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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
respective organization to deal with particular fields of technical activity. 1SO and IEC technical committees
collaboratein fields of mutual interest. Other international organizations, governmental and non-governmental,
in liaison with 1SO and IEC, also take part in the work.
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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) Clausel, “Scope”, specifies the scope of this document.

2) Clalse2, “Normativereferences’, identifies additiona standards that, through reference in thisdpbcument,
congtitute provisions of this document.

3) Clalse 3, “Termsand definitions’, defines the notations and conventions used in this document.
4) Clayse 4, “Concepts’, describes the concepts used in | SO/IEC 9075.

5) Clayseb, “The parts of ISO/IEC 9075”, augments Clause 5, “ The parts of I SOAEC 9075", of 1SP9075-1,
by suimmarizing the content of this document, in terms of the concepts deseribed in Clause 4, “ Cpncepts’,
of 1$09075-1.

6) Clalse 6, “Concepts’, presents concepts used in the definition of multidimensional arrays.

7) Clajse7,“Lexica dements’, definesanumber of lexica elementsused in the definition of multidinpensional
arrays.

8) Clayse 8, “Scalar expressions’, defines a number of scalarexpressions used in the definition of multidi-
mensional arrays.

9) Clayse9, “Query expressions’, defines the elements of the language that produce rows and tablés of data
as uged in multidimensional arrays.

10) Clayse 10, “Predicates’, defines the predicates used in the definition of multidimensional arrays

11) Clayse 11, “Additional common rules’, specifies the rules for assignments that retrieve multidinjensional
array datafrom or store multidimensional array datainto SQL-data, and formation rulesfor set o%erati ons.

12) Clayse 12, “Additional commion elements’, defines additional common elements used in the definition of
multidimensional arrays.

13) Clayse 13, “ Schema definition and manipulation”, defines facilities for creating and managing g schema.

14) Clajse 14, “ SQL<client modules’, defines SQL -client modules and externally-invoked procedurgsin the
context of mulfidimensional arrays.

15) Clayse 15, Data manipulation”, defines the data manipulation statements.

16) Clayse 16, “Dynamic SQL”, definesthefacilitiesfor executing SQL -statements dynamically in the context
of multidimensional arrays.

17) Clause 17, “Embedded SQL”, defines the host language embeddings in the context of multidimensional
arrays.

18) 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.
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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”

requirements of the SQL language.

, Isan informative Annex. It summarizes the conformance

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/or schemas, or any other behavior is partly or wholly implementation-defined.
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ex D, “ Incompatibilities with 1ISO/IEC 9075:2011", is an informative Annex. It listsincomp
the previous version of this document.

ex E, “ SQL feature taxonomy”, is an informative Annex. It identifies features of the SQL lal
ified in this document by an identifier and a short descriptive name. This takonomy is used t
ormance.

t of this document, Clauses and Annexes begin hew odd-numbered'pages, and in Clause 7,
, through Clause 22, “Conformance”, Subclauses begin newpages. Any resulting blank sp.
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| nfor mation technology database languages — SQL —

Part 15:
Multi-dimensional arrays (SQL/MDA)

1 Scape

Thisdoctiment defineswaysin which Database L anguage SQL can be used in conjunction with multidimensional

arrays.
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2 Normativereferences

The following documents are referred to in the text in such away that some or al of their content constitutes
requirements 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.

I SO/EC 9075-1:2016, Infor mation technol ogy — Database languages — SQL — Part 1: Framework
(SQL/Framework).

I SO/EC 9075-2:2016, Information technol ogy — Database languages — SQL — Part 2;.Foundation
(SQL/Foundation).

I SO/ EC 9075-3:2016, | nformati on technol ogy — Database languages— SQL —Part 3: Call-Level |Interface
(SQL/LLI).

ISO/EEC 9075-11:2016, Information technology — Database languages ~<SQL — Part 11: Information
and Dgfinition Schemas (SQL/Schemata).

Multipurpose Internet Mail Extensions (MIME), Part Two: Media Types
httpj//tools.ietf.org/htm/rfc2046

The JgvaScript Object Notation (JSON) Data I nterchange Format
httpj//tools.ietf.org/htm/rfc7159
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3.1 Definitions

3 Termsand definitions

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

3.1 Definitions

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

3.1.1 Definitions provided in this document

For the purposes of this document, theterms and definitions given in | SO9075-1, 1SO9075-2, and the fiollowing
apply.
SO and | EC maintain terminological databases for use in standardization at the following addresses
e |EC|Electropedia: availableat ht t p: / / www. el ect r opedi a. or g/

e 1SO|Online browsing platform: available at ht t p: / Awww. i so. or g/ obp

3.1.1.1 | coordinate
non-empty ordered list of integers

3.1.1.2 | maximum MD-extent (of an MD-array typeor asite of MD-array type)
MD-extent of an MD-array type
NOTHE 2 — The term “maximum MD-extent™ is used for the MD-extent of an MD-array type because it defines the maximum

MD-gxtent that a value of that MD-array type can have. The MD-extent of an MD-array value must be within the max|mum MD-
exten{ of the value's type.

3.1.1.3 | MD-array
ordered collection.of elements of the same type associated with an MD-extent where each element
is 1:1 associated with some coordinate within its M D-extent
NOTHE 3— A coordinate'is within an MD-extent if every coordinate value from the integer list is greater than or equal tio the lower

limit, 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 thg coordinate
valuejhas withinithe coordinate.

3.1.1.4 | MD=axis
named MD-interval

3115 MD-dimension
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

3117 MD-interval
integer interval given by apair of lower and upper integer limits such that the lower limit islessthan
or equal to the upper limit; the interval is closed, i.e., both limits are contained in it

©ISO/IEC 2019 — All rights reserved Terms and definitions 5
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4.1 SQL datatypes

4 Concepts

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

41

This Sub

411

This Sub

4111

This Sub

SQL data types

Clause modifies Subclause 4.4, “ SQL data types”, in [1SO9075-1].

QL data types

Clause modifies Subclause 4.4.5, “ Constructed composite types’ , in{1S09075-1].

Collection types

clause modifies Subclause 4.4.5.1, “ Collection types" , in [1SO9075-1] .

[Append

this paragraph |An MD-array isan ordered coltection of not necessarily distinct values, whose

are referd

bnced by their coordinate in the MD-array:

[Append

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

4.2 $QL-schema objects

This Subflause modifies Subctatise 4.6, “ SQL-schema objects’, in [1S09075-1].
4.2.1 User-defined types

This Subflause’'modifies 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

elements

1st paragraph|A distinct type is a user-defined data type that is based on some predefined type, array

type, or multiset type. |

based.

©ISO/IEC 2019 — All rights reserved

'he values of adistinct type are represented by the values of the type on whichitis

Concepts 7


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

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

(Blank page)

8 Multidimensional Arrays (SQL/MDA)

©ISO/IEC 2019 — All rights reserved


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

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

5 Thepartsof ISO/IEC 9075

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

51 Oveview

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

| Insert baforethelast paragraph| I SO/IEC 9075-15 definesways in which Database L anguage SQL cap be used

with multidimensional array data.

52 |

ISO/IEC]

of multigimensional arrays.

These inglude:

1) An
2) New

SO/IEC 9075-15: MultiDimensional Arrays (SQL/MDA)

9075-15 defines facilities that allow Database Language SQL to support creation and manipulation

collection type, MD-array.

built-in operators to create and manipul at€ values of the MD-array type.

©ISO/IEC 2019 — All rights reserved Thepartsof ISO/IEC 9075 9
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6.1 Datatypes

6 Concepts

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

6.1 [Datatypes

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

6.1.1 (eneral introduction to data types

This Subflause modifies Subclause 4.1.4, “ Data type terminology” , in [1S09075-2] .

|Replace

4th paragraph|.

A constrlicted typeis specified using one of SQL's data type construetors, ARRAY, MDARRAY, MULTISET,

REF, and

ROW. A constructed typeiseither an array type, an MD-array type, amultiset type, areferance type,

or arow fype, 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 t

6.1.2 I

This Sub

Data type ter minology

Clause modifies Subclause 4.1.4, Data type terminology” , in [1S09075-2] .

[Append

this paragraph|A datatype TYs acollection-containing typeif exactly one of thefollowing ¢

istrue:
— TYi
— TYi
— TYi
— TYi

5 a collection type,
5 arow type, and.the declared type of some field of TY is a collection-containing type.
5 distinct type; and the source type of TY is a collection-containing type.

5 a struetured type and the declared type of some attribute of TY is a collection-containing ty

| Augmer]

ES.

bnditions

pe.

tthelist in 11th paragraph|

— Aty

pe T is MD-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
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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
itsindex position in the MD-extent of the MD-array.

] return
.

andreturn
wer limit

and return

of ap MD-axis.

6.3 User-defined types

This Subflause modifies Subclause 4.7, “ User-defined types?) in [ 1SO9075-2] .

6.3.1 Distinct types

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

| Replacel4th paragraph|

A digtind type DT whose source typeisacollection type CT is said to have an el ement type, whichisthe element
typeof gQT. CT shall not bean MD-array type. A value of DT hasacardinality, which isthe number of |elements
in that value. A distinct type whese source typeis an array type AT is said to have a maximum cardinality,

which isfthe maximum cardinality of AT.

6.4 Collection types

This Subtlatse modifies Subclause 4.10, “ Collection types’, in [1SO9075-2].

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.

|Replace

the list following the 4th paragraph};

— The

type designator of CT.

— The

— Ani
MU

— IfC
— IfC
AnMD-
— The
— The
— The
— The

6.4.2 |
An MD-
an e emd

TheMD
d, consig

hdication of the kind of the collection of CT: ARRAY (array type), MDARRAY (MD:-array

descriptor of the element type of CT.

| TISET (multiset type).

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

[isan MD-array type, the MD-axis descriptors of each dimension of the MD-array.
bXi s descriptor describes a dimension of an MD-array type. The MD=axis descriptor include
name of the MD-axis.

ordinal position of the MD-axisin the MD-extent of the MD-array type.
lower limit of the MD-axis.

upper limit of the MD-axis.

M D-arrays

nt of the Cartesian product of-the d MD-intervals of A's MD-extent. d isthe MD-dimension

extent of A isanon-empty-array of MD-axis elements. The MD-axis at position i, with 1 (q
s of aname N; uniquéwithin this MD-extent and a closed MD-interval given by alower lin

MD-ext
AEi . Hli
ofanM

per limit HI;. A LO;)or HI; that isthe null value in amaximum M D-extent indicates that the
er or upper limit, respectively.

-axis of andviD-extent can be uniquely identified through either its name or its position i w
t, where X (one) <i < d. The extent of an MD-axis AE; is defined as the length of the MD-i
- LQ; +'1 (one). An MD-extent D isdenoted as[ Nq (LO1 : HIy), ..., Ng (LOg : Hlg) ]. Thec

type), or

%]

brray A is a collection where each.element is uniquely identified by ad-dimensional coordingte that is

of A.

ne)<i<
it LO;
MD-axis

thin the
terval of

dinality

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

An MD-extent D, denoted as[ DNq ( DLOq : DHIy), ..., DNy ( DLOg : DHIy) ], is within another M D-extent
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) ELQO; isthenull value or DLG; = ELO;.

2) EHI; isthenull value or DHI; < EHI;.

If Disw

ithin 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) Oth¢rwise, let TMPD bethe union of D1 and D,. For al i, 3<i <N, let TMPD be the union ef-TIMPD and
D;. UisTMPD.

A site A$of MD-array type has a maximum MD-extent D. The MD-extent E of an MD-array occupying ASis
constrairjed to be strictly within D.

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

Two MDrarrays A and B areidentical if and only if both A and B have the,same MD-extent D, and if, [for every
coordinate P in D, the element at coordinate P in A isidentical to thé.element at coordinate P in B.

6.4.3 Collection comparison and assignment

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

| Replacelthe 1st paragraphl:

Two collgctions of ARRAY or MULTISET-kind are comparableif and only if they are of the same kjnd and
their elerpent types are comparable.

|Insert affer the 4th paragraph};

A valueqf an MD-array type AT.with MD-extent D isassignableto asite of an MD-array type ASwith maximum
MD-extgnt E if D is strictlywithin E.

MD-array values are net comparable.

6.4.4 OQpetationsinvolving MD-arrays

6.4.4.1 Operatorsthat operate on MD-array values and return 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.
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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
through their unique names, in contrast to <md-axis limits positional> and <md-axis slice positional >.

<md-arrdy Value expressi o OVErs the ustal arithmetic, comparison, and togical operations where pt | east
one operpnd is an MD-array. The MD-extents of MD-arrays A and B in an <md-array value expressign> of the
form A op B shall be equal. The result isan MD-array value with an MD-extent equal to the MD:extent(s) of
the inputf MD-array(s).

<md-arrgy reshape function> is an operation that, given an MD-array with MD-extent®and an MDiextent E
such thaff MDDIMENSION(D) = MDDIMENSION(E), returns an MD-array with the'same elements as the

input MD-array at coordinates within E that are also within D, plus additional el ementswith null values at those
coordinges within E that are not within D. The result MD-array value has anMD-extent E.

<md-arrgy shift function> is an operation that, given an MD-array with MD=extent D and an offset cpordinate
of MD-dimension equal to MDDIMENSION(D), returns an MD-array with an MD-extent D and thg same
elementd as the input M D-array, such that each element at coordinaté Pis shifted by the offset coordjnate.

<md-arragy scale function> is an operation that returns an MD-arfray with the target MD-extent indicdted and
elementd obtained by using nearest-neighbor interpolation tafitthe input MD-array elements at coordinates
within the MD-extent of the result MD-array.

<md-arrgy absolute value expression> is a function that, returns an MD-array with an MD-extent equal to the
MD-extgnt of itsinput MD-array, where the element.at each coordinate in the result is derived by applying
<absol utg 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 MD-extent
of itsinput MD-array, where the element'at-each coordinate in the result is derived by applying <natdiral loga-
rithm> to the element at the same coordinate in the input.

<md-arrgy common logarithm> isafunction that returns an MD-array with an MD-extent equal to the MD-
extent of itsinput MD-array, wherethe element at each coordinatein theresult isderived by applying Jcommon
logarithm> to the element atthe same coordinate in the input.

<md-arrgy exponentialsfunction> is afunction that returns an MD-array with an MD-extent equal tothe MD-
extent offitsinput MD=array, where the element at each coordinate in the result is derived by applying <expo-
nential fyinction>(to,the element at the same coordinate in the input.

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

<md-array floor function> is a function that returns an MD-array with an MD-extent equal to the M D-extent
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
operands in the order given along a specified MD-axis.

6.4.4.2 |Operatorsthat operate on MD-array values and return tables

<md-arrgy extent> is an operation that returns the MD-extent D of agiven MD-array value A as atalle of car-
dinality CAR equal to the MD-dimension of A and four columns. The row with value i, 1 (one) < i <|CAR, in
the first ¢golumn contains the name, lower limit, and upper limit of the i-th MD-axisjin D in the second, third,
and fourfh column, respectively.

<md-arrgy max extent> is an operation that returns the maximum M D-extent*MD with the declared type of a
given MD-array value A as atable of cardinality CAR egual to the MD-dimension of A and four columns. The

<collectipn derived table> allows converting an <md-array value expression> AVE with e ement type ET and
MD-dimension d to atable. The resulting table has d columns holding the coordinate values of each lement,
and, if EfM isnot arow type, one column, or, if ET isarowtype of degree N, N columnsfor the el ement values
of AVE. If WITH ORDINALITY is specified, then theresulting 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-arrgy axis index function> isan operation that, for a given MD-array and an MD-axis name, refurns the
index position of the M D-axiswith the specified name in the MD-extent of the MD-array.

<md-arrgy lower aXislimit>isan operation that, for agiven MD-array and an MD-axisidentified by it$ position
or its name, returns'the lower limit the MD-axis as an exact numeric with scale 0 (zero).

<md-array dpper aX|sI|m|t> isan operat|on that for agiven MD-array and an M D-axisidentified by it$ position
i ] xact numericwith scaleQ (7prn\

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 aggregation function> is an operation that returns avalue aggregating all elements of the input MD-
array. Table 1, “ Table aggregation operators’, lists all predefined aggregation functions. Let A be an MD-array
of numeric element type, let B be an MD-array of Boolean element type, and let C bean M D-array of any element

type.
Table 1 — Table aggregation operators
Operation M eaning
MDSUM(A) Sum of al elementsin A
MDAVG(A) Average of al elementsin A
MDMIN(A) Minimum of all elementsin A
MDMAX(A) Maximum of abelementsin 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 al elementsin B have value true?
6.4.4.6 |Operator sthat operate on MD-array values and return character or binary stfings

string coptaining the M D-array encoded in the data format indicated by its mediatype (specified in RIFC2046).
MD-arrays.are often encoded using JSON (mediatype “application/json” RFC7159). Support for encoding to
further media types is implementation-defined.

<md-ar$v encede function> isan operation that accepts an M D-array and returns a character string of a binary

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
alternative> 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.

<md-array value constructor by join> performs ajoin on two or more MD-arrays of equal M D-extents based

on their

elementg

in the regult can be explicitly specified or implicitly generated.

6.4.4.8

Operatorsthat operateon MD-array values and return M D-ar ray elements

Foordinaies. An element in the resuiting MD-array 1S arow value constructed rrom the corresponding
of eachinput MD-array, inthe order in which they have been specified. Thefield names of ieaeh element

<md-arrgy element reference> is an operation that returnsthe MD-array element at a specific coordingte within

the MD-

pxtent of the MD-array.

