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Foreword

ISO (the

International Organization for Standardization) and IEC (the International Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies that are

member

s 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.
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Introduction

The descriptive ontology for linguistic and cognitive engineering (DOLCE) (see References [1]

and [3])

is a top-level ontology (TLO) conforming to ISO/IEC 21838-1:2021. It contains definitions of its terms

and relational expressions and formal representations in OWL 2 and in Common Logic (CL).

DOLCE is a top-level ontology aimed at making people’s assumptions about the nature and structure
of the world explicit, as reflected by natural language, cognition and human common sense (see its

backbone taxonomy in Figure 1). DOLCE is widely used by a diverse array of domain ontologies

in areas

like enterprise and process modeling, engineering, robotics, geographical information system
technical systems and digital humanities.

]

he natural language specification of the DOLCE signature supports human maintenance‘and uj
ntology, including use in development of conformant domain ontologies.

o

he adoption of the Web Ontology Language (OWL) as a W3C standard wasnmotivated by t
b have a decidable ontology representation language as the basis for the Semantic Web. Th¢
prmalization of DOLCE supports use of the ontology in computing, includingénabling DOLCE tg
h tandem with other ontologies expressed in OWL and in related languages, and in allowing
uality control through use of OWL reasoners.

hodels are the intended models of DOLCE. This axiomatization has a modular structure (see
here the arrows represent the relation of extension of theornies).

< = = N o Nl cviliions W il |
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se of the

he need
e OWL 2
be used
bntology

he CL formalization of DOLCE provides the expressivity needed.to provide an axiomatizatiopn whose
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Figure 1 — DOLCE taxonomy
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DOLCE Hierarchy

Figure 2 — DOLCE modules
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T
1

I

engineering (DOLCE)
| S J

his document describes descriptive ontology for finguistic and cognitive enginéering (DOLC
ntology that is conformant to the requirements specified for top-level ontologies’in ISO/IEC 2

his document describes DOLCE as a resource designed to support( ontology design,
htegration, and semantic integration of heterogeneous information systems.

he following are within the scope of this document:

he following are outside the scope of this.document:

50/1EC 21838-1:2021, Information technology — Top-level ontologies (TLO) — Part 1: Requirem

Scope

definitions of classes and relations in the signature of DOLCE;
axiomatizations of DOLCE in OWL 2 and CL;

documentation of the conformity of DOLCE to the‘requirements specified for top-level or
in ISO/IEC 21838-1;

documentation of the methodology for specifying domain ontologies that conform to DOL(

specification of ontology languages, including the languages RDF, OWL, and CL standardly
ontology development;

specification of methods for reasoning with ontologies;

specification of translators between the notations of ontologies developed in different
languages.

Normative-references

E) as an
1838-1.

bntology

tologies

E.

used in

bntology

he following documents are referred to in the text in such a way that their content comstitutes
equirements of this document. The latest edition of the referenced documents (includ
amendments) applies.

ing any

ents

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

3 Terms and definitions

For the purposes of this document, the terms and definitions in ISO/IEC 21838-1 and the following
apply.

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

[SO Online browsing platform: available at https://www.iso.org/obp
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— IEC Electropedia: available at https://www.electropedia.org/

31

conservative extension

superset of axioms from which no new theorems in the signature of the original logical theory are
provable

3.2
consistent extension
supserset of axioms which is a consistent logical theory

3.3
logically synonymous
theoriegwhose sets of models are in a one-to-one correspondence

34
module
subset of the axioms in a formal theory that is a conservative extension (3.1) of the subset

4 Conformance of DOLCE to ISO/IEC 21838-1

4.1 Oyerview

[=}

DOLCE has three elements, the documentation of which is provided at https://standards.iso.org/is
-iec/21438/-3/ed-1/en/:

— natyral language representation of its terms, relational,expressions and definitions;
— forrhalization in OWL 2 (Web Ontology Language);

— forrhalization in CL (Common Logic).

4.2 Natural language representation-of DOLCE

The natfiral language representation of ‘\POLCE, provided at https://standards.iso.org/iso-iec/21838
-3/ed-1/en/ DOLCE-Terms.docx, establishes conformance of DOLCE to ISO/IEC 21838-1:2021, 4.1.

4.3 OWL 2 formalization.of DOLCE

The OWJL 2 formalization“of' DOLCE, provided at https://standards.iso.org/iso-iec/21838/-3/ed-1/enl
DOLCE-PWL, establishes-eonformance of DOLCE ISO/IEC 21838-1:2021, 4.2.

