-extent
of itsinput MD-array, where the element.at-each coordinate in the result is derived by applying <natural lloga-
rithm> to the element at the same coordinate in the input.

<md-array common logarithm> isa-function that returns an MD-array with an MD-extent equal to the MPD-
extent of itsinput MD-array, where the element at each coordinatein theresult isderived by applying <common
loggrithm> to the element at.the same coordinate in the input.

<md-array exponential-fuaction> is afunction that returns an MD-array with an MD-extent equal to the MID-
extent of itsinput MD-array, where the element at each coordinate in the result is derived by applying <ekpo-
nengal function>4o-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 equal to the MD-extent of
itsimput MD-array, where the element at each coordinate in the result is derived by applying <square roof> to
the ¢lement at the same coordinate in the input.

of itsinput MD-array, where the element at each coordinate in theresult isderived by applying <floor function>
to the element at the same coordinate in the input.

<md-array ceiling function> isafunction that returns an MD-array with an M D-extent equal to the M D-extent
of itsinput MD-array, where the element at each coordinatein the result is derived by applying <ceiling function>
to the element at the same coordinate in the input.

<md-array trigonometric function> isafunction that returns an MD-array with an M D-extent equal to the MD-
extent of itsinput MD-array, where the element at each coordinate in the result is derived by applying
<trigonometric function> to the element at the same coordinate in the inpuit.
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<md-array power function> is afunction that returns an MD-array with an MD-extent equal to the MD-extent
of itsinput M D-arrays, where the element at each coordinatein theresult isderived by applying <power function>
to the element at the same coordinate in the input and the second argument of the function.

<md-array modulus expression> is a function that returns an MD-array with an MD-extent equal to the MD-
extent of itsinput MD-arrays, where the element at each coordinate in the result is derived by applying <mod-
ulus 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 M D-array value made by joining its MD-array value
opeffandsin the order given along a specitied MD-axis.

6.4.4.2 Operatorsthat 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 atable of| car-
dingity CAR equal to the MD-dimension of A and four columns. The row with valuei, 1 (one) <i < CAR, in
thefiirst 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 M D-extent-MD with the declared type pf a
given MD-array value A as atable of cardinality CAR egual to the MD-ditnension of A and four columns)The
row (with valuei, 1 (one) < i < CAR, in the first column contains the.fiame, lower limit, and upper limit of| the
i-th MD-axisin MD in the second, third, and fourth column, respectively.

<colllection derived table> allows converting an <md-array value expression> AVE with element type ET jpnd
MDidimension d to atable. The resulting table has d columns holding the coordinate values of each element,
and [if ETM isnot arow type, one column, or, if ET isarow-type of degree N, N columnsfor the el ement values
of AVE. If WITH ORDINALITY is specified, then theyresulting table has an additional ordinality column
holding the values from 1 (one) to the cardinality of AVE.

6.4.4.3 Operatorsthat operate on-MD-array values and return numbers
<md-array axis index function> isan operation that, for a given MD-array and an MD-axis name, returngthe
indgx position of the M D-axiswith 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 w|th
scal¢ 0 (zero).

<md-array lower axislimit>isan operation that, for agiven MD-array and an MD-axisidentified by its pos|tion
or it name, returns the lower limit the MD-axis as an exact numeric with scale 0 (zero).

<md-array upper axislimit>isan operation that, for agiven MD-array and an MD-axisidentified by its pos|tion
or it name; returns the upper limit the MD-axis as an exact numeric with scale O (zero).

6.4.4.4 Operatorsthat operate on MD-array valuesand return character strings

<md-array axis name function> is an operation that, for a given MD-array and an MD-axis identified by its
position, returns the name of the MD-axis as a character string.
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6.4.4.5 Operatorsthat operateon MD-array values and return numbers or Boolean values

<md-array aggregation expression> is an operation that returns an aggregated value obtained from iterating
over al coordinatesin the MD-extent indicated in its <md-extent alternative>, evaluating the <value expression
primary> at each particular coordinate that satisfies the optional <search condition>, and aggregating the result
by applying the <md-array aggregation operator>.

<md-array aggregatlon functl on> isan operatron that returns avaue aggregatr ng a I elements of thei nput MD-

of n merlcelementtype IetBbeanMD array of Boolean elementtype andlethean MD- array of any eler
typs

Table 1 — Table aggregation operators

Operation M eaning

MDSUM(A) Sum of al elementsin A
MDAVG(A) Average of al elementsinA
MDMIN(A) Minimum of all elementsin A
MDMAX(A) Maximum of-allelementsin A
MDCOUNT(C) Number of*non-NULL elementsin C

MDCOUNT_TRUE(B)

Number of True non-NULL elementsin B

MDCOUNT_FALSE(B)

Number of False non-NULL elementsin B

MDCOUNT_UNKNOWN(B)

Number of Unknown elementsin B

MDANY (B)

Isthere any element in B with value true?

MDALL(B)

Do dl elementsin B have value true?

6.4.4.6 Operatorsthat operate on MD-array values and return character or binary string

)

<md-array encodefunction> is an operation that accepts an MD-array and returns a character string or a bipary
string containing the MD-array encoded in the data format indicated by its mediatype (specified in RFC2(46).
MDtarraysare often encoded using JSON (mediatype “application/json” RFC7159). Support for encoding to
furtrlrer media types is implementation-defined.

6.4.4.7 Operatorsthat construct new MD-array values

<md-array value constructor by decoding> is an operation that accepts a character string or abinary string and
returns an MD-array containing the elements at their respective coordinates, determined by decoding the char-
acter or binary string. Such acharacter or binary string contains aJSON encoding (mediatype* application/json”
RFC7159) of the MD-array to be decoded. Optional support for decoding from further mediatypesisimple-
mentati on-defined.
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<md-array value constructor by enumeration> is an operation that returns an MD-array with the MD-extent
specified by <md-extent alternative> and elements enumerated by <md-array element list>.

<md-array value constructor by query> returns an MD-array with the MD-extent specified by <md-extent

alter

native> and elements provided by the result of <table subquery>.

<md-array value constructor by iteration> returns an MD-array with the MD-extent specified by <md-extent
aternative> and each element as the result of <md-array element>. The <md-array element> expression may
contain MD-axis variables that alow referencing the element's coordinate.

<m(dg
ont

elenjents of each input MD-array, in the order in which they have been specified. Thefield names of each eler

inth

6.4.

<md
the|

6.4.

An 1

speg
nam
refel

An]

Evel
vari

of an MD-axis variable isthe immediately contained <value expression primary> and <search condition>

SPEC

-array value constructor by join> performs ajoin on two or more MD-arrays of equal M D-extentsbg
neir coordinates. An element in the resulting MD-array is arow value constructed from the correspon

e result can be explicitly specified or implicitly generated.

1.8 Operatorsthat operate on MD-array values and return M D-ar ray e ements

-array element reference> isan operation that returnsthe MD-array element at aspecific coordinate w
1 D-extent of the MD-array.

b MD-axisvariables

rmd-array aggregation expression> or an <md-array value constructor by iteration> are operations th
ify MD-axis variables for every MD-axis in the M Dzextent specified by the <md-extent alternative>.
e of each MD-axis variable is equivalent to the name of the corresponding MD-axis, and its value, w
enced by its name, ranges from the lower to the-upper limit of the MD-axis.

MID-axis variableis specified by <md-axisvariable>.

y MD-axis variable has a scope. In-<md-array value constructor by iteration>, the scope of an MD-a
hble is the immediately contained <md-array element>. In <md-array aggregation expression>, the sg

ified. Two MD-axis variabléSthat are equivalent are nevertheless distinct if they have different scope

sed
ding
nent

thin

ot
The

Xi S
ope
Jif
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7 Lexical eements

This Clause modifies Clause 5, “ Lexical elements’ , in [1S09075-2].

7.1 <token> and <separator>

Thig Subclause modifies Subclause 5.2, “ <token> and <separator>", in [ISO9075-2] .

Function

Spegify lexical units (tokens and separators) that participate in SQL language;

Folmat

<nonj-reserved word> ::=
I'' Al alternatives from [l SO075-2]

ELEMENTS

<regerved word> ::=
I'' All alternatives from[|S®075-2]
MDAXI S_NAME | MDAXI S_NAMES | MDGENCAT | MDCOUNT | MDCOUNT_FALSE

MDCOUNT_TRUE | MDCOUNT _UNKNOWANP MDDECODE | MDDI MENSI ON | MDENCODE |
MDJOI N | MDMAX | NMDVAX_EXTENT)| MDM N | NMDRESHAPE | MDSHIFT | NMDSUM

Symtax Rules

No additional Syntax Rules.

Actess Rules

No additional Access Rules.

Genheral Rules

MDAGGREGATE | MDALL | MDANY | MDARRAY | MDAVG | MDAXIS HIGH | NMDAXI S | NDEX | MDAXI S| LOW

VDEXTENT

No additional General Rules.

Conformance Rules

No additional Conformance Rules.

©ISO/IEC 2019 — All rights reserved
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1.2

This

Names and identifiers

Subclause modifies Subclause 5.4, “ Names and identifiers’ , in [1S09075-2].

Function

Specify names.

For

<nd-
<i

mat

axis variable> ::=
dentifier>

Symtax Rules

No additional Syntax Rules.

Acctess Rules

No additional Access Rules.

Geheral Rules

1)

Insert this GR|An <md-axis variable> identifies an MD-axis variabl e associated with an MD-axisw
name is equivalent to the <md-axis variable>.

Cophformance Rules

No additional Conformance Rules.

nose
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8 Scalar expressions

This Clause modifies Clause 6, “ Scalar expressions’ , in [1S09075-2].

8.1 <datatype>

Thig Subclause modifies Subclause 6.1, “ <data type>" , in [1S09075-2].

Function

Spetify a data type.

Folmat

<colll ection type> ::=
I'' Al alternatives from [l SO075-2]
<md-array type>

<nmd{array type> ::=
<data type> MDARRAY <maxi mum nd- ext ent >

<meXi mum nd-extent> ::=
<l eft bracket or trigraph> <maxi mum,nd-axis list> <right bracket or trigraph>
| |<l eft bracket or trigraph> <maxi numnd-axis |ist anonynmous> <right bracket or trigraph>

<mafi mum nmd-axis list> ::=
<mexi mum nmd- axi s> [ { <coma> ‘<iraxi mum nd-axi s> }... ]

<meXi mum nd-axi s |ist anonynous> ::=
<yaxi mum nd- axi s anonypous> [ { <conma> <maxi num nd-axi s anonynous> }... ]

<mafi mum nd- axi s> :: =

<nd- axi s nane> [ _<left paren>
<maxi mum nd=axi s lower |imt> <col on> <maxi mum nd-axis upper limt>
<right panen> ]

<meXi mum nd<axi s anonynous> =
<raxi mum-nd- axi s lower |imt> <colon> <maxi mum nd-axi s upper limt>

<meii pum'nd-axis lower limt> ::=
<nmd-axis limt>

<maxi mum nd-axi s upper limt> ::=
<md-axis limt>
<md-axis limt> ::=
<md-axis limt fixed>
| <asterisk>

<md-axis limt fixed> ::=
<signed nuneric literal >

<nd- axi s nane> ::=
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<identifier>

Syntax Rules

1) |Insert after SR 45)| The element type of an <array type> shall not be an MD-array type.

2) |Insert after SR 45)| An <md-array type> AT specifies an MD-array type. The <datatype> DT immediately

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

a)

b)

f)

9)

h)

If <maximum md-extent> EU immediately contains <maximum md-axislist>MAL and any <maxir|num

md-axis> immediately contained in MAL specifies an <md-axis name> but does not specify <maxi

md-axis lower limit> and <maximum md-axis upper limit>, then EU is equivalent to MN(* : * .

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

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

The declared type of <md-axis limit fixed> and <md-axis limit> is an implementati on-defined €
numeric type with scale 0 (zero).

The minimum value of <md-axislimit fixed> isimplementation-defined. <md-axislimit fixed>
not be smaller than this value.

The maximum value of <md-axislimit fixed> isimplementation-defined. <md-axis limit fixed>
not be greater than this value.

Case:

num

5 the

is

Kact

phal|

phal|

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

md-axis> simply contained in EU-
i) Otherwise, let d be the numberof <maximum md-axis anonymous> simply contained in

d isthe MD-dimension of AT(d,shall be less than or equal to an implementation-defined maxim
value.

Fori,1(one) <i<d,

i) Case:

1) I#EYVImmediately contains <maximum md-axislist>, then let AU; be thei-th <maximum

md-axis> simply contained in EU. Let MN; be the value of <md-axis name> immedi
contained in AU;.

2) Otherwise, let AU; be the i-th <maximum md-axis anonymous> simply contained in
and let SEQ; be the <unsigned integer> numeric literal with no leading zeros correspon

ately

FU
ding

toi. The Syntax Rules of Subclause 11.14, “Indexed name”, are applied with d as

)

22 Multidimensional Arrays (SQL/MDA)

LASTINDEX, SEQ; asINDEX, and 'D' as PREFI X; let MN; bethe INDEXEDNAME returned

from the application of those Syntax Rules.

i) 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[ MN; (MLO; : MHI4), ..., MNg (MLOgq : MHIg) ]. MD is the maximum MD-extent of a

site with data type AT.
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)] For al i, 1 (one) <i <d, if neither MLO; or MHI; are the null value, then MLGO; shall be less
than or equal to MHI;.

i) Foraliandj, 1(one)<i,j<d,i#], MN; shal not be equivalent to MN;.

iii)  Thevaue of MLO; isthe value of the corresponding <maximum md-axis lower limit>.

iv)  Thevaueof MHI; isthe value of the corresponding <maximum md-axis upper limit>.

3) |Insert after SR 45)| The element type of a <multiset type> shall not be an MD-array type.

Acctess Rules

No additional Access Rules.

Geheral Rules

1) |Replace GR 17)|If <datatype> isa<collection type>, then a collection type descriptor is created. Let KC
be the kind of collection (either ARRAY, MDARRAY, or MULTISET) specified by <collection typeg>.
Let ET be the element type of <collection type>. Let EDT be the typedesignator of ET. The collecti¢n
type descriptor includes the type designator EDT KC and an indication of KC, the descriptor of ET.

Case:
a) If KCisARRAY, then the collection type descriptoradditionally includes the maximum cardinglity.

b) If KCisMDARRAY, then the collection type descriptor additionally includes a set of MD-axis
descriptors, each of which, for 1 (one) < i < djcontainsthe name MN;, the ordinal positioni, the lpwer

limit MLO;, and the upper limit MHI; forthe i-th MD-axis of the MD-array type.

Confor mance Rules

1) |Insert this CR|Without Feature A010, “Multidimensional array support”, conforming SQL language ghall
not contain an <md-array type>.
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8.2 <valueexpression primary>

This Subclause modifies Subclause 6.3, “ <value expression primary>", in [1S09075-2].

Function

Specify avalue that is syntactically self-delimited.

Format

<norjpar ent hesi zed val ue expression primry> ::=
I'' All alternatives from[|S®075-2]

| |<md-array aggregati on expression>

| |<md-axis vari abl e>

| |<md-array el enent reference>

<colll ecti on val ue constructor> ::=
I'' Al alternatives from [l SO075-2]
<md- array val ue constructor>

Symtax Rules

1) The declared type of a <value expression primary> is the declared type of the simply
contal ned <val ue expression>, <unsigned val ue specification>, <column reference>, <set function specifi-
cation>, <window function>, <nested window function>, <scalar subquery>, <case expression>, <cast
specification>, <field reference>, <subtype treatment>, <method invocation>, <static method invocatipn>,
<new specification>, <attribute or method referenee>, <reference resol ution>, <collection va ue constructor>,
<array element reference>, <md-array element reference>, <multiset element reference>, <next value
expression>, <md-axis variable>, <md-array’aggregation expression>, <row pattern navigation operatipn>,
or the effective returns type of the simply contained <routine invocation>, respectively.

2) The declared type o6f an <md-axis variable> is exact numeric with scale O (zero).

3) |Replace SR 3)| The declareditype of a <collection value constructor> is the declared type of the <artay
val ue constructor>, <md-array value constructor>, or <multiset value constructor> that it immediatelly

contains.

Access Rules

No additienal”Access Rules.

Geheral Rules

1) |Replace GR 1)| The value of a<value expression primary> is the value of the simply contained <value
expression>, <unsigned val ue specification>, <column reference>, <set function specification>, <window
function>, <nested window function>, <scalar subquery>, <case expression>, <cast specification>, <field
reference>, <subtype treatment>, <method invocation>, <static method invocation>, <new specification>,
<attribute or method reference>, <reference resolution>, <collection value constructor>, <array element
reference>, <md-array element reference>, <multiset element reference>, <next value expression>, <md-
axis variable>, <md-array aggregation expression>, <row pattern navigation operation>, or <routine
invocation>.
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2) |Replace GR 2)| Thevalue of a<collection value constructor> isthe value of the <array value constructor>,
<md-array value constructor>, or <multiset value constructor> that it immediately contains.

Conformance Rules

1) |Insert this CR|Without Feature A010, “Multidimensional array support”, conforming SQL language shall
not contain a <nonparenthesized value expression primary> that simply contains an <md-axis variable>.

2) [TnsertthisCR|WIithout Feaiure AUI0, ~Multidimensional array support’, conforming SQL Tanguage shall
not contain a <collection value constructor> that simply contains an <md-array value constructors:

3) |Insert this CR|Without Feature A010, “Multidimensional array support”, conforming SQL language shall
not contain a<nonparenthesi zed val ue expression primary> that simply contains an <md-array aggregation

expression>.

4) |Insert this CR|Without Feature AO10, “Multidimensional array support”, conforming’SQL language shall
not contain a <nonparenthesized value expression primary> that ssmply contains an <md-array element

reference>.
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8.3 <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 naned> ::=
<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 lower |imtgcexpression> ::=
<pd-axis limt expression>

<md-{axi s upper/hi'mt expression> ::=
<nd-axi s |ifit expression>

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

<md-axi s slice named> ::=
<nmd- 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) Let ASbethe <md-array subset>, let AVE be the <md-array value expression> immediately contained in

2)

AS and let ASL be the <md-axis subset list> immediately contained in AS.
Let MDT be the declared type of AVE.

3) TheSyntax Rulesof Subclause 11.15, “MD-array subset”, are applied with MDT as MDARRAY TYPE and

AL as MDAXISSUBSET LIST; let TMD be the TARGET MAXIMUM MDEXTENT and let EQ be the

AC(

Ge

1)

2)

3)

4)

5)

6)

EQUIVALENCE returned from the application of those Syntax Rules.
Case:
a) If EQ isnot azero-length character string, then <md-array subset> is equivalent to AVEJEQ.
b) Otherwise:
i) Let EDT be the element type of AVE.

TMD.

ress Rules

No additional Access Rules.

neral Rules

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

are applied.

and AL as MDAXIS SUBSET LIST; let SMD be the SOURCE MDEXTENT, let TMD be the TARGE[
MDEXTENT, and let SLICEDAXES be the SLICED MDAXES returned from the application of those
Genera Rules.

in TMD.

