ISO/IEC 21972:2020 @ <IANLDARD - JAusidlio

. Australian
AS ISO/IEC 21972:2020 Q Auetrolion, -+ STANGARDz ;

N\

Information technology — Upper leve! . .
ontology for smart city indicators *



https://www.stdhive.com/standards/as-isoiec-219722020-pdf/

AS ISO/IEC 21972:2020

This Australian Standard® was prepared by JT-001, JTC 1 Strategic Advisory Committee. It
was approved on behalf of the Council of Standards Australia on 30 October 2020.

This Standard was published on 6 November 2020.

The following are represented on Committee JT-001:
Australian Computer Society
Australian Information Industry Association
Australian Institute of Company Directors
CSIRO DATAG61
Engineers Australia
NSW Data Analytics Centre
University of Technology Sydney

This Standard was issued in draft form for comment as DR AS ISO/IEC 21972:2020.

Keeping Standards up-to-date

Ensure you have the latest versions of our publications and keep up-to-date about
Amendments, Rulings, Withdrawals, and new projects by visiting:
www.standards.org.au

ISBN 978 1 76113 0359


http://www.standards.org.au
https://www.stdhive.com/standards/as-isoiec-219722020-pdf/

AS ISO/IEC 21972:2020
ISO/IEC 21972:2020

Information technology —
Upper level ontology for srhart
city indicators

First pubnched as AS ISO/IEC 21972:2020.

COPYRIGHT

© ISO/IEC 2020 — All rights reserved
© Standards Australia Limited 2020

All rights are reserved. No part of this work may be reproduced or copied in any
form or by any means, electronic or mechanical, including photocopying, without the
written permission of the publisher, unless otherwise permitted under the Copyright
Act 1968 (Cth).


https://www.stdhive.com/standards/as-isoiec-219722020-pdf/

AS ISO/IEC 21972:2020 ii

Preface
This Standard was prepared by the Standards Australia Committee JT-001, JTC 1 Strategic
Advisory Committee.

The objective of this document is to establish general principles and give guidelines for an indicator
upper level ontology (IULO) for smart cities that enables the representation of indicator definitions and
the data used to derive them. This document includes—

(@) concepts (e.g. indicator, population, cardinality); and
(b) properties that relate concepts (e.g. cardinality_of, parameter_of_var).

This document is identical with, and has been reproduced from, ISO/IEC 21972:2020, Informtio.:
technology — Upper level ontology for smart city indicators.

As this document has been reproduced from an International Standard, a full point substitutes for a
comma when referring to a decimal marker.

Australian or Australian/New Zealand Standards that are identical adoptics o: international
normative references may be used interchangeably. Refer to the online cataloygie i1ur iiifformation on
specific Standards.

The terms “normative” and “informative” are used in Standards te define the application of the
appendices or annexes to which they apply. A “normative” appendix 0 .annex is an integral part of a
Standard, whereas an “informative” appendix or annex is only for iiilori.ation and guidance.
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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 wich ti.e
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 documer.* will be in the
Introduction and/or on the ISO list of patent declarations received (see www.iso.or g /patcnts) 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 conven, nce of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meai.‘ng of ISO specific terms and
expressions related to conformity assessment, as well as inforrraticn about ISO's adherence to the
World Trade Organization (WTO) principles in the Technital farriers to Trade (TBT), see www.iso
.org/iso/foreword.html.

This document was prepared by Joint Technical Committee 'S%/IEC JTC 1, Information technology.

Any feedback or questions on this document should v e dizected to the user’s national standards body. A
complete listing of these bodies can be found at w\vv> 'so.org/members.html.
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Introduction

To paraphrase Lord Kelvin, you cannot manage what you cannot measurellll. For cities to be smart,
their decisions need to be based on precisely defined and accurate metrics. For smart city information
and communication technology to be used to aid cities in making smart decisions, then the digital data
models they use need to precisely and accurately reflect what they represent of the city and how it is
measured. This document specifies a data model that can be used to represent city indicator definitions.
The data model is defined using the Semantic Web OWL 2 Web Ontology Language (OWL). Figure-%
depicts two intended uses of this document.
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Figure 1'— Puisible uses of this document

Figure 1 a) depicts the indicator deiinition being used to automate the computation of an indicator
value. In this case, an indicatus. definition plus city data is input into the indicator independent
calculation application, whi-k'uses the definition to select subsets of city data, to compute the indicator.
This approach makes it;o0ss.cie to create an indicator calculation application that is not programmed
for a specific set of iiidicators. Figure 1 b) depicts a diagnosis system that uses the definition of an
indicator as a basis for determining the root cause of transversal or longitudinal deviations in an
indicator’s value over place or time. A diagnosis system must understand what data was selected and
how it was corabied in order to determine the sources of change. In the remainder of this Introduction,
the motivation ‘or and the purpose of this document are elaborated.

Cities a-e moving towards policy-making based on datal33]. Yet it has been recognized by urban
recearchurs, city professionals and political leaders that city level data is both incomplete and
imcousisteat. In 2007, it was recognized that “there are thousands of different sets of city (or urban)
indicators and hundreds of agencies compiling and reviewing them. Most cities already have some
urgree of performance measurement in place. However, these indicators are usually not standardized,
consistent or comparable (over time or across cities), nor do they have sufficient endorsement to be
used as ongoing benchmarks.”[27]

In response, ISO 37120 was developed to provide a set of indicators, across 17 themes, to measure city
performance. These indicators spanned areas such as education, finance, shelter, transportation and
environment.