6.45 WMD-axisvariables

An <md{array aggregation expression> or an <md-array value constructor by iteration> are operatio

specify MD-axis variables for every MD-axisin the M D-extent specified by the <md-extent alternati

name of

referenced by its name, ranges from the lower to the-upper limit of the MD-axis.

AnMD-

Every M
variable

hXi s variable is specified by <md-axisvariable>.

stheimmediately contained <md-array element>. In <md-array aggregation expression>, t

of an MDD-axis variable is the immediately contained <value expression primary> and <search condi

specified

18 Mult

ns that
ve>. The

cach MD-axis variable is equivalent to the.name of the corresponding MD-axis, and its value, when

PD-axis variable has a scope. In <md-array value constructor by iteration>, the scope of an MD-axis

he scope
ion>, if

Two MD-axis variables that are equivalent are nevertheless distinct if they have different stope.
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7 Lexical eements

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

7.1 <token> and <separator>

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

Functipn

Specify llexical units (tokens and separators) that participate in SQL language.

Format

<non-regerved word> ::=
I'' NI alternatives from [l SO075-2]

| ELEMENTS
<reserved word> ::=
I Al alternatives from[|S®075-2]
MDAKI S_NAME | MDAXI S_NAMES | MDCONCAT | MDCOUNT | MDCOUNT_FALSE

MDCPUNT_TRUE | MDCOUNT _UNKNOAK.S} MDDECODE | MDDI MENSI ON | MDENCODE |
MDIPI N | MDMAX | NMDVAX_EXTENT-| MDM N | NMDRESHAPE | MDSHIFT | NMDSUM

Syntax Rules

No gdditional Syntax Rules.

Accessg Rules

No Tdditional Access Rules.

MDA(GGREGATE | MDALL | MDANY | MDARRAY | MDAVG | MDAXIS HIGH | NMDAXI S | NDEX | MDAXI S LOW

VDEXTENT

General Rules

No additional General Rules.

Conformance Rules

No additional Conformance Rules.
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7.2 Namesand identifiers

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

Functi

on

Specify names.

Form

<nd- axi
<i den

Syntax

No additional Syntax Rules.

Access

No gdditional Access Rules.

Gener

5 variable> ::=
ifier>

Rules

Rules

Al Rules

1) |[Inst

rt this GR| An <md-axis variable> identifies &h M D-axis variable associated with an MD-axis whose

nam

Confofmance Rules

No additional Conformance Rules.

E is equivalent to the <md-axis variable>,
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8 Scalar expressions

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

8.1 <datatype>

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

Functipn

Specify a data type.

Format

<col l ecfion type> ::=
I'' NI alternatives from [l SO075-2]
| <ndiarray type>

<nmd-arrfy type> ::=
<dat a|type> MDARRAY <maxi mum nd- ext ent >

<maxi mum nd-extent> ::=
<l eft bracket or trigraph> <maxi mumnd-axis list> <right bracket or trigraph>
| <left bracket or trigraph> <maxi numnd-axis |ist anonynmous> <right bracket or t1igraph>

<maxi mupn nmd-axis list> ::=
<maxi fum nmd- axi s> [ { <comma>~<maxi mum nd-axi s> }... ]

<mexi mup nd-axi s |ist anonynpus> ::=
<mexi fum nd- axi s anonynpus> [ { <conma> <maxi num nd- axi s anonynous> }... ]

<maxi mup nd- axi s> ::=

<nmd- axi s nane> [ «l'eft paren>
<fraxi mum ndsaxi s lower |imt> <col on> <maxi mum nd-axis upper limt>
<fight par&n> ]

<maxi mufn md=axi s anonynous> :: =
<maxi fruyid-axi s lower |imt> <colon> <maxi mum md-axi s upper limt>

<maxi mumnd-axis lower limt> ::=
<nd-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 <maximum

md-axis> simply contained in EU.

i) Otherwise, let d be the number'of <maximum md-axis anonymous> simply containg

\value.
Fori,1(one) <i<d,
i) Case:

1) 1 EU immediately contains <maximum md-axislist>, then let AU; be thei-th <n
md-axis> simply contained in EU. Let MN; be the value of <md-axis name> imr
contained in AU;.

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

mMo-axisS Tmmediady contamed imVAL Speciies anm Ima-axis names butdoes ot Specify <maximum
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 isthe
null value.

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

The declared type of <md-axis limit fixed> and <md-axis limit> is an ‘implementation-defirjed exact
numeric type with scale 0 (zero).

The minimum value of <md-axis limit fixed> isimplementation defined. <md-axis limit fixgd> shall
not be smaller than this value.

The maximum value of <md-axislimit fixed> isimplementati on-defined. <md-axis limit fixgd> shall
not be greater than this value.

Case:

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

din EU.

d is the MD-dimension of AT..d shall be less than or equal to an implementation-defined maximum

haximum
nediately

din EU

and ter SEQ; bethe <unsigned imteger= numeric fiteral with o feadimg Zzeros corr

onding

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

22 Multidimensional Arrays (SQL/MDA) ©ISO/IEC 2019 — All rights reserved


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

I SO/IEC 9075-15:2019(E)
8.1 <datatype>

)] 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.

Access Rules

No gdditional Access Rules.

General Rules

1) |Reflace GR 17)]If <datatype> isa<collection type>, then acollection typedescriptor is createql. Let KC
be the kind of collection (either ARRAY, MDARRAY, or MULTISET,) specified by <collection|type>.
Let ET be the element type of <collection type>. Let EDT be the type-designator of ET. The collection
typg descriptor includes the type designator EDT KC and an indication of KC, the descriptor of ET.

Casg:
a) |If KCisARRAY, then the collection type descriptor additionally includes the maximum cardinality.

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

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

Conformance Rules

1) |Insgrt this CR|Without FeatureAD10, “Multidimensional array support”, conforming SQL langyage shall
not gontain 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.

Form

<nonpar ent hesi zed val ue expression primry> ::=
I Al alternatives from[|S®075-2]
| <ndfarray aggregati on expression>
| <mdiaxis variabl e>
| <nmdfarray el enent reference>

<col | ection value constructor> ::=
I'' NI alternatives from [l SO075-2]
| <mdfarray val ue constructor>

Syntax Rules

1 \ Reflace SR 1) | The declared type of a <value expressionprimary> is the declared type of the simply
contgai ned <value expression>, <unsigned val ue specification>, <column reference>, <set functiop specifi-
cation>, <window function>, <nested window function>, <scalar subquery>, <case expression>, <cast
spedification>, <field reference>, <subtype treatment>, <method invocation>, <static method invgcation>,
<ney specification>, <attribute or method reference>, <reference resol ution>, <collection va ue congtructor>,
<arrpy element reference>, <md-array element reference>, <multiset element reference>, <next|value
expression>, <md-axis variable>, <md-array’aggregation expression>, <row pattern navigation ogeration>,
or the effective returns type of the simply contained <routine invocation>, respectively.

2) |Insart this SR| The declared type of-an <md-axis variable> is exact numeric with scale O (zero).

3) |Redlace SR 3)| The declared type of a <collection value constructor> is the declared type of thg <array
valug constructor>, <md-array value constructor>, or <multiset value constructor> that it immediately
contgins.

Access Rules

No additional Access Rules.

Gener aRulss

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) |Insert this CR|Without Feature A010, “Multidimensional array support”, conforming SQL language shall
not contain a <collection value constructor> that simply contains an <md-array value constructor>.

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

4) |Insgrt this CR| Without Feature A010, “Multidimensional array support”, conforming SQL langyage shall
not ¢ontain a <nonparenthesized value expression primary> that ssmply contains an <md-array ¢l ement
refefence>.
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8.3 <md-array subset>

Function

Returns a subset of an MD-array.

Format

<n'd_arr \)/ suhcat =
<md- afray val ue expressi on>
<|eft bracket or trigraph> <nmd-axis subset |ist> <right bracket or trigraph>

<md-axi § subset list> ::=
<nd{axi s subset |ist nanmed>
| <mdiaxis subset |ist positional>
| <mdiarray subset extent>

<nmd- axi § subset |ist named> ::=
<md- axi s subset naned> [ { <comma> <nd-axi s subset named> }.5¢/]

<nmd- axi § subset list positional> ::=
<nd- axi s subset positional> [ { <conma> <nd-axis subset™\peositional > }... ]

<nd- axi $§ subset nanmed> ::=
<ndiaxis limts nanmed>
| <mdfaxis slice named>

<nd- axi § subset positional> ::=
<mdtaxis limts positional >
| <mdjaxis slice positional>

<nmd-axi $ limts naned> ::=
<md- axi s nane> <l eft paren> <md-i nterval expression> <right paren>

<nd-axi $ limts positional> ::=
<md-i pterval expression>

<md-i nt erval expression> : .=
<nmd-axis lower limt expression> <colon> <nd-axis upper limt expression>

<nmd-axi $ lower linmt(expression> ::=
<nd-akis limt expression>

<md- axi § upper AN'mMt expression> :
<md- axi s | imt” expressi on>

<md- axi $ L't expression> ::=
<nubekic value expression>
| <asterisk>

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

2) 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
ASL as MDAXIS SUBSET LIST; let TMD be the TARGET MAXIMUM MDEXTENT and let EQ be the
EQUIVALENCE returned from the application of those Syntax Rules.

Casg:
a) |If EQ isnot azero-length character string, then <md-array subset> is equivalent to AVE) EQ
b) |Otherwise:
i) Let EDT be the element type of AVE.
i) The declared type of ASisan MD-array type of element type EDT-and maximum M D-extent
TMD.

Access Rules
No additional Access Rules.

General Rules

1) Let ASbethe <md-array subset>, let AVE be the<md-array value expression> immediately con(lai nedin
AS and let ASL be the <md-axis subset list> immediately contained in AS. Let AV be the value gf AVE.

2) If A¥isthenull value, then the result of ASisthe null value and no further General Rules of this Subclause
are gpplied.

3) The|General Rules of Subclause 11:15, “MD-array subset”, are applied with AV as MDARRAY VALUE
and ASL as MDAXIS SUBSET LIST; let SMD be the SOURCE MDEXTENT, let TMD be the TARGET
MDEXTENT, and let SLICEDAXES be the SLICED MDAXES returned from the application of those
Gengra Rules.

4) Let D bethe MD-extent of AV, let d be the number of MD-axesin D, and let t be the number of MD-axes
in TMD.

5) If YD isnot.within D, then an exception condition is raised: data exception — MD-array subsgt not
withjn MD-extent.

6) Let \Abethe MD-array value with element type EDT and M D-extent TMD constructed in the fpllowing
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 TPj be RPy.
i) jisincreased by 1 (one).

d) Let Q bethe coordinate denoted by [ TPy, ..., TP ].
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NOTE 4 — There aret non-SLICEDAXES
€) Theeementin TV at coordinate Q isthe element in AV at coordinate R.
7) TVisthevalueof AS

Conformance Rules

1) Without Feature A010, “Multidimensional array support”, conforming SQL language shall not 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.

Form

No addi

SyntaX Rules

1)

2)

Access Rules

General Rules

1) |Insgrt after GR4)}Hf BIC isan MD-axisvariable, then BIC referencesthe MD-axis SV of agiven ¢
of the <md-array aggregation expression> or an <md-array value constructor by iteration> whog
extent> contains SV.

ConforntanceRutes

©ISO/IEC 2019 — All rights reserved

ional Format itens.

|Reflace SR 8)a)ii) | Otherwise, IC shall be contained in the scope of one or more range variables whose

or more range variables whaose associated period lists include a period whose period nameis eq

tol

SQU parameter whose <SQL parameter name> is equivalent to |4 ‘er'within the scope of an MD
varLFﬂ e equivalent to |4. Let ISbe the innermost such scope: L'et the phrase possible scope tags

tho

by i
sible scope tag.

associated column lists include a column whose <column name> is equivalent to 11, in the scopI of one
|

1) in the scope of a <routine name> whose associated <SQL parameter declaration list> incl

eration> whose scope is IS The number of possiblescope tags shall be 1 (one). Let IPST be)

|Insg

by iteration>, then let SV be the MD-axis varigble equivalent to 1 1. PIC, isthe basis of I1C, the bas
is 1 [one), the basis scope is the scope of . 2;*and the basis referent is SV.

No

ddditional Access Rules.

No

ivalent
des an
axis

denote
range variables, <routine name>s, <md-array aggregation-expression> and <md-array value constructor

that pos-

rt after SR 8)a)ii)2)| If IPST isan <md-array. aggregation expression> or an <md-array val ue cgnstructor
5is length

Bxecution
e <md-

additional Conformance Rules.
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8.5 <md-array aggregation expression>

Function

Aggregate MD-array valuesinto asingle value.

Format

- Mo aooregalion—axnrassion s =
<nd- ar r ay—aggreg p

MDAGGREGATE <nd- array aggregati on operator>
OVER <nd-extent alternative>

UBI NG <val ue expression prinary>

[ | WHERE <search condition> ]

<nmd- arr fiy aggregati on operator> ::=
<plus|sign>| AND| OR| MAX | MN

Syntax Rules

1) Theldeclared type of <md-array aggregation expression> AAE is thedeclared type of the immediately
contgined <value expression primary> VE. Let op be the immediately contained <md-array aggijegation
opefjator>.

Casg:
a) |If opis<plussign>, then the declared type of VE)shall be numeric.
b) [If opisAND or OR, then the declared typeof'VE shall be Boolean.
¢) |[Otherwise, VE isan operand of an ordering operation.

i) The Syntax and Conformance Rules of Subclause 9.14, “ Ordering operations”’, are applied.
i) The declared type of. VEshall 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 thg MD-
dimension of AVEL

b) |Case:
i) H\<&earch condition> SC isimmediately contained in AAE, then AEE is equivalent t

VDAGGREGATE op
OVER [ MDAXIS NAME(AVE1, 1) ( MDAXIS IOMAVET_ 1) - MDAXIS HI GH(AVFL, 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 MD-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-
array aggregation expression>, if specified.

Access Rules
Nong.

General Rules

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

2) Let Bbethe union of al coordinates[ Py, ..., Pq], suchthat LO4.< P < Hly, ..., LOg < Py < H|g, (that
is, §isthe Cartesian product of all MD-intervalsin D).

3) Let pp be <md-array aggregation operator>. Let AGG be
Casg:

a) [If opis<plussign>, then O (zero).

b) |If opis MAX, then an implementation=defined minimum value of a type comparable to thei<value
expression primary>.

c) [If opisMIN, then an implementation-defined maximum value of atype comparable to the xvalue
expression primary>.

d) |If opisAND, then True.

e) |If opisOR, then False.

4) Let NULLRESDbe True.

5) For gvery cogrdmate[ Py, ..., Pg]l inS
a) |Let BVbeTrue.

b) 'H<seareh-conditior>BVYE+sspectiedthenthe value-of-any-Av-contathecHrBYEHene)'< i < d,
isequal to P;. Let BV then be the result of evaluating BVE.
¢) Case

©ISO/IEC 2019 — All rights reserved

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

NULLRESbe 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 exception — numeric value out of range.

of AGG op TEMP is not Wlthl n the impl ementatl on- defl ned exponent range|for TP,
then an exception condition is raised: data exception — numeric valueout gf range.

C) If TPisthe decimal floating point type, then the result is an implémentatior-defined
value IV of TP such that no other value of TP isstrictly between IV'and the mathemat-
ical result of AGG op TEMP. If the exponent of IV is not within the implementation-
defined exponent range for TP, then an exception conditioh-is raised: data gxception
— 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) Casg
a) [If 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.

Confofmance Rules

1) Without Feature A010, “Multidimensional array support”, conforming SQL language shall not gontain
<md-array aggregation expression>.
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8.6 <caseexpression>

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

Function

Specify a conditional value.

Form

<searched when cl ause> :: =
I Al alternatives from[|S®075-2]
| WHEN <nd-array bool ean expression> THEN <result>

SyntaX Rules

1) |Insgrt after SR 2)|If a<case specification> specifies a <searched case>,‘then:

a) |Let N be the 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 imme-
diately contained <search condition> or <md-array bodléan expression> of SAMC;, and let R be the
<result> immediately contained in S\VC;.

c) |Case

i) If <elseclause> is specified, then letMbe N + 1. Let Ry, be the <result> immediately gontained
in the <else clause>.

i) Otherwise, let M be N.

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

e) [If every SC; isan <md-array boolean expression> MBE;, then let MDT,; be the declared typg of MBE;
and let d; be the MD;ydimension of MDT;. For al j and k, j # kand 1 (one) < j, k< N, dj shall| be equal
to di. Let MN; bethe name of the i-th MD-axisin the maximum MD-extent of MDTq, 1 (orje) <i <

i) <case specification> shall not generally contain a <routine invocation> whose subjeqt routine
isan SQL-invoked routine that is possibly non-deterministic or that possibly modifigs SQL -
data.

i) <case specification> shall not generally contain a <table primary> that contains a<data change
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 MD-
dimension of MDT. e shall be equal to d;. Let RAj be R;.

