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Foreword

I SO (the International Organization for Standardization) and | EC (the International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of 1SO or IEC
participate in the development of International Standards through technical committees established by the
respective organization to deal with particular fields of technical activity. 1SO and IEC technical committees
collaboratein fields of mutual interest. Other international organizations, governmental and non-governmental,
in liaison with 1SO and IEC, also take part in the work.

The procedures used to devel op this document and those intended for its further maintenance are described in
the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types of
document should be noted. This document was drafted in accordance with the editorial rules of the ISO/IEC
Directives, Part 2 (scewwww. i so. or g/ di recti ves).

Attention is drawn to the possibility that some of the el ements of this document may be the subject of patent
rights. 1ISO and IEC shall not be held responsible for identifying any or all such patent rights. Details of any
patent rights identified during the development of the document will be in the Introduction and/or on the ISO
list of patent declarations received (seewww. i so. or g/ pat ent s), or the IEC list of patent declarations
received (seeht t p: / / patents. i ec. ch).

Any trade name used in this document isinformation given for the convenience of users and does not constitute
an endorsement.

For an explanation of the voluntary nature of standards, the meaning of 1SO specific terms and expressions
related to conformity assessment, as wéll; asinformation about | SQ'sadherence to the World Trade Organization
(WTO) principlesin the Technical Barriersto Trade (TBT) seewww. i'so. or g/ i so/ foreword. htm .

This document was prepared by Technical Committee |SOAEC JTC 1, Information technology, Subcommittee
SC 32, Data managementiand interchange.

A list of al partsin the ISO/IEC 19075 series can be found on the | SO website.

Any feedback or questions on this document should be directed to the user's national standards body. A complete
listing of these bodies can be found at www. i so. or g/ menbers. ht i .

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

This Technical Report describes the definition and use of multi-dimensional arraysin SQL. Multidimensional
arraysrepresent acore underlying structure of manifold science and engineering data. It isgenerally recognized
today, therefore, that arrays have an essential rolein Big Dataand should become an integral part of the overall
datatype orchestration in information systems. This Technical Report discusses the syntax and semantics of
operations on the MD-array datatype defined in I SO/IEC 9075-15.

The organization of this Technical Report is as follows:

1)
2)
3)
4)
5)
6)

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

Clause 2, “Normative references’, identifies standards that are referenced by this Technical Report.
Clause 4, “Multidimensiona Arrays (MDA) concepts’, introduces the concept of Multidimensional Arrays.
Clause 5, “SQL/MDA data model”, introduces the data model.

Clause 6, “SQL/MDA operations’, covers the supported operations on MD-arrays..

Clause 7, “Remote sensing example”, illustrates the supported functionality through realistic examples.

viii Multi-Dimensional Arrays (SQL/MDA) ©ISO/IEC 2019 - All rights reserved
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| nfor mation technology database languages — SQL technical reports—

Part 8:
Multi-dimensional arrays (SQL/MDA)

1 Scope

ThisTechnical Report describesthe support in SQL for Multi-Dimensiona Arrays (MDA) asdefined in ISO/IEC
9075-15.

©ISO/IEC 2019 — Al rights reserved Scope 1
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2 Normativereferences

There are no normative referencesin this document.

ISO and |EC maintain terminological databases for use in standardization at the following addresses:
— IS0 Online browsing platform: availableat ht t ps: / / www. i so. or g/ obp.

— |EC Electropedia: availableat ht t p: / / www. el ectr opedi a. or g/ .

©ISO/IEC 2019 — All rights reserved Normativereferences 3
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3 Termsand definitions

For the purposes of this document, the following terms and definitions apply.

31

3.2

3.3

34

3.5

3.6

3.7

coordinate
non-empty ordered list of integers

cardinality
number of elementsin an MD-array

MD-array
ordered collection of elements of the same type associated with an MD-extent where each element
is 1:1 associated with some coordinate within its M D-extent.

NOTE 2 — A coordinate is within an MD-extent if every coordinate value from the integer list is greater than or

equal to the lower limit, and less than or equal to the upper limit of the MD-interval of the MD-axis at the position
in the MD-extent as the coordinate value has within the coordinate

M D-axis
named M D-interval

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

NOTE 3 — Also known as “rank™outsideof ' SQL/MDA

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

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

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

4 Multidimensional Arrays (MDA) concepts

41 Concept

The phrase “ (Multidimensional) array, raster data’ is used to refer to arrays generaly, in contrast to the MD-
array term confined to the realm of SQL/MDA. It is hot to be confused with theterm “array” in 1SO/IEC 9075-
2:2016. This document uses the term ARRAY for the original SQL array collection type.

Thearray concept isasimpleand efficient datarepresentation that findsitsusein awide array of fields, business-
related as well as scientific and engineering. Many sensors, images, image timeseries, simulation processes,
statistical models, and so on, produce raw datathat canimmediately be classified as array data. These data may
be naturally arranged along more than one axis:. position and time, for example.

A multidimensional array (MDA) isaset of elements ordered in amultidimensional space. The space considered
hereis discretized (also called rasterized or gridded), that is, only integer coordinates are admitted as positions
of the individual array elements. The number of integers needed to refer a particular position in this space is
the array's dimension (sometimes also referred to asits dimensionaity).

An element can be a singlelvalue (such as an intensity. valuein case of grayscal € images) or a composite value
(such asinteger triples for the red, green, and blue components of atrue-color image). All elements of an array
share the same structure, referred to as thearray’s«element type.

4.2 Why consider supportfor-MDA. 1n. SQL.?

Large multidimensional arraysin particular represent a preval ent data type across most scientific domains, with
examplesincluding 1-D sensor data, 2-D satellite images and microscope scans, 3-D x/y/t image timeseries
and x/y/z voxel models, aswell as4-D and 5-D climate models.

©ISO/IEC 2019 — Al rights reserved Multidimensional Arrays (MDA) concepts 7



		;�A[#
…H�6ŁLe˜Ö<:ÅD±=‘Ä{”¼™�f9y×�Ÿqæ}þ�-7N"¼ðÑ˙�à<ùˆP¿ﬂáš3�H¶½÷«V«−‘Ê�ÖßÛ�+�)�]bŸò���½´6]ôªQ�W åz§8