Indicator definitions are people oriented; they are provided in natural language, e.g., English, and not
in a more formal, possibly computer readable language. The reader of the definition imposes their own

© Standards Australia Limited 2020


https://www.stdhive.com/standards/as-isoiec-219722020-pdf/

AS ISO/IEC 21972:2020 vi

interpretation of the definition based on their understanding of the language and the environment in
which they live (e.g., how their own city may define some terms).

Consider the definition of a student/teacher ratio as provided in Reference [21]: “Student/teacher ratio”.
This has been expanded[34] to: “Student/teacher ratio”, where the numerator is “Number of Students”,
and the denominator is “Number of Teachers”. One problem is whether “student” refers to full time
students, or part time students. Are they regular students or special needs students? Do they include
kindergarten students or not? It is also difficult to compare an indicator for a single city across time if
the definition of student changes. For example, today the educational system includes students with
special needs, but 30 years ago they may not have been enrolled. Without a more precise definition
of terms, it makes it difficult to compare an indicator across cities where each city interprets what a
student is differently, or against itself where definitions change.

Obviously, the definition and documentation of indicators can be expanded, as has been dcae in
[SO 37120:2018, 6.4.2.

The definition of student/teacher ratio clearly addresses some of the issues raised above. ivover cneless,
there is always a disconnect between the actual value of a city’s indicator and the data sources and
processes used to measure it; while the indicator’s value is recorded in a mackine readable form
(e.g., database or semantic web), the sources and measurement processes are bu:ied 1. datasets and
documents that are inaccessible or only human readable. In the end, all thatisleftisa =zccrd of indicator
values without an understanding of what they actually measure and how th€y v:ere measured.

The purpose of this document is to support the precise and unambiguous specification of indicator
definitions using the technology of ontologies[24][25] as implemenieil in the semantic Webl13]. By
doing so, it:

— enables the computer representation of precise definitioi.s tiiereby reducing the ambiguity of
interpretation;

— takes indicators out of the realm of humans and into thorcalm of computers where the world of big
data, open source software, mobile apps, etc., can be applied to analyze and interpret the data;

— achieves semantic interoperability, namely the aui ity to access, understand, merge and use indicator
data available from datasets spread acrossthe emantic web;

— enables the publishing of indicator_dcfin.tions, indicator values and their supporting data using
semantic Web and ontology standarcs;

— enables the development of inc icutor independent indicator calculation applications; and
— enables the automated detec*ion of indicator data inconsistency, and the root causes of variations.

Without a clear semantics 1ur inidicator definitions, it is not possible to perform consistency analysis.
Without determining sonsistel.-y, the ability to validate any comparisons based on indicators is lacking.

In this document, the indicator upper level ontology (IULO) is introduced. The IULO provides the
concepts and »nrope.ties for representing the basic structure of the definitions of indicators (see
Clause 6). It do=s not provide concepts for representing theme specific concepts, such as education,
finance, si.2lter, tc.

The I''1.0 .25 been devised to communicate the meaning of data. It does not attempt to provide concepts
to a scrihe the metadata of indicators, for example, validity and provenance of data.

e TULO does not replace existing data models where they exist, but by mapping from a local model to
the IULO, semantic interoperability of data can be achieved.

TheIULO hasbeen devised to representany aggregate level of indicator, whether itis for neighbourhoods,
villages, cities, states/provinces and/or countries.

The IULO has been devised to represent any indicator, and is not restricted to indicator standards, such
as ISO 37120, which is normative to this document.

© Standards Australia Limited 2020
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This document is aimed at organizations that define indicators, the information and communications
technology (ICT) organizations that provide services to cities, states and countries, and manage the
resulting data, as well as ICT and open data developers.

This document is based on work developed in the Enterprise Integration Laboratory of the University
of Toronto[18][20][21],

© Standards Australia Limited 2020
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Australian Standard®

Information technology — Upper level ontology for smart city indicators

1 Scope

This document establishes general principles and gives guidelines for an indicator upper level ontology
(IULO) for smart cities that enables the representation of indicator definitions and the data used to
derive them. It includes:

— concepts (e.g., indicator, population, cardinality); and

— properties that relate concepts (e.g., cardinality_of, parameter_of_var).

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 documents (including any amendments) applies.

[SO 37120:2018, Sustainable development of communities — Indicators for city services and quality of life

"Time Ontology in OWL, W3C Recommendation 19 October 2017". Accessed at https://www.w3
.org/TR/owl-time/

ISO 4217, Codes for the representation of currencies

[SO 80000 (all parts), Quantities and units

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 37120 and the following apply.
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/

3.1
cardinality
number of elements in a set

[SOURCE: ISO/IEC 11179-3:2013, 3.2.13]

3.2

description logic

DL

family of formal knowledge representation languages that are more expressive than propositional logic
but less expressive than first-order logic

3.3
manchester syntax
user-friendly compact syntax for OWL 2 ontologies

Note 1 to entry: The syntax is frame-based (as opposed to the axiom-based other syntaxes for OWL 2) where
a collection of information about a class or property is given in one large syntactic construct, instead of being
divided into a number of atomic chunks [as in most description logics (3.2)] or even being divided into even more
triples (as when writing OWL as RDF graphs [RDF Concepts]).

[SOURCE: https://www.w3.org/TR /owl2-manchester-syntax/]
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