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d

[SO (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,

governmenta

1 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/
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Introduction

A concept system is a “set of concepts structured in one or more related domains according to the concept
relations among its concepts” according to ISO 1087:2019. A concept is defined as a unit of knowledge
created by a unique combination of characteristics which are the abstraction of a property of an object or of
a set of objects. Concept systems are used to support semantic interoperability and integration in domains,
information classification and organization, indexing, retrieval, etc.

Concept systems are used in the description of semantics of data in the ISO/IEC 11179 series of standards.
ISO/IEC 11179-1 introduces data element concept, object class, property, conceptual domain and value
meaning as concepts. They can be organized through the use of relations among them into concept systems.
A classification scheme is represented as a concept system in ISO/IEC TR 11179-2.

There are vaiion ~TANZINg fromn

Ce] 11, TANEITg imple relations
among concepts to ontologies with rich formal semantics.

The construdtion of most controlled vocabularies is based on concept systems. On the-basis of the relevant
concept syst¢m, they add the relationships among terms and establish the relationships amopg terms and
concepts on the basis of semantic characteristics. Concepts are mainly representedby terms. Therefore, the
discussion of|the types of concept systems is inseparable from the discussion of yvocabularies.

Ontologies cpmprise an important kind of concept system. The goals.-of‘\oOntologies are tq capture the
knowledge of one or several subject fields and to provide a common understanding. Also, onfologies serve
to determine|the common terms in the subject field, and to provide a\clear understanding of|the relations
among the relevant concepts based on various levels of formal patterns.

The developnpent of artificial intelligence technology and ontglogy technology has expanded both the content
and the appliication of the scope of concept systems. The issues regarding the structure, ¢lassification,
description ahd application of concept systems are becoming more and more important.

© ISO/IEC 2024 - All rights reserved
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Information technology — Criteria for concept systems

1 Scope

This document provides the criteria for effective concept systems. It provides the requirements for
components, formation, representations, structural levels and management of concept systems. Concept
systems are used in the description of semantics of data in ISO/IEC 11179 standards.

2 Normaf

The following
requirements
the latest edi

[ive references

documents are referred to in the text in such a way that some or all of their.conte}
of this document. For dated references, only the edition cited applies, For undatg
Lion of the referenced document (including any amendments) applies:

[SO 704, Ternyinology work — Principles and methods

3 Terms and definitions

For the purpc
[SO and IEC n
SO Onliy

IEC Elect

3.1
object
anything per

Note 1 to entr
‘project plan’)

[SOURCE: ISQ

3.2
property
<terminology

EXAMPLE 1

ses of this document, the following terms and defiditions apply.
naintain terminology databases for use in standardization at the following addres

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

ropedia: available at https://www.electropedia.org/

Ceivable or conceivable
or imagined (e.g. ‘unicorn’, ‘scientific hypothesis’).

1087:2019, 3.1,1]

>feature-of an object (3.1)

‘Being made of wood’ as a property of a given ‘table’.

Nt constitutes
d references,

SES:

y: Objects can be material (e'g. ‘engine’, ‘sheet of paper’, ‘diamond’), immaterial (e.g. ‘conpversion ratio’,

EXAMPLE 2
EXAMPLE 3
EXAMPLE 4
EXAMPLE 5

‘Belonging to person A’ as a property of a given ‘pet’.
‘Having been formulated by Einstein’ as a property of a given ‘E=mc?".
‘Being compassionate’ as a property of a given ‘person’.

‘Having a given cable’ as a property of a given ‘computer mouse’.

Note 1 to entry: One or more objects can have the same property.

[SOURCE: ISO 1087:2019, 3.1.3, modified — added the domain <terminology>.]
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3.3
characteristic
abstraction of a property (3.2)

EXAMPLE ‘Having a cable for connecting with a computer’ as a characteristic of the concept ‘cord mouse’.
Note 1 to entry: Characteristics are used for describing concepts.
[SOURCE: ISO 1087:2019, 3.2.1]

3.4
concept
unit of knowledge created by a unique combination of characteristics (3.3)

Note 1 to entry: Concepts are not necessarily bound to particular natural languages. They are, however, influenced by
the social or ciiltural background which often leads to different categorizations.

Note 2 to entry: This is the concept ‘concept’ as used and designated by the term “concept” in terininology work. It is a
very different foncept from that designated by other domains such as industrial automation or'marketing.

[SOURCE: 1S 1087:2019, 3.2.7]

3.5

domain
subject field
field of specigl knowledge

Note 1 to entry: The borderlines and the granularity of a domain are determined from a purpose-related point of view.
If a domain is Jubdivided, the result is again a domain.

[SOURCE: 1SQ 1087:2019, 3.1.4]

3.6
designation
designator
representatiqn of a concept (3.4) by a sign whieh'denotes it in a domain (3.22) or subject

Note 1 to entry: A designation can be linguistic ot non-linguistic. It can consist of various types of chargcters, but also
punctuation mlarks such as hyphens and parentheses, governed by domain-, subject-, or language-specifjc conventions.

Note 2 to entry: A designation can be a‘term including appellations, a proper name, or a symbol.
[SOURCE: 1SQ 1087:2019, 3.4.1]

3.7
synonymy
relation between desigrations (3.6) in a given natural language representing the same concept [3.4)

EXAMPLE Synenymy exists between “deuterium” and “heavy hydrogen”, between “United Nations| and “UN".

Note 1 to entry: Designations in the relation of synonymy are called “synonyms”.

[SOURCE: ISO 1087:2019, 3.4.23]

3.8

definition

representation of a concept (3.4) by an expression that describes it and differentiates it from related concepts

[SOURCE: ISO 1087:2019, 3.3.1]

© ISO/IEC 2024 - All rights reserved
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designation (3.6) that represents a general concept (3.4) by linguistic means

EXAMPLE
painting”.

»n o«
’

»n o«
’

n o«
’

“laser printer”, “planet”, “pacemaker”, “chemical compound”, “3/4 time”, “Influenza

Note 1 to entry: Terms may be partly or wholly verbal.

[SOURCE: ISO 1087:2019, 3.4.2]

3.10
vocabulary

»noou s

A virus”, “oil

terminological dictionary that contains designations (3.6) and definitions (3.8) from one or more domains

(3.22) or sub

ects

Note 1 to entry
[SOURCE: ISQ

3.11
controlled v
Cv
vocabulary (3
Authority baj

Note 1 to entry

EXAMPLE
with the entiti

Note 2 to entry
be equivalent,

Note 3 to entry

Note 4 to entr
other Persons

[SOURCE: ISQ

3.12
semantic sp{
range of incr¢

Note 1 to entry: Genetally, the semantic spectrum includes glossaries, classification schemes

terminologies,

3.13

r: The vocabulary may be monolingual, bilingual or multilingual.

1087:2019, 3.7.5]

bcabulary

.10) for which the entries, i.e. definition (3.8) /term (3.9)/pairs, are controlled
ed on a rulebase and process for addition/deletion of entries

r: In a controlled vocabulary, there is a one-to-one relationship of definition and term.

The contents of “Clause 3 Definitions” in ISO/IEC standards are examples of controlle
es being identified and referenced through their ID,code, i.e., via their clause numbers.

: In a multilingual controlled vocabulary, the definition/term pairs in the languages used
i.e., with respect to their semantics.

y: Source Authority is defined in }SO/IEC 15944-2:2015, 3.109. Its definition is “Person
hs the authoritative source for.a sef of constraints”

/IEC 15944-5:2008, 3.34, modified — added Note 4 to entry]

pctrum
basingly precise definitions (3.8)

subject heading schemes, thesauri, ontologies, etc. according to their semantic precision

concept relation

by a Source

 vocabularies

are deemed to

r: The rule base governing a controlled vocabulary may include a predefined concept systfem.

recognized by

, taxonomies,

relation between concepts (3.4)

[SOURCE: ISO/IEC 11179-3:2023, 3.2.8]

3.14
hierarchical

relation

hierarchical concept relation

generic relati

on or partitive relation

[SOURCE: ISO 1087:2019, 3.2.12]
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associative relation

associative concept relation

pragmatic relation

non-hierarchical concept relation (3.13)

EXAMPLE

An associative relation exists between the concepts ‘education’ and ‘teaching’.

[SOURCE: ISO 1087:2019, 3.2.23]

3.16
equivalence

relationship

relationship between two designations (3.6) that both represent the same or similar concept (3.4)

3.17

concept syst
system of corf
set of concep|
(3.13) among

[SOURCE: ISQ

3.18
glossary
terminologic
together with

Note 1 to enti
definitions in

[SOURCE: ISC

3.19

classificatio
descriptive if
characteristid

EXAMPLE
[SOURCE: ISQ

3.20
taxonomy
type of hierat

[SOURCE: ISQ
3.21

em

cepts

{s (3.4) structured in one or more related domains (3.22) according to the con
its concepts

1087:2019, 3.2.28]

1l dictionary that contains designations (3.6) from one\o¥ more domains (3.22
equivalents in one or more natural languages

y: In English common language usage, glossary can{refer to a monolingual list of de
domain or subject.

1087:2019, 3.7.6]

h scheme
formation for an arrangement or division of objects (3.1) into groups based on cr
s (3.3), which the objects have in common

Origin, composition, structure; application, function, etc.

/IEC 11179-3:2023, 3.2.5]

chy which deals with generalization/specialization relationships

/IEC 11179-32:2023, 3.20, modified — Note 1 to entry deleted]

rept relations

) or subjects

ignations and

iteria such as

terminology

set of designa

tions (3.6) and concepts (3.4) belonging to one domain (3.22) or subject

[SOURCE: ISO 1087:2019, 3.1.11]

3.22

subject heading scheme

subject headi
subject headi
SHL

ng language
ng list

structured vocabulary (3.10) comprising terms (3.4) available for subject indexing, plus rules for combining
them into pre-coordinated strings of terms where necessary

[SOURCE: ISO 25964-2:2013, 3.77]
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3.23

thesaurus

controlled vocabulary (3.11) and structured vocabulary (3.10) in which concepts (3.4) are represented by
terms (3.9), organized so that relationships between concepts are made explicit, and preferred terms are
accompanied by lead-in entries for synonyms or quasi-synonyms

[SOURCE: ISO 5127:2017, 3.8.3.01, modified — Notes to entry deleted.]

3.24

ontology

collection of terms (3.9), relational expressions and associated natural-language definitions (3.8) together
with one or more formal theories designed to capture the intended interpretations of these definitions

[SOURCE: ISO/IEC 21838-1:2021, 3.14, modified — Note 1 to entry deleted]

4 Abbreviations

4.1 Abbreyiations relating to terminology

BT Brpader Term
NT Ngrrower Term
RT Rellated Term
UF Used For

4.2 Abbreyiations relating to computing

CSv Comma Separated Values

JSON Java Script Object Notation

OWL W¢b Ontology Language

RDF Resource Description Framework
UML Unified Modeling Language

XML eXfensible Markup Language

5 Requir¢ments for a concept system

5.1 Overview

A concept system is defined as a set of concepts structured in one or more related domains according to the
concept relations among its concepts according to ISO 1087. Concept systems can be classified as a semantic
spectrum by their increasingly precise definitions. Concept systems can be developed using different
approaches.

