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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
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Introduction

Basic Formal Ontology (BFO) is a top-level ontology (TLO) conforming to ISO/IEC 21838-1. It contains
(i) definitions of its terms and relational expressions and (ii) formalizations in OWL 2 and in Common
Logic (CL). BFO is a public-domain resource introduced in 2002. It is an ontology of highly general terms
designed to support the interoperability of data and information systems associated with ontologies
containing more specific terms relating to specific domains. The primary goal of BFO is to support
the development of such domain ontologies in a way that promotes the coordination of ontology
development by different groups in a way that promotes consistency and non-redundancy. BFO was

initially conce1ved as part of a strategy to advance coordlnated doma1n ontology development across

the life scie e a and
information|science, susta1nable development and in the engineering, m111tary and 1ntell1gence fiields.
This docum¢nt was developed as a response to the need for a TLO designed to support ififormation
system interoperability expressed by ontology users in these and other areas.

BFO is a domhain-neutral ontology. This means that it provides terms representing only highly gdneral
categories -[such as object, quality, process, spatial and temporal region - which pertain to all domains
of reality.

BFO has exidted thus far in four major release versions.

Version 1.0 (freleased in 2002)

Version 1.1 (|

Version 2.0

Version 202( (released in 2020)[10], [11]

Through th
continuants
Version 1.1
provide a st
entities (suc
predecessor
languagel3l.

The BFO-20
BFO 2.0 thrg
the renamin
relations to {

BF0-2020-Te
use of the on

Feleased in 2007)
released in 2015)(Z]

bse successive versions the categorial core of BFO, resting on a distinction bet
and occurrents, and between dependentand independent entities, has remained con
hdded the new category of generieally dependent continuant, which was introduc
rting point for definitions of terms\representing information artefacts and other depe
h as nucleic acid sequences) whiich can exist in multiple copies. Version 2.0 differs fra
5 in a series of minor changes-which flowed from a major re-formalization using the O

PO category hierarchy is illustrated in Figure 1. This extends the category hierard
ugh the inclusion-of'two terms (“temporal instant” and “temporal interval”) and thj

he relations in. BFO 2.0 and an enriched treatment of relations involving time.

rms, thé matural language specification of BFO-2020, supports human maintenanc
tology,including use in development of BFO-conformant domain ontologies.

BF0-2020-0

ween
stant.
ed to
hdent
m its
WL 2

hy of
ough

b of terms relatingto fiat boundaries. BFO-2020 also adds a systematic repertoire of inverse

b and

W, the OWL 2 formalization of BFO-2020, supports use of the ontology in comp

hting,

including enabling BFO-2020 to be used in tandem with other ontologies expressed in OWL and in
related languages, and in allowing ontology quality control through use of OWL reasoners.

BF0-2020-CL, the CL formalization of BFO-2020, provides the expressivity needed to capture the formal

structures u

sed by BFO-2020, for example in its treatment of time, space and parthood.

This document conforms to ISO/IEC 21838-1.

Vi
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INTERNATIONAL STANDARD ISO/IEC 21838-2:2021(E)

Information technology — Top-level ontologies (TLO) —

Part 2:
Basic Formal Ontology (BFO)

1 Scope

This focument describes Basic Formal Ontology (BFO), which is an ontology that is eonfo
requirements specified for top-level ontologies in ISO/IEC 21838-1.

It degcribes BFO as aresource designed to support the interchange of informatiénjamong he
infornation systems. The following are within the scope of this document:

efinitions of BFO-2020 terms and relations;
xiomatizations of BFO-2020 in OWL 2 and CL;

ocumentation of the conformity of BFO-2020 to the requirements specified for top-ley
ISO/IEC 21838-1;

— specification of the requirements for a domain ontology if it is to serve as a module
ntologies in which BFO serves as top-level ontdlogy hub by providing a starting j
introduction of the most general terms in those:domain ontologies which are its neares
ithin the suite;

— specification of the role played by the terms in BFO in the formulation of definitions a

ntologies at lower levels that conform:to BFO.
The fpllowing are outside the scope of this document:

— specification of ontology languages, including the languages RDF, OWL, and CL standd
ntology development;

— specification of methads for reasoning with ontologies;

— specification of(tpanslators between the notations of ontologies developed in differ
languages.

ormative references

rmant to the

terogeneous

el ontologies

in a suite of
point for the
t neighbours

nd axioms in

irdly used in

ent ontology

The following documents are referred to in the text in such a way that some or all of

heir 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 21838-1:2021, Information technology — Top-level ontologies (TLO) — Part 1: Requi

3 Terms and definitions

rements

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

apply.

