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1. Introduction

“The branch of metaphysics dealing with the nature of being” OXFORD

UNIVERSITY PRESS

“The science of being as being... independently of its particular determinations”

3
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1. Introduction

“The branch of metaphysics dealing with the nature of being” OXFORD

UNIVERSITY PRESS

“The science of being as being... independently of its particular determinations”

“The branch of Knowledge Engineering dealing with conceptualization in a computer-
readable form”

“The science of what exists”
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1. Introduction

“The branch of metaphysics dealing with the nature of being” OXFORD

UNIVERSITY PRESS

“The science of being as being... independently of its particular determinations”

> Epistemological Principles

“The branch of Knowledge Engineering dealing with conceptualization in a computer-
readable form”

“The science of what exists” o .
= Formalization & Representation
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1. Introduction
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2. Definition BN

Ta\e

m Set of Concept and Relationship Definitions

What is an Ontology ? Short answer: An ontology is a specification of a conceptualization.

In the context of knowledge sharing, | use the term ontology to mean a specification of a conceptualization. That is, an
ontology is a description (like a formal specification of a program) of the concepts and relationships that can exist for

an agent or a community of agents. This definition is consistent with the usage of ontology as set-of-concept-

definitions, but more general. Tom Gruber
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2. Definition A

T)(ALNC

m Set of Concept and Relationship Definitions
What is an Ontology ? Short answer: An ontology is a specification of a conceptualization.

In the context of knowledge sharing, | use the term ontology to mean a specification of a conceptualization. That is, an
ontology is a description (like a formal specification of a program) of the concepts and relationships that can exist for
an agent or a community of agents. This definition is consistent with the usage of ontology as set-of-concept-
definitions, but more general. Tom Gruber

m Vocabulary of Terms

“An [explicit] ontology may take a variety of forms, but necessarily it will include a vocabulary of terms and some
specification of their meaning (i.e., definitions)” M.Ushold & M.Gruninger. Knowledge Engineering Review, Vol.11, n°2, June1996

99

W3T  “There is no clear division between what is referred to as “vocabularies” and “ontologies”.

OWL 2 Web Ontology Language “Ontologies are formalized vocabularies of terms, often covering a specific domain
Document Overview (Second Edition) and shared by a community of users. They specify the definitions of terms by
W3C Recommendation 11 December 2012 describing their relationships with other terms in the ontology.
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2. Definition A

Ta\e

“Ontologies are used to capture knowledge about some domain of interest. An ontology describes the
concepts in the domain and also the relationships that hold between those concepts. Different ontology
languages provide different facilities”

“A Practical Guide to Building OWL Ontologies Using Protége 4 and CO-ODE Tools Edition 1.3 ” Matthew Horridge

An ontology is a shared definition of a network of concepts and relationships of a domain,

expressed in a formal and computer-readable language
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2. Definition Al

“Ontologies are used to capture knowledge about some domain of interest. An ontology describes the
concepts in the domain and also the relationships that hold between those concepts. Different ontology

languages provide different facilities”
“A Practical Guide to Building OWL Ontologies Using Protége 4 and CO-ODE Tools Edition 1.3 ” Matthew Horridge

An ontology is a shared definition of a network of concepts and relationships of a domain,

expressed in a formal and computer-readable language

Ontoterminology: Terminology whose conceptual system is a formal ontology

a|term|is a verbal

N e 342
) ) ISO term
designation NIz designation (3.4.1) that represents a general concept (3.2.9) by linguistic means

\ 1087:2019
3.2.7

of a conceéﬁ concept
unit of knowledge created by a unique combination of characteristics

CC BY-NC-ND @
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3. Examples: Medicine

