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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 1ISO/
[EC Directives, Part 2 (see www.iso.org/directives or www.iec.ch/members experts/refdocs).

[SO and IEC draw attention to the possibility that the implementation of this document may involve the
use of (a) patent(s). ISO and IEC take no position concerning the evidence, validity or applicability of any
claimed patent rights in respect thereof. As of the date of publication of this document, ISO and IEC had not
received notice of (a) patent(s) which may be required to implement this document. However, implementers
are cautioned that this may not represent the latest information, which may be obtained from the patent
database available at www.iso.org/patents and https://patents.iec.ch. ISO and IEC shall not be held
responsible for identifying any or all such patent rights.

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.
In the IEC, see www.iec.ch/understanding-standards.

This document was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technology,
Subcommittee SC 42, Artificial intelligence.

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 and
www.iec.ch/national-committees.
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Introduction

As an important approach for realizing artificial intelligence (AI), machine learning (ML) has been applied
to and has improved productivity in multiple domains (e.g. education, finance, environment protection). ML
computing devices can be essential to the development and deployment of many types of Al systems.

An ML computing device can have a set of characteristics, including supported datatypes, ML operators,
buffer settings, access and share mechanisms, memory access and addressing mechanisms, virtualization
and sharing mechanisms, job scheduling mechanisms, topologies, data exchange mechanisms and memory
interoperability mechanisms. Use and setting of these characteristics can affect the overall performance
of an ML computing device. The performance of an ML computing device used to develop and deploy an Al
system can be crucial to business effectiveness and efficiency.

This document surveys and provides information to Al stakeholders to assist them in understanding the
representative characteristics of ML computing devices. In Clause 5, ML computing device-related concepts
are discussed. Clause 6 summarizes ML computing device characteristics. In Clause 7, existing approaches
for optimizing ML computing devices’ performance are discussed.
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Information technology — Artificial intelligence — Overview
of machine learning computing devices

1 Scope
This document surveys machine learning (ML) computing devices, including the following:
— ML computing device terminology and characteristics;

— existing approaches to the setting and use of characteristics for optimizing ML computing device
performance.

The information provided in this document is relevant for organizations of all types and sizes.

2 Normative references

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

ISO/IEC 22989, Information technology — Artificial intelligence — Artificial intelligence concepts and
terminology

ISO/IEC 23053, Framework for Artificial Intelligence (Al) Systems Using Machine Learning (ML)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 22989 and ISO/IEC 23053 and
the following apply.

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

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

— IEC Electropedia: available at https://www.electropedia.org/

3.1

artificial intelligence computing

Al computing

processing that leverages infrastructures to enable the set of methods or automated entities that together
build, optimize and apply an Al model

3.2

machine learning computing

ML computing

processing that leverages infrastructures to train and execute ML models

3.3

infrastructure

hardware and software environment to support computer system and software design, development, and
modification

Note 1 to entry: Network facilities can be also infrastructure working with hardware and software.
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[SOURCE: ISO/IEC/IEEE 12207:2017,[1] 3.1.25, modified: note 1 to entry is added.]

3.4

computing device

functional unit (3.6) that can perform substantial computations, including numerous arithmetic operations
and logic operations with or without human intervention

Note 1 to entry: A computing device can consist of a stand-alone unit (3.7), or several interconnected units. It can also
be a device that provides a specific set of functions, such as a phone or a personal organizer, or more general functions
such as a laptop or desktop computer.

Note 2 to entry: A computing device contains at least one unit (3.7).
[SOURCE: ISO/IEC 19770-5:2015,[2] 3.6, modified: note 2 to entry is replaced.]

3.5
hardware
all or part of the physical components of an information processing system

EXAMPLE Computers, peripheral devices.
[SOURCE: ISO/IEC 2382:2015,[31 2121277, modified: removed note to entry 2 and 3]

3.6
functional unit
entity of hardware or software, or both, capable of accomplishing a specified purpose

Note 1 to entry: In IEC 50 (191), the more general term item is used in place of functional unit. An item may sometimes
include people.

[SOURCE: ISO/IEC 2382:2015, 2123022, modified: removed notes 2 and 3 to entry.]