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

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

© ISO/IEC 2021 - All rights reserved
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NOTE
meta-vocabul

"object" are not synonyms. The vocabulary of BFO-2020 itself is documented in https:

-iec/21838/-2

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

The following terms and definitions, along with the definitions in ISO/IEC 21838-1, form part of the

ary used for describing BFO-2020 in this document, except that in BFO the terms "entity" and
standards.iso.or
/ed-1/en.

31
primitive

expression for which no non-circular definition can be provided

3.2

universal

type
entity (3.1) t

EXAMPLE

contract, emalil message.

Note 1 to ent]
and of analog
documents.

3.3
extension
collection (3]

Note 1 to entn
In Reference

which is relat
be different c

3.4
collection
group of parj

Note 1 to entr

Note 2 to en
ISO/IEC 2183

3.5
defined clas
collection (3]
that is not th

EXAMPLE
companionsh

hat has indefinitely many instances (3.6)

Electron, molecule, cell, planet, explosion, vehicle, hour, traffic law, organization, moitgage

rience
rative

'y: References to universals are employed in the formulation of the assettions of natural s
ous general assertions in technical manuals, experimental protocols or legal or administ

4) of instances of a universal (3.2)

y: In OWL, every Class is associated with a Class Extension, which is the set of Instances of the|Class.
[4] (from 2004), it is asserted that: "A class has an intensional meaning (the underlying concept)
bd but not equal to its class extension. Thus, twa classes may have the same class extension, buit still
asses."

ticulars
y: The particulars in a collection are called its members.

[ry: The term "collection js to be understood as allowing change of members over timg¢ (see

B-1:2021, B.3.2).

S
4), whose nfenibers are defined by specifying a restriction on one or more universals
e extensioil.(3.3) of any universal (3.2)

(3.2),

pt for
erson

Nom-smoker (meaning: person who does not smoke); pet (meaning: animal that is ke

with an empld

p<r,pleasure); mortgagee (meaning: person with aning: p

)

eted).

Note 1 to entry: In the OWL 2 community the expression "Defined Class" is sometimes used informally to refer to

those Classes

in an ontology in which both necessary and sufficient conditions are provided, as contrasted with

what are called "Primitive Classes" for which only necessary conditions are provided.

3.6
instance

particular that instantiates some universal (3.2)

EXAMPLE

John, John’s laptop, the year 2012.
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4 Conformity of BFO-2020 to ISO/IEC 21838-1

4.1 Overview

BF0-2020 has three elements, the documentation of which is provided at https://standards.iso.org/iso
-iec/21838/-2/ed-1/en:

a) natural language representation of its terms, relational expressions and definitions;

b) formalization in OWL 2 (Web Ontology Language);

C) f—w«mnlir—,ni—inn m-Cl (Compaann | agic)

PTITOI T ZO T OTT T G GO HITOTT O S TC

NOTE As pointed out in ISO/IEC 21838-1:2021, 4.2.2, alternative OWL axiomatizations of BF(-2020 can be
conformant to BFO-2020-CL. On the treatment of such alternative axiomatizations, see 4.8.2)

4.2 [Natural language representation of BFO-2020

The hatural language representation of BF0-2020, provided in the file, BFO-2020-Terims provided
at hftps://standards.iso.org/iso-iec/21838/-2/ed-1/en/ establishes( ¢onformity of BFO0-2020 to
ISO/IEC 21838-1:2021, 4.1.

4.3 [OWL 2 formalization of BFO-2020

The QWL 2 formalization of BFO-2020, provided in the file BFO-2020-OWL (https://standards.iso.org/
iso-igc/21838/-2/ed-1/en) establishes conformance fo)ISO/IEC 21838-1:2021, 4.2. BFD-2020-OWL
consigts of the following parts:

4.3.1] BF0-2020.o0wl - OWL in rdf format.
4.3.2 BF0-2020.ofn - OWL in functionalPsyntax[8l with URIs.
4.3.3] BFO0-2020-labelled.ofn - OWL in functional syntax with labels instead of URIs.