If SMD is notwithin D, then an exception condition is raised: data exception —MD-array subset no
within MD+éxtent.

Let TV-be the MD-array value with element type EDT and MD-extent TMD constructed in the follo
way.\For each coordinate R within SMD:

a) LetRP;bethei-thelementof R, 1(one) <i<d.

b) Letjbel(one).

¢) Foradlk, 1(one) <k=<d,suchthat kisnot an element of SLICEDAXES
i) Let TP, be RPy.
i) jisincreased by 1 (one).

d) Let Q bethe coordinate denoted by [ TPy, ..., TP ].

©ISO/IEC 2019 — All rights reserved Scalar expressions

AS, and let ASL be the <md-axis subset list>.itnmediately contained in AS. Let AV be the value of AVE.

The General Rules of Subclause 1115, “MD-array subset”, are applied with AV as MDARRAY VALUE

i) The declared type of ASisan MD-array type of element type EDF.and maximum M D-exent

in

If AV isthenull value, then the result of ASisthe null value and no further General Rules of this Subcliause

Let D be the MD-extent of AV, let d be the number of MD-axesin D, and let t be the number of MD-axes

ng
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7) TVisthevalueof AS

Conformance Rules

1)

28 Multidimensional Arrays (SQL/MDA)

NOTE 4 — There aret non-SLICEDAXES.

€) Theeementin TV at coordinate Q isthe element in AV at coordinate R.

\Without Feature AQ10_“Multidimensional array suppaort” rnnfnrming SQL I:qngl lage shall nat contain an

<md-array subset>.
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<identifier chain>

This Subclause modifies Subclause 6.6, “ <identifier chain>", in [1S09075-2].

Function

Disambiguate a <period>-separated chain of identifiers.

For

No 4

Sy

mat

lddi ti onal Format itens.

itax Rules

1)

Replace SR 8)a)ii)| Otherwise, IC shall be contained in the scope of one or rhore range variables wh

or more range variables whose associated period lists include a period.whose period name is equival
to 11, in the scope of a <routine name> whose associated <SQL parameter declaration list> includes

SQL parameter whose <SQL parameter name> is equivalent to lq-or within the scope of an MD-axis

those range variables, <routine name>s, <md-array aggregation expression> and <md-array value constr
by iteration> whose scopeis |S. The number of possibleseope tags shall be 1 (one). Let IPST be that
sible scope tag.

2)

Insert after SR 8)a)ii)2)|If IPST isan <md-array aggregation expression> or an <md-array val ue constri

AcC

Ge

by iteration>, then let SV be the MD-axis variable equivalent to 1 1. PIC; isthe basisof IC, the basis|g
is 1 (one), the basis scope is the scope of SR, and the basis referent is SV.

ress Rules

No additional Access Rules,

neral Rules

1)

of the <md-array aggregation expression> or an <md-array value constructor by iteration> whose <n
extent> contarns SV.

Colwformance Rules

pSse

associated column lists include a column whose <column name> is equivalent to 14, in the scope of gne

PNt
an

variable equivalent to 11. Let ISbe the innermost such scope-L et the phrase possible scope tags dengte

ictor
pos-

ictor
ngth

Insert after GR 4)| i BIC isan MD-axisvariable, then BIC referencesthe MD-axis SV of agiven execlition

nd-
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8.5 <md-array aggregation expression>

Function

Aggregate MD-array valuesinto asingle 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

Synmtax Rules

1) |Thedeclared type of <md-array aggregation expression> AAE is thédeclared type of the immediatelly
contained <value expression primary> VE. Let op be the immediately contained <md-array aggregat|on
operator>.

Case:
a) If opis<plussign>, then the declared type of VE shall be numeric.
b) If opisAND or OR, then the declared typesof VE shall be Boolean.
c) Otherwise, VE isan operand of an ordering operation.
i) The Syntax and Conformance Rules of Subclause 9.14, “ Ordering operations”’, are appligd.
i) Thedeclared type of VE-shall not be row-ordered.
2) |If the <md-extent alternative>immediately contained in AAE is an <md-array extent> EA, then:

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

b) Case
i) If '<Search condition> SC isimmediately contained in AAE, then AEE is equivalent to

VDAGGREGATE op
OVER [ MDAXI S _NAME(AVE1l, 1) ( MDAXIS LONAVELl, 1) : NMDAXI S _H GH(AVE1Ll, 1] ),

MDAXI S_NAME( AVEL, e) ( MDAXIS LONAVEL, e) : MDAXI S H GH(AVEL, e) )

]
USING VE

WHERE VE IS NOT NULL AND SC
i) Otherwise, AEE is equivalent to

MDAGGREGATE op
OVER [ MDAXI S NAVE(AVEL, 1) ( MDAXI S LONAVEL, 1) : MDAXI S HI GH(AVEL, 1) ),
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MDAXI S_NAME(AVE1, e) ( MDAXIS_LONAVEL, e) : MDAXI S_H GH(AVELl, e) )

]
USING VE

VWHERE VE IS NOT NULL

3) Let MD be the maximum M D-extent specified by <md-extent> and let d be the number of MD-axesin
MD. For 1 (one) <i < d, let AV; be an <md-axis variable> whose name is equivalent to the name of thei-
th MD-axisin MD. The scope of AV; is VE and the <search condition> immediately contained in <md-

auay_gggr_egaﬂ_gn_exprm:inn>1 if anpr‘ifipd

Acctess Rules

None.

Geheral Rules

1) |Let D bethe MD-extent specified by <md-extent>, let d be the number of MD-axesin D, and let N;, LO;,
and HI;, be the name, lower limit, and upper limit, respectively, of the i«th M D-axis in the maximum MD-
extent of D, 1 (one) <i <d.

2) |Let Sbetheunion of all coordinates| Py, ..., Pq], suchthat LO¢= Py < Hlq, ..., LOg< Py < Hlg, (t
is, Sisthe Cartesian product of all MD-intervalsin D).

at

=)

3) [Let op be <md-array aggregation operator>. Let AGG be
Case:
a) If opis<plussign>, then O (zero).

b) If opisMAX, then an implementation=defined minimum value of atype comparable to the <valjue
expression primary>.

c) If opisMIN, then an implementati on-defined maximum value of a type comparable to the <valfie
expression primary>.

d) If opisAND, then True.

e) If opisOR, then False.

4) |Let NULLRESbe-True.

5) |For every coardinate[ Py, ..., Pg]l inS
a) LetBYV beTrue.

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

¢) Case

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

Case:
1) If opisMIN, then let AGG be the lesser of AGG and TEMP.
2) If opisMAX, then let AGG be the greater of AGG and TEMP.
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3) If opisAND or OR, then let AGG be the value of AGG op TEMP.

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

Case:

A) If TP isexact numeric and the mathematical result of AGG op TEMP is not exactly
representable with the precision and scale of TP, then an exception condition israised:

data avecantion numeacie-valua aut of ranaa
exCCpPtror o HCH v ou e oot o rariges

B) If TP isapproximate numeric and the exponent of the approximate mathematicCal Tesult
of AGG op TEMP is not within the implementati on-defined exponent rangefor TP,
then an exception condition is raised: data exception — numeric value.out of raTge.

C) If TPisthe decimal floating point type, then the result is an implermentati on-defined
valuelV of TP such that no other value of TP isstrictly betweer |V and the mathgmat-
ical result of AGG op TEMP. If the exponent of IV is not within the implementation-
defined exponent range for TP, then an exception condition-i's raised: data excetion
— numeric value out of range.

D) Otherwise, let AGG be the value of AGG op TEMP:
i) Otherwise, VE is not evaluated for this coordinate.
6) |Case:
a) |f NULLRESIs False then the result of <md-array aggregation expression> is AGG.

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

Cophformance Rules

1) |Without Feature A010, “Multidimensional array support”, conforming SQL language shall not contgin
<md-array aggregation expression>:
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<case expression>

This Subclause modifies Subclause 6.12, “ <case expression>", in [1S09075-2].

Function

Specify a conditional value.

For

<sedrched when cl ause> ::=
I'' All alternatives from[|S®075-2]
VWHEN <nd- array bool ean expressi on> THEN <resul t>

mat

Synmtax Rules
1) |Insert after SR 2)|If a<case specification> specifies a <searched case; then:

a) Let N bethe number of <searched when clause>s.

b) For eachi between 1 (one) and N, let SAC; be the i-th <searched when clause>, let SC; be the in'l\me-
diately contained <search condition> or <md-array bool€an expression> of SWC;, and let R; be
<result> immediately contained in S\VC;.

c) Case
i) If <elseclause> is specified, then letdM'be N + 1. Let Ry be the <result> immediately contg

in the <else clause>.
i) Otherwise, let M be N.

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

e) If every SC; isan <md-array boolean expression> MBE;, then let MDT,; be the declared type of N

and let d; be the MD-dimension of MDT;. For al j and k, j # kand 1 (one) < j, k< N, dj shall bee

to dy. Let MN;-bethe name of the i-th MD-axis in the maximum M D-extent of MDT4, 1 (one) <[i

i) <ease specification> shall not generally contain a <routine invocation> whose subject rou
is an SQL-invoked routine that is possibly non-deterministic or that possibly modifies SQ
data.

he

ned

1BE;
qual

IN

tine
|__

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

hnge

©ISO/IEC 2019 — All rights reserved

deltatable>.
iii) Foralj,1(one)<j<M:
Case:

1) If R isof MD-array type, then let MDT be the declared type of R, and let e be the M
dimension of MDT. e shall be equal to d;. Let RAj be R;.

2) Otherwise, let ebed;. RA;j isequivalent to

D-
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MDARRAY [ M\; ( MDAXIS LOW (SC;, 1) : MDAXIS HIGH (SC;, 1) ), ...
Mk ( MDAXIS LOW (SC;, €) : MDAXIS HIGH (SCi, €) ) ]
ELEMENTS R

Access Rules

None

Geheral Rules

1) |Insert before GR 2)a)|If the value of every SCj, 1 (one) <i < N, isan MD-array value,then:

a)

b)

Confor mance Rules

Let Dj be the MD-extent of the value of SC;. For all j and k, j # kand 1 (one)sj k< N, if Dj is

not

equal to Dy, then an exception condition is raised: data exception — MD-array operands with npn-

matching MD-extents.

For all j, 1 (one) <j < M, let Ej be the MD-extent of the value of RA 1T E; is not equal to Dy, the
exception condition is raised: data exception — MD-array operands with non-matching MD-ext

If <else clause> is specified, then let CEEC be equivalent to EL SE RAy[ Ny, ..., Ng ]; otherwise,
CEEC be a character string of length O (zero).

Let d bedy, and let N;, LO;, and HI;, be the name, lawer limit, and upper limit, respectively, of t
i-th MD-axis in the MD-extent of the value of SE€1/1 (one) <i < d.

The value of the <case specification> is the:value of:

MDARRAY [ Ny ( LOy @ Hi1 ), ...G

Ng ( L&y @ Hg) ]
ELEMENTS
CASE VHEN SCi[ Ny, ... , ‘Ng'] THEN RA([ Ny, ... , Ny ]
VHEN SC Np, 50, Ng ] THEN RAJ Nib ..., Ng ]
CEEC END

i an
ents.

et

ne

1) |Insert this ER|Without Feature A010, “Multidimensional array support”, in conforming SQL langugge,

a <case expression> shall not support operands of MD-array type.

2) |Insertthis CR|Without Feature A011, “MD-array BOOLEAN eement type’, conforming SQL lang
shall'not contain a <searched when clause> that immediately contains an <md-array boolean expressi

lage
on>.
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<cast specification>

This Subclause modifies Subclause 6.13, “ <cast specification>", in [1S09075-2] .

Function

Specify adata conversion.

For
<cay

<nd-
<(

<nd-
<d

<

<ma

I
<md-
<|

<nd-

Sy

mat

t target> ::=

I'' All alternatives from[|S®075-2]
<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 <nmaxi mum nd- extent cast alternative>

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_panme>

array axis names> ::=
MDPAXI S_NAMES <l eft paren> <nd-array val ue expression> <right paren>

itax Rules

{ <conma> <nd-axis name> }.,, } <right bracket or trigraph>

1)

Insert before SR 1)ayjIf <cast target> immediately contains an <md-array cast>, <md-array base type

cast>, <md-arraydmaximum md-extent cast>, or <datatype> TD that is an <md-array type>, then:

a) Neither <cast operand> nor <cast target> shall 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)-" “Neither <cast operand> nor <cast target> shall generally contain a <table primary> that containg a
<data change delta tabhle>

¢) 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:

)] 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> immediately
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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)

i) If TD isan <md-array type>, then let TEDT be the <data type> immediately contained in

D,

and let ANC be the <maximum md-extent> immediately contained in TD. TEDT shall not be

a collection-containing type. The <cast specification> is equivaent to

AC(

Ge

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

iii)  If an <md-array base type cast> ABTC is specified, then let TEDT be the data type’jdenti
by the <data type> immediately contained in ABTC. The <cast specification> jsequival

MDARRAY [ M\; ( MDAXI S LOW (AVE, 1) : MDAXIS HI GH (AVE, 1) )
My ( MDAXI'S LOW (AVE, d) : MDAXIS H GH (AVE, d)~)0]
ELEMENTS CAST(AVE[ MN;, ... , My ] AS TEDT)

iv)  Otherwise, an <md-array maximum md-extent cast> MMC isspecified. Let MMCA be th
<maximum md-extent cast alternative> immediately contained-in MMC.

Case:

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

2) Otherwise, let AVEL be the <md-array value expression> immediately contained in t
<md-array axis hames>immediately contained in MMCA, and let e be the MD-dimer]
of AVEL. e shall be equal to d. The <cast specification> is equivalent to:

CAST(AVE AS MDARRAY [ MDAXI S NAME(AVEL, 1) ( MDAXI S LONAVEL, 1) :
MDAXI S_HI GH( AVEL, 1) .)

MDAXI S_NAVE(AVEL, €) ( MDAXI'S LONAVEL, €) :
MDAXI S HI GH(AVEL,%e) ) ] )

ress Rules

No additional AccessRules.

neral Rules

1)

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

a).“Let LO; and HIj, 1 (one) <i < d, bethe lower limit and upper limit, respectively, of thei-th MD-

ed
t to

11

e

he
Sion

axis

inthe MD-extent of the value of AVE_L et TM Ni1 hethe name of the i-th MD-axisin TMD

36 Multidimensional Arrays (SQL/MDA)

b) Let D bethe MD-extent denoted by [ TMN1 (LO1 : HIy), ..., TMNg (LOgq : Hig) 1.

Case:

)] If D isnot strictly within TMD, then an exception condition is raised: data exception —MD-

array source MD-extent not strictly within maximum target MD-extent.
i) Otherwise, TV isthe value of AVE with MD-extent D.
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Confor mance Rules

1) |Insert this CR|Without Feature A010, “Multidimensional 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 this CR|Without Feature A010, “Multidimensional array support”, in conforming SQL language,
<cast specification> shall not support <cast operand>s of MD-array type.
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8.8 <numericvaluefunction>

This Subclause modifies Subclause 6.30, “ <numeric value function>" , in [1S09075-2].

Function

Specify afunction yielding a value of type numeric.

Forlmat

<nurferic value function> ::=

I'' All alternatives from[|S®075-2]
| |<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> <right, paren>

<md-{array axis index function> ::=

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

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

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

<nmd{array aggregation function> : .3
<fd-array aggregati on functi on~name>
<l eft paren> <nd-array val ue expression> <right paren>

<md-{array aggregation functi\en name> ::=
MDALL

MDANY

MDAVG

MDCOUNT

MDCOUNT _FALSE
MDCOUNT_TRUE
IMDCOUNT _UNKNOAN
VDMVAX

VDM N

MDSUM

Syntax Rules

1) 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-axisin the

maximum MD-extent of MDT, 1 (one) <i <d.

2) If <md-array dimension> is specified, then the declared type of the result is an implemen-

tation-defined exact numeric type with scale O (zero).
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3) If <md-array axisindex function> AIF is specified, then the declared type of the result is
an implementation-defined exact numeric type with scale O (zero). The <md-axis name> immediately
contained in AlF shall be equivalent to MN; 4 for someidx, 1 (one) < idx < d.

Insert this SR |If <md-array lower axislimit>or <md-array upper axislimit> is specified, then the declared
type of the result is an implementation-defined exact numeric type with scale O (zero). Let AD be theindex
specified by <md-array md-axis>.

4)

5)

©ISO/IEC 2019 — All rights reserved

Insert this SR| If <md-array aggregation function> MAF is specified, then MAF shall not generally contain

a <routine invocation> whose subject routine is an SQL-invoked routine that is possibly non-determi T stic
or that possibly modifies SQL-data, and MAF shall not generally contain a <table primary> that contains
a <data change delta table>.

Case:

a)

b)

d)

If <md-array aggregation function name> is one of MDSUM, MDMAX, MDNHN, MDALL, or
MDANY, then let op be <plus sign>for MDSUM, MAX for MDMAX, MINFor MDMIN, ANI
MDALL, and OR for MDANY . <md-array aggregation function> is equivalent to:

MDAGGREGATE op
OVER [ M\; ( MDAXIS LOW (AVE, 1) : MDAXIS H GH (AVE, 1§

My ( MDAXI S LOW (AVE, d) : MDAXIS H GH (AVEZd) ) ]
USING AVE[ M\;, ... , My ]
WHERE AVE[ MN\j, ... , My ] I'S NOT NULL

D for

If <md-array aggregation function name>isMDCOUNT _TRUE, then <md-array aggregation functon>

is equivalent to:

MDAGGREGATE <pl us si gn>
OVER [ M\; ( MDAXI S_LOW (AVE, 1) <\'WDAXIS_HI GH (AVE, 1) ),

My ( MDAXI S LOW (AVE.Ld) : MDAXIS HIGH (AVE, d) ) ]

USI NG CASE WHEN AVE[ M\;,-S» , My ] THEN 1 ELSE 0 END
WHERE AVE[ MN\p, ... , M1 IS NOT NULL

If <md-array aggregation function name>isMDCOUNT _FAL SE, then <md-array aggregation f
tion> is equivalent tao;

MDCOUNT_TRUE(*AVE | S FALSE )

If <md-array aggregation function name>is MDCOUNT_UNKNOWN, then <md-array aggreg:
function>is equivalent to:

MDEOUNT_TRUE( AVE | S UNKNOWN )

UNC-

bti on

If <md-array aggregation function name>is MDCOUNT, then <md-array aggregation function>

S

f)

equivaent to:

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

My ( MDAXI'S LOW (AVE, d) : MDAXIS HI GH (AVE, d) ) ]
USI NG 1
WHERE AVE[ M\, ... , My ] 1S NOT NULL

Otherwise, <md-array aggregation function name> is MDAV G and <md-array aggregation function>

is equivalent to:

Scalar expressions 39


https://standardsiso.com/api/?name=ee44e689367b0fc5984eebe253cb8501

| SO/IEC 9075-15:2019(E)

8.8

<numeric value function>

CASE WHEN MDCOUNT ( AVE ) = 0 THEN NULL
ELSE MDSUM ( AVE ) / MDCOUNT ( AVE ) END

Access Rules

No additional Access Rules.