2) Otherwise, let ebed;. RA;j isequivalent to
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MDARRAY [ M\; ( MDAXIS LOW (SC;, 1) : MDAXIS HIGH (SC;, 1) ),

M\e ( MDAXI S_LOW (SCy, e) : MDAXIS HIGH (SC, e) ) ]“. ’

ELEMENTS R
Access Rules
None.
General Rules
1) |Insgrt before GR 2)a)|If the value of every SCj, 1 (one) <i < N, isan MD-array value, then:

a) |Let Dj bethe MD-extent of the value of SC;. For all j and k, j # kand 1 (one) &, k< N, if O is not
equal to Dy, then an exception condition is raised: data exception — MD-artay operands with non-
matching MD-extents.

b) [Forallj, 1 (one) <j <M, let Ej bethe MD-extent of the value of RAMT Ej isnot equal to Dy, then an
exception condition is raised: data exception — MD-array operands with non-matching MD-extents.

c) |If <elseclause> is specified, then let CEEC be equivalent to-\EL SE RAy[ Ny, ..., Ng]; otheryvise, let
CEEC be a character string of length O (zero).

d) [Letdbed;, andlet N;, LO;, and HI;, be the name, lewer limit, and upper limit, respectively| of the
i-th MD-axis in the MD-extent of the value of SC4, 1 (one) <i < d.

€) [Thevalue of the <case specification> is thevalue of:

MDARRAY [ Ny ( LOy @ HI1 ), ... @&
Ng ( LQy @ Hg) ]
ELEMENTS
CASE WHEN SCi[ Np, ... , Ny ] THEN RA [ Ny, ... , Nyl
VIHEN SCN MNi, .., Ng ] THEN RA\L Ni, ..., Ny
CEEC END
Confofmance Rules
1) |Insgrt this ER}Without Feature A010, “Multidimensional array support”, in conforming SQL Ignguage,

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

2) |Insgrithis CR|Without Feature AQ11, “MD-array BOOL EAN element type”, conforming SQL Janguage

shall not contain a <searched when clause> that immediately contains an <md-array boolean expression>.
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8.7 <cast specification>
This Subclause modifies Subclause 6.13, “ <cast specification>", in [1S09075-2] .

Function

Specify adata conversion.

FOI’mT
<cast tgrget> ::=

I Al alternatives from[|S®075-2]
| <rmdtarray cast>
| <nmdfarray base type cast>
| <nmdfarray maxi mum nd-extent cast>

<nmd-arrfy cast> ::=
<dat a|type> MDARRAY <nd-array axi s nanmes>

<nmd- arr fy base type cast> ::=
<dat a|type> MDARRAY

<nmd-arr @y maxi mum nd-extent cast> ::=
MDARRAY <maxi mum nd- extent cast alternative>

<maxi mun nd- extent cast alternative> ::=
<maki mum nd- ext ent >
| <nmdfarray axis names>

<nmd-axi $ explicit nane list> ::=
<l eft|bracket or trigraph> <nd-axis, nane>
[|[{ <comma> <nd-axis name> }...\} <right bracket or trigraph>

<md-arrfy axis names> ::=
MDAXI B_NAMES <l eft paren> <ndcarray val ue expression> <right paren>

SyntaX Rules

1) |Insgrt before SR 1)d)|If <cast target> immediately contains an <md-array cast>, <md-array base type
castp, <md-array-maximum md-extent cast>, or <datatype> TD that is an <md-array type>, the

=

a) |Neither <cast operand> nor <cast target> shall generally contain a <routine invocation> whose subject
routineis 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 contains a
<data change delta table>.

¢) The <cast operand> shall be an <md-array value expression>. Let AVE be the <cast operand>. Let
MDT be the declared type of AVE, let EDT be the element type of MDT, let d be the MD-dimension
of MDT, and let MN; be the name of the i-th MD-axis in the maximum MD-extent of MDT, 1 (one)
<i<d.

Case:

)] 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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Access

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 TD,
and let ANC be the <maximum md-extent> immediately contained in TD. TEDT shall not be
a collection-containing type. The <cast specification> is equivaent to
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 typeidentified
by the <data type> immediately contained in ABTC. The <cast specification> isequiyvalent to
MDARRAY [ MN; ( MDAXIS_LOW (AVE, 1) : MDAXIS HI GH (AVE, 1) ),

Mg ( MDAXIS LOW (AVE, d) : MDAXIS HI GH (AVE, d),.Y ]

ELEMENTS CAST(AVE[ MNi, ... , My ] AS TEDT)

iv)  Otherwise, an <md-array maximum md-extent cast> MMC isspecified. Let MMCA bye the
<maximum md-extent cast alternative> immediately containedin MMC.

Case:

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

2) Otherwise, let AVEL be the <md-array.value expression> immediately contained in the
<md-array axis names>immediately.contained in MMCA, and let e be the MD-djmension
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_LON AVEL, 1)
MDAXI S_HI GH(AVEL, 1) -)G
NDAXI S _NAME(AVEL, e) ( MDAXI S_LOWNAVEL, e)
MDAXI S_HI GH(AVEL,. e) ) 1 )
Rules

No gdditional Access Rules.

Gener

Al Rules

1) |[Inst

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

a)

b)

Case:

i)

i)

Cet LO; and HT;, T(one) <1 < d, be the Tower ITmit and upper ITmit, respectively, of the i-th
in the MD-extent of the value of AVE. Let TMN;, be the name of thei-th MD-axisin TMD.

Let D be the MD-extent denoted by [ TMN; (LOq : HIy), ..., TMNg (LOg4 : Hlg) ].

If D isnot strictly within TMD, then an exception condition is raised: data exception
array source MD-extent not strictly within maximum target MD-extent.

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

D-axis

—MD-
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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.

©ISO/IEC 2019 — All rights reserved Scalar expressions 37


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

I SO/IEC 9075-15:2019(E)
8.8 <numeric valuefunction>

8.8 <numericvaluefunction>

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

Function

Specify afunction yielding a value of type numeric.

Form

<nureri ¢ value function> ::=
I'' Al alternatives from[|S®075-2]
| <mdtarray di nension>
| <mdtarray axis index function>
| <mdfarray lower axis limt>
| <mdiarray upper axis limt>
| <ndfarray aggregation function>

<nmd-arry dinension> ::=
MDDl MENSI ON <| eft paren> <nd-array val ue expressi on> <right/paren>

<nmd-arrfy axis index function> ::=

MDAXI B_| NDEX <l eft paren>
<md-array val ue expressi on> <conma> <nd- axi s hane>
<fight paren>

<nmd-arrfy lower axis limt> ::=
MDAXI B _LOW <l eft paren> <nd-array nd-axi s>»<right paren>

<nmd-arrfy upper axis limt> ::=
MDAXI B_HI GH <l eft paren> <nd-array nd=axi s> <right paren>

<nmd-arrfy aggregation function> : .3
<md- afray aggregati on functionname>
<|eft paren> <nmd-array value expression> <right paren>

<nd-arr
VDA
VDA
VDA

y aggregation function nane> ::=

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.

4) |InsertthisSR|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>.

5) |Insert thisSR|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-deterministic

or th

at Inncci hl\}/ modifies SQL -data_and MAFE shall not gmprnlly containac<table Ir\ri mary> that. contains

a<d

Casg:

a)

b)

d)

ata change delta table>.

P’

If <md-array aggregation function name> is one of MDSUM, MDMAX, MDMIN;"MDALL, or
MDANY, then let op be <plus sign>for MDSUM, MAX for MDMAX, MIN\or MDMIN, [AND for
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 (AVEDd) ) ]

USING AVE[ M\, ... , My ]
WHERE AVE[ M\j, ... , My ] I'S NOT NULL

If <md-array aggregation function name>isMDCQUNT _TRUE, then <md-array aggregation function>
is equivalent to:

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

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

USI NG CASE WHEN AVE[ M\;, .7 , M\y ] THEN 1 ELSE 0 END
WHERE AVE[ M\p, ... , MW IS NOT NULL

If <md-array aggregation function name>isMDCOUNT _FAL SE, then <md-array aggregatjon func-
tion> is equivalent te:

IMDCOUNT_TRUE( “AVE | S FALSE )

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

MDCOUNT_TRUE( AVE | S UNKNOWN )

f)

If <md-array aggregation function name>is MDCOUNT, then <md-array aggregation function> is
equivalent 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 ] I'S NOT NULL

Otherwise, <md-array aggregation function name> is MDAV G and <md-array aggregation function>
is equivalent to:
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CASE WHEN MDCOUNT ( AVE ) = 0 THEN NULL
ELSE MDSUM ( AVE ) / MDCOUNT ( AVE ) END

Access Rules

No additional Access Rules.

Gener

| Rules

1) |Insg

rt this GR| The result of <md-array dimension> isd.

2) |Insg

rt this GR| The result of <md-array axisindex function> isidx.

3) |Insg

rt this GR| If <md-array lower axis limit> or <md-array upper axis limit> is specified, then:

a)
b)

Confofmance Rules

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

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

Case:
1) If <md-array lower axislimit> is specified, then the result is LOpp.

2) Otherwise, theresultisHIpp.

1) |[Insg

rt this CR| Without Feature AO10, “Multidimensional array support”, conforming SQL langy

not
array

axisindex function>,

2) |Insg

rt this CR| Without Beature A010, “ Multidimensional array support”, conforming SQL langy

not

tontain <md-array/aggregation function>.

3) [Inst

rt this CR[Without Feature A011, “MD-array BOOLEAN element type”, conforming SQL

shal
MD

not contain an <md-array aggregation function name>thatisMDALL, MDANY, MDCOUNT
COUNT_TRUE, or MDCOUNT_UNKNOWN.

D-extent

lage shall

fontain <md-array dimension>, <md-array lower axislimit>, <md-array upper axis limit>, gr <md-

jage shall

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

Functi

on

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

function>

Form

<string
I

| <nd

<char ac
Il
| <nd

<md-arrf@y axis name function> ::=

MDAXI
<
<

SyntaX Rules

val ue function> ::=
Al alternatives from[|S®075-2]
array encode function>

er value function> ::=
A\l | alternatives from[I|S®A075- 2]
array axi s nane function>

5 NAME <l eft paren>
- array val ue expressi on> <comma> <nuneric val ue €Xpressi on>
i ght paren>

1) |Reflace SR 1)| The declared type of <string value function> is the declared type of the immedigtely con-

taingd <character value function>, <binary value function>, <JSON value constructor>, <JSON

or<

md-array encode function>.

2) [Reqlace SR 2)| The declared type of <character value function> is the declared type of the imm

cont

query>,

cdiately

pined <character substring function>, <regular expression substring function>, <regex subsfring

fungtion>, <fold>, <transcoding>; <character trandliteration>, <regex trandliteration>, <trim furjction>,
<character overlay function>, <normalize function>, <specific type method>, <classifier functign>, or

<md-array axis name function>
3) |Insart this SR|If <md-array axis name function> ANF is specified, then:
a) |Let MDT bethe'declared type of the <md-array value expression> immediately contained in ANF, let
MD be the maximum MD-extent of MDT, let d be the number of MD-axesin MDT, and let|MN; be
the name-ef.thei-th MD-axisin MD, 1 (one) <i < d.
b) |Let NVE be the <numeric value expression> immediately contained in ANF. The declared type of
NVEshall be an exact numeric type with scale 0 (zero).
¢) Let VL bethe implementation-defined maximum length of variable-length character strings. The
declared type of the result is variable-length character string type with maximum length equal to VL.
Access Rules

No additional 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) The result of <character value function> is the result of the immediately contained
<character substring function>, <regular expression substring function>, <regex substring function>,
<fold>, <transcoding>, <character trandliteration>, <regex trandliteration>, <trim function>, <character
overlay function>, <normalize function>, <specific type method>, <classifier function>, or <md-array

axis|

TTame furcton=:

3) |Insg

rt this GR| The result of <md-array axis name function> is determined as follows:

a)
b)

<)

d)

€)

f)

Let NV be the value of NVE.

If NV isthe null value, then the result is the null value and no further General, Rules of this S
are applied.

bubcl ause

If NV islessthan 1 (one) or greater than d, then an exception condition is raised: data excegtion —

MD-array invalid MD-axis.
Let AVE be the value of the <md-array value expression>.

If AVE isthe null value, then the result isthe null value andno further General Rules of this S
are applied.

Theresult is MNpy.

Confofmance Rules

1) [Insg

rt this CR| Without Feature A010, “ Multidimensional array support”, conforming SQL langy

not

fontain <md-array axis name function>.

2) [Inst

rt this CR| Without Feature AG10, “ Multidimensional array support”, conforming SQL langy

not

fontain a <string value function> that is an <md-array encode function>.

bubcl ause

lage shal

lage shall
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8.10 <md-array encode function>

Function

Convert an array to format-specific encoded string.

Format

<nd-arr

MDENCPDE <| ef t paren>
<md- array val ue expression> <conma> <format identifier>

[
<righ

<f or mat

<character string literal >

<md-arr @y encode returning clause> ::=
RETURNI NG <data type>

Syntax

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

2) If <nd-array encode returning clause> is not specified, then

Casg:

a)

b)

3) The
shal

4) The

Access

Nong.

v_ancode function =
Y —

<md-array encode returning clause> ]
par en>

identifier> ::=

Rules

P’

If FID is equivalent to 'application/json'ythen an implementation-defined character string ty
implicit.

Otherwise, an implementation-defined string type is implicit.

be a <predefined type> that identifies a character string data type or binary string data type
declared type of AEFIs the data type specified by DT.

Rules

a)
-

unction>

nediately

peis

<datatype> DT immediately.contained in the explicit or implicit <md-array encode returning clause>

GeneraRulss

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)

©ISO/IEC 2019 — All rights reserved
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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 ETisarow type, then let DET be the degree of ET and let FN; be the name of the
j-thfield of ET, 1 (one) < j < DET. F(A) isthe result of

JSON_ARRAY(
JSON_OBJECT( FN; : A[LQ.FN,

JSON_OBJECT( FN; : A[HI].FN,
)

B) Otherwise, F(A) isthe result of

JSON_ARRAY(Glo ..., Gy)

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

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

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

: ALLQ . FNpet )6

: A[H]. FNoew') s

b) |Otherwise, theresult of AEF isimplementation-defined. If an encoding error occurs, then an éxception

Conformance Rules

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

1) Without Feature A014, “MDA encade/decode functions mediatype: application/json”, conforming SQL

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

2) Without Feature A015, “MDA encode/decode functionswith implementation-defined behavior”, copforming
SQU language shall not eentain an <md-array encode function> that contains a <format identifigr> that is

not ¢quivalent to "application/json'.
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8.11 <valueexpression>

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

Functi

on

Specify avalue.

Form

<col | ec
11

| <nd

Syntax

ion val ue expression> ::=
All alternatives from[|SO075- 2]
array val ue expression>

Rules

1) |Rep

cont

pined <array value expression>, <multiset value expression>, or(<md-array value expressio

2) |Insg

rt after SR 7)y)| An <md-array value constructor by query>;

Access

Rules

No additional Access Rules.

Gener

Al Rules

1) |Rep

lace GR 4) \ The value of a <collection value expression> is the value of theimmediately co

<arr

Ry value expression>, <multiset Value expression>, or <md-array value expression>.

Confofmance Rules

1) |[Insg

rt this CR| Without Feature A010, “Multidimensional array support”, conforming SQL langy

not

fontain a <colleétion value expression> that immediately contains an <md-array value expre

|ace SR 5)| The declared type of a<collection value expression> isthédeclared type of thei mr]:\edi ately

>,

htained

lage shall
SS ON>.
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8.12 <md-array value expression>

Function

Specify an MD-array value.

Format

- Mvoval e avinraccl on s =
<md- arr ay P :

<ndiarray bool ean expression>
| <mdfarray nuneric expression>
| <mdiarray prinmary>

<nmd- arr fiy bool ean expression> ::=
<md{array bool ean terne
| <mdiarray bool ean expression left>
| <mdiarray bool ean expression right>
| <mdjarray bool ean expressi on bot h>

<md- arr fy bool ean expression left> ::=
<md- afray bool ean expressi on> OR <bool ean terne

<md- arr fy bool ean expression right> ::=
<bool gan val ue expressi on> OR <nd-array bool ean tern>

<md- arr fy bool ean expression both> ::=
<md- afray bool ean expressi on> OR <nd-array boplean terns

<md-arrfy boolean ternms ::=
<mdtarray bool ean factor>
| <mdiarray boolean termleft>
| <mdjarray bool ean termright>
| <mdiarray bool ean term bot h>

<md-arrfy boolean termleft> ::=
<nd- afray bool ean ternr AND.<bool ean factor>

<md-arr iy boolean termright> ::=
<bool gan tern> AND <nd-array bool ean factor>

<md- arr fy bool ean tefimboth> ::=
<nd- afray bool ean\\term> AND <nd-array bool ean factor>

<nmd- arr fy bool €an* factor> :: =
[ NOT|] <md-array bool ean test>

<md- arr ay“bool ean test> :: =

<n-d_a ravy caoanmnAari cnn Av
—ey—E- 6 pa1-S56H—expH

<md-array conparison 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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<md-array conparison expression both> ::=
<nmd-array nuneric expression> <conp op> <nd-array numeric expression>

<nd-array bool ean primry> ::=
<md-array primary>
| <parenthesized nd-array bool ean expressi on>

<par ent hesi zed nd-array bool ean expression> ::=
<l eft paren> <nmd-array bool ean expressi on> <right paren>

<nd-array nuneric expression> ::=
<nmd-array nuneric ternp

| <mdtarray nuneric expression left>
| <mdfarray nuneric expression right>
| <mdfarray nuneric expression both>

<nmd-arrf@y nuneric expression left> ::=
<ndiarray nuneric expression> <plus sign> <ternp
| <mdiarray numeric expression> <mnus sign> <ternp

<md-arrfy nuneric expression right> ::=
<nufreri c val ue expression> <plus sign> <nd-array nuneric tetn®
| <nufreric val ue expression> <m nus sign> <nd-array nuneric\bterne

<nmd-arrfy nuneric expression both> ::=
<md{array nuneric expressi on> <plus sign> <nd-array_huheric ternp
| <mdfarray nuneric expression> <ninus sign> <nd-array nuneric ternp

<md-arrfy nuneric terms ::=
<md{array nuneric factor>
| <mdfarray nuneric termleft>
| <mdfarray nuneric termright>
| <mdfarray nuneric term both>

<md-arrfy nuneric termleft> ::=
<mdfarray nuneric ternm <asterisk>-<factor>
| <mdfarray nuneric ternm> <solidus> <factor>

<nmd-arr@y nuneric termright>_.; (5
<tefne <asterisk> <nd-arfay" nunmeric factor>
| <tefm> <solidus> <nd-array nuneric factor>

<md-arrfy nuneric termboth> ::=
<ndiarray nuneri ¢ ternm> <asterisk> <md-array nuneric factor>
| <mdfarray nunerisc. ternm> <solidus> <nd-array nuneric factor>

<md- arr @y numepircs factor> ::=
[ <sign> ] . gd-array nuneric primary>

<md- arr ay{nuneric primary>
<nmd-atray prinary>

<nmd-array field reference> ::=
<md-array primary> <period> <field nane>

<nmd-array primary> ::=
<val ue expression primary>
| <md-array subset>
| <md-array val ue function>
| <md-array field reference>
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Syntax Rules

1) Thedeclared type of <md-array value expression> isthe declared type of the immediately contained <md-
array boolean expression>, <md-array numeric expression>, or <md-array primary>.