4.3.4 BFO0-2020-iris.xlsx £ table of IRIs for all classes and relations in BFO-2020-CL, [including all
class¢s and relations in BF0O-2020-OWL.

4.3.5 bfo-relations-table.xlsx - table showing all relations in BFO-2020 including all invlerses and all
binarly variants used in BFO-2020-OWL.

4.3.6 temporalized-definitions.cl - the set of CL definitions of binary at-all-times/some-time
relationsused in BFO-2020-OWL.

4.3.7 temporalized-definitions.prover9 - the set of definitions of binary at-all-times/some-time
relations used in OWL (as for 4.3.3) but in prover9 formatl2l,

4.4 Common Logic axiomatization of BFO-2020

4.4.1 General

The CL formalization of BFO-2020 (provided at https://standards.iso.org/iso-iec/21838/-2/ed-1/en) to
ISO/IEC 21838-1:2021, 4.3, BFO-2020-CL is provided in the following formats:

a) axiomatization in Common Logic Interchange Format (CLIF) as specified in ISO/IEC 24707 is
provided in the common-logic directory;

© ISO/IEC 2021 - All rights reserved 3
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b) axiomatization using prolog style variables for ingestion in the prover9 automated theorem prover
is documented in Reference [2] is provided in the prover9 directory;

c) axiomatization in standard first-order predicate logic notation is provided in the pdf directory.

4.4.2 Modularity

The axioms in BFO-2020-CL are divided into the following sections in conformance with the requirement
of explicit modularization at ISO/IEC 21838-1:2021, 4.1.

Continuant Mereology Order

Domain and Range Participation
Existence and Instantiation Spatial Region

Generic Dependence Spatiotemporal Region
History Specific Dependency
Material Entity Temporal Region
Occurrent Mereology Universal Declaration

4.5 Specification of the purpose of BFO (in conformance with:ISO/IEC 21838-1:202[1,
4.4.2)

4.5.1 General

BFO is designed as a top-level ontology that can serve as a starting point for definitions in suifes of
domain ontdlogies in conformance with ISO/IEC 21838-1:2021, 4.4.2. Examples of such suites using BFO
in this manner are provided in 4.5.2 and 4.5.3.

4.5.2 Example Open Biomedical Ontologies{OBO)

Bacterial Clinical Infectious Diseases Ontology Mental Disease Ontology (MFOMD)
(BCIDO)

Beta Cell Genomics Application Ontelégy (BCGO) Mental Functioning Ontology (MFO)

Biological Cpllections Ontology.(BCO) Ontology for Adverse Events (OAE)
Cell Ontology (CL) Ontology for Biobanking (OBIB)
Cell Line Onftology (CLO) Ontology of Biological and Clinical Statistics (OBCS)

Chemical Entities of Biglogical Interest (CHEBI)  Ontology for Biomedical Investigations (OBI)
Common Arlatomy-Réference Ontology (CARO) Ontology for General Medical Science (O0GMS)

Drug Ontoldgy (DRON) Ontology of Medically Related Social Entities (OMRSE)
Emotion Ontetogy-(MFOEM; OratHealth-and Bisease-Entotogy-{6HD3
Environment Ontology (ENVO) Plant Ontology (PO)

Gene Ontology (GO) Population and Community Ontology (PCO)
Human Disease Ontology (HDO) Protein Ontology (PRO)

Infectious Disease Ontology (IDO) Relations Ontology (RO)

Information Artefact Ontology (1AO) Vaccine Ontology (VO)

Documentation of these and other OBO Foundry ontologies is provided at http://obofoundry.org.[>]

4.5.3 Example Common Core Ontologies (CCO)

Agent Ontology Information Entity Ontology

4 © ISO/IEC 2021 - All rights reserved
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Artefact Ontology Modal Relation Ontology
Currency Unit Ontology Quality Ontology

Event Ontology Time Ontology

Extended Relation Ontology Units of Measure Ontology

Geospatial Ontology

The CCO suite is extended by a series of application ontologies, including:

Aircraft Ontology Mission Planning Ontology

Airfofce Aircraft Maintenance Ontology Occupation Ontology

Army Universal Task List Ontology Outer Space Ontology

Airfofce Aircraft Maintenance Ontology Physiographic Feature Ontology:

Armyf Universal Task List Ontology Sensor Ontology

Emotjion Ontology Skills Ontology

Hydrpgraphic Feature Ontology Space Object Ontology

Legal and Criminal Act Ontology Transportation [nfrastructure Ontology
Military Operations Ontology Undersea-Warfare Ontology

Mission Planning Ontology Watercraft Ontology

Documentation of these and other common coré€ontologies is provided in Reference [6].

4.6 [Description of how conformang¢e of a domain ontology to BFO is establishied (in
confprmance with ISO/IEC 21838-1:2021, 4.4.3)

4.6.1f Overview

Whete BFO serves as starting point for the development, or for the re-engineering, of domajn ontologies
or other external ontology resources, the conformance of the latter to BFO in confoymance with
ISO/IEC 21838-1:2021§ 414.3 is established in the following ways.

4.6.2 Conformance through direct extension

One ¢gommen.strategy used to ensure conformance of a domain ontology to BFO is to lgad BFO into
an ortology editor and construct the domain ontology ab initio on this basis. Terms in BFO are then
used [as starting point for defining the topmost set of domain ontology terms as specializgtions of the
relevant BFO categories. Categories shall be used for this purpose that are at the [owestIevel in the BFO
hierarchy suitable for the purposes of the domain ontology, and in any case at a level below "entity".
Conformance for a domain ontology constructed in this way requires:

a) thattheresultofaddingthe domain ontology terms and relational expressions to BFO is a consistent
ontology.

In addition, it requires that each term in the domain ontology is either:
b1) connected to BFO via some unique chain of is_a relations, or

b2) able to be defined through some logical combinations of terms satisfying b1) but not itself such as
to satisfy b1).

In the latter case, the term refers to a defined class (see definition 3.5).

© ISO/IEC 2021 - All rights reserved 5
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The requirement of uniqueness in b1l) implies that all terms in the resulting ontology that refer to
universals (in the sense of definition 3.2), rather than to defined classes, form a hierarchy governed by
single inheritance (no term in the resulting ontology shall have more than one parent).

Adding a domain ontology to BFO, in some cases, results in a conservative extension of BFO (thus no
more theorems using only terms and relational expressions in the signature of BFO will be provable
using BFO extended by the domain ontology than are provable using BFO alone). In cases where the
domain ontology relates to universals - for example time and space in a physics ontology - which are
BFO categories, then the result might not be a conservative extension for example because it contains a
more granular treatment of time and space than is provided by BFO.

4.6.3 Conformance through indirect extension

A domain on
to BFO by ap
in the ontolo

tology that is itself a specialization of a second domain ontology can inherit confornance
plication of the principles specified above but only to the degree that its parent’or parents
gy hierarchy themselves conform to BFO.

4.6.4 Conformance through re-engineering

A domain o
conforming.
relational ex

htology not initially conforming to BFO may be transformed, into an ontology t
This is achieved, first, by adjustment of its treatment of_ its."Upper level terms a
pressions in such a way that they satisfy 4.6.2 a) and b1) er'b2), and second by adjust

at is
d of
ment

of successivg layers of child terms to ensure that relevant is_a relatipns-obtain.

4.6.5 Validating conformance to BFO

4.6.5.1 Es
syntax

=

tablishing conformance for ontologies formulated in English and using OWL or C

BFO,
h this
h use
n4.7

To validate
it is necessa
document is
of standard
and 4.8, resyl

that the ontology that results from_applying the above mechanisms conforms to
Iry to demonstrate a) that the ontology is consistent and b) that BFO as specified ij
logically interpretable within it. For OWL ontologies, a) and b) are addressed throug
reasoners. For CL ontologies, aj-and b) are addressed through the methods outlined
ectively.