jies Search Annotator Recommender

SNOMED CT provides the core general

Mappings

Support ~
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terminology for the electronic health record
Browse (EHR). The concepts have uniqgue meanings
Bi the lib f ontologi H I H
rovse thefbraryof otelogles @ and formal logic-based definitions organized
‘ Search... ‘ Showing 1200 of 1402 Sort: |Popular . h . h .
‘ 2 Submit Ontology SNOMED CT (SNOMEDCT) m % |nt0 lera rC IesS. . .
The US Edition of SNOMED CT combines the International Release of SNOMED CT and the https.//bloportal.bIOOntOlO,QV.OI’E/OntOlOEIeS/SNOMEDCT
Entry Type US Extension of SNOMED CT SNOMED CT provides the core general terminoclogy for the
Ontology (1200 electronic health record (EHR) .
[_] Ontology View (202) Uploaded: 1/17/25 MEtrlcs 9
SNOMED-CT
- . L Classes 375,783
Uploaded in the Medical Dictionary _ '
Last (MedDRA) (MEDDR s Individuals 0
- s =3 | __
’ ' roperties 246
Category Uploaded: 1/17/25 . X
‘:‘ All Organisms (52) | [ Pharmaceutical / biologic product ] is_ is_a Maximum depth 30
[_] Anatomy (26)
g RxNORM (RXNORN . .
::: immal Development (1) - D,ug or m,d.cam,m Maximum number of children 3,027
| Animal Gross Anatomy (... RxNorm is intended to cover Che
[_] Arabidopsis (3) United States 28 )
| Biological Process (¢5) R s a Average number of children 4
| Biomedical Resources (1... i i ™ ] ] ]
el e : 3 A : En e agent , Classes with a single child 48,683
——= National Cancer Ins is__ Lo ges'c -8
GI’OUp Vocabulary for clinical care, t . Classes with more than 25 children 3,114
A —— administrative activities. B : i Qumollne
e Uploadd: 724728 °"e okl Chem.cal categonzed Classes with no definition 367,146
T CGIAR () funcuonally .
[JCTSA ) H H
 OBO, Foundry Logical Observatior, is._ a ,s = a 's .
[1PSI @) Logical Observation Identifie
TIUMLS (3) standardized codes for labor, BIOClde
[T WHO-FIC ¢5) Uploaded: 1/17/25 ! -
sl ( Radiopharmaceuticals ] (BiO'OgiCN 398’“] Corrosive chemical
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3. Examples: Smart City

International

IEC

Commission

Electrotechnical smart city systems. It enhances interoperability,
traceability, and intelligent decision-making.”

“A fundamental aspect of a smart city is to integrate
and combine the data coming from various sources

and places”

http://eil.utoronto.ca/wp-

content/uploads/smartcities/papers/nalchigar-AAAI14.pdf

http://ontology.eil.utoronto.ca/o3110.owl

“Ontology is crucial for lol, big data, Al, and

‘1‘. InvestigationRe
quest

N’/J ® Inquiry J

" MessageCategory ’

[+

" SpsPoint I

®

~ (" Report

[+

~ (" Agency

(&

¢ owl:Thing

\7\ H\ :

“311 is the name and the telephone number of city agencies
that provide non-emergency municipal services to the public.
The main goal of 311 systems is to enhance accessibility of
city services, increase cities effectiveness in responding to
public inquiries, and hence to improve city life.”

TALOS ERA Chair Al for SSH - Project n® 101087269

“Ontology” Christophe Roche

Yo su bject [

T l v
\4{'% /I

+

0 ServiceRequest }

A& O Subject

v GarbageContainer
..... ‘ Bag

"""" () Basket

» & Animal
b Insect
v @ Plants

~ () Grass

- Property
- RoadSymbol

- TransportationRoutes



http://ontology.eil.utoronto.ca/o311o.owl
http://eil.utoronto.ca/wp-content/uploads/smartcities/papers/nalchigar-AAAI14.pdf
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Definition in natural language

Large open container with a foot, used in ancient
Greece for mixing wine with water.

Definition in formal language

krater"@en ---°" T
W <Vessel> +
desi t .. . . .
Ef',gna = /for mixing wine with water/ + /with open mouth
. n X "@EFF ~—_ - ) : i
http://o4dh.com/ cratére”@fr Jwith neck/ Jaithout neck/ + /with foot/ + /with hadnles/

: : o <Vessel for mixing wine with water LT e Fa T ;

| s g wine with water i | <Vessel for mixing wine with water H

OntOtermanlogle OntOlOgy I\wﬁ.h open mouth with foot with handles with neck> E 1 with open mouth with foot with handles without neck= |

\ '\ Object Collection
Terminology “"column krater"@en - fwith volute-like handles/ __-- "volute krater"@en

>, Jwith column-like handles/ ,';:-- "cratére & vilutes"ofr
. " “ i :
"cratére & colonnettes"@fr --_ designates / designates Swith upw -.
|

-
1

1 Y

<\Vessel for mixing wine with water,
with open mouth with foot with handi§
with neck with column-like handles:

.l

<VWessel for mixing wine with water ,r <\Wessel fal

with open mouth with foot with handles \ with open m I‘I
with neck with volute-like handles> I1

without neck w

Beazley-216173 Beazley-217511 Beazley-217564 Beazley-217927

more more more more

"bell krater"@en ---. /placed high on baoi

________ designates _ /
\\.
by

<Vessel for mixing wine with water
with open mouth with foot with handles
without neck with upward curling handles
placed high on body>

Definition in natural language

Krater with neck and with
column-like handles.
Krater with neck and with
volute-like handles.