2) Thedeclared type of <md-array numeric primary> shall be an MD-array type whose element typeisa
numeric type.

3) Thedeclared type of <md-array boolean primary> shall be an MD-array type whose element typeis
Boolean.

4) Theldeclared type of <value expression primary> immediately contained in <md-array primary>
D-array type.

an

5 If<
refel

a)
b)

d-array boolean factor>, <md-array boolean test>, <md-array numeric factor>, or <md-arr
ence> is contained in an <md-array value expression> MAVE, then:

Let OP1 and OP2 be zero-length character strings.

Case:

)

i)

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

If <md-array boolean test> E is ssmply contained.in MAVE, then let AVE be the <md
comparison expression> immediately contained in E. If <truth value> TV isimmedig
tained in E, then

Case:
1) If NOT isimmediately contained in E, then let OP2 bel S NOT TV.
2) Otherwise, let OP2 bel S @v.

If <md-array numeric factér> E is ssmply contained in MAVE, then let AVE be the <1
numeric primary> immediately contained in E. If <sign> Sisimmediately contained
let OP1be S

If <md-array field reference> E is simply contained in MAVE, then let AVE be the <n
primary> immediately contained in E, let EDT be the declared element type of MDT|
FN be the<field name> immediately contained in E.

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

shall be

ay field

hd-array
h let OP1

array
tely con-

nd-array
n E, then

nd-array
and let

<)

If OP1 or OP2 is a character string of length greater than 0 (zero), then:

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

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

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

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

Let MD be the maximum MD-extent of MDT, let d be the number of MD-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) ),

i\/.Nél( MDAXI S_LON AVE, d) : MDAXIS_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)

©ISO/IEC 2019 — All rights reserved

Caser

i)

i)

If MAVE is an <md-array boolean expression> BE, and one of <md-array boolean.ex
left>, <md-array boolean expression right>, or <md-array boolean expressiomboth>
diately contained in BE, then:

1)

2)

3)

If <md-array boolean term> BE is simply contaified in MAVE, and one of <md-array
term left>, <md-array boolean term right>, or,<md-array boolean term both> isimm|
contained in BE, then:

1)

2)

3)

If <md-array comparison expression> BE is simply contained in MAVE, and one of <
comparison expression left>, <md-array comparison expression right>, or <md-array cg
expression both> isimmediately contained in BE, then:

1)

2)

Let E be the <md-array boolean expression |eft>, <md-array booléan expression
or <md-array boolean expression both> immediately containedin BE.

Let V1 be the <md-array boolean expression> or <bool ean Value expression> imi|
contained in E and let V2 be the <md-array boolean term>or <boolean term> imr
contained in E.

Let OP be OR.

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

Let V1 be the <md-array beolean term> or <boolean term> immediately contair]
and let V2 be the <md-artay boolean factor> or <boolean factor> immediately ¢
inE.

Let OP be AND.

pression
isimme-

right>,
nediately
nediately
boolean
ediately
md-array
edinE

bntained

md-array
mparison

Let E be the <md-array comparison expression left>, <md-array comparison expression

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

Let V1 bethefirst <md-array numeric expression> or <numeric value expressior
diately contained in E and let V2 be the second <md-array numeric expression> or

> imme-
Knumeric

value expression> immediately contained in E

3)

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

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 humeric expression both>isimme-
diately contained in BE, then:

1)

2)

Let E be the <md-array numeric expression left>, <md-array numeric expression right>,

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

Let V1 bethe <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 be a
<separator> between OP and FMS.

V) If <md-array numeric term> BE is simply contained in MAVE, and one of <md-array numeric
term left>, <md-array numeric term right>, or <md-array numeric term both> isimmediately
contained in BE, then:

1) Let E bethe<md-array numeric term left>, <md-array numeric term right>, orxmd-array
numeric term both> immediately contained in BE.

2) Let V1 bethe <md-array numeric term> or <term> immediately contaired in E gnd let V2
be the <md-array numeric factor> or <factor> immediately contained in E.

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

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

¢) |BE shal not generally contain a <table primary> that containsa<data change delta table>.
d) |Let T1 bethe declared type of V1 and let T2 be the declared type of V2.
e) |Case

i) If T1isan MD-array type, then let MD1 bethe maximum MD-extent of T1, let d1 bé the
number of MD-axesin MD1, let MN1; be the name of thei-th MD-axisin MD1, 1 (gne) <i <
dl. Let d bedl, let MD be MD1, letMN; be MN1;, let AVE be V1, and let EXP1 be J1[ MN1,
... MNg ].

i) Otherwise, let EXP1 be V1.
f) |Case

i) If T2 isan MD-array type, then let MD2 be the maximum MD-extent of T2, let d2 b¢ the
number of MD=axesin MD2, let MN2; be the name of thei-th MD-axisin MD2, 1 (gne) < i <
d2. Let d bed2, let MD be MD2, let MN; be MN2;, let AVE be V2, and let EXP2 be VI2[ MN1,
ey MNg M

i) Otherwise, let EXP2 be V2.

0) (If bothT1 and T2 are MD-array types, then d1 shall be equal to d2 and MNZ; shall be equivglent to
MINZ;;71 (one) i <d.

h) Thedeclared type of E is an MD-array type with maximum MD-extent MD.
i) Ifonly oneof T1 or T2 isan MD-array type, then E is equivalent to

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

i\/lN;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-
array boolean expression>, or <md-array boolean term> is simply contained in an <md-array value
expression>, then let LD be the MD-extext of V1 and let RD be the MD-extext of V2.

Casg:

a)

b)

If LD isnot equal to RD, then an exception condition israised: data exception —MD=artray
with non-matching MD-extents.

Otherwise, theresult of E is;
VDARRAY [ M\; ( MDAXI S LONAVE, 1) : MDAXIS H GH(AVE, 1) ).

My ( MDAXI S LONAVE, d) : MDAXIS_H GHAVE, & ]
ELEMENTS ( EXP1 OP EXP2 )

Conformance Rules

bperands

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

2) Without Feature A012, “MD-array truth value tests”, conforming SQL language shall not contair] an <md-

array

3) Wit
an

4) Wit
an g

boolean test> that contains a <truth value>.

out FeatureA011, “MD-array BOOLEAN element type”, conforming SQL language shall ngt contain

d-array boolean primary> that,simply contains an <md-array primary>.

md-array value expression> that simply contains an <md-array boolean expression>.

out Feature A011, “MD-array BOOLEAN element type”, conforming SQL language shall ngt contain

©ISO/IEC 2019 — All rights reserved
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8.13 <md-array value function>

Function

Specify afunction yielding avalue of an MD-array type.

Format

<nd- ar r ay—walue—functi-ona—i=
<md{array shift function>

| <mdfarray reshape function>

| <mdtarray scal e function>

| <mdfarray absol ute val ue expressi on>

| <mdfarray natural |ogarithnme

| <mdfarray common | ogarithme

| <mdfarray exponential function>

| <mdfarray square root>

I

I

I

I

I

I

<md{array floor function>
<nmdiarray ceiling function>
<md{array trigononetric function>
<md{array power function>
<nmdiarray nodul us expression>
<md{array concatenation>

<nmd-arr fy reshape function> ::=

MDRESHAPE <I eft paren>
<pd-array val ue expressi on> <comma> <ndraxi*s linmts |ist>
<right paren>

<md-arrfy shift function> ::=
MDSHI FT <l eft paren>
d- array val ue expressi on> <corfma>
<left bracket or trigraph> <nd-axis slice list> <right bracket or trigraph>
<right{ paren>

N

<nmd-arrfy scale function> ::=

SCALE| <l ef t paren>
<pd-array val ue exphressi on> <conma> <nd-axis linmits |list>
<right paren>

<md-axi$ limts lisg>":=
<left bracket~or trigraph> <nd-axis linits list positional> <right bracket or tnigraph>

| <left bracket\or trigraph> <nd-axis linmits |ist naned> <right bracket or trigrfaph>
| <mdiarray_extent>

<md-axi $ {rnmits list positional> ::=
<l eftlLhhacket or trigraph>
<nmd-axis limts positional> [ { <comma> <nd-axis limts positional>}... ]
<right bracket or trigraph>

<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 <l eft paren> <nd-array numeric expression> <conma>
<md-array nuneric expression> <right paren>

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

<md-arr @y nodul us function left> ::=
MDD <|eft paren> <nd-array numeric expression> <conma>
<pureric val ue expression> <right paren>

<md- arr fy nodul us function right> ::=
MOD <|eft paren> <nuneric val ue expressi on> <comra>
<frd-array nuneric expression> <right paren>

<md- arr @y nodul us function both> ::=
MDD <|eft paren> <nd-array nuneric expression> <copna>
<frd-array nuneric expression> <right paren>

<md- arr fy absol ute val ue expression> ::=
ABS <|eft paren> <nd-array numeric expressi on>3'<ri ght paren>

<md-arrfy natural logarithnm ::=
LN <l eft paren> <nd-array nuneric expressi on> <right paren>

<md-arrfy comon |logarithm ::=
LOGLO| <l eft paren> <nd-array nunmeric expression> <right paren>

<md- arr fy exponential function>-\r=
EXP <|eft paren> <nd-array-nuneric expression> <right paren>

<nd-arrfy square root> ::&s
SORT gl eft paren> <ng=array numeric expression> <right paren>

<md-arrfy floor function> ::=
FLOOR| <l eft parén>" <nd-array numneric expression> <right paren>

<md-arrfqy cei hkkng function> ::=
{ CElL | EELLING} <left paren> <nd-array nuneric expression> <right paren>

<md- arr qy\¥ri gononmetric function> ::=
<trigononetric function nane> <left paren> <nd-array numeric expression> <right paren>

<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 of

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

b) Forali,1(one)<i<d,let TN, be MDAXIS NAME(AVE, i), let TLO, be MDAXIS LOW
and let THI; be MDAXIS_HIGH(AVE, i).

¢) Case
)] If <md-array shift function> is specified, then
1) Case

(AVE, i),

A) If theimmediately contained <md-axis slice list> is an <md-axis dlice listh
then let e be the number of <md-axis slice named> simply contained-in'the
dlicelist named>. For i, 1 (one) <i < e, let QN; be the <md-axis name> and
the <numeric value expression> simply contained in the i-th smd-=axis slice]

) eshall be less than or equal to d.
1) Foraliandj,i*jand1(one)<i,j<e SN shall not be equivalent

1) Forali,1(one) <i< ethereshal exist jiL(0ne) <j < d, such that §
equivalent to MN;.

IV) Foralj,1(one)<j<d
Case:
1) If thereexistsi, 1 (one) <i < e, such that S\; is equivalent to MN
let § be SP;.
2) Otherwise, l&f*§ be 0 (zero).

the <md-axisdicelist positional>. e shall beequal tod. Fori, 1 (ong) <i <

be the <numeéric value expression> simply contained in the i-th <md-axis d
tional>.

2) <md-array-valuefunction> shall not generally contain a<routineinvocation> who:
routine.is an SQL-invoked routine that is possibly non-deterministic or that posg
medifies SQL -data.

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

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

amed>,

md-axis
et SP; be
named>.

OS\|J'.

Ni is

\lj, then

B) Otherwise, let e he the number of <numeric value expression>s simply confained in

e let §
ce posi-

be subj ect
ibly

ntains a

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

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

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

i) Otherwise, let ATL be theimmediately contained <md-axis limits list>.
1) Case
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unction>

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>.

1)
1)

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

Foradlj,1(one)<j<e,

MN;.

B)

C)

If an <md-axis limitslist positional> ATLP isimmediately eontained in ATL
e be the number of <md-axis limits positional> immediately contained in A
shall be equal to d.

1)

1)

Othenwise:

)

1)

1 Tharachal ovict i 1 faonay <1 < A acich that O\l 1o oruivalant 1
== FHEr e S EX TS (ORE == G Saer ot oS Sty eneto

2) If 3LOjisnot an <asterisk>, then let TLO; be SLO;.
3) If H is not an <asterisk>, then let THI; beSHIj.

Foralj,1(one)<j<e,

1) Let ABP; bethei-th <md-axis limitS)positional> immediately cd
in ATLP.

2) Let S.O; bethe <md-axislower limit expression> simply contai
ABP;.

3) Let SHI; bethe <mad-axis upper limit expression> simply contai
ABP;.

Fordli,1(ongf<i=<d,
1) If SL@yisnot an <asterisk>, then let TLO; be 9.0
2) f:&HI; isnot an <asterisk>, then let THI; be SHI;.

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

Case:

, then let

TLP. e

ntained

ned in

ned in

N\VE1 be
it e bethe

FSHAPE.

1) If <md-array reshapefunction> isspecified, then let OP be MDRH

©ISO/IEC 2019 — All rights reserved

1)

2) Otherwise, let OP be SCALE.

<md-array value function> is 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
contains a <data change deltatable>.

[NHAY Thacmd-arravvaluafunctiaons e acuivalant 1t
1} HHE-<Ht-aaty—yaraeroHeH O 15 EqtrvareHtto-

MDARRAY [ TNy ( TLO, : THI1 ), ..., TNg ( TLQy : THIG)
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, forali, 1(one) <i<d, let R be( MDAXIS HIGH (AVE,i) -
MDAXIS LOW (AVE,i)+1)/(THI=TLO; +1).
)] <md-array vaue function> shall not generally contain a <routine invpcation>

whose subject routineisan.SQL -invoked routinethat is possibly non-gletermin-
istic or that possibly modifies SQL-data.

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

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

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

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

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

a) |AVF shaltnot generally contain a <routine invocation> whose subject routine is an SQL -injoked
routinethat is possibly non-deterministic or that possibly modifies SQL-data nor a <table pfimary>
that \contains a <data change delta table>.

b) Case:

i) If AVF isan <md-array power function>, then let E be the <md-array power function left>,
<md-array power function right>, or <md-array power function both> immediately contained
in AVF. Let OP be POWER.

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.

c) LetV1bethefirst <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.

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

i) If T1isan MD-array type, then let MD1 be the maximum MD-extent of T1, let d1 be the
number of MD-axesin MD1, let MN1; be the name of thei-th MD-axisin MD1, 1 (one) <i <

dl. Letd bedl, let MD be MD1, let MN; be MN1;, let AVE be V1, and let EXP1 be V1[ MN;,

.y MNg .
i) Otherwise, let EXP1 be V1.

9)

h)

3) Let
logg
array
tion

of AVE, let EDT bethe element type of MDT, let d bethe MD-dimension of MDT, and let MN; be

of th

a)

i) If T2 isan MD-array type, then let MD2 be the maximum MD-extent of T2, let d2-b¢ the

number of MD-axesin MD2, let MN2; be the name of the i-th MD-axisin MD2, 1.(G
d2. Let d bed2, let MD be MD2, let MN; be MN2;, let AVE be V2, and let EXP2be
... MNg ].

i) Otherwise, let EXP2 be V2.

If both T1 and T2 are MD-array types, then d1 shall be equal to d2 and-MN1; shall be equiv
MN2;, 1 (one) <i <d.

The declared type of E isan 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 LOW (AVE, 1) : MDAXFS_HI GH (AVE, 1) ),

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

E be the <md-array absol ute value expression>, <md-array natural logarithm>, <md-array ¢

ne)<is
2[ MN1,

alent to

Dmmon

Fithm>, <md-array exponential function>, <md-array square root>, <md-array floor functiop>, <md-

ceiling function>, or <md-array trigonometric function> simply contained in <md-array vg
>, Let AVE be the <md-array valGeexpression> simply contained in E. Let MDT be the decl
e i-th MD-axis in the maximum MD-extent of the declared type of AVE, 1 (one) <i <d.
Let OP be
Case:
i) If Edis<md-array absolute value expression>, then ABS.

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

lue func-
ared type
the name

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

b)

©ISO/IEC 2019 — All rights reserved

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.