4.4 Commondogic axiomatization of DOLCE

4.4.1 [General

Conformance of DOLCE to ISO/TEC 21838-1:2021, 4.3 is established by DOLCE-CL, which is an
axiomatization in Common Logic Interchange Format (CLIF) in accordance with ISO/IEC 24707.

4.4.2 Modularity

The axioms in DOLCE-CL are divided into the following modules in conformance to the requirement of
explicit modularization at ISO/IEC 21838-1:2021, 4.1.

— DOLCE Taxonomy;
— DOLCE Mereology;
— DOLCE Present;

2 © ISO/IEC 2023 - All rights reserved
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— DOLCE Dependence;
— DOLCE Participation;
— DOLCE Temporary Parthood;

— DOLCE Contitution;

— DOLCE Qualities.

OTE Rplnfinnchipc hetween the modules of DOL.CE are illustrated in Fioure 2
4.5 Specification of the purpose of DOLCE (in conformance to ISO/IEC 21838-1:2
4.4.2)

[JOLCE is an upper ontology that is designed to capture the ontological categories found in|
inguage and human common sense. DOLCE is intended to be used to design domain ontologies
he extension of the DOLCE taxonomy.

o —

NS

.6 Description of how conformance of a domain ontology to DOLCE is establishe
onformance to ISO/IEC 21838-1:2021, 4.4.3)

(o)

domain ontology in Common Logic conforms to DOLCE if and©nily if the axioms are specifie
ialect and the set of axioms is a consistent extension of the.aXiomatization of DOLCE as specifi
ame CL dialect.

w o N

domain ontology in OWL conforms to DOLCE if andwenly if the axioms are specified in OWL-2
et of axioms is a consistent extension of the axiomatization of DOLCE as specified in OWL-2.

wv_ N

N

.7 Demonstration of the consistency of the CL axiomatization of DOLCE (in
donformance to ISO/IEC 21838-1:2021; 4.4.4)

—

he demonstration of the logical consistency of the DOLCE Ontology, following the method
eference [2] is available at:

>wl

https://standards.iso.org/iso-iec/21838/-3/ed-1/en/consistency

N

.8 Interpretability(of the OWL 2 axiomatization of DOLCE in CL (in conformance
SO/IEC 21838-1:2021, 4.4.5)

hterpretability -0f)the OWL 2 axiomatization described in DOLCE-OWL in the CL axiomg3
(provided athttps://standards.iso.org/iso-iec/21838/-3/ed-1/en/owl-interpret/) was establ
hcorporatinng-a CL counterpart of the OWL axiomatization into the CL axiomatization

—e

N

.9 , Demonstration of breadth of coverage of DOLCE (in conformance to ISO/IEC Z

(=Y

P21,

natural
through

d (in

1 in a CL
bd in the

and the

ology of

to

itization
shed by

21838-

:2021, 4.4.6)

4.9.1 General

This subclause provides a set of answers to the questions listed in ISO/IEC 21838-1:2021, 4.4.6

demonstrating the breadth of coverage of DOLCE.

4.9.2 Space and time

Within DOLCE is the distinction between enduring and perduring entities, where the fundamental
difference between the two is related to their behaviour in time. Endurants are wholly present at any

time: they are observed and perceived as a complete concept, regardless of a given snapshot

of time.

Perdurants, on the other hand, extend in time by accumulating different temporal parts, so they are

© ISO/IEC 2023 - All rights reserved
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only partially present at any given point in time. In this way, DOLCE recognizes both entities that persist
in time and entities that occur in time.

DOLCE also recognizes entities that are extended in both space and time. Spatial locations form a
subclass of physical qualities. Temporal locations form a subclass of temporal qualities. Regions
(further specialized as physical and temporal regions) form a subclass of abstract entities. The only
explicit axiomatization for these classes is the mereology on time intervals and space regions.

4.9.3 Actuality and possibility

Possible|objects can be incorporated into DOLCE through the use of reified concepts which supports thle
classifichtion of objects but does not commit to the temporal existence of an object at a point in time:

4.9.4 [lasses and types

-

Classes pf classes do not appear within the ontology, although they are allowed within the language (
Common Logic.

4.9.5 hange over time

oW

Temporal existence of endurants is represented via the PRE relationi,/ which has the intende
interpretation of endurant is present, or exists in, a time region.

DOLCE &lso axiomatizes the notion of temporary parthood for eéndurants. The temporary parthood
relation|only holds for endurants, thereby allowing the parts of anlendurant to change over time. On thie
other hand, perdurants do not have temporary parts, but simply*have temporal parts, and hence do nat
change ¢ver time.

