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ISO/IEC 9075-15:

Foreword

2023(E)

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Com-
mission) form the specialized system for worldwide standardization. National bodies that are members
of ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, govern-
mental and non-governmental, in liaison with ISO and IEC, also take part in the work.

The progeduresused todevetop thisdocumernt and those imtended forits further naimtenarng

scribed i
ferent ty
rules of t
docs).

h the [SO/IEC Directives, Part 1. In particular, the different approval criteria needed f¢
bes of document should be noted. This document was drafted in accordance withthe
he [SO/IEC Directives, Part 2 (see www.iso.org/directives or www.iec.ch/menibers exy

e are de-
r the dif-
editorial
erts/ref-

ISO and IEC draw attention to the possibility that the implementation of thisde¢ument may in
use of (a] patent(s). ISO and IEC take no position concerning the evidence, validity or applicabil
claimed patent rights in respect thereof. As of the date of publication of this document, ISO and

notrecei
menters

ved notice of (a) patent(s) which may be required to implemefit'this document. Howev
are cautioned that this may not represent the latest inforimation, which may be obtai

the paterjt database available at www.iso.org/patents and https: £/patents.iec.ch. ISO and IEC sh
held resgonsible for identifying any or all such patent rights.

Any trad

e name used in this document is information.given for the convenience of users and

constitute an endorsement.

For an egplanation of the voluntary nature of standards, the meaning of ISO specific terms an
sions related to conformity assessment, as well'as information about ISO's adherence to the Wo
Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso.org
word.html. In the IEC, see www.iec.ch/ufiderstanding-standards.

volve the
ity of any
IEC have
er, imple-
ned from
all not be

does not

1 expres-
Fld Trade
iso/fore-

This docyiment was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technol
committe¢e SC 32, Data management and interchange.

This secqnd edition cancels and replaces the first edition (ISO/IEC 9075-15:2019), which has b
nically rgvised. It also incorporates the Technical Corrigendum ISO/IEC 9075-15:2019/Cor.1:2

The mair changes-ate as follows:

— imprjovethe presentation and accuracy of the summaries of implementation-defined and in

tatio|

gy, Sub-

een tech-
D22.

hplemen-

n-dependent aspects of this document;

— introduction of several digital artifacts;

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

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

— IS0/
— IS0/

— 150/

© I1SO/IEC

IEC 9075-1, sixth edition;
IEC 9075-2, sixth edition;

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

— ISO/IEC 9075-9, fifth edition;

— ISO/IEC 9075-10, fifth edition;

— ISO/IEC 9075-11, fifth edition;

— ISO/IEC 9075-13, fifth edition;

— ISO/IEC 9075-14, sixth edition;

— IS0/
Alist of 4

Any feed
completd
committq

[EC 9075-16, first edition.
1l parts in the ISO/IEC 9075 series can be found on the ISO and IEC websites.
back or questions on this document should be directed to the user’s national standards body. A

listing of these bodies can be found at www.iso.org/members.html-and www.iec.ch /national-
bes.

viii
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Introduction

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

The organization of this document is as follows:

1)
2)

3)
4)
5)

6)

7)

8)

9)

10)

11)

12)

13)
14)
15)

16)

17)

18)

19)

20)

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

Clduse 2, “Normative references”, identifies additional standards that, through reference in this
dofument, constitute provisions of this document.

Clquse 3, “Terms and definitions”, defines the notations and conventions used in‘this’”document.
Clguse 4, “Concepts”, presents concepts used in the definition of multidimensional arrays

Clquse 5, “Lexical elements”, defines a number of lexical elements used in'the definition offmultidi-
mgnsional arrays.

Clquse 6, “Scalar expressions”, defines a number of scalar expressions used in the definitipn of
myltidimensional arrays.

Clguse 7, “Query expressions”, defines the elements of the language that produce rows and tables
of flata as used in multidimensional arrays.

Clquse 8, “Predicates”, defines the predicates used ify'the definition of multidimensional afrays.

Clguse 9, “Additional common rules”, specifies therules for assignments that retrieve mulfidimen-
sional array data from or store multidimensional array data into SQL-data, and formation frules for
seff operations.

—

Clquse 10, “Additional common element§”; defines additional common elements used in the definition
of multidimensional arrays.

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

Clduse 12, “SQL-client modules”, defines SQL-client modules and externally-invoked procg¢dures in
thg context of multiditnensional arrays.

Clguse 13, “Dataymanipulation”, defines the data manipulation statements.

C

—

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

Clduse A5, “Dynamic SQL’, defines the facilities for executing SQL-statements dynamically|in the
comntextof multidimensional arrays.

Clause 16, “Embedded SQL’, defines the host language embeddings in the context of multidimensional
arrays.

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

Clause 18, “Information Schema”, defines the Information and Definition Schema objects associated
with multidimensional arrays.

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

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

© ISO/IEC 2023 - All rights reserved ix
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21) Clause 21, “Conformance”, defines the criteria for conformance to this document.

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

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

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

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

26) Anpnex E, “Deprecated features”, is an informative Annex. It lists features that the responsible
Te¢hnical Committee intends not to include in a future edition of this dactument.

27) Anpex E “Incompatibilities with ISO/IEC 9075:2016”, is an informative Annex. It lists incgmpatib-
ilities with the previous version of this document.

28) Anpnex G, “Defect Reports not addressed in this edition of this.\decument”, is an informative Annex.
It describes the Defect Reports that were known at the time of publication of this document. Each
of these problems is a problem carried forward from the previous edition of the ISO/IEC 9075
seffies. No new problems have been created in the drafting of this edition of this documej;.
clauses

In the text of this document, in Clause 5, “Lexical elements”, through Clause 21, “Conformance”, S
begin ngw pages. Any resulting blank space is not significant.

X © ISO/IEC 2023 - All rights reserved
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Information technology — Database language SQL —

Part 15:
Multidimensional arrays (SQL/MDA)

1 Scppe

This doqument defines ways in which Database Language SQL can be used in conjunction with multidi-
mensional arrays.
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2 Normative references

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

ISO I“f‘ oo 4 ) Y e i L L D crderorle 1 COL D VR | I L
LU JU 707 L, ITHUTTTTULIUTE LCLITNIUTUY Y — DUtUiusc turigyuuycs — oYL — rurt L. I'rTuriric wurn

(SOL/fFramework)

ISO/IEC 9075-2, Information technology — Database languages — SQL — Part 2: Founddtion
(SQL/Foundation)

ISO/IEC 9075-3, Information technology — Database languages — SQL — Part 3 Call-Level Interface
(SQL/CLI)

ISO/IEC 9075-11, Information technology — Database languages — SQL'=* Part 11: Informatiion and
Definition Schemas (SQL/Schemata)

Internjet Engineering Task Force (IETF) RFC 2046 Multipurposenternet Mail Extensions (MIME), Part
Two: Media Types. Edited by: Freed, N. November 1996
Availgble at: htt ps://tool s.ietf.org/htm /rfc2046

Internjet Engineering Task Force (IETF) RFC 8259 The JavaScript Object Notation (JSON) Data Intgrchange
Formgqt. Edited by: Miller, Matthew December 2018
Availgble at: ht t ps: // dat at racker . i et f. org/ doc/rfc8259/

2 © ISO/IEC 2023 - All rights reserved


https://tools.ietf.org/html/rfc2046
https://datatracker.ietf.org/doc/rfc8259/
https://iecnorm.com/api/?name=0b800f815ab0fe611416e4566ef50546

ISO/IEC9075-15

3 Terms and definitions

:2023(E)

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IS(
— IE

3.1
coordi
non-em

3.2
maximu
<ofan M

Online browsing platform: available at ht t ps: / / ww. i so. or g/ obp

[ Electropedia: available at ht t ps: / / www. el ect r opedi a. or g/

te
ty ordered list of integers

m MD-extent
D-array type or a site of MD-array type> MD-extent (3.6) of dn MD-array type

Note 1 t¢ entry: The term “maximum MD-extent” is used for the MD-extent (3.6) of an MD-array type

because
of an MI

3.3

MD-arr:
ordered
is1:1as

Note 1 tg
list is gr¢
MD-inte

t defines the maximum MD-extent that a value of that MD-array type can have. The MD-ex
-array value must be within the maximum MD-extent of the value’s type.

Ly
collection of elements of the same type associated with an MD-extent (3.6) where each
sociated with some coordinate (3.1) within its MD-extent (3.6)

entry: A coordinate (3.1) is withindn MD-extent (3.6) if every coordinate value from th
pater than or equal to the lower limit, and less than or equal to the upper limit of the
'val (3.7) of the MD-axis (3.4) atithe position in the MD-extent (3.6) as the coordinate vz

within the coordinate (3.1).

3.4
MD-axis

named MD-interval (3.7)

3.5
MD-dim
number

3.6

ension
of MD-qxes (3.4) in the MD-extent (3.6) of an MD-array (3.3)

tent (3.6)

element

b integer

1lue has

MD-exte

Nt

non-empty ordered collection of MD-axes (3.4) with no duplicate names

3.7

MD-interval
integer interval given by a pair of lower and upper integer limits such that the lower limit is less than or

equal to

the upper limit; the interval is closed, i.e., both limits are contained in it

© ISO/IEC 2023 - All rights reserved
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4 Concepts

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

4.1

Notations and conventions

This Sub

41.1
This Sub
The notsa

The synt
htt ps:

this docfiment. To download the syntax defined in a plain-text format;select the file named

1 SO | H
file nam

4.2
This Sub

4.2.1
This Sub

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

Notations

rlause modifies Subclause 4.1.1, “Notations”, in ISO/IEC 9075-2.
tions used in this document are defined in ISO/IEC 9075-1.

ax defined in this document is available from the ISO website as a/digital artifact”. See
/standards.iso.org/iso-iec/9075/-15/ ed- 2/ en/ 4o.download digital art

C _9075- 15( E) _MDA. bnf . t xt . To download the syntaxdefined in an XML format,
ed | SO_| EC_9075- 15( E) _MDA. bnf . xmi .

Data types
rlause modifies Subclause 4.2, “Data types”, in [SO/IEC 9075-2.
General introduction to data types

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

‘Insert innto the 4th paragraph, in the 1stdist item, after the last list item:

— MI

-array type: MDARRAY

Insert ijto the 5th paragraph, aftet the last list item:|

— MI
4.2.2
This Sub

-array types.
Data typeiterminology
rlause modifies Subclause 4.2.4, “Data type terminology”, in ISO/IEC 9075-2.

ifacts for

elect the

‘ Insert after theel 1th paragraph: ‘ A datatype TYis a collection-containing type if exactly one of the following

is true:

— TY
— TY
— 1Y

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

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

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

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

— Atype Tis MD-array-ordered if T is S-ordered, where S is the set of MD-array types.
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:2023(E)

4.3 Numbers

Numbers

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

4.3.1

Operations involving numbers

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

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

—  <md-array axis index function> (see Subclause 4.5.4.3, “Operators that operate on MD-array values

an
iny

—  <n
ret
din

—  <n

an
ret

an
reti

4.4
This Sub

4.4.1
This Sub

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

d-array dimension> (see Subclause 4.5.4.3, “Operators that operate on MD-arrayvalug
urn numbers”) operates on an MD-array argument and returns an integer denoting its
nension.

d-array lower axis limit> (see Subclause 4.5.4.3, “Operators that opetate on MD-array
l return numbers”) operates on an MD-array argument and an MD-axis name or index
urns the lower limit of an MD-axis.

d-array upper axis limit> (see Subclause 4.5.4.3, “Operators-that operate on MD-array
l return numbers”) operates on an MD-array argument and an MD-axis name or index
urns the upper limit of an MD-axis.

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

Distinct types
rlause modifies Subclause 4.9.2, “Distinct types”, in ISO/IEC 9075-2.

‘Insert a

'ter the 4th paragraph:‘ CT shall'not be an MD-array type.

4.5
This Sub

4.5.1
This Sub

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

Introduction‘to collection types

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

Insert ijto the Ist paragraph, after the 1st list item:|

rns an

s and
MD-

values
and

values
and

— M

-arrays

‘Augment the 2nd paragraph‘ by adding “MDARRAY” the list of alternatives for KC.

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

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

—  MDARRAY (MD-array type).

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

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

MD-axis
— Th
— Th
— Th
— Th

descriptor includes:

e name of the MD-axis.

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

e upper limit of the MD-axis.

‘Insert into the 7th paragraph, after the last list item:!

—  MD-array-returning external function

4.5.2

MD-arrays

An MD-drray A is a collection where each element is uniquely identified by a d-dimensional coo
that is aih element of the Cartesian product of the d MD-intervals of A’s MD-extent, d is the MD-di

of A.

The MD{extent of 4 is a non-empty array of MD-axis elements. The MD-dxis at position i, with 1
i < d, consists of a name N; unique within this MD-extent and a closed MD-interval given by a lo

LO;and
MD-axis

Ain upper limit HI;. A LO; or HI; that is the null value in a maximum MD-extent indicates 1
has no lower or upper limit, respectively.

Each MI}-axis of an MD-extent can be uniquely identified through either its name or its positior

the MD-
interval
cardinal

pxtent, where 1 (one) <i < d. The extent of an MD+axis AE; is defined as the length of th
of AE;: HI; - LO; + 1 (one). An MD-extent D is denoted as [ Ny (LOq : HI4), .., Ny (LO4: H
ty of an MD-extent DC is the product of thezextents of the MD-axes of D: AE; x ... x AE;.

An MD-gxtent D, denoted as [ DN ( DLO1 : DHIy), .., DN ( DLO; : DHIy) ], is within another MD-

denoted

as [ ENq{ (ELOq : EHLY), .., EN, (ELOg- EHI,) ],ifd<e,and, forall i, 1 (one) <i<d, all of

lowing afre true:

— EL
—  EH|; is the null value or DHI; < EHI;.

IfDisw

D; is the null value or DLO; X ELO;.

thin E and d = e, thén D is strictly within E.

If d = e, DLO; is not distinct from ELO; and DHI; is not distinct from EHI;, then D is interval-equal

and E ar

Ifd=eq
EHI)),.

e interval-equal, and additionally DN; = EN;, then D is equal to E.

nd DN;= EN;, then the union of D and E is defined as [ DN ( MIN ( DLO, ELOq ) : MAX (|

rdinate
mension

(one) <
wer limit
hat the

i within
b MD-
d) ] The

extent E,
the fol-

to E.If D

DHI,,
-extents

+PN4 (MIN (DLOy4, ELO,;) : MAX ( DHI 4, EHI;) |- The union U of a non-empty set of N M}

D1, .., Dy1s defined as defined in this Iist.

— IfNis1 (one), then Uis Dy.

— IfNis 2, then Uis the union of D and D,.

—  Otherwise, let TMPD be the union of D1 and D,. For all i, 3 <i< N, let TMPD be the union of TMPD
and D;. Uis TMPD.

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

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

4.5.3 Collection comparison and assignment

This Subclause modifies Subclause 4.12.4, “Collection comparison and assignment”, in ISO/IEC 9075-2.

‘Insert after the 4th paragraph:i A'value of an MD-array type AT with MD-extent D is assignable]to a site
of an MD}-array type AS with maximum MD-extent E if D is strictly within E.

MD-array values are not comparable.
4.5.4 | Operations involving MD-arrays

4.5.4.1 Operators that operate on MD-array values and return®MD-array valug¢s

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

— alist of <md-axis limits named> and <md-axis slice named>, corresponding to specific MD-axes;
— alist of <xmd-axis limits positional> and <md-axis slicé.positional>, listed for every MD-axi$ in turn;

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

<md-axip 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 currgnt limits
of the MP-axis. Trimming does not change the MD-dimension of the result MD-array.

<md-axif slice named> and <md-axis slice positional> specify a single coordinate on the select¢d MD-
axis. Sliding reduces the dimension.ofithe result MD-array by one, i.e., for N <md-axis slice namgd> in an
<md-arrpy subset> on 4, the MD-dimension d of the result is d = MDDIMENSION(4) - N.

<md-axip limits named> and x«md-axis slice named> allow positionally-independent addressing of MD-
axes thrgugh their unique hames, in contrast to <md-axis limits positional> and <md-axis slice pogitional>.

<md-arrpy value expression> covers the usual arithmetic, comparison, and logical operations where at
least onq operand iSan MD-array. The MD-extents of MD-arrays A and B in an <md-array value expression>
of the fofm A opB shall be equal. The result is an MD-array value with an MD-extent equal to the MD-
extent(s) of the.input MD-array(s).

<md-arrayréshape function> is an operation that, given an MD-array with MD-extent D and an MD-extent
E such that 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 elements with null values
at those coordinates within E that are not within D. The result MD-array value has an MD-extent E.

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

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

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

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

<md-arrpy exponential function> is a function that returns an MD-array with an MD-extentegtal to the
MD-exteint of its input MD-array, where the element at each coordinate in the resultis derived by applying
<expongntial function> to the element at the same coordinate in the input.

<md-arrpy square root> is a function that returns an MD-array with an MD-extent équial to the MP-extent
of its ingqut MD-array, where the element at each coordinate in the result is derived by applying|<square
root> to|the element at the same coordinate in the input.

<md-arrpy floor function> is a function that returns an MD-array with and#D-extent equal to tHe MD-
extent of its input MD-array, where the element at each coordinate in(the result is derived by applying
<floor fynction> to the element at the same coordinate in the input:

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

<md-arrpy trigonometric function> is a function that.réturns an MD-array with an MD-extent egual to
the MD-¢xtent of its input 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 input.

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

function|

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

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

4.5.4.2 Operators that operate on MD-array values and return tables

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

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

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

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

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

<md-array dimension> is an operation that returns the dimension of the MD-array as an exact numeric
with scale 0 (zero).

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

<md-arrpy upper axis limit> is an operation that, for a given MD-array and an MD-axis identifigd by its
position|or its name, returns the upper limit the MD-axis as an exact numeric with s¢al€ 0 (zerq).

4.5.4.4 Operators that operate on MD-array values and return character strings

<md-arrpy 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.

4.5.4.5 Operators that operate on MD-array values and-return numbers or Boplean

values

<md-arrpy aggregation expression> is an operation that retutns an aggregated value obtained from
iterating over all coordinates in the MD-extent indicated in its <md-extent alternative>, evaluating the
<value ekpression primary> at each particular coordinate that satisfies the optional <search copdition>,
and aggtegating the result by applying the <md-array.aggregation operator>.

<md-arrpy aggregation function> is an operationthat returns a value aggregating all elements pf 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 be an
MD-array of any element type.