Geheral Rules

1
2)
3)

Insert this GR| The result of <md-array dimension> isd.
Insert this GR| The result of <md-array axis index function> isidx.

Insert this GR| If <md-array lower axis limit> or <md-array upper axis limit> is speeified, then:
a) Let VAVE be the value of AVE.

b) Case
)] If VAVE isthe null value, then the result is the null value,

of VAVE.
Case:
1) If <md-array lower axislimit> is specified, then theresult is LOpp.

2) Otherwise, theresult isHIpp:

Conhformance Rules

1)

2)

3)

40 Multidimensional Arrays (SQL/MDA)

Insert this CR|Without Feature A010, “Multidimensional array support”, conforming SQL language
array axisindex function>.

Insert this CR|Without Feature A010, “Multidimensional array support”, conforming SQL language
not contain <md-array, aggregation function>.

Insert this CR{Without Feature AO11, “MD-array BOOLEAN element type”, conforming SQL lang
shall not containran <md-array aggregation function name>thatisMDALL, MDANY, MDCOUNT_FA
MDCOUNT_TRUE, or MDCOUNT_UNKNOWN.

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

shal |

not contain <md-array dimension>, <md-array lower axis limit>, <md-array upper axis limit>, or <nmd-

shal |

lage
| SE,
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<string value function>

This Subclause modifies Subclause 6.32, “ <string value function>", in [1S09075-2].

Function

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

For
<st

<chd

|
<nd-

MDAXI S_NAME <l eft paren>

Sy

1)

2)

3)

mat

ing value function> ::=
I'' All alternatives from[|S®075-2]
<md-array encode function>

\ract er value function> ::=
I'' Al alternatives from [|SO075-2]
<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

or <md-array encode function>.

Replace SR 2) | The declared type of <character value function> is the declared type of the immediat}
contalned <character substring functien>, <regular expression substring function>, <regex substring

<md-array axis name function>.

If <md-artay axis name function> ANF is specified, then:

MD be the miaximum MD-extent of MDT, let d be the number of MD-axesin MDT, and let MN;
the nameof.the i-th MD-axisin MD, 1 (one) <i < d.

b) Let NVE be the <numeric value expression> immediately contained in ANF. The declared type (
NVEshall be an exact numeric type with scale 0 (zero).

c)-. Let VL be the implementation-defined maximum length of variable-length character strings. The

a) Let MDT bethedeclared type of the <md-array value expression> immediately contained in ANKF

on>

Replace SR 1) | The declared type of <string value function> is the declared type of the immediately jcon-
tained <character value function>, <binary valuefunction>, <JSON value constructor>, <JSON queny>,

ely

function>, <fold>, <transcoding><character tranditeration>, <regex transliteration>, <trim function>,
<character overlay function>, <normalize function>, <specific type method>, <classifier function>, ¢r

, let
be

deeclared-thvneof-thoroacrlt o variahla lonath charactar ctrina tvnasvaatih mavina o lanath ~cnal +4

VL.

CCCITIrCO Ty PC U tHC T oot T o VA oo © T Oyt G GG tT I St g Cy [PC Vv e T HovN o T orig T SO Uit O

Access Rules
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General Rules

1) |Replace GR 1)| Theresult of <string value function> isthe result of theimmediately contained <character
value function>, <binary value function>, <JSON value constructor>, <JSON query>, or <md-array encode
function>.

2) |Replace GR 2)| Theresult of <character value function> is the result of the immediately contained
<character substring function>, <regular expression substring function>, <regex substring function>,

, , . , . : , ter

overlay function>, <normalize function>, <specific type method>, <classifier function>, or <md-arrgy

axis name function>.

3) [|Insert this GR| The result of <md-array axis name function> is determined as follows:
a) Let NV bethe value of NVE.

b) If NVisthenull value, then the result isthe null value and no further General (Rules of this Subcliause
are applied.

c) If NVislessthan 1 (one) or greater than d, then an exception conditienis raised: data exception|—
MD-array invalid MD-axis.

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

e) If AVEisthenull value, then theresult isthe null value and.no further General Rules of this Subclause
are applied.

f) Theresultis MNpy.

Cophformance Rules

1) |Insert this CR|Without Feature A010, “Multidimensional array support”, conforming SQL language hall
not contain <md-array axis name function>.

2) |Insert this CR|Without Feature AQ10; “Multidimensional array support”, conforming SQL language shall
not contain a <string value function> that is an <md-array encode function>.
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8.10 <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> |
<fli ght paren>

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

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

Syntax Rules

1) |Let AEF bethe <md-array encode function> and let FID be the value of <format identifier> immediately
contained in AEF. FID shall be avalid mediatype as specified in RFC2046.

2) [If <md-array encode returning clause> is not specified;‘then
Case:

a) |If FID isequivalent to 'application/json!, then an implementation-defined character string type s
implicit.
b) Otherwise, an implementation-defined string typeis implicit.

3) [The<datatype> DT immediately contained in the explicit or implicit <md-array encode returning clalise>
shall be a <predefined type>-that identifies a character string data type or binary string data type.

4) [The declared type of AEF-is the data type specified by DT.

Access Rules

None.

Geheral Rules

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

2) If AVE isthe null value, then the result of AEF isthe null value and no further General Rules of this Sub-
clause are applied.

3) Let ET bethe element type of the declared type of AVE.
Case:
a) If FID isequivaent to 'application/json’, then
i) The function F transforming an MD-array A to JSON text is defined recursively as follows:
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Let N be the value of MDAXIS NAME(A, 1), let LO be the value of MDAXIS LOW(A, 1),

and let HI be the value of MDAXIS HIGH(A, 1).

Case:

1) If DIMENSION( A)isequal to 1 (one), then

Case:

A) If ET isarow type, then let DET be the degree of ET and let EN, be the name of the

JSON_ARRAY(
JSO\'_(BJ ECT( FN]_ . A[ Lq . FN]_, ey FNDET
JSO\'_(BJ ECT( FNl . A[ Hi ] . FN]_, ey FNDET

)
B) Otherwise, F(A) isthe result of

JSON_ ARRAY( A[LO, ..., A[HI] )

JSON_ARRAY(Glo ..., Gy)

condition is raised: data exception — MD-array encoding error.

Confor mance Rules

j-thfield of ET, 1 (one) < j < DET. F(A) isthe result of

: ALLO . FNpet ).

: AlH]. FNper)

2) Otherwise, let Gjbe F(A[ N(i)]),LO<i < HI. F(A)istheresult of

i)  Theresult of AEF is JSON_OBJECT('data VAL UE F(AVE) FORMAT JSON).

b) Otherwise, theresult of AEF isimplementation=defined. If an encoding error occurs, then an excegtion

1) |Without Feature A014, “MDA encode/decode functions mediatype: application/json”, conforming QL

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

2) [Without Feature A015, “ M DAencode/decode functionswith implementation-
SQL language shall not contain an <md-array encode function> that contains a <format identifier> that is

not equivalent to "application/json'.

defined behavior”, conforining
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8.11 <valueexpression>

This Subclause modifies Subclause 6.28, “ <value expression>", in [1S09075-2] .

Function

Specify avalue.

Folmat
<colfl ection val ue expression> ::=

I'' All alternatives from[|S®075-2]
| |<md-array val ue expression>

Synmtax Rules

1) |Replace SR 5)|The declared type of a<collection value expression> isthedeclared type of theimmediately
contained <array value expression>, <multiset value expression>, or«<md-array value expression>.

2) |Insert after SR 7)y)| An <md-array value constructor by query>:

Acctess Rules

No additional Access Rules.

General Rules
1) |Replace GR 4)| The value of a <collection value expression> is the value of the immediately contairjed
<array value expression>, <multiset\walue expression>, or <md-array value expression>.
Copformance Rules

1) |Insert this CR|WithoutFeature A010, “Multidimensional array support”, conforming SQL language shall
not contain a <collection value expression> that immediately contains an <md-array value expression>.
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8.12 <md-array value expression>

Function

Specify an MD-array value.

Format

<md{array val ue expression> ::=
<nmd- 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 ternms ::=

<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 ternr> 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 ray 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 nunmeric 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 nuneric factor>

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

arrayspumeric primry>

<nd- ar kay primary>

<md-

array field reference> ::=

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

<nd-

array primry> ::=

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

1)

2)

3)

4)

5)

48 Multidimensional Arrays (SQL/MDA)

The declared type of <md-array value expression> isthe declared type of theimmediately 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 typeisa
numeric type.

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

Boolean.

The declared type of <value expression primary> immediately contained in <md-array primary>)sha
an MD-array type.

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

a) Let OP1 and OP2 be zero-length character strings.

b) Case
i)

i)

be

If <md-array boolean factor> E is simply contained in MAVE)then let AVE be the <md-afray

boolean test> immediately contained in E. If NOT isimmediately contained in E, then let
be NOT.

If <md-array boolean test> E is simply contained in'MAVE, then let AVE be the <md-arra
comparison expression> immediately containediin E. If <truth value> TV isimmediately
tained in E, then

Case:
1) If NOT isimmediately contained in E, then let OP2 bel S NOT TV.
2) Otherwise, let OP2 be | S((Dv.

If <md-array numeric factor> E is ssimply contained in MAVE, then let AVE be the <md-al
numeric primary> immediately contained in E. If <sign> Sisimmediately contained in E,
let OP1be S

OP1

con-

ray
then

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

primary> immediately contained in E, let EDT be the declared element type of MDT, ang
FN be the <field name> immediately contained in E.

1) EDT shall be arow type.
2)S FN shall unambiguously reference afield of EDT.
3) Let OP2 be <period> FN.

c)- ' OP1 or OP2 isacharacter string of length greater than 0 (zero), then:

let

E shall not generaly 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-axesin MD, and let

MN; be the name of the i-th MD-axisin MD, 1 (one) <i < d.

E isequivalent to
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MDARRAY [ M\; ( MDAXIS LONAVE, 1) : MDAXI S HI GH(AVE, 1) ),

My ( MDAXI S LONAVE, d) : MDAXI S H GH(AVE, d) ) ]
ELEMENTS ( OP1 AVE[MN;, ... , M 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 ssmply contained in an <md-array value

expression> MAVE then:

a) Case

i)

i)

If MAVE is an <md-array boolean expression> BE, and one of <md-array boolean expres

5ioN

left>, <md-array boolean expression right>, or <md-array boolean expression’both> isimme-

diately contained in BE, then:

1) Let E bethe <md-array boolean expression left>, <md-array bool€an’expression righ
or <md-array boolean expression both> immediately contained in BE.

2) Let V1 bethe<md-array boolean expression> or <boolean-value expression> immedi
contained in E and let V2 be the <md-array boolean tern>,or <boolean term> immedi
contained in E.

3) Let OP beOR.

If <md-array boolean term> BE is simply contained in MAVE, and one of <md-array boo

t>

ately
ately

ean

term left>, <md-array boolean term right>, or. <md-array boolean term both> isimmediately

contained in BE, then:

1) Let E bethe <md-array boolean term’left>, <md-array boolean term right>, or <md-array

boolean term both> immediately; contained in BE.

2) Let V1 bethe <md-array beolean term> or <boolean term> immediately contained if
and let V2 be the <md-array boolean factor> or <boolean factor> immediately contai
inE.

3) Let OP be AND:

E
ned

If <md-array comparison expression> BE is simply contained in MAVE, and one of <md-array

comparison expression | eft>, <md-array comparison expression right>, or <md-array compal
expression both> isimmediately contained in BE, then:

1) LetE bethe <md-array comparison expression left>, <md-array comparison express
right>, or <md-array comparison expression both> immediately contained in BE.

ison

on

2)" Let V1 bethefirst <md-array numeric expression> or <numeric value expression> imme-

diately contained in E and let V2 be the second <md-array numeric expression> or <nur
value expression> immediately contained in E.

heric

3) | et OP bethe <comp op> immediately contained in E

©ISO/IEC 2019 — All rights reserved

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>isimme-

diately contained in BE, then:

1) Let E bethe <md-array numeric expression left>, <md-array numeric expression right>,

or <md-array numeric expression both> immediately contained in BE.

2) LetV1bethe<md-array numeric expression> or <numeric value expression> immediately
contained in E and et V2 be the <md-array numeric term> or <term>immediately contained

inE.
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3) Case
A) If <plussign>isimmediately contained in E, then let OP be <plus sign>.

B) Otherwise, let OP be<minussign>. If V2isa<factor> or an <md-array numeric factor>

that immediately contains a<sign> that is a<minus sign> FMS, then there shall
<separator> between OP and FMS.

bea

If <md-array numeric term> BE is simply contained in MAVE, and one of <md-array numeric

fdy

b)

d)

€)

f)

0)

h)

tarm laft>s md-arrav numeric-tarm-riaht or<md-arrav numeric-tarm-hath> e immadia
e rere- ooy o e o ter - rrghe= ot ooty o e e oot o oo

contained in BE, then:

1) Let E bethe<md-array numeric term left>, <md-array numeric term right>, or)<md-array

numeric term both> immediately contained in BE.

2) Let V1 bethe <md-array numeric term> or <term> immediately contairied in E and |¢
be the <md-array numeric factor> or <factor> immediately contained in E.

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

et V2

BE shall not generally contain a<routine invocation> whose subject routire is an SQL-invoked rolitine

that is possibly non-deterministic or that possibly modifies SQL -déata.
BE shall not generally contain a <table primary> that contains @<data change delta table>.
Let T1 be the declared type of V1 and let T2 be the declared'itype of V2.

Case:

i)

i)

If T1isan MD-array type, then let MD1 bé&the maximum MD-extent of T1, let d1 be the

number of MD-axes in MD1, let MNZ; be'the name of thei-th MD-axisin MD1, 1 (one) £ i

dl. Let d bedl, let MD be MD1, letzMN; be MN1;, let AVE be V1, and let EXP1 be V1[ M
... MNg ].

Otherwise, let EXP1 be V1.

If T2 isan MD-arraytype, then let MD2 be the maximum MD-extent of T2, let d2 be the

number of MD-axesin MD2, let MN2; be the name of the i-th MD-axisin MD2, 1 (one) £ i

d2. Let d bed2; let MD be MD2, let MN; be MN2;, let AVE be V2, and et EXP2 be V2[ M
s MNG T

Otherwise, let EXP2 be V2.

LIAY
N

N1,

VAN
N

N1,

If both T1 and T2 are MD-array types, then d1 shall be equal to d2 and MN1; shall be equivalent to

MN2;;71 (one) <i <d.

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

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

MDARRAY [ M\;( MDAXI S LONAVE, 1) : MDAXIS HI GH(AVE, 1) ),

i\/IN;jl( MDAXI S_LOW AVE, d) : MDAXI S_H GH(AVE, d) ) 1

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 humeric term>, <md-

arrav_hoolean exnression> _or <md-arrav hoolean term> is simnlv contained in an <md-arrav valiie
o4 g T Yy P Yy

expression>, then let LD be the MD-extext of V1 and let RD be the MD-extext of V2.

Case:

a) |If LD isnot equal to RD, then an exception condition is raised: data exception —MD-array operands
with non-matching MD-extents.

b) Otherwise, theresult of Eis:
MDARRAY [ MN; ( MDAXIS_LOWAVE, 1) : MDAXIS_HI GH(AVE, 1) )

I\/Nd (’ MDAXI S_LOW AVE, d) : MDAXI S_H GH(AVE, .8))) 1
ELEMENTS ( EXP1 OP EXP2 )

Conformance Rules

1) |Without Feature A010, “Multidimensional array support™, conforming SQL language shall not contajn an
<md-array value expression>.

2) [Without Feature A012, “MD-array truth valuetests’, conforming SQL language shall not contain an $md-
array boolean test> that contains a <truth value>.

3) [Without FeatureA011, “MD-array BOOLEAN element type”, conforming SQL language shall not comtain
an <md-array boolean primary> that-simply contains an <md-array primary>.

4) |Without FeatureA011, “MD-array BOOLEAN element type”, conforming SQL language shall not comtain
an <md-array value expressian>that simply contains an <md-array boolean expression>.
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8.13 <md-array value function>

Function

Specify afunction yielding avalue of an MD-array type.

Format

<md-{array val ue 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> <conwa>
<l eft bracket or trigraph> <nmd~axis slice list> <right bracket or trigraph>
<ili ght paren>

<nmd{array scal e function> :: 3

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

<md{axis limts |ist>:=

| |<md- array{extent >

<nmd{axis fki-nits list positional> ::=
<lfef t¢ bfacket or trigraph>
<nd-axis limts positional> [ { <comma> <nd-axis limts positional>}... ]

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

hph>

<m-cght—bracket-—or triarapnph>
H—gHH—Racket ———-gaph

<md-axis limts list named> :: =
<l eft bracket or trigraph>
<nmd-axis limts naned> [ { <comma> <md-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 <I eft paren> <nd-array nunmeric expressi on> <conma>
<md-array nuneric expression> <right paren>

<nmd{array nodul us expression> ::=
<md- array nodul us function |eft>
| |<md-array modul us function right>

| |<md-array nodul us function both>

<md{array nodul us function left> ::=
MPD <l eft paren> <nd-array nuneric expression> <conma>
<nuneric val ue expression> <right paren>

<md-{array nodul us function right> ::=
MDD <l eft paren> <nuneric val ue expressi on> <comra>
<nd-array nuneric expression> <right paren>

<md4{array nodul us function both> ::=
MDD <l eft paren> <nd-array numeric expression> <comma>
<md-array nuneric expression> <right paren>

<md-array absol ute val ue expression> ::=
ABS <l eft paren> <nd-array numeric expression>"<right paren>

<nmd{array natural logarithnm ::=
LN <l eft paren> <nmd-array nuneric expressi on> <right paren>

<md-{array common |logarithm ::=
LPGLO <l eft paren> <nd-array nunerjic expression> <right paren>

<md-{array exponential function> %=
EXP <l eft paren> <nd-array tauneric expression> <right paren>

<nd{array square root> : =
SQRT <l eft paren> <nd-array numeric expression> <right paren>

<md{array floor funetion> ::=
FUOOR <l eft paren> <nd-array numeric expression> <right paren>

<mdqarray ceiling function> ::=
{|CEIL | £EFLING} <left paren> <nd-array nuneric expression> <right paren>

<md{array>rrigononetric function> ::=
<tlr j.genonetric function nane> <left paren> <md-array numeric expression> <right pargn>

<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 scalefunction> is specified, then:

a) Let AVE bethe<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 type of AVE, let
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EDT be the element type of MDT, let d be the MD-dimension of MDT, and let MN; be the name
the i-th MD-axis in the maximum MD-extent of MDT, 1 (one) <i < d.

of

b) Forali,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, 1).
¢) Case
i) If <md-array shift function> is specified, then
1) Case

then let e be the number of <md-axis slice named> simply containedifthe <md

) eshall be less than or equal to d.