The development of information technology and artificial intelligence technology aims to shift as much
complex intelligent work as possible to computer systems. As a consequence, the core issue of artificial
intelligence systems involves the creation of complete knowledge systems coupled with the implementation
of knowledge-based reasoning skills. Using concept systems for abstracting and organizing knowledge has
many benefits. A concept system serves to model concepts and relations among them based on specialized
knowledge of a subject field, helps to form new concepts and terms, forms the basis for a uniform and
standardized terminology, facilitates the implementation of automated reasoning based on certain rules
and facilitate the indexing, retrieval, information organization and navigation of data resources.

© ISO/IEC 2024 - All rights reserved
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5.2 Components of a concept system

5.2.1 General

This subclause provides a framework for the use of general concept systems in the information technology
field. This framework describes the basic components and relations making up a general concept system, so
as to assist the construction of different types of concept systems. The UMLI8I?] diagram shown in Figure 1
shows the framework of a general concept system.

A concept system usually consists of (1) a list of concepts, (2) characteristics of concepts, (3) relations among
concepts, and possibly (4) axioms.

0"*
r concept_system_importation —
0"*
Concept system
O U= AX10II
axiom_inclusion —
0 *
L concept_system_reference —
0.* 0.* 0.*

0.* 0.1

axiom_about_concept
— _ a Y

concept_source axiom_of_gredicate

concept_system_membership

1"*
Object Lx R L
concept_object Concept :I Concept relatjon
1.* 1%
0.4
Foncept_characteristic_inclusion 1.* 1 |

-

relation_role_s

concept_designation 1

1> concept definition
C ¢ relation _role
oncep
characteristic L 1*
Designation Definition
1“*

designationwrepresent_term

| o

Term

Figure 1 — Concept system framework

5.2.2 Concepts

Concepts are the TOTE SIEMENtS Of amy CONCepPt SYSteNT. A CONcept 15 defimed as a umit of knmowledge created
by a unique combination of characteristics which are each the abstraction of a property of an object or of
a set of objects according to ISO 1087. An object is defined as anything perceived or conceived. Through
observation and a process of abstraction, objects are categorized into classes, which correspond to units of
knowledge called concepts.

The essential properties of the object are abstracted to form characteristics associated with the mental
representation of the concept. Together, the set formed by these characteristics comprises the intension.
The set of objects conceptualized as a concept is known as the extension of the concept.

Concepts are represented by different kinds of designations, such as terms, abbreviations, appellations, or
even symbols and formulas. In addition, some semantic elements, such as definitions, are used to help to
remove ambiguity, distinguish the concept from others, or to indicate the scope of the concept in concept
systems.

© ISO/IEC 2024 - All rights reserved
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5.2.3 Conceptrelations

Different concepts can have various concept relations according to the differences of their generalized
objects, scope and degree. According to their intension and extension, concepts can not only be divided
into different categories, but also can be assigned to different levels and series, which together constitute
the concept system. ISO 704 and many other works on concepts specify a number of different types of
relations among concepts. There are mainly two types of concept relations used to model a concept system:
(1) hierarchical relation is the relation between two concepts which can be either a generic relation or a
partitive relation, and (2) associative relation is a relation between two concepts derived from underlying
relations between objects.

In a generic relation, the intension of one of the concepts includes that of the other concept and at least one
additional delimiting characteristic. For example, ‘vehicle’ and ‘car’.

In a partitive
For example,

An associatiy
factors. For {
‘reaction’ are

Telation, one of the concepts constitutes the whole and the other concept a part
hand’ and ‘finger’, where a finger is a part of hand.

e relation illustrates concepts that are interrelated for sequence, space; causal
xample, ‘production’ and ‘consumption’ are in sequential relation. Foryexample
in causal relation. The collection concept relation is also a kind of@ssociative re

document. The collection concept relation that specifies a concept is an element of a collectio]
does not specify the nature of the concept collection nor information about relations among the

This relation
concepts that

The relationg
mainly struc
incorporating

5.2.4 Tern]

are elements in the concept collection. This relation can be gsed in glossaries, dic

among concepts constitutes the structure of a concept System. Some concept
fured by hierarchical relations. Other concept systems can have different kinds
b generic, partitive, and associative relations within.the same overall structural n

When nami

concepts, it is necessary to form or.use appropriate, unambiguous, concise,

accurate terms (designations) for each concept. The method of naming concepts shall be in acc
[SO 704. When a concept is named, it is necessary to establish the relationship between the co

resulting ter

5.2.5 Definitions

Definitions a
definition do
essential cha

5.3 Princi

5.3.1 Gengd

The following

e used to describe coneepts. The method of writing definitions shall conform
es not describe all ‘thé characteristics of the concept, but rather should capt
racteristics required to differentiate the concept from other concepts.

ples for ferming concept systems

ral

¥ principles should be followed in the formation of a concept system:

bf that whole.

ty and other
, ‘action’ and
lation in this
h of concepts.

tionaries, etc.

systems are
of relations,
btwork.

linguistically
ordance with
ncept and the

to ISO 704. A
ire the most

clarity;

stability;

human and computer readability;

comprehensiveness;

extensibility;

retrievability;

standardization.
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5.3.2 Human and computer readability

A concept system should not only satisfy human understanding, but also be easy to read by computers. A
concept system should be intuitive for humans to read and understand and available in at least one computer
representation that can be interpreted by computers such as JSON, CSV, XML or UMLI8I2],

5.3.3 Comprehensiveness

There should be no repetition or obvious omissions of concepts in the subject field that can be relevant to the
targeted audience. A concept system should be complete including all or nearly all relevant concepts needed.

5.3.4 Clarity

A concept sys

tem should be understandable to users. The concept relations and criteria of sub

ivision used

in creating th
its explanato

5.3.5 Extensibility

A concept sy
introduced tq
relations witl
the concept s

5.3.6 Stabi

A concept sy
should be pog

5.3.7 Retri

The formatiqg
systems to re|

5.3.8 Stangardization

Use standard
designations
existing term

5.4 Repre

A concept sys
atom graphs,

e concept system should be clearly described for users. If the system is too compl
'y power. Complexity can be avoided by reducing the number of concepts and-conc

stem should be easy to expand and modify (see ISO 704), such that new con

an appropriate position in the concept system. It should also be’easy to establish
1 existing concepts. There should be an organization or indiyidual responsible for
ystem if any omissions are found or new requirements areZidentified.

lity

stem should be stable enough that it will not bé/dsily negated when new theor
sible to always maintain the relative stability;and dynamic balance of the whole §

evability

n and organization of a concept.system should be convenient for humans and
trieve the concepts they need, such as by using a search engine or information rett

s for principles and methods for terminology development including method
and definitions aeccording to ISO 704. Related standards should be checked tq
s and definitionslare used wherever possible.

sentations

tem eah be expressed in various styles, such as: text in natural languages, tableg
contept diagrams, UMLI8I2], RDF, Common Logicl13] or OWL 2[12][13], etc.

ex it will lose
ept relations.

cepts can be
new concept
extensions of

es emerge. It
ystem.

information
ieval system.

5 for concept
ensure that

, tree graphs,

Concept syst

IS differ Wit TESPECT 0 e eXpPressive POWET Of tIe [anguage USed 1 the

pecification.

Some conceptualizations require a highly expressive language to define the concepts, whereas others can
be specified using less expressive language depending on the target audience and its needs. An informal
concept system can be expressed only as a list of terms and definitions.

Logical languages have both a formal syntax and a model-theoretic semantics. Examples include RDF,
OWLI2]13] and Common Logicl13l, Semi-formal languages, such as XML and EXPRESS, have a formal syntax
but sometimes lack model-theoretic semantics. There are also many kinds of concept systems whose terms
and definitions are specified only in natural language. Where a concept system exists in graph-theoretical
form, the concepts occupy the vertices of the graph. The edges of the graph then represent concept relations
between the concepts. A node in a graph can also be called a concept system node.

© ISO/IEC 2024 - All rights reserved
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5.5 Level of structure

The level of structure associated with a given concept system corresponds with the strength and richness
of the concept relations among concepts. Concept systems can be classified by the complexity of their
structure, scaled starting with: weakly structured concept systems, hierarchical concept systems, hybrid
concept systems and reason-based concept systems with machine-readable semantics, as shown in Figure 2.

— Weakly structured concept system: a concept system in which concepts are collected as simple sets of
concepts or the concept relation is not obvious, and the terms assigned to concepts are mostly displayed
in a simple way or alphabetical order.

— Hierarchical concept system: a concept system in which all the concepts relate to each other hierarchical,
using generic relation, partitive relation and so on.

— Hybrid cgrrceptsystemmaconceptsystenrconstructedusingacombimatiomrof conceptretatipns, including

hierarchical relations and associative relations.

— Reason-Hased concept system: a concept system in which all the concepts have precise mathematical
descriptipns, the concepts and their concept relations are clearly and precisely“defined| The concept
system cqn be used for reasoning, especially for automatic machine reasoningsiially deperndent on some
sort of sgmantic representation (Common Logic[l3], OWL[12I[13], RDF, UMlraccording to ISP 24156-1[14],
etc.).
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4

o

b Example: [faxonomy.
¢ Example: [Terminology, Subject heading scheme, Thesauri.
d  Example: Dntology.

5.6 Relatipns between conceptsystems and vocabularies
Concept systéms shall be représented by some kind of vocabulary.

Concept syst¢ms and vocabularies are interrelated and distinguished from each other. Concep

the basis for
are some diffi

— Compong
vocabul

semantic pxplicitness

hybrid copcept system
reason-bgdsed concept system
Example: Glossary ,Classification scheme.

f concept relation types

uctured concept system
al concept system

Figure 2 — Level of structure of concept systems

constructing vocabularies. Many vocabularies are based on concept systems. H
erences hetween concept systems and vocabularies as follows.

nts. The main component of a concept system is the concept, while the main

L systems are
bwever, there

omponent of

. A concept is

the basic unit of knowledge the summary of human cognltlon ata certam stage, and the crystallization
of human cognition results. Most concepts are represented by terms. Language is the material shell of
thought, while a term is the external language form of a concept. Terms also have phonetic form and
grammatical function, but concepts do not.

— Language neutrality. Terms and concepts are represented in a specific natural language, but a concept
system can be independent of a specific natural language.

— Types of relations. In addition to the concept relations, vocabularies always include the relationships
among terms, such as synonymy, antonymy and equivalence, and the relationships between concepts
and terms, such as mononymy, monosemy, homonymy and polysemy.

© ISO/IEC 2024 - All rights reserved

10


https://iecnorm.com/api/?name=4701523d07f55a6f8a58681894774a13

ISO/IEC 5394:2024(en)

5.7 Concept system management

5.7.1 Developing concept systems

In the process of concept system construction, there are several issues to be solved.

a)

b)

f)

Analyse requirements. Is there arequirements document? Are the requirements clear? Can requirements
be broken down? What are the sources of the requirements? Do two or more requirements conflict with
each other? Is this the latest version of the requirements? What are the old versions of requirements?
Why change requirements? Does the change affect the consistency and integrity of the requirements
document, etc.?

Define the domain and scope of the concept system. What is the domain covered by the concept system?
What is the purpose of the concept system? What kind of information does the concept system provide?

Who use

Consider
or tasks.
system.

Enumerate important concepts and terms in the concept system. Analyse the characteri

concepts
concepts

5 and maintains the concept system, etc.?

If a concept system applies to multiple applications, it can be expedient,to reus

determine which properties comprise essential characteristics,,and then build
Select the preliminary concepts to be treated by taking into account the subject

group and their needs.

Define cq
and redu

Determine multiple inheritance relations if they exist.

Define th

5.7.2 Management of concept systems

Issues can to

5.7.3

be considered in managing concept-Systems:

concept qystem governance;

policy goerning interaction with ysers;

policy fof making and appreving changes to the concept system;

concept Jystem versioning policy;

policy fof creationand maintenance of identifiers.

Issues can to

Integration-of concept systems

beconsidered in infpgrqfing concept systems:

reusing an existing concept system. Refine and expand existing resources-for 3

ncepts and relations among concepts. Determine the transitivity of the relations. 4
ndant statements or logic. Analyse coordinate concepts for the concept under g

pecific areas
e the concept

stics of these
definitions of
Field, the user

A\void circular
onsideration.

e constraints for the properties. Specify théwalue type, and value domain of any properties.

concept system mapping;

concept system merging;

— concept system alignment.
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Annex A
(informative)

Examples of representing various forms of concept systems

A.1 Glossaries

A.1.1 General

A glossary is
a subject fiel

a terminological dictionary which contains a list of designations and their, definitions from
1, and can contain equivalents in one or more languages. The traditional aim/of glossaries is

to improve the clarity of communication in spoken or written discourse. Traditionally, la glogsary appears

at the end of
specialized. I
across their ¢
sharing and

specific term

h the 1990s, it became increasingly common for enterprises to build glossaries fo
ntire range of business activities in order to improve the consistency and quality 9
publishing. Glossary work focuses on creating a complete list{ef the terminolog
5 and acronyms.

A.1.2 Sem
The main se

In a glossary
becomes est3
unacceptable]

Some glossar
boundaries o

Glossaries ar|
need to be or

A.1.3 Samj
The Glossary

synchronized
Unicodel23] a

A2

Classiffication schemes

ntic components and relations
antic components of a glossary are designations and definitions.

the “concept” is represented by “designations”>When cases of synonymy arise
blished as a “preferred term”, while acceptable synonyms are simply “admitte
ones become “deprecated terms”.

ies also associate a definition with each concept. The definition helps to clarify
f a concept in order to distinguish this concept from others within the domain.

e usually sorted alphabeticallyfor retrieval purposes. Concepts in the glossary 4
banized using complex congept relations.

ble glossary

of Unicode Teristz3] is an example of a glossary, which is updated period
with changes\to various standards maintained by the Unicode Consortium. Tt
hd ISO/IEC 10646[3] terminology are also available.

a book and includes terms used in that book that are either newly introduced, yncommon, or

" applications
f information
y of domain-

one of them
d terms” and

the semantic

sually do not

cally to stay
anslations of

A.2.1 Gen

1
1dl

A classification scheme defines descriptive information for the arrangement or division of objects (ideas)

into groups b

ased on criteria such as the properties associated with the objects (ideas).

The traditional purposes of classification schemes are to organize information resources, whether in hard
copy or electronic, and to allow retrieval by browsing the shelves or by browsing a classified catalogue.
In the metadata field, classification schemes can provide a sound conceptual basis for the development of
metadata having enhanced semantic purity and design integrity. A classification scheme enables users
to find a single object from among a large collection of objects in a metadata registry, and facilitates the
discovery, administration, and analysis of a collection of objects.

Classification schemes have many sub-types. Some types include classification schemes used for records

management,

taxonomies and subject classification schemes, etc.
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For more on methodologies for developing classification schemes, see 1SO 22274[13] and 1SO 25964-2[171,

A.2.2 Semantic components and relations

The basic approach of classification is to organize concepts into classes. The main semantic components of
a classification scheme are notations and captions. A notation is a set of symbols representing a concept or a
class in classification schemes. A notation can also take the form of a class code. The caption is the text label
of the class represented by a notation in a classification scheme.

In subject classification schemes, concepts are not usually arranged in hierarchical concept relations. For
example, “chemistry” and “chemical elements” are not represented in any hierarchical concept relations.
However, in a library it is convenient to be able to find books about chemical elements in the chemistry
section. Therefore, the class “chemical elements” can be the sub-class of “chemistry” in subject classification

schemes.

A.2.3 Sample classification scheme

The Library pf Congress Classification (LCC)[24] is an example of a classification. ssheme. I

widely used

books based
classuses as
In general, t
Published lité
Spermatophy

A.3 Taxon

A.3.1 Gend

The term “ta
simplest taxd
ones multipld
vocabulary t
genus-specie
thesauri.