Table’1 — Table aggregation operators

Operation Meaning

MDSUM(4) Sum of all elements in A

MDAVG(A) Average of all elements in A
MDMIN(A) Minimum of all elements in A
MDMAX(A) Maximum of all elements in A
MDCOUNT(C) Number of non-NULL elements in C

MDCOUNT_TRUE(B)

Number of True non-NULL elements in B

MDCOUNT_FALSE(B)

Number of False non-NULL elements in B

MDCOUNT_UNKNOWN(B)

Number of Unknown elements in B

MDANY(B)

[s there any element in B with value true?

MDALL(B)

Do all elements in B have value true?
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4.5.4.6 Operators that operate on MD-array values and return character or binary
strings

<md-array encode function> is an operation that accepts an MD-array and returns a character string or
a binary string containing the MD-array encoded in the data format indicated by its media type (specified
in RFC 2046). MD-arrays can be encoded using JSON (media type “application/json” according to RFC
8259). Support for encoding to further media types is implementation-defined (IA096).

4.5.4.7 Operators that construct new MD-array values

<md-arrpy-value-ce uetor-by-decoding an-operato atacceptsa-chara o OF 3
string anjd returns an MD-array containing the elements at their respective coordinates, deter
decoding the character or binary string. Such a character or binary string contains a JSON enceding
type “application/json” RFC 8259) of the MD-array to be decoded. Optional support for-decodir
further Iﬁedia types is implementation-defined (IA095).

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

<md-arrpy value constructor by iteration> returns an MD-array with.the MD-extent specified by <md-
extent alternative> and each element as the result of <md-arrayelement>. The <md-array element>
expressipn may contain MD-axis variables that allow referencCing the element’s coordinate.

<md-arrpy value constructor by join> performs a join on@wo or more MD-arrays of equal MD-gxtents
based on their coordinates. An element in the resulting'MD-array is a row value constructed fram the
correspgnding elements of each input MD-array, in the-order in which they have been specified. [The field
names of each element in the result can be explicitly specified or implicitly generated.

4.5.4.8 Operators that operate on MD-array values and return MD-array elements

<md-arrpy element reference> is an operation that returns the MD-array element at a specific coprdinate
within the MD-extent of the MD-array

4.5.5 MD-axis variables

An <md{array aggregation-&xpression> or an <md-array value constructor by iteration> are opgrations
that spe¢ify MD-axis variables for every MD-axis in the MD-extent specified by the <md-extent altefnative>.
The name of each MD+axis variable is equivalent to the name of the corresponding MD-axis, and jts value,
when referenced by)its name, ranges from the lower to the upper limit of the MD-axis.

An MD-gxis variable is specified by <md-axis variable>.

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

axis Variﬂ]’\]n icthaimmadiatalz containad mdearrav alamant In mdearrav aagaragation avind essi0n>
IaorC—To—trerrmretroter Ty CoTItarre SOt T oy CTCTIT eI e T Ik oo Toy oo ogucrotCXpt )

the scope of an MD-axis variable is the immediately contained <value expression primary> and <search
condition>, if specified. Two MD-axis variables that are equivalent are nevertheless distinct if they have
different scope.
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5 Lexical elements
This Clause modifies Clause 5, “Lexical elements”, in ISO/IEC 9075-2.

5.1 <token> and <separator>

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

Function

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

Format

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

MDAGGREGATE | MDALL | MDANY | MDARRAY | MDAVG | NMDAXLS HI GH | MDAXI'S | NDEX |

MDAKI S _NAME | MDAXI S NAVES | MDCONCAT | MDCOUNT-{ MDCOUNT FALSE
MDIQI N | MDMAX | NMDMAX_EXTENT | MDM N | NMDRESHAPE | MDSCALE | NDSHIFT |

<non-regerved word> ::=
Il Al alternatives fromI|SQO|EC 9075-2
| ELEMENTS

Syntax Rules

No|additional Syntax Rules.

Access Rules

No|additional Access Rules.

Generpl Rules

Nol|additional General Rules.

I
I
| MDCPUNT TRUE | MDCOUNT UNKNOWN | MDDECODE | MPDMNVENSI ON | MDENCODE | NMDEXTENT
| MDSUM

VDA

X S _LOW

Conformance Rules

No additional Conformance Rules.
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5.2 Names and identifiers

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

Function

Specify names.

Format

<nd-axi $ variable> ::=
<identifier>

Syntax Rules

No|additional Syntax Rules.

Access Rules

No|additional Access Rules.

General Rules

1) ‘In sert after the last GR:‘ An <md-axis variable>identifies an MD-axis variable associated|with an
MID-axis whose name is equivalent to the <md-axis variable>.

Conformance Rules

No|additional Conformance Rules:
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6 Scalar expressions

This Clause modifies Clause 6, “Scalar expressions”, in ISO/IEC 9075-2.

6.1

<data type>

This Sub

Functi

Specify 4

Formad

<col | ec
Il

| <nd

<md- arr
<dat a

<maxi mu
<le
| <l ef

<maxi mu
<maxi

<maxi mu
<maxi

<maxi mu
<md- a

<

<

<maxi mu
<maxi

<maxi mu
<md- a

Clause modifies Subclause 6.1, “<data type>", in ISO/IEC 9075-2.

on

data type.

t

ion type> ::=
N\ | alternatives fromI|SQO|EC 9075-2
array type>

hy type> @@=
t ype> MDARRAY <nmaxi mum nd- ext ent >

M nd-extent> ;=

Mmnd-axis list> ::=
rum nd- axi s> [ { <comma> <pmexi(um nd-axis> }... ]

M nd-axi s |ist anonynous> .=
rum nd- axi s anonynmous> [~{-<comma> <maxi mum nd- axi s anonynous> }...

M nd- axi s> =

is name> [ <left paren>

rexi mum md- axi s Aewer |imt> <colon> <maxi mum md-axi s upper linmt>
i ght paren> ]

M nd- axi s _anenynous> :: =
rum nd- axi<s™ | ower |imt> <col on> <maxi num nd-axi s upper limt>

n md~axi's lower limt> ::=
i s, MNmt>

t bracket or trigraph> <maxi mumnd-axi s |ist> <right bracket or trigraph>
t bracket or trigraph> <maxi num nd-axis |ist anonynous> <right bracket or ti

]

<maxi mum nd-axi s upper Iimt> ;.=
<nmd-axis limt>

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

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

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

© ISO/IEC 2023 - All rights reserved
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Syntax Rules

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

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

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

a)

b)

g)

h)

j)

14

If <maximum md-extent> EU immediately contains <maximum md-axis list> MAL and any
<maximum md-axis> immediately contained in MAL specifies an <md-axis name> but does

notsnecifu cmavimum - md-avis lawer limit> and cmavimum - md-avis unner limits
r J rr 4

is equivalent to MN( *: *).

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

[f any <maximum md-axis upper limit> AUL simply contained in AT is,an xasterisk>, {
is the null value.

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

The minimum value of <md-axis limit fixed> is implementation-defined (IL013). <y
limit fixed> shall not be smaller than this value.

hen EU

then ALL

hen AUL

-defined

d-axis

The maximum value of <md-axis limit fixed> is imiplementation-defined (IL014). <md-axis

limit fixed> shall not be greater than this value;

Case:

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

ii) Otherwise, let d be the number of <maximum md-axis anonymous> simply c

in EU.

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

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

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

r of

ntained

| (IL017)

i-th
nd-axis

bntained

2)  Otherwise, let Al; be the j-th <maximum md-axis anonymous> simply ¢

in EU and let SEQ; be the <unsigned integer> numeric literal with no leading zeros
corresponding to i. The Syntax Rules of Subclause 9.15, “Indexed name”, are

applied with d as LASTINDEX, SEQ; as INDEX, and 'D' as PREFIX; let MN;
INDEXEDNAME returned from the application of those Syntax Rules.

be the

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

axis upper limit> specified or implied by AU;.

Let MD be [ MN1 (MLO : MHI4), ..., MN43 (MLOg4 : MHIy) ]. MD is the maximum MD-extent of a

site with data type AT.
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i) Foralli, 1 (one) <i<d, if neither MLO; or MHI; are the null value, then MLO; shall be

less than or equal to MHI;.
ii) Foralliandj, 1 (one) <i,j <d, i #j, MN; shall not be equivalent to MN;.
iii)  The value of MLO; is the value of the corresponding <maximum md-axis lowe

iv) The value of MHI; is the value of the corresponding <maximum md-axis uppe

r limit>.

r limit>.

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

Access

No

Gener

i Rules

additional Access Rules.

al Rules

1) [In

sert after GR 20)a): ‘ If KC is MDARRAY, then the collection type deseriptor additionally

as

bt of MD-axis descriptors, each of which, for 1 (one) <i < d, contains the name MN;, the
Sition 7, the lower limit MLO;, and the upper limit MHI; for the,i<th MD-axis of the MD-ar

rmance Rules

po
Confol
1) ’In

sert after the last CR: ‘ Without Feature A010, “Multi-dimensional array support”, confo

SQL language shall not contain an <md-array type>.

includes
ordinal

ray type.

rming

© ISO/IEC 2023 - All rights reserved
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6.2 <value expression primary>

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

Function

Specify a value that is syntactically self-delimited.

Format

<non- pafent hesi zed val ue expression primry> ::=
I'' NI alternatives from|SQ |EC 9075-2
| <ndfarray aggregati on expression>
| <mdiaxis variabl e>
| <nmdfarray el enent reference>

<col | ection value constructor> ::=
Il Al alternatives fromlISQ|EC 9075-2
| <mdfarray val ue constructor>

Syntax Rules

1) ‘AL gment SR 1) ‘ by adding “<md-array element referen¢e>, <md-axis variable> and <md-array
aggregation expression>" to the list of simply contained BNF non-terminals.

2) ‘In bert after the last SR:‘ The declared type of ai'smd-axis variable> is exact numeric witlp scale 0
(zdro).

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

Access Rules

No|additional Access Rules.

Generpl Rules

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

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

Conformance Rules

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

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

16 © ISO/IEC 2023 - All rights reserved
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3) ‘Insert after the last CR: ‘ Without Feature A010, “Multi-dimensional array support”, conforming
SQL language shall not contain a <non-parenthesized value expression primary> that simply contains
an <md-array aggregation expression>.

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

© ISO/IEC 2023 - All rights reserved 17
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6.3 <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 |ist positional> ::=
<nd- axi s subset positional> [ { <conma> <nd-axis subset™\positional > }... ]

<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> : .=
<md-axis lower limt expression> <colon> <nd-axis upper limt expression>

<nmd-axi $ lower linmt(expression> ::=
<nd-axis 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> ::=
<md- axi s nane> <l eft paren> <md-axis slice positional> <right paren>

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

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

1)

Let AS be the <md-array subset>, let AVE be the <md-array value expression> immediately contained
in AS, and let ASL be the <md-axis subset list> immediately contained in AS.

Let MDT be the declared type of AVE.

The Syntax Rules of Subclause 9.16, “MD-array subset”, are applied with MDT as MDARRAY TYPE
and ASL as MDAXIS SUBSET LIST; let TMD be the TARGET MAXIMUM MDEXTENT and let EQ be the

UIVALENCE returned from the application of those Syntax Rules.

be:

Otherwise:

i) Let EDT be the element type of AVE.

extent TMD.

i Rules

additional Access Rules.

al Rules

ASbe the <md-array subset>, let AVE be the'<md-array value expression> immediately ¢

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

.

Vis the null value, then the result of AS is the null value and no further General Rules g
bclause are applied.

e General Rules of Subclause 9.16, “MD-array subset”, are applied with AV as MDARRAY
 ASL as MDAXIS SUBSET LIST; et SMD be the SOURCE MDEXTENT, let TMD be the TAR
EXTENT, and let SCICEDAXES be the SLICED MDAXES returned from the application of
heral Rules.

D be the MB-extent of AV, let d be the number of MD-axes in D, and let t be the numbe
s in TMD:

MD is not within D, then an exception condition is raised: data exception — MD-array s
hitr MD-extent (2203L).

If EQ is not a zero-length character string, then <md-array subset> is equivalentto AVE EQ

ii) The declared type of AS is an MD-array type of element type-EDT and maximyim MD-

bntained
value of

f this

VALUE
ET
those

- of MD-

ibset not

2)
3)
EQ
Ca
a)
b)
Access
No
Gener
1) Let
in
AV
2) IfA
Su
3) Th
an
MI
Ge
4) Lef
axe
5) If{
wi
6)

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

a)
b)
c)

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

Letjbe 1 (one).

For all k, 1 (one) < k < d, such that k is not an element of SLICEDAXES:
i) Let TP; be RPy,.

ii) jis increased by 1 (one).

© ISO/IEC 2023 - All rights reserved
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d) Let @ be the coordinate denoted by [ TP4, ..., TP¢].
NOTE 1 — There are t non-SLICEDAXES.

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

7)  TVisthe value of AS.

Conformance Rules

a e AQ 0._“M gngn_‘

1) Witho aty 01C alt
comtain an <md-array subset>.

all not

20
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6.4 <identifier chain>

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

Function

Disambiguate a period-separated chain of identifiers.

Format

Noladditional Format items.

Syntax Rules

1) ‘In sert after SR 9)a)ii)1)C):‘ The scope of an MD-axis variable equivalentto I;.

2) ‘In sert after SR 9)a)ii)2)B): ‘ If IPST is an <md-array aggregation expréssion> or an <md-arfay value
copstructor by iteration>, then let SV be the MD-axis variable equivalent to /1. PIC; is the basis of

IC,|the basis length is 1 (one), the basis scope is the scope of §Pyand the basis referent is V.

Access Rules

Noladditional Access Rules.

General Rules

1) ‘In sert after GR 4):‘ If BIC is an MD-axis variable, then BIC references the MD-axis SV of a given
ex¢cution of the <md-array aggregation expression> or an <md-array value constructor by iferation>
whose <md-extent> contains SV}

Conformance Rules

No|additional Conformance Rules.
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6.5

<md-array aggregation expression>

Function

Aggregate MD-array values into a single value.

Format

- L agaredgalion—axnrassion s =
<nd- ar r ay—aggreg p

VDA

GATE <nd-array aggregati on operator>
ER <nd- extent alternative>

UBI NG <val ue expression prinary>
[ | WHERE <search condition> ]

<nd- arr fiy aggregati on operator> ::=

Syntax Rules

1)

2)

22

<pl

s sign>| AND| OR| MAX | MN

The declared type of <md-array aggregation expression> AAE isthe declared type of the imnnpediately

co
ags

Ca

a)
b)

c)

If 4

b)

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

pregation operator>.

bC:

If op is <plus sign>, then the declared type of VE shall be numeric.
If op is AND or OR, then the declared.type of VE shall be Boolean.

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

i)

ii)

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

applied.
The declared type of VE shall not be row-ordered.

he <md-extent alteriative> immediately contained in AAE is an <md-array extent> E4,[then:

Let AVE1 be the-<md-array value expression> immediately contained in EA and let ¢ be the
MD-dimension of AVE1.

Case:

i)

If <search condition> SC is immediately contained in AAE, then AEE is equivalent to

MDAGGREGATE op

OVER [ MDAXI S NAME(AVEL, 1) ( MDAXI S_LOW AVEL,
)

MDAXI S_NAVE( AVEL, e) ( MDAXI S_LOW AVEL,
)

]
USING VE
VWHERE VE IS NOT NULL AND SC

Otherwise, AEE is equivalent to

MDAGGREGATE op
OVER [ MDAXI S NAME(AVEL, 1) ( MDAXI S _LOW AVEL,
).

1) : NMDAXI S_H GH(AVEL, 1)

e) : MDAXI S HI GH(AVEL, e)

1) : NMDAXI S _H GH(AVEL, 1)
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3)

Access

Gener

1)

2)

3)

4)
5)
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6.5 <md-array aggregation expression>

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

)

]
USI NG VE
VHERE VE IS NOT NULL

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

of the i-th MD-axis in MD. The scope of AV;is VE and the <search condition> immediately contained
in <md-array aggregation expression>, if specified.

No

Lef
LO
im
Lef
S i
Lef

i Rules

j1€.

al Rules

D be the MD-extent specified by <md-extent>, let d be the number of MD-axes in D, an|
, and HI;, be the name, lower limit, and upper limit, respectively, of the i-th MD-axis in t
im MD-extent of D, 1 (one) <i<d.

S be the union of all coordinates [ Py, ..., P;], such that LO1 < P <HI4, ..., LOj< Py < Hl 4
the Cartesian product of all MD-intervals in D).

op be <md-array aggregation operator>. Let AGG be
be:
If op is <plus sign>, then 0 (zero).

If op is MAX, then an implementation-defined (IL067) minimum value of a type com|
to the <value expression primary>.

to the <value expression primary>.
If op is AND, thenTrue.
If op is OR,.then False.

NULLRES be True.

" everycoordinate [ Pq, .., Pg]in S,

d let Ni'
he max-

(that s,

parable

If op is MIN, then an implementation-defined (IL068) maximum value of a type comjparable

Iet BV be True.

If <search condition> BVE is specified, then the value of any AV; contained in BVE, 1 (one) <i

<d, is equal to P;. Let BV then be the result of evaluating BVE.

Case:

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

Case:

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

© ISO/IEC 2023 - All rights reserved
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6) Ca
a)
b)
Confo}
1) Wi
Cco
24

If op is MAX, then let AGG be the greater of AGG and TEMP.
If op is AND or OR, then let AGG be the value of AGG op TEMP.

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

Case:

A)

If TP is exact numeric and the mathematical result of AGG op TEMP is not
exactly representable with the precision and scale of TP, then an exception

a-aricaraglia-art-ofranaa

be:

B)

0)

D)

anditianiciraicadedata aycanti o
CUITUILIVIT IO TdIoCU. Uuutltu Lzl\ul/l.lblull rnmurrreric vuiruc vut UJ T Mll‘yb [

If TP is approximate numeric and the exponent of the approximat
matical result of AGG op TEMP is not within the implementation-d
(IL202) exponent range for TP, then an exception condjtion is rais
exception — numeric value out of range (22003).

If TP is the decimal floating point type, then the resultis an implemg
defined (IV240) value IV of TP such that no other+value of TP is st
between IV and the mathematical result of AGG op TEMP. If the ex
of IV is not within the implementation-defined (IL202) exponent 1
TP, then an exception condition is raised+data exception — numer
out of range (22003).

Otherwise, let AGG be the value‘of AGG op TEMP.

Otherwise, VE is not evaluated for this e0ordinate.