4.6.5.2 Establishing conformance for ontologies formulated in a different language or syntax

An ontology|may be formulated in a language or syntax different from those used in this documept. To

determine that such an ontolegy conforms to BFO it shall be shown:

a)

pssed
ment

that the
in this 1
(OWL 2,

Fe exists adnapping of the terms and relational expressions in the ontology as expr
inguage\to terms and relational expressed in one of the languages used in this docu
CL);

b) that thel range of this mapping includes terms and relational expressions in the correspa

representatlon of BFO; the set of terms so mapped is the BFO sub- 51gnature of the ontology,

hding

the entailments of axioms of this ontology that use only terms and relational expressions from this
sub-signature map to a subset of the entailments of BFO-2020-CL.

4.7 Specification of how consistency of the CL axiomatization of BFO-2020 is
demonstrated (in conformance with ISO/IEC 21838-1:2021, 4.4.4)

4.7.1 Overview

The proof of the consistency of BF0-2020-CL in conformance with ISO/IEC 21838-1:2021, 4.4.4 is
provided at https://standards.iso.org/iso-iec/21838/-2/ed-1/en. The first step in the proof is the
creation of areduced CL axiom set formed by removing definitionally equivalent axioms: (i) for relations
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R with inverses R’, only axioms pertaining to R are retained; (ii) for binary relations BR (provided at
https://standards.iso.org/iso-iec/21838/-2/ed-1/en) defined in terms of CL ternary relations TR, only

axioms pertaining to TR are retained. Second, standard semantic methods were used to build the
model for the reduced theory that is provided at https://standards.iso.org/iso-iec/21838/-2/ed-1/en.
An extension of the Clausetester application in the LADR Library for Automated Deduction Research
Prover9 suite is used to show that all the axioms of the reduced theory are true in this model, thus
proving consistency, since any model in which the reduced theory is true is also true in the expanded

theor

4.7.2

y.

Documentation

BFO-
thred

4.7.3

A mo|
relati
axiorl
relati
2183

020 provided at https://standards.iso.org/iso-lec/21838/-2/ed-1/en comprises, t
different formats, as follows:

ommon logic: model.cl;
rover 9 reasoner: model.p9;

mace4 format interpretation: mace4-interpretation.txt.

Structure of the model

del is some domain of individuals together with an inter'ppetation mapping symbol
onal expressions) to individuals and relations over individuals. The theory consti
s of BFO-2020-CL allows for finite models, and the ‘model used in the proof con
onships in a domain with 98 individuals, as docimented in https://standards.iso

he model in

5 (terms and
ruted by the
prises 2892
org/iso-iec/

one h

Thei
whern
false
the i

4.8
CL a3}

4.8.1

Inter
descr

established by incorporating a CL counterpart of the OWL axiomatization into the CL axior]

folloy

B/-2/ed-1/en. The model is given as a structure‘that consists of a finite set of relatia
aving a relation symbol from the BFO-2020;CL:theory, together with a sequence of in

ndividuals in the model are names (arbitrafy strings). The model’s relations are those
their relation symbol and arguments\(names) form one of the relationships in the st
otherwise. Each formula is checked against every possible assignment of quantified
dividuals in the domain. Since alMormulas are satisfied by this model, the theory is c

Description of how interpretability of the OWL 2 axiomatization of BFO-2
xiomatization is established (in conformance with ISO/IEC 21838-1:2021,

Interpretability proof strategy for BFO-2020-OWL

bretability ofithe OWL 2 axiomatization described in BFO-2020-OWL in the CL ax
ibed in BEFO-2020-CL (provided at https://standards.iso.org/iso-iec/21838/-2/e

nships, each
Hividuals.

that are true
ructure, and
variables to
pnsistent.

020 in the
4.4.5)

jomatization
d-1/en) was

VS.

hatization as

a) (

W12 axioms were translated into CL syntax.

b)
C

reated following the pattern:

Definitions in CL syntax of the OWL 2 binary relations listed in section 3 of BFO-2020-Terms were

b continuant part of at some time c = Def. for some time ¢ (exists at b and b continuant part of ¢
at)

a

d)

xiomatization.

The CL axiomatization was shown to be consistent. (See 4.7.)
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4.8.2 Interpretability for alternative axiomatizations of BFO-2020

4.8.2.1 General requirement on conformant profiles

An ontology may be provided in different versions, sometimes called profiles, subsets, slims, views,
or modules, tailored for specific communities or research paradigms. An ontology constructed in this
way is a conformant profile of BFO-2020 provided that all assertions derivable from this ontology are
provable from the axioms of the CL formalization in BFO-2020-CL.