Although DOLCE does represent how objects and progesses exist in time, it does not appear to be the
case thdt DOLCE makes a distinction between pasg;;present and future entities. In particular, there
seems t¢ be no way of representing objects that hypothetically exist in the future.

4.9.6 Parts, wholes, unity and boundaries

The axipmatization of the parthood reldation in DOLCE is logically synonymous with the classica
extensignal mereology. Consequentlyyit entails axioms of transitivity (if one entity is part of a secon
entity, ajnd this entity is part of a third entity, then the first entity is also part of the third entity), 4
well as fhe existence of wholes.formed through the summation of parts. DOLCE's axiomatization (
mereology also entails the property of strong supplementation (if one entity is part of but not identicg
to a secdnd entity, there must be a third entity which makes up the difference). In extensions of DOLCE,
one can|define physical,boundaries as physical endurants whose regions are based on the abstradt
boundatfies.

o T —

-

DOLCE allows adomain ontology designer to specify her own unity criteria, whereby a whole is suc
that all its parts.are related to each other, and only to each other, by a single distinguished relation. Fo
exampld, spatial location is typically used for the unity criteria for material objects.

—

4.9.7 Space and place

DOLCE deals with places and locations primarily through the class of Quality, that is, space and time
locations are themselves individual qualities. The qualia (see 4.9.9) for spatial locations is a region in
geometric space, while the qualia for time locations is a region in temporal space.

Physical endurants have a unique spatial location, while perdurants are indirectly located in space
through the spatial location of the physical endurant that participate in them.

DOLCE makes no commitment about whether more than one object can occupy exactly the same
spatial location at the same time. On the other hand, material objects that are simultaneously located

4 © ISO/IEC 2023 - All rights reserved
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at different places shall be different and events that have different temporal locations are different as
well.

Similarly, shape is a quality in DOLCE, whose quality space contains the set of all possible shapes.
Although DOLCE itself does not explicitly include holes, conduits, and cavities, extensions of DOLCE
have represented these as subclasses of Feature and dependent features (e.g. surfaces, boundaries,
edges or voids).

4.9.8 Scale and granularity

OLCE itself does not deal with scale, granularity and levels of reality, although an extension of DOLCE
an treat the material world as being made up of entities at distinguished levels. Toceompare the
ranularity levels of physical endurants — including both material endurants and voids — @ partial
rdering relation is introduced, with the intended interpretation that one physical endurant|is of the
ame or a finer granularity than another

wv O 0 o =~

NS

9.9 (Qualities and other attributes

esides endurants and perdurants, one of the other top-level classes innDOLCE is that of Quality. This
5 one of the most distinctive aspects of the DOLCE ontology. Qualities (such as shape, colqur, size,
beight) are individuals that inhere to entities. A distinction is madébetween a quality (e.g. the length
f a specific object) and the value associated with the quality (e-g.the value of the length). Sudh values
known as qualia) belong to a quality space that is characteristic of each quality kind. Two oljjects do
ot have the same quality (e.g. same length), but rather their qualities have the same positign in the
orresponding quality space.

Q=S50 < = 1

NS

.9.10 Quantities and mathematical entities

The DOLCE ontology's approach to units of measure is closely linked to its treatment of qualjties and
duality spaces. Mass, length, volume, etc. aré physical qualities of physical objects, and their quale
dre values in the quality spaces associated with each unit of measure. Those attributes which are

epresented using qualitative terms such as ‘temperature’ are related to attributes representpd using
duantity expressions such as "63° (Celsius" precisely through the relationship that holds between
dualities and quale.

4.9.11 Processes and events

)OLCE distinguishes between processes and states — as perdurants, Process and State are| disjoint
sjubclasses of Stative,which in turn is disjoint from Events.

[here is no explicit axiomatization of the distinction between processes which are instantangous and
drocesses which have duration.

As can be.seen from the taxonomy, DOLCE does not make any commitment as to what kinds of pfocesses
gxist; ‘this is left to the choice of the domain ontology designer. Furthermore, there is no| explicit
nnectlon between processes and changes in DOLCE. Endurants change through tlme by dhanging

j = C period (or

even multlple dls]01nt tlme perlods) w1thout changlng 1ts 1dent1ty

DOLCE does not explicitly axiomatize how such properties change, e.g. it does not commit to any
solution to the Frame Problem. Thus, processes are not identical to changes, as is the case in some other
process ontologies.

Processes can themselves have attributes — events can be sudden, brief or prolonged, fast or slow, etc.
and can occur before, after, simultaneously to other events.

© ISO/IEC 2023 - All rights reserved 5
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