If NULLRES is False then the result of'<md-array aggregation expression> is AGG.

rmance Rules

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

£22003).

b mathe-
efined
ed: data

bntation-
ictly
ponent
ange for
ic value

hout Feature A010, “Multi-dimensional array support”, conforming SQL language shall not
tain <md-array aggfiegation expression>.
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<case expression>

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

Function

Specify a conditional value.

Form

<sear ch
11

bd when cl ause> :: =

alternatives from|SQO | EC 9075-2

| WHEN <nd-array bool ean expression> THEN <result>
Syntax Rules
1) ‘In bert after SR 2):‘ If a <case specification> specifies a <searched cdse>, then:
a)| Let N be the number of <searched when clause>s.
b)| Foreachibetween 1 (one)and N, let SWC;be the i-th’<searched when clause>, let S
immediately contained <search condition> or <md-array boolean expression> of SU
let R; be the <result> immediately contained in-SWC;.
c)| Case:
i) If <else clause> is specified, thenlét M be N + 1. Let R be the <result> imme
contained in the <else clausex.
ii) Otherwise, let M be N.
d)| Eitherevery SC; 1 (one) < i<W, shall be an <md-array boolean expression>, or no SC
<i< N, shall be an <md-array boolean expression>.
e)| Ifevery SC;is an <md-array boolean expression> MBEj, then let MDT; be the declare

MBE; and let d;be:the MD-dimension of MDT;. Foralljand k, j # kand 1 (one) <j, k<)
be equal to dj. ket MN; be the name of the i-th MD-axis in the maximum MD-extent ¢
1 (one) <ixd,.

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

C; be the
/C;, and

Hiately

, 1 (one)

d type of
, d]- shall
f MDT;,

e subject
ossibly

ii) <case specification> shall not generally contain a <table primary> that contain
change delta table>.

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

1)  IfR;is of MD-array type, then let MDT be the declared type of R, and let
MD-dimension of MDT. e shall be equal to d;. Let RA4; be R;.

2)  Otherwise, let e be dy. RA; is equivalent to

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

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

Access Rules

None.

General Rules

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

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

b)| Forallj, 1 (one) <j<M,let E; be the MD-extent of the value of RA;. IDE}is not equal to|D;, then

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

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

d)| Letdbedq, and let N;, LO;, and HI;, be the name,dower limit, and upper limit, respectively, of
the i-th MD-axis in the MD-extent of the value‘ef SCq, 1 (one) <i<d.

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

MDARRAY [ Ny ( LOL : HIp ),

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

Conformance Rules

1) ’In sert after thelast CR: ‘ Without Feature A010, “Multi-dimensional array support”, in copforming
SQL languageya <case expression> shall not support operands of MD-array type.

2) ‘In sert after the last CR:‘ Without Feature A011, “MD-array BOOLEAN element type”, conforming
SQL langtiage shall not contain a <searched when clause> that immediately contains an <md-array
bobledn expression>
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6.7 <cast specification>

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

Function

Specify a data conversion.

Format

<cast tf@rget> ::=
I'' NI alternatives from|SQ |EC 9075-2
| <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 @y 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 nape>
[[{ <comma> <nd-axis name> }...:.Jd<right bracket or trigraph>

<md-arrfy axis names> ::=
MDAXI B_NAMES <l eft paren> <nmd-array val ue expressi on> <right paren>

Syntax Rules

1) ‘In sert before SR 1)a):‘ If <cast target> immediately contains an <md-array cast>, <md-arfay base
type cast>, <mdsarray maximum md-extent cast>, or <data type> TD that is an <md-array] type>,
the¢n:

a)| Neither <castoperand>nor <cast target> shall generally contain a <routine invocatiorn}> whose
stibject routine is an SQL-invoked routine that is possibly non-deterministic or that possibly
modifies SQL-data.

b)  Neither <cast operand> nor <cast target> shall generally contain a <table primary> that con-
tains a <data change delta table>.

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

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

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

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

ii) If TD is an <md-array type>, then let TEDT be the <data type> immediately contained
in TD, and let ANC be the <maximum md-extent> immediately contained in TD. TEDT
shall not be a collection-containing type. The <cast specification> is equivalent to

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

iii)  Ifan <md-array base type cast> ABTC is specified, then let TEDT be the data tiype
identified by the <data type> immediately contained in ABTC. The <cast specification>
is equivalent to

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

iv) Otherwise, an <md-array maximum md-extent cast> MMC’s specified. Let MMCA be
the <maximum md-extent cast alternative> immediately contained in MMC.

Case:

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

2)  Otherwise, let AVE1 be the <md=array value expression> immediately cpntained
in the <md-array axis namessimmediately contained in MMCA, and let ¢ be the
MD-dimension of AVE1. e shall be equal to d. The <cast specification> is equivalent
to:

CAST(AVE AS MDARRAY[ MDAXI S NAME(AVEL, 1) ( MDAXIS_LOWAVEL, 1]
MDAXI S_HI GH( AVEL;~1) ),

MDAXI S_NAME(AVEL, e) ( NMDAXI'S LONAVEL, e
MDAXI S HI GH(AVEL, e) ) ] )

Access Rules
No|additional Acgess Rules.
Generpl Rules
1) ‘In sertbefore GR 7):‘ If <cast target> simply contains a <maximum md-extent>, then:
a) LetLO;and HI;, 1 (one) <i<d, be the lower limit and upper limit, respectively, of the i-th MD-
axis in the MD-extent of the value of AVE. Let TMN,, be the name of the i-th MD-axis in TMD.
b)  Let D be the MD-extent denoted by [ TMN{ (LOq : HI4), ..., TMN; (LOg4: Hly) ]
Case:
i) If D is not strictly within TMD, then an exception condition is raised: data exception —

28

MD-array source MD-extent not strictly within maximum target MD-extent (2203Q).
ii) Otherwise, TV is the value of AVE with MD-extent D.
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Conformance Rules

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

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

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

Function

Specify a value.

Format

<col | ec{ion val ue expression> ::=
I'' NI alternatives from|SQ |EC 9075-2
| <ndfarray val ue expression>

Syntax Rules

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

Access Rules

No|additional Access Rules.

General Rules

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

Conformance Rules

1) ’In sert after the last CR: ‘ Without Feature A010, “Multi-dimensional array support”, confdrming
SQL language shall not contain'a <collection value expression> that immediately containsjan <md-
aryjay value expression>.
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6.9 <numeric value function>

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

Function

Specify a function yielding a value of type numeric.

Format

<nureri ¢ value function> ::=
I'' NI alternatives from|SQ |EC 9075-2
| <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>

<md-arrfy axis index function> ::=

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

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

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

<nmd-arrfy aggregation function> ::=
<md- afray aggregati on functi on name>
<left paren> <nd-array val'ue expression> <right paren>

<nd-arr
VDA
VDA
VDA

y aggregation functi‘on name> ::=

Syntax Rules

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

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

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

4)

5)

32

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

ofthe resultis an implementation-defined (IV242) exact numeric type with scale 0 (zero). The <md-
axis name> immediately contained in AIF shall be equivalent to MN;y, for some idx, 1 (one) < idx <

d.

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

then the declared type of the result is an implementation-defined (IV243) exact numeric type with
scale 0 (zero). Let AD be the index specified by <md-array md-axis>.

’Insert after the last SR:‘ If <md-array aggregation function> MAF is specified, then MAF shall not

ge nrn”y contain a <routine invocation> whose cnh}'nr‘f routineis an QQI -invoked routine thatis

possibly non-deterministic or that possibly modifies SQL-data, and MAF shall not generally contain

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

Case:

a)

b)

d)

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

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

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

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

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

My ( MDAXI S_LOW (AVEL'd) : MDAXI S HIGH (AVE, d) ) ]
USI NG CASE WHEN AVE] M\; <& ., Mg ] THEN 1 ELSE 0 END
WHERE AVE[ M\;, ..., MM] IS NOT NULL

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

MDCOUNT_TRUE(;"AVE | S FALSE )

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

MRCOUNT_TRUE( AVE | S UNKNOWN )

[f <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_HIGH (AVE, 1) ),

My ( MDAXI S_LOW (AVE, d) : MDAXIS_HIGH (AVE, d) ) ]

USING 1
WHERE AVE[ MNj, ..., My ] IS NOT NULL

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

Access Rules

No additional Access Rules.

General Rules

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

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

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

thgn:

a)
b)

Let VAVE be the value of AVE.

Case:

i) If VAVE is the null value, then the result is the null-value.

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

extent of VAVE.
Case:
1)  If <md-array lower axis limit>'is specified, then the result is LO4p.

2)  Otherwise, the result is\HIp.

Conformance Rules

1) ‘In sert after the last CR: ‘ Without Feature A010, “Multi-dimensional array support”, confdqrming

SQL language shall not contdin <md-array dimension>, <md-array lower axis limit>, <mdtarray
upper axis limit>, or <md-array axis index function>.

2) ]In sert after the last CR: ‘ Without Feature A010, “Multi-dimensional array support”, confdrming

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

3) ‘In sert after the last CR:‘ Without Feature A011, “MD-array BOOLEAN element type”, conforming

SQL language shall not contain an <md-array aggregation function name> that is MDALL,

MDD COUNT_FALSE, MDCOUNT_TRUE, or MDCOUNT_UNKNOWN.

MDANY,
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6.10 <string value function>

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

Function

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

Format

<string|value function> ::=
I'' NI alternatives from|SQ |EC 9075-2
| <md}array encode function>

<character value function> ::=
Il Al alternatives froml|SQ|EC 9075-2
| <mdfarray axis nanme function>

<md-arrfy axis name function> ::=

MDAXI B_NAME <l eft paren>
<fd-array val ue expressi on> <conma> <nuneric val ue expressi on>
<fight paren>

Syntax Rules

1) ‘AL gment SR 1) ‘ by adding “<md-array encode function>" to the list of BNF non-terminalg.

2) ‘AL gment SR 2) ‘ by adding “<md-array axisstame function>" to the list of BNF non-termirals.

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

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

b)| Let NVEbethe <numeric value expression>immediately contained in ANF. The declgred type
of NVE shall be an‘exact numeric type with scale 0 (zero).

c)| LetVL be theimplementation-defined (IL006) maximum length of variable-length dharacter
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.

General Rules

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

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

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

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

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

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

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

Conformance Rules

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

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

Function

Convert an array to format-specific encoded string.

Format

<nd-arr
MDENC!

<righ{ paren>
<format|identifier> ::=
<character string literal >
<md- arr @y encode returning clause> ::=
RETURNI NG <data type>
Syntax Rules
1) LetAEFbe the <md-array encode function> and let FID-be the value of <format identifier>

2)

3)

4)

Access

[

atd
If <
Ca

a)

b)
Th

clajuse> shall be a <predefined type> that identifies a character string data type or binary

da
Th

No

DDE <l eft paren>
<md- array val ue expression> <conma> <format identifier>

v_ancode function =
>4 —

<md-array encode returning clause> ]

ly contained in AEF. FID shall be a valid media type‘as specified in RFC 2046.
md-array encode returning clause> is not specified, then
be:

If FID is equivalent to 'application/json’, then an implementation-defined (ID225) c}
string type is implicit.

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

e <data type> DT immediately contained in the explicit or implicit <md-array encode r¢
a type.

e declared type(of AEF is the data type specified by DT.

i Rules

j1€:

immedi-

haracter

bturning
string

General Rules

1)
2)

3)

36

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

If AVE is the null value, then the result of AEF is the null value and no further General Rules of this
Subclause are applied.

Let ET be the element type of the declared type of AVE.

Case:

a)

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

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

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

A) IfETis arow type, thenlet DET be the degree of ET and let FNJ,- be the name
of the j-th field of ET, 1 (one) < j < DET. F(A) is the result of

JSON_ARRAY(
JSO\I_(BJECT( FNJ_ . A[ Lq . FN]_, ey FNEET . A[ Lq : FNEET ),
JSON_OBJECT( FNy : A[H.FNy, ..., FNper @ ALHDT. FNoer ),

)
B) Otherwise, F(A) is the result of
JSON_ARRAY( A[LQ|, ..., A[HI] )
2)  Otherwise, let G;be F(A[ N(i)]), LO <i%HI. F(A) is the result of
JSON_ARRAY(G o ..., Gy)

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

b)| Otherwise, the result of AEF is implementation-defined (IV244). If an encoding errof occurs,
then an exception condition is raised*data exception — MD-array encoding error (2203Z).

Conformance Rules

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

2)  Without Feature A015, “MDA encode/decode functions with implementation-defined behavior”,
copforming SQL language shall not contain an <md-array encode function> that contains a|<format
idgntifier> that is not equivalent to 'application/json'.
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6.12 <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.<bobol 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 rav 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> ::=
<md-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> ::=
<nmdiarray 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 tern®
| <nufreric val ue expression> <m nus sign> <nd-array nuneric\bternme

<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-arrf@y 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>

<md-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 nuneri\c. ternm> <solidus> <nd-array nuneric factor>

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

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

<nd-array field reference> ::=
<md-array primary> <period> <field nanme>

<md-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)

2)

3)

4)

5)

40

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

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

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

is Boolean.

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

If 9md-array boolean factor>, <md-array boolean test>, <md-array numeric factor>,or <md-array
field reference> is contained in an <md-array value expression> MAVE, then:

a)| LetOP1 and OPZ be zero-length character strings.

b)| Case:

i) If <md-array boolean factor> E is simply contained in MAVE, then let AVE be the <md-
array boolean test> immediately contained in E. IENOT is immediately contained in E,
then let OP1 be NOT.

ii) If <md-array boolean test> E is simply contained in MAVE, then let AVE be th¢ <md-
array comparison expression> immediately contained in E. If <truth value> 7|V is
immediately contained in E, then
Case:

1) IfNOT is immediately cohitained in E, then let OP2 be | S NOT TV.
2)  Otherwise, let OP2 b&l S TV.

iii)  If <md-array numeriefactor> E is simply contained in MAVE, then let AVE be the <md-
array numeric primiary> immediately contained in E. If <sign> S is immediately cpntained
in E, then let OP1.be S.

iv) If <md-array field reference> E is simply contained in MAVE, then let AVE be the <md-
array primary> immediately contained in E, let EDT be the declared element fype of
MDT,@ndlet FN be the <field name> immediately contained in E.

1) EDT shall be a row type.
2)  FN shall unambiguously reference a field of EDT.
3) Let OP2 be <period> FN.
c) IfOP1 or OP2 is a character string of length greater than 0 (zero), then:

i) 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.

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

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

iv) Let MD be the maximum MD-extent of MDT, let d be the number of MD-axes in MD, and

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

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

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

ELEMENTS ( OP1 AVE[M\;, ..., 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 simply contained in an <md-array
value expression> MAVE, then:

a)

Case:

i)

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

Ean

expression left>, <md-array boolean expression right>, or <md-array hoolean expression

both> is immediately contained in BE, then:

array
m both>

of <md-
or <md-

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

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

3) Let OPbe OR.

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

boolean term left>, <md-array booleanterm right>, or <md-array boolean ter

is immediately contained in BE, then:

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

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

3) LetOPbeAND.

iii)  If<md-arrdy comparison expression> BE is simply contained in MAVE, and ong

array cemparison expression left>, <md-array comparison expression right>,

arraycomparison expression both> is immediately contained in BE, then:

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

2)  LetV1be the first <md-array numeric expression> or <numeric value expression>
immediately contained in E'and let I’Z be the second <md-array numeric
expression> or <numeric value expression> immediately contained in E.

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

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

expression left>, <md-array numeric expression right>, or <md-array numeric

expression both> is immediately contained in BE, then:

1)

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

right>, or <md-array numeric expression both> immediately contained in BE.
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g)

h)

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

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

B) Otherwise, let OP be <minus sign>. If V2 is a <factor> or an <md-array
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 smd-array
numeric term left>, <md-array numeric term right>, or <md-array numetic'teym both>
is immediately contained in BE, then:

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

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

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

BE 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.

BE shall not generally contain a <table primary> that contains a <data change delta fable>.
Let T1 be the declared type of V1 and letT2 be the declared type of V2.
Case:

i) If T1 is an MD-array typejthen let MD1 be the maximum MD-extent of T1, let d1 be the
number of MD-axes inlMD1, let MN1; be the name of the i-th MD-axis in MD1,|1 (one)

<i<dl.Letdbedlylet MD be MD1,let MN;be MN1; let AVE be V1, and let EXF1 be V1|
MN1, ..., MN4 1.

ii) Otherwise,let EXP1 be V1.

i) I£,F2'is an MD-array type, then let MD2 be the maximum MD-extent of T2, let ¢2 be the
number of MD-axes in MD2, let MN2; be the name of the i-th MD-axis in MDZ2,|1 (one)

<i<d2.LetdbedZ2 let MD be MD2,let MN;be MNZ2;, let AVE be V2, and let EXK2 be V2|
MNjy, .., MNg4 ).

ii) Otherwise, let EXP2 be V2.

Ifboth T1 and T2 are MD-array types, then d1 shall be equal to dZ and MN1; shall be equivalent
to MN2;, 1 (one) <i<d.

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

My ( MDAXI S_LONAVE, d) : MDAXIS_H GH(AVE, d) ) |
ELEVENTS ( EXP1 OP EXP2 )
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Access Rules

No additional Access Rules.

General Rules

1)

Conformance Rules

1)

2)

3)

4)

If <md-array comparison expression>, <md-array numeric expression>, <md-array numeric 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-extent of V1 and let RD be the MD-extent of /2.

Case:

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

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

My ( MDAXI S_LONAVE, d) : MDAXI S_H GH(AVE, 8)/) ]
ELEVENTS ( EXP1 OP EXP2 )

Wilthout Feature A010, “Multi-dimensional array support”, conforming SQL language shalll not
comtain an <md-array value expression>.

Wifthout Feature A012, “MD-array truth valueests”, conforming SQL language shall not cgntain an
<md-array boolean test> that contains a <truith value>.

Without Feature A011, “MD-array BOOLEAN element type”, conforming SQL language shall not
coptain an <md-array boolean primary> that simply contains an <md-array primary>.