[11) Forali,1(one) <i<ethereshal exist j, I\(0ne) <j < d, such that S i
equivalent to MN;.
IV) Foralj,1(one)<j<d
Case:
1) If thereexistsi, 1 (one) <i < e, such that SN is equivalent to MN;, th
let § be SP;.
2) Otherwise, |et'S be 0 (zero).

B) Otherwise, let e hethe number of <numeric value expression>s simply containe
the <md-axis stieelist positional>. e shall beequal tod. Fori, 1 (one) <i<e, le
be the <numeric value expression> simply contained in the i-th <md-axis slice g
tional>,

2) <md-array valuefunction> shall not generally contain a<routineinvocation> whose su
routine is'an SQL-invoked routine that is possibly non-deterministic or that possibly
modifies SQL -data.

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

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

I1) Foraliandj,i#jand1l(one)<i,j<e SN;shal not beequivaent to Y.

A) If theimmediately contained <md-axis dice list> is an <md-axis slice Jistinameg>,

axis

dlicelist named>. For i, 1 (one) <i < e, let SN; be the <md-axis natne> and let SP; be
the <numeric value expression> simply contained in the i-th <me-~axis slice named>.

en

0 in
0Si -

hject

S a

L),

MDARRAY [ M\; ( MDAXIS LON( AVE, 1) + S; : MDAXIS LON( AVE, 1) + S

My ( MDAXIS LOW( AVE, d ) + Sq : MDAXIS LON( AVE, d ) + Sq )

]
ELEMENTS AVE[] M\ - S, ... , My - Sq ]

i) Otherwise, let ATL be theimmediately contained <md-axis limits list>.
1) Case
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A) If <md-axislimitslist named> ABLN isimmediately contained in ATL, then let e be
the number of <md-axis limits named> immediately contained in ABLN. For 1 (one)
<i < g, let SN be the <md-axis name>, let S.O; be the <md-axis lower limit expres-
sion>, and let SHI; be the <md-axis upper limit expression> simply contained in the
i-th <md-axis limits named>.

] Foraliandj,i#*jand1(one)<i,j<e S\shal not be equivalent to ;.

<a
=8

[HAY Carali 1 (onal <
) =oar—={OHe=

1
1) Thereshal existi, 1 (one) <i < d, such that S\; is equivalent to.MN;
2) If 3LOjisnot an <asterisk>, then let TLO; be SLO;.

3) If H is not an <asterisk>, then let THI; beSHIj.

B) If an <md-axislimitslist positional> ATLP isimmediately cortained in ATL, than let
e be the number of <md-axis limits positional> immediately/contained in ATLP|e
shall be equal to d.

] Foralj,1(one)<j<e,
1) Let ABP; bethei-th <md-axis limitspositional> immediately contaimed

in ATLP.
2) Let S.O; bethe <md-axisiower limit expression> simply contained [n
ABP;.

=

3) Let SHI; bethe <md-axis upper limit expression> simply contained i
ABP;.
1) Forali,1(onep<i<d,
1) If SLQpisnot an <asterisk>, then let TLO; be 9.0
2) . If SHI; isnot an <asterisk>, then let THI; be SHI;.
C) Otherwise:

1) Let AE be the <md-array extent> immediately contained in ATL, let AVEL be
the <md-array value expression> immediately contained in AE, and let e be the
MD-dimension of AVEL. e shall be equal to d.

)  Case
1) If <md-array reshapefunction> isspecified, then let OP be MDRESHAPE.
2) Otherwise, let OP be SCALE.

M) <md-array value function> 1s equivalent to
OP ( AVE,
[ MDAXI S_NAME(AVE1, 1)
( MDAXI S LONAVEL, 1) : MDAXI S H GH(AVEL, 1) ),

MDAXI S_NAME( AVEL, e)
( MDAXI S LONAVEL, €) : MDAXI S H GH(AVEL, e) )
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2) Case
A) If <md-array reshape function> is specified, then

) <md-array value function> shall not generally contain a <routine invocation>
whose subject routineis an SQL-invoked routine that is possibly non-determin-
istic or that possibly modifies SQL-data.

1)  <md-array value function> shall not generally contain a <table primary> that

contans-a<data chanaa dalta tabla:
ot TtoT©t CHaRge-aerertaore-s

[11)  The <md-array value function> is eguivalent to:

MDARRAY [ TNy ( TLO, : THI1 ), ..., TNg ( TLQy : THL§)
ELEMENTS
CASE WHEN MDAXI S LONAVE, 1) <= TN; AND

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

MDAXI S LONAVE, d) <= TNy AND
TNy <= MDAXI S_HI GH(AVE, d)
THEN AVE[ TNj, ... , TNy ]

ELSE NULL
END

B) Otherwise, for ali, 1 (one) <i<d, let R be{ MDAXIS HIGH (AVE,i) -
MDAXIS LOW (AVE,i)+1)/(THI;<TLO; +1).

) <md-array value function> shall not generally contain a <routine invocatijlon>
whose subject routineisan'SQL -invoked routinethat is possibly non-determin-
istic or that possibly modifies SQL-data.

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

1)  The <md-artay value function> is equivalent to:

MDARRAY [ TN; ( TLO, : THI; ),

TN ( TLOy @ THIg ) ]
EUEMENTS AVE[ FLOOR(TN; * Ry), ... , FLOOR(TNg * Ry) ]

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

a)

b)

d)

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

AVF shalbnet generally contain a <routine invocation> whose subject routine is an SQL-invokegl
routinéthat is possibly non-deterministic or that possibly modifies SQL-data nor a <table primary>
that.contains a <data change delta table>.

>

ained

<md-array power function right>, or <mb|—array power function both> immediately cont
in AVF. Let OP be POWER.

i) 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.

Let V1 be the first <md-array numeric expression> or <numeric value expression> immediately con-
tained in E, and let V2 be the second <md-array numeric expression> or <numeric value expression>
immediately contained in E.

Let T1 be the declared type of V1, and let T2 be the declared type of V2.
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i) If T1isan MD-array type, then let MD1 be the maximum MD-extent of T1, let d1 be the

ion>

number of MD-axesin MD1, let MN1; be the name of thei-th MD-axisin MD1, 1 (one) <i <

d1. Let d bedd, let MD be MD1, let MN; be MN1;, let AVE be V1, and let EXP1 be V1[ M
o MNG .

i) Otherwise, let EXP1 be V1.

f) Case

i) If T2isan MD-array type, then let MD2 be the maximum MD-extent of T2, let d2-bethe
d2. Let d be d2, let MD be MD2, let MN; be MN2;, let AVE be V2, and let EXP2be V2[ M
... MNg ].

i) Otherwise, let EXP2 be V2.

g) |If both T1 and T2 are MD-array types, then d1 shall be equal to d2 andMNZ1; shall be equivalen
MN2;, 1 (one) <i <d.

h) Thedeclared type of E isan MD-array type with maximum MDsextent MD.
i) If only oneof T1 or T2 isan MD-array type, then E is equivalent to

MDARRAY [ M\; ( MDAXI S LOW (AVE, 1) : MDAXISiHI GH (AVE, 1) ),

My ( MDAXI S LON (AVE, d) : MDAXIS HI GH (AVE, d) ) |
ELEMENTS OP ( EXP1, EXP2 )

Let E be the <md-array absolute value expression>, <md-array natural logarithm>, <md-array comm
logarithm>, <md-array exponential function>, <md-array square root>, <md-array floor function>, 4
array ceiling function>, or <md-array trigonometric function> simply contained in <md-array value f
tion>. Let AVE be the <md-array valueexpression> simply contained in E. Let MDT be the declared
of AVE, let EDT bethe element typeof MDT, |let d bethe MD-dimension of MDT, and let MN; bether

of the i-th MD-axis in the maximrnum MD-extent of the declared type of AVE, 1 (one) <i <d.
a) Let OP be

Case:

i) If Eds<md-array absolute value expression>, then ABS.

i) [#-E is <md-array natural logarithm>, then LN.

iy If Eis<md-array common logarithm>, then LOG10.

7%
A

number of MD-axesin MD2, let MN2; be the name of the i-th MD-axisin MD2,-.1.(0ne) £ i

N1,

N1,

to

on
md-
unc-
type
ame

iv)  If Eis<md-array exponential function>, then EXP.

V) If Eis<md-array square root>, then SQRT.
vi)  If Eis<md-array floor function>, then FLOOR.

vii)  If Eis<md-array ceiling function>, then CEIL.

viii)  If Eis<md-array trigonometric function>, then the <trigonometric function name> immediately

contained in E.

b) E shall not generally contain a <routine invocation> whose subject routineis an SQL -invoked routine

that is possibly non-deterministic or that possibly modifies SQL -data.
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c¢) E shal not generaly contain a <table primary> that contains a <data change delta table>.
d) Eisequivaentto

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

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

a) Let AVEL bethe <md-array value expression>immediately containedin AC, let d bethe MD-dimerjsion
of AVEL, and let MLO; and MHI; be the lower limit and upper limit, respectively, of thei-thMDiaxis

in the maximum M D-extent of the declared type of AVE1L, 1 (one) <i < d. Let AVE2 bethe<md-array
value expression> immediately contained in the <md-array md-axis> immediately, contained in AC,

let e be the MD-dimension of AVE2, and let ELO; and EHI; be the lower limit and upper limit,
respectively, of thei-th MD-axis in the maximum MD-extent of the declaredtype of AVE2, 1 (one)
<i<d. dshal beegual toe

b) Let DT1 bethe element type AVEL and DT2 be the element type of AVE2. The Syntax Rules of
Subclause 9.5, “ Result of datatype combinations’, in [| SO9075-2], are-applied with the set comprising
DT1and DT2 asDTSET; let DT be the RESTYPE returned from theapplication of those Syntax Rules

c) Let AD bethe MD-axis index specified by the <md-array md-axis> immediately contained in AC.

d) The declared type of the result of <md-array concatenation> is an MD-array type with element type
DT, and amaximum M D-extent equal to the maximunyM D-extent of thefirst input MD-array, eXcept
along the AD-th MD-axis, which has alower limit.equal to MLOap, and upper limit equal to MHlIAp

+ (EHIap - ELOpp + 1).

Access Rules

No additional Access Rules.

Genheral Rules

1) [Case:

a) |f <md-array concatenation> is specified, then let AV1 be the value of the first <md-array value
expression>and et AV2 be the value of the second <md-array value expression>.

i) |fat{east one of AV1 and AV2 isthe null value, then the result of the <md-array concatenatjon>
Isthe null value.

i) Let N1;, LOZ;, and HI1;, bethe name, lower limit, and upper limit, respectively, of thei-th MD-
axisin the MD-extent of AV1, 1 (one) <i < d. Let N2;j, LO2;, and HI2;, be the name, lower

<d.

iii)  If N1ap isnot equivalent to N2,p, then an exception condition is raised: data exception —
MD-array invalid MD-axis.

iv) If thereexistsi, 1 (one) <i<dandi* AD, such that LOL; # LO2; or HI1; # HI2;, then an
exception condition israised: data exception — MD-array operands with non-matching MD-
extents.
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v)  Forali,1(one)<i<dandi*AD, let LO3: beLOL and let HI3; beHI 1. Let LO3p beLOLap
and HI3ap be HI1pp + (HI2ap - LO2pp + 1). Let D3 be the MD-extent denoted by [ N1, (
LO3; : HI3y), ..., N1 (LO3y4 : HI3g) ].

vi)  Theresult value of <md-array concatenation> is equivalent to the value of:

COALESCE ( MDRESHAPE ( AVl, D3 ),
MDRESHAPE ( MDSHI FT ( AV2, [ Nlpp ( Hilap + 1) 1 ), D3) )

b) If <md-array modulusexpression> or <md-array power function> is specified, thenlet LD betheMD-
extent of the value of AVE1 and let RD be the MD-extent of the value of AVE2.

Case:

i) If LD isnot equal to RD, then an exception condition is raised: data exceptioh — MD-array
operands with non-matching MD-extents.

i) Otherwise, the value of E is equivalent to the value of:
MDARRAY MN; ( MDAXI S_LOWAVE, 1) : NMDAXIS_HI GH(AVE( 1) ),
ivN;j( MDAXI S_LON AVE, d) : MDAXI S_H GHCAVE, d) )
ELEMENTS OP ( EXP1, EXP2 )
Copformance Rules

1) |Without Feature A010, “Multidimensional array suppert”, conforming SQL language shall not contgin
<md-array value function>.
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8.14 <md-array value constructor>

Function

Specify construction of an MD-array.

Format

<nd-
I
I
I
I

<nd-

MDARRAY <nd-extent alternative> <nd-array elenment |ist>

<nd-
<l

<nmd{array elenent list inner> ::=

<fd-array elenent> [ { <comma> <nd-array elenment> }.{]
<md{array elenent> ::=

<yal ue expression>

<

<nd-

MDARRAY <nd-extent alternative>

<

MPDECODE <l eft paren> <string val ue expressi on>

<nd-
Rf

<

MPJO N <l eft paren>

<nd-

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

MPARRAY <nd-extent alternative> <table subguery>

array val ue constructor> ::=

<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>

array val ue constructor by enunmeration> ::=

array elenent list> ::=
eft bracket or trigraph> <nd-array elenent |ist inner> <right bracket or trigraphj

array val ue constructor by query> ::=

array value constructor by iteration>\":=
ELEMENTS <nd- array el enent >
array val ue constructor by décoding> ::=
<comme> <format identifiver> <nd-array returning clause> <right paren>

array returning clausez ::=
FTURNI NG <nd- array type>

array val ue constructor by join> ::=

<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>

array“val ue expression as field> ::=

Syntax Rules

1)

2)
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The declared type of <md-array value constructor> AV/C isthe 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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a) Let AVCE bethe <md-array value constructor by enumeration>, <md-array val ue constructor by
query>, or <md-array value constructor by iteration>.
b) Let EA bethe <md-extent alternative> immediately contained in AVCE.

¢) Let MD bethe maximum MD-extent specified by EA, let d be the number of MD-axesin MD, and let
MN; be the name of the i-th MD-axisin MD, 1 (one) <i < d.

3) If AVCisan<md- array val ue constructor by enumerat|0n> then the Syntax Rules of Subcl ause 9.5, “Resullt

|mmed|ately contal nedin the <md -array element list inner> immediately contai ned in AVCE as DTFSET;
let ET be the RESTYPE returned from the application of those Syntax Rules. The declared type.of AYCE
isan MD-array type with element type ET and maximum MD-extent MD.

4) |If AVC isan <md-array value constructor by query>, then:

a) The <query expression> QE simply contained in the <table subquery> shall be:of degreed + 1. For
ali,1(one)si=sd:

i) There shall exist auniquej, 1 (one) <j < N, such that the name. of-the j-th column of QE |s
equivalent to MN;.

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

b) Let NV be the number, such that the NV-th column of QE is not equivalent to any NORD;, 1 (ong) <
i<d.

c) Let ET bethe declared type of the NV-th columfof QE.

d) The declared type of AVCE is MD-array with el ement type ET and maximum MD-extent MD.
5) [If AVCisan <md-array value constructor_hy, iteration>, then:

a) Let ET be the declared type of theimmediately contained <md-array element>.

b) Thedeclared type of AVCE isan MD-array type with element type ET and maximum MD-extent MD.

c) For 1 (one) <i<d, let AV be an <md-axis variable> whose name is equivalent to MN;. The scope of
AV, is the <md-array element> immediately contained in AVC.

6) |If <md-array value ¢onstructor by decoding> ACD is specified, then:
a) Let AT bethe<md-array type> simply contained in ACD. AT shall not contain <asterisk>.
b) Let MD’be the maximum MD-extent of AT and let ET be the element type of AT.

c) LetFID bethe value of the <format identifier> immediately contained in ACD. FID shall be avhlid
MIME identifier as specified in RFC2046.

o) Thedectared typeof ACD TS AT:
7) If AVCisan <md-array value constructor by join>, then:

a) AVC shal 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>.

¢) Let N bethenumber of <md-array value expression as field>simmediately contained in AVC. For all
i,1(one)<i<N:
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)] Let AVCF; be thei-th <md-array value expression as field> immediately contained in AVC.

i) Either every AVCF; shall immediately contain a <field name>, or no AVCF; shall immediately

contain a<field name>.

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

be

iv) Let d be the MD-dimension of MD; and let MN, be the name of the k-th MD-axisin MD, 1

AC(

Ge

1)

2)

(one) < k< d. The MD-dimension of MDj, 2 < j < N, shall be equal to d, and the namef
k-th MD-axisin MD; shall be equivalent to MNy.

V) Let ET; be the element type of MDT;. ET; shall not be arow type or structureditype.
vi) Case

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

Subclause 11.14, “Indexed name”, are applied with N as LASFINDEX, i as INDEX, g
'FIELD' asPREFIX; let FN; bethe INDEXEDNAME returped from the application of t

Syntax Rules
2) Otherwise, let FN; be the <field name> immediately_contained in AVCF;.

d) Let ERT be arow type described by a sequence of (FNj¢ETy) pairs, 1 (one) <i < N.

e) The declared type of MAVC is an MD-array type withhelement type ERT and maximum MD-ext
MD;.

ress Rules

None.

neral Rules

The result of <md-array value constructor> AVC is the result of the simply contained <md-array valu
constructor by enumeration>, <md-array value constructor by query>, <md-array value constructor
iteration>, <md-array 'value constructor by decoding>, or <md-array value constructor by join>.

If <md-array valueconstructor by enumeration>, <md-array value constructor by query>, <md-array \
constructor hy)iteration> is specified, then:

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

the

ind
hose

ent

y

alue

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

c) LetD bethe MD-extent specified by EA and let d be the number of MD-axesin D.

3) Theresult of <md-array value constructor by enumeration> is an MD-array TV with MD-extent D, deter-
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mined as follows:
a) LetLO; and HI; be the lower and upper limits, respectively, of thei-th MD-axisin D, 1 (one) < i
b) Let AE; bethevalueof HI; —LO; + 1,1 (one) <i <d.

Cc) Let AEL bethe <md-array element list inner> simply contained in AVCE.

<d.
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d) For each coordinate Rwithin D:
i) Let P; bethei-th element of R, 1 (one) <i < d.
i) Letj be (Pq—LOyg) + AEg x ((Pg.1 —LOy.1) + AEg.1 X (... + AEp X (P1—LO9)) ...)) +1

iii)  Theelementin TV at coordinate R isthe value of the j-th <md-array element> immediately

contained in AEL.

Thorocilt of <nad o | concteret tont D datornat
A U LILLL]

ned

ransvalua ar-bvaronssoia PN
TTICTC3OrTOT Tt Ty vardCCOrStraCtor— oy —qucry ToQUTivio— o

as follows:
a) QEisevauated, producing atableT.

b) For all coordinates W within D, the element valuein TV at coordinate Wis initially set-to the nu
value.

