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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical

Commis

sion) 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 pro

describgd in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fdr
the diffgrent types of document should be noted. This document was drafted in accordancé.with thie

editoria

expertg/refdocs).

cedures used to develop this document and those intended for its further maintenance| are

rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives or www.iec€h/members

Attention is drawn to the possibility that some of the elements of this document mdy be the subjedt
of patenjt rights. ISO and IEC shall not be held responsible for identifying a@ny“or all such patert

rights. I
Introdu
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constit

For an

express
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iso/fore

etails of any patent rights identified during the development of the. decument will be in thee
tion and/or on the ISO list of patent declarations received (see wwxviso.org/patents) or the [EC
tent declarations received (see patents.iec.ch).

e name used in this document is information given for the‘convenience of users and does nqt
e an endorsement.

bxplanation of the voluntary nature of standards,.the meaning of ISO specific terms anfd
ons related to conformity assessment, as well as,information about ISO's adherence to thie
rade Organization (WTO) principles in the Techuical Barriers to Trade (TBT) see www.iso.org)/

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

This do
Subcom
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fument was prepared by Joint TechnicalCommittee ISO/IEC JTC 1, Information technolog]
mittee SC 32, Data management and interchange.

-~

b1l parts in the ISO/IEC 21838 series-tan be found on the ISO website.

|lback or questions on this dogument should be directed to the user’s national standards body.
e listing of these bodies can'be found at www.iso.org/members.html and www.iec.ch/nationd
tees.
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Introduction

This document was developed in response to the demand from many quarters for ontology-based
solutions to the problem of semantic interoperability across networks of information systems. The

demand arises particularly from large organizations and consortia of organizations in areas

such as

bioinformatics, healthcare, the manufacturing industry and military and government administration,
where independently created information systems need to exchange data in such a way that meaning is

preserved.

n ontology is on the one hand an artefact for human use, built out of terms and relations,ey
sing natural language. On the other hand, it is an artefact for use by computers, which requ
hese terms and relations are captured in a formal language that is machine readablé)and K
efined (typically, model-theoretic) semantics. Multiple languages have been déveloped
urposes of ontology formalization, of which Common Logic (CL) and the Web,@ntology L
DWL) - specifically OWL 2 with direct semantics - are normatively referenced inthis docume

efinitions specifying their meanings in a way that can be processed computationally. If an onto
e shared across participating organizations, then data can be exchanged in such a way that mg
reserved if the data can be associated with corresponding shared gntelogy terms.

L and OWL 2 serve different ends. CL is a logical framework with the full expressivity of fiy
pgic (FOL), the unifying framework for all semantic web applications. Formalization in a langu
he expressivity of FOL is required for the purposes of this'"document since weaker expressivit
ot allow the ontology to capture in a formal way the implications of axioms in areas such as m
nd theories of location and change.

= o = = O Qs el o T o Vi s i evililie Y

ormalization in a language like OWL 2 is needed, €ven though it is less expressive than CL, s
ecidable and this means that it can be used_effectively by computer systems for purposes d
asoning and ontology quality assurance.

here heterogeneous bodies of dataxneed to be exchanged or manipulated, some have

proaches that involve the creation.of-a suite of ontologies incorporating a distinction of level
single very general ontology at the top, governing one or more specific ontology modules at low
(Annex A provides examples). This document addresses the need that arises for those comi
that have adopted such multizlevel approaches. Specifically, its purpose is to specify what is 1
df a top-level ontology if it(is)to serve the needs of those building or re-engineering ontologies

legacy systems at lower levels in a way that will support semantic interoperability among then.

o0 be fit for purpose;@top-level ontology needs to have appropriate content that is well docume
e available in machine-readable forms providing support for computational reasoning. This d
pecifies theserequirements in terms of coverage, documentation and representation.
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Information technology — Top-level ontologies (TLO) —

Part 1:
Requirements

1 Scope

his document specifies required characteristics of a domain-neutral top-level ontology {TLO)
e used in tandem with domain ontologies at lower levels to support data exchange,@etrieval, d
htegration and analysis.

= o e

F an ontology is to provide the overarching ontology content that will promote interopera
omain ontologies and thereby support the design and use of purpose<built ontology suiteq
eeds to satisfy certain requirements. This document specifies these reqtirements. It also su
ariety of other goals related to the achievement of semantic intergperability, for example, as ¢
bgacy ontologies developed using heterogeneous upper-level categotries, where a coherently d
LO can provide a target for coordinated re-engineering.

— =< =5 o =

—

his document specifies the characteristics an ontology\needs to possess to support the
xchange, retrieval, discovery, integration and analysis.of‘data by computer systems.

(o)

—

he following are within the scope of this document

—+ Specification of the requirements an ontology needs to satisfy if it is to serve as a top-l
ontology.

-+ Specification of the relations betwegenya top-level ontology and domain ontologies.

-+ Specification of the role played-bythe terms in a top-level ontology in the formulation of de
and axioms in ontologies at lower levels.

The following are outside the-scope of this document:

—+ Specification of ontelogy languages, including the languages OWL 2 and CL, used in
development with standard model-theoretic semantics.

1 Specification‘gf methods for reasoning with ontologies.

1 Specification of translators between notations of ontologies developed in different
languages.

1+ Specification of rules governing the use of IRIs as permanent identifiers for ontology terms.

that can
scovery,

bility of
, then it
pports a
oncerns
lesigned

goals of

bvel hub

finitions

ntology

ntology

— Specification of how ontologies can be used in the tagging or annotation of data.