Without Feature A011, “MD-array BOOLEAN element type”, conforming SQL language shall not
comtain an <md-array valug-expression> that simply contains an <md-array boolean exprgssion>.
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Function

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

Format

<nd- ar r ay—walue—functi-on>—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>
<ri ght paren>

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

N

<nmd-arrfy scale function> ::=

MDSCALE <l eft paren>
<pd-array val ue exphressi on> <conma> <nd-axis linmits |list>
<ri ght 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 list 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>

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

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

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

<md-array power function both> ::=
PONER <l eft paren> <nd-array numeric expression> <conma>
<md-array nuneric expression> <right paren>

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

<nmd-arrfy nodul 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 logarithm ::=
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-arraynuneric expression> <right paren>

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

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

<md-arrfy cei Kkkng function> ::=

{ CElL | EELLING} <left paren> <nd-array nuneric expression> <right paren>

<md- arr qy\¥ri gononmetric function> ::=

<trigononetric function nane> <left paren> <md-array numeric expression> <right paren>

<md-array concatenation> ::=

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

Syntax Rules

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

then:

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

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

c) Case:

i)

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

1)

Case:

2)

3)

A)

B)

If the immediately contained <md-axis slice list> is an <md-axis slIice list

named>, then let e be the number of <md-axis slice named> sitnply c

bntained

in the <md-axis slice list named>. For i, 1 (one) <i < ¢, let. SN; be the <md-

axis name> and let SP; be the <numeric value expression>simply c
in the i-th <md-axis slice named>.

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

1) Foralliandj,i+#jand 1 (one) <1i,j <&/SN; shall not be equi
SN;.

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

IV)  Forallj, 1 (one) <j<d
Case:

1) Ifthereexists i, 1 (one) <i<e, such that SN; is equiva
MNj, then let Sj be SP;.

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

Otherwise, let e be the number of <numeric value expression>s si
cortained in the <md-axis slice list positional>. e shall be equal to
1'(one) <i<e, letS;be the <numeric value expression> simply co

in the i-th <md-axis slice positional>.

<md-array value function> shall not generally contain a <routine invocg
whose subject routine is an SQL-invoked routine that is possibly non-dete
or that possibly modifies SQL-data.

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

bntained

valent to

h that

ent to

mply
d. Fori,
htained

ition>
rministic

> that
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4)

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

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

MDAXI S_LOW AVE, 1) + S; ),

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

]
ELEMENTS AVE[ M\; - S, ..., Mg - Sg ]

Otherwise, let ATL be the immediately contained <md-axis limits list>.

1)

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

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

B) Ifan <md-axis limits list positional> ATLP is ilnmediately contained in ATL,
then let e be the number of <md-axis limits pesitional> immediat¢ly con-
tained in ATLP. e shall be equal to d.

1) Forallj, 1 (one)<j<e,
1) Let ABP;be the i-tlf'€md-axis limits positional> immediately
contained in ATDP:
2)  Let SLO; bethe <md-axis lower limit expression> simply con-
tained in @BP;.
3) LetSHI; be the <md-axis upper limit expression> simply con-
tained in ABP;.
IT) Foralli, 1 (one)<i<d,
1) IfSLO;is not an <asterisk>, then let TLO; be SLO;.
2)  If SHI;is not an <asterisk>, then let THI; be SHI,.

C)~ Otherwise:

1) Let AE be the <md-array extent> immediately contained in[ATL, let
AVE1 be the <md-array value expression> immediately confained in
AE, and let e be the MD-dimension of AVE1. e shall be equallto d.

1) Case:

© ISO/IEC 2023 - All rights reserved

1) If <md-array reshape function> is specified, then let OP be
MDRESHAPE.

2)  Otherwise, let OP be SCALE.
[II)  <md-array value function> is equivalent to
OP ( AVE,
[ MDAXI S_NAVE( AVEL, 1)
( MDAXI'S LONAVEL, 1) : MDAXIS H GH(AVELl, 1) ),

NDAXI S NAVE( AVEL, e)
( MDAXI'S_LONAVEL, e) : MDAXI S_H GH(AVEL, e) )
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2)

48

If 4
<n]

2) Case:
A)  If <md-array reshape function> is specified, then:

I) <md-array value function> 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.

”) <md-:\rr:1y value function> shall not gpnpr:\”y contain a <table

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

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

MDARRAY [ TNy ( TLOp @ THi7 ), ..., TNg ( TLQy : THI{)
ELEMENTS
CASE WHEN MDAXI S LONAVE, 1) <= TN; AND

TN; <= MDAXIS HI GH(AVE, 1) CAND ... AND

MDAXI S_LON AVE, d) <= TNy JAND
TNy <= MDAXI S_H GH( AVE,{d)

THEN AVE[ TNi, ..., TNy ]

ELSE NULL

END

B) Otherwise, forall i, 1 (one) < i<4d, let R;be ( MDAXIS_HIGH (AVE, ) -
MDAXIS_LOW ( AVE, i) + 1) (“THI; - TLO; + 1).

1) <md-array valuefunction> shall not generally contain a <rj:utine
invocation> whose subject routine is an SQL-invoked routine that is
possibly non*deterministic or that possibly modifies SQL-data.

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

[II) . Ahe <md-array value function> is equivalent to:

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

md-array{modulus expression> or <md-array power function> is specified, then let AYF be the
d-array‘modulus expression> or <md-array power function>.

AVF shall not generally contain a <routine invocation> whose subject routine is an SQLrinvoked

routine that is possibly non-deterministic or that possibly modifies SQL-data nor a {table

b)

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

Case:

i)

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

Otherwise, let E' be the <md-array modulus function left>, <md-array modulus function

right>, or <md-array modulus function both> immediately contained in AVF. Let OP be
MOD.
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c) LetV1be the first <md-array numeric expression> or <numeric value expression> immediately
contained in E, and let V2 be the second <md-array numeric expression> or <numeric value
expression> immediately contained in E.

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

e) Case:

i) If T1 is an MD-array type, then let MD1 be the maximum MD-extent of T1, let d1 be the
number of MD-axes in MD1, let MN1; be the name of the i-th MD-axis in MD1, 1 (one)
<i<dl.Letdbedl,let MDbe MD1,let MN;be MN1; let AVE be V1, and let EXP1 be V1|
MNy, .., MNg4 .

ii) Otherwise, let EXP1 be V1.

f) | Case:

i) If T2 is an MD-array type, then let MD2 be the maximum MD-extent of T2, let 2 be the
number of MD-axes in MD2, let MN2; be the name of the i-th’/MD-axis in MDZ2,|1 (one)
<i<d2.LetdbedZ2 let MD be MD2,let MN;be MNZ2;, letAVE be V2, and let EXF2 be V2|
MNy, .., MNg .

ii) Otherwise, let EXP2 be V2.

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

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

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

My ( MDAXI S_LON(AVE, d) : MDAXIS_H GH (AVE, d) ) ]
ELEMENTS OP ( EXP1, EXP27)
3) LetE be the <md-array absolute value expression>, <md-array natural logarithm>, <md-gqrray

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

funiction>, <md-array €eiling function>, or <md-array trigonometric function> simply contained in
<m|d-array value function>. Let AVE be the <md-array value expression> simply contained|in E. 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 the decldred type
of AVE, 1 (one) <i<d.
a)| LetOPbe

Case:

i) If E'is <md-array absolute value expression>, then ABS.

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

iii)  IfEis <md-array common logarithm>, then LOG10.

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

V) If E is <md-array square root>, then SQRT.

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

vii)  If E'is <md-array ceiling function>, then CEIL.
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4)

b)

d)

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

immediately contained in E.

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

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

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

E is equivalent to

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

If 4

b)

d)

Access

No

Gener

1)

50

Ca

md-array concatenation> AC is specified, then:

i Rules

additional Access,Rules.

al Rules

be.

(W NI L ANDANLC L VAL L AN A NANL Ll L) (AN A\ 1
NWING— VDUt O_COvY (7w O+ WWOros Ot Ot

(AVE—d}——]
ELEMENTS OP(AVE[ MNi, ..., M\ ])

Let AVE1 be the <md-array value expression> immediately contained in AC, let d be
dimension of AVE1, and let MLO; and MHI; be the lower limit and upper limit, resped
the i-th MD-axis in the maximum MD-extent of the declared type 6PA4VE1, 1 (one) <
AVEZ be the <md-array value expression> immediately containédjin the <md-array 1
immediately contained in AC, let e be the MD-dimension of AVEZ, and let ELO; and EF

lower limit and upper limit, respectively, of the i-th MD-axis)in the maximum MD-ex
the declared type of AVEZ, 1 (one) <i < d. d shall be equal-to e.

Let DT1 be the element type AVE1 and DT2 be theelement type of AVEZ. The Syntax
Subclause 9.5, “Result of data type combinations™)are applied with the set comprisi
and DTZ as DTSET; let DT be the RESTYPE returned from the application of those Synt

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

The declared type of the result of <md-array concatenation> is an MD-array type with|
type DT, and a maximum MD-extent equal to the maximum MD-extent of the first in
array, except along the AD-thMD-axis, which has a lower limit equal to MLO4p, and 1

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

the MD-
tively, of
<d.Let
nd-axis>
/I; be the
tent of

Rules of
hg DT'1
ax Rules

hined in

element
put MD-

ipper

a)

H<mrd=arr ay concatenationm>is b}JCLiﬁCd, thentetAV 1 bethevatueof the first<md=ar
expression> and let AVZ be the value of the second <md-array value expression>.

ay value

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

enation> is the null value.

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

name, lower limit, and upper limit, respectively, of the i-th MD-axis in the MD
of AV2,1 (one) <i<d.

-extent

iii)  If N14pisnotequivalentto N2,p, then an exception condition is raised: data exception

— MD-array invalid MD-axis (2203T).
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6.13 <md-array value function>

iv) If there exists i, 1 (one) <i<dand i # AD, such that LO1;+ LOZ2; or HI1;+ HIZ;, then an
exception condition is raised: data exception — MD-array operands with non-matching

MD-extents (2203R).

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

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

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

COALESCE(VDRESHAPE AV, —D38™)

MDRESHAPE ( I\/DSHIFT(‘AVZ, [ Nlpgp ( HH1pp+ 1) 1), D3%)

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

Case:

i) If LD is not equal to RD, then an exception condition is raised: data exception
array operands with non-matching MD-extents (2203R):

ii) Otherwise, the value of E is equivalent to the valuge ©f}
MDARRAY M\; ( MDAXI S_LON AVE, 1) : MDAXI SKXHI'GH(AVE, 1) ),

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

rmance Rules

)

et LD be

— MD-

hout Feature A010, “Multi-dimensional array support”, conforming SQL language shalll not

tain <md-array value function>.

© ISO/IEC 2023 - All rights reserved
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6.14

<md-array value constructor>

Function

Specify construction of an MD-array.

Format

<nd-arr

<md
| <nd
| <nd
| <nd
| <nd

<nd- arr

v val 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> ::=

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

<nd-arr
<l eft

<nd- arr
<nd- a

<nd-arr
<val u

<nd- arr

hy elenent 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> }..~\

hy el ement> ::=
b expressi on>

hy val ue constructor by query> ::=

MDARRAY <nd- extent al ternative> <table subguery>

<nd-arr

hy val ue constructor by iterations ::=

MDARRAY <md-extent alternative>

E|

<nd- arr
MDDECH
<

<nd-arr
RETUR

<nd- arr
MDJO

JAY

—

<nd-arr

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>

d- array val ue expression as field> <comme> <nd-array val ue expression as f
{ <cemm®> <nd-array val ue expression as field>}... ] <right paren>

hy‘«wal ue expression as field> ::=

<nd- a

rav val o avnraccl Aan [__AS fiald nann 1
ety < —c Tt 7> oo T

aph>

i el d>

vor—ot

Syntax Rules

1)  The declared type of <md-array value constructor> AVC is the declared type of the immediately
contained <md-array value constructor by enumeration>, <md-array value constructor by query>,
<md-array value constructor by iteration>, <md-array value constructor by decoding>, or <md-
array value constructor by join>.

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

52
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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 MD-extent specified by E4, let d be the number of MD-axes in MD,
and let MN; be the name of the i-th MD-axis in MD, 1 (one) <i <d.

3) IfAVCis an <md-array value constructor by enumeration>, then the Syntax Rules of Subclause 9.5,
“Result of data type combinations”, 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

DT
tyq

4)  If4
a)

b)

d)
5)  If/

6) Ifs

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

VC is an <md-array value constructey; by iteration>, then:

md-array value constructor by decoding> ACD is specified, then:

SET; let ET be the RESTYPE returned from the application of those Syntax Rules. The-declared
e of AVCE is an MD-array type with element type ET and maximum MD-extent MD|

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

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

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

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

Let ET be the declared type of the NV-th celumn of QE.
The declared type of AVCE is MD-array with element type ET and maximum MD-extént MD.

Let ET be the declared type of'the immediately contained <md-array element>.

The declared type of AVCEisan MD-array type with element type ET and maximum MD-extent
MD.

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

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

A 1

d)

1 L TN 1 41 1 £41 £ FR-A | -y o H LN | s o D-al llb
LCLI'TD DT UIT vdlutT Ul UIT S101111dU TUTIIUIITT HIIIICTUlditly COIAIIICU T ACL. "I 51 a ea

valid MIME identifier as specified in RFC 2046.
The declared type of ACD is AT.

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

a)

b)
c)

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>s immediately contained in AVC.
Foralli, 1 (one) <i< N:
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d)

Access

No

Gener
1) Th
co
by

2) I
arty

VaIJe constructor by-€numeration>, <md-array value constructor by query>, <md-array v
structor by iteration>, <md-array value constructor by decoding>, or <md-array value cofstructor

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

diately contain a <field name>.

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

let MDT;

iv)  Letdbethe MD-dimension of MD{ and let MN), be the name of the k-th MD-axis in MD1,

SRS U jl——l ]

of the k-th MD-axis in MD; shall be equivalent to MN.
v) Let ET; be the element type of MDT;. ET; shall not be a row type or structured

vi) Case:

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

Subclause 9.15, “Indexed name”, are applied with-N.as LASTINDEX, i as
and 'FIELD' as PREFIX; let FN;be the INDEXEDNAMEfeturned from the ap

of those Syntax Rules

2)  Otherwise, let FN; be the <field name> immediately contained in AVCF;.
Let ERT be a row type described by a sequence of\(FN;, ET;) pairs, 1 (one) <i<N.
The declared type of MAVC is an MD-array type with element type ERT and maximu
extent MD1.
} Rules

j1e.

al Rules

e result of <md-array*value constructor> AVC is the result of the simply contained <md

join>.

md-agray value constructor by enumeration>, <md-array value constructor by query>
ayvVallie constructor by iteration> is specified, then:

L £ AV L

€ name

type.

of

INDEX,
plication

m MD-

Larray
alue

<md-

a)

b)
c)

+1 pa| 1 4+ & I 43 A | ]
LTTAVUL UTUICTSIITIUTdI Tdy vAaIuT LUTISTT UTTUT Oy TITUTITCT AUTUTTZ, < TITU=dT T dy  vdTutT T Ul

by query>, <md-array value constructor by iteration>.
Let EA be the <md-extent alternative> immediately contained in AVCE.

Let D be the MD-extent specified by EA and let d be the number of MD-axes in D.

structor

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

a)

b)

54

Let LO; and HI; be the lower and upper limits, respectively, of the i-th MD-axis in D, 1 (one) <

i<d.

Let AE; be the value of HI; - LO; + 1,1 (one) <i<d.
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Let AEL be the <md-array element list inner> simply contained in AVCE.
For each coordinate R within D:

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

ll) Letj be (Pd - LOd) +AEd X ( (Pd-l - LOd-J) +AEd_1 X ( +AE2 X (Pl - L01)) D + 1.

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

ately contained in AEL.

1 1

4) Th
de

5) Th
de

Fo

b)

3 L of cinad ria 1 koo e o 3 i Qe L HANAVAnY ot N
CTCSUTrc O <mra—array varaC oISt attoT oy qutTy =15 dlr drray 1 v vvIitir VD CATCTIC

ermined as follows:

QF is evaluated, producing a table T.

null value.
For each row in T:

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

array null coordinate in query constructor (2203N).

iii) Let R be the coordinate denoted by [ P1, «5Pg4 ]. If R is not within D, then an ey

condition is raised: data exception — MD-drray coordinate not within specifie
extent (2203P).

iv)  Acoordinate [ Pq, .., P;] is equal®o coordinate [ @4, .., Q4 ] if P;= Q;, 1 (one) <
Ris equal to the coordinate specified by any other row in T, then an exception ¢
is raised: data exception — MD-array duplicate coordinate in query constructor

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

e result of <md-array value eonstructor by iteration> is an MD-array TV with MD-exten
ermined as follows.

r each coordinate R within D:

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

The element in TV at coordinate R is the value of the <md-array element> immediat
tained in the <md-array value constructor by iteration>, in which the value of any AV

<iXd, is equal to P;.

For all coordinates W within D, the element value in TV at coordinate W is'initially set to the

ii) If any P; is the null value, then an exception condifien is raised: data exception — MD-

ception
] MD-

i<dlIf

ondition
(2203M).

tD,

ely con-
, 1 (one)

6) If Ymd<array value constructor by decoding> ACD is specified, then let SVE be the <string

value

expression> immediately contained in ACD. Let BP be the result of JSON_QUERY(SVE, 'lax $data").

a)

b)

© ISO/IEC

Rules of

If BP is the null value, then the value of ACD is the null value and no further General
this Subclause are applied.
Case:
i) If FID is equivalent to 'application/json’, then:
1) Givenan SQL/JSON itemJand an MD-extent D, the function Fis defined recursively
as follows.
Case:

2023 - All rights reserved
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A) If Dis the null value, then:
1) Let ST1 be the completion condition successful completion (00000).

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

[T IfSTZ1s an exception condition, then the exception condifipn ST2 is
raised. Otherwise, the result of F(J, D) is V.

B) Otherwise:

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

1) If / is not an SQL/JSON array, or if the number of elements ¢f J is not
equal to EX, then an exception condition’is raised: data exc¢ption —
MD-array decoding error (2203Y).

[II) Case:

1) Ifthe number of MD:axes in D is equal to 1 (one), then let ND
be the null values

2)  Otherwise, let:ND be the MD-extent obtained by remqving the
first MD-axis-from D.

IV)  LetJj be thek-th element of / and let Gy, be F(Ji, ND), 1 (ong
EX.

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

L
IA
=~
IA

2)  The GeneralRules of Subclause 9.42, “Parsing JSON text”, in [SO/IEC 90} 5-2, are
applied with BP as JSON TEXT, FORMAT JSON as FORMAT OPTION, and WITHOUT
UNIQUE KEYS as UNIQUENESS CONSTRAINT; let ST be the STATUS and let /I be
the SQL/JSON ITEM returned from the application of those General Rulgs.