\> |} oy =gV \v W |

c) ForeachrowinT:

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

i) If any P; isthe null value, then an exception condition is raiSed: data exception — MD-ar|
null coordinate in query constructor.

iii)  Let Rbethecoordinatedenoted by [ Py, ..., Pq]. If Risnot within D, then an exception cond
israised: data exception — MD-array coordinaténot within specified MD-extent.

iv) A coordinate[ Py, ..., Pq] isegual to coordinate[ Qq, ..., Qq] if P;=Q;, 1 (one) <i <d.
isequal to the coordinate specified by any-other row in T, then an exception conditionisral
data exception — MD-array duplicate.coordinate in query constructor.

V) The value in the NV-th column of {15 the element value in TV at coordinate R.

The result of <md-array value constructor<by iteration>isan MD-array TV with MD-extent D, determ
as follows.

For each coordinate R within D
a) LetP;bethei-th elementof R, 1 (one) <i<d.

b) Theeement in TV-at coordinate R isthe value of the <md-array element> immediately containg
the <md-array value constructor by iteration>, in which the value of any AV;, 1 (one) <i <d, ise

to P;.

If <md-array.value constructor by decoding> ACD is specified, then let SVE bethe <string value express
immediatély contained in ACD. Let BP be the result of JSON_QUERY (SVE, 'lax $data).

a) .ITBP isthe null value, then the value of ACD isthe null value and no further General Rules of
Subclause are applied.

ray
tion
If R

sed:

ined

din
qual

on>

i

S

b) Case
i) If FID isequivalent to 'application/json’, then

1) Givenan SQL/JSON item J and an MD-extent D, the function F is defined recursively as

follows:
Case:
A) If D isthe null value, then:
)] Let ST1 be the completion condition successful compl etion.
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7)

I[1)  The General Rules of Subclause 9.40, “ Casting an SQL/JSON sequence to an
SQL type”, in [ISO9075-2], are applied with ST1 as STATUSIN, J as SQL/JSON
SEQUENCE, NULL as EMPTY BEHAVIOR, ERROR as ERROR BEHAVIOR,
and ET as DATA TYPE; let ST2 and V be the STATUSOUT and VALUE,
respectively, returned from the application of those General Rules.

[11)  If ST2 isan exception condition, then the exception condition ST2 is raised.
Otherwise, the result of F(J, D) isV.

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

B)  Otherwise,

)] Let LO and HI be the lower and upper limits of the first MD-axis of(D, ‘and let
EXbeHI -LO + 1.

1) If Jisnot an SQL/JSON array, or if the number of elements of J is not equal
to EX, then an exception condition is raised: data exception = MD-array|
decoding error.

1) Case:

1) If the number of MD-axesin D isequal t6 1 (one), then let ND be theg null
value.

2) Otherwise, let ND be the M D-extent-obtained by removing the first N1D-
axisfrom D.

V)  Let Jg bethe k-th element of J:and let Gy be F(Ji, ND), 1 (one) < k < EX.
V)  Theresult of F(J, D) is G3¢».., Gy.

2) The General Rules of Subclause.9:36, “Parsing JSON text”, in [ISO9075-2], are applied
with BP asJSON TEXT, FORMAT JSON as FORMAT OPTION, and WITHOUT UNIQUE
KEY S as UNIQUENESS CONSTRAINT; let ST and SJI be the STATUS and SQL/JSON
ITEM, respectively, returned from the application of those General Rules.

3) If ST isan exceptipn:condition, then the exception condition ST is raised.
4) Let ELEMENTSDbe the result of F(SJI, MD).
5) Theresult-0fACD is:

MDARRAY MD [ ELEMENTS ]

i) Otherwise, let AVE be an implementation-defined MD-array value obtained by decoding BP
aceording to theformat indicated by FID. If adecoding error occurs, then an exception condition
IS raised: data exception — MD-array decoding error.

a) Let AV; bethe value of AVE;, 1 (one) <i < N, and let D; be the MD-extent of AV;. For all j, 2<jE N,
if Dj isnot equal to D, then an exception condition is raised: data exception —MD-array operands
with non-matching MD-extents.

b) Let Ny, LOy, and Hly, 1 (one) < k < d, be the name, lower limit, and upper limit, respectively, of the
i-th MD-axisin D1.

¢) Thevalueof AV/Cisthevaue of:

MDARRAY [ N; ( LOy : Hi; ), ... , Ng( LQy: Hg) 1]
ELEMENTS ROW( AVE; [ Ni, ..., Ne1, ..., AVEN[ N, ..., Ne 1)
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Confor mance Rules

1) Without Feature A010, “Multidimensional array support”, conforming SQL language shall not contain an
<md-array value constructor>.

2) Without FeatureA013, “MD-array row element type support”, conforming SQL language shall not contain
an <md-array value constructor> that immediately contains an <md-array value constructor by join>.

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

4) |Without Feature A015, “MDA encode/decode functionswith implementation-defined behavior” ,.conforimning
SQL language shall not contain an <md-array value constructor by decoding> that containg.a <format
identifier> that is not equivalent to ‘application/json'’.
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Function

Returns an element of an MD-array.

Format

<md-{array el enent reference> ::=
<nd-array val ue expression> <l eft bracket or trigraph> <nmd-axis slice |ist> <right-bragket
off trigraph>

<nmd{axis slice list> ::=
<nmd-axis slice |list named>

| |<md-axis slice |ist positional>
<nmd{axis slice list named> ::=
<nd-axi s slice named> [ { <comma> <nd-axis slice named> }... ]
<nmd{axis slice list positional> ::=
<fd-axis slice positional > [ { <comma> <nd-axis slice positional>}... ]

Synmtax Rules

1) [Let ASbethe <md-array element reference>, let AVE bethe <md-array value expression> immediately
contained in AS and let ASL be the <md-axis slice list> 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 Rulesof Subclause 11.16, “ Canonicalize MD-array element reference”, are applied with MIDT
as MDARRAY TYPE and AS. asMDAXISSLICE LIST; let CASL bethe CANONICAL SLICE COORDINATE
returned from the application of those:Syntax Rules.

4) [The declared type of ASisEDT.

Acgess Rules
None.

Geperal Rulés

1) |Let Avsbethe value of AVE.

2) |IfAVisthenull value, then the result of ASisthe null value and no further General Rules of this Subcllause
areapphied.

3) Let D bethe MD-extent of AV, let d be the number of MD-axesin D, and let LO; and HI; be the lower and
upper limits, respectively, of thei-th MD-axisinD, 1 (one) <i <d.

4) LetPj, 1(one) <i<d, bethevaue of thei-th element of CASL. If P; islessthan LO; or greater than HI;,
then an exception condition israised: data exception —MD-array element reference not within MD-extent.

5) Let SP be the coordinate denoted by [ Py, ..., Pq].

6) Theresult of ASisthe element in AV at coordinate SP.
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Confor mance Rules

1) Without Feature A010, “Multidimensional array support”, conforming SQL language shall not contain an
<md-array element reference>.
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9 Query expressions

This Clause modifies Clause 7, “ Query expressions” , in [1SO9075-2] .

9.1

Thig Subclause maodifies Subclause 7.6, “ <table reference>" , in [ISO9075-2] .

Function

Refgrence atable.

Folmat

<table primary> ::=
I'' Al alternatives from [l SO075-2]
| [<md-array extent function> <correlation or recognition>

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

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

<nmd{array max extent> ::=
MPEXTENT_MAX <l eft paren> <nd-‘array val ue expression> <right paren>

Symtax Rules

<tablereference>

1) |Insert before SR 7){H, TP simply contains <md-array extent function> MEF, then:

a)
b)

TP isnot generally updatable, simply updatable, effectively updatable, or insertable-into.

A <cortelation or recognition> immediately contained in TP shall immediately contain a<correl@tion
name>'CN and a<parenthesized derived column list> DCLP. DCLP shall contain exactly four <column
name>s, none of which are equivalent to any of the others.

Let AVE bethe <md-array value expression> simply contained in MEF. Let MDT be the declareditype

of AVE, Tet EDT be the element type of MDT, and Tet d be the MD-dimension of MDT.
TP ispossibly non-deterministic if AVE is possibly non-deterministic.
If <md-array extent> is specified, then MEF is equivalent to:

LATERAL (
SELECT *
FROM UNNEST (
ARRAY [ ROW ( 1, MDAXI S NAME(AVE, 1),
MDAXI S LONAVE, 1), MDAXIS H GH(AVE, 1) ),
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f)

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

)

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.
MEF is eguivalent to:
( SELECT *
FROM UNNEST ( ARRAY [ ROW (1, MN;, M.O;, M q),
ROW (d, MY, M.Qy, Mig) ] )
AS CN DCLP )
2) |Replacethelead text of SR 7)|1f TP simply contains a<collection derived table> CDT and no <collegtion
value expression> immediately contained in CDT is an <md-array value expression>, then:
3) |Insert before SR 8)|If TP simply containsa<collection derived table> CDT and CDT immediately confains
a <collection value expression> CVE that is an <md-array value expression>, then:
a) CDT shall not immediately contain any other <collection value-expression>s.
b) Let MDT bethe declared type of CVE, and let ET be theelement type of MDT.
c) Let MD be the maximum MD-extent of MDT, let d.bethe number of MD-axesin MD, and let MN;
be the name of the i-th MD-axisin MD, 1 (one) <, < d.
d) Case
i) If ET1 isarow type, then let DET-De the degree of ETj.
i) Otherwise, let DET be 1 (oneg).
e) Case
)] If WITH ORDINALITY is specified, then let NORD be 1 (one).
i) Otherwise, et NORD be 0 (zero).
f) Let TPTC bethetable specified by CDT.
g) Thedegreeof TPTCisNORD + d + DET.
h) Let ORBiand EN be implementation-dependent <column name>s that are not equivalent to MN;j 1
(one)£ j < d, or any <identifier> contained in TP.
i) AThe column descriptors of each of the columns of TPTC are determined as follows:
|) H ‘vAv'=.T= FORDH NAL:TY |aapcuflcd, therrthenameof-thefirsteotumnisORB-andthedectared
typeis exact numeric with scale O (zero).
i) The name of the j-th column, NORD + 1 (one) < j < NORD + d, is MNj_yorp and the declared
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type is exact numeric with scale O (zero).
iii)  Let NEN be NORD + d.

Case:

1) If ETisarow type, then the name and declared type of the k-th columin, NEN + 1 < k <
NEN + DET is the name and declared type, respectively, of the (k— NEN)-th field of ET.
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2)

I SO/IEC 9075-15:2019(E)
9.1 <tablereference>

Otherwise, the name of the (NEN + 1)-th column is EN, and the declared typeis ET.

4) |Replace thelead text of SR 11)| Let TPTI be the table specified by the <table or query name>, <derived
table>, <lateral derived table>, <PTF derived table>, <data change delta table>, <JSON table primitive>,
<collection derived table> that immediately contains a <collection value expression> that is an <md-array
value expression>, or the <joined table> simply contained in TP. The degree of TPT and the column
descriptor of each of the columns of TPT are determined as follows.

5) \Replace the lead text of SR 11)b)i)2) | The table specified by the <table or query name>, <derived table>,

AC(

Ge

ress Rules

No additional Access Rules.

neral Rules

<laeral derived table>, <dala change deltatable>, <collection derived table> thal immedialely conigns a
<collection value expression> that isan <md-array val ue expression>, or <only spec> immediately contained
in TP isthe row pattern input table of RPRC.

1)

Insert before GR 7)] If a <table primary> TP immediately contains <collection derived table> CDT that

(

1)
2)

FalY

immediately contains a single <collection value expression> CVE that is an MD-array, then let AVE be
the value of CVE. Let D be the MD-extent of AVE. The result of TP is atable value of cardinality equial
to the cardinality of D, the rows of which are set asfollows:

b) For each coordinate R within D:
i) Let E be the element of AVE ateoordinate R.
i) Let P; bethei-th element ofR.

iii)  Let IND bethe value.of

Py - LQy ) (¥ AE4

X (( Pg.1 = JLQy.1 ) + AB42
x (..,
X(PAN-LOL) ) ... ) +1

iv)  Thewvauesin each column of the IND-th row are determined as follows:

a) Let dbethe number of MD-axesin D, let LO; and HIy be the lower and upper limits, respectively, of
thei-th MD-axisin D, and let AE; be the valueofHl; —LO; + 1, 1 (one) <i < d.

+ ) AE,

If WITH ORDINALITY is specified, then the value in the first column is IND.
The valuein thej-th column, NORD + 1<) < NORD +d, isP;.

)

P
L asc.

A) If ET isarow type, then the value of the k-th column, NEN + 1 < k < NEN + DET is
the (k — NEN)-th field of E.

B) Otherwise, the value of the (NEN + 1)-th columnisE.
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Confor mance Rules

1) |Replace CR 2)|Without at |east one of Feature S091, “Basic array support”, Feature S271, “ Basic multiset
support”, or Feature A010, “Multidimensional array support”, conforming SQL language shall not contain
a<collection derived table>.

2) Without Feature A010, “Multidimensional array support”, conforming SQL language shall not
contain <md-array extent> or <md-array max extent>.
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9.2

This Subclause modifies Subclause 7.16, “ <query specification>" , in [1S09075-2] .

<query specification>

Function

Specify atable derived from the result of a <table expression>.

For

No 4

Sy

1)

AcC(

Ge

I SO/IEC 9075-15:2019(E)
9.2 <query specification>

mat

lddi ti onal Format itens.

itax Rules

ress Rules

No additional Access Rules.

neral Rules

No additional General Rules.

Confor mance Rules

No additional Conformance Rules.

Insert after SR 21)b)xiv)|An <md-array element reference>.

©ISO.
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10 Predicates

This Clause modifies Clause 8, “ Predicates’ , in [1S09075-2].

10.l <distinct predicate>

Thig Subclause modifies Subclause 8.15, “ <distinct predicate>" , in [ISO9075-2].

Function

Spegify atest of whether two row values are distinct.

Folmat

No additional Format itens.

Symtax Rules

No additional Syntax Rules.

Acctess Rules

No additional Access Rules.

Geheral Rules

1) |Insert after GR 1)c)v){1f V1 and V2 are values of an MD-array type, then

Case:
a) If V1 andM2 do not have interval-equal M D-extents, then the result is True.

b) If VI and V2 haveinterval-equal MD-extents and there exists at least one coordinate P such that|the
element at coordinate P in V1 isdistinct from the e ement at coordinate P in V2, then theresult is True.

c)- Otherwise, the result is False.

Conformance Rules

No additional Conformance Rules.
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I SO/IEC 9075-15:2019(E)
11.1 Retrieval assignment

11 Additional common rules

This Clause modifies Clause 9, “ Additional common rules’ , in [1S09075-2].

11.

Sul
“Re
P
P
)

This
Ful
Spex

parg

Sy

Il Retrieval assignment

pclause Signature

rieval assignnment” [Genera Rules] (

itax Rules

ar amet er: “ TARGET”,

r amet er: “ VALUE”

Subclause modifies Subclause 9.1, “ Retrieval assignment” , in [1S09075-2].

nction

Lify rulesfor assignmentsto targets that do not support null values or that support null values with indigator
meters (e.g., assigning SQL -data to host parameters'ar-host variables).

1)

Insert after SR 8)b)| If TD isan MD-array type, then SD shall be an MD-array type. The MD-dimension

AcC

Ge

1)

of TD shall be equal to the MD-dimension of SD.

ress Rules

None.

neral Rules

Let T betheTARGET and let V be the VALUE in an application of the General Rules of this Subclause.

2)

Insert-after GR 7)u)] If the declared type of T is an MD-array type, then

Case:

a)

b)

If theMD-extent M of V isstrictly within the maximum M D-extent of T, then the values of the elements
of V are assigned to the elements of T at the corresponding coordinates by applying the General Rules
of this Subclause to each pair of elements with the element of T as TARGET and the element of V as
VALUE. The MD-extent of thevalue of Tis M.

Otherwise, an exception condition israised: data exception —MD-array source MD-extent not strictly
within maximum target MD-extent.
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Confor mance Rules

None.

78 Multidimensional Arrays (SQL/MDA) ©ISO/IEC 2019 — Al rights reserved


https://standardsiso.com/api/?name=ee44e689367b0fc5984eebe253cb8501

I SO/IEC 9075-15:2019(E)
11.2 Storeassignment

11.2 Storeassignment

Subclause Signature

“Store assignnment” [General Rules] (
Paraneter: “TARCGET”,
Paranet er: “VALUE'

)
This

Ful
Speq

vari

Sy

Subclause modifies Subclause 9.2, “ Sore assignment” , in [1S09075-2].

nction

ify rules for assignments where the target permits null without the use of indicatorqparameters or indi
hbles, such as storing SQL -data or setting the value of SQL parameters.

itax Rules

1)

Insert after SR 6)b) | If TD isan MD-array type, then SD shall be aMD-array type. The MD-dimen

AcC

Ge

1)

of TD shall be equal to the MD-dimension of SD.

ress Rules

No additional Access Rules.

neral Rules

Let T bethe TARGET and let V be the JALUE in an application of the General Rules of this Subclau

2)

Insert after GR 3)b)xxi) \ If the declared type of T isan MD-array type, then

Case:

cator

5ion

e,

a) If the MD-extent M of-V isgtrictly within the maximum M D-extent of T, then the val ues of the elenpents

of V are assigned tothe elements of T at the corresponding coordinates by applying the General R
of this Subclauseto each pair of elements with the element of T as TARGET and the element of
VALUE. The MD-extent of the value of T is M.

NOTE5 — The maximum MD-extent L of T is unchanged.

b) Otherwise, an exception condition israised: data exception —MD-array source MD-extent not stif
within maximum target MD-extent.

ules
V as

ictly

Conformance Rules
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11.3 Passing a value from a host language to the SQL -ser ver

This Subclause modifies Subclause 9.3, “ Passing a value from a host language to the SQL-server” , in

[1S09075-2].

Function

Spefify TOIEST0 pass a valUe fTom a Nost language 10 the SQL-save.

Symtax Rules

No additional Syntax Rules.

Access Rules

No additional Access Rules.

Genheral Rules

1) |Replace GR 5)a)ii)| Otherwise, let the value of SV be the binarylarge object string value, the large object

val ue corresponding to PI.

Cohformance Rules

No additional Conformance Rules.

character string value, the array value, the multiset value, the MD-array value, or the user-defined type
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11.4 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
[1S09075-2].

Function

Spefify TOIES T0 pass avalue from the SQL-Server 10 a nost fanguage.

Symtax Rules

No additional Syntax Rules.

Access Rules

No additional Access Rules.

Genheral Rules

1) |Replace GR 5)a)|If DT contains <locator indication>, then {&t the value of PI be the binary large ob|ect
locator value, the character large object locator value, the array locator value, the multiset locator value,
the MD-array locator value, or the user-defined type locater value that uniquely identifies SV.

Conhformance Rules

No additional Conformance Rules.
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115

Result of data type combinations

11.5 Result of datatype combinations

This Subclause modifies Subclause 9.5, “ Result of data type combinations” , in [1S09075-2].