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 24707, Information technology — Common Logic (CL) — A framework for a family of logic-based

languages
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WORLD WIDE WEB CONSORTIUM W3C Recommendation — OWL 2 Web Ontology Language Document
Overview (Second Edition), https:// www.w3.org/TR/2012/REC-owl2-overview-20121211/

WORLD WIDE WEB CONSORTIUM W3C Recommendation — OWL 2 Web Ontology Language Direct
Semantics, https://www.w3.org/TR/owl2-direct-semantics/

WORLD WIDE WEB CONSORTIUM W3C Recommendation — OWL 2 Web Ontology Language Structural
Specification and Functional-Style Syntax (Second Edition), http://www.w3.org/TR/2012/REC-owl2
-syntax-20121211/

3 Tenms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and [[EC maintain terminological databases for use in standardization at the followingaddresses:

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

— IEC [Electropedia: available at http://www.electropedia.org/

NOTE The following terms and definitions are not intended as a substitute forexisting technical vocabularigs
used in ontology development and maintenance, for example, as defined by the W3C. To reduce the possibility
confusiof, expressions used in describing a W3C recommended usage are capitalized.

=

31

entity
object
item thalt is perceivable or conceivable

%)

Note 1 tolentry: The terms ‘entity’ and ‘object’ are catch-all terms analogous to ‘something’. In terminology circlg
‘object’ i§ commonly used in this way. In ontology circlesentity’ and ‘thing’ are commonly used. See B.3.3.

[SOURCE: ISO 1087-1:2000]

3.2
class
general pntity (3.1)

Note 1 td entry: In some ontology communities, all general entities are referred to as classes. In other ontology
communijties, a distinction is drawn/between classes as the extensions of general entities (for example, as sef
of instanices) and the general entjties themselves, sometimes referred to as ‘types’, ‘kinds’, or ‘universals’. Th
expressign ‘class or type’ is uséd in this document in order to remain neutral regarding these different usages.

@ w»n

3.3
particular
individual entity{3.1)

Note 1 tolenttyyTh contrast to classes or types, particulars are not exemplified or instantiated by further entities.

3.4
relation
way in which entities (3.1) are related

Note 1 to entry: Relations can hold between particulars (this leg is part of this lion); or between classes or
types (mammal is a subclass of organism); or between particulars and classes or types (this lion is an instance of
mammal). On some views, identity is treated as a relation connecting one entity to itself.

Note 2 to entry: On the difference between ‘relation’ and ‘relational expression’ see 3.6, Note 1 to entry.

Note 3 to entry: ‘Relation’ is a primitive term. See 4.1.1, NOTE 1.

2 © ISO/IEC 2021 - All rights reserved


https://www.w3.org/TR/2012/REC-owl2-overview-20121211/
https://www.w3.org/TR/owl2-direct-semantics/
http://www.w3.org/TR/2012/REC-owl2-syntax-20121211/
http://www.w3.org/TR/2012/REC-owl2-syntax-20121211/
https://www.iso.org/obp
http://www.electropedia.org/
https://standardsiso.com/api/?name=61827ca6b2259127606d93e43f4a3728

ISO/IEC 21838-1:2021(E)

3.5
expression
word or group of words or corresponding symbols that can be used in making an assertion

Note 1 to entry: Expressions are divided into natural language expressions and expressions in a formal |

3.6
relational expression
expression (3.5) used to assert that a relation (3.4) obtains

[XAMP T(aso R
brother of’, ‘temperature of’”.

Note 1 to entry: The term ‘relational expression’ is introduced in order to remove any confusion that c3
alperson uses ‘relation’ to refer to the real-world link or bond between entities (as in 3.4), while anothd
uses ‘relation’ to refer to the linguistic representation of this real-world link or bond.

Note 2 to entry: In OWL 2, relational expressions are referred to as Properties. ‘Expression’ is used td
lpgical composition: a Class Name in OWL 2 is logically simple, a Class Expression is/logically comple;
‘h-ary predicate’ is often used as a synonym of ‘relational expression’.

pression (3.5) that refers to some class (3.2) or to some particyfar (3.3)

ote 1 to entry: An ontology will typically contain a unique ‘preferred term’ for the entities within its
omain. Preferred terms may then be supplemented with other terms recognized by the ontology as s
the preferred terms.

.8
efinition
ncise statement of the meaning of an expresston (3.5)

ote 1 to entry: For the purposes of this document, definitions can be of two sorts: (1) those formula
natural language such as English, supplemented where necessary by technical terms or codes used
specialist domain; (2) those formulated@sing a computer-interpretable language such as OWL 2 or CL.

statement that is taken to.beltrue, to serve as a premise for further reasoning

ote 1 to entry: Axiomsmay be formulated as natural language sentences or as formulae in a formal lan
the OWL community, “Axiom’ is used to refer to statements that say what is true in the domain that are
the sense that they-ape not inferred from other statements.

10
fprmal language
language-that is machine readable and has well-defined semantics

ote I'to entry: Well-defined semantics will typically be model-theoretic semantics.

anguage.

Fer than’,

n arise if
b person

connote
¢. In FOL,

coverage
ynonyms

red using
in some

guage. In
‘basic’ in

3.11
formal theory
collection of definitions (3.8) and axioms (3.9) expressed in a formal language (3.10)

Note 1 to entry: In some formal theories, definitions are expressed by means of axioms.

3.12
axiomatization
result of expressing a body of knowledge or information as a formal theory (3.11)

© ISO/IEC 2021 - All rights reserved
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3.13
logical interpretability
ability to derive each and every axiom (3.9) of one formal theory (3.11) from another

Note 1 to entry: One formal theory is logically interpretable in a second formal theory if the language of the first
can be translated into the language of the second so that the translation of every axiom in the first is derivable
from the second.

3.14

ontology
collectidn of terms (3.7], relational expressions (3.6) and associated natural-language definitions (3.9)
togethert with one or more formal theories (3.11) designed to capture the intended interpretations gf
these ddfinitions

Note 1 tolentry: Background materials on the sources, rationale and interpretation of this definitiomare provided
in Annex|B.

3.15
signatufe
set of ngn-logical symbols of a formal language (3.10) or formal theory (3.11)

Note 1 tgentry: The signature of an ontology consists of a set of terms (3.7) and rélational expressions (3.6).

3.16
knowleflge base

combingtion of an ontology (3.14) with a collection of data which’terms (3.7) in the ontology have bee
used to flescribe, classify or connect.

-

3.17
domain|
collectign of entities (3.1) of interest to a certain community or discipline

EXAMPLE The domain of agriculture, the domain-of cell biology, the domain of aircraft maintenance, the
domain df philately.