3) (fSTis an exception condition, then the exception condition ST is raised.
4) " Let ELEMENTS be the result of F(SJI, MD).
5) Theresult of ACD is:

MDARRAY MD [ ELEMENTS ]

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

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

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

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

MDARRAY [ Ny ( LOy : Hi1 ), ..., Ng ( LQy: Hg) ]

ELEMENTS ROW( AVE; [ N, ..., N1, ..., AVEN[ N, ..., Ne 1)

Conformance Rules

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

2)  Without Feature A013, “MD-array row element type support”, conforming SQL language-ghall not
comtain an <md-array value constructor> that immediately contains an <md-array value corstructor

3)  Without Feature A014, “MDA encode/decode functions media type: application/json”, conforming

SQL language shall not contain <md-array value constructor by decoding>«

4)  Without Feature A015, “MDA encode/decode functions with implementdtion-defined behavior”,
copforming SQL language shall not contain an <md-array value constructor by decoding>|that
comtains a <format identifier> that is not equivalent to 'application/jSon'.
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6.15 <md-array element reference>
Function
Returns an element of an MD-array.
Format
<n'd_ arr \)/ alamant raof arancag ———
<md- afray val ue expression> <l eft bracket or trigraph> <nmd-axis slice |ist> <righty|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> }... ]
<nd-axi $ slice list positional> ::=
<nmd-axis slice positional > [ { <comm> <nd-axis slice positional>}... ]
Syntax Rules
1) LetASbethe <md-array elementreference>, let AVEDbé the <md-array value expression>imnediately

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

MDT be the declared type of AVE and let&DT be the element type of MDT.

T as MDARRAY TYPE and ASL as MDAXIS SLICE LIST; let CASL be the CANONICAL SLICH]
DRDINATE returned from the application of those Syntax Rules.

e declared type of AS is EDT,

i Rules

j1€.

al Rules

Al7be the value of AVE.

2)  Let
3) Th
Ml
Co|
4) Th
Access
No|
Gener
1) Let

P Syntax Rules of Subclause 9.17, “Canonicalize MD-array element reference”, are applied with

2) IfAVis the null value, then the result of AS is the null value and no further General Rules of this
Subclause are applied.

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

4) LetP; 1 (one) <i<d,be the value of the i-th element of CASL. If P; is less than LO; or greater than
HI;, then an exception condition is raised: data exception — MD-array element reference not within
MD-extent (22040).

5) LetSPbe the coordinate denoted by [ Py, ..., P4 ]

58
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6) The result of AS is the element in AV at coordinate SP.

Conformance Rules

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

This Clause modifies Clause 7, “Query expressions”, in ISO/IEC 9075-2.

7.1

<table reference>

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

Functi

Referen

Formad

<table primary> ::=
Il Al alternatives fromI|SQO|EC 9075-2

| <nd

<nmd-arrfy extent function> ::=

<md
| <nd

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

<md-arrfy max extent> ::=
MDVAX| EXTENT <l eft paren> <nd- array\wval ue expressi on> <right paren>

Syntax Rules

on

e a table.

t

array extent function> <correlation or recogniti‘on>

array extent>
array nmax extent>

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

a)
b)

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

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

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

into.

1in a
contain

declared

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

(DT.

d)

60

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_LON AVE, 1), NMDAXI S _H GH(AVE, 1) ),

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

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

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

ROV (d, Mg, M.Qy, MHq) 1)
AS CN DCLP )

2) [Au

an
the

Rule.

gment SR 8) by adding “and no <collection value expression> immediately contained in CDT is

<md-array value expression>. ” as an additional restriction to the predicate in the lead|text of

3) ‘In

sert before SR 9):‘ If TP simply contains a <collection derived table> CDT and €DT immgdiately

contains a <collection value expression> CVE that is an <md-array value expression>, then:

a)
b)

c)

d)

g)
h)

i)
ii)

i)
ii)

i)

CDT shall not immediately contain any other <collection value expression>s.

Let MDT be the declared type of CVE, and let ET be the elementype of MDT.

Case:

If ETq is arow type, then let DET be the degree of ET.
Otherwise, let DET be 1 (one).

Case:

If WITH ORDINALITY is spegified, then let NORD be 1 (one).
Otherwise, let NORD be 0:(zero).

Let TPTC be the table specified by CDT.

The degree of TPTC i$ NORD + d + DET.

The columndescriptors of each of the columns of TPTC are determined as follows:

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

Let ORD and ENbe\implementation-dependent (UV005) <column name>s that are not equi-
valent to MN,, 1 (one) <j <d, or any <identifier> contained in TP.

If WITH ORDINALITY is specified, then the name of the first column is ORD and the
declared type is exact numeric with scale 0 (zero).

The name of the j-th column, NORD + 1 (one) <j < NORD +d, is MN;_yogrp and the

declared type is exact numeric with scale 0 (zero).
Let NEN be NORD + d.
Case:

1) IfETis arow type, then the name and declared type of the k-th column, NEN + 1
<k < NEN + DET is the name and declared type, respectively, of the (k - NEN)-th
field of ET.

2)  Otherwise, the name of the (NEN + 1)-th column is EN, and the declared type is
ET.
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4) ‘Augment SR 12)‘ by adding “<collection derived table> that immediately contains a <collection
value expression> that is an <md-array value expression> " to the list of BNF non-terminals that
may specify TPTI in the lead text of the Rule.

5) ’Augment SR 12)b)i)2) ‘ by adding “<collection derived table> thatimmediately contains a <collection
value expression> that is an <md-array value expression> " to the list of BNF non-terminals that
may specify the table in the lead text of the rule.

Access Rules

Noladditional Access Rules.

Generpal Rules

1) ’In bert before GR 7):‘ If a <table primary> TP immediately contains <collection derived table> CDT
thdt immediately contains a single <collection value expression> CVE thatis an MD-array,|then let
AVE be the value of CVE. Let D be the MD-extent of AVE. The result of TP1is a'table value of capdinality
eqpal to the cardinality of D, the rows of which are set as follows:

a)| Letdbethenumberof MD-axesin D,let LO;and HI;be thelower and upper limits, respectively,
of the i-th MD-axis in D, and let AE; be the value of Hl;;—'LO; + 1, 1 (one) <i <d.

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

iii)  Let IND be the value of

( Pg- L&) + AEy
X (( Pg-1 - LQy-1 )~* AEg2
X ( I AE2
x (P - LO )., ) +1
iv) The values,in each column of the IND-th row are determined as follows:
1) IfWITH ORDINALITY is specified, then the value in the first column is I[VD.

2). \\The value in the j-th column, NORD + 1 <j < NORD +d, is P;.

3) Case:

A) IfETis arow type, then the value of the k-th column, NEN + 1 <k g NEN +
DET is the (k — NEN)-th field of E.

B) Otherwise, the value of the (NEN + 1)-th column is E.

Conformance Rules

1) ‘Insert into CR 2), after the last list item:

a) Feature A010, “Multi-dimensional array support”.

2) ‘Insert after the last CR: ‘ Without Feature A010, “Multi-dimensional array support”, conforming
SQL language shall not contain <md-array extent> or <md-array max extent>.
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7.2  <query specification>

This Subclause modifies Subclause 7.16, “<query specification>", in ISO/IEC 9075-2.

Function

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

Format

Noladditional Format items.

Syntax Rules

1) ‘In sert after SR 19)b)xiv):‘ An <md-array element reference>.

Access Rules

Nol|additional Access Rules.

Generpl Rules

Nol|additional General Rules.

Conformance Rules

No|additional Conformance Rules.
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8 Predicates
This Clause modifies Clause 8, “Predicates”, in ISO/IEC 9075-2.

8.1 <distinct predicate>

This Subflause modifies Subclause 8.15, “<distinct predicate>", in ISO/IEC 9075-2.

Function

Specify 3 test of whether two row values are distinct.

Format

Noladditional Format items.

Syntax Rules

No|additional Syntax Rules.

Access Rules

No|additional Access Rules.

General Rules

1) ‘In bert after GR 1)c)v):‘ If Vand V2 are values of an MD-array type, then

Case:
a)| IfV1and V2'do not have interval-equal MD-extents, then the result is True.

b)| If V1 andV2 have interval-equal MD-extents and there exists at least one coordinatel P such
that.the element at coordinate P in V1 is distinct from the element at coordinate P in|VZ, then
the xesult is True.

c) | _\Otherwise, the result is False.

Conformance Rules

No additional Conformance Rules.
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9 Additional common rules

This Clause modifies Clause 9, “Additional common rules”, in ISO/IEC 9075-2.

9.1

Retrieval assignment

:2023(E)

This Sub

Functi

Specify 1
indicato

Subclg

“Retri e
Par arf
Par arf

TAR
VALI

Syntay

rlause modifies Subclause 9.1, “Retrieval assignment”, in ISO/IEC 9075-2.

on

ules for assignments to targets that do not support null values or that support null val
F parameters (e.g., assigning SQL-data to host parameters or host varidbles).

juse Signature

val assignment” [General Rules] (
et er: “ TARGET”,
et er: “ VALUE"

1) |In

din

Access

No

Gener

1) |Rg

plicate GR 1): ‘Let T be the TARGET and let I/ be the VALUE in an application of the Gene

les with

ET — a site that is the target of a retrieval assighment operation.

JE — a value that is to be assigned to TARGET.

t Rules

sert after SR 8)b):| If TD is anfMD-array type, then SD shall be an MD-array type. The M]D-
hension of TD shall be equal-to the MD-dimension of SD.

} Rules

ne.

al Rules

ral Rules

of

this Subclause.

2) ’Insert after GR 7)V):‘ If the declared type of T is an MD-array type, then

Case:

a)

b)

If the MD-extent M of Vis strictly within the maximum MD-extent of T, then, for each pair of
elements of Vand T, the General Rules of this Subclause are applied with the element of T as

TARGET and the element of Vas VALUE. The MD-extent of the value of T is M.

Otherwise, an exception condition is raised: data exception — MD-array source MD-extent not

strictly within maximum target MD-extent (2203Q).
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Conformance Rules

None.
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9.2 Store assignment

Store assignment

This Subclause modifies Subclause 9.2, “Store assignment”, in ISO/IEC 9075-2.

Function

Specify rules for assignments where the target permits null without the use of indicator parameters or
indicator variables, such as storing SQL-data or setting the value of SQL parameters.

Subcle

“Store

Par an
Par an

TAR
VALI

Syntay

1)

juse Signature
assi gnment” [General Rules] (

et er: “ TARGET”,
et er:  “ VALUE’

ET — a site that is the target of a retrieval assignment operation.

JE — a value that is to be assigned to TARGET.

t Rules

‘In

sert after SR 6)b):| If TD is an MD-array type, themSD shall be an MD-array type. The M

din

Access

No

Gener

1)

2)

hension of TD shall be equal to the MD-dimensien'of SD.

i Rules

additional Access Rules.

al Rules

\Re

plicate GR 1): \Let T be.the TARGET and let V be the VALUE in an application of the Gene

of

his Subclause.

’In

bert after GR 3)b)xxii):‘ If the declared type of T is an MD-array type, then

Ca
a)

be:

TARGET and the element of Vas VALUE. The MD-extent of the value of T is M.

D-

ral Rules

If the:MD-extent M of V is strictly within the maximum MD-extent of 7, then, for eacl pair of
elements of Vand T, the General Rules of this Subclause are applied with the element of T as

b)

NOTE 2 — The maximum MD-extent L of T is unchanged.

Otherwise, an exception condition is raised: data exception — MD-array source MD-extent not

strictly within maximum target MD-extent (2203Q).

Conformance Rules

No

additional Conformance Rules.
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9.3

Passing a value from a host language to the SQL-server

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

9075-2.

Function

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

Subcle

“Passi I
Par ar
Par ar
Par ar

) Ret un

LAN
PLI)

SQL
HOS

SQL
usin

juse Signature

g a value froma host |anguage to the SQ.-server” [General Rules} (
et er . “ LANGUAGE”,

jeter: “SQL TYPE’,

et er: “HOST VALUE”

ns: “SQL VALUE"

GUAGE — the name of a host programming language (ADA, C, COBOL, FORTRAN, M, PA

TYPE — a specification of an SQL data type, possibly including a <locator indication>.
[ VALUE — a value of a host language type.

VALUE — the SQL TYPE representation of HOST VALUE, that is the result of invoking this s
b this signature.

SCAL,

ubclause

T VALUE
lbclause

Syntax Rules
No|additional Syntax Rules.

Access Rules
No|additional Access Rules.

Generpl Rules

1) |Rdplicate GR/1):|Let LANG be the LANGUAGE, let DT be the SQL TYPE, and let PI be the HOS
in &n application of the General Rules of this Subclause. The result of the application of this S
is returned as SQL VALUE.

2) ‘AL gment GR b)a)u)i by adding “MD-array value to the ISt of possible values of SV.

Conformance Rules

No

68

additional Conformance Rules.
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Passing a value from the SQL-server to a host language

2023(E)
anguage

This Subclause modifies Subclause 9.4, “Passing a value from the SQL-server to a host language”, in ISO/IEC

9075-2.

Functi

on

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

Subclause Signature

“Passi I

Par arret er:  “ LANGUAGE” ,
Par anreter: “SQ. TYPE",
Par anreter: “SQL VALUE'

) Ret un

LANGUAGE — the name of a host programming language (ADA, C, COBOL, FORTRAN, M, PA

PLI)

SQL [TYPE — a specification of an SQL data type, possibly including a <locator indication>.
SQL VALUE — a value of type SQL TYPE.

HOS[' VALUE — a host language data type representation of SQL VALUE that is the result of
this pubclause using this signature.

Syntay

No

Access

No

Gener

g a value fromthe SQ.-server to a host |anguage” [General Rules} (

ns: “HOST VALUE'

t Rules

additional Syntax Rules.

i Rules

additional Access Rules.

al Rules

1) \Re

plicate GR/1): ‘Let LANG be the LANGUAGE, let DT be the SQL TYPE, and let SV be the 5@

in {
is 1

in application of the General Rules of this Subclause. The result of the application of this S
eturned as HOST VALUE.

SCAL,

nvoking

L VALUE
lbclause

2) |Au

]
gment GR 5)a) | by adding "MD-array locator value™ to the list of possible values o1 P1L.

Conformance Rules

No

additional Conformance Rules.

© ISO/IEC 2023 - All rights reserved

69


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

ISO/IEC 9075-15:2023(E)
9.5 Result of data type combinations

9.5 Result of data type combinations

This Subclause modifies Subclause 9.5, “Result of data type combinations”, in ISO/IEC 9075-2.

Function

Specify the result data type of the result of certain combinations of values of compatible data types, such
as <case expression>s, <collection value expression>s, or a column in the result of a <query expression>.

Subclause Signature

“Resul | of data type conbinations” [SyntaxRules] (
Par arret er:  “ DTSET”
) Returnns: “RESTYPE’

DTSET — a set of SQL data types.

RESTYPE — an SQL data type that can be used to represent values of@ll'SQL data types contained in
DTSET.

Syntax Rules

1) ‘Re plicate GR 1): ‘Let IDTS be the DTSET in an applicatien of the Syntax Rules of this Subclgquse. The
reqult of the application of this Subclause is returited as RESTYPE.

2) ‘In bert after SR 3)i):‘ If any data type in DTS is;an MD-array type, then every data type in DTS shall
bejan MD-array type of the same MD-dimension d and for all i, 1 (one) <i < d, the name of the i-th
MID-axis of the MD-extent of some data type in DTS shall be equivalent to the name of the j-th MD-
axis of the MD-extents of all other datatypes in DTS. The data type of the result is an MD-agray type
with element data type ETR, where-ETR is the data type resulting from the application of this Sub-
clause to the set of element types of the MD-array types of DTS, and maximum MD-extent|equal to
the union of the maximum MD:extents of the data types in DTS.

Access Rules

No|additional Access'Rules.

Genergal Rules

No|additional General Rules.

Conformance Rules

No additional Conformance Rules.
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9.6 Type name determination

This Subclause modifies Subclause 9.9, “Type name determination”, in ISO/IEC 9075-2.

Function

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

Syntax Rules

1) |Inbertafter SR 2)w):| If DT specifies MDARRAY, then let FNSDT be “MDARRAY”.

Access Rules

Nol|additional Access Rules.

Generpl Rules

Nol|additional General Rules.

Conformance Rules

No|additional Conformance Rules.
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9.7 Determination of identical values

This Subclause modifies Subclause 9.10, “Determination of identical values”, in ISO/IEC 9075-2.

Function

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

Syntax Rules

No|additional Syntax Rules.

Access Rules

Nol|additional Access Rules.

Generpl Rules

1) ‘In bert after GR Z)d)iii):‘ If V1 and V2 are MD-arrays and hayve.equal MD-extents and elemgnts in
th¢ same coordinate in the two MD-arrays are identical, then V1 is identical to V2.

Conformance Rules

No|additional Conformance Rules.

72 © ISO/IEC 2023 - All rights reserved


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

ISO/IEC 9075-15:2023(E)
9.8 Equality operations

9.8 Equality operations

This Subclause modifies Subclause 9.11, “Equality operations”, in ISO/IEC 9075-2.

Function

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

Syntax Rules

1) ‘In sert before SR 3): ‘The declared type of an operand of an equality operation shall net’b¢ MD-
arffay-ordered.

Access Rules

Noladditional Access Rules.

Generpal Rules

Noladditional General Rules.

Conformance Rules

No|additional Conformance Rules.
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9.9 Grouping operations

This Subclause modifies Subclause 9.12, “Grouping operations”, in ISO/IEC 9075-2.

Function

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

Syntax Rules

1) ‘AL gment SR 3) ‘ by adding “MD-array-ordered” to the list of excluded declared types:

Access Rules

Nol|additional Access Rules.

Generpl Rules

Nol|additional General Rules.

Conformance Rules

No|additional Conformance Rules.
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9.10 Multiset element grouping operations

This Subclause modifies Subclause 9.13, “Multiset element grouping operations”, in ISO/IEC 9075-2.

Function

Specify the prohibitions and restrictions by data type on the declared element type of a multiset for
operations that involve grouping the elements of a multiset.

Syntax Rules

1) ‘AL gment SR 3) ‘ by adding “MD-array-ordered” to the list of excluded declared types.

Access Rules

Noladditional Access Rules.

Generpal Rules

Noladditional General Rules.

Conformance Rules

No|additional Conformance Rules.
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9.11 Ordering operations

This Subclause modifies Subclause 9.14, “Ordering operations”, in ISO/IEC 9075-2.