3.7
unit
lowest level of hardware assembly for which acceptance and qualification tests are required

[SOURCE: ISO 24917:2020,[41 3.4]

3.8

service

kind of application which encapsulates one or more computing modules and can be accessed through a
specified interface

[SOURCE: ISO/IEC 19763-5:2015,[2] 3.1.18]

39

artificial intelligence computing device

Al computing device

computing device (3.4) that can be specifically used for accelerating some or all of artificial intelligence
computing

Note 1 to entry: An artificial intelligence computing device often contains and works with specific enabling software.

3.10

machine learning computing device

ML computing device

computing device (3.4) that can be specifically used for accelerating machine learning computing

Note 1 to entry: A machine learning computing device often contains and works with specific enabling software.

Note 2 to entry: Machine learning computing device is a subset of Al computing device (3.9).

EXAMPLE A neural network process unit and its associated enabling software.
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3.11
performance
measurable result

Note 1 to entry: Performance can relate either to quantitative or qualitative findings.

Note 2 to entry: Performance can relate to the management of activities, processes, products (including services),
systems or organizations.

[SOURCE: ISO/IEC 27000:2018,[6] 3.52]

3.12
effectiveness
extent to which planned activities are realized and planned results are achieved

[SOURCE: ISO/IEC 33001:2015,[71 3.1.3]

3.13
efficiency
resources expended in relation to the accuracy and completeness with which users achieve goals

[SOURCE: ISO/IEC 25063:2014,(8] 3.4]

3.14
datatype
set of distinct values, characterized by properties of those values and by operations on those values

[SOURCE: ISO/IEC 11404:2007,[9] 3.12]

3.15

operator

mathematical or logical symbol that represents an action to be performed in an operation, or a symbol
representing the name of a function

[SOURCE: ISO/IEC/IEEE 24765:2017,[121 3.2716, modified — 3.2716.3 and 3.2716.4 are combined.]

3.16
schedule
methods for controlling the timing of the execution of an activity within or represented by a managed object

[SOURCE: ISO/IEC 10164-15:2002,[331 3.1.27]

3.17
topology
structure of the communication paths between the medium attachment points

[SOURCE: ISO/IEC 14543-2-1:2006,[48] 3.2.30]

3.18
stream
sequence of representations of jobs or parts of jobs to be performed, as submitted to an operating system

[SOURCE: ISO/IEC 2382:2015,131 2122886]

3.19

computing

actions performed or approaches implemented by a system, aiming at processing specific kinds of data or
providing solutions to certain tasks

Note 1 to entry: Computing can also be a system providing functionalities or characteristics.
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3.20
heterogeneous computing
system that uses more than one kind of processor or cores

[SOURCE: ISO/IEC 30145-3:2020, 3.1.5]

3.21
distributed computing
spreading of computation and data across a number of computers connected by a network

[SOURCE: ISO/IEC/IEEE 24765:2017,112] 3.1240]

3.22
quantum computing
use of quantum phenomena for computational purposes

[SOURCE: ISO/TS 80004-12:2016, 6.5]

3.23

cloud computing

paradigm for enabling network access to a scalable and elastic pool of shareable physical or virtual resources
with self-service provisioning and administration on-demand

Note 1 to entry: Examples of resources include servers, operating systems, networks, software, applications and
storage equipment.

[SOURCE: ISO/IEC 22123-1:2021, 3.2.1]

3.24
inter-cloud computing
paradigm for enabling the interworking between two or more cloud service providers

[SOURCE: ISO/IEC 22123-1:2021, 3.12.1]

3.25

edge computing

distributed computing in which processing and storage takes place at or near the edge, where the nearness
is defined by the system's requirements

[SOURCE: ISO/IEC TR 23188:2020, 3.1.3]

3.26
processing
run of an algorithm, treatment on data or a sequence of them performed by Al systems

3.27

buffer

device or storage area used to store data temporarily to compensate for differences in rates of data flow,
time of occurrence of events, or amounts of data that can be handled by the devices or processes involved in
the transfer or use of the data

[SOURCE: ISO/IEC/IEEE 24765:2017,[121 3.430.1]

3.28

cache

temporary storage in computer memory, to improve operations by having frequently used data readily
available for retrieval

[SOURCE: ISO/IEC/IEEE 24765:2017,112] 3.452.1]
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