The typical t
and/or filteri
especially by
websites, int
taxonomies (@
between rela

Some taxono
thatif a term

y many libraries. LCC is a classification scheme which was originally-designed fi
bn their content. LCC uses Latin letters and Arabic numerals to number the categ
ingle letter, such as B for Philosophy/Psychology/Religion, and P‘for Languages a|
vo letters are used for subordinate categories, such as PG ‘far’Soviet literatur
brature. A real number from 1 to 9999 is added after the letter. For instance, the
ta under Botany is QK474.8-495.

omies

ral

LCC has been
br organizing
ries. A major

d literature.
e and PQ for
sub-class for

konomy” is used widely. Taxonomies rafige from the very simple to the very co
nomies the categories are not necessarily divided into subcategories, while i

erms organized into a hierarchical structure which deals with hierarchical rel
5, part-whole, etc. It has some“of the same features described in classification s

hxonomy is used for classifying or categorizing, organizing, browsing, navigati
hg any type of contentin networked environments. A common use case is to suppo
hierarchical organization and browsing through a broad set of electronic r
ranets, portals,_wikis. To complement the navigational features with a sear
an include synonyms operating behind the scenes as entry terms, and “See als
fed categexiés in the hierarchy.

miesallow poly-hierarchies, which means that a term can have multiple parents

appears in multiple places in a taxonomy, then it still remains the same term and

[ aiaf o o nla bhon i+t bhoc b oo

plex. In the
the complex

hierarchical levels can be found. Héwever, in this clause, taxonomy is a collection| of controlled

ions such as
rhemes, or in

hg, searching
rt navigation,
bsources, e.g.
th capability,
o” references

. This means
applies to the

he children in

same concep

n. ifica z Laoc ddecan 10 o0 o ot aszaoin ooy
O P CTIITCATTy, 1T o CCT T Ta s CITTOUT CIT T OC pPTacttTIT o CaAUTIOTITY, CIrCIT e ITa S orre—Sat

every other place where it appears.

For more on methodologies for developing taxonomies, see 1ISO 25964-2171,

A.3.2 Semantic components and relations

The basic units of a taxonomy are usually known as “categories” or “taxa”. A category can encompass either
a single concept, e.g. “Human rights” or a combination of concepts, e.g. “Government, citizens and rights”. A
combination like this is often created as a presentational device to group several more specific categories.

Each category is given a category label, which in some taxonomies is unique butin othersis not disambiguated.
Category labels often have synonyms. These terms can include near-synonyms, abbreviations, acronyms
and lexical variants.
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The hierarchical relation is the most important relation in taxonomies. However, some taxonomies
incorporate associative relations between related categories by using “See also” references.

A definition or scope note or both can be attached to a category where necessary to clarify its scope.

Optionally, rules for automatic categorization, automatic querying and personalization can be attached to
the categories.

A.3.3 Sample taxonomies

The National Center for Biotechnology Information (NCBI) Taxonomy[23] is an example of a taxonomy, which
includes organism names and classifications for every sequence in the nucleotide and protein sequence
databases of the International Nucleotide Sequence Database Collaboration (INSDC). The NCBI provides a
framework for clustering elements within other domains of NCBI web pages, for internal linking between

domains of the Entrez Molecular Sequence Database System and for [inking out to taxon-spe]

resources on
also referred
synonyms, sd
The path fron
of all of the n
the NCBI Tax
NCBI Taxono

A.4 Termi

A.4.1 Gend

A terminolog]
representing
presented in
An importan
commonly cd
control and [
consensus-bg

Terminologie]
and/or of ter
supplying ter

An uncontro
controlled b
vocabulary is
and maintend

In terminolog

the web and relevant publications. Each entry in the NCBI Taxonomy databasé
to as a “node” in the database, and can be associated with secondary names-of s¢
ientific name, common names and so on. The “root node” (taxid1) is at the top of {
 the root node to any other particular taxon in the database is called its:lineage”;
odes beneath any particular taxon is called its “subtree”. Fielded Boolean querig
onomy to answer many questions. For example, how many amphibian taxa havg
my for the first time this year?

nology

ral

y is a set of designations and concepts belonging to one domain or subject, eacl
a concept by means of a sign, symbol, term or appellation. Terminological
various formats, for example as term bauks, termbases, glossaries (see A.1) or oth
L aim of a terminology is to support censistency in the use of terms. The range d
vered by terminologies comprises @ continuum of resources reflecting increasi
rescriptive activity, from uncontrolled vocabulary to standardized terminologi
sed resources for vocabulary used, for instance, in documentation of various king

s can be useful in the construction or maintenance of a thesaurus, as a sourc
ms. They can also help*with writing scope notes, guiding the choice of preferrg
Im definitions if needed.

led vocabulary comes from natural language, which is not standardized ar
/' human beings, and its quantity is not strictly controlled. Therefore, an
not a typé€ of concept system. However, an uncontrolled vocabulary can support 1
nce of d.concept system.

ya'designation is the representation of a concept by a sign which denotes it. The
nations such as abbreviations, terms, and appellations. An abbreviation is a kind ¢

cific external

is a “taxon”,
veral types -
he hierarchy.
the collection
s are used in
appeared in

h designation
data can be
er resources.
f approaches
hg degrees of
es created as
Is.

e of concepts
d terms, and

d effectively
uncontrolled
he expansion

e are several

types of desig

f designation

formed by omitting words or letters from a longer form and designating the same concept. A term is a
verbal designation of a general concept in a specific subject field. An appellation is a verbal designation of an
individual concept.