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

that is possibly non-deterministic or that possibly modifies SQL -data.
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<)
d)

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

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)

L et AVEL bethe<md-array value expression> immediately contained in AC, let d bethe MD-dimension

b)

<)
d)

Access

No additional Access Rules.

Gener

1) Casg

a)

of AVEL, and let MLO; and MHI; be the lower limit and upper limit, respectively, of thei:th|[MD-axis

in the maximum M D-extent of the declared type of AVEL, 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 andupper limit,

respectively, of the i-th MD-axisin the maximum MD-extent of the declared type of AVE2,|1 (one)
<i<d. dshal beegual toe.

Let DT1 be the element type AVEL and DT2 be the element type of AVER. The Syntax Ruleg of
Subclause 9.5, “ Result of datatype combinations’, in [| SO9075-2] , ar€applied with the set cqmprising
DT1and DT2 asDTSET; let DT be the RESTYPE returned from the'application of those Synfax Rules

Let AD be the MD-axisindex specified by the <md-array md-axis> immediately contained jn AC.

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 maximum,MD-extent of thefirst input MD-arrdy, except
along the AD-th MD-axis, which has alower limit.equal to MLOap, and upper limit equal tp MHI ap

+ (EHIap - ELOpp + 1).

Rules

Al Rules

P’

If <md-array concatenation> is specified, then let AV1 be the value of the first <md-array value
expression>«andlet AV2 be the value of the second <md-array value expression>.

i) |flab [east one of AV1 and AV2 isthe null value, then the result of the <md-array concatenation>
isthe null value.

i) Let N1;, LO1;, and HI1;, bethe name, lower limit, and upper limit, respectively, of theji-th MD-

58 Mult

axisin the MD-extent of AV1, 1 (one) <i < d. Let N2;j, LO2;, and HI2;, be the name, lower
limit, and upper limit, respectively, of the i-th MD-axisin the MD-extent of AV2, 1 (one) <i
<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.

idimensional Arrays (SQL/MDA) ©ISO/IEC 2019 — All rights reserved
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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 bethe MD-
extent of the value of AVET and Tl RD be the MD-exient of the value of AVEZ.

Case:

i) If LD isnot equal to RD, then an exception condition is raised: data exception — 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) : NMDAXI S_HI GH(AVE,'Y ),
ivN;j( MDAXI S_LON AVE, d) : MDAXI S_H GHCAVE, d) )
ELEMENTS OP ( EXP1, EXP2 )
Conformance Rules

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

Functi

on

Specify construction of an MD-array.

Format

<nd-arr

<md
| <nd
| <nd
| <nd
| <nd
<nd- arr
MDARR]

<nd-arr
<l eft

<nd- arr
<nd- a

<nd-arr
<val u

<nd- arr
MDARR]

<nd-arr
VDARR)
El

<nd- arr
MDDECH
<

<nd-arr
RETUR

<nd- arr
MDJO

voval e conct ruct or ——
>4 g

array val ue constructor by enuneration>
array val ue constructor by query>

array val ue constructor by iteration>
array val ue constructor by decodi ng>
array val ue constructor by join>

by val ue constructor by enuneration> ::=

\Y <nd-extent alternative> <nd-array element |ist>

hy el enent list> ::=

bracket or trigraph> <nd-array element |ist inner> sri\ght bracket or trigr
hy el enent list inner> ::=

ray elenent> [ { <comma> <nd-array elenment> }..~\

y el ement> ::=

b expressi on>

hy val ue constructor by query> ::=
\Y <nd-extent alternative> <table subguery>

hy val ue constructor by iteration3 ::=
\Y <nd-extent alternative>
LEMENTS <nd- array el enent >

hy val ue constructor by decoding> ::=
DDE <l eft paren> <string(val ue expressi on>
coma> <format identifijer> <nd-array returning clause> <right paren>

by returning clause> ::=
Nl NG <nd- array type>

by val ue constructor by join> ::=
N <l eft paren>

aph>

i el d>

<frd- array ‘val ue expression as field> <comma> <nd-array val ue expression as f
[[{ <cemm®> <nd-array val ue expression as field>}... ] <right paren>
<md- arr ay‘¥al ue expression as field> ::=
<nd- atH-ay—val-de—expression>|-AS<i-eldnare>
Syntax Rules

1) Thedeclared type of <md-array value constructor> AVC isthe declared type of theimmediately 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>.

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

60 Multidimensional Arrays (SQL/MDA)
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Let AVCE be the <md-array value constructor by enumeration>, <md-array value constructor by
query>, or <md-array value constructor by iteration>.
Let EA be the <md-extent alternative> immediately contained in AVCE.

Let MD be the maximum M D-extent specified by EA, |et 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 value constructor by enumeration>, then the Syntax Rules of Subclause 9.5, “ Result
of datatype combinations”, in [|SO9075-2], are applied with the declared types of the <md-array element>s
immediately contained in the <md-array element list inner> immediately contained in AVCE as DTSET;

let B
isar

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

a)

b)

<)
d)

5) If AYCisan <md-array value constructor. by, iteration>, then:

a)
b)

©)

6) If <md-array value constructor by decoding> ACD is specified, then:

a)
b)

T be the RESTYPE returned from the application of those Syntax Rules. The declared type pf AVCE
MD-array type with element type ET and maximum MD-extent MD.

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

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

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

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

Let ET be the declared type of the NV-th column.of QE.
The declared type of AVCE is MD-array with element type ET and maximum M D-extent MD.

Let ET be the declared type of theimmediately contained <md-array element>.
The declared type of AVCE isan M D-array type with element type ET and maximum M D-eXtent MD.

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

Let AT bethe<md-array type> simply contained in ACD. AT shall not contain <asterisk>.
Let MB-be the maximum MD-extent of AT and let ET be the element type of AT.

<)

d)

L&t’FID be the value of the <format identifier> immediately contained in ACD. FID shall be avalid
MiVE Tdentifrer asspecifred T RFC2046:
The declared type of ACD isAT.

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

a)

b)

<)

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

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

Let N be the number 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; be
the declared type of AVE;, and let MD; be the maximum MD-extent of MDT;.

iv)  Let dbethe MD-dimension of MD4 and let MNy be the name of the k-th MD-axisin MD1, 1
(one) < k = d. The MD-dimension of MDj, 2<j < N, shall be equal to d, and the name of the
k-th MD-axisIn I\/IDJ- snall be equivalent 1o MNy.

V) Let ET; be the element type of MDT;. ET; shall not be arow type or structured type.
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 LASPINDEX, i as INDIEX, and
'FIELD' asPREFIX; let FN; bethe INDEXEDNAME returnedifrom the application of those

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 (FNjy ET) pairs, 1 (one) <i < N.

€) [The declared type of MAVC isan MD-array type with element type ERT and maximum MD-extent
MD;.

Access Rules

Nong.

General Rules

1) Thelresult of <md-array value constructor> AVC is the result of the simply contained <md-array|value
congtructor by enumeration>, <md-array value constructor by query>, <md-array value construgtor by
itergtion>, <md-array-value constructor by decoding>, or <md-array value constructor by join>.

2) If <md-array valtieconstructor by enumeration>, <md-array value constructor by query>, <md-arfray value
congtructor hy-iteration> is specified, then:

a) [Let AVEE be the <md-array value constructor by enumeration>, <md-array value constructor by
guery>, <md-array value constructor by iteration>.

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-
mined as follows:

a) LetLO; and HI; be the lower and upper limits, respectively, of thei-th MD-axisin D, 1 (one) <i < d.
b) Let AE; bethevalueof HI; —LO; + 1,1 (one) <i <d.

Cc) Let AEL bethe <md-array element list inner> simply contained in AVCE.
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For each coordinate R within D:

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

structor>

i) Letjbe(Pg—LOg) +AEg X ((Pg.q—LOg1) + AEqq X ( ... + AEp X (P;—LOy)) ...)) + 1.

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

contained in AEL.

4) Theresult of <md-array value constructor by query>isan MD-array TV with MD-extent D, determined

asfollows:

a) |QEisevaluated, producing atableT.

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

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 —MpP-array
null coordinate in query constructor.

iii)  Let Rbethecoordinatedenoted by [ Py, ..., Pq]. If Risnot within D, then an exception ondition
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) <il<d. If R
isequal to the coordinate specified by any ether row in T, then an exception condition is raised:
data exception — MD-array duplicatecoordinate in query constructor.

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

5) TheJresult of <md-array value constructor by iteration>isan MD-array TV with MD-extent D, dgtermined
asfgllows.
For gach coordinate R within D:
a) [Let P; bethei-th elementef R 1 (one) <i<d.
b) [Theeement in TVatCoordinate R isthe value of the <md-array element> immediately confained in
the <md-array value constructor by iteration>, in which the value of any AV;, 1 (one) <i < d, isequal

to P;.

6) |If <md-array.value constructor by decoding> ACD is specified, then let SVE be the <string val ue exppression>
imnediately contained in ACD. Let BP be the result of JSON_QUERY (SVE, 'lax $data).
a) [I'BP isthe null value, then the value of ACD isthe null value and no further General Ruleg of this

Subclause are applied.

b) Case

©ISO/IEC 2019 — All rights reserved

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) If AyCis'an <md-array value constructor by join>, then:

a)

b)

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.

B) Otherwise:

T) Cer COand HT bethe fower and Upper Iimits of the fiTst MD-axis of I, and let
EXbeHI -LO+ 1.

1) If Jisnot an SQL/JSON array, or if the number of elements ofid is npt equal
to EX, then an exception condition is raised: data exception-—MD-drray
decoding error.

1) Case:

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

2) Otherwise, let ND be the M D-extent/obtained by removing the f{rst MD-
axisfrom D.

V)  Let Jg bethe k-th element of J@nd let Gy be F(Jy, ND), 1 (one) < k §EX.
V)  Theresult of F(J, D) is Gy, Gy.

2) The General Rules of Subclause-9:86, “Parsing JSON text”, in [ISO9075-2], arq 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 exception condition, then the exception condition ST is raised.
4) Let ELEMENTSDe the result of F(SJI, MD).
5) Theresultiof ACD is:

MDARRAY MD [ ELEMENTS ]

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

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

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

The value of AVC isthe value 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 mediatype: application/json”, conforming SQL
language shall not contain <md-array value constructor by decoding>.

4)  Without Feature A015, “MDA encode/decode functionswith implementati on-defined behavior”, eopforming
SQUY language shall not contain an <md-array value constructor by decoding> that containsa<fprmat
identifier> that is not equivalent to ‘application/json'’.
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Function

Returns an element of an MD-array.

Format
<nmd- ar r ay—el-erBat—-ef-erence——=
<md-afray val ue expression> <l eft bracket or trigraph> <nmd-axis slice |ist> <right|bracket
or tr{graph>
<md-axi § slice list> ::=
<md{axi s slice |ist named>
| <mdiaxis slice list positional>
<nmd-axi § slice list named> ::=
<nmd-axi s slice named> [ { <comma> <nd-axis slice named> }... ]
<nmd-axi § slice list positional> ::=
<nmd-axis slice positional > [ { <comma> <nd-axis slice positional>}... ]
Syntax Rules
1) Let ASbethe <md-array element reference>, let AVE bethe <md-array value expression> immediately
contgined 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 EDTbe the element type of MDT.
3) The[Syntax Rulesof Subclause 11.16, “ Canenicalize MD-array element reference”, are applied with MDT
DARRAY TYPE and ASL as MDAXISSETCE LIST; let CASL bethe CANONICAL SLICE COORDINATE

4)

The

Access

G

1
2)

3)
4)
5)

6)

66

Nong.

ener

Let

as
retll\ﬂned from the application of those'Syntax Rules.

declared type of ASiSEDT.

Rules

a)
-

Al Rulés

\/bethe value of AVE.

If AV isthenull value, then the result of ASisthe null value and no further General Rules of this Subclause
are applied.

Let D be the 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.

Let Pj, 1 (one) <i < d, bethe value 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.

Let SP be the coordinate denoted by [ P4, ..., Pq].

The

Multidimensional Arrays (SQL/MDA)

result 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>.

©ISO/IEC 2019 — All rights reserved Scalar expressions 67


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

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

(Blank page)

68 Multidimensional Arrays (SQL/MDA)

©ISO/IEC 2019 — All rights reserved


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

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

9 Query expressions

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

9.1

<

This Sub

Functi

Referend

Forma

<t abl e

I
<md

ctablereference>

Clause modifies Subclause 7.6, “ <table reference>" , in [1S09075-2] .

Oon

e atable.

t

Dri mary> :: =
A\l | alternatives from [l SCA075- 2]
array extent function> <correlation or recognition>

<md-arrfy extent function> ::=

<nd-

<md
<md

arr

MDEXT

array extent>
array nmax extent>

hy extent> ::=
ENT <l eft paren> <nd-array value expression> <right paren>

<nmd-arrfy max extent> ::=
MDEXT

Syntax

1)

©ISO/IEC 2019 — All rights reserved

ENT_MAX <l eft paren> <nde=array val ue expression> <right paren>

Rules

|Insq

it before SR 7)1 TP simply contains <md-array extent function> MEF, then:

a)
b)

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

name> CN and a<parenthesized derived column list> DCLP. DCLP shall contain exactly four
name>s, none of which are equivalent to any of the others.

<)

d)

€)

A <correlation or recognition> immediately contained in TP shall immediately contain a<correlation

<column

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

of AVE, let EDT be the element type of MDT, and let d be the MD-dimension of MDT.
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 i

mit and

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

MEF is equivalent to:

(_SFIECT *

FROM UNNEST ( ARRAY [ ROW (1, MN;, M.O;, M q),

ROW (d, Mg, MGy Mg 1)
AS ON DOLP )

2) |Red

lace the lead text of SR 7)|1f TP simply contains a <collection derived table>'CBT and no <(

valu

P expression> immediately contained in CDT is an <md-array value expression>, then:

3) |Insg

rt before SR 8)|1f TP simply contains a<collection derived table> CDT arnd CDT immediately

a<c

€)

f)
9)
h)

pllection value expression> CVE that is an <md-array value expression>, then:
CDT shall not immediately contain any other <collection value expression>s.
Let MDT be the declared type of CVE, and let ET be the element type of MDT.

Let MD be the maximum MD-extent of MDT, let dbethe number of MD-axesin MD, and
be the name of the i-th MD-axisin MD, 1 (one) <i.< d.

Case:

i) If ET1 isarow type, then let DET be the degree of ETj.

i) Otherwise, let DET be 1 (one).

Case:

)] If WITH ORDINALJTY is specified, then let NORD be 1 (one).
i) Otherwise, let NORD be 0 (zero).

Let TPTC be thetable specified by CDT.

The degree of. TPTC isNORD + d + DET.

Let ORD-and EN be implementation-dependent <column name>s that are not equivalent to
(one) £j < d, or any <identifier> contained in TP.

ollection

contains

et MN;

MN;, 1

)
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i) If WITH ORDINALITY isspecified, then the name of thefirst columnis ORD and the
typeis exact numeric with scale O (zero).

declared

i) The name of the j-th column, NORD + 1 (one) < j < NORD + d, is MNj_yorp and the declared

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) 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>,
<lateral derived table>, <data change delta table>, <collection derived table> that immediately contains a
<collection value expression> that isan <md-array value expression>, or <only spec> immediately contained
in TP isthe row pattern input table of RPRC.

Access Rules

No additional Access Rules.

General Rules

1) |[Insgrt before GR 7)|If a<table primary> TP immediately contains.<collection derived table> DT that
immniediately contains a single <collection value expression> CVE \that is an MD-array, then let AVE be
the Yalue of CVE. Let D be the MD-extent of AVE. The result of\TP is atable value of cardinality equal
to the cardinality of D, the rows of which are set as follows:

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

b) |For each coordinate R within D:
i) Let E be the element of AVE at.€oordinate R.
i) Let P; bethei-th element of,R.

iii)  Let IND be the vaue of

( Pg - LQy ) % AEg
X (( ProaSyLlQy.1 ) + ABg2
x (..., ~*+AE

X (PO ) ) ... ) +1
iv)  Thevauesin each column of the IND-th row are determined as follows:
1) If WITH ORDINALITY isspecified, then the value in the first column is IND.

2\ Thaoavaliainthet th colbimn NORPD L 1 <1 < NORND L 4
T e T A" — — A}

1 1
= TICVvVaroacTTT ot OOy, TNOTNo = TN 3

TN »)
LE=2 )

I .
3) Case

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 <query specification>

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

Function

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

Form

No addi {ional Formmt itens.

SyntaX Rules

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

Access Rules

No gdditional Access Rules.

General Rules

No gdditional General Rules.

Conformance Rules

No gdditional Conformance Rules.
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10 Predicates

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

10.1 <distinct predicate>

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

Functipn

Specify atest of whether two row values are distinct.

Format

No addi {ional Format itens.

Syntax Rules

No gdditional Syntax Rules.

Accesg Rules

No additional Access Rules.

General Rules

1) |Insgrt after GR 1)c)v)|1HV1 and V2 are values of an MD-array type, then

Cast:
a) |If V1andV2 do not have interval-equal MD-extents, then the result is True.

b) [If VL 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 element at coordinate P in V2, then theresultis True.

¢) Otherwise, theresultis False.