Note 1 t¢ entry: ‘Entities of interest’ can include both particulars and classes or types. The definition is to b
interprefed as meaning that a domain is a collection of entities that is narrow in scope. Thus, there is no universal
domain, fo which everything would belong.-Compare with ISO/IEC 2382[21], which defines ‘domain model’ in th
context df artificial intelligence as: medel of a specific field of knowledge or expertise.

[¢)

[¢)

3.18
domain{ontology

ontology (3.14) whose terms (3.7) represent classes (3.2) or types and, optionally, certain particula
(3.3) (cdlled ‘distinguished individuals’) in some domain (3.17)

[%}

3.19
categorly
general flass (8:2) or type that is shared across many different domains (3.17) and is represented by
domainqneutral term (3.7)

Y]

EXAMPLE Process, attribute, event, region, information entity.
3.20

top-level ontology

TLO

ontology (3.14) that is created to represent the categories (3.19) that are shared across a maximally
broad range of domains (3.17)

Note 1 to entry: Top-level ontologies are ‘reference ontologies’ in the sense of ISO/IEC 19763-3[3], A top-level

ontology is sometimes referred to as a ‘formal ontology’, ‘foundational ontology’, ‘upper level ontology’, or
‘domain-neutral ontology’.

4 © ISO/IEC 2021 - All rights reserved
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3.21
ontology suite

collection of ontologies (3.14) developed in such a way as to be mutually consistent and non-redundant

Note 1 to entry: See Annex A.

3.22
ontology reuse

importing an ontology (3.14), or part of an ontology, into a second ontology in such a way as to preserve

the meaning of the imported content

HXAMPLE Terms from a tool ontology are reused in a power tool ontology; the latter is a special
the former.

=z

ote 1 to entry: Terms from the existing ontology will typically be reused in the new ontology an|
bgether with the newly created terms.

—t

(F%]

.23
ntology conformance
plation (3.4) between two ontologies (3.14) when one consistently extends the other

S 0

HXAMPLE A power tool ontology stands in the relation of ontologicagl sonformance to a tool ontol
former is a consistent ontology that results from adding new content (terms, definitions, axioms) to the

Note 1 to entry: ‘Extension’ means semantically that any element in a model of the extending ontolo
sptisfies the conditions for being an instance of a class in the statting ontology must be an instance of {
in the extending ontology.

Note 2 to entry: This is a narrowly defined usage of ‘conforinance’ that is intended to be used only in cqg
which relations between ontologies are at issue. Where.conformance in the sense of fulfilment of a requi
itisfaction of a criterion is intended in this document;the term ‘conformity’ is used.

[%)

4 Requirements for a top-level gntology
4.1 TLO as textual artefact

4.1.1 Overview

A TLO shall include a textual artefact represented by a natural language document providing:
df domain-neutral tefms and relational expressions, incorporating identification of primitiv|
and (2) definitions.of the meanings of the terms and relational expressions listed. Natural-1
definitions may-ticorporate semi-formal elements if these are needed for readability.

NOTE1 Imthe case of primitive terms, definitions can take the form of elucidations of meaning supp
by examples of use.

HXAMPLE An example of a definition with semi-formal elements is:

zation of

d appear

gy if the
latter.

oy which

hat class

ntexts in
rement or

(1) alist
e terms,
hnguage

emented

transitivity =def relation R is transitive if whenever g stands in R to b and b stands in R to ¢ it folla

s that a

standsin Rto c.

Given the nature of a TLO, a portion of its terms and relational expressions will be so basic
meaning that there will be no logically simpler, and thus more easily intelligible, expression

in their
s on the

basis of which they can be defined in a non-circular way. Ontology terms and relational expressions for

which this is the case are called ‘primitives’, and they have definitions in the sense of 3.8, but t
circular or are mere paraphrases.

© ISO/IEC 2021 - All rights reserved
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A TLO shall specify which of its terms and relational expressions are primitive in this sense. For all
other terms and relational expressions in the TLO, definitions shall be provided which satisfy the
conditions that:

a) they are non-circular;
b) they form a consistent set;

c) theyare concise.

NOTE 2 Fal - - ades. 4l il PR R T s pa pu 4 1 . LE, 1 Licd £ 1
GUIICIOUT Dlslllllcb UIdU UIIT UCTTIITITIUIT CUILITAIIIS TIU TTUUIIUAIIU TITITITIILS klUl CAalllplC, IISLS Ul CAalllplc )

explanatjons of usage, and so on).

o

These rgquirements apply both to the natural language definitions and also to the definitions priovide
in the OWL 2 and CL axiomatizations referenced in 4.2 and 4.3.

Non-cirqularity excludes not only immediate circularity (where the defined term oOr-a term with
equivalgnt meaning is used in the definition) but also mediated circularity (for example, where a term is
used in the definition of a second term, which is itself used in the definition of the first term). To ensurje
non-cirdularity it is recommended that definitions are formulated as statemefits of singly necessarly
and jointly sufficient conditions for the correct application of the defined term,

EXAMPLE Triangle = def. closed figure that lies in a plane and consists of exactly three straight lines.

Consistgncy of the collection of natural language definitions is shown through the development of a
axiomatjization that is proven consistent, as described in 4.2 and 453,

-

NOTE 3 | Consistency, non-circularity and conciseness of definjtiens are features that distinguish ontologig
from tradlitional dictionaries and other lexical resources.

v

4.1.2 Relations between textual artefact and axiomatizations of the TLO

The terms and relational expressions in the textual artefact shall be converted into symbols in t
axiomatjizations. These symbols together form«the signature of the resultant logical theory. They ma|
incorporate textual strings.