There are three main types of designation relations between designations:

Synonymy - relation between or among terms in a given language representing the same concept
Antonymy - relation between two terms in a given language representing opposite concepts

Equivalence - relation between designations in different languages representing the same or similar

concept. Equivalencies can be exact or inexact, total or partial, single to multiple, one to part of one, etc
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There are four main types of relations between designations and concepts:

only one designation

only relates to one concept

represents two or more unrelated concepts

represents two or more concepts sharing certain characteristics

Definitions (
expression

A.4.2 Sem

The main se

In a termino
arise, one of
“admitted ter

In a terminol
this concept f

The three ma
a) Hierarch
b) Associati

c) Synonym
A.4.3 Samj

The World H{
aims to prov
clinicians, ad
in the field aj
drug use and

ich serves to differentiate it from related concepts.

ntic components and relations
antic components of a terminology are designations, definitions andelations.

ogy, each “concept” is represented by one or more “designations’. When cases
them becomes established as a “preferred term”, while atceptable synonym
ms” and unacceptable ones become “deprecated terms”.

bgy, the definition serves to clarify the semantic boundaties of a concept in order t
rom others within the domain.

in types of relations found in terminologies ares
cal relation between two concepts;
ve relation between two concepts;

relations between terms in the sarre language.

ple terminology

palth Organization Lexigon of alcohol and drug terms(2¢] is an example of a termi
ide a set of definitions of terms concerning alcohol, tobacco and other drugs. I
inistrators, researchers, and other interested parties in this field. Main diagnos
e defined, as are'key concepts in scientific and popular use. Social as well as hea
problems related to use are covered. The lexicon does not provide comprehen

of every terny; areas thafthave been excluded are, for example, production and marketing ter

terms.

A.5 Subje

cttheading schemes

Mononymy - relation between designations and concepts in a given language in which one concept has

Monosemy - relation between designations and concepts in a given language in which one designation

Homonymy - relation between designations and concepts in a given language in which one designation

Polysemy - relation between designations and concepts in a given language in which one designation

it or a formal

of synonyms
s are simply

o distinguish

nology which
t is useful to
tic categories
th aspects of
bive coverage
ms and slang

A.5.1 General

A subject heading scheme is a type of controlled vocabulary. It represents concepts in the form of terms or
phrases, and provides syntactic rules for combining terms into pre-coordinated strings that represent more
complex concepts and topics.

A primary function of subject heading schemes is to bring together related topics so that collections of
information resources can be organized systematically on the basis of their subject content, and to facilitate
browsing and navigation around a subject domain.

Subject heading schemes were created at the end of the 19th century as a tool used to systematize subject
access to information resources, when cataloguers began to create lists of subject terms to ensure indexing
consistency within their own institution’s catalogue. Since then, various lists of subject headings have been
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established and used, such as Library of Congress Subject Headings (LCSH)[2Z], Medical Subject Headings
(MeSH)[33], etc.

For more on methodologies for developing subject heading schemes, see ISO 25964-2[17],

A.5.2 Semantic components and relations

The main components of a subject heading scheme are headings, subdivisions and relations between them.
The scheme can also include or be accompanied by rules for when and how to combine these components.

Headings can consist of a term representing a single concept (e.g. “Arithmetic”) or a combination of distinct
concepts (e.g. “Mines and mineral resources”). The form and meaning of each heading are controlled, albeit
less strictly than is the case in a thesaurus. Subject headings can be usable for indexing (accepted headings)

or not usable

for indexing (rejected headings). Homographs are disambiguated by a qualifier.

A subject hea
heading to fo
of view, form

The three ma

a) Hierarch
or by an
b) Associati
RT (relat
¢) Equivale
cross-ref
A.5.3 Samj

The Library
remains the
languages, a
since 1898 t
reviewed reg
published.

In LCSH, hea
be followed
according to {
on the mean
paragraphs,
associated w

$y the legend (May;'Subd Geog), which shows that the heading may be subdivig

ding can be simple, or it can be compound, if one or more subdivisions are added
'm a pre-coordinated string. The function of subdivisions is to represent thé.pers
etc. A double dash generally connects the subdivision to its initial heading,

in types of relations found in most subject heading schemes are:

cal relation between two concepts [indicated by level of indentation, by typogr:
pxplicit tag such as BT (broader term) and NT (narrower term)]

ve relation between two concepts [indicated by cross-references such as See also
bd term)]; and

hce relationship as it applied in both monolingualyand multilingual situations
erences such as See, from, or by the tags USE and UF (used for)].

ble subject heading schemes

bf Congress Subject Headings (LCSH)[2Z] is an example of a subject heading sq
most widely used subject heading’scheme in the world. It has been translatg
d is used around the world by libraries large and small. LCSH has been activel

catalog materials held at the Library of Congress. Proposals for additions and
ularly at staff meetings in-the Policy and Standards Division (PSD) and an ap

ings are listed in baldface type, e.g., Nuclear physics, Home-based businesses. A

he rules in the Manual, and by class numbers (e.g. [QC770-QC798]). Scope notes gi
ng or application of a heading may follow the heading Home-based businesse
followed by—subdivisions of the subject headings (e.g. Law and legislation etc
th the headings are then listed in groups marked with explicit tags such as “UF”, “

to the initial
bective, point

phic devices,

or by the tag

[indicated by

heme, which
d into many
y maintained
changes are
proved list is

heading may
led by places
ving guidance
5 in separate
). References
BT”, “NT” etc.

A.6 Thes

uri

A.6.1 General

A thesaurus is a collection of controlled vocabulary terms organized into a hierarchical structure and
preferred terms are accompanied by lead-in entries for synonyms.