Conformance Rules

No additional Conformance Rules.
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11 Additional common rules

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

11.1 Retrieval assignment
Subclguse Signature
“Retrigval assignnent” [Genera Rules (
Par arret er:  “ TARGET",
Par arret er :  “ VALUE"
)
This Subflause modifies Subclause 9.1, “ Retrieval assignment” , in [1S09075-2].
Functipn
Specify nulesfor assignmentsto targets that do not support.null values or that support null values with(indicator
parameters (e.g., assigning SQL -data to host parameters.er-host variables).
Syntax Rules
1) |Insgrt after SR 8)b)| If TD isan MD-array type, then SD shall be an MD-array type. The MD-dimension
of TP shall be equal to the MD-dimension of SD.
Access Rules
Nong.
General Rules
1) LetT bethe TARGET and let V be the VALUE in an application of the General Rules of this Suljclause.
2) |Insgrtafter GR 7)u)| If the declared type of T isan MD-array type, then

Case:

a) IftheMD-extent M of Visstrictly 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.

b) 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.
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11.2 Storeassignment

Subclause Signature

“Store

assi gnment” [General Rules] (

Paraneter: “TARGET",
Par anet er: “VALUE’

)
This Sub

Functi

Oon

Specify nulesfor assignments where the target permits null without the use of indicatorparameters or

variables

Syntax

, such as storing SQL -data or setting the value of SQL parameters.

Rules

1) |[Inst

of T

Access

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

Rules

No additional Access Rules.

Gener

1) Let

Al Rules

I be the TARGET and let V be the VVALUE in an application of the General Rules of this Sul

2) [Inst

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

Casg:

a)

b)

p’

If the MD-extent M-0f-V is strictly within the maximum M D-extent of T, then the values of the
of V are assignedto-the elements of T at the corresponding coordinates by applying the Geng

VALUE. The MD-extent of the value of Tis M.
NOTE-5 — The maximum MD-extent L of T is unchanged.

Otherwise, an exception conditionisraised: data exception —MD-array source MD-extent n

within maximum target MD-extent.

Conformance Rules

No additional 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

Specify rules to pass a value from a host language to the SQL -server.

Syntax

No additional Syntax Rules.

Access

No additional Access Rules.

General Rules

Rules

Rules

1) |Rep

lace GR 5)a)ii)| Otherwise, Iet the value of SV be the binarylarge object string value, the large object

charpcter string value, the array value, the multiset value, £he'M D-array value, or the user-defined type

val ug corresponding to PI.

Confofmance Rules

No gdditional Conformance Rules.
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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

Specify rules to pass a value from the SQL-server to a host language.

Syntax

No additional Syntax Rules.

Access

No additional Access Rules.

General Rules

Rules

Rules

1) |Reflace GR 5)a)|If DT contains <locator indication>, thendet the value of Pl be the binary large object

loca

the IMD-array locator value, or the user-defined type locator value that uniquely identifies SV.

Confofmance Rules

No gdditional Conformance Rules.

or value, the character large object locator value, the@rray locator value, the multiset locatar value,
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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
<case expression>s, <collection value expression>s, or a column in the result of a<query expression>.

Syntax Rules

1) |Insgrt after SR 3)i)| If any datatypein DTSisan MD-array type, then every datatypein DTSshall be an
MDjzarray type of the same MD-dimension d and for al i, 1 (one) <i < d, the name of the i-th MP-axis of
the IMD-extent of some datatype in DTS shall be equivalent to the name of the i-tH.M D-axis of the MD-
extents of all other datatypesin DTS The data type of the result is an MD-arraytype with element data
typg ETR, where ETR isthe data type resulting from the application of this Subclause to the set of element
types of the MD-array types of DTS, and maximum MD-extent equal todheunion of the maximpm MD-

extents of the datatypesin DTS

Access Rules

No additional Access Rules.

General Rules

No additional General Rules.

Confofmance Rules

No additional Conformance Rulles;
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11.6 Type precedencelist determination

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

Functi

on

Determine the type precedence list of a given type.

Syntax

Rues

1) |Rep

lace SR 16) | If DT isacollection type, then let CTC be the kind of collection (either ARRA

MD
Let

RI Oy
RI O

RO

Access

ARRAY, or MULTISET) specified in DT.

Y,

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

Rules

No gdditional Access Rules.

Gener

Al Rules

No additional General Rules.

Confofmance Rules

No additional Conformance Rules.
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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.

Syntaf RUIES

1) [Insdrt after SR 2)u)] If DT specifies MDARRAY, then let FNSDT be “MDARRAY”.

Accesg Rules

No additional Access Rules.

General Rules

No additional General Rules.

Confofmance 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.

Syntaf RUIES

No gdditional Syntax Rules.

Accesg Rules

No additional Access Rules.

General Rules

1) \ Insgrt after GR 2)d)iii) | If V1 and V2 are MD-arrays and have equal’ M D-extents and elements in|the same
coordinate in the two MD-arrays are identical, then V1 isidentical to V2.

Conformance Rules

No gdditional Conformance Rules.
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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.

Syntaf RUIES

1) |Refdlace SR 3)| The declared type of an operand of an equality operation shall not be M brarrayiordered
or UDT-NC-ordered.

Access Rules

No additional Access Rules.

General Rules

No gdditional General Rules.

Conformance Rules

No gdditional Conformance Rules.
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This Subclause modifies Subclause 9.12, “ Grouping operations’ , in [1S09075-2] .

Functi

on

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

Syntax

Rues

1) |Rep

ords

Access

Rules

No additional Access Rules.

Gener

Al Rules

No gdditional General Rules.

Conformance Rules

No gdditional Conformance Rules.

lace SR 3) | The declared type of an operand of a grouping operation shall not be LOBordered, array-
red, multiset-ordered, MD-array-ordered, UDT-EC-ordered, or UDT-NC-ordered:
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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 involve grouping the elements of a multiset.

Syntax Rules

1) |Rejlace SR 3)| The declared element type of amultiset operand of a multiset element grotping pperation
shal| not be LOB-ordered, array-ordered, multiset-ordered, M D-array-ordered, UDT-E€-ordered] or UDT-
NC-prdered.

Access Rules

No additional Access Rules.

General Rules

No gdditional General Rules.

Confofmance Rules

No gdditional Conformance Rules.
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11.12 Ordering operations

This Subclause modifies Subclause 9.14, “ Ordering operations” , in [|SO9075-2] .

Functi

on

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

Syntax

Rues

1) |Rep

ords

Access

Rules

No additional Access Rules.

Gener

Al Rules

No gdditional General Rules.

Conformance Rules

No gdditional Conformance Rules.

lace SR 3) | The declared type of an operand of an ordering operation shall not be L OBrordergd, array-
red, multiset-ordered, MD-array-ordered, reference-ordered, UDT-EC-ordered, or/JDT-NCtordered.
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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.

Syntax

Rues

1) [Inst

rt after SR 11)b)| If PM isan MD-array type, then the maximum MD-extent of PM shall begequal to

the fnaximum M D-extent of P.

Access

No additional Access Rules.

Gener

No gdditional General Rules.

Conformance Rules

No gdditional Conformance Rules.

Rules

Al Rules
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11.14 Indexed name

Subclause Signature

“I ndexed nanme” [Syntax Rules] (
Par anet er: “LASTI NDEX",
Paraneter: *“I| NDEX",
Paraneter: “PREFI X"

) Returns: “| NDEXEDNAME”

Functipn

Specify ffules to derive a name based on the given prefix and index.

Syntax Rules
1) Let D bethe LASTINDEX, let Al be the INDEX, and let P be the PREFRIXin an application of the Syntax

Rulgs of this Subclause. The result of the application of the Syntax Rules of this Subclause is AN, which
isrgurned as INDEXEDNAME.

2) Let NZ betheresult of
FLOPR( LOGLO( D) ) — FLOOR( LOGLO( Al ) )

3) Let PADg be the zero-length string. Let PAD;, 1 (one)-< i < NZ, be the value of
PAD|.1 || "0

4) Let AN bethe value of

P ||| PAD\z || CAST( Al AS CHARACTER VARYI NG(n) )

whefe n is the implementati on-defined maximum length of a variable-length character string.

Access Rules

Nong.

Gener al Rules

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”

) Returns: “TARGET MAXI MUM MDEXTENT” and “EQUI VALENCE"

“ND- ar

)

Par an
Par an
Ret un

Functi

Convert

Syntax

1)

2)
3)

4)

5)

Let

ay subset—[Genga Rues
et er ;. “ MDARRAY VALUE",

et er: “NMDAXI S SUBSET LI ST”

ns: “SOURCE MDEXTENT”, “TARGET NMDEXTENT”, and “SLI CED MDAXES:

Oon

hn <md-array subset> to M D-extents that take into account sliced MD-axes.

Rules

MDT be the MDARRAY TYPE and let ASL be the MDAXISSUBSET LIST in an application

Synlax Rules of this Subclause. The result of the applicati@nof the Syntax Rules of this Subclau

whi(
MD]

Let
of M

of th

The
scal

Casg:

a)

th is returned as TARGET MAXIMUM MDEXTENT\and EQ, which is returned as EQUIVAL
[ shall be an MD-array type and ASL shall be an'<md-axis subset list>.

EDT be the element type of MDT, let MD he the maximum MD-extent of MDT, let d be the
D-axesin MD, and let MN;, MLO;, and MHI;, be the name, lower limit, and upper limit, res}

ei-th MD-axisin MD, 1 (one) <i < ¢k

declared type of <numeric value'expression>s simply contained in ASL shall be exact nume
b 0 (zero).

If ASL isan <md-axis'subset list positional>, then:

)] The number of <md-axis subset positional>simmediately contained in the <md-axis§
positional > ASLP shall be d.

i) ASIP shall simply contain at least one <md-axis limits positional >.

f the
isTMD,
ENCE.

number
bectively,

ric with

jubset list

i) ~Let ASP; be the i-th <md-axis subset positional> immediately contained in ASLP, 1 (ione) <i

b)

ol
= U.

iv)  Let TMD be azero-length character string, and let EQ be a character string equivalent to

[ M\y ( ASPp ),
M ( ASPg )
]
If ASL isan <md-array subset extent>, then:

)] Let AVEL be the <md-array value expression> immediately contained in ASL and let
MD-dimension of AVEL. e shall be equal to d.
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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:

)] Let ASNNUM be the number of <md-axis subset named> immediately contained in ASL.
ASNNUM shall be less than or equal to d.

6) TMI

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 cortained in
ASN;.
iii)  Foraliandj, 1(one)<i,j<ASNNUM, andi #j, M; shathnot be equivalent to M;.

iv)  Forali,1(one) <i< ASNNUM, there shall exist j, 1 (one) < j < d, such that M; is equivalent
to MN;.
]

V) Let SLICENUM be the number of <md-axissubset named> immediately contained in ASL that
are an <md-axis slice named>.

1) dshal not be equa to SLICENUM,
2) Lettbed-—SLICENUM.
3) Letibel(one).

4) Forallj, 1(one) <j =d, suchthat nok exists, 1 (one) < k< ASNNUM, where MN; is
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) jisinhcreased 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.

D and EQ are the TARGET MAXIMUM MDEXTENT and EQUIVALENCE, respectively, returned by

the §

byntax Rules of this Subclause.

Access Rules

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 isreturned as TARGET MDEXTENT, and

SLICEDAXES, which isreturned as SLICED MDAXES,
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2) Let D bethe 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.

3) Let SLICEDAXESbe an empty set.

4) 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

|
5) Fori

ist named>.

.1 (one) < i < ASNNUM:

a)
b)
<)

6) Let
slics

7) Let
8) Let
9) For

Casg:

a)

Let ASN; be the i-th <md-axis subset named> simply contained in ASL.
Let M; be the <md-axis name> simply contained in ASN;.
Let O; be the <md-interval expression> or <md-axis slice positional> simply ¢ontained in A

H_| CENUM be the number of <md-axis subset named> simply containeddn-ASL that are an
named>.

bed - SLICENUM.

be 1 (one).

pll j, 1 (one) <j <d:

If k exists, 1 (one) < k< ASNNUM, such that MN;j 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,
PHI be the <md-axts upper limit expression> immediately contained in Oy.

2) Case
A) If PLO'is <asterisk>, then let SLO; be LO;.
B)w. Otherwise, let SLO; be the value of PLO.
3~ Case:
A) If PHI is <asterisk>, then let SHI; be HI;.

;.

xmd-axis

and let

94 Mult

| " B) Otherwise let SHI bethevalue.of PHI.

4) If SLO; or Hij isthe null value, then an exception condition is raised: data exception —

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 SLO; beLO;, let SHIj be Hlj, let TN; be MN;, let TLO; be SLOj, and let THI; be SHI.

) Licincraacod hhv 1 (ana)
WLy} T TT1CT Ty (OriT)~

10) Let D be the MD-extent denoted by [ MNy ( SLOq : SHIq ), ..., MNg ( SLOq : SHIy) 1, and.Jet™TD be the
MDiextent denoted by [ TNy ( TLOq : THI1), ..., TN; (TLO; : THI¢) ].

11) SD,[ID, and SLICEDAXESarethe SOURCE MDEXTENT, TARGET MDEXTENT, and SLICED NIDAXES,
respgctively, returned by the General Rules of this Subclause.

Confofmance Rules

Nong.
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11.16 Canonicalize M D-array element reference

Subclause Signature

“Canoni

calize MD-array el enent reference” [Syntax Rules] (

Paraneter: “MDARRAY TYPE’,
Paraneter: “MDAXI S SLICE LI ST”

) Retur

ns: “CANON CAL SLI CE COORDI NATE"

Functi

Convert

Syntax

1) Let
Rulé
isre

2) MD

3) Let
of M

4) Let
esh

Casg:

a)

b)

Oon

bn M D-array element reference to a canonical coordinate.

Rules

furned as CANONICAL SLICE COORDINATE.
[ shall be an MD-array type and ASL shall be an <md-axis slicelist>.

EDT be the element type of MDT, let MD be the maximum MD-extent of MDT, let d be the
D-axesin MD, and let MN; be the name of thei-th/MbP-axisin MD, 1 (one) <i < d.

bl be equal to d.

P’

If ASL isan <md-axis dlice list positional> ASLP, then let O; be the i-th <md-axis slice posi
immediately contained in ASLPx1(one) <i<e

Otherwise, AL is an <md-axis slice list named> ASLN.

i) Let ASN; be the i-th <md-axis slice named> immediately contained in ASLN and let
<md-axis name> immediately contained in ASN;, 1 (one) <i <e.

i) Foralliandj, 1 (one) <i,j < e andi *J, M; shall not be equivalent to M;.
iii)  Forali,1(one)<i<e

1) Thereshall exist exactly onej, 1 (one) < < d, such that M is equivalent to MN;

2\ ot O br\ thacmd Avic alien nacitianal diatalhv cantainod 1 ACN

MIDT bethe MDARRAY TYPE and let ASL bethe MDAXISSLICE LIST(in an application of the Syntax
s of this Subclause. The result of the application of the Syntax Rulesof this Subclause is RET, which

number

e be the number of <md-axis slice named>s or smd-axis slice positional>s simply contained in ASL.

[tional>

M; be the

] Ham. H
(=) =Ct e S GRS STC S PO OG> HC O et O y SO et It T Yo

5) Let RET be the coordinate denoted by [ Oy, ..., Oq4].

6) RET isthe CANONICAL SLICE COORDINATE that is returned by the Syntax Rules of this Subclause.

Access Rules

None.
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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 (

)

Functipn
Specify the execution of an external function that returns an MD-array value.
Syntax Rules

Access Rules

General Rules

1)

2)

3)

4)
5)
6)
7)
8)

9)

98

Par aret er: “ MDARRAY”,
Par anet er: “EFFECTI VE SQL PARAMETER LI ST”,
Par armet er: “ PROGRAM

Non

1]

Non

14

Let AR bethe MDARRAY, let ESPL be the EFFECTIVE SQL PARAMETER LIST, and let P be the PRO-
GRAM in an application of the General Rules'of this Subclause.

Let P bethe MD-extent of AR, let ARC bethe cardinality of D, let d be the number of MD-axes|n D, and
let NJ-, LOJ-, and HIJ- be the name, lower1imit, and upper limit, respectively, of the j-th MD-axisin D, 1

(ong) <j <d.

For dll j, 1 (one) < j < d, let AEj be the value of HI; —LO; + 1 and let PAE; be the value of AE;j x|AEj1; x
.. X]AEg.

Let EN be the number-of entriesin ESPL.
Let ESP;, 1 (one)<i < EN, bethei-th parameter in ESPL.

Let FRN/bethe number of result dataitems.

Let PNiand N be the number of valuesin the static SOL argument list of P.

Depending on whether the language of P specifies ADA, C, COBOL, FORTRAN, M, PASCAL, or PLI,
let the operative data type 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 cor-
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;.
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10) Let E be O (zero).
11) If the call type dataitem has a value of —1 (negative one, indicating open call), then:

a) Fori 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
Rules.

b) [P isexecuted.

¢) |Forivarying from 1 (one) through EN, the General Rules of Subclause 9.3, “Passing @yalue from a
host language to the SQL -server”, in [I SO9075-2], are applied with the language of P as LANGUAGE,
PT; as SQL TYPE, and the value of PD; as HOST VALUE; let ESP; be the SQL VALUE returned from

the application of those General Rules.
12) Casg:

a) |If thevalue of the exception dataitem is'00000' (corresponding to thecompl etion condition Successful
completion) or thefirst 2 characters of the exception dataitem are/01" (corresponding to the cgmpl etion
condition warning with any subcondition), then set the call type-dataitem to O (zero) (indicafing fetch
call).

b) [If the exception dataitem is'02000' (corresponding to-the completion condition no data):

)] If each PD;, ((PN+FRN)+N+1) <i < ((PN+KERN)+N+FRN) (that is, the SQL indicator grguments
corresponding to the result data items), isnegative, then set AR to the null value.

i) Set the call type dataitem to 1 (one){(indicating close call).
c) |[Otherwise, set the call type dataitem t@™1 (one) (indicating close call).