Function

Specify the result data type of the result of certain combinations of values of compatible data types, such as

<cag

Sy

expresson-=s, <coliection value expression-=s, or a Cordmn in tne resuit or a <gquery expresson->.

itax Rules

1)

Insert after SR 3)i)|If any datatypein DTSisan MD-array type, then every datatypein DTSshall

AcC

Ge

the MD-extent of some datatype in DTS shall be equivalent to the name of the i-thtMD-axis of the M
extents of all other datatypesin DTS The data type of the result is an MD-array type with element o
type ETR, where ETR isthe data type resulting from the application of this Subclause to the set of elef
types of the MD-array types of DTS, and maximum MD-extent equal to.the union of the maximum N
extents of the datatypesin DTS.

ress Rules

No additional Access Rules.

neral Rules

No additional General Rules.

Cophformance Rules

No additional Conformance Rules.

ean

MD-array type of the same MD-dimension d and for al i, 1 (one) <i < d, the name of, the i-th MD-axis of

1D-
ata
ment
1 D-
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11.6 Type precedencelist determination

This Subclause modifies Subclause 9.7, “ Type precedence list determination” , in [1S09075-2].

Function

Determine the type precedence list of a given type.

Symtax Rules

1) |Replace SR 16)|If DT isacollection type, then let CTC be the kind of collection (either ARRAY,
MDARRAY, or MULTISET) specified in DT.

Let n be the number of elementsin the type precedence list for the element type of ®T. For i ranging from
1 (one) to n, let RIO; be the i-th such element. TPL is

RO, CTC,
RO, CTC,

R Q, CTC
Acctess Rules

No additional Access Rules.

Geheral Rules

No additional General Rules.

Cophformance Rules

No additional Conformance-Rules.
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11.7

Type name deter mination

11.7 Type name determination

This Subclause modifies Subclause 9.9, “ Type name determination” , in [1S09075-2].

Function

Determine an <identifier> given the name of a predefined or collection type.

Sy

itax Rules

1)

Insert after SR 2)u)| If DT specifies MDARRAY, then let FNSDT be “MDARRAY”.

AcC

Ge

Cophformance Rules

ress Rules

No additional Access Rules.

neral Rules

No additional General Rules.

No additional Conformance Rules.
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11.8 Determination of identical values

This Subclause modifies Subclause 9.10, “ Determination of identical values’, in [1S09075-2].

Function

Determine whether two instances of values are identical, that is to say, are occurrences of the same value.

Symtax Rules

No additional Syntax Rules.

Actess Rules

No additional Access Rules.

Geheral Rules

1) |Insert after GR 2)d)iii)|If V1 and V2 are MD-arrays and have equa M D-extents and elementsin the same
coordinate in the two MD-arrays are identical, then V1 isidentical to V2.

Confor mance Rules

No additional Conformance Rules.
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Equality operations

11.9 Equality operations

This Subclause modifies Subclause 9.11, “ Equality operations’ , in [1S09075-2].

Function

Specify the prohibitions and restrictions by data type on operations that involve testing for equality.

Sy

1)

AC(

Ge

itax Rules

Replace SR 3)| The declared type of an operand of an equality operation shall not be M D-array-ordgred

or UDT-NC-ordered.

ress Rules

No additional Access Rules.

neral Rules

No additional General Rules.

Confor mance Rules

No additional Conformance Rules.
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11.10 Grouping oper ations

This Subclause modifies Subclause 9.12, “ Grouping operations’ , in [1S09075-2] .

Function

Specify the prohibitions and restrictions by data type on operations that involve grouping of data.

Symtax Rules

1) |Replace SR 3)| The declared type of an operand of a grouping operation shall not be LOB=ordered, afray-
ordered, multiset-ordered, MD-array-ordered, UDT-EC-ordered, or UDT-NC-ordered.

Access Rules

No additional Access Rules.

Geheral Rules

No additional General Rules.

Confor mance Rules

No additional Conformance Rules.
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11.11 Multiset element grouping oper ations

This Subclause modifies Subclause 9.13, “ Multiset element grouping operations’ , in [1S09075-2].

Function

Specify the prohibitions and restrictions by data type on the declared element type of amultiset for operations
that [TiVOIve grouping the elements of a murtiSet.

Symtax Rules

1) |Replace SR 3)| The declared element type of a multiset operand of amultiset element, grouping opergtion
shall not be LOB-ordered, array-ordered, multiset-ordered, M D-array-ordered, UDT-EC-ordered, or UDT-
NC-ordered.

Actess Rules

No additional Access Rules.

Geheral Rules

No additional General Rules.

Conhformance Rules

No additional Conformance Rules.
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11.12 Ordering operations

This Subclause modifies Subclause 9.14, “ Ordering operations” , in [|SO9075-2] .

Function

Specify the prohibitions and restrictions by data type on operations that involve ordering of data.

Symtax Rules

1) |Replace SR 3)| The declared type of an operand of an ordering operation shall not be LOB-0rdered, afray-
ordered, multiset-ordered, MD-array-ordered, reference-ordered, UDT-EC-ordered, orddDT-NC-ordgred.

Access Rules

No additional Access Rules.

Geheral Rules

No additional General Rules.

Confor mance Rules

No additional Conformance Rules.
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11.13 Data type identity

This Subclause modifies Subclause 9.24, “ Data type identity” , in [1S09075-2].

Function

Determine whether two data types are compatible and have the same characteristics.

Symtax Rules

1) |Insert after SR 11)b)| If PM isan MD-array type, then the maximum MD-extent of PM shall be equal to
the maximum MD-extent of P.

Access Rules

No additional Access Rules.

Geheral Rules

No additional General Rules.

Confor mance Rules

No additional Conformance Rules.
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11.14 Indexed name

Subclause Signature

“I ndexed nanme” [Syntax Rules] (
Par anet er: “LASTI NDEX",
Paraneter: *“I| NDEX",
Pararreter—PREH-X

) Returns: “| NDEXEDNAME”

Fumnction

Spegify rules to derive a name based on the given prefix and index.

Synmtax Rules
1) |Let D bethe LASTINDEX, let Al be the INDEX, and let P be the PREFEX N an application of the Syptax

Rules of this Subclause. The result of the application of the Syntax Rules of this Subclause is AN, which
isreturned as INDEXEDNAME.

2) [Let NZ bethe result of

FLOOR( LOGLO( D) ) — FLOOR( LOGLO( Al ) )

3) |Let PAD be the zero-length string. Let PAD;, 1 (ong) < i < NZ, be the value of
PAD .1 || "0

4) |Let AN be the value of

P || PADy || CAST( Al AS CHARACTER VARYI NG(n) )

where n is the implementati on-defined maximum length of a variable-length character string.

Access Rules

None.

Geheral Rujes

None.

Confor mance Rules

None.
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11.15 M D-array subset

Subclause Signature

“MD-array subset” [Syntax Rules] (
Par anmet er: “MDARRAY TYPE",
Paraneter: “NMDAXI S SUBSET LI ST”

) Retoas—TFARGEF—MAod-VEOMVBETENF—are—EQOVAEENCE————————————

“MDparray subset” [Genera Rules] (
Paranet er: “MDARRAY VALUE”,
Parameter: “NMDAXI'S SUBSET LI ST”
) Returns: “SOURCE MDEXTENT”, “TARGET MDEXTENT”, and “SLI CED MDAXES;

Fumnction

Conyert an <md-array subset> to MD-extents that take into account sliced M D=axes.

Symtax Rules
1) |Let MDT be the MDARRAY TYPE and let ASL be the MDAXISSUBSET LIST in an application of the

Syntax Rules of this Subclause. Theresult of the applicationof the Syntax Rules of this Subclauseis TMD,

which is returned as TARGET MAXIMUM MDEXTENT+aAd EQ, which is returned as EQUIVALENC
2) [MDT shall be an MD-array type and ASL shall be ait<md-axis subset list>.

LE.

3) |[Let EDT bethe element type of MDT, let MD loe the maximum MD-extent of MDT, let d be the nunber

of thei-th MD-axisin MD, 1 (one) <i < ¢k

4) |The declared type of <numeric valueexpression>s simply contained in AL shall be exact numeric wi

scale 0 (zero).
5) [Case:

a) |If ASL isan <md-axissubset list positional>, then:

positional > ASLP shall be d.
i) ASL_P shall smply contain at least one <md-axis limits positional>.

iiiy—="Let ASP; be the i-th <md-axis subset positional> immediately contained in ASLP, 1 (one
<d.
tv)—LetFMib-be-azero-tength-characterstring,ancHet EQ-be-acharacterstring-equivatentto
[ M\p ( ASPp ),
Mg ( ASPg )

]
b) If ASL isan <md-array subset extent>, then:

of MD-axesin MD, and let MN;, MLG;, and MHI;, be the name, lower limit, and upper limit, respectiyely,

i) The number of <md-axis subset positional>simmediately contained in the <md-axis subsgt list

)] Let AVEL be the <md-array value expression> immediately contained in ASL and let e be the

MD-dimension of AVEL. e shall be equal to d.
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Ac
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11.15 MD-array subset

i) Let TMD be a zero-length character string, and let EQ be a character string equivalent to
[ MDAXIS_ LON(AVELl, 1) : MDAXIS_HI GH(AVEL, 1),

MDAXI S LONAVEL, e) : MDAXI S H GH(AVEL, e)
]

Otherwise:

AN AL A

I _of 1 LA laa-tla o £ P | H ) N 2l H A HPV DA | Lo ol Vel
) LTLU AJNINUIVE UCT UIT TIUINTIUCT Ul ITTUTAATS SUDJSCL T1IANTITU TITICUrAlTl y CUTIAITICU T T A

ASNNUM shall be less than or equal to d.

i) Fori, 1 (one) <i < ASNNUM:
1) Let ASN; bethei-th <md-axis subset named> immediately contained in AS_.
2) Let M; bethe <md-axis name> simply contained in ASN;.

3) Let O; bethe <md-interval expression> or <md-axis slice positional> simply containgd in
ASN;.

iii)  Foraliandj, 1(one)<i,j<ASNNUM, andi #j, M; shall'not be equivalent to M;.

iv)  Forali,1(one) <i< ASNNUM, there shall exist j, X(one) < | < d, such that M; is equivgent
to MN;.
]

V) Let SLICENUM be the number of <md-axis subset named> immediately contained in AS that
are an <md-axis slice named>.

1) dshall not be equal to SLICENUM.
2) Lettbed-—SLICENUM.
3) Letibel(one).

4) Forallj, 1(one) <j £d, such that no k exists, 1 (one) < k< ASNNUM, where MN; i
equivalent to My ‘and Oy is an <md-axis slice positional >:

A) Let TMN, be MN;, let TMLO; be MLOJ-, and let TMHI; be MHI;.
B) ,.isincreased by 1 (one).

vi)  Let TMD be the maximum MD-extent denoted by [ TMN; ( TMLO7 : TMHI, ), ...,
TMN¢( TMLO; : TMHI, ) ], and let EQ be a zero-length character string.

TMD and.EQ are the TARGET MAXIMUM MDEXTENT and EQUIVALENCE, respectively, returned by
the Syntax Rules of this Subclause.

s Rutes

None.

General Rules

1)

Let AV be the MDARRAY VALUE and let ASL be the MDAXIS SUBSET LIST in an application of the
General Rules of this Subclause. The result of the application of the General Rules of this Subclause is
D, which isreturned as SOURCE MDEXTENT, TD, which is returned as TARGET MDEXTENT, and
SLICEDAXES, which isreturned as SLICED MDAXES,
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2)

3)
4)

5)

6)

7)
8)
9)

Let D be the MD-extent of AV, let d be the number of MD-axesin D, and let MN;, LG;, and Hl;, be the
name, lower limit, and upper limit, respectively, of the i-th MD-axisin 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 6 — ASL is an <md-axis subset list> that is an <md-axis subset list named>. The Syntax Rules of this Subclause
syntactically transform <md-axis subset list positional> and <md-array subset extent> into aform that is an <md-axis subset
list named>.

Fori, 1 (one) <i < ASNNUM:

a) Let ASN; be the i-th <md-axis subset named> simply contained in ASL.

b) Let M; be the <md-axis name> simply contained in ASN;.

c) Let O; bethe <md-interval expression> or <md-axis slice positiona> simplycontained in ASN;.

Let SLICENUM be the number of <md-axis subset named> simply containedin/ASL that are an <mdiaxis
slice named>.

Lett bed— SLICENUM.

Leti bel (one).

Foralj,1(one)<j<d:

Case:

a) If kexists, 1 (one) < k< ASNNUM, such that MIN;is equivalent to My, then
Case:
i) If Ok isan <md-interval expression>, then:

1) Let PLO bethe <md-axislower limit expression> immediately contained in Oy, and | et
PHI be the <md-axis upper limit expression> immediately contained in Oy.

2) Case
A) If PLO'is <asterisk>, then let SLO; be LO;.
B).\Otherwise, let SLO; be the value of PLO.
3)) Case:
A) If PHI is <asterisk>, then let SHI; be HI;.
B) Otherwise, let SHIJ- be the value of PHI.

VAN [FlalWaY v
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MD-array null limit in subset.
5) LetTN; be MN;, let TLO; be S.O;, and let THI; be SHI;.
6) iisincreased by 1 (one).
i) Otherwise:

1) Let P bethevaue of the <md-axis dice positiona> Oy.
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2) If Pisthe null value, then an exception condition is raised: data exception —MD-array
null limit in subset.
3) Let SLOjbeP andlet SHI; beP.
4) jisadded to SLICEDAXES
b) Otherwise:
i) Let S O hel O let SHIL he HI, let TN; he MN, let TI O he 9 O and let THI; he SHI,

i) i isincreased by 1 (one).

10) |Let SD be the MD-extent denoted by [ MNq ( SLOq : SHIq ), ..., MNg ( SLOq4 : SHlg) ], and et TD be the
MD-extent denoted by [ TNy ( TLOq : THI1), ..., TN; (TLO; : THI¢) ].

11) [SD, TD, and SLICEDAXESare the SOURCE MDEXTENT, TARGET MDEXTENT, and SLICED MDAKXES,
respectively, returned by the General Rules of this Subclause.

Cophformance Rules

None.
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11.

16 Canonicalize M D-array element reference

Subclause Signature

“Ca

noni cali ze MD-array el enent reference” [Syntax Rules] (

Paraneter: “MDARRAY TYPE’,
Paraneter: “MDAXI S SLICE LI ST”

) Rat
r

Ful

Con

Sy

1)

2)
3)

4)

IR - V- L OANONL CAL ol O CcOoOMPNL NATEY
FToOr 119 OV NOINT Oie - OIET O COON\Dr Twy T =

nction

yert an MD-array element reference to a canonical coordinate.

itax Rules

Let MDT be the MDARRAY TYPE and let ASL be the MDAXIS SLICE LISFin‘an application of the Sy
Rules of this Subclause. The result of the application of the Syntax Rulesof this Subclause is RET, W
isreturned as CANONICAL SLICE COORDINATE.

MDT shall be an MD-array type and ASL shall be an <md-axis dlice list>.

Let EDT be the element type of MDT, let MD be the maximum MD-extent of MDT, let d be the num
of MD-axesin MD, and let MN; be the name of thei-thMD-=axisin MD, 1 (one) <i < d.

Let e be the number of <md-axis slice named>s or <md-axis slice positional>s simply contained in A
e shall be equal to d.

Case:

immediately contained in ASLR,:1(one) <i<e
b) Otherwise, ASL isan <md-axis dlice list named> ASLN.

i) Let ASN; be thei-th <md-axis slice named> immediately contained in ASLN and let M; b
<md-axis name> immediately contained in ASN;, 1 (one) <i<e.

i) For all.ihand j, 1 (one) <i,j < e andi * j, M shall not be equivalent to M;.

i) Forali,l(one)<i<e
1) There shall exist exactly onej, 1 (one) < < d, such that M; is equivalent to MN;.
2) Let O bethe <md-axis slice positional> immediately contained in ASN;.

5)

ntax
hich

ber

L.

a) |If ASL isan <md-axis dlicelist positional> ASLP, then let O; be the i-th <md-axis slice positional>

b the

et RET bethecoordimatedenoted by 1017, Oq1-

6) RET isthe CANONICAL SLICE COORDINATE that is returned by the Syntax Rules of this Subclause.

Access Rules

96 Multidimensional Arrays (SQL/MDA)

None.

©ISO/IEC 2019 — All rights reserved


https://standardsiso.com/api/?name=ee44e689367b0fc5984eebe253cb8501

I SO/IEC 9075-15:2019(E)
11.16 Canonicalize MD-array element reference

General Rules

None.

Confor mance Rules

None.
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11.17 Execution of M D-array-returning functions

Subclause Signature

“Execution of MD-array-returning functions” [General Rules (

Par aret er: “ MDARRAY”,
Par anet er: “EFFECTI VE SQL PARAMETER LI ST”,

P-..—nwni- o LPDDOYCDAN
TUEnel )} o) an vy pay T T\ vV uvr

Fumnction

Spegify the execution of an external function that returns an MD-array value.

Synmtax Rules

None.

Access Rules

None.

Geheral Rules

1)

2)

3)

4)
5)
6)
7)
8)

9)

98

Let AR bethe MDARRAY, let ESPL be the EFFECTIVE SQL PARAMETER LIST, and let P bethe P
GRAM in an application of the General Rulesof this Subclause.

Let D bethe MD-extent of AR, let ARC be the cardinality of D, let d be the number of MD-axesin D
let NJ-, LOJ-, and HIJ- be the name, lowerlimit, and upper limit, respectively, of the j-th MD-axisin D,
(one) <j <d.

.. X AEg.

Let EN be the numberof entriesin ESPL.

Let ESP;, 1 (one)< i < EN, bethei-th parameter in ESPL.

Let FRNde the number of result data items.

Let PiN~and N be the number of values in the static SQL argument list of P.

Forall j, 1 (one) < < d, let’/AE;j be the value of HI; —LO; + 1 and et PAE; be the value of AEj x AEj{

RO-

and

Deépending on whether the language of P specifies ADA, C, COBOL, FORTRAN, M, PASCAL, or FLI,

let the operative data type correspondencestable be Table 2, “ Datatype correspondencesfor Ada’, Table 3,
“Datatype correspondences for C”, Table 4, “ Data type correspondences for COBOL”, Table 5, “Data

type correspondences for Fortran”, Table 6, “ Data type correspondences for M”, Table 7, “ Data type

Ccor-

respondences for Pascal”, or Table 8, “ Data type correspondences for PL/I”, 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.

For i varying from 1 (one) to EN, let PD; be thei-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 column is PT;.

Multidimensional Arrays (SQL/MDA) ©ISO/IEC 2019 — Al rights reserved


https://standardsiso.com/api/?name=ee44e689367b0fc5984eebe253cb8501

I SO/IEC 9075-15:2019(E)
11.17 Execution of MD-array-returning functions

10) Let E be O (zero).