The traditional aim of a thesaurus is to guide the indexer and the searcher to choose the same term for the
same concept. In order to achieve this, a thesaurus should first list all the concepts that might be useful for
retrieval purposes in a given domain. The concepts are represented by terms, and for each concept, one
of the possible representations is selected as the preferred term. Secondly, the thesaurus should establish
relationships between terms in a structured display.

For more on methodologies for developing thesauri, see 1ISO 25964-1[16],
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A.6.2 Semantic components and relations

The main components of a thesaurus are terms, definitions and relations between them.

The terms selected to represent concepts can be single-word terms or multi-word terms. All thesaurus
terms are expressed as unambiguously as possible. Sometimes more than one term in the same language
is available to represent the same concept. When multiple terms are included corresponding to the same
concept, one of these is designated as the preferred term and the others as non-preferred terms.

When homographs are needed as thesaurus terms, the qualifier is used to indicate the context or subject
area to which the concept belongs. It forms part of the term and does not serve as a scope note.

When the meaning of the preferred term in ordinary discourse can be interpreted too broadly or too
narrowly, a scope note is used to clarify the boundaries of the concept. Unlike the qualifiers, a scope note is

not regarded

A full definit

each definitid

The purpose

on their behallf) to choose the most appropriate term(s) for expressing a given coneept.

The three m4g

a) equivalel
b) hierarch
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on is not usually required to clarify the way in which a preferred term is used.
n is recorded alongside the definition itself.

of establishing and displaying relations is likewise to guide users (of*intelligent

in types of relations found in most thesauri are:

1ce relationship as applied in both monolingual and multilingual contexts;

ks a superordinate concept, and the narrower ternrtepresents a subordinate cond

ve relation.

ble thesaurus

Thesaurusl(28] is an example of a the§aurus, which is a controlled and structured

The thesaurus is available in English, French, Russian and Spanish. Concepts are
ctareas.

Dgies

ral

[he source of

agents acting

cal relation between superordinate concept and subordinate concepts; the broader term

ept;

list of terms

ct analysis and retrieval of documtents and publications in the fields of educdtion, culture,
natural scienfces, social and human sciences;)communication and information. It is continuo

1sly enriched
grouped into

science/ more specifically in the field of knowledge engineering and artificia
is defined as collection of terms, relational expressions and associated nat
gethet with one or more formal theories designed to capture the intended i
nitions[201(23], An ontology has a precise mathematical description, in which th

intelligence,
ral-language

nferpretations

!

precision of

concepts and their relationships is clearly defined. A formal ontology is a controlled vocabulary expressed
in an ontology representation language. This language has a grammar for using vocabulary terms to express
something meaningful within a specified domain of interest. The grammar contains formal constraints.

The main fundamental purposes of an ontology are:

— inferring class membership for individuals;

— inferring relationships between classes and properties; and

— checking the consistency of a knowledge base.
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Unlike other concept systems described in this document ontologies are not designed for information
retrieval by index terms or class notation, but for making assertions about individuals, e.g. about real
persons or abstract things such as a process.

Ontologies can be distinguished by the degree of specificity, the domain covered or the application purpose.
Thus, top-level ontologies distinguish the most general, domain-independent categories of existence.

Unlike thesauri, ontologies necessarily distinguish between classes and individuals, in order to enable
reasoning and inferencing. The concepts documented in a thesaurus and the classes categorized in an
ontology represent meaning in two fundamentally different ways. Thesauri express the meaning of a
concept through terms, supported by adjuncts such as a hierarchy, associated concepts, qualifiers, scope
notes, a precise definition or some combination of these all directed mainly to human users. Ontologies, in
contrast, convey the meaning of classes through machine-readable membership conditions.

For more on Y ; SyAE=an

A.7.2 Semantic components and relations

The main cojnponents to consider are classes, properties, axioms, individuals (instances) and assertions
which adopt Web Ontology Language (OWLI[12l[13]) terminology.

An ontology dlass is a construct with a set of property constraints that establish the criteria forf[membership.

Axioms are statements specifying the basis of the classes, properties and/other entities in anf ontology. An
axiom can be as simple as a statement that a specific class or property exists. Other exampleg of axiomatic
statements describe the properties of a class (e.g. the class “Plamet” is required to have|an attribute
“hasMass”). €lass hierarchies in ontologies are created through<{ub-class axioms between classes. In the
sub-class relgtion, all axiomatic statements of a parent class alse‘apply to its child classes.

Individuals afe the objects of discourse in a particular domain and are sometimes referred to|as instances.
They are the[fundamental things that an ontology makes statements about. Examples of indjviduals are a
specific pers¢n, abstract things, a process or event, ete.

Assertions, ajparticular group of axioms, are statéments about individuals in a domain. The “clgss assertion”,
in particular,[states that an individual is a member of a class. Other assertions can state that two individuals
are the sam¢ or that they have certain property constraints. Assertions and individuals are generally
brought in as|part of the ontology application rather than including them in the ontology itself.

Classes and groperties, as well as individuals, all have identifiers. Although natural language labels are not
strictly necegdsary in ontologies,they are often provided to enhance readability for humans.

A.7.3 Sample ontologies

The Cell Ontology (CL}2Y is an example of an ontology, which is designed as a structured controlled
vocabulary fpr cell\types. This ontology was constructed for use by the model organism and other
bioinformati¢s databases, where there is a need for a controlled vocabulary of cell types. This optology is not
organism-spécific: it covers cell types from prokaryotes to mammals. However, it excludes plant cell types,

which are covered lu_y thePlant Cutulug_y (PG)[E]

A.8 Comparison between various concept systems

We analyse the function, semantic components, relation types and examples of each of them as shown in
Table A.1.
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