4.2.1 General

The TLO shall be made available via at least one machine-readable axiomatization in OWL 2 with
the direct semantics or in some description logic that is designated by W3C as a successor of OWL 2.
The signature of the OWL axiomatization shall be identical, modulo the conversion from strings into
symbols and modulo the conversion of ternary into binary relational expressions, to the set of natural
language terms and relational expressions of the TLO as specified under 4.1. The axioms should
represent the content of the natural language definitions described in 4.1 to the extent that this is
possible given the expressivity of OWL 2. The axiomatization shall satisfy the conformity criteria in
W3C Recommendation — OWL 2 Web Ontology Language Direct Semantics. The axiomatization shall be

6 © ISO/IEC 2021 - All rights reserved
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proven consistent using standard OWL reasoners. The axiomatization shall be interpretable i
axiomatization described in 4.3.

n the CL

In the OWL 2 axiomatization, terms and relational expressions are replaced by IRIsl1] used in accordance

with the rules in the W3C Recommendation — OWL Web Ontology Language Guidel2].

4.2.2 Alternative OWL 2 Axiomatization

In some cases, in order to compensate for the restrlctlons on ax1om closure inan OWL 2 ontology, aTLO

the other (W3C Recommendatlon — OWL 2 Web 0ntology Language Structural Speczﬁca

unctional-Style Syntax). Each such axiomatization shall however be logically interpretable’ i

axiomatization and a specification shall be provided of how such OWL 2 axiomatizations|relatg
dther and why each is needed.

OTE1 Inthesimplestcase, the axiomatizations form a setlinearly ordered in terms 6ftheory streng
theory A is stronger than theory B when B is logically interpretable in A, but A is notlogically interpret

heory B is logically interpretable in theory A if, and only if, the language of B can be translated into the
of A so that every theorem of B is derivable in A. An ontology developed in OWL Z is-dlways logically inte
in CL, but not vice versa.

cpntaining O and all the ontologies that O imports. The axiom closure-of O is then the smallest set that]
j‘l the axioms in I(0) when the anonymous individuals from différent ontologies in 1(0) are treated

ifferent (W3C Recommendation — OWL 2 Web Ontology Langudage Structural Specification and Functi
Syntax).

4.3 Axiomatization in a CL-conforming language
The TLO shall be made available via an axiomatization in a language conforming to ISO/IEC 24

NOTE CL, a logical framework standardized for the purpose of facilitating exchange and transn
nowledge in computer-based systems, is thé standard ontology development language defined in ISO/1
any of the principles underlying a TLO\..for example, regarding change, mereology, and temporal ar
Ipcation - cannot be adequately expressed using OWL but require the expressivity of first-order logic
CL. CL is a family of formal languagés with a common descriptive semantics. Since CL circumvents di
in formal language syntax by focusing on a shared semantics, translations between distinct formal lang
sier to automate.

XAMPLES Languages ‘conforming to CL specified in ISO/IEC 24707 are the Common Logic Int

(KCL). For details of how'languages traditionally used in first-order logic (FOL) can also conform to ISO/I
see Reference [7].

he signatuxé. of the CL axiomatization shall be identical, modulo the conversion from stri
sfymbols, fo)the set of natural language terms and relational expressions of the ontology as sps
1. Théaxiomatization shall extend the OWL 2 DL axiomatization described in 4.3 in the sens¢
odels shall also satisfy the CL translation of the OWL 2 axiomatization. The axiomatization
reven consistent using standard automated theorem provers. The axiomatization shall be g

NOTE2 To define ‘axiom closure’, the import closure 1(0) of an wentology O is first defined a$

erpretable
tion and
h the CL
b to each

th, where
able in B.
language
"pretable

the set
contains
as being
nal-Style

/07.

ission of
EC 24707.
d spatial
provided
fferences
hages are

erchange

rmat (CLIF), the Concdeptual Graph Interchange Format (CGIF), and the XML-based notation for Comnon Logic

EC 24707,

ngs into
cified in
e that its
shall be
xplicitly

modularized.
4.4 Supplementary documentation

4.4.1 Overview
Supplementary documentation shall be made publicly available:

— specifying how the ontology is used or is intended to be used;

— specifying how it is shown that the OWL axiomatization specified in 4.2 is logically derivable from

the CL axiomatization specified in 4.3;
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— demonstrating the breadth of coverage of the ontology by addressing the questions listed in 4.4.6;

— documenting policies for ontology management.

4.4.2 Documentation of the purpose of the TLO

The actual or envisaged purpose of the TLO shall be described in detail.
EXAMPLES  UsesofaTLO as a framework:

a. for tficdevelopn

b. for the development of knowledge bases drawing on data from multiple domains;

c. for the re-engineering of existing (‘legacy’) domain ontologies and similar information artefacts with the
purpose of advancing interoperability or to promote clarity of definitions;

d. for dntology support for systems integration initiatives (involving both humans and machines);

e. for Righ-level structuring of cross-domain lexical resources such as WordNet (for ekxample for purposes ¢f
disambiguation of polysemous expressions);

f.  tordgiment the terminological content of a scientific theory;

g. tosypport web-based cataloguing of large collections for example by musetims or media organizations.

4.4.3 Pocumentation concerning demonstration of conforniance of a domain ontology to the
TLO

Where, ps in 4.4.2, EXAMPLES a-c, the TLO is used in_gonjunction with external domain ontologly
resourcé¢s in ways which require conformance of thése resources to the TLO in accordance with
definitiqn 3.23, documentation is required concerning (a) the mechanisms used to achieve such
conformance, (b) the methods used to demonstrate:conformance. Recommended methods are outlined
in Annex D.

4.4.4 Pocumentation concerning consistency of the CL axiomatization

Sl

Documejntation shall be provided which provides an interpretation that demonstrates that the C
axiomatjization is consistent, withinstructions on how to verify satisfaction. This documentatio
shall indlude a specification of the-model used to prove consistency and an account of how the TLO i
modulatized.

[Z=]

NOTE A set of CL axioms$-is consistent if the set of formulae derivable from the axioms using the standarj
rules of inference does ndt contain a contradiction. Consistency can be proved either semantically or syntacticall
A semantic proof shows“that the set of axioms has an interpretation (also called a model) in which all axioms ar
satisfied| A syntactic\proof can be either direct or indirect. The former proves directly that there is no formul
such thaf both it and’its negation are derivable from the axioms. The latter proves consistency by using theore

provers to show.that a set of axioms is logically interpretable in a theory that has already been proved consistenltl.
This technjque is used for theories that have no finite models.

