INTERNATIONAL ISO/IEC
STANDARD 19075-8

First edition
2021-08

Information technology — Guidance
for the use of database language
SQL —

Part 8:
Multidimensional arrays

Technologies de l'information — Recommandations pour l'utilisation
du langage de base de données SQL —

Partie 8: Matrices multidimensionnelles

Reference number
ISO/IEC 19075-8:2021(E)

© ISO/IEC 2021


https://standards.iteh.ai/catalog/standards/iso/d7294b16-903a-4cd0-a4df-e30f9e2f6946/iso-iec-19075-8-2021

ISO/IEC 19075-8:2021(E)

COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2021

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 e Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © ISO/IEC 2021 - All rights reserved


https://standards.iteh.ai/catalog/standards/iso/d7294b16-903a-4cd0-a4df-e30f9e2f6946/iso-iec-19075-8-2021

ISO/IEC 19075-8:2021(E)

Contents Page
FOTEWOTA. . .o e vii
INtrOdUCHION. . . o e ix
1 . Y o0 1 o -3 1
2 Normative references. .. ......cuuiiiiiiuetrnrrnniiar e tiaaianreestansnnsressnnnnnnnessns 2
3 Termsand definitions..........ouuiiiiiiiiiiiiiii ittt it i it e 3
4  Multidimensional arrays (MDA) CONCEPLS. . .....uunnnniiniinnnnnnnnnnnnnnnnnnnnnnns 4
4.1 Context of multidimensional arrays. ... ...t 4
4.2 003 o ol =) o 1 v 4
4.3 Why consider support for MDA in SQL?. . ... ..ot 4
4.4 Array representations. . . .. ..ottt e e 6
4.5 Use cases for MDA supportin SQL. . . .. .o oottt e 6
45.1 The USE CaSES. . . vttt e e e s 6
4.5.2 Array data ingestion and StOTage. . . . . ..ottt e 6
4.5.3 Integrated querying of array and relational data. ........... .. ... i i 7
4.5.4 Updating stored array data. . .. ... ....o. ittt s 7
4.5.5 EXPOITING AITays. . o« o vttt ittt et e e e e e e e e e e e e 7
4.6 Non-Use cases: Direct access to external array data. . ...t 7
5 SQL/MDA data model.........ouiiuiueeiiiiinnnsrnnnnnserrannnnnssssianannrrersnnnns 8
5.1 Datal iddel €eneepEsSANAAras/180/4 /4740 1L 0-7V5a-4CAU-a5A-CoVI7CAI0 70/1S0-1CC- 17U (278 8
5.2 1LY D= i 8
5.3 MD-array type definition. .. ... ... i e 9
5.3.1 Type definition CONCEPLS. . . .. oottt e e e e 9
5.3.2 Element By P, . oottt 9
533 MD-dIMENSION. « . o\ttt e 10
534 MD-aXIS MAIMES. . . oottt ettt et e e e e e e 10
5.3.5 MD-axis lower and upper limits. .. ... ...t e e 10
5.3.6 Putting it all together. . . ... ... 11
5.4 MD-array Creation. . . . .. ottt et e e e e e e e 13
54.1 MD-array Creation CONCEPES. . . . vttt ettt it et 13
5.4.2 Explicit element enumeration. . .. ... ...ttt e 14
5.4.3 From SQL table query result. . ... ... e e 15
5.4.4 Construction by implicit iteration. . .. ... ... 16
5.4.5 Decoding a format-encoded array. . . .. ... ...t 17
5.5 MD-array updating. . ... ..ot 18
551 MD-array updating introduction. . . .. ... .. it e 18
5.5.2 Updating MD-arrays of equal MD-dimension. . ........... i i 19
553 Updating MD-arrays of greater MD-dimension. . ............o ot 20
5.5.4 Updating a single element of an MD-array. . . ... ...oou ittt 21

© ISO/IEC 2021 - All rights reserved iii


https://standards.iteh.ai/catalog/standards/iso/d7294b16-903a-4cd0-a4df-e30f9e2f6946/iso-iec-19075-8-2021

ISO/IEC 19075-8:2021(E)