Function

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

Syntax Rules

1) ‘AL gment SR 3) ‘ by adding “MD-array-ordered” to the list of excluded declared types:

Access Rules

Nol|additional Access Rules.

Generpl Rules

Nol|additional General Rules.

Conformance Rules

No|additional Conformance Rules.
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9.12 Potential sources of non-determinism

This Subclause modifies Subclause 9.16, “Potential sources of non-determinism”, in ISO/IEC 9075-2.

Function

Define the potential sources of non-determinism.

Syntax Rules

1) ‘In sert after SR 1)as):‘ An <md-array value constructor by query>.

Access Rules

Nope.

Generpl Rules

Nope.

Conformance Rules

Nope.

© ISO/IEC 2023 - All rights reserved 77


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

ISO/IEC 9075-15:2023(E)
9.13 Invoking an SQL-invoked routine

9.13 Invoking an SQL-invoked routine

This Subclause modifies Subclause 9.18, “Invoking an SQL-invoked routine”, in ISO/IEC 9075-2.

Function

Execute the invocation of an SQL-invoked routine.

Format

Noladditional Format items.

Syntax Rules

No|additional Syntax Rules.

Access Rules

Nol|additional Access Rules.

Generpl Rules

NOTH 3 — The General Rules of this Subclause as defined ifGR 2) of Subclause 9.18, “Invoking an SQL-invoked|routine”,
in ISQ/IEC 9075-2 are not always terminated when an exeeption condition is raised.

1) ‘In sert before GR 9)g)ii)5):‘ If R is an MD-array-returning external function, then:

a)| Let MDAR be an MD-array whosé-declared type is the result data type of R.

b)| The General Rules of Subclause 9.18, “Execution of MD-array-returning external funictions”,
are applied with MDAR.as MDARRAY, ESPL as EFFECTIVE SQL PARAMETER LIST, and P as
PROGRAM.

2) ‘In sert after GR 9)i)i)4)A)lII):‘ If R is an MD-array-returning external function, and R spedifies
PARAMETER STYLE(SQL, then let ERDI be MDAR.

ConformanceRules

No|additional Conformance Rules.

78 © ISO/IEC 2023 - All rights reserved


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

9.14

ISO/IEC9075-15

:2023(E)
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Data type identity

This Subclause modifies Subclause 9.30, “Data type identity”, in ISO/IEC 9075-2.

Function

Determine whether two data types are compatible and have the same characteristics.

Syntax Rules
1) ‘ Ingert after SR 11)b): ‘ If PM is an MD-array type, then the maximum MD-extent of PMshall
to the maximum MD-extent of P.
Access Rules
No|additional Access Rules.
Generpl Rules
No|additional General Rules.
Conformance Rules
No|additional Conformance Rules.

be equal
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9.

15

Indexed name

Function

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

Subclause Signature

ndex ge—rame*—{Symtax Rutest—¢

Par a
Par a
Par a

Ret urfns: “ | NDEXEDNAME"

LASTINDEX — an integer value specifying the largest index value for a givemMD-array axis;
in thlis Subclause to determine a padding for the INDEX, so that MD-axes ofithe same MD-exX
assigned INDEXEDNAME values with a consistent length.

INDEX — an unsigned integer value specifying the (1-based) indexof an anonymous MD-at

wit
PRE
INDI

Syntay

1)

2)

3)

4)

5)

Lef
Ru

Lef
FL

Let
PAI
Lef
P

wh

ter: *LASTI NDEX",
ter: “INDEX',
ter: “PREFIX

in a particular MD-extent for which an indexed name is to.be)derived.
F[X — a character string value used to ensure that INDEXEDNAME is a valid SQL <iden

I XEDNAME — the derived unique name (<identifier>) of an MD-array axis.

t Rules

D be the LASTINDEX, let Al be the INDEX, and let P be the PREFIX in an application of th

es of this Subclause. The result of thézapplication of this Subclause is returned as INDEXH
NZ be the result of
OR( LOGLO( D) ) — FLOOR('LOGLO( Al ) )

PAD( be the zero-length string. Let PAD;, 1 (one) < i< NZ, be the value of
D1 || 0

AN be the-yalue of

| PAD| CAST( Al AS CHARACTER VARYI NG(n) )

ere’n is the implementation-defined (IL006) maximum length of a variable-length cha

tis used
tent are

ray axis

fifier>.

e Syntax
'DNAME.

racter

st

fg:

Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,
which receives AN as INDEXEDNAME.

Access Rules

80

No

ne.
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General Rules

None.

Conformance Rules

None.
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9.16 MD-array subset

Function

Convert an <md-array subset> to MD-extents that take into account sliced MD-axes.

Subclause Signature

“MD-arr
Par ar
Par ar

) Ret un

“ND- ar 1
Par anret er: “ MDARRAY VALUE”,
Paraneter: “NMDAXI S SUBSET LI ST”

)

MDA

MDAXIS SUBSET LIST — an <md-axis subset list>.

TARGET MAXIMUM MDEXTENT — a potentially empty maximum MD-extent derived from
proviided MDARRAY TYPE and MDAXIS SUBSET LIST.

EQU

MD-gxtent derived from the provided MDARRAY TYPE and MPAXIS SUBSET LIST.

Ret un

MDA
MDA

SOURCE MDEXTENT — the MD-extent of MDARRAY VALUE with the MDAXIS SUBSET LIST
to it such that a pair of <md-axislower limit expression> and <md-axis upper limit express
replace the lower and upperilimit of the corresponding MD-axis in the result unless equival
<asterisk>, and a <md-axis slice positional> replaces both the lower and upper limit of the
pondling MD-axis.

TARGET MDEXTENT-— same as the SOURCE MDEXTENT, except that it does not contain th

axes

SLICED MDAXES — a potentially empty set of indexes of MD-axes that are slices in the proy

MDA

et er:  “ MDARRAY TYPE”,
et er: “MDAXI S SUBSET LI ST”

I el | Wal ) .l L
ay—stubset [Symtax Rutes]

ns: “TARGET MAXI MUM MDEXTENT” and *“ EQUI VALENCE’

RRAY TYPE — an MD-array type.

the

VALENCE — a potentially empty character string representing’a syntax equivalence to a jaximum

ay subset” [General Rules] (

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

RRAY VALUE — an MD-array value.
XIS SUBSET LIST — an <md-axis subset list>.

corresponding to <md-axis slice positional>s in the provided MDAXIS SUBSET LIST.

XISSUBSET LIST.

applied
on>

ent to an
Corres-

e MD-

ided

Syntax Rules

1)

2)
3)

82

Let MDT be the MDARRAY TYPE and let ASL be the MDAXIS SUBSET LIST in an application of the
Syntax Rules of this Subclause. The result of the application of this Subclause is returned as TARGET
MAXIMUM MDEXTENT and EQUIVALENCE.

MDT shall be an MD-array type and ASL shall be an <md-axis subset list>.

Let EDT be the element type of MDT, let MD be the maximum MD-extent of MDT, let d be the number
of MD-axes in MD, and let MN;, MLO;, and MHI;, be the name, lower limit, and upper limit, respectively,

of the i-th MD-axis in MD, 1 (one) <i<d.
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4)  The declared type of <numeric value expression>s simply contained in ASL shall be exact numeric
with scale 0 (zero).

5) Case:
a) IfASLis an <md-axis subset list positional>, then:

i) The number of <md-axis subset positional>s immediately contained in the <md-axis
subset list positional> ASLP shall be d.

ii) ASLP shall simply contain at least one <md-axis limits positional>.

iii)  LetASP;be thei-th <md-axis subset positional>immediately contained in ASLF, 1 (one)
<i<d.

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

[ MNp ( ASPy ),

Mg ( ASPg )
]

b)| IfASL is an <md-array subset extent>, then:

i) Let AVE1 be the <md-array value expression>‘immediately contained in ASL gnd let e
be the MD-dimension of AVE1. e shall be equal to d.

ii) Let TMD be a zero-length character string, and let EQ be a character string equivalent
to

[ MDAXI S LONAVEL, 1) : MDAXI'S H GH(AVEL, 1),

MDAXI S LOWAVEL, e) : -VDAXI S_HI GH(AVEL, e)
]

c)| Otherwise:

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

ii) Fori, 1 (one) <i <ASNNUM:
1)\ Let ASN; be the i-th <md-axis subset named> immediately contained in|ASL.
2) Let M; be the <md-axis name> simply contained in ASN;.

3) LetO;be the <md-interval expression> or <md-axis slice positional> sifnply
contained in ASN,.

iii)  Foralliandj, 1 (one) <i,j <ASNNUM, and i #j, M; shall not be equivalent to M;.

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

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

1) dshall not be equal to SLICENUM.
2) Lettbed- SLICENUM.
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3) Letibel (one).

4) Forallj, 1 (one) <j <d, such that no k exists, 1 (one) < k < ASNNUM, wh
is equivalent to My and O, is an <md-axis slice positional>:

A)  Let TMN; be MN;, let TMLO; be MLO;, and let TMHI; be MHI,.

B) iisincreased by 1 (one).

vi) Let TMD be the maximum MD-extent denoted by [ TMNq ( TMLOq : TMHI ), ..

TMN, (TMLO,: TMHI, ) ], and let EQ be a zero-length character string

ere MNj

"

6) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,
which receives TMD as TARGET MAXIMUM MDEXTENT and EQ as EQUIVALENCE.
Access Rules
Nope.
Generpl Rules
1) LetAVbe 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 this Subclause is returned a§ SOURCE
MDEXTENT, TARGET MDEXTENT, and SLICED MDAXES.
2) Let D be the MD-extent of AV, let d be the numberef MD-axes in D, and let MN;, LO;, and HJ;, be the
name, lower limit, and upper limit, respectively, of the i-th MD-axis in D, 1 (one) <i<d.
3) Let SLICEDAXES be an empty set.
4) Let ASNNUM be the number of <md-a%is subset named> simply contained in ASL.
NOTE 4 — ASL is an <md-axis subsetlist> that is an <md-axis subset list named>. The Syntax Rules of this[Subclause
syntactically transform <md-axis'subset list positional> and <md-array subset extent> into a form that iy an <md-
axis subset list named>.
5) Fori, 1 (one) <i<ASNNUM:
a)| LetASN;be thé isth <md-axis subset named> simply contained in ASL.
b)| Let M;bethe'<md-axis name> simply contained in ASN;.
c)| LetOjbethe<md-interval expression>or <md-axis slice positional> simply contained in ASN;.
6) LetSELIGENUM be the number of <md-axis subset named> simply contained in ASL that arelan <md-
axis slice named>.
7) Lettbed - SLICENUM.
8) Letibel (one).
9) Forallj, 1 (one)<j<d:
Case:
a) Ifkexists, 1 (one) <k <ASNNUM, such that MN; is equivalent to My, then
Case:
i) If Oy is an <md-interval expression>, then:
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1) Let PLO be the <md-axis lower limit expression> immediately contained in Oy,
and let PHI be the <md-axis upper limit expression> immediately contained in
Oy
2) Case:
A) If PLOis <asterisk>, then let SLO; be LO;.
B) Otherwise, let SLOj be the value of PLO.
3) Case:
A) If PHI s <asterisk>, then let SHI; be HI;.
B)  Otherwise, let SHI; be the value of PHI.
4)  IfSLO;or SHI;is the null value, then an exception conditionisraised: data ¢xception
— MD-array null limit in subset (2203]).
5)  Let TN;be MNj, let TLO; be SLO;, and let THI; be SHI,.
6) iisincreased by 1 (one).
ii) Otherwise:
1)  Let P be the value of the <md-axis sli€e positional> Oy,
2)  If Pisthe null value, then an exception condition is raised: data exceptiopn — MD-
array null limit in subset (2203]).
3) LetSLO;be Pand let SHI beP.
4)  jisadded to SLICEDAXES.
b)|[ Otherwise:
i) Let SLO; be LO;, let SHI; be HI;, let TN;be MN;, let TLO; be SLO;, and let THI; be SHI;.
ii) iis increased by’1 (one).
10) LetSD be the MD-extent denoted by [ MN1 (SLOq : SHI{ ), .., MNz (SLOg4: SHI;) ], and let 7D be the
MI)-extent denoted by [ TN ( TLOq : THI ), .., TN ( TLO.: THI;) .
11) Evaluation of the General Rules is terminated and control is returned to the invoking Subg¢lause,
V]\\/IIE ij;g;ceives SD as SOURCE MDEXTENT, TD as TARGET MDEXTENT, and SLICEDAXES as|SLICED

Conformance Rules

No

ne.
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9.17 Canonicalize MD-array element reference

Function

Convert an MD-array element reference to a canonical coordinate.

Subclause Signature

“ Canonifcattze—barray—etenment—reference™{SymtaxRutest—¢
Pararret er: “ MDARRAY TYPE",
Parareter: “MDAXI S SLICE LI ST”

) Retunns: “CANONI CAL SLI CE COORDI NATE”

MDARRAY TYPE — an MD-array type.
MDAXIS SLICE LIST — an <md-axis slice list>.

CANDNICAL SLICE COORDINATE — a coordinate derived from the previded MDAXIS SLICE LIST such
thatpll <md-axis slice positional> from it have been ordered to match the corresponding MD-axes
in thie provided MDARRAY TYPE.

Syntax Rules

1) LetMDTbethe MDARRAY TYPE and let ASL be the MDAXIS SLICE LIST in an application of the Syntax
Rules of this Subclause. The result of the application of this Subclause is returned as CANQNICAL
SLICE COORDINATE.

2)  MDT shall be an MD-array type and ASL shall be an <md-axis slice list>.

3) LetEDTDbe the element type of MDT, let'MD be the maximum MD-extent of MDT, let d be thg number
of MD-axes in MD, and let MN; be:the name of the i-th MD-axis in MD, 1 (one) <i<d.

4) Lete be the number of <md-axis slice named>s or <md-axis slice positional>s simply confained in
ASL. e shall be equal to d.

Case:

a)| IfASLisan<md-axis slice list positional> ASLP, then let O; be the i-th <md-axis slice pofitional>
immediately contained in ASLP, 1 (one) <i<e.

b)| Otherwise, ASL is an <md-axis slice list named> ASLN.

i) Let ASN; be the i-th <md-axis slice named> immediately contained in ASLN a

ii) Foralliandj, 1 (one) <i,j <e, and i +j, M; shall not be equivalent to M;.
iii)  Foralli, 1 (one)<i<e:
1)  There shall exist exactly one j, 1 (one) <j < d, such that M; is equivalent to MN;.
2)  LetO;be the <md-axis slice positional> immediately contained in ASN;.
5) Let RET be the coordinate denoted by [ Oy, ..., Og4].

6) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,
which receives RET as CANONICAL SLICE COORDINATE.
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Access Rules

None.

General Rules

None.

Confo

adaal hal raY DIIIﬂ(‘
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No

Lal al
TITUITCC

j1e.
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9.18 Execution of MD-array-returning external functions

Function

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

Subclause Signature

“Execut
Par ar
Par ar
Par ar

Syntay

Access

Gener

1)

2)

3)

4)
5)
6)
7)
8)

88

MDA
posi

EFFI
func

PRO

No

No

Let
in

Lef
an

D

rom—of—B—ar ay=1 eturm g extermat—funct+ons® [chc‘ldl Rult:b] (
et er .  “ MDARRAY”

et er: “ EFFECTI VE SQL PARAMETER LI ST,

et er ;. “ PROGRAM'

RRAY — a coordinate derived from the provided MDAXIS SLICE LIST such-that all <md-

Ve

ECTIVE SQL PARAMETER LIST — effective SQL parameter list ofthe MD-array-returning
fion.

FRAM — the program identified by the external name of the MD-array-returning external

t Rules

j1e.

i Rules

j1e.

al Rules

ARbe the MDARRAY; let ESPL be the EFFECTIVE SQL PARAMETER LIST, and let Pbe the P
hn application of the General Rules of this Subclause.

D be the MD-extent of AR, let ARC be the cardinality of D, let d be the number of MD-a3
] let Nj, LOj, and HIj be the name, lower limit, and upper limit, respectively, of the j-th M

| (ome)<j<d.

hxis slice

ional> from it have been ordered to match the corresponding MD-axesih the provided M[DARRAY
TYPE

external

function.

ROGRAM

tes in D,
D-axis in

Fo

rall, 1 (one) <j<d, let AEJ,- be the value of HIJ,- - LOJ,- + 1 and let PAEJ,- be the value ofAEj

XAEJ'.,_l

X ..

. XAEd.

Let EN be the number of entries in ESPL.

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

Let FRN be the number of result data items.

Let PN and N be the number of values in the static SQL argument list of P.

Depending on whether the language of P specifies ADA, C, COBOL, FORTRAN, M, PASCAL, or PLI,
let the operative data type correspondences table be Table 2, “Data type correspondences for Ada”,
Table 3, “Data type correspondences for C”, Table 4, “Data type correspondences for COBOL’, Table 5,
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“Data type correspondences for Fortran”, Table 6, “Data type correspondences for M”, Table 7, “Data
type correspondences for Pascal”, or Table 8, “Data type correspondences for PL/1”, respectively.
Refer to the two columns of the operative data type correspondences table as the SQL data type
column and the host data type column.

9)  Forivarying from 1 (one) to EN, let PD; be the i-th parameter of P, let PT; be the <data type> of ESP;,
and let the host language data type DT; of PD; be the data type listed in the host data type column

of the row in the operative data type correspondences table whose value in the SQL data type
column is PT;.

10) LerEbeOfzero):
11) If the call type data item has a value of -1 (negative one, indicating open call), then:
a)| Forivarying from 1 (one) through EN, the values of the parameters PD; aré-set as follows.

The General Rules of Subclause 9.4, “Passing a value from the SQL-servérto a host lapguage”,

are applied with the language of P as LANGUAGE, PT; as SQL TYPE,and the value of HSP; as

SQL VALUE; let PD; be the HOST VALUE returned from the application of those Generfal Rules.

b)| Pis executed.
c)| Forivarying from 1 (one) through EN, the General Rulés-of Subclause 9.3, “Passing @ value
from a host language to the SQL-server”, are applied with the language of P as LANGUAGE, PT;
as SQL TYPE, and the value of PD; as HOST VALUE;Yet ESP; be the SQL VALUE returned from
the application of those General Rules.
12) Case:
a)| Ifthe value of the exception data item{s'00000" (corresponding to the completion condition

successful completion (00000)) or the first 2 characters of the exception data item arg '01"'

(corresponding to the completiofi’condition warning (01000) with any subcondition), then

set the call type data item to 0 (zero) (indicating fetch call).

b)| Ifthe exception data itemvis-'02000' (corresponding to the completion condition no|data

(02000)):

i) If each PDj;((PN+FRN)+N+1) <i < ((PN+FRN)+N+FRN) (that is, the SQL indicator
arguments-corresponding to the result data items), is negative, then set AR tq the null
value(

ii) Setithe call type data item to 1 (one) (indicating close call).

c)| Otherwise, setthe call type data item to 1 (one) (indicating close call).
13) The following steps are applied repeatedly until the call type data item has a value other tIhan 0
(zéro}Lcorresponding tofetchcall):
a) Foriranging from 1 (one) to EN-2, the General Rules of Subclause 9.4, “Passing a value from
the SQL-server to a host language”, are applied with the language of P as LANGUAGE, PT; as

SQL TYPE, and the value of ESP; as SQL VALUE; let PD; be the HOST VALUE returned from the

application of those General Rules.

b)  The value of PDgy_1 (that s, the save area data item) is set to the value returned in PDgy_q

by the prior execution of P.

c)  The value of PDgy (that is, the call type data item) is set to 0 (zero).
d) Pisexecuted.
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e) Forivarying from 1 (one) through EN, the General Rules of Subclause 9.3, “Passing a value
from a host language to the SQL-server”, are applied with the language of P as LANGUAGE, PT;

as SQL TYPE, and the value of PD; as HOST VALUE; let ESP; be the SQL VALUE returned from
the application of those General Rules.

f)  Case:

i) If the exception data item is ‘00000’ (corresponding to completion condition successful
completion (00000)) or the first 2 characters of the exception data item are '01' (corres-
ponding to completion condition warning (01000) with any subcondition), then:

1) Increment E by 1 (one).

2) If E> ARC, then an exception condition is raised: data exception +MD-qrray ele-
ment error (2203X).

3) LetRMbeE.Forj,1 (one)<j<(d-1):
A)  LetR;be the value of CAST(((RM / PAEj,1) + LOjDAS INT).
B)  Let RM be the value of MOD(RM  PAE; .1) .

4)  Let Ry be the value of RM.

5) Let Q be the coordinate denoted by [ R, Ry |-

6) Case:

A) Ifeach PD;, ((PN+FRN)+N+1) <i < ((PN+FRN)+N+FRN) (that is, the SQL
indicator arguments corresponding to the result data items) is negative,
then let the element'of AR at coordinate Q be the null value.

B) If FRNis 1 (ong),then let the element of AR at coordinate Q be the|value of
the result data item.

C) Otherwise:

I) Let RDI;, 1 (one) <i < FRN, be the value of the i-th result data item.
V)] Let the element of AR at coordinate Q be the value of the fo]lowing
<row value expression>:
RON( RDI1, ..., RDIpgn )

ii) If the exception data item is '02000' (corresponding to completion condition|no data

(02000)), then:
1) Ifthevalue of Fis 0 (zero), then set AR to the null value
2)  Setthe call type data item to 1 (one) (indicating close call).

iii) Otherwise, set the value of the call type data item to 1 (one) (indicating close call).

14) If the call type data item has a value of 1 (one) (indicating close call), then P is executed with para-
meters whose values are set as follows:

a) Foriranging from 1 (one) to EN-2, the General Rules of Subclause 9.4, “Passing a value from
the SQL-server to a host language”, are applied with the language of P as LANGUAGE, PT; as

SQL TYPE, and the value of ESP; as SQL VALUE; let PD; be the HOST VALUE returned from the
application of those General Rules.

90

© ISO/IEC 2023 - All rights reserved


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

b)

c)
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The value of PDgy_q (thatis, the save area data item) is set to the value returned in PDgy_1
by the prior execution of P.

The value of PDgy (that is, the call type data item) is set to 1 (one).

P is executed.

15) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause.

Conformance Rules

Nope.
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10 Additional common elements

This Clause modifies Clause 10, “Additional common elements”, in ISO/IEC 9075-2.

10.1

<md-extent alternative>

Functi

Specify 4

Forma

<nmd- ext
<md
| <md

<md- ext
<l eft

<nd- axi
<nmd- a

<md- ax

<md- a
<

<nd- axi
<nume

<md- ax
<nune

Syntay
1) Th
by

2) Th
SC4

on

n MD-extent or a maximum MD-extent.

t

bnt alternative> ::=
extent >
array subset extent>

bnt > [ =
bracket or trigraph> <nd-axis |ist> <right bracket or trigraph>

5 list> ::=

is>[ { <comma> <nd-axis> }... ]
5> 1=

i s nanme>

eft paren> <md-axis lower |imt> <eolon> <md-axis upper linmt> <right pare

5 lower limt> ::=
i c val ue expression>

5 upper limt> ::=
i ¢ val ue expression>

t Rules

e maximum MD-extent specified by <md-extent alternative> is the maximum MD-extent
the immedjately contained <md-extent> or <md-array subset extent>.

e declared types of <md-axis lower limit> and <md-axis upper limit> shall be exact num
le O{(zero).

bpecified

bric with

I nd 1 F:

3) If

a)
b)

<)

92

2] 4+ + 1ad +h
ITITUTCTALCIIU LU 15 DPULIIICM, LUIICII.
Let d be the number of <md-axis> simply contained in EU.

The maximum number of <md-axis> is implementation-defined (IL203). d shall be |
this maximum value.

Let MN;, MLO;, and MHI;, 1 (one) <i<d, be the <md-axis name>, <md-axis lower lim

ess than

it>, and

<md-axis upper limit>, respectively, of the i-th <md-axis> immediately contained in the <md-

axis list> immediately contained in <md-extent>.

i) The declared types of MLO; and MHI; shall be exact numeric with scale 0 (zero).
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ii) Foralliandj, 1 (one) <i,j <d, i #j, MN; shall not be equivalent to MN;.

d) Let MD be the maximum MD-extent denoted by [ MN; ( NULL : NULL), .., MN4; ( NULL : NULL
) ]- MD is the maximum MD-extent specified by EU.

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

Access Rules

Nope.

General Rules

1) Thp MD-extent defined by <md-extent alternative> is the MD-extent defined by the immefiately
contained <md-extent> or <md-array subset extent>.

2)  If Ymd-extent> EU is specified, then:
a)| Foralli,1(one)<i<d:
i) Let 4; be the i-th <md-axis> simply contained‘in EU.
ii) Let N; be the value of the <md-axis nameé>immediately contained in 4;.
iii)  Case:

1)  If the value of the <md-axis:lower limit> immediately contained in 4; is the null

value, then an exceptionicondition is raised: data exception — MD-array hull limit
in MD-extent (2203K)-

2)  Otherwise,let LO;be the value of the <md-axis lower limit> immediately cpntained
in Ai'
iv) Case:

1) Ifthevalue of the <md-axis upper limit> immediately contained in 4; isfthe null

value, then an exception condition is raised: data exception — MD-array pull limit
in MD-extent (2203K).

2)  Otherwise, let HI; be the value of the <md-axis upper limit> immediately cpntained
in Al"

v) H:Tf)l. is grnnfnr than ,_”1" then an nvrnpfinn condition is raised: data pvrapf'in — MD-

array lower limit greater than upper limit (2203U).

vi) If LO;is less than MLO; or HI; is greater than MHI;, then an exception condition is raised:
data exception — MD-array limit in MD-extent out of bounds (22044).

b) LetD be the MD-extent denoted by [ Ny (LOq1: HI1), ..., Ny (LOg: HI;) ]. D is the MD-extent
specified by EU.

3) If<md-array subset extent> AE is specified, then let D be the MD-extent of the value of AVE. D is the
MD-extent specified by AE.
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Conformance Rules

1)  Without Feature A010, “Multi-dimensional array support”, conforming SQL language shall not

contain an <md-extent alternative>.

94
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10.2 <md-array md-axis>

Function

Specify an MD-axis as a name or index.

Format

ISO/IEC 9075-15:2023(E)
10.2 <md-array md-axis>

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

<nd-axi $ identifier> ::=

<un$i gned i nt eger>
| <mdiaxis name>

Syntax Rules

1) Let MDT be the declared type of the <md-array value expression>,léet'd be the MD-dimengion of
MDT, and let N;, 1 (one) <i < d, be the name of the i-th MD-axis it the maximum MD-extentf of MDT.

Case:

a)| Ifthe <md-axisidentifier> Al immediately contained in an <md-array md-axis> is an <iinsigned

be the value of the <unsigned integer>.

integer>, then the value of Al shall be greater than' 0 (zero), and less than or equal to {I. Let AD

b)| Otherwise, the immediately contained <md-axis name> shall be equivalent to N;, for] some i,

1 (one)<i<d. LetAD=1.

2)  AD|is the MD-axis index specified by <nrd-array md-axis>.

Access Rules

Nope.

General Rules

Nope.

Conformance Rules

1)  Without Feature A010, “Multi-dimensional array support”, conforming SQL language shall not

contain an <md-array md-axis>.
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11 Schema definition and manipulation

This Clause modifies Clause 11, “Schema definition and manipulation”, in ISO/IEC 9075-2.

111

<column definition>

This Sub

Functi

Define a

Formad

No

Syntay

No

Access

No

Gener

No

Confol

rlause modifies Subclause 11.4, “<column definition>", in ISO/IEC 9075-2.

on

column of a base table.

t

additional Format items.

t Rules

additional Syntax Rules.

i Rules

additional Access Rules.

al Rules

additional General Rules.

rmance Rules

1) |[In

sert after thelast CR: ‘ Without Feature A016, “Persistent MDA values”, conforming SQL fanguage

shi

1l not cantain a <column definition> whose declared type is based on an MD-array type.

96
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11.2 <view definition>

<view definition>

This Subclause modifies Subclause 11.32, “<view definition>", in ISO/IEC 9075-2.

Function

Define a

Form

viewed table.

t

No

Syntay

No

Access

No

Gener

No

Confol

additional Format items.

t Rules

additional Syntax Rules.

i Rules

additional Access Rules.

al Rules

additional General Rules.

rmance Rules

1) |In

bert after the last CR: ‘ Without Feature A016, “Persistent MDA values”, conforming SQL 1

shd
art

1l not contain a <view definition> that defines a column whose declared type is based o
ay type.

anguage
nan MD-
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11.3 <user-defined type definition>

11.3 <user-defined type definition>

This Subclause modifies Subclause 11.51, “<user-defined type definition>", in ISO/IEC 9075-2.

Function

Define a user-defined type.

Format

Noladditional Format items.

Syntax Rules

1) ‘AL gment SR 7)a)‘ by adding “PSDT shall not be an MD-array type. ” at the'end of the lead[text of
thq rule.

Access Rules

Noladditional Access Rules.

Generpal Rules

No|additional General Rules.

Conformance Rules

No|additional Conformance Rules.
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<SQL-invoked routine>

This Subclause modifies Subclause 11.60, “<SQL-invoked routine>", in ISO/IEC 9075-2.

Function

Define an SQL-invoked routine.

Format

Noladditional Format items.

Syntax Rules

1) ‘In sert before SR 9)p):‘ An MD-array-returning external function is an SQl-invoked functid

an|jexternal routine for which exactly one of the following is true:

a)

b)

Access Rules

No

Genergal Rules

No

Conformance Rules

No

A <result cast from type> is specified that does not contain-a'<locator indication>, by
contains an <md-array type>.

n thatis

t simply

A <result cast from type> is not specified and <returns)data type> does not contain al<locator

indication>, but simply contains an <md-array type>.

additional Access Rules.

additional General Rules.

additional Conformance Rules.
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12 SQL-client modules

This Clause modifies Clause 13, “SQL-client modules”, in ISO/IEC 9075-2.

12.1

<externally-invoked procedure>

This Sub

Functi

Define a

Formad

No

Syntay

rlause modifies Subclause 13.3, “<externally-invoked procedure>", in ISO/IEC 9075-2.

on

h externally-invoked procedure.

t

additional Format items.

t Rules

1) |In

sert into SR 4)a), before the 4)a)v) list item:

a)

MD-array type;

2) |In

bert after SR 4)a): ‘ If Tis an MD-array type,then the host parameter identified by <host parameter

na

me> is called an MD-array locator parameter.

3) |In

bert into SR 10)e)‘ after

thd

package SQLSTATE_CODESis

100

code:

DATA_EXCEPTI ON"NO_SUBCLASS:
constant SQLSTATE TYPE := "22000";

DATA EXCEPTI ON_MD_ARRAY_NULL_LI M T_I N_SUBSET:
const anti"SQLSTATE_TYPE : = "2203J";

DATA_EXCEPTI ON_MD_ARRAY_NULL_LI M T_I N_MD_EXTENT:
constant SQLSTATE TYPE : = "2203K";

DAFALEXCEPTI ON_MD_ARRAY_SUBSET_NOT_W THI N_MD_EXTENT:
const ant SQLSTATE _TYPE := "2203L";

DATA_EXCEPTI ON_MD_ARRAY_DUPLI CATE_COORDI NATE_I N_QUERY_CONSTRUCTOR:
constant SQCSTATE_TYPE 7= “2203M5

DATA_EXCEPTI ON_MD_ARRAY_NULL_COORDI NATE_| N_QUERY_CONSTRUCTOR:
constant SQLSTATE_TYPE : = "2203N';

DATA_EXCEPTI ON_MD_ARRAY_COORDI NATE_NOT_W THI N_SPECI FI ED_MD_EXTENT:
constant SQ.STATE TYPE := "2203P";

DATA_EXCEPTI ON_MD_ARRAY_SCURCE_MD_EXTENT_NOT_STRI CTLY_W THI N_NMAXI MUM_TARGET_MD_EXTENT:
constant SQ.STATE TYPE := "2203Q';

DATA_EXCEPTI ON_MD_ARRAY_OPERANDS_W TH_NON_MATCHI NG_MD_EXTENTS:
constant SQLSTATE_TYPE := "2203R’;

DATA_EXCEPTI ON_MD_ARRAY_| NVALI D_MD_AXI S:
constant SQLSTATE_TYPE : = "2203T";

DATA_EXCEPTI ON_MD_ARRAY_LOWER LI M T_GREATER_THAN UPPER LI M T:
constant SQ.STATE TYPE := "2203U';

DATA_EXCEPTI ON_MD_ARRAY ELEMENT ERROR:
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Conformance Rules
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12.1 <externally-invoked procedure>

constant SQLSTATE_TYPE := "2203X";

DATA_EXCEPTI ON_MD_ARRAY_DECCODI NG_ERROR:
constant SQLSTATE_TYPE : = "2203Y";

DATA_EXCEPTI ON_MD_ARRAY_ENCCODI NG_ERROR:
constant SQ.STATE TYPE := "2203Z";

DATA_EXCEPTI ON_MD_ARRAY_ELEMENT_REFERENCE_NOT_W THI N_NMD_EXTENT:
constant SQLSTATE_TYPE := "22040";

DATA_EXCEPTI ON_MD_ARRAY_NULL_VALUE | N_MD_ARRAY_TARCET:
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";

DATA_EXCEPTI ON_MD_ARRAY_TARGET_MD_EXTENT_NOT_STRI CTLY_W THI N_MAXI MUM_MD_EXTENT:
constant SQ STATE TYPE - = "22043":

DATA_EXCEPTI ON_MD_ARRAY_LI M T_I N_MD_EXTENT_OUT_OF_BOUNDS:
constant SQLSTATE_TYPE : = "22044";

ThE text of the Ada library unit package Interfaces.SQL is also available from the1SO webgite as a
“digital artifact”. See ht t ps: // st andar ds. i so. org/i so-i ec/ 9075/ <15/ ed- 2/ ¢n/ to
donload digital artifacts for this document. To download the library unitpackage, select]the file

named | SO | EC 9075-15(E) _MDA- I nt erfaces. SQ.. ada.

No|additional Access Rules.

No|additional General Rules.

No|additional Conformance Rules.
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12.2 Data type correspondences

This Subclause modifies Subclause 13.5, “Data type correspondences”, in ISO/IEC 9075-2.

Function

Specify the data type correspondences for SQL data types and host language types.

Tables

‘ Insertinto Table 21, “Data type correspondences for Ada” | the rows of Table 2, “Data type correspgndences
for Ada”

Table 2 — Data type correspondences for Ada

SQL Data Type Ada Data Type

MDARRAY None

Insertinto Table 22, “Data type correspondences for C”| the rows'of Table 3, “Data type correspdndences

for C".
Table 3 — Data type correspondences for C
SQL Data Type C Data Type
MDARRAY None

Insertinto Table 23, “Data type correspondences for COBOL’ | the rows of Table 4, “Data type corfespond-
ences for COBOL".

Table 4 — Data type correspondences for COBOL

SQL Data Type COBOL Data Type

MDARRAY None

Insert ifto Table 24, “Data type correspondences for Fortran”| the rows of Table 5, “Data type dorres-
pondendes for Fortran”.

Table 5 — Data type correspondences for Fortran

SQL Data Type Fortran Data Type

MDARRAY None

Insertinto Table 25, “Data type correspondences for M” | the rows of Table 6, “Data type correspondences
for M”.

102 © ISO/IEC 2023 - All rights reserved


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

ISO/IEC 9075-15:

2023(E)

12.2 Data type correspondences

Table 6 — Data type correspondences for M

SQL Data Type

M Data Type

MDARRAY

None

Insertinto Table 26, “Data type correspondences for Pascal”| the rows of Table 7, “Data type correspond-

ences for Pascal”.

Table 7 — Data type correspondences for Pascal

SQL Data Type Pascal Data Type
MDARRAY None
Insert ifto Table 27, “Data type correspondences for PL/1”| the rows of Tablé 8, “Data type correspond-

ences fo

FPL/T".

Table 8 — Data type correspondences for PL/I

SQL Data Type PL/I Data Type
MDARRAY None
Conformance Rules
Nope.
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13 Data manipulation

This Clause modifies Clause 14, “Data manipulation”, in ISO/IEC 9075-2.

13.1 <setclause list>

This Sub

Functi

Specify 4

Formad

<updat e
I

<ob

Syntay

1)

2)

104

<ob

rlause modifies Subclause 14.15, “<set clause list>", in ISO/IEC 9075-2.

on

list of updates.

t

target> ::=
Al | alternatives from| SO |EC 9075-2
ect col um>
<l eft bracket or trigraph> <nd-axis slice |ist>=<right bracket or trigraph
ect col um>
<l eft bracket or trigraph> <nd-axis subset)N'st> <right bracket or trigrap

t Rules

’In

sert after SR 11)a): ‘ If the <update target> immediately contains an <md-axis slice list> 4

the
tyr

a)

b)
c)

e.

The Syntax Rules of Subclause 9.17, “Canonicalize MD-array element reference”, are
with MDT as MDARRAY TYPE and ASL as MDAXIS SLICE LIST; let CASL be the CANONIC]
COORDINATE returned from the application of those Syntax Rules.

Let EDT be therelement type of MDT.

The Syntax.Rules of Subclause 9.2, “Store assignment”, in ISO/IEC 9075-2, are applie
temporary:site whose declared type is EDT as TARGET and the <update source> of tl
clausé>)as VALUE.

‘In

sert@fter SR 11)a):‘ If the <update target> immediately contains an<md-axis subset lis

the

\

1SL, then

declared type MDT of the column of Fidentified by the <object column> OC shall be an MD-array

applied
AL SLICE

d with a
he <set

t> ASL,
be an

nthe declared type MDT of the column of T identified by the <object column> OC shall

M

-array type.

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

and ASL as MDAXIS SUBSET LIST; let TMD be the TARGET MAXIMUM MDEXTENT and let EQ be the
EQUIVALENCE returned from the application of those Syntax Rules. Let t be the number of MD-axes
in TMD.

Case:

a)
b)

If EQ is not a zero-length character string, then <update target> is equivalent to OC EQ.

Otherwise:

i) Let EDT be the element type of MDT.
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13.1 <set clause list>

ii) The Syntax Rules of Subclause 9.2, “Store assignment”, in ISO/IEC 9075-2, are applied
with a temporary site whose declared type is an MD-array type with element type EDT
and maximum MD-extend TMD as TARGET and the <update source> of the <set clause>
as VALUE.

Access Rules

No

additional Access Rules.

Generpal Rules

No

Confol

additional General Rules.

rmance Rules

1) ‘In

sert after the last CR: ‘ Without Feature A010, “Multi-dimensional array support”, confgrming

SQL language shall not contain an <update target> that immediately{contains an <md-axis dlice list>

or

hn <md-axis subset list>.
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14 Ad

ditional data manipulation rules

This Clause modifies Clause 15, "Additional data manipulation rules”, in ISO/IEC 9075-2.

14.1

Evaluating a <set clause list>

This Sublause modifies Subclause 15.5, “Evaluating a <set clause list>", in ISO/IEC 9075-2.

Functi

Specify 4

Syntax Rules

No

Access Rules

No

General Rules

1) Th
das

on

list of updates.

additional Syntax Rules.

additional Access Rules.

e General Rules of Subclause 8.6, “Handler execution”, in ISO/IEC 9075-4, are applied v
MOST APPROPRIATE HANDLER.

2) ’In

bert before GR 3)b)ii):‘ If the j-th <set clause> contains an <update target> AS that imm

coltains an <md-axis slice listS 0or <md-axis subset list>, then:

a)
b)

c)
d)

Let ASL be the <md-axis slice list> or <md-axis subset list> immediately contained i

If the value of Cis'the null value, then an exception condition is raised: data exceptio
array null value'in MD-array target (22041).

Let AV be the value of C. Let SV be the i-th update value.

Let.D:be the MD-extent of AV, let d be the number of MD-axes in D, and let MD be the nj
MDrextent of AV.

yith EDT

ediately

N AS.
n— MD-

aximum

e)

106

i) If ASL is an <md-axis slice list>, then:

1)  Let P;be the value of the j-th element of CASL, 1 (one) <j <d.
2)  Let MN;be the name of the j-th axis in MD, 1 (one) <j < d.
3) LetSD be the MD-extent denoted by [ MN{( P1:P1), ... MN4( Py: Pg) 1.

4) Let VD be SD.

ii) Otherwise:
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14.1 Evaluating a <set clause list>

1)  The General Rules of Subclause 9.16, “MD-array subset”, are applied with AV as
MDARRAY VALUE and ASL as MDAXIS SUBSET LIST; let SD be the SOURCE MDEX-
TENT, let TD be the TARGET MDEXTENT, and let SLICEDAXES be the SLICED
MDAXES returned from the application of those General Rules.

2)  Let VD be the MD-extent of SV.

3) If VD is not strictly within TMD, then an exception condition is raised: data
exception — MD-array source MD-extent not strictly within target MD-extent
(22042).

f) [t 5D 1s not strictly within MD, then an exception condifion 1s raised: data exceplion - MD-
array target MD-extent not strictly within maximum MD-extent (22043).

g)| Let UD be the union of D and SD.
h)| AVisreplaced by an MD-array A with element type EDT and MD-extent UD derived ag follows.
For every coordinate R within UD:
i) Case:
1) If ASL is an <md-axis slice list>, then let Q be R.
2)  Otherwise:
A)  Let RP;be the j-th element of Rk (one) <j <d.
B) Letjbe1 (one).
C) Forallk, 1 (one) <k <d;such that k is not an element of SLICEDAXES:
1) Let TP; be RPy:
I1) j is increased by 1 (one).
D) LetQ be the‘coordinate denoted by [ TPy, ..., TP; ]
NOTE 5= There are t non-SLICEDAXES.
ii) Case:

1) IfRis within D and @ is not within VD, then the element in 4 at coordingte R is
the value of the element in AV at coordinate R.

2)— If Ris not within D and @ is not within VD, then the element in A at coordinate R
is the null value.

3) Otherwise:

A)—Case:
I) If ASL is an <md-axis slice list>, then let V be SV.
1) Otherwise, let IV be the element of SV at coordinate Q.

B) The General Rules of Subclause 9.2, “Store assignment”, in ISO/IEC 9075-2,
are applied with the element of A at coordinate Ras TARGET and Vas VALUE.

Conformance Rules

No additional Conformance Rules.
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15 Dynamic SQL

This Clause modifies Clause 20, “Dynamic SQL”, in ISO/IEC 9075-2.

15.1

Description of SQL descriptor areas

This Sublause modifies Subclause 20.1, “Description of SQL descriptor areas”, in ISO/IEC 9075:2.

Functijon

Specify the identifiers, data types, and codes used in SQL item descriptor areas.

Syntax Rules

1) ‘In sert after SR 6)q): ‘ TYPE indicates MDARRAY or MDARRAY LOCATOR, the value d of M[j

SI(
sul

pordinate descriptor areas of IDA, and those SQL item descriptor areas are valid.

DIMEN-

Nis a valid value for the MD-dimension of an MD-array, theréeare exactly d + 1 (one) imnjediately

2) ’In bert after SR 7)V):‘ TYPE indicates MDARRAY or MDARRAY LOCATOR, and T'is an MD-array type
with MD-dimension d, where d is the value of MDDIMENSION, and the data type of the elenjent type
of ' matches the data type specified by the e-th immediately subordinate descriptor area jof IDA,
where e =d + 1 (one). The name, lower limit, and upper limit of the i-th MD-axis match the value
of NAME, MDAXIS_LOW, and MDAXIS_HIGH spécified by the i-th immediately subordinate d¢scriptor
arga of IDA.

3) ‘In sert into Table 28, “Data types of <key word>s used in the header of SQL descriptor areas”| the
roys of Table 9, “Data types of <keyyword>s used in SQL item descriptor areas”.

Table 9 — Data'types of <key word>s used in SQL item descriptor areas
<key word> Data Type
MI)DIMENSION exact numeric with scale 0 (zero)
MDAXIS_LOW. exact numeric with scale 0 (zero)
MDAXIS: HIGH exact numeric with scale 0 (zero)

Access Rules

No

additional Access Rules.

General Rules

1) ‘Insert into Table 30, “Codes used for SQL data types in Dynamic SQL”

used for SQL data types in Dynamic SQL".

108

the rows of Table 10, “Codes
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15.1 Description of SQL descriptor areas

Table 10 — Codes used for SQL data types in Dynamic SQL

Data Type Code
MDARRAY 52
MDARRAY LOCATOR 53

Conformance Rules

No|additional Conformance Rules.

© ISO/IEC 2023 - All rights reserved

109



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

ISO/IEC 9075-15:2023(E)
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15.2 <get descriptor statement>

This Subclause modifies Subclause 20.4, “<get descriptor statement>", in ISO/IEC 9075-2.

Function

Get information from an SQL descriptor area.

Format

<descri ptor itemname> ::=
'l Al alternatives from|SQO |EC 9075-2
| MDD| MENSI ON
| MDAKI S _LOW
| MDAKI S _HI GH

Syntax Rules

No|additional Syntax Rules.

Access Rules

No|additional Access Rules.

General Rules

Nol|additional General Rules.

Conformance Rules

No|additional Conformance.Ruiles.
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15.3 <describe statement>

This Subclause modifies Subclause 20.10, “<describe statement>", in ISO/IEC 9075-2.

Function

Obtain information about the <select list> columns or <dynamic parameter specification>s contained in
a prepared statement or about the columns of the result set associated with a cursor.

Format

Noladditional Format items.

Syntax Rules

No|additional Syntax Rules.

Access Rules

Noladditional Access Rules.

Generpal Rules

1) ‘In sert after GR 7)d)xi):‘ If TYPE indicates MDARRAY, then MDDIMENSION is set to the MD-
dirnension d of the MD-array A.

2) |Infertafter GR 7)d)xi):| If WITH NESTING is specified, then:

a)| LetD bethe MD-extent of Axlet d be the number of MD-axes in D, and let N;, LO;, and| HI;, be
the name, lower limit, andupper limit, respectively, of the i-th MD-axis in D, 1 (one)|<i<d.

b)| Foralli 1 (one) <i<'d/in the i-th immediately subordinate descriptor area, NAME i} set to
N;, MDAXIS_LOW is set to LO; and MDAXIS_HIGH is set to HI;.

c)| The (d+ 1)-th immediately subordinate descriptor area is set to describe the element type of
A.

Conformanee Rules

No|additional Conformance Rules.
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16 Embedded SQL

This Clause modifies Clause 21, “Embedded SQL”, in ISO/IEC 9075-2.

16.1

<embedded SQL Ada program>

This Sublause modifies Subclause 21.3, “<embedded SQL Ada program>", in ISO/IEC 9075-2.

Function

Specify 4

Formad

<Ada de

Il ANl alternatives fromI|SQ |EC 9075-2
| <Adf nd-array |ocator variabl e>

<Ada nd

SQL TYPE IS <nd-array type> AS LOCATOR

Syntax Rules

n <embedded SQL Ada program>.

t

ived type specification> ::=

array |locator variable> ::=

1) \In bert after SR 4)c)xi): ‘ If ATS immediately contains an <Ada md-array locator variable> 4

the

immediately contained in AMDLYV.

n the <host parameter data type> ofHV is AT AS LOCATOR, where AT is the <md-array

2) ‘In sert after SR 5)1):‘ The syntax

SQ

shall be replaced by

I nt

in any <Ada mid-array locator variable>. The host variable defined by <Ada md-array locator ¥

is ¢
asy

TYPE | S <nd-array type> AS LOCATOR

erfaces. SQ., | NI

alled an.MD-array locator variable. The data type identified by <md-array type> is call
ociated MD-array type of the host variable.

Access Rules

No

additional Access Rules.

General Rules

No

112

additional General Rules.

AMDLYV,

type>

rariable>
bd the
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Conformance Rules

1) ‘Insert after the last CR: ‘ Without Feature A010, “Multi-dimensional array support”, conforming
SQL language shall not contain an <Ada md-array locator variable>.
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mbedded SQL C program>

<embedded SQL C program>

This Subclause modifies Subclause 21.4, “<embedded SQL C program>", in ISO/IEC 9075-2.

Function

Specify an <embedded SQL C program>.

Form

<C deri
I

| <C

<C nd-
SQ

a
T
<
[

<

Syntax Rules

t

ed variable> ::=
N\l | alternatives fromI|SQO|EC 9075-2
- array | ocator variabl e>

ray | ocator variable> ::=

YPE |'S <nd-array type> AS LOCATCOR

C host identifier> [ <Cinitial value> ]
{ <conma> <C host identifier> [

C initial value>]1 }... ]

1) |In

<h

contained in CMDLYV.

bst parameter data type> of HVis AT AS LOCATOR, wwhere AT is the <md-array type>im

2) |In

sert after SR 5)o): ‘ The syntax

SQl TYPE IS <nd-array type> AS LOCATOR
shall be replaced by

ungi gned | ong

in

is ¢alled an MD-array locator variable. The data type identified by <md-array type> is call
asqociated MD-array type of the host variable.

Access Rules

No|additional Access Rules.

Gener

No

hiny <C md-array locatonvariable>. The host variable defined by <C md-array locator ve

sert after SR 4) c)vii):‘ If CVS simply contains a <C md=array locator variable> CMDLYV, ‘jen the

ediately

riable>
bd the

al‘Rules

additional General Rules.

Conformance Rules

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

SQ

114

L language shall not contain a <C md-array locator variable>.
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<embedded SQL COBOL program>

This Subclause modifies Subclause 21.5, “<embedded SQL COBOL program>", in ISO/IEC 9075-2.

Function

Specify an <embedded SQL COBOL programs>.

Form

t

<COBOL
I

| <09

<COBOL
[ USA

Syntay

Heri ved type specification> ::=
A\l | alternatives from| SO | EC 9075-2
BCL nd-array | ocator variabl e>

d-array | ocator variable> ::=
GE [ IS] ] SQL TYPE IS <nd-array type> AS LOCATOR

t Rules

1) |In

the
im

n the <host parameter data type> of HV is AT AS LOCATOR, where AT is the <md-array
mediately contained in CMDLV.

2) |In

sert after SR 5)m):‘ The syntax

sdl
shd

P

in
val

TYPE | S <nd-array type> AS LOCATOR
11 be replaced by
L S9(9) USAGE |'S BI NARY

hiny <COBOL md-array locator vasiable>. The host variable defined by <COBOL md-arra
iable> is called an MD-array.locator variable. The data type identified by <md-array ty

called the associated MD-array-type of the host variable.

Access

No

Gener

No

i Rules

additional Access Rules.

al Rules

additional General Rules.

sert after SR 4) d)x):‘ If CTS immediately contains a <COBQkInd-array locator variable

CMDLYV,
type>

y locator
be> is

Conformance Rules

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

SQ

L language shall not contain a <COBOL md-array locator variable>.
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ISO/IEC 9075-15:2023(E)
16.4 <embedded SQL Fortran program>

16.4
This Sub

<embedded SQL Fortran program>

clause modifies Subclause 21.6, “<embedded SQL Fortran program>", in ISO/IEC 9075-2.

Function

Specify an <embedded SQL Fortran program>.

Form

t

<Fortra
I

| <Fo

<Fortra

h derived type specification> ::=
A\l | alternatives from| SO | EC 9075-2
tran nd-array | ocator variabl e>

N nd-array |ocator variable> ::=

SQL TYPE IS <nd-array type> AS LOCATOR
Syntax Rules
1) ‘In sert after SR 5)g)xi): ‘ If FTS immediately contains a <Fortran'md-array locator variable3

the
im

n the <host parameter data type> of HV is AT AS LOCATOR, where AT is the <md-array
mediately contained in FMDLV.

2) |In

sert after SR 6)1):‘ The syntax

sdl
shd
I N

in
val

called the associated MD-array-type of the host variable.

Access

No

Gener

TYPE | S <nd-array type> AS LOCATOR
11 be replaced by

[EGER

iable> is called an MD-array.locator variable. The data type identified by <md-array ty

i Rules

additional Access Rules.

al Rules

No

r FMDLYV,
type>

iny <Fortran md-array locator vagiable>. The host variable defined by <Fortran md-arraly locator

be> is

additional General Rules.

Conformance Rules

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

SQ

116

L language shall not contain a <Fortran md-array locator variable>.
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16.5

ISO/IEC 9075-15:2023(E)
16.5 <embedded SQL MUMPS program>

<embedded SQL MUMPS program>

This Subclause modifies Subclause 21.7, “<embedded SQL MUMPS program>", in ISO/IEC 9075-2.

Function

Specify an <embedded SQL MUMPS program>.

Form

t

<MUVPS
'

| <MJ

<MUMPS
SQL T

Syntay

Heri ved type specification> ::=
A\l | alternatives from| SO | EC 9075-2
MPS nd-array | ocator variabl e>

d-array | ocator variable> ::=
YPE |'S <nd-array type> AS LOCATCOR

t Rules

1) |In

sert after SR 4)c)v):| If MVD immediately contains a <MUMRSind-array locator variable>

the

tyq
tyr

Access

No

Gener

No

Conformance Rules

n let AT be the <md-array type> immediately contained-in MMDLV. The <host paramet]
e> of HV is AT AS LOCATOR. The data type identified’by AT is called the associated MD-
e of HV. HV is called an MD-array locator variable.

i Rules

additional Access Rules.

al Rules

additional General Rules.

1) |In

sert after the last'CR: ‘ Without Feature A010, “Multi-dimensional array support”, confg

SQ

L. language-shall not contain a <MUMPS md-array locator variable>.

MMDLYV,
er data
array

rming
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ISO/IEC 9075-15:2023(E)
16.6 <embedded SQL PL/I program>

16.6

<embedded SQL PL/I program>

This Subclause modifies Subclause 21.9, “<embedded SQL PL/I program>", in ISO/IEC 9075-2.

Function

Specify an <embedded SQL PL/I program>.

Form

t

<PL/I d
I

| <PL

<PL/l m
SQL T

Syntay

brived type specification> ::=
A\l | alternatives from| SO | EC 9075-2
| nd-array |ocator variabl e>

J-array | ocator variable> ::=
YPE |'S <nd-array type> AS LOCATCOR

t Rules

1) |In

sert after SR 4)e)xi): ‘ If PTS immediately contains a <PL/l.\d-array locator variable> £

the
im

n the <host parameter data type> of HV is AT AS LOCATOR, where AT is the <md-array
mediately contained in PMDLV.

2) |In

sert after SR 5)1):‘ The syntax

sdl
shd

F

in
val

TYPE | S <nd-array type> AS LOCATOR
11 be replaced by
ED Bl NARY(31)

hiny <PL/I md-array locator variable>. The host variable defined by <PL/I md-array loc
iable> is called an MD-array.locator variable. The data type identified by <md-array ty

called the associated MD-array-type of the host variable.

Access

No

Gener

No

i Rules

additional Access Rules.

al Rules

additional General Rules.

MDLYV,
type>

ator
be> is

Conformance Rules

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

SQL language shall not contain a <PL/I md-array locator variable>.
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