SECERE="

4.4.5 Documentation concerning the relation between OWL and CL axiomatizations

Documentation shall be provided specifying how it is shown that the OWL 2 axiomatization specified in
4.2 is logically derivable from the CL axiomatization specified in 4.3. This documentation is required in
order to establish that the two axiomatizations can be accepted as axiomatizations of one and the same
ontology.

EXAMPLE It is shown that OWL 2 axiomatization A is logically interpretable in CL axiomatization B through
the following steps: 1. an automatic syntactic translator is used to convert A into CL(A) with CL-conforming
syntax; 2. translation definitions which bridge the signature of B to that of CL(A) are added to B, yielding the
result TR(B); 3. an automated theorem prover is used to show that the translation of each axiom of CL(A) is
entailed by TR(B).
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CL allows the development of ontologies stronger than those developed in OWL 2, in the se

021(E)

nse that

an OWL 2 axiomatization is always logically interpretable in a CL axiomatization but not vice versa.

Given the differences in expressivity as between OWL 2 and CL, it may be necessary to use te

rms and

relational expressions in the OWL 2 axiomatization that are not present in the CL axiomatization and
vice versa. To show logical interpretability of the former in the latter it would then be necessary to add

the corresponding expressions and their definitions to the CL axiomatization. Such addition

shall be

a conservative extension of the CL axiomatization, which means that any theorem formulable in the

extended ontology using only the old signature is already provable without the extension.

4.0 Dodumentacton demonstrating oreadti or coverage

NS

4.6.1 Overview

he ontology documentation shall provide answers to the questions listed in subclatsés 4.4.6.2
4.6.16. These answers shall document how the TLO would be used in managing data of t}
ddressed in each subclause. (Annex C provides examples of such documentation.)

[ SR SN |

h some TLOs data about entities of given classes or types would be managed by using terms
n the ontology representing those classes or types. Where a TLO does net’include classes or ty
over one or more of the areas identified, it shall be documented hew it will address corres
ata, for example, by specifying an additional ontology whose relation to the TLO is documentg

o0 = —

NOTE The rationale for requiring breadth of coverage in a<{FLO is as follows. When an ontolo|
approach is adopted, for example, by a large organization in ordef.td promote interoperability of the datj
within its constituent sub-organizations, the ontologies in quéstion will be required to deal with an
cpllection of different sorts of data. These will include:

-+ data thatis spatially and temporally referenced;
-+ data about entities that change over time;
—+ data that result from assays along multiple-qualitative and quantitative dimensions;

—+ data reflecting mereological and othér relations between such entities, including relations betwee
and the material of which they aré.composed;

—+ data about data artefacts themselves (for example about designs, plans, requirements specificatior

F it is to have a high likelihood of being able to serve reliably as an over-arching frameworl
hanagement of data in‘such circumstances - even when new sorts of data are being brd

SN e il avel

TLO should include’relational expressions that enable representation of a broad range of 1
mong entitiesdn, its chosen categories. Various candidate TLOs have made different - and so
ihcompatible&’ehoices concerning these categories and relations. To show conformity to this dd
these chojeesshall be documented in a way that will justify the claim that the ontology has a suf

road coverage of categories and associated relations to satisfy the requirements of a TLO as de
this dgeument.

through
e types

ncluded
pes that
ponding
d.

oy-based

systems
evolving

h entities

s).

x for the
ught on

tream - then a TLO. kequires a maximal breadth of coverage in the set of terms it includes. Similarly,

elations
metimes
cument,
ficiently
fined by

6.2~ Space and time
How does the ontology deal with time, space and spacetime?
— Does the ontology recognize entities which persist in time?
— How does the ontology deal with entities which occur in time?
— Does the ontology recognize entities which are extended in both space and time?

— How does the ontology deal with spatial, temporal and spatiotemporal regions?
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4.4.6.3 Actuality and possibility

How does the ontology deal with what could happen or what could be the case, rather than what is the
case or has happened?

How does the ontology deal with possibility?

Does the ontology support both possible and actual entities?

Does the ontology have a treatment of dispositions or tendencies?

Doe]
des

4.4.6.4

How dog

Doe
or d|

Are
Doe

Are

4.4.6.5

How dog

How
How
How

Doe

s the ontology have a way of dealing with merely possible or potential entities as might b
ribed in unrealized plans or designs?

Classes and types

s the ontology deal with issues of classification?

o classes or types exist as general entities in addition to particular instanees?
classes of classes allowed?
5 the ontology distinguish between types and the classes of theiyinstances?

classes or types instantiated by the same particulars identical?

Time and change
s the ontology deal with time and change?
' does the ontology deal with the distinctiondbetween past, present and future entities?
 does the ontology deal with identity and change of material objects over time?
 does the ontology deal with location, and with change of location?

5 the ontology allow for more -than one material object to occupy exactly the same spatig

location at the same time?

How

Doe
part

EXAMPL
An orgarism is af_example of an entity that can undergo change over time, such as by losing hair, withoy
changing

 does the ontology deal'with changeable properties, such as being a student?

5 the ontology recognize a distinction between classes or types that apply necessarily to
icular for the whele of its existence, and classes or types that apply only temporarily?

identity:

5 classification reflect the existence of certain relations of similarity between certain entitie

ES Maminal is an example of a class or type that applies to a particular for the whole of its existence.

Py

—_—

[<9)

ot

4.4.6.6

Parts, wholes, unity and boundaries

How does the ontology deal with relations of parthood?

10

If one entity is part of a second entity, and this entity part of a third entity, does it follow that the
first entity is also part of the third entity?

If one entity is part of but not identical to a second entity, must there be a third entity which makes
up the difference?

How does the ontology deal with wholes formed through the summation of parts?

How does the ontology deal with continuity where a material object has parts between which there
is no natural boundary?
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— How does it deal with the factor of unity, which obtains where the parts of a whole are joined

together in a way that distinguishes it from a sum?