The following, together with their combinations, are allowable types of conformant profile.

4.8.2.2 Conformant profiles through alternative axiomatization

As described at ISO/IEC 21838-1:2021, 4.2.2, the restrictions on axiom closure in an OWk2)ontplogy
imply that there may be alternative OWL 2 formalizations of the BFO-2020 signature doctimented in
BF0-2020-T¢rms that are interpretable in and provable from the CL axiomatizationdn” BFO-2020-CL.
Such alternaftive axiomatizations may incorporate profiles of OWLI3] weaker than QW1. 2 with didcrete
semantics.

Where an dntology satisfies the requirement in 4.8.2.1 but involves anOWL axiomatization that
differs from|BF0-2020-OWL, this ontology is said to be conformant to BFO<2020 through alternative
axiomatization.

EXAMPLE Two axiomatizations employ the BFO-2020 signature but differ in that one uses the EL profije and
the other use$ the RL profile of OWL 2.

4.8.2.3 Conformant profiles through signature restriction

Where an ontology satisfies the requirement in 4.8.2.1 but differs from BFO-2020 in that its signatpre is
a proper subet of the signature of BF0-2020, this ontology is said to be conformant to BEO-2020 thiough
signature redtriction.

EXAMPLES (1) A subtheory of BF0-2020-CL\designed exclusively for the representation of pro¢esses
and consisting only of the occurrent terms of BFO-2020 and of the corresponding CL axioms. (2) The ‘classes
only’ OWL profile of BFO 2 at http://purl.ebolibrary.org/obo/bfo.owl, which includes only the class hieffarchy
and subclass and disjointness assertions.{rem the full OWL version of BFO 2, but no Object or Data Properties or
logical axiom$ that use such Properties(

4.8.2.4 Conformant profiles,through incorporation of defined classes

Where an omtology satisfies the requirement in 4.8.2.1 but has a signature which includes termfs and
relational e¥pressionscdefined logically from the terms and relational expressions in the signatyire of
BF0-2020, this ontology is said to be conformant to BFO-2020 through incorporation of defined classes
(see 3.5 and }.6.23:

EXAMPLE An” extension of BFO-2020 created by incorporating into the signature the class "attrjbute”
defined as the disjunction "quality or realizable entity™

4.8.2.5 Conformant profiles through relabelling

Where an ontology satisfies the requirement in 4.8.2.1 but has a signature that involves relabelling of
one or more terms or relational expressions while preserving the original IRIs, this ontology is said to
be conformant to BFO-2020 through relabelling.

EXAMPLE (1) Areplica of BFO-2020, except that the terms and relational expressions are translations of the
BF0-2020 signature from English into another language. (2) A subtheory BFO-2020-OWL designed to support
the representation of chemical entities (molecules and their parts) and consisting exclusively of continuant terms
and associated relational expressions in which BF0-2020-OWL:continuant-part-of-at-all-times is relabelled
"continuant-part-of".
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4.9 Demonstration of breadth of coverage of BFO (in conformance with with ISO/IEC
21838-1:2021, 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 BFO.

4.9.2 Space and time

BFO is divided into a continuant and an occurrent branch; it thus recognizes both entities which persist,

for example engineered artefacts and their functions, and entities which occur, for examp
such

BFO
2 and 3 dimensions, and between processes and both temporal regions of 09-and 1-dim
spatiptemporal regions.

4.9.3

BFO is an actualist ontology; this means that it recognizes only aetually existing entities (3
both
mere

hs occur when engineered artefacts exercise their functions.

ncorporates occupies relations between independent continuants and spatial reg

Actuality and possibility

nstances and universals). Two strategies are available to Gsers of BFO for dealing wit
y possible entities.

le processes

ions of 0, 1,
ensions and

t the level of
h data about

a) By drawing on the category of dispositions, which.are actual entities having the featyire that they
may, but need not, be realized. Functions are oneSubcategory of disposition in BFO.

b) Hngineering designs, chemical diagrams and)theoretical speculations in scientific [theories are
examples of information entities which arejconditional, in the sense that they are aboyit something
dctual only under certain conditions *(for example that the relevant design is rgalized in a
dorresponding artefact or the relevant chemical is synthesized). BFO users are able|to create in
sfuch contexts domain ontologies wihich are conditional in the analogous sense: that ig, the content
df BFO is used in just the way it weuld be used if the entities in question were already knjown to exist
ih the actual world, but subject'to the proviso that the resulting assertions involve np ontological
dommitment to such entities.