13) Thejfollowing steps are applied repeatedly until the call type data item has a value other than O (zero)
(corfesponding to fetch call):

a) |Fori ranging from 1 (one) to'EN-2, the General Rules of Subclause 9.4, “ Passing a value fiom the
SQL-server to a host language”, in [1SO9075-2], are applied with the language of P as LANGUAGE,
PT; as SQL TYPE, andthe value of ESP; as SQL VALUE; let PD; be the HOST VALUE returned from

the application of those General Rules.

b) [Thevalue of\PDgyN_1 (that is, the save area dataitem) is set to the value returned in PDgpn_q by the
prior execution of P.

c) [Thevalue of PDgy (that is, the call type dataitem) is set to O (zero).

d) D e ~Avoe A
T~ TS CACTCOTCOr

e) Forivarying from 1 (one) through EN, the General Rules of Subclause 9.3, “Passing a value from a
host language to the SQL -server”, 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.
f) 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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1) Increment E by 1 (one).

2) If E> ARC, then an exception condition is raised: data exception — MD-array element
error.

3) LetRMbeE. Forj,1(one) <j < (d-1):
A) Let R bethevaueof CAST(((RM/ PAEj+1) + LOj) ASINT).
B) Let RM bethevalue of MOD(RM  PAE; +1) .
—4)—tet Rybethevalue-of-RM-
5) Let Q bethe coordinate denoted by [ Ry, ..., Ry].

6) Case

A) If each PD;, (PN+FRN)+N+1) <i < ((PN+FRN)+N+FRN) (thatis, the SQL |indicator
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 coordinate Q be the value of the result
data item.

C) Otherwise:
)] Let RDI;, 1 (one) < i < FRN, bethe value of thei-th result dataitem.

[1)  Lettheelement of AR at coordinate Q be the value of the following <fow value
expression>:

i) If the exception dataitem is02000' (corresponding to completion condition no data}, then:
1) |If thevalueof EisO (zero), then set AR to the null value.
2) Setthecall typedataitem to 1 (one) (indicating close call).

iii)  Otherwise, setthevalue of the call type dataitemto 1 (one) (indicating close call).

14) If the call type data itemhas avalue of 1 (one) (indicating close call), then P is executed with pgrameters
whose values are set as follows:

a) |Fori rangingfrom 1 (one) to EN-2, the General Rules of Subclause 9.4, “ Passing a value fiom the
SQL -sexver to a host language”, in [1SO9075-2], are applied with the language of P as LANGUAGE,
PT, a&QL TYPE, and the value of ESP; as SQL VALUE; let PD; be the HOST VALUE returhed from

théapplication of those General Rules.

b) Thevalue of PDgyn_1 (that is, the save area dataitem) is set to the value returned in PDgy_1 by the
prior execution of P.

c) Thevalueof PDgy (that is, the call type dataitem) is set to 1 (one).

d) Pisexecuted.

Conformance Rules

None.
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12 Additional common elements

This Clause modifies Clause 10, “ Additional common elements’, in [1S09075-2].

12.1 <routineinvocation>

This Subflause modifies Subclause 10.4, “ <routine invocation>" , in [1S09075-2] .

Functipn

Invoke ap SQL-invoked routine.

Format

No addi {ional Format itens.

Syntax Rules

No gdditional Syntax Rules.

Accesg Rules

No additional Access Rules.

General Rules

1) |Reflace GR8)b)i)1)A)[1f Risan array-returning external function, amultiset-returning external ffunction,
or an MD-array-returning external function with the element type being arow type, then let FR\ be the
degriee of the element type; otherwise, let FRN be 1 (one).

2) \ Refllace GR 8)b)i)1)J)| If Risan array-returning external function, a multiset-returning external ffunction,
O;'FM D-array-returning external function, then for i equal to (PN+FRN)+(N+FRN)+5, the i-thjentry in

E iSthe save area data item and for i equal to (PN+FRN)+(N+FRN)+6, the i-th entry in ESRL isthe

call vpe data item,

3) \ Replace GR 8)b)i)1)M) | If Risan array-returning external function, amultiset-returning external function,
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 typeis the result datatype 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; is the null
value, then let RDI be the null value.

7) ]Replace GR 8)i)i)3) | If Risnot anull-call function, Ris not an array-returning function, a multiset-

returning function, or an MD-array-returning external function, R specifies PARAMETER STYLE SQL,

and
item

is negative, then let RDI be the null value.

8) [Rep

fung
(PN

9) [Inst

STY

LE SQL, then let ERDI be MDAR.

Conformance Rules

No gdditional Conformance Rules.

entry (PN+1)+N+1 in ESPL (that is, SQL indicator argument N+1 corresponding to the resUit data

lace GR 8)i)i)4)A)I)\ If Risnot an array-returning external function, a multiset-returning eqternal

tion, or an MD-array-returning external function, R specifies PARAMETER STY-LE SQL, @and entry
+1)+N+1 in ESPL (that is, SQL indicator argument N+1 corresponding to theresult dataiten) is not
negative, then let ERDI be the value of the result dataitem.

it after GR 8)i)i)4)A)lI I)| If Risan MD-array-returning external function, and R specifiesPARAMETER
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12.2 <md-extent alternative>

Functi

on

Specify an MD-extent or a maximum M D-extent.

Format
<n'd_ ext ent altarnativg =
<md{ ext ent >
| <mdfarray subset extent>
<nmd-extent> ::=
<l eft|bracket or trigraph> <nd-axis |ist> <right bracket or trigraph>
<md-axi$ list> ::=
<nd- axi s>
[[{ <comma> <nd-axis>}... ]
<nmd- axi $> ::=
<nd- axi s nane>
<left paren> <nd-axis lower |imt> <colon> <nd-axis\upper limt> <right pare¢gn>
<md-axi$ lower limt> ::=
<nurefic val ue expressi on>
<nmd-axi § upper limt> ::=
<numefic val ue expressi on>

Syntax

1) The

Rules

maximum M D-extent specified by <md-extent alternative> is the maximum M D-extent sperified by

thei

mediately contained <md-extent> or <md-array subset extent>.

2) Theldeclared types of <md-axislewer limit>and <md-axis upper limit> shall be exact numeric with scale

0 (z¢ro).
3) If <imd-extent> EU is specified, then:

a) |Let d bethe number of <md-axis> simply contained in EU.

b) [The maximum number of <md-axis> is implementation-defined. d shall be less than this maximum
value,

c) |LetWN;, MLO;, and MHI;, 1 (one) < i < d, be the <md-axis name>, <md-axis lower limit>, and <md-
imiely cont'ai in m-tent>. Slis>
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.

4) If <md-array subset extent> AE is specified, then let AVE be the <md-array value expression> immediately
contained in AE and let MD be the maximum 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
<md-extent> or <md-array subset extent>.

2) If <md-extent>EU is gpmlflnd, then:

a) |Fordli,1(one)<i=<d:
i) Let A be thei-th <md-axis> ssimply contained in EU.
i) Let N; be the value of the <md-axis name> immediately contained in Ay
i) Case
1) If the value of the <md-axis lower limit> immediately contained in A; isthe null value,
then an exception condition israised: data exception &—MD-array null limit in MPD-extent.
2) Otherwise, let LO; be the value of the <md-axis lower limit> immediately contaiped in A;.
iv) Case
1) If the value of the <md-axis upper limit>immediately contained in A; is the null| value,
then an exception condition is raised:data exception —MD-array null limit in MPD-extent.
2) Otherwise, let HI; be the value ef\the <md-axis upper limit> immediately contaiped in A;.
V) If LO; is greater than HI;, then an'exception condition is raised: data exception —MID-array
lower limit greater than upper limit.
vi)  If LO; islessthan MLOyler HI; isgreater than MHI;, then an exception condition israised: data
exception — MD-array limit in MD-extent out of bounds.
b) |Let D bethe MD-extent denoted by [ Ny (LO1: HIq), ..., Ng (LOg: Hlg) ]. D isthe MD-gxtent
specified by EU.
3) If <mnd-array subset.extent> AE is specified, then let D be the MD-extent of the value of AVE. D|isthe
MDzextent specified by AE.
Conformance Rules

1) Without Feature A010, “Multidimensional array support”, conforming SQL language shall not contain an
<md-extent aternative>.
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12.3 <md-array md-axis>

Function

Specify an MD-axis as a name or index.

Format

<nd- ar r gy—AE-—ax-s=———=
<md- afray val ue expressi on> <conma> <nmd-axis identifier>

<nmd-axi § identifier> ::=
<un$i gned i nt eger>
| <mdiaxis name>

Syntax Rules

1) Let MDT bethe declared type of the <md-array value expression>, |et d.be the MD-dimension gf MDT,
and |et N;, 1 (one) < i < d, be the name of the i-th MD-axis in the maximum MD-extent of MDT]

Casg:
a) |If the<md-axisidentifier> Al immediately contained.in‘an <md-array md-axis> is an <unsigned

integer>, then the value of Al shall be greater than @.(zero), and less than or equal to d. Let AD be the
value of the <unsigned integer>.

b) |Otherwise, the immediately contained <md-axis name> shall be equivalent to N;, for some1, 1 (one)
<i<d LetAD=i1.

2) AD [sthe MD-axisindex specified by <md<array md-axis>.

Access Rules

Nong.

General Rules

Non

1]

Confovl mance Rules

1) Without Feature A010, “Multidimensional array support”, conforming SQL language shall not contain an
<md-array md-axis>.
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13 Schema definition and manipulation

This Clause modifies Clause 11, “ Schema definition and manipulation” , in [1SO9075-2] .

13.1 <column definition>

This Subflause modifies Subclause 11.4, “ <column definition>" , in [1S09075-2].

Functipn

Define ajcolumn of a base table.

Format

No addi {ional Format itens.

Syntax Rules

No gdditional Syntax Rules.

Accesg Rules

No additional Access Rules.

General Rules

No gdditional General(Rules.

Confofmance Rules

1) |Insgrt this CR| Without Feature A016, “Persistent MDA values’, conforming SQL language shdll not
contpi.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.

Form

No addi {ional Formmt itens.

SyntaX Rules

No additional Syntax Rules.

Access Rules

No gdditional Access Rules.

General Rules

No gdditional General Rules.

Conformance Rules

1) |Insgrt this CR| Without Feature A016, Persistent MDA values’, conforming SQL language shdll not
contgin 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.

Form

No addi {ional Formmt itens.

SyntaX Rules

1) |Reflacethelead text of SR 7)a)| Let PSDT bethe datatypeidentified by <predefined type> or <cpllection
type>. PDT shall not be an MD-array type.

Accesg Rules

No additional Access Rules.

General Rules

No additional General Rules.

Confofmance 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.

Form

No addi {ional Formmt itens.

SyntaX Rules

1) |Insgrt before SR 9)p)|An MD-array-returning external function is an SQL-ifwoked function that is an
external routine and that satisfies one of the following conditions:

a) |A <result cast from type> is specified that does not contain a <logator indication>, but simply contains
an <md-array type>.

b) |A <result cast from type> is not specified and <returns datatype> does not contain a<locatr indica-
tion>, but smply contains an <md-array type>.

2) \Replace SR 9)x)ii)| If Risan array-returning external-fuhction, a multiset-returning external furction, or
an M D-array-returning external function, then PARAMETER STYLE SQL shall be either specified or
implied.

3) |Redlace SR 24)d)i)1)|If Risan array-returning external function, a multiset-returning external function,
or an MD-array-returning external functiom;,with the element type being arow type, then let FRN be the
degree of the element type.

4) |Redlace SR 24)d)ii)| If Risan array-returning external function, a multiset-returning external fyinction,
or an MD-array-returning external-function, then let AREF be FRN+6; otherwise, let AREF be FRN+4.

5) |Redlace SR 24)d)iii)2)A)11)3)[1f Risan array-returning external function, a multiset-returning pxternal
fundtion, or an MD-array=returning external function, then PT is the element type of RT.

6) |Reflace the lead text.of SR 24)d)iii)8)| If Ris an array-returning external function, a multiset-returning
external function;.or an MD-array-returning external function, then:

Accessg Rutes

No addiional-Access-Rules

General Rules

No additional General Rules.

Conformance Rules

No additional Conformance Rules.

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


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

I SO/IEC 9075-15:2019(E)
14.1 <externally-invoked procedure>

14 SQL -client modules

This Clause modifies Clause 13, “ SQL-client modules’ , in [1S09075-2].

14.1 S

This Sub

Functi

Define an externally-invoked procedure.

cexter nally-invoked procedure>

clause modifies Subclause 13.3, “ <externally-invoked procedure>" , in [1S09075:2] .

Oon

Format
No addi {i onal Format itens.
Syntax Rules
1) [Redlace SR 4)a)| The declared type T identified oy, the <data type> immediately contained in <host
pargmeter datatype> shall be either binary largeobject type, character large object type, array type, multiset
typg, MD-array type, or user-defined type.
2) |Insart after SR4)a)|If Tisan MD-array. type, then the host parameter identified by <host parametgr name>
is cglled an MD-array locator parameter.
3) [Insartinto SR 10)e)|
DATA_EXCEPTI ON_MDYARRAY_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  SQLSTATE _TYPE : = "2203K";
DATA_EXCERTI'ON_NMD- ARRAY_SUBSET_NOT_W THI N_NMD- EXTENT:
constant SQLSTATE TYPE := "2203L";
DATA <EXCEPTI ON_MD- ARRAY_DUPLI CATE_COORDI NATE_| N_QUERY_CONSTRUCTOR:
constant SQLSTATE TYPE : = "2203M';
DATA_EXCEPTI ON_MD- ARRAY_NULL_COORDI NATE_| N_QUERY_CONSTRUCTOR:
constant—SGESTATETYPE——"2263N";
DATA_EXCEPTI ON_MD- ARRAY_COCRDI NATE_NOT_W THI N_SPEC! FI ED_ND- EXTENT:
constant SQLSTATE TYPE := "2203P";
DATA_EXCEPTI ON_MD- ARRAY_SRC_MD- EXTENT_NOT_STRI CTLY_W THI N_MAX_TARGET_NMD- EXTENT:
constant SQLSTATE TYPE := "2203Q';
DATA_EXCEPTI ON_ND- ARRAY_OPERANDS_W TH_NON- MATCHI NG_MD- EXTENTS:
constant SQLSTATE TYPE : = "2203R’;
DATA_EXCEPTI ON_MD- ARRAY_| NVALI D_MD- AXI S:
constant SQLSTATE TYPE := "2203T";
DATA_EXCEPTI ON_MD- ARRAY_LOWER LI M T_GREATER THAN UPPER LIM T:
constant SQLSTATE TYPE := "2203U';
DATA_EXCEPTI ON_MD- ARRAY_AXI S_NAMVE_NOT_UNI QUE_I N_MD- 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_DECCDI NG _ERRCR:
constant SQLSTATE TYPE : = "2203Y";
DATA_EXCEPTI ON_MD- ARRAY_ENCCODI NG _ERRCR:
constant SQLSTATE TYPE : = "2203Z";
DATA_EXCEPTI ON_MD- ARRAY_ELENMENT REFERENCE_NOT_W THI N_MD- EXTENT:
constant SQLSTATE TYPE : = "22040";
DATA_EXCEPTI ON_MD- ARRAY_NULL_VALUE_| N_MD- ARRAY_TARGET:
constant SQLSTATE TYPE : = "22041";

DATA_EXCEPTI ON_MD- ARRAY_SOURCE_MD- EXTENT_NOT_STRI CTLY_W THI N_TARGET_MD- EXTENT:

constant SQLSTATE_TYPE : = "22042";
ATFAEXEEPTHEN—IVEARRAY—TFARGEF—VB—B —NETF— — - - ENT:
constant SQLSTATE_TYPE : = "22043";
DATA_EXCEPTI ON_MD- ARRAY_LI M T_I N_MD_EXTENT_OUT_OF BOUNDS:
constant SQLSTATE_TYPE : = "22044";
Accesg Rules

No additional Access Rules.

General Rules

No gdditional General Rules.

Confofmance 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 thefollowmg tables Iet P be <preC|S|on> Iet Sbe <sca|e> let L be <Iength> or <Iarge object Iength> let
U bethe S 5]

precisior>, Iet Q be <|nterval quallfler> and Iet N be theimpl ementatlon defined size of astructured type ref-
erence.

Tables

Table 2, | Data type correspondences for Ada” , modifies Table 19, “ Data type correSpondences for Ada” , in
1S09075-2.

Table 2 — Data type correspondencesfor-Ada

SQL DataType Ada Data Type

MDARRAY None

Table 3, { Data type correspondences for C” , modifies-Table 20, “ Data type correspondences for C”| in
1S09075-2.

Table 3— Data’type correspondencesfor C

SQL PbataType C DataType

MDARRAY None

Table 4, | Data type correspondences for COBOL” , modifies Table 21, “ Data type correspondences for
COBOLT1, in 1S09075-2.

Table 4 — Data type cor respondences for COBOL

SQL bataType COBOL DataType

MDARRAY 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
TabIe?, ‘oata typc COrmTcSP0n iclences forPascat” y ||udiﬁcoTab=c24, “Datar typc COrmTcSP0n clencesforPascal” ,
in 1S09Q75-2.

Table 7 — Data type correspondences for Pascal

SQL PbataType Pascal Data Type

MDARRAY None

Table 8, | Data type correspondences for PL/I” , modifies Table 25, “ Data type correspondences for PL/I” , in
1S09075-2.

Table 8 — Datatype cor respondences for PL/I

SQL Dbata Type PL/I Data Type

MDARRAY None

Confofmance Rules

Nong.
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15 Data manipulation

This Clause modifies Clause 14, “ Data manipulation” , in [1SO9075-2].

15.1 <set clauselist>

A

This Subflause modifies Subclause 14.15, “ <set clause list>" , in [1S09075-2].

Functipn

Specify alist of updates.

Format

<update|target> ::=
I'' NI alternatives from [l SO075-2]
| <object col um>
<|eft bracket or trigraph> <md-axis slicedist> <right bracket or trigraph>
| <object col um>
<left bracket or trigraph> <nd-axis subset |ist> <right bracket or trigraph>

Syntax Rules

1) |[Insgrt after SR 11)a)| If the <update'target> immediately contains an <md-axis slice list> ASL, then the
declpred type MDT of the column-af-T identified by the <object column> OC shall be an MD-arfay type.

a) [The Syntax Rules of Subelause 11.16, “Canonicalize MD-array element reference’, are applied with
MDT as MDARRAY TYPE and ASL as MDAXIS SLICE LIST; let CASL be the CANONICAL SLICE
COORDINATE returned from the application of those Syntax Rules.

b) |Let EDT be the etement type of MDT.

¢) [TheSyntax{Rulesof Subclause 9.2, “ Store assignment”, in [1SO9075-2], are applied with atemporary
site whose declared type isEDT as TARGET and the <update source> of the <set clause> a3 VALUE.

2) |Insartafter SR 11)a)| If the <update target> immediately contains an<md-axis subset list> ASL,|then the

decl redtvine MBPT of the column-of T identified by the <gbiect column=> OC shall be an-MBP-a¢ ay type
g-ec-ty pe-viiH—oHhe-cortdiiR-o——aertHHea-bythe-<objlect-cotbmi -SHaH—Pe-al-Mt)-af 3

The Syntax Rules of Subclause 11.15, “MD-array subset”, are applied with MDT as MDARRAY TYPE 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.

General Rules

1) \ Insgrt before GR 2)b)| If thei-th <set clause> contains an <update target> AS that immediately fontains
an Imd-axis dice list> or <md-axis subset list>, then:

a) [Let ASL bethe <md-axis slice list> or <md-axis subset list> immediately contained in AS.

b) [If the value of Cisthe null value, then an exception condition is raised: data‘exception —MD-array
null value in MD-array target.

C) |Let AV bethevalue of C. Let SV be thei-th update value.

d) |Let D bethe MD-extent of AV, let d be the number of MD-axesin’D, and let MD be the makimum
MD-extent of AV.

e) |Case
i) If ASL isan <md-axis dicelist>, 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.
i) Otherwise:

1) The Genera Rulesof Subclause 11.15, “MD-array subset”, are applied with AV|as
MDARRAY VALUE and ASL as MDAXIS SUBSET LIST; let SD be the SOURCE|MDEX-
TENT, let TD bethe TARGET MDEXTENT, and let SLICEDAXESbethe S_.ICED MDAXES
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 excgption —
MD-array source MD-extent not strictly within target MD-extent.

f) If SDisnot strictly within MD, then an exception condition is raised: data exception —MD-array
target MD-extent not strictly within maximum MD-extent.

g) Let UD bethe unionof D and SD.

h) AVisreplaced 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 isfthe value
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 AL isan <md-axis dlice list>/ then let V be SV.
I Otherwise, let V be the element of SV at coordinate Q.
B) The General Rulesof Subglatise 9.2, “ Store assignment”, in [1SO9075-2], ane applied

with the element of A at coordinate R as TARGET and V as VALUE.
Confofmance Rules

1) Without Feature A010, “Multidimensional array support”, conforming SQL language shall not cpntain an
<upflate 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].

16.1 |

This Sub

Functi

Specify the identifiers, datatypes, and codes used in SQL item descriptor areas.

Syntax

Description of SQL descriptor areas

clause modifies Subclause 20.1, “ Description of SQL descriptor areas’, in [1S09075+2] .

Oon

Rules

1) |[Insg

SIO

subgrdinate descriptor areas of IDA, and those SQL item/déscriptor areas are valid.

N isavalid value for the MD-dimension of an MD-array; there are exactly d + 1 (one) imm

rt after SR 6)p) \ TYPE indicates MDARRAY or MDARRAY LOCATOR, thevalued of M [1[()1' MEN-

pdiately

2) \ Insart after SR 7)u) | TYPE indicates MDARRAY orMDARRAY LOCATOR, and T isan MD-grray type
with MD-dimension d, where d is the value of MDDIMENSION, and the data type of the element type of
T matches the data type specified by the e-th immediately subordinate descriptor area of IDA, where e =
d + 1 (one). The name, lower limit and uppertimit of thei-th MD-axis match the value of NAME,
MDAXIS LOW, and MDAXIS HIGH specified by thei-th immediately subordinate descriptor|area of
IDA

3) [Insartintable SR 8)|

Table 9 — Data types of <key word>sused in SQL item descriptor areas

<kgy word> Data Type
MDODIMENSION exact numeric with scale 0 (zero)
MDAXI Ss=0OW exact numeric with scale 0 (zero)
MDAXIS HIGH exact numeric with scale O (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

ConfOIlmance Rules

No gdditional 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.

Form

<descri ptor item nane> ::=
I Al alternatives from[|S®075-2]
| MDD| MENSI ON
| MDAKI S_LOW
| MDAKI S HI GH

SyntaX Rules

No additional Syntax Rules.

Access Rules

No gdditional Access Rules.

General Rules

No gdditional General Rules.

Conformance Rules

No gdditional 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
statement or about the columns of the result set associated with a cursor.

Format

No addi{ional Format itens.

Syntax Rules

No gdditional Syntax Rules.

Accesg Rules

No additional Access Rules.

General Rules

1) \Insert after GR 7)d)xi)| If TYPEindicatesMDARRAY , then MDDIMENSION isset to theMD-djmension
d of the MD-array A.

2) |Insgrt after GR 7)d)xi)| If WITH NESTING is specified, then

a) |Let D bethe MD-extent of A, let.@’be the number of MD-axesin D, and let N;, LO;, and HIj, be the
name, lower limit, and upperdimit, respectively, of thei-th MD-axisin D, 1 (one) <i < d.

b) |Foralli, 1(one) <i<d, inthei-thimmediately subordinate descriptor area, NAME is set tp N;,
MDAXIS LOW issetto LO; and MDAXIS HIGH is set to HI;.

¢) |[The(d+ 1)-th imrediately subordinate descriptor areais set to describe the el ement type of A.

Conformance Rules

No afdditional Conformance Rules.
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17 Embedded SQL

This Clause modifies Clause 21, “ Embedded SQL” , in [1S09075-2].

17.1 <embedded SQL Ada program>

This Subflause modifies Subclause 21.3, “ <embedded SQL Ada program>", in [1S09075-2] .

Functipn

Specify an <embedded SQL Ada program>.

Format

<Ada defived type specification> ::=
I'' NI alternatives from [l SO075-2]
| <Ad@ nd-array |ocator variabl e>

<Ada ndfarray |ocator variable> ::=
SQ TYPE IS <nd-array type> AS LOCATOR

SyntaX Rules

1) |Insgrt after SR 4)c)xi)| If ATSimmediately contains an <Ada md-array locator variable> AMDL)V, then
the €host parameter datatype> of HV isAT ASLOCATOR, where AT isthe <md-array type> immediately
contgined in AMDLYV.

2) |Insgrt after SR 5)I)| The syntax

SQL|TYPE | S <nmd- array type> AS LOCATOR
shal| be replacedhy

IntgrfacessSQ. | NT

iable> is
associated

MD- array typeofthe host varlable 7

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>.

Form

<C deriyed variable> ::=
I'' Al alternatives from[|S®075-2]
| <C pd-array |ocator variabl e>

afray locator variable> ::=

TYPE IS <nd-array type> AS LOCATOR

<€ host identifier>[ <Cinitial value> ]
[[{ <conma> <C host identifier> [
<Cinitial value>] }... ]

Syntax Rules

1) |[Insgrt after SR 4)c)vii)| If CVSsimply contains a <C md<array locator variable> CMDLYV, then the <host
pargmeter datatype> of HV isAT ASLOCATOR, whexe AT isthe <md-array type> immediately ¢ontained
in CMDLV.

2) |Insart after SR 5)0)| The syntax

SQ|TYPE IS <nd-array type> AS LOCATOR
shal| be replaced by

unsilgned | ong

inany <C md-array locator variable>. The host variable defined by <C md-array locator variablex iscalled
an MD-array locator variable. The data type identified by <md-array type> is called the associgted MD-
array type of the host.\ariable.

Access Rules

No additional Access Rules.

General 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 <C md-array locator variable>.
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17.3 <embedded SQL COBOL program>

This Subclause modifies Subclause 21.5, “ <embedded SQL COBOL program>", in [1S09075-2].

Functi

on

Specify an <embedded SQL COBOL program>.

Form

<COBOL
I

| <co

<COBOL
[ USA

Syntax

Heri ved type specification> ::=
Al alternatives from[|S®075-2]
BOL nd-array | ocator variabl e>

d-array | ocator variable> ::=
GE [ IS] ] SQL TYPE IS <nd-array type> AS LOCATOR

Rules

1) [Insg

rt after SR 4)d)x)| If CTSimmediately contains a<COBOL md-=array locator variable> CML

thes
cont

rhost parameter datatype> of HV isAT ASLOCATOR, where AT isthe <md-array type> imij
pined in CMDLV.

2) |Insg

rt after SR 5)m)| The syntax

SQ
shal

PIC

TYPE | S <nd-array type> AS LOCATOR

be replaced by

S9(9) USAGE IS Bl NARY

in
vari
the

Access

No additional Aceess Rules.

Gener

No

Aditi Aol [l »!

y <COBOL md-array locator. varrable>. The host variable defined by <COBOL md-array I
le> iscaled an MD-array locator variable. The data type identified by <md-array type> i
ciated MD-array type of ‘the host variable.

Rules

Al Rules

DLV, then
nediately

hcator
5 called

1 Py
\Ui'Co.

L ana a
GartonarOoCricra

Confor mance Rules

1) |Insert this CR|Without Feature A010, “Multidimensional array support”, conforming SQL language shall
not contain an <COBOL md-array locator variable>.
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<embedded SQL Fortran program>

This Subclause modifies Subclause 21.6, “ <embedded SQL Fortran program>" , in [1S09075-2].

Function

Specify

an <embedded SQL Fortran program>.

Form

<Fortrap derived type specification> ::=

I
| <Fo

Al alternatives from[|S®075-2]
tran nd-array | ocator variabl e>

<Fortrap nd-array |ocator variable> ::=
SQL TYPE IS <nd-array type> AS LOCATOR

Syntax Rules

1) [Insg

thes

contgined in FMDLV.

2) |Insart after SR 6)I)| The syntax

SQ
shal

TYPE | S <nd-array type> AS LOCATOR

be replaced by

| NTEGER

inarly <Fortran md-array locator varjable>. The host variable defined by <Fortran md-array locator

iscq

MD

array type of the host variable.

Access Rules

No additional Aceess Rules.

Gener

No

Al Rules

Aditi Aol [l »!

1 Py
\Ui'Co.

rt after SR 5)g)xi)| If FTSimmediately contains a <Fortranmd-=array locator variable> FMDLV, then
‘host parameter datatype> of HV is AT ASLOCATOR, where AT isthe <md-array type> immediately

Vari able>

led an MD-array locator variable. The datatypeidentified by <md-array type>iscalled the associated

L ana a
GartonarOoCricra

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>.

Form

<MUMPS
I

| <M

<MUMPS
SQL T

Syntax

Heri ved type specification> ::=
Al alternatives from[|S®075-2]
MPS nd-array | ocator variabl e>

d-array | ocator variable> ::=
YPE | S <nd-array type> AS LOCATCOR

Rules

1) [Insg

rt after SR 4)c)v) | If MVD immediately contains a<MUMPRS'md-array locator variable> M

then
of H
HV

Access

No additional Access Rules.

Gener

No gdditional General Rules.

Conformance Rules

V is AT ASLOCATOR. The datatype identified by AT-iscalled the associated MD-array tyf
s called an MD-array locator variable.

Rules

Al Rules

1) |[Inst

rt this CR| Without Feature A010, “Multidimensional array support”, conforming SQL langy

not

contain an <MUMPS md-array locator variable>.

MDLV,

let AT be the <md-array type> immediately contained in MMDLYV. The <host parameter data type>

pe of HV.

lage shall

128 Mul

tidimensional Arrays (SQL/MDA) ©ISO/IEC 2019 — All righ

ts reserved


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

	Contents
	Tables
	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	3.1 Definitions
	3.1.1 Definitions provided in this document


	4 Concepts
	4.1 SQL data types
	4.1.1 SQL data types
	4.1.1.1 Collection types


	4.2 SQL-schema objects
	4.2.1 User-defined types
	4.2.1.1 Distinct types



	5 The parts of ISO/IEC 9075
	5.1 Overview
	5.2 ISO/IEC 9075-15: MultiDimensional Arrays (SQL/MDA)

	6 Concepts
	6.1 Data types
	6.1.1 General introduction to data types
	6.1.2 Data type terminology

	6.2 Numbers
	6.2.1 Operations involving numbers

	6.3 User-defined types
	6.3.1 Distinct types

	6.4 Collection types
	6.4.1 Introduction to collection types
	6.4.2 MD-arrays
	6.4.3 Collection comparison and assignment
	6.4.4 Operations involving MD-arrays
	6.4.4.1 Operators that operate on MD-array values and return MD-array values
	6.4.4.2 Operators that operate on MD-array values and return tables
	6.4.4.3 Operators that operate on MD-array values and return numbers
	6.4.4.4 Operators that operate on MD-array values and return character strings
	6.4.4.5 Operators that operate on MD-array values and return numbers or Boolean values
	6.4.4.6 Operators that operate on MD-array values and return character or binary strings
	6.4.4.7 Operators that construct new MD-array values
	6.4.4.8 Operators that operate on MD-array values and return MD-array elements

	6.4.5 MD-axis variables


	7 Lexical elements
	7.1 <token> and <separator>
	7.2 Names and identifiers

	8 Scalar expressions
	8.1 <data type>
	8.2 <value expression primary>
	8.3 <md-array subset>
	8.4 <identifier chain>
	8.5 <md-array aggregation expression>
	8.6 <case expression>
	8.7 <cast specification>
	8.8 <numeric value function>
	8.9 <string value function>
	8.10 <md-array encode function>
	8.11 <value expression>
	8.12 <md-array value expression>
	8.13 <md-array value function>
	8.14 <md-array value constructor>
	8.15 <md-array element reference>

	9 Query expressions
	9.1 <table reference>
	9.2 <query specification>

	10 Predicates
	10.1 <distinct predicate>

	11 Additional common rules
	11.1 Retrieval assignment
	11.2 Store assignment
	11.3 Passing a value from a host language to the SQL-server
	11.4 Passing a value from the SQL-server to a host language
	11.5 Result of data type combinations
	11.6 Type precedence list determination
	11.7 Type name determination
	11.8 Determination of identical values
	11.9 Equality operations
	11.10 Grouping operations
	11.11 Multiset element grouping operations
	11.12 Ordering operations
	11.13 Data type identity
	11.14 Indexed name
	11.15 MD-array subset
	11.16 Canonicalize MD-array element reference
	11.17 Execution of MD-array-returning functions

	12 Additional common elements
	12.1 <routine invocation>
	12.2 <md-extent alternative>
	12.3 <md-array md-axis>

	13 Schema definition and manipulation
	13.1 <column definition>
	13.2 <view definition>
	13.3 <user-defined type definition>
	13.4 <SQL-invoked routine>

	14 SQL-client modules
	14.1 <externally-invoked procedure>
	14.2 Data type correspondences

	15 Data manipulation
	15.1 <set clause list>

	16 Dynamic SQL
	16.1 Description of SQL descriptor areas
	16.2 <get descriptor statement>
	16.3 <describe statement>

	17 Embedded SQL
	17.1 <embedded SQL Ada program>
	17.2 <embedded SQL C program>
	17.3 <embedded SQL COBOL program>
	17.4 <embedded SQL Fortran program>
	17.5 <embedded SQL MUMPS program>
	17.6 <embedded SQL PL/I program>

	18 Call-Level Interface specifications
	18.1 SQL/CLI data type correspondences

	19 Information Schema
	19.1 ELEMENT_TYPES view
	19.2 MD_EXTENTS view

	20 Definition Schema
	20.1 DATA_TYPE_DESCRIPTOR base table
	20.2 ELEMENT_TYPES base table
	20.3 MD_EXTENTS base table
	20.4 SQL_CONFORMANCE base table

	21 Status codes
	21.1 SQLSTATE

	22 Conformance
	22.1 Claims of conformance to SQL/MDA
	22.2 Implied feature relationships of SQL/MDA

	A SQL Conformance Summary
	B Implementation-defined elements
	C Implementation-dependent elements
	D Incompatibilities with ISO/IEC 9075:2011
	E SQL feature taxonomy