EXAMPLES  Unity is manifested by organisms or planets through the relation of direct or indirect physical
connectedness; unity is manifested by solar systems and galaxies through relations of gravity that are above
certain thresholds. Unity is manifested by a married couple through the relation of married to, and by a group of

siblings through the relation sibling of.

NOTE A whole manifesting the factor of unity can be defined as being such that all its parts are related to

each other, and only to each other, by a single distinguished relation.

4.4.6.7 Space and place

— How does the ontology deal with places and locations?

— How does the ontology deal with holes, conduits, cavities, a vacuum?

- How does the ontology deal with shape?

4.4.6.8 Scale and granularity

How does the ontology deal with scale, granularity and levels of reality?

- Does the ontology treat the material world as being made up-of entities at distinguished lej

HXAMPLES Atoms, molecules, cells, organisms, planets and/galaxies are examples of entities at disti
pvels of reality.

—_

4.4.6.9 Qualities and other attributes

How does the ontology deal with qualities and-other attributes?

od

OTE ‘Attribute’ here is meant to include what are sometimes referred to as properties, fej
characteristics.

—  How do attributes relate to theemntities that have or bear them?

— Does the ontology distinguish between attributes and values?

- Does the ontology recoghize attributes of attributes?

HXAMPLES Quantitative and qualitative are examples of attributes of attributes.

4.4.6.10 Quantities and mathematical entities

How doesthe ontology deal with quantitative data and with mathematical data and theories?

- Howrdoes the ontology deal with units of measure?

rels?

nguished

tures or

—+ “How are those attributes which are represented using qualitative terms such as ‘hot’ or |

plevated

temperature’ related to attributes represented using quantity expressions such as ‘63 °C’?

4.4.6.11 Processes and events

How does the ontology deal with processes?

— Are processes identical to changes?

— What kinds of processes exist?

— Does the ontology allow attributes of processes?

— Does the ontology distinguish between processes and states?

© ISO/IEC 2021 - All rights reserved
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— Does the ontology recognize instantaneous processes?

4.4.6.12 Constitution

— How does the ontology deal with the relation - sometimes referred to as a relation of ‘constitution’
- between material entities and the material of which, at any given time, they are made?

— How does the ontology deal with the relation between, for example, minds and brains, persons and
organisms, or between organizations and the totality of their members?

— Is there an analogue of the relation of constitution holding between processes, or between nor
material entities of other sorts?

4.4.6.13 Causality

— How does the ontology deal with causality?

Information and reference
— How does the ontology deal with information entities?
EXAMPLES Databases, symbols, text documents, emails, video files, a speech.

— Doef the ontology incorporate a relation between an informatiéu entity and what the informatiop
entity is about?

— Ifyes, how does the ontology deal with cases where there ishoactual entity which a given informatiop
entity is about? Does the ontology deal with cases of this sort by recognizing possible worlds?

Cases of aboutness where there is no corresponding actual entity may arise where plans for thle
being made.

Artefacts and socially constructed entities
does the ontology deal with artefacts?

PLE Engineered items.

does the ontology dealwith entities commonly viewed as socially constructed, such as money?

does the ontology,deal with entities such as laws, agreements, duties or permissions?
Mental entities; imagined entities; fiction; mythology; religion

does the-gntology deal with mental entities?

PLES Minds, thoughts, decisions, memories, images.

does the ontology deal with imagined entities?

— How does the ontology deal with entities or data in the realm of mythology?
— How does the ontology deal with entities or data in the realm of fiction?

— How does the ontology deal with entities or data in the realm of religion?

12 © ISO/IEC 2021 - All rights reserved
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4.4.7 Domain neutrality

4.4.7.1 General

The signature of the TLO shall contain no terms or relational expressions that are used exclu
one or in a restricted group of domains.

EXAMPLE1  Nuclear physics is a domain whose terms are not used widely in other domains.

sively in

NOTE There is agreement among developers of TLOs that expressions such as ‘object’, ‘process’, ‘set’,

ttribute’, ‘fact’, and ‘part_of’ are domain neutral, while expressions such as ‘war’, ‘neutrino’, ‘cervix’,
d ‘maximum allowable working temperature’ are domain specific. Between these two groupingsfhow
ey area of expressions accepted as domain neutral in some TLOs but not in others.

XAMPLE 2 ‘Information’, ‘meaning’, ‘shape’, ‘person’, ‘social object’, ‘purpose’ are expressions that
ight not be included in a TLO.

4.7.2 Existence as a self-standing ontology

or the TLO to have the property of domain neutrality means that {t‘shall exist as a self-s
ntology rather than as a collection of top-level terms and relational expressions embedded in
ntology detailing one or more particular domains.

OTE The rationale for this requirement turns on the need/(1)-to ensure a division of authori
responsibility for maintenance of the TLO and of the domain ontologies which it supports and (2) to s
ility of a TLO to serve purposes such as cross-disciplinary<r ¢ross-enterprise interoperability am
omain ontologies in a way that minimizes the possibility offorking.

XAMPLE An ontology O is proposed to serve as a(TLO but its TLO elements are not self-standing
contains also elements from multiple domains. 0s.then adopted by scientists working in some d
Independently of this, an alternative ontological treatment of D is developed by domain experts. Thet
0 simple way to associate this alternative treatment of D with the TLO in O. To replace the existing
cpntent in O with the new treatment will imply changes being made in O by domain experts rather f{
perts, introducing conflicts between different sorts of expertise and governance. These conflicts
tology forking to which they could lead; are avoided if the TLO elements of O are created as a self;
odule.

4.4.8 Ontology management

DJocumentation shall be made available specifying:
-+ ontology licencé(code and content);

-+ ontology gévernance;

-1 policy-governing interaction with users;

—+ palicy for making and approving changes in the ontology;

uncle of’
rever, is a

might or

tanding
a larger

y and of
bcure the
ng these

because
omain D.
e is then
D-related
han TLO
and the
standing

-+ ~ontology versioning policy;

— policy for creation and maintenance of identifiers and IRIs.