11) If the call type dataitem has a value of —1 (negative one, indicating open call), then:

a)

For i varying from 1 (one) through EN, the values of the parameters PD; are set as follows:

The General Rules of Subclause 9.4, “Passing a value from the SQL-server to a host language”, in
[1S09075-2], 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

b)

12) [Case:

a)

b)

C)

13) [The following steps are applied repeatedly until the call type data item has a value other than O (zero]
(corresponding to fetch call):

a)

Rules.
P is executed.

For i varying from 1 (one) through EN, the General Rules of Subclause 9.3, “ Passing.avaue frgm a
host language to the SQL -server”, in [I SO9075-2], are applied with the language of(R-as LANGUAGE,
PT; as SQL TYPE, and the value of PD; as HOST VALUE; let ESP; be the SQL MALUE returned from

the application of those General Rules.

If the value of the exception dataitemis'00000' (corresponding to the'cempl etion condition successful
completion) or thefirst 2 characters of the exception dataitem are/01:(corresponding to the compl ¢tion
condition warning with any subcondition), then set the call typedataitem to O (zero) (indicating fetch
call).

If the exception dataitem is'02000' (corresponding to-the completion condition no data):

)] If each PD;, ((PN+FRN)+N+1) <i < ((PN+ERN)+N+FRN) (that is, the SQL indicator argunpents
corresponding to the result data items), iS.negative, then set AR to the null value.

i) Set the call type dataitem to 1 (one)>(indicating close call).
Otherwise, set the call type dataitem to, 1 (one) (indicating close call).

For i ranging from 1 (ong)\to EN-2, the General Rules of Subclause 9.4, “Passing a value from the
SQL-server to a host language”, in [1SO9075-2], are applied with the language of P as LANGUAGE,
PT; as SQL TYPE, andithe value of ESP; as SQL VALUE; let PD; be the HOST VALUE returned from

the application ef\those General Rules.

The value of PDgp_1 (that is, the save area dataitem) is set to the value returned in PDgp_1 by the
prior execution of P.

Thevalue of PDgy (that is, the call type dataitem) is set to O (zero).

P(is executed.

f)

[ mra vanvanafram 1 fana) thrariabh- EN- tha Coneoeal Ridoc nf Siihalanien Q2 “Dacciney Avaliin £ m a
o walllu O T—T(Orc) lllluuull =\, tric ot oo Or—oaoCroo o -0, 1 Lmll\‘.auvulu\.'ll

host language to the SQL -server”, in [I SO9075-2], are applied with the language of P as LANGUAGE,
PT, as QL TYPE, and the value of PD; as HOST VALUE; let ESP; be the SQL VALUE returned from

the application of those General Rules.
Case:

i) If the exception dataitem is'00000' (corresponding to compl etion condition successful comple-
tion) or the first 2 characters of the exception dataitem are '01' (corresponding to completion
condition warning with any subcondition), then:
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14)

1)
2)

3)

Increment E by 1 (one).

If E> ARC, then an exception condition is raised: data exception — MD-array element
error.

Let RM beE. Forj, 1 (one) <j < (d-1):
A) Let R bethevaueof CAST(((RM/ PAEj+1) + LOj) ASINT).

4)
5)
6)

i) If the exception dataitem is;02000' (corresponding to completion condition no data), the

1)
2)

iii)  Otherwise, set-the'value of the call type dataitemto 1 (one) (indicating close call).

R) Let BM bethe value of MOD(RM, DAIZJ- )

Let Ry be the value of RM.
Let Q be the coordinate denoted by [ Ry, ..., Rg].

Case:

A) If each PD;, (PN+FRN)+N+1) < i < ((PN+FRN)+N+FRN) (that is, the SQL indi¢ator
arguments corresponding to the result data items) is negative, then let the element of
AR at coordinate Q be the null value.

B) If FRNis1 (one), then let the element of AR at coardinate Q be the value of the result
data item.

C) Otherwise:
)] Let RDI;, 1 (one) <i < FRN, bethe value of thei-th result data item.

[1)  Lettheelement of AR at coordinate Q be the value of the following <row Jalue
expression>:

ROW( RDl 1, ... RDl gy )

=]

If the value of E isO(zero), then set AR to the null value.
Set the call type dataitem to 1 (one) (indicating close call).

If the call type data jtem' has a value of 1 (one) (indicating close call), then P is executed with paramgters

whose values are sat as follows:

a)

b)

For i ranging from 1 (one) to EN-2, the General Rules of Subclause 9.4, “Passing a value from the
SQL -server to a host language”, in [1SO9075-2], are applied with the language of P as LANGUAGE,
PT,.&as' QL TYPE, and the value of ESP; as SQL VALUE; let PD; be the HOST VALUE returned from

the'application of those General Rules.

The value of PDgpn_1 (that is, the save area dataitem) is set to the value returned in PDgp_1 by the

<)

d)

prior execution of P.

The value of PDgy (that is, the call type dataitem) is set to 1 (one).

P is executed.

Conformance Rules
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12 Additional common elements

This Clause modifies Clause 10, “ Additional common elements’, in [1S09075-2].

12. <routineinvocation>

Thig Subclause modifies Subclause 10.4, “ <routine invocation>" , in [1S09075-2] .

Function

Invgke an SQL-invoked routine.

Folmat

No additional Format itens.

Symtax Rules

No additional Syntax Rules.

Acctess Rules

No additional Access Rules.

Geheral Rules

1) |Replace GR 8)b)i)1)A)}If Risan array-returning external function, amultiset-returning external fundtion,
or an MD-array-retirning external function with the element type being arow type, then let FRN be the
degree of the element type; otherwise, let FRN be 1 (one).

2) |Replace GR 8)b)i)1)J)| If Risan array-returning external function, a multiset-returning external fundtion,
or an M D-=array-returning external function, then for i equal to (PN+FRN)+(N+FRN)+5, thei-th entry in
ESPL isthe save area data item and for i equal to (PN+FRN)+(N+FRN)+6, the i-th entry in ESPL isjthe
callctype data item.

3) i i = j i iset- i tion,
or an MD-array-returning external function, then set the value of the save area dataitem (that is, SQL
argument value list entry (PN+FRN)+(N+FRN)+5) to an implementation-defined value and set the value
of the call type dataitem (that is, SQL argument value list entry (PN+FRN)+(N+FRN)+6) to —1 (negative
one).

4) |Replace thelead text of GR 8)g)ii)1)|If Risnot an array-returning external function, a multiset-returning
external function, or an MD-array-returning external function, then P is executed with alist of EN param-
eters PD; whose parameter names are PN; and whose values are set as follows:

5) |Insert before GR 8)g)ii)5)| If Risan MD-array-returning external function, then:
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a) Let MDAR be an MD-array whose declared type is the result data type of R.

b) The General Rules of Subclause 11.17, “ Execution of M D-array-returning functions’, are applied
with MDAR as MDARRAY, ESPL as EFFECTIVE SQL PARAMETER LIST, and P as PROGRAM.

6) |Replace GR 8)i)i)2)|If Risanull-call function, Ris not an array-returning external function, a multiset-
returning external function, or an MD-array-returning external function, and if any of CPV; isthe null

value, then let RDI be the null value.

7) [ReptaceGR B)i)i)S)i H-Rtsmotanutt=cat-functiom, Risnotanarray-returnimg-functiom,armuttiset=
returning function, or an MD-array-returning external function, R specifies PARAMETER STY LESQL,
and entry (PN+1)+N+1 in ESPL (that is, SQL indicator argument N+1 corresponding to the result dga
item) is negative, then let RDI be the null value.

8) |Replace GR 8)i)i)4)A)I)\ If Risnot an array-returning external function, a multiset-returning externgl
function, or an MD-array-returning external function, R specifies PARAMETER STYLE SQL, and entry
(PN+1)+N+1in ESPL (that is, SQL indicator argument N+1 corresponding to thetesult data item) ignot
negative, then let ERDI be the value of the result dataitem.

9) |Insert after GR 8)i)i)4)A)ll I)| If Risan MD-array-returning external function;and R specifiesPARAME[TER
STYLE SQL, then let ERDI be MDAR.

Confor mance Rules

No additional Conformance Rules.
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12.2 <md-extent alternative>

Function

Specify an MD-extent or a maximum M D-extent.

For

mat

<nd-

<nd-
<l

<nd-

<fd- axi s>

<

<fd- axi s nane>

<nd-

<gureric val ue expressi on>

<nd-

<fguneric val ue expressi on>

Sy

1)
2)

3)

extent alternative> ::=
<nd- ext ent >
<md-array subset extent>

extent> ::=
eft bracket or trigraph> <nd-axis |list> <right bracket or trigraph>

axis list> ::=
[ { <comma> <nd-axis>}... ]
axis> ::=
<l eft paren> <nd-axis lower |imt> <colon> <nd-axig,upper limt> <right paren>

axis lower limt> ::=

axis upper limt> ::=

itax Rules

The maximum M D-extent specified by <md-extent aternative> is the maximum MD-extent specifie
the immediately contained <md-extent> or <md-array subset extent>.

The declared types of <md-axis |ower limit> and <md-axis upper limit> shall be exact numeric with
0 (zero).

If <md-extent> EU is speeified, then:
a) Let d be the number of <md-axis> simply contained in EU.

b) The maxisnum number of <md-axis> isimplementation-defined. d shall be less than this maxim)
value.

c) Let-MN;, MLO;, and MHI;, 1 (one) <i < d, be the <md-axis name>, <md-axis lower [imit>, and <
axis upper limit>, respectively, of the i-th <md-axis> immediately contained in the <md-axis lis|
immediately contained in <md-extent>.

9(E)
ive>

scale

md-

4)

i) The declared types of MLO; and MHI; shall be exact numeric with scale O (zero).
i) Foralliandj, 1(one)<i,j<d,i#], MN; shal not be equivalent to MN;.

d) Let MD be the maximum MD-extent denoted by [ MNq ( NULL : NULL ), ..., MNg ( NULL : NULL

) ]. MD is the maximum M D-extent specified by EU.

If <md-array subset extent> AE is specified, then let AVE bethe <md-array value expression> immediately
contained in AE and let MD be the maximum M D-extent of AVE. MD isthe maximum M D-extent specified

by AE.
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Access Rules

None.

General Rules

1) TheMD-extent defined by <md-extent alternative> isthe M D-extent defined by theimmediately contained

2)

3)

Cophformance Rules

1)

104 Multidimensional Arrays (SQL/MDA)

<md-extent> aor <md array s ihsat extent>

If <md-extent> EU is specified, then:
a) Foradli,1(one)<i=<d:

i)
i)
i)

Vi)

b) Let D bethe MD-extent-denoted by [ Ny (LO1 : HIp), ..., Ng (LOg: Hlg) ]. D isthe MD-exten
specified by EU.

If <md-array subsetextent> AE is specified, then let D be the MD-extent of the value of AVE. D isth
MD-extent specified by AE.

\Without Feature A010, “Multidimensional array support”, conforming SQL language shall not contal

<md-extent alternative>

Let A be thei-th <md-axis> ssimply contained in EU.
Let N; be the value of the <md-axis name> immediately contained in Aj:

Case:

1) If the value of the <md-axislower limit> immediately contained in A; isthe null value,

then an exception condition israised: data exception <—MD-array null limit in MD-ex

2) Otherwise, let LO; be the value of the <md-axisower limit> immediately contained i

Case:

1) If the value of the <md-axis upper limit>immediately contained in A; isthe null valye,

then an exception condition is raised:data exception —MD-array null limit in MD-ex

2) Otherwise, let HI; be the value of-the <md-axis upper limit>immediately contained i

If LO; is greater than HI;, then an exception condition is raised: data exception — MD-ar
lower limit greater than upper limit.

If LO; islessthan MLGO; or HI; is greater than MHI;, then an exception condition is raised:
exception —MD-array limit in MD-extent out of bounds.

tent.

nA.

tent.
NA.
Fay

data

nan
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12.3 <md-array md-axis>

Function

Specify an MD-axis as a name or index.

For

mat

<nd-

<fd-array val ue expressi on> <conma> <nd-axis identifier>

<nd-

Synmtax Rules

Let MDT be the declared type of the <md-array value expression>, let d-be'the MD-dimension of MIDT,

1)

2)

AcC

Ge

Confor mance Rules

1)

array md-axis> ::=

axis identifier> ::=
<unsi gned i nt eger>
<nmd- axi s nane>

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

Case:

a) If the<md-axisidentifier> Al immediately contained.in an <md-array md-axis> is an <unsigneo

value of the <unsigned integer>.

Si<d LetAD=i.
AD isthe MD-axis index specified by <me-array md-axis>.

ress Rules

None.

neral Rules

None.

\Without Feature A010, “Multidimensional array support”, conforming SQL language shall not contai

=l al H
mo=darday 1Mu=aris~.

©ISO/IEC 2019 — All rights reserved Additional common elements

integer>, then the value of Al shall be greater than 0.(zero), and less than or equal to d. Let AD be the

b) Otherwise, the immediately contained <md-axis name> shall be equivalent to N;, for somei, 1 (pne)

nan
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13 Schema definition and manipulation

This Clause modifies Clause 11, “ Schema definition and manipulation” , in [1SO9075-2] .

13.L <column definition>
Thig Subclause maodifies Subclause 11.4, “ <column definition>" , in [1S09075-2].

Function

Define a column of a base table.

Folmat

No additional Format itens.

Symtax Rules

No additional Syntax Rules.

Acctess Rules

No additional Access Rules.

Geheral Rules

No additional General Rules.

ConhformanceRules

1) |Insert thisCR|Without Feature A016, “Persistent MDA values’, conforming SQL language shall ng
contai n-a=<column definition> whose declared type is based on an MD-array type.

—
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13.2 <view definition>

This Subclause modifies Subclause 11.32, “ <view definition>", in [1S09075-2].

Function

Define aviewed table.

Forlmat

No additional Formmt itens.

Symtax Rules

No additional Syntax Rules.

Acctess Rules

No additional Access Rules.

Geheral Rules

No additional General Rules.

Confor mance Rules

—F

1) |Insert this CR|Without Feature A016Persistent MDA values’, conforming SQL language shall ng
contain a <view definition> that defines a column whose declared type is based on an MD-array type.
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13.3 <user-defined type definition>

This Subclause modifies Subclause 11.51, “ <user-defined type definition>" , in [1S09075-2].

Function

Define a user-defined type.

For

No 4

Sy

mat

lddi ti onal Format itens.

itax Rules

1)

Replacethelead text of SR 7)a)| Let PSDT bethe datatypeidentified by <predefined type> or <collegtion

AcC

Ge

Cophformance Rules

type>. PDT shall not be an MD-array type.

ress Rules

No additional Access Rules.

neral Rules

No additional General Rules.

No additional Conformance Rules:
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13.4 <SQL-invoked routine>

This Subclause modifies Subclause 11.60, “ < SQL-invoked routine>" , in [1S09075-2].

Function

Define an SQL -invoked routine.

Folmat

No additional Format itens.

Synmtax Rules

1) |Insert before SR 9)p)|An MD-array-returning external function is an SQL-ifiwoked function that is gn

external routine and that satisfies one of the following conditions:

a) A <result cast from type> is specified that does not contain a <locaterindication>, but simply con
an <md-array type>.

tion>, but smply contains an <md-array type>.

2)

Replace SR 9)x)ii)| If Risan array-returning external furction, a multiset-returning external functio

an MD-array-returning external function, then PARAMETER STY LE SQL shall be either specified
implied.

3)

Replace SR 24)d)i)1)| If Ris an array-returning external function, a multiset-returning external func

or an MD-array-returning external functiom,ywith the element type being arow type, then let FRN be
degree of the element type.

4)

Replace SR 24)d)ii)| If Ris an arr@y;returning external function, a multiset-returning external functi

or an MD-array-returning external function, then let AREF be FRN+6; otherwise, let AREF be FRN+

5

function, or an MD-array-réturning external function, then PT is the element type of RT.

6)

Replace the lead text of SR 24)d)iii)8)] If Ris an array-returning external function, a multiset-return

AcC

external function{-or'an MD-array-returning external function, then:

ress Rutes

No.additional Access Rules.

ains

b) A <result cast from type> is not specified and <returns data type> does not contain a <locator inglica-

n, or
DI

ion,
the

PN,
4,

Replace SR 24)d)iii)2)A)I3J)| If Ris an array-returning external function, a multiset-returning extenal

ng

General Rules

No additional General Rules.

Conformance Rules
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14 SQL -client modules

This Clause modifies Clause 13, “ SQL-client modules’ , in [1S09075-2].

14.1 <externally-invoked procedure>

Thig Subclause modifies Subclause 13.3, “ <externally-invoked procedure>" , in [ SO9075-2]

Function

Define an externally-invoked procedure.

Folmat

No additional Format itens.

Symtax Rules

1) |Replace SR 4)a)| The declared type T identified by the <data type> immediately contained in <host
parameter datatype> shall be either binary largeobject type, character large object type, array type, multiset
type, MD-array type, or user-defined type.

2) |Insertafter SR4)a)|If Tisan MD-array-type, then the host parameter identified by <host parameter ngme>
is called an MD-array locator parameter.

3) |Insertinto SR 10)e)|

DATA_EXCEPTI ON_MP ARRAY_NULL_LI M T_I N_SUBSET:

constant SQLSTATE TYPE := "2203J";

DATA_EXCEPTI @N“ND- ARRAY_NULL_LI M T_I N_MD- EXTENT:
const ant ~SQESTATE _TYPE : = "2203K";

DATA_ EXCEPJ+ON_ND- ARRAY_SUBSET_NOT_W THI N_NMD- EXTENT:
const@nt” SQLSTATE TYPE : = "2203L";

DATA_EXCEPTI ON_NMD- ARRAY_DUPLI CATE_COORDI NATE_| N_QUERY_CONSTRUCTOR:
constant SQLSTATE_TYPE : = "2203M';

DATA _EXCEPTI ON_MD- ARRAY_NULL_COORDI NATE_| N_QUERY_CONSTRUCTOR:
constant SQLSTATE TYPE := "2203N';

DATA_EXCEPTI ON_NMD- ARRAY_COORDI NATE_NOT_W THI N_SPECI FI ED_NMD- EXTENT:
constant SQESTATE_TYPE T = 2203P™]

DATA_EXCEPTI ON_NMD- ARRAY_SRC _MD- EXTENT_NOT_STRI CTLY_W THI N_MAX_TARGET_NMD- EXTENT:
constant SQLSTATE TYPE := "2203Q';

DATA_EXCEPTI ON_NMD- ARRAY_OPERANDS_W TH_NON- MATCHI NG_NMD- EXTENTS:
constant SQLSTATE TYPE : = "2203R’;

DATA_EXCEPTI ON_NMD- ARRAY_| NVALI D_MD- AXI S:
constant SQLSTATE TYPE := "2203T";

DATA_EXCEPTI ON_NMD- ARRAY_LONER LI M T_GREATER_THAN _UPPER LI M T:
constant SQLSTATE TYPE := "2203U';

DATA_EXCEPTI ON_NMD- ARRAY_AXI S_NAME_NOT_UNI QUE_I N_NMD- EXTENT:
constant SQLSTATE TYPE := "2203V';

DATA_EXCEPTI ON_MD- ARRAY_ELEMENT ERROR:
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constant SQLSTATE_TYPE : = "2203X";

DATA_EXCEPTI ON_MD- ARRAY_DECODI NG_ERRCR:
constant SQLSTATE_TYPE : = "2203Y";

DATA_EXCEPTI ON_MD- ARRAY_ENCODI NG_ERRCR:
constant SQLSTATE_TYPE : = "2203Z";

DATA_EXCEPTI ON_MD- ARRAY_ELEMENT_REFERENCE_NOT_W THI N_MD- EXTENT:
constant SQLSTATE_TYPE : = "22040";

DATA_EXCEPTI ON_MD- ARRAY_NULL_VALUE | N_VD- ARRAY_TARGET:
constant SQLSTATE_TYPE : = "22041";

BATAEXCERT-ONNMB-ARRAY SOURCE MDD EXTFENTNOF—STRI-GHY W THN-TARCET MP-EXTFENT-
constant SQLSTATE_TYPE : = "22042";

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_MD- ARRAY_LI M T_I N_MD_EXTENT_OUT_OF BOUNDS:
constant SQLSTATE_TYPE : = "22044";

Actess Rules

No additional Access Rules.