5.6 EXPOrting MD-aITays. .« o oottt et ettt e e et e e e e e e 21
5.6.1 Encoding to a data format. . . ... ... . 21
5.6.2 Converting toan SQL table. . ... ... i e 23
6 SQL/MDA OPerations. .. ....cuiuuuuueeeriinnnnrenersnnnnsnssrsnssnnnsersssnsnnsssssnnnns 25
6.1 Introduction to SQL/MDA OPerations. . . . ... uv vttt ittt et e 25
6.2 MD-extent probing OPEIators. . . . ..ot vttt ettt et e e 25
6.3 MD-array element reference. . .. ... ...ttt e 27
6.4 MD-extent modifying operations. . ... ...t e 28
6.4.1 Introduction to MDE-extent modifying operations. .. ............iuuiiiiii i 28
6.4.2 SUD SN, . . ottt 28
6.4.3 RSN PIN . . .ot e 30
6.4.4 S g, . . . 32
6.4.5 MD-axXiS FeNAMING. . . . oo ottt st ettt et e e e e e e e e e e e 32
6.5 MD-array deriving OPerators. . . .. oo vttt ettt e 33
6.5.1 Introduction to MD-array deriving Operators. . .. ......ouu ittt 33
6.5.2 SCaAliN g, o .o 33
6.5.3 000} 4 17 L 7<) o = Lo (o ) o 35
6.5.4 Induced OPerations. . . .. ..ot 35
6.5.5 Join MD-arrays on their coordinates. . .. ... ... i e 42
6.6 MD-array aggregation. . . .. ...ttt e 43
6.6.1 General aggregation eXPIreSSION. . . .. ..ttt e 43
6.6.2 Shorthand aggregation functions. ... ............iiiin it i 44
7 Remote sensing example. ...........iiiiiiii i i i 46
7.1 Introduction to remote sensing example. .. ... . 46
7.2 Data SetUP. ..ot 46
7.3 Band math. .. ..o e 48
7.3.1 Introduction to band math. . .. ... 48
7.3.2 N DV L. o e e 48
7.3.3 Band SwWapping. . .. ..ot 51
7.4 HiStOgrams. . oottt e 52
7.5 Change detection. . . . ...ttt e 53
7.6 EXtracting features. . .. ..o ottt e e e 54
7.7 Data search and filtering. . ... ... .. ot e 55
Bibliography.. ... e 57
0 11 58

iv © ISO/IEC 2021 - All rights reserved


https://standards.iteh.ai/catalog/standards/iso/d7294b16-903a-4cd0-a4df-e30f9e2f6946/iso-iec-19075-8-2021

ISO/IEC 19075-8:2021(E)

Tables

Table Page
1 Examples of MD-array type definitions. . . ... . 12
2 Examples of MD-arrays constructed by element enumeration. .. ........... ... i 15
3 Examples of MD-arrays created with the constructor by iteration. ............... ... ... ... ... 17
4 Examples of MD-arrays created from JSON-encoded arrays. ... .........uuiiriininnennnenennnnnn 18
5 Examples of MD-arrays encoded to JSON @ITays. . . . ..o vttt ittt et e 22
6 Result of example UNNEST QUETY. . . . . oo ottt et 24
7 Result of example UNNEST query specifying WITH ORDINALITY. .. ... ...t 24
8 Examples with MD-extent probing functions. .......... ... i i 26
9 Result of MDEXTENT(Kernel). . ... ... e e et 26
10 Result of MDMAX _EXTENT(Rernel). ... ..ottt e et et ettt et e 26
11 Examples of referencing a single element in an MD-array. . . ....... ..ot 27
12  Examples of MD-array subsetting. . . .. ... ..ot 30
13 Examples of MD-extent reshaping. . ....... .. e 31
14 Examples of MD-extent shifting. . ......... .. 32
15 Examples of MD-axis renaming. . .. .....ou ittt i s 33
16 Interpolation methods defined in ISO 19123:2005. . .. .. ..ttt e et e e 34
17 Examples of MD-array concatenation. . . ... ... .....c.uiiniun ittt e 35
18 Examples of induced function application to MD-arrays. . . .. .. ..ottt e 38
19  Operations corresponding to the <md-array value expression> grammarrules...................... 40
20 Examples of induced MD-array eXpressions. ... ...ttt 40
21 Example of induced MD-array Casting. . ... ...ttt e 41
22 Examples of induced CASE eXPIreSSiOnN. . . . v vu ittt et ittt et e et e 41
23 Examples of MDJOIN. . . ...ttt et e e e e 43
24  ldentity elements for the <md-array aggregation operator>s. . .........c.ouiiiiiiiiiinin e, 43
25 Examples of general MD-array aggregation. . . . .. ... ..ottt e 44
26  Predefined aggregation OPEIratorsS. . ... ... uu ettt e e 45
27  Landsat TM Dands. . . ..o vttt e e e e 46