5 Conformity

5.1 Overview

An ontology claiming conformance to this document shall make available two sorts of documentation,

as specified in 5.2 and 5.3.

© ISO/IEC 2021 - All rights reserved
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5.2 Ontology documentation

— A natural language document satisfying the requirement in 4.1, designed to support use and
maintenance of the ontology by human beings,

— Anaxiomatization of the ontology in OWL 2 with direct semantics satisfying the requirementin 4.2,
designed to support computational reasoning,

— An axiomatization of the ontology in a CL-conforming language satisfying the requirement in 4.3.

5.3 Sypplementary documentation

— A sdt of supplementary documents satisfying the requirements in 4.4.4 through 4.4.8.
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Annex A
(informative)

Examples of ontology suites

A-primaryfocus-of-this-doecumen o-SpecHy-treregiirenrentsonterogies—Sas 8 7 y are to
sjupport the design and use of purpose-built suites of ontologies by providing the overarching.¢ntology
dontent which the ontologies in the suite will be required to share in common in ordér to promote
interoperability. Table A.1 lists examples of ontology suites proposed by different communitjes since
1998, ordered by year of first archival publication. Each such suite represents an attempt by deyelopers
df multiple ontologies covering different but related domains of entities to ensuresmutual conjsistency
Hetween the ontologies being developed. A common method to achieve such ‘coordination finvolves
the application of a hub-and-spokes strategy, resting on use of a top-level ontology as definefl in this
document, together with successive layers of spokes comprising domain entologies built out pf terms
defined as specializations of terms contained in this top-level hub.
Table A.1 — Examples of ontology suites
Ontology suite Domain |Year IRI of archived publication Hub
Toronto Virtual Enterprise enterprise [1998|h : w.aaai.org/ojs/index.php/aimagazinef | Yes
TOVE) modeling article/view/1399
ene Ontology (GO) attributes of {2000 |h .//www.nature.com/ng/journal/v25/nl / | No
gene ng@500_25.html
products
iramene: Trait and Gene plant sci- 2002 |http://onlinelibrary.wiley.com/doi/10.1002 /cf; Yes
Dntologies for Rice ence 156/full
bemantic Web for Earth and earth and<-|2004 | https://doi.org/10.1016/j.cage0.2004.12.004 No
Environmental Terminology environ-
SWEET) mental
sclences
Legal Informatics Ontologies «. }legal 2004 | https://link.springer.com/article/10.1007/s10504 | Yes
LRI-Core) informatics -006-0002-1
Dpen Biomedical Ontologies life sciences |2005|https://www.nature.com/nbt/journal/v25/n11 Yes
OBO) Foundry full/nbt1346.html
Performance Simulation engineering [2008|https://link.springer.com/chapter/10.1007/978-3 Yes
nitiative (PSI) @ntology design and -540-87877-3 9
buite perfor-
mance
Networked Ontologies from the |fisheries 2009 |https://link.springer.com/chapter/10.1007/978-3 No
Fisheries Domain -642-04590-5_29
Matine Metadata oceanogra- [2009|http://ieeexplore.ieee.org/document/5422206 No
nteroperability Project phy
Infectious Disease Ontology infectious {2010 |https://link.springer.com/chapter/10.1007/978-1 Yes
(IDO) suite diseases -4419-1327-2 19
Semantic Publishing and document |2014 |https://link.springer.com/chapter/10.1007/978-3 No
Referencing Ontologies description -319-04777-5_5
(SPAR)
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The term ‘ontology’ was first used by philosophers as a Latin counterpart of ‘metaphysics’. The terr
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Annex B
(informative)

The definition of ‘ontology’

se of ‘ontology’ in philosophy and computer science

=3

pted by computer scientists to signify ‘a specification of a representational vocabulary for
omain of discourse — definitions of classes, relations, functions, and other objects2l.

9]

y’ is defined within the OWL community as ‘a set of precise descriptive statements about somfe
he world (usually referred to as the domain of interest or the subject matter of the ontology)’[4]

pgacy definitions of ‘ontology’ in ISO standards
ISO definitions of ‘ontology’ are:

hal representation of phenomena of a universe of discofirse with an underlying vocabular
ding definitions and axioms that make the intended meaning explicit and describe phenomen|
their interrelationships (from ISO 19101-1[2]; reused“in ISO 19150-2:2015, 4.1.29[10] and i
19154:2014, 4.16[11])

[SIAS]

o=}

rification of concrete or abstract things, and.the relationships among them, in a prescribefd
ain of knowledge (from ISO/IEC 19763-3:2010, 3.1.1.1[3])

gical structure of the terms used to<describe a domain of knowledge, including both thie
hitions of the applicable terms and their relationships. ISO/IEC/IEEE 24765:2010, 3.1968[1%
m [EEE Std 1175.1-2002 (R2007),3:9113])

—_—

inization of concepts for which-a rational argument can be made (from ISO/TR 13054:2012,
14])

oftJrese concepts (froncISO 18435-3:2015, 3.1[12])

icit and consensual specitication of concepts of an application domain independent of any use

ous conceptuahschema representing the subject domain (from ISO/TR 25100:2012, 2.1.5[16])

kicon of specialized terminology along with some specification of the meaning of terms in thie
fon (fromJSO 18629-11:2005, 3.18[17])

el that represents a domain and is used to reason about the objects in that domain and thle

relakions between them (from ISO/IEC 18384-3:2016, 3.3118])

conceptualisation of a domain (ISO/TS 21526:2019, 3.36[19])

None of these definitions explicitly foresees the possibility of a top-level (in the sense of ‘domain neutral’)
ontology in the sense defined in this document. When they are interpreted in a way that allows for this
possibility, however, then definition 3.14 is consistent with all of them. Definition a), which derives from
a standard influenced by members of the OWL community, is closest to the definition in this document.

16
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B.3 Definition of ontology-related terms in this document

B.3.1 Scope of application

Definition 3.14 is formulated in such a way as to apply equally to ontologies created under the OWL
paradigm and to legacy ontologies, some of which were created under different paradigms and which,
even where they exist in OWL versions, retain features not explicitly allowed for in the OWL framework.
Note that in the OWL 2 and CL formalizations of an ontology the content of a definition is expressed
using one or more axioms.