Geheral Rules

No additional General Rules.

Cophformance Rules

No additional Conformance Rules.
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14.2 Datatype correspondences

This Subclause modifies Subclause 13.5, “ Data type correspondences’ , in [1S09075-2].

Function

Specify the data type correspondences for SQL data types and host language types.

In the following tables, let P be <precision>, let Sbe <scale>, let L be <length> or <large object length>,|let
U be¢ the <char length units>, let CS be the <character set specification>, let T be <time fractional second
pregsion>, let Q be <interval qualifier>, and let N be the implementation-defined size of a structured typg ref-

erence.

192}

Tables

Tablle 2, “ Data type correspondences for Ada” , modifies Table 19, “ Data type correspondences for Ada’| in
1SOP075-2.

Table 2 — Datatype correspondences ferAda

N

QL Data Type Ada Data Type

<

DARRAY None

Tablle 3, “ Data type correspondences for C” , modifies.Table 20, “ Data type correspondences for C”, in
1S09075-2.

Table 3— Data'type correspondencesfor C

N

QL Data Type C PbataType

<

DARRAY None

Table 4, “ Data type correspondences for COBOL” , modifies Table 21, “ Data type correspondences for
COBOL”, in 1S09075-2

Table 4 — Data type cor respondences for COBOL

N

QL DataType COBOL DataType

<

DARRAY None

Table5, “ Data type correspondencesfor Fortran” , modifies Table 22, “ Data type correspondencesfor Fortran” ,
in 1S09075-2.

Table 5 — Data type correspondences for Fortran

SQL DataType Fortran Data Type

MDARRAY None
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Table 6, “ Data type correspondences for M” , modifies Table 23, “ Data type correspondences for M” , in
1S09075-2.

Table 6 — Data type cor respondences for M

SQL Data Type M Data Type

MDARRAY None

Table 7, “ Data type correspondences for Pascal” , modifies Table 24, “ Data type correspondences for-Pasgal” ,
in 1$09075-2.

Table 7 — Data type correspondences for Pascal

N

QL DataType Pascal Data Type

<

DARRAY None

Table 8, “ Data type correspondences for PL/I” , modifies Table 25, “ Data type correspondences for PL/I1, in
| SO9075-2.

Table 8 — Datatype cor respondences for PL/I

N

QL Data Type PL/I Data Type

<

DARRAY None

Cohformance Rules

None.
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15 Data manipulation

This Clause modifies Clause 14, “ Data manipulation” , in [1SO9075-2].

15.1 <set clauselist>

Thig Subclause modifies Subclause 14.15, “ <set clause list>" , in [1S09075-2].

Function

Spegify alist of updates.

Folmat

<update target> ::=
I'' Al alternatives from [l SO075-2]
<obj ect col um>

<l eft bracket or trigraph> <md-axis slice/ ist> <right bracket or trigraph>
<obj ect col um>

<l eft bracket or trigraph> <md-axis subhsét |ist> <right bracket or trigraph>

Symtax Rules

1) |Insert after SR 11)a)|If the <update'target> immediately contains an <md-axis slice list> ASL, then the
declared type MDT of the column'af T identified by the <object column> OC shall be an MD-array type.

a) The Syntax Rules of Subclause 11.16, “ Canonicalize MD-array element reference’, are applied with
MDT as MDARRAY FYPE and ASL as MDAXIS SLICE LIST; let CASL be the CANONICAL SLICE
COORDINATE returned from the application of those Syntax Rules.

b) Let EDT be the element type of MDT.

c) TheSyntax-Rulesof Subclause 9.2, “ Store assignment”, in [1SO9075-2], are applied with atempgrary
site whose declared type isEDT as TARGET and the <update source> of the <set clause> as VALUE.

2) |Insertafter SR 11)a)| If the <update target> immediately contains an<md-axis subset list> ASL, ther] the
declared type MDT of the column of T identified by the <object column> OC shall be an MD-array type.

Synta c 5, D-array subset” g Vi DT as MDARR and
ASL as MDAXISSUBSET 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-axesin
TMD.

Case:

a) If EQisnot azero-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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i) The Syntax Rules of Subclause 9.2, “ Store assignment”, in [ISO9075-2], are applied with a
temporary site whose declared typeisan 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.

Geheral Rules

1) |Insert before GR 2)b)| If thei-th <set clause> contains an <update target> ASthat immediately contains

a)
b)

C)
d)

e)

f)

an <md-axis dice list> or <md-axis subset list>, then:

Let ASL be the <md-axis dice list> or <md-axis subset list> immediately contained in AS.

If the value of C isthe null value, then an exception condition is raised: datayexception —MD-a
null value in MD-array target.

Let AV be thevaue of C. Let SV be the i-th update value.

Let D be the MD-extent of AV, let d be the number of MD-axesin D, and let MD be the maximu
MD-extent of AV.

Case:

)

If ASL isan <md-axis slice list>, then:

1) Let Pj bethevalue of thej-th element'of CASL, 1 (one) < j < d.

2) Let MN; bethe name of thej-th‘axisin MD, 1 (one) < j < d.

3) Let D bethe MD-extent'denoted by [ MN1( Py : P1), ..., MNg( Pg: Pg) ]
4) LetVD be SD.

Otherwise:

1) The General-Rules of Subclause 11.15, “MD-array subset”, are applied with AV as
MDARRAY VALUE and ASL as MDAXIS SUBSET LIST; let SD be the SOURCE MD
TENT, et TD bethe TARGET MDEXTENT, and let SLICEDAXESbethe SLICED MDA
returned from the application of those General Rules.

2))-let VD be the MD-extent of SV.

3) If VD isnot strictly within TMD, then an exception condition is raised: data exceptio
MD-array source MD-extent not strictly within target MD-extent.

rray

m

EX-
IXES

If SD isnot strictly within MD, then an exception condition is raised: data exception —MD-arr

9)
h)

116 Multidimensional Arrays (SQL/MDA)

Targer MD-extent not Stricty Withif maximam MD-extent.

Let UD be the union of D and SD.

AV isreplaced by an MD-array A with element type EDT and MD-extent UD derived as follows.

For every coordinate R within UD:

i)

Case:

1) If ASL isan<md-axisdicelist>, thenlet Q be R.
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2) Otherwise:
A) LetRP;jbethej-thelement of R 1 (one) <j < d.
B) Letjbel(one).
C) Foradlk, 1 (one) <k < d, such that kisnot an element of SLICEDAXES.
) Let TP, be RPy.

1) jisincreased by 1 (one).
D) Let Q bethe coordinate denoted by [ TP4, ..., TP ].
NOTE 7 — There aret non-SLICEDAXES
i) Case:

1) If Riswithin D and Q isnot within VD, then the element in A at.coerdinate R is the Jalue
of the element in AV at coordinate R.

2) If Risnot within D and Q isnot within VD, then the element in A at coordinate R is the
null value.

3) Otherwise:
A) Case
)] If ASL isan <md-axis dice list>;'then let V be SV.
I Otherwise, let V be the glement of SV at coordinate Q.

B) The General Rulesof Subclause 9.2, “ Store assignment”, in [|SO9075-2], are applied
with the element of A at coordinate R as TARGET and V as VALUE.

Cophformance Rules

1) |Without Feature A010, “Multidimensional array support”, conforming SQL language shall not contajn an
<update target> that immediately contains an <md-axis slice list> or an <md-axis subset list>.
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16 Dynamic SQL

This Clause modifies Clause 20, “ Dynamic SQL” , in [1S09075-2].

16.L Description of SQL descriptor areas

Thig Subclause modifies Subclause 20.1, “ Description of SQL descriptor areas’ , in [1S09Q75-2] .

Function

Spegify the identifiers, datatypes, and codes used in SQL item descriptor areas:

Syntax Rules

1) |Insert after SR 6)p)| TY PE indicates MDARRAY or MDARRAY LOCATOR, the value d of MDDIMEN-
SION isavalid value for the MD-dimension of an MD-array, there are exactly d + 1 (one) immediately
subordinate descriptor areas of IDA, and those SQL iter descriptor areas are valid.

2) |Insert after SR 7)u) | TYPE indicates MDARRAY arMDARRAY LOCATOR, and T isan MD-array type
with MD-dimension d, where d isthe value of MBDIMENSION, and the data type of the element type of
T matches the data type specified by the e-th imimediately subordinate descriptor area of IDA, wherele =

d + 1 (one). The name, lower limit and upper fimit of the i-th MD-axis match the value of NAME,
MDAXIS LOW, and MDAXIS HIGH specified by thei-th immediately subordinate descriptor ared of
IDA.

3) |[Insertintable SR 8)|

Table 9 —Data types of <key word>sused 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)
Access Rules

No additional Access Rules.

General Rules

1) |[Insertintable GR 1)| Table 10, “Codes used for SQL datatypesin Dynamic SQL”, specifies the codes
associated with the SQL data types.
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Table 10 — Codes used for SQL data typesin Dynamic SQL

Data Type Code
MDARRAY 52
MDARRAY LOCATOR 53

Cohformance Rules

No additional Conformance Rules.
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16.2 <get descriptor statement>

This Subclause modifies Subclause 20.4, “ <get descriptor statement>" , in [1S09075-2].

Function

Get information from an SQL descriptor area.

Format

<degcriptor itemnanme> ::=

I'' All alternatives from[|S®075-2]
| |MVDDI MENSI ON

MDAXI S_LOW

| [MDAXI S _HI GH

Symtax Rules

No additional Syntax Rules.

Access Rules

No additional Access Rules.

Geheral Rules

No additional General Rules.

Confor mance Rules

No additional Conformance Rules.
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16.3 <describe statement>

This Subclause modifies Subclause 20.10, “ <describe statement>" , in [1S09075-2] .

Function

Obtain information about the <sdlect list> columns or <dynamic parameter specification>s contained in aprepared

statd

For

nernt or adout the corumns orf the result Set aSSoClated WILN a CUrsor.

mat

No additional Format itens.

Synmtax Rules

AcC

Ge

No additional Syntax Rules.

ress Rules

No additional Access Rules.

neral Rules

1

d of the MD-array A.

2)

Insert after GR 7)d)xi)] If WITH NESTING is specified, then

MDAXIS_LOW issetto LO; and MDAXIS HIGH is set to HI;.

Confor manceRules

No additional Conformance Rules.

b) Foralli,1(one) <i < dyin'thei-th immediately subordinate descriptor area, NAME isset to N;,

c) The(d+ 1)-thimmediately subordinate descriptor areais set to describe the el ement type of A.

Insert after GR 7)d)xi)| If TYPEindicatesMDARRAY , then MDDIMENSION isset to theMD-dimersion

a) Let D bethe MD-extent of A, let-d’be the number of MD-axesin D, and let N;, LO;, and HI;, be the
name, lower limit, and upper limit, respectively, of thei-th MD-axisin D, 1 (one) <i < d.
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Embedded SQL

This Clause modifies Clause 21, “ Embedded SQL” , in [1S09075-2].

am>

17.
Thig
Ful
Spe

For

<Ad3

<Ad3
S

I <embedded SQL Ada program>

Subclause modifies Subclause 21.3, * <embedded SQL Ada program>", in [1S09075-2]:
nction

bify an <embedded SQL Ada program>.

mat

L derived type specification> ::=

I'l Al alternatives from [l SO075-2]

<Ada nd-array | ocator variabl e>

L nd-array |ocator variable> ::=

DL TYPE IS <nd-array type> AS LOCATOR

itax Rules

1)

the <host parameter datatype> of HVis AT ASLOCATOR, where AT isthe <md-array type> immedi
contained in AMDLYV.

2)

Insert after SR 5))| The syntax

SQL TYPE IS <nd- array type> AS LOCATOR
shall be replacedhy

InterfacesySQ. | NT

in any <Adamd-array locator variable>. The host variable defined by <Adamd-array locator variabl

called@an MD-array locator variable. The datatypeidentified by <md-array type> is called the associ
MD-array type of the host variable.

Insert after SR 4)c)xi)| If ATSimmediately contains an <Adamd-array locator variable> AMDLYV, then

ately

B> |S
fated

Access Rules

No additional Access Rules.

General Rules

No additional General Rules.
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Confor mance Rules

1) |Insert this CR|Without Feature A010, “Multidimensional array support”, conforming SQL language shall
not contain an <Ada md-array locator variable>.
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17.2 <embedded SQL C program>

This Subclause modifies Subclause 21.4, “ <embedded SQL C program>" , in [1S09075-2].

Function

Specify an <embedded SQL C program>.

am>

For
<C (

mat

erived variable> ::=
I'' All alternatives from[|S®075-2]
<C nd-array | ocator variabl e>

<C nfd-array |ocator variable> ::=

S

DL TYPE IS <md-array type> AS LOCATOR

<C host identifier> [ <Cinitial value> ]
[ { <conma> <C host identifier> [
<Cinitial value>] }... ]

itax Rules

1)

Insert after SR 4)c)vii)| If CVSsimply contains a<C md-array locator variable> CMDLYV, then the <

parameter datatype> of HV isAT ASLOCATOR, where AT isthe <md-array type>immediately contg
in CMDLV.

2)

Insert after SR 5)0) | The syntax

AC(

Ge

SQ TYPE IS <nd-array type> AS LOCATOR
shall be replaced by

unsi gned | ong

inany <C md-array locator wartable>. The host variable defined by <C md-array locator variable> is ci
an MD-array locator variable. The data type identified by <md-array type> is called the associated
array type of the host variable.

ress Rules

No additional Access Rules.

neral Rules

host
ined

hlled
VID-

No additional General Rules.

Confor mance Rules

1) |Insert this CR|Without Feature A010, “Multidimensional array support”, conforming SQL language shall

not contain an <C md-array locator variable>.
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<embedded SQL COBOL program>

17.3 <embedded SQL COBOL program>

This

Subclause modifies Subclause 21.5, “ <embedded SQL COBOL program>" , in [IS09075-2].

Function

Specify an <embedded SQL COBOL program>.

For

<COBCOL derived type specification> ::=

<COBOL nd-array | ocator variable> ::=

[

Symtax Rules

mat

I'' All alternatives from[|S®075-2]
<COBCL nd-array |ocator variabl e>

USAGE [ IS] ] SQ TYPE IS <nd-array type> AS LOCATOR

1)

Insert after SR 4)d)x) | If CTSimmediately contains a<COBOL md-array locator variable> CMDLYV,

the <host parameter datatype> of HV isAT ASLOCATOR, where AT isthe <md-array type> immedi

contained in CMDLYV.

2)

Insert after SR 5)m)| The syntax

Access Rules

Geheral Rules

SQ TYPE IS <nd-array type> AS LOCATOR
shall be replaced by

Pl C S9(9) USAGE IS BI NARY

in any <COBOL md-array locator variable>. The host variable defined by <COBOL md-array locatg
variable> is called an MD-array locator variable. The data type identified by <md-array type> is cal
the associated MD-array type.of the host variable.

No additional Aceess Rules.

No-additional General Rules.

then
ately

=

ed

Conformance Rules
1) |Insert this CR|Without Feature A010, “Multidimensional array support”, conforming SQL language shall
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not contain an <COBOL md-array locator variable>.
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17.4 <embedded SQL Fortran program>

This Subclause modifies Subclause 21.6, “ <embedded SQL Fortran program>" , in [1S09075-2].

Function

Specify an <embedded SQL Fortran program>.

Format

<Forntran derived type specification> ::=
I'' All alternatives from[|S®075-2]
<Fortran nd-array | ocator variabl e>

<Forntran nd-array |ocator variable> ::=
SQL TYPE IS <nd-array type> AS LOCATOR

Symtax Rules

1) |Insert after SR 5)g)xi)| If FTSimmediately contains a <Fortran thd-array locator variable> FMDLYV, [then
the <host parameter datatype> of HVisAT ASLOCATOR, where AT isthe <md-array type> immedigtely
contained in FMDLV.

2) |Insert after SR 6)I)| The syntax

SQ TYPE IS <nd-array type> AS LOCATOR
shall be replaced by

I NTEGER

inany <Fortran md-array locator vartable>. The host variable defined by <Fortran md-array locator varigole>
iscalled an MD-array locator variable. The datatypeidentified by <md-array type> is called the associfated
MD-array type of the host varigble.

Access Rules

No additional Aceess Rules.

Geheral Rules

No-additional General Rules.

Confor mance Rules

1) |Insert this CR|Without Feature A010, “Multidimensional array support”, conforming SQL language shall
not contain an <Fortran md-array locator variable>.
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17.5 <embedded SQL M UM PS program>

This Subclause modifies Subclause 21.7, “ <embedded SQL MUMPS program>" , in [1S09075-2] .

Function

Specify an <embedded SQL MUMPS program>.

For

mat

<MUWPS derived type specification> ::=

I'' All alternatives from[|S®075-2]
<MUMPS nd-array |ocator variabl e>

<MUVPS nd-array | ocator variable> ::=

S

Sy

DL TYPE IS <md-array type> AS LOCATOR

itax Rules

1)

Insert after SR 4)c)v) | If MVD immediately contains a<MUMPRSmd-array locator variable> MMDL

AC(

Ge

of HV is AT ASLOCATOR. The datatype identified by AT.is‘called the associated MD-array type of
HV iscalled an MD-array locator variable.

ress Rules

No additional Access Rules.

neral Rules

No additional General Rules,

Confor mance Rules

1)

Insert this CR|Without Feature A010, “Multidimensional array support”, conforming SQL language
not contain an.<MUMPS md-array locator variable>.

V,

then let AT be the <md-array type> immediately contained in-MMDLYV. The <host parameter data type>

HV.

shal |
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