© ISO/IEC 2021 - All rights reserved A"


https://standards.iteh.ai/catalog/standards/iso/d7294b16-903a-4cd0-a4df-e30f9e2f6946/iso-iec-19075-8-2021

ISO/IEC 19075-8:2021(E)

Figures
Figure Page
1 Aerial greyscale image of size 1024x1024 (San Diego). . .. ..o ittt 5
2 Relationships between MDA and SQL/MDA. . . ... o i e e e 8
3 The structure of an MD-array value illustrated on a sample 3x3 array. .. .........covvriinininnenn.n. 9
4 Placement of satellite images of each country on a world map (from Geographic Bounding Boxes). ... ... 11
5 Example of an SQL table that corresponds to @ 3X3 MD-array. . . . ..o v i ii et 16
6 Example of an SQL table converted to a 3x3 MD-array with MD-extent [i(-1:1),j(-1:1)]................ 16
7 Example of array update. . . ... ..o e 20
8 Updating a 3-D MD-array with a 2-D source MD-array. . . ... ...covu i e e 21
9 MD-array subsetting examples. . .. .. ..ottt 28
10 MD-array reshaping example. . .. ... .. ot e 31
11  MD-array shifting example. . . ... ... o e 32
12 MD-array scaling example. . .. ... .. e 33
13 Concatenation eXamples. . . .. ...ttt e 35
14 Example of sSumming two MD-arrays. . . . .o v ettt ettt e 36
15 ColOriZed ArTay. . . oo oottt e e 42
16  Visible color (RGB) bands of a Landsat TM SCENE. . .. ..ot vttt ittt et ettt et e e 47
17  NDVI result stretched to the range (0,255). . . .. oottt e 49
18 NDVI values between 0.2 and 0.4 shown in white, while everything elseisblack..................... 50
19 Color-mapped NDVI result, from dark blue, through grey, to dark green. .. .......................... 51
20 False color image constructed from the near IR, red and greenbands. . ............. ... ... ... ....... 52
21 Histogram of the NDVIindex of a Landsat TM scene. . .........ouiiiiiii i 53
22 A composite image with an NDVI index from different years in each channel. . ....................... 54
23 Natural RGB color of barrier islands area. . . ... e 55
24  Binary image showing isolated islands. . ... ... i 55

vi © ISO/IEC 2021 - All rights reserved


https://standards.iteh.ai/catalog/standards/iso/d7294b16-903a-4cd0-a4df-e30f9e2f6946/iso-iec-19075-8-2021

ISO/IEC 19075-8:2021(E)

Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) 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.
[SO and IEC technical committees collaborate in fields of mutual interest. Other international organizations,
governmental and non-governmental, in liaison with ISO and IEC, also take part in the work.

The procedures used to develop 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 (see www. i SO. or g/ di recti ves orww. i ec. ch/ mem
bers_experts/refdocs).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patentrights. ISO 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 (see www. i S0. or g/ pat ent s), or the IEC list of patent
declarations received (see pat ent s. i ec. ch).

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

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions
related to conformity assessment, as well as information about ISO’s adherence to the World Trade
Organization (WTO) principles in the Technical Barriers to Trade (TBT) seewww. i S0. or g/ i so/ f or e-
wor d. ht m . In the IEC, see ww. i ec. ch/ under st andi ng- st andar ds.

This document was prepared by Technical Committee ISO/IEC JTC 1, Information technology, Subcom-
mittee SC 32, Data management and interchange.

This first edition of ISO/IEC 19075-8 cancels and replaces ISO/IEC TR 19075-8:2019.