.3.2 Collection

he term ‘ontology’ is sometimes used in a narrow sense to refer to specific sets of-axiomg. In this
ocument, however, an ontology is conceived in a wider sense as an artefact created.by humap beings

time, comparable in this respect to a scientific theory or to a lexicon (or to a collection of fogsils). An
ntology in this wider sense may exist in different languages, and it may existi® different vefsions at
ifferent times, for example as a result of the fact that errors are corrected orinew terms added. In the
WL 1 literature an ontology is defined as: a collection of information, generally including infdrmation

out classes and properties [21,

3.3 Entities

he term ‘entity’ is employed in many ontology commusities as an all-inclusive term including
erything whatsoever, whether or not it is perceivable or\measurable, thus including physicgl things,
tributes, qualities, powers, institutions, languages,.theories, types, classes, events, infdrmation
systems, and so forth. Various alternative termsg¢hiave played the role of all-inclusive [term in
ntemporary ontology, including ‘class’, ‘concept’, motion’, ‘individual’, ‘term’, ‘type’ and ‘item’{ In OWL
‘“Thing’ represents the set of all individuals [2]; itf\the OWL documentation ‘Entity’ is sometinjes used
tp refer to the union of: Classes, Datatypes, Object Properties, Data Properties, Annotation Properties,
nd Named Individuals(2l. An influential défiition of ‘entity’ as ‘anything perceivable or congeivable’
(jn I1SO 1087-1:2000 (3.1.1)[20]) allows the term ‘entity’ to be used also to represent for example what
i$ planned or postulated. This definitionis modified in this document (3.1) to satisfy the ruje that a
definition is substitutable in a senterice for the term defined.

B.3.4 Terms

(ntologies are often represented in visualization tools as graph-theoretical artefacts involving nodes
and edges. The nodes and-edges of such graphs are associated with what are here referred to ap ‘terms’
and ‘relational expressions’, respectively.

Hxamples of general terms in natural language are common nouns and noun phrases such as: ‘glectron’,
¢xplosion’, ‘Wydraulic system’, ‘phosphorylation’, ‘nuclear reactor’, and ‘spatial region’. Elxamples
df such expréssions in technical languages include: model numbers, disease codes, and aircraft type
designators.

Hxamples of terms referring to particulars in natural language are proper names such as ‘IDonald J.
[rump’. Examples of such expressions in technical languages include serial numbe ocial lsecurity
numbers, dates, and latitude and longitude coordinates.

In many ontology communities, the terms in an ontology consist of common nouns and noun phrases
drawn either from a natural language or from a natural language extended by technical terms or by
alphanumeric codes employed in the corresponding domain. When an ontology is structured as a
collection of terms representing what is general in this way, then the entities represented are referred
to as classes or types. For example, they represent the class whose members are all human beings, or
the type whose instances are all glucose molecules.

In some ontology communities, terms such as ‘type’, ‘kind’, ‘universal’, or ‘concept’ are used as synonyms
of ‘class’. In other ontology communities, the term ‘class’ is used to refer not to the type but to the
corresponding extension understood set-theoretically. In either case, classes or types are referred to by
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general terms. In W3C Recommendation — OWL 2 Web Ontology Language Document Overview, the term
‘Class’ is defined informally as: a group of Individuals that belong together because they share certain
properties. In Reference [3] it is stated that:

every OWL Class is associated with a set of Individuals, called the Class Extension. The Individuals
in this set are called the Instances of the Class. A class has an intensional meaning (the underlying
concept) which is related but not equal to its class extension. Thus, two classes may have the same
class extension, but still be different classes.

In W3C Recommendation — OWL 2 Web Ontology Language Document Overview, ‘Class Description’ is

used to

Some olrtologies also allow terms representing certain privileged particulars (referredy\\to as

‘disting
Supremd¢

General
specific

Terms in a natural language denoting distinguished individuals correspond.in OWL to Namefd

Individy

B.3.5

To form
such as
used as
betweer

In some
no mear
only in ¢
treated
express

Relation
domain-

The rol
summaty

In drder to precisely desctibe a domain of interest, it is helpful to come up with a set of central

tern
defi
othd
con
an g
the

Fefer to what in other W3C recommendations is informally called a Class Definition.

ished individuals’), such as ‘the actual world’, ‘spacetime’, or (in an ontology of US law).“the U[S
p Court’.

terms in a natural language (or in a natural language extended by technical terms or domair
codes) correspond in OWL to Classes and Class Expressions and in FOL to unary predicates.

als and in FOL to individual constants.

Relational expressions

ilate definitions and axioms, terms in an ontology are condbined with relational expression

is_a’, ‘subclass’, ‘part_of’, ‘has_part’, and so forth. Verbs and.prepositions are in some ontologie
relational expressions, as for example when ‘gives’ is used to express the ternary relatio
giver, receiver, and gift, or ‘in’ is used to express the bihary relation of spatial containment.

- n wn

ontology communities, relational expressions afe syncategorematic; that is to say, they have
ing in their own right (and thus a fortiori they.do not refer to any entity in their own right) byt
onjunction with other expressions. In othefontology communities, relational expressions are
hs terms designating relational entities, forexample sets of ordered tuples. The use of ‘relationgl
on’ in this standard is intended to be neutral as between these two usages.

al expressions in a natural languwage (or in a natural language extended by technical terms o
specific codes) correspond in OWL to Properties and in FOL to n-ary predicates for n = 2.

—

b of terms, relational expressions and definitions in ontologies formulated using OWL is
ized as follows:

hs - often called-a* vocabulary - and fix their meaning. Besides a concise natural language
hition, the meaning of a term can be characterized by stating how this term is interrelated to thie
r terms. Aitérminology, providing a vocabulary together with such interrelation informatiop
stitutes anessential part of a typical OWL 2 document. Besides this terminological knowledgg,
ntology might also contain so-called assertional knowledge that deals with concrete objects af
conSidered domain rather than general notionsl4l.

18
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