4.9.4] C(Classes and types

BFO s a realist ontglogy in the sense that it accepts universals as really existing denizeps of reality.

This pllows BFO users to draw a distinction between reference ontologies and applicationh ontologies.

The fprmer, which consist predominantly of terms representing universals, are created for unrestricted

reusq in othér)ontologies. Application ontologies are created for specific application purposes and

inclugle terms representing not only universals but also defined classes as described under

BFO is'nefitral as to whether there may be distinct universals that have identical extension|

4.8.2.4.

S.

BFO does not recognize higher-level universals (universals instantiated by universals). For example,
there is no universal named "universal".

4.9.5 Change over time

BFO takes identity of continuants as something primitive. Objects, for example, may change over time,
for example change in qualities or location, while preserving their identity. Occurrents, in contrast,
cannot change. Thus, they cannot gain and lose parts.

BFO deals with changes in attributes (such as temperature and other qualities) over time through a
distinction between determinables and determinates: an organism has the (determinable) temperature
quality at all times; it has distinct (determinate) temperature qualities (for example: warm temperature,
cold temperature) at distinct times.

© ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=2c758e5859451eef1ab48f5720704382

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 Conformity of BFO-2020 to ISO/IEC 21838-1 
	4.1 Overview 
	4.2 Natural language representation of BFO-2020 
	4.3 OWL 2 formalization of BFO-2020 
	4.4 Common Logic axiomatization of BFO-2020 
	4.4.1 General 
	4.4.2 Modularity 

	4.5 Specification of the purpose of BFO (in conformance with ISO/IEC 21838-1:2021, 4.4.2) 
	4.5.1 General 
	4.5.2 Example Open Biomedical Ontologies (OBO) 
	4.5.3 Example Common Core Ontologies (CCO) 

	4.6 Description of how conformance of a domain ontology to BFO is established (in conformance with ISO/IEC 21838-1:2021, 4.4.3) 
	4.6.1 Overview 
	4.6.2 Conformance through direct extension 
	4.6.3 Conformance through indirect extension 
	4.6.4 Conformance through re-engineering 
	4.6.5 Validating conformance to BFO 

	4.7 Specification of how consistency of the CL axiomatization of BFO-2020 is demonstrated (in conformance with ISO/IEC 21838-1:2021, 4.4.4) 
	4.7.1 Overview 
	4.7.2 Documentation 
	4.7.3 Structure of the model 

	4.8 Description of how interpretability of the OWL 2 axiomatization of BFO-2020 in the CL axiomatization is established (in conformance with ISO/IEC 21838-1:2021, 4.4.5) 
	4.8.1 Interpretability proof strategy for BFO-2020-OWL 
	4.8.2 Interpretability for alternative axiomatizations of BFO-2020 

	4.9 Demonstration of breadth of coverage of BFO (in conformance with with ISO/IEC 21838-1:2021, 4.4.6) 
	4.9.1 General 
	4.9.2 Space and time 
	4.9.3 Actuality and possibility 
	4.9.4 Classes and types 
	4.9.5 Change over time 
	4.9.6 Parts, wholes, unity and boundaries 
	4.9.7 Space and place 
	4.9.8 Scale and granularity 
	4.9.9 Qualities and other attributes 
	4.9.10 Quantities and mathematical entities 
	4.9.11 Processes and events 
	4.9.12 Constitution 
	4.9.13 Causality 
	4.9.14 Information and reference 
	4.9.15 Artefacts and socially constructed entities 
	4.9.16 Mental entities; imagined entities; fiction; mythology; religion 

	4.10 Documentation of ontology management principles (in conformance with ISO/IEC 21838-1:2021, 4.4.8) 

	Bibliography 