This document is intended to be used in conjunction with the following editions of the parts of the ISO/IEC
9075 series:

— ISO/IEC 9075-1, sixth edition or later,

— ISO/IEC 9075-2, sixth edition or later,

— ISO/IEC 9075-3, sixth edition or later,

— ISO/IEC 9075-4, seventh edition or later,
— ISO/IEC 9075-9, fifth edition or later,

— ISO/IEC 9075-10, fifth edition or later,
— ISO/IEC 9075-11, fifth edition or later,
— ISO/IEC 9075-13, fifth edition or later,
— ISO/IEC 9075-14, sixth edition or later,
— ISO/IEC9075-15, second edition or later,
— ISO/IEC 9075-16, first edition or later.
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A list of all parts in the ISO/IEC 19075 series can be found on the ISO and [EC websites.

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 atwww. i so. or g/ nenbers. ht Ml and ww. i ec. ch/ -
nati onal -conmittees.
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Introduction

This document describes the definition and use of multidimensional arrays in SQL. Multidimensional
arrays represent a core underlying structure of manifold science and engineering data. It is generally
recognized today, therefore, that arrays have an essential role in Big Data and should become an integral
part of the overall data type orchestration in information systems. This document discusses the syntax
and semantics of operations on the MD-array data type defined in ISO/IEC 9075-15.

The organization of this document is as follows:

1)
2)
3)
4)

5)
6)
7)

Clause 1, “Scope”, specifies the scope of this document.
Clause 2, “Normative references”, identifies standards that are referenced by this document.
Clause 3, “Terms and definitions”, defines the terms and definitions used in this document.

Clause 4, “Multidimensional 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.
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INTERNATIONAL STANDARD ISO/IEC 19075-8:2021(E)

Information technology — Guidance for the use of database language SQL —

Part 8:
Multidimensional arrays

1 Scope

This document describes the definition and use of multidimensional arrays in SQL. Multidimensional
arrays represent a core underlying structure of manifold science and engineering data. It is generally
recognized today, therefore, that arrays have an essential role in Big Data and should become an integral
part of the overall data type orchestration in information systems. This document discusses the syntax
and semantics of operations on the MD-array data type defined in ISO/IEC 9075-15.
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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/IEC 9075-1, Information technology — Database languages — SQL — Part 1: Framework
(SQL/Framework)

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

ISO/IEC 9075-15, Information technology — Database languages — SQL — Part 15: Multidimensional
Arrays (SQL/MDA)
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3 Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:
— IEC Electropedia: available at ht t p: / / ww. el ect r opedi a. or g/

— ISO Online browsing platform: available atht t p: / / www. i so. or g/ obp

3.1
coordinate

non-empty ordered list of integers

3.2
cardinality
number of elements in an MD-array

3.3

MD-array

ordered collection of elements of the same type associated with an MD-extent where each elementis 1:1
associated with some coordinate within its MD-extent

Note 1 to entry: 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

34
MD-axis
named MD-interval

3.5
MD-dimension
number of MD-axes in the MD-extent of an MD-array

Note 1 to entry: Also known as “rank” outside of SQL/MDA

3.6
MD-extent
non-empty ordered collection of MD-axes 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
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4 Multidimensional arrays (MDA) concepts

4.1 Context of multidimensional arrays

The requirements for the material discussed in this document shall be as specified in ISO/IEC 9075-1
and ISO/IEC 9075-15.

4.2 Concept

The phrase “(Multidimensional) array, raster data” is used to refer to arrays generally, in contrast to the
MD-array term confined to the realm of SQL/MDA. It is not to be confused with the term “array” in ISO/IEC
9075-2. This document uses the term ARRAY for the original SQL array collection type.

The array concept is a simple and efficient data representation that finds its use in a wide array of fields,
business-related as well as scientific and engineering. Many sensors, images, image time-series, simulation
processes, statistical models, and so on, produce raw data that can immediately 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) is a set of elements ordered in a multidimensional space. The space
considered here is 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 to a par-
ticular position in this space is the array’s dimension (sometimes also referred to as its dimensionality).

An element can be a single value (such as an intensity value in case of greyscale images) or a composite
value (such as integer triples for the red, green, and blue components of a true-color image). All elements
of an array share the same structure, referred to as the array’s element type.

4.3 Why consider support for MDA in SQL?

Large multidimensional arrays in particular represent a prevalent data type across most scientific domains,
with examples including 1-D sensor data, 2-D satellite images and microscope scans, 3-D x/y/t image
time-series and x/y/z voxel models, as well as 4-D and 5-D climate models.
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