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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. ISO 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.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. 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.iso.org/patents), or the IEC list of patent declarations
received (see http://patents.iec.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) see www.iso.org/iso/foreword.html.

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

A list of all parts in the ISO/IEC 19075 series can be found on the ISO 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.iso.org/members.html.

NOTE 1 — The individual 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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Introduction

This Technical Report describes the definition and use of multi-dimensional 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 Technical Report discusses the syntax and semantics of
operations on the MD-array data type defined in ISO/IEC 9075-15.

The organization of this Technical Report is as follows:

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

2) Clause 2, “Normative references”, identifies standards that are referenced by this Technical Report.

3) Clause 4, “Multidimensional Arrays (MDA) concepts”, introduces the concept of Multidimensional Arrays.

4) Clause 5, “SQL/MDA data model”, introduces the data model.

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

6) Clause 7, “Remote sensing example”, illustrates the supported functionality through realistic examples.
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TECHNICAL REPORT ISO/IEC TR 19075-8:2019(E)

Information technology database languages — SQL technical reports —

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

1 Scope

This Technical Report describes the support in SQL for Multi-Dimensional Arrays (MDA) as defined in ISO/IEC 
9075-15.
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2 Normative references

There are no normative references in this document.

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

— ISO Online browsing platform: available at https://www.iso.org/obp.

— IEC Electropedia: available at http://www.electropedia.org/.
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3 Terms and definitions

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

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 element
is 1:1 associated with some coordinate within its MD-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

3.4 MD-axis
named MD-interval

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

NOTE 3 — 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

©ISO/IEC 2019 – All rights reserved Terms and definitions 5

ISO/IEC TR 19075-8:2019(E)

Full document details: PD ISO/IEC TR 19075-8:2019

https://doi.org/10.3403/PDISOIECTR19075
http://www.avadocuments.com/doc/pd-iso-iec-tr-19075-8-2019
http://www.avadocuments.com/doc/pd-iso-iec-tr-19075-8-2019


(Blank page)

6   Multi-Dimensional Arrays (SQL/MDA) ©ISO/IEC 2019 – All rights reserved

ISO/IEC TR 19075-8:2019(E)

Full document details: PD ISO/IEC TR 19075-8:2019

https://doi.org/10.3403/PDISOIECTR19075
http://www.avadocuments.com/doc/pd-iso-iec-tr-19075-8-2019
http://www.avadocuments.com/doc/pd-iso-iec-tr-19075-8-2019


4 Multidimensional Arrays (MDA) concepts

4.1 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-
2:2016. 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 timeseries, 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 a particular 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 grayscale 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.

4.2 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 timeseries
and x/y/z voxel models, as well as 4-D and 5-D climate models.
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Figure 1 — Aerial greyscale image of size 1024x1024 (San Diego)

In array terms, the image in Figure 1, “Aerial greyscale image of size 1024x1024 (San Diego)”, is a 2-dimensional

array of unsigned 8-bit integer elements positioned at coordinates in {0, 1, ..., 1023}2 space.

Arrays rarely occur isolated in practice and are typically ornamented with metadata and embedded in larger
overall information structures. Supporting them in narrowly specialized ad hoc tools or dedicated array DBMS
is thus insufficient when it comes to building modern, complex services and applications. This suggests that
integration of array querying into a standardized framework like SQL is a logical next step that will benefit the
communities dealing with multidimensional array data in one way or the other.

SQL has had basic support for 1-dimensional arrays since 1999. Instead of attempting to extend the existing
1-dimensional array model to address the needs of multidimensional array manipulation, SQL/MDA addresses
those needs with a new feature set integrated into SQL.
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4.3 Array representations

The encoding and decoding function semantics for other external representations are implementation-defined.
Examples may include data in such representations as PDF, JPEG, PNG, and XML.

4.4 Use cases for MDA support in SQL

4.4.1 The use cases

The question posed by this use case is “How is array data acquired using SQL?”

Following are the primary use cases that support for multidimensional arrays in the SQL-environment is required
to satisfy.

— Array data ingestion and storage.

— Integrated querying of array and relational data,

— Updating stored array data.

— Exporting arrays.

The following Subclauses discuss these use cases in greater detail, and how SQL/MDA addresses them.

4.4.2 Array data ingestion and storage

The question posed by this use case is “How is array data acquired using SQL?”

As discussed earlier in Subclause 4.3, “Array representations”, arrays exist in a wide variety of formats. In
order to work with them in a generic way in SQL, it is necessary to build an abstract data model that fits with
the SQL philosophy. The MD-array as defined by SQL/MDA provides exactly such a data model, implemented
as a new attribute type MDARRAY. Ingestion of array data encoded in an external format into SQL involves
transforming it or decoding it into an instance of the internal MD-array data model, which is then inserted into
an MDARRAY column of an appropriate type.

What “decode” means in practice depends on many factors, including the data format, the details of physical
storage of MD-arrays in a specific DBMS, system architecture, etc. This Technical Report and the standard do
not dive into these technical details of array data ingestion beyond providing a default specification for JSON
encoded arrays and a suitable interface for implementations to attach their ingestion extensions.

It is worth discussing the storage data model here. The several possibilities are:

— MD-array as a first-class object in the same way that SQL tables are.

— Direct mapping of SQL tables into MD-arrays.

— Store within an opaque data type (SQL string or Large Object for example).

— A dedicated column data type with well-defined semantics.

MD-array is a simple data structure defined by a list of MD-axes, each specifying a name, lower and upper
limits, paired with an element type. This led to adoption of the last option, following the example of ARRAY
and MULTISET collection data types. Data transformation is handled during ingestion with special functions,
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allowing working with values with clearly defined semantics within the SQL-environment. It's minimally
intrusive to the SQL standard, while it nevertheless supports all of the requirements identified in this Technical
Report.

4.4.3 Integrated querying of array and relational data

As was introduced in the previous Subclause, MD-arrays are stored within a new collection data type MDARRAY
that is manipulated through a functional and operational interface described in this Technical Report. This is
similar to the existing ARRAY and MULTISET collection data types, except that the operation set is richer.
Integration with other data types is seamless (e.g., multiplying the values of all elements of a numeric MD-
array column A with the single value of a numeric column C is simply A * C), and the general SQL query
mechanics are unchanged. In addition, it is possible to generate an SQL table from an MD-array and vice-versa,
an MD-array from an SQL table with the appropriate structure.

4.4.4 Updating stored array data

Read-only access to MD-array data is clearly insufficient. Array data is very often continuously and regularly
produced, e.g., a temperature sensor taking a reading every hour, or a satellite periodically taking earth-obser-
vation images as it orbits around the Earth. In addition, a single array can exceed terabytes in size, and for
practical reasons it might be split into multiple smaller arrays; ingesting them all into a single MD-array column
requires piece-wise extension and updating of the column. Therefore, SQL/MDA allows updating of entire
MD-array values, as well as specific subsets of an MD-array.

4.4.5 Exporting arrays

Frequently the result of operations on MD-arrays will be an MDarray, which needs to be exported using some
external representation. This is the counterpart of array data ingestion discussed previously in Subclause 4.4.2,
“Array data ingestion and storage”.

4.5 Non-Use cases: Direct access to external array data

All access to array data requires that the array data is first imported into the SQL environment. In order to query
external array data using SQL, applications are required to access external arrays themselves, then insert those
data into MD-array values, perhaps by using the MDDECODE function.
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5 SQL/MDA data model

5.1 Data model concepts

The SQL/MDA model is essentially represented by the concept of MD-array. It is necessary to clearly distinguish
between array values “outside” the DBMS, and their analogs “inside” the DBMS. The the following convention
is used:

— The terms “array”, “multidimensional array”, and “MDA” refer to array values external to the SQL-envi-
ronment, encoded in a particular format like TIFF, netCDF, HDF5, JSON, etc.

— The terms “MD-array” and “SQL/MDA” refer to constructs within the SQL-environment.

The relationship between “MDA” and “SQL/MDA” is illustrated in Figure 2, “Relationships between MDA
and SQL/MDA”.

Figure 2 — Relationships between MDA and SQL/MDA

5.2 MD-array

MD-array values are inputs of all SQL/MDA operations, and most often the outputs. Figure 3, “The structure
of an MD-array value illustrated on a sample 3x3 array”, shows the structure of a sample MD-array value.
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Figure 3 — The structure of an MD-array value illustrated on a sample 3x3 array

5.3 MD-array type definition

5.3.1 Type definition concepts

The definition of an MD-array (see Clause 3, “Terms and definitions”) is a good starting point in order to
understand what components are needed for the type of an MD-array:

1) “An MD-array is an ordered collection of elements of the same type ...” So, one thing needed to specify
the type of an MD-array is the type of its elements, more specifically known as the element type. This is
no different from the existing ARRAY and MULTISET.

2) “... where each element is 1:1 associated with some coordinate within its MD-extent.” Hence, the other
part needed is an MD-extent that delimits the coordinates of the elements in an MD-array.

5.3.2 Element type

MD-arrays stand out from the spectrum of collection types in that the storage location of an element can be
derived directly from its coordinates, which makes storage and access particularly efficient. This requires that
all elements are of the same length. Therefore, variable-size collection elements like sets and multisets do not
qualify as element types. MD-arrays as element type is disallowed as well for the following reasons:

1) Nesting an MD-array of MD-dimension d1 into an MD-array of MD-dimension d2 can equivalently be
modeled as a single MD-array of MD-dimension d1+d2.

2) It keeps the data model simpler and more consistent in that all collection types are disallowed, and no
handling specifically of MD-arrays is needed.
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All in all, any SQL data type is allowed to be an element type of an MD-array, except for collection-containing
types. A data type TY is collection-containing if exactly one of the following conditions is true:

— TY is a collection type.

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

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

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

5.3.3 MD-dimension

The MD-dimension is an essential property of an MD-array that indicates how many MD-axes it has. Two MD-
arrays of different MD-dimensions are fundamentally different. Therefore, an MD-array type that specifies a
certain MD-dimension admits only MD-array values of that MD-dimension.

An MD-array has an MD-extent that is a list of MD-axes. Each MD-axis has a name, a lower limit, and an
upper limit.

5.3.4 MD-axis names

The name of an MD-axis uniquely identifies that MD-axis, which becomes relevant in operations that refer to
the MD-axes of an MD-array. In operations on two or more MD-arrays, the names of corresponding MD-axes
are required to be the same; a regular 2D x/y image is completely different from a transposed y/x image, after
all. It might happen that some MD-arrays correspond semantically, while the corresponding MD-axis names
are different (for example, “t” in one MD-array and “time” in another); SQL/MDA provides a CAST variant
for such cases that allows explicitly renaming the MD-axis names.

5.3.5 MD-axis lower and upper limits

The lower and upper limits of the MD-axes are not fundamental to the nature of an MD-array. MD-arrays with
different lower and upper limits might still be related to each other, as the following example illustrates.

Suppose there exist greyscale satellite images of each country in the world in the same resolution. In SQL/MDA
they would be 2-dimensional MD-arrays of different sizes (the “width” of the first MD-axis and “height” of
the second MD-axis), as there are smaller and larger countries. In a “map” of the whole world in the same res-

olution1, the MD-array for each country would be placed at a different position on the overall map (Figure 4,
“Placement of satellite images of each country on a world map (from Geographic Bounding Boxes)”, i.e., the
lower and upper limits of its MD-axes would be different from those of other MD-arrays. Nevertheless, they
are related to each other, and it would be beneficial to possibly to put them in a single MDARRAY column,
connecting them to further columns holding metadata like the country name, geographic boundaries, population,
etc.

1 “resolution” refers to the real size of a single pixel, e.g., 30 meters
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Figure 4 — Placement of satellite images of each country on a world map (from Geographic Bounding
Boxes)

Therefore, MD-array values can have varying lower and upper limits. The MD-array type can optionally be
declared with minimum lower and maximum upper axis limits; if no limit is defined for an axis, it can extend
to the implementation-defined axis limit.

5.3.6 Putting it all together

Stepping through the MD-array type definition rules of Subclause 8.1, “<data type>”, in ISO/IEC 9075-15:

<md-array type> ::=
<data type> MDARRAY <maximum md-extent>

So specifying a column of MD-array type requires specifying first the element type, followed by the keyword
MDARRAY, and a maximum MD-extent at the end. Continuing with the specification details of <maximum
md-extent>:

<maximum md-extent> ::=
<left bracket or trigraph> <maximum md-axis list> <right bracket or trigraph>

| <left bracket or trigraph> <maximum md-axis list anonymous> <right bracket or trigraph>

<maximum md-axis list> ::=
<maximum md-axis> [ { <comma> <maximum md-axis> }... ]

<maximum md-axis list anonymous> ::=
<maximum md-axis anonymous> [ { <comma> <maximum md-axis anonymous> }... ]

A maximum MD-extent is either a list of “regular” maximum MD-axes, or a list of “anonymous” maximum
MD-axes. The difference becomes clear in the grammar rules below. It's worth mentioning here that the list of
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