Beazley-218043 Beazley-218046 Beazley-218059 Beazley-218065

more more more more

Beazley-218073 Beazley-218074 Beazley-218085 Beazley-218101

Definition in natural language
Krater without neck, with upward

more more more more

curling handles placed high on the body.

Krater without neck, with upward

curling handles placed low on the body.
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4. Theories of Concept

Concept: Unit of knowledge about....
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4. Theories of Concept

m Epistemological Principles

m « Nature » (essence) of thing: as | conceive things

- essential characteristic

m « Description» of thing: as | perceive things

- descriptive characteristic (attribute)

- relation between objects
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4. Theories of Concept

m Knowledge about a plurality of things

m Concept: unigue combination of essential characteristics

<Chair> ::= /for one person/ + /with feet/ + /with back/ + /without arms/

m Class: set of objects verifying a same property
Parisian ::={ x / Person(x) A livesIn (x, Paris) }

Things can be defined not according to their “nature” but through their relationships

TALOS ERA Chair Al for SSH — Project n° 101087269 “Ontology” Christophe Roche ccBY-NC-ND [ODOC) 16



4. Theories of Concept

An ontology is a network of concepts or classes structured in a system
according to their relations (hierarchical, associative) (<seat> ) m Hierarchy of concepts

subconcept

m Hierarchy of classes

< Seat for one

person: [<5eat with feet> :l

[ <Seat without feet> ] persons=

<Seat for several J

| 4oWLThing]

subconcept subconcept subconcept subconcept

- /\ \
=Seat without feet
for one person <Seat with feet =5Seat with feet
without arms without for one person:> for several persons=>

back>
L -

subconcept subconcept

—

<Seat with feest

<Seat with feet
for several persons
with arms with
back=

< Seat with feet
for several persons
without back without
arms:=

<Seat with feet
for one person
without arms without
back=>

for one person
with back=>

subconcept

4N\

<Seat with feet <Seat with feet

for one person for one person

with back with with back without
arms= arms=

TALOS ERA Chair Al for SSH - Project n® 101087269 “Ontology” Christophe Roche CC BY-NC-ND @ 17



5. Representation Languages A

Ta\e

B The expression of knowledge is limited to the well-formed formulas of the formal language

m The formal languages are not equivalent

The Sapir-Whorf’s hypothesis is true for all languages

v' Domain of application

v' Power of expression (categories of thought supported by the categories of the language)

v’ Logical Properties

v Operationalization

TALOS ERA Chair Al for SSH - Project n° 101087269 “Ontology” Christophe Roche CCBY-NC-ND (©QASG)



5. Representation Languages: Graphical Languages

v Easytouse

CO

’ [ <Lighting object= ]

’ v Human Readable is-a {space—uﬁ\ -
) is-a (space=inside) —m

e part-of <Beak>

v  Semi-Formal

is-a (chamber=closed)

-// is-a (chamber=open)

<Base>

1

[«:Elased lamp= ]

[«:Dpen lamp=> ]
¥y

instance-of

| objectRefUC-29817 |

- Categories of language?
- Methodology?
- Consistency?

- Operationalization?
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5. Representation Languages: Al Languages

GASEOUS-CHEMICAL-COMPOUND

GAS
. : ==
Schema (Frame) - Minsky asseous-ELtwen |
FLUID

LIQUID-CHEMICAL-COMPOUND
Define the object structure —

LIQUID-ELEMENT t‘é‘
A class is defined as a set of slots with values ELEMENT-MATERIAL

CHEMICAL-COMPOUND \

SCII_ID-GHEMIC.AL-GOIAPOUHD

(defun-class lamp

(is-a ‘lighting-object) ""EK‘ soLio
(Space IinSide) SOLID-ELEMENT

(has-part ‘chamber ‘beak ‘base))

METALLIC-LIQUIDE

METAL ALLoY
Clear, powerful, readable both by human METALLIG-SOLIDE!
and computer PLANT-DERIVED-SUBSTANCE  |<=—%
 ewannaceuncatmaTERnL | "o
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5. Representation Languages: Logical Languages N

Ta\e

Syntax and Semantics: .

Relative

Physical Abstract

v/ Clear
\/ Precise Actuality Form Prehension Proposition Nexus Intention

. po Conlmua Occurrent
v Formally specified

Oh|ecl Process Schema Scrlpl .Furlctum Pﬂmmmﬂun Description Hlsiuw Struclure Sl'll.ln‘tllill'l Reason Purpose

N%

A concept (category) is an unary predicate.

Form(x) ::= Independant(x) A Abstract(x)
==) Properties of Axiomatic System
Definitions are:
- Objective - Consensual - Readable (for an expert)
- Coherent - Reusable
- Precise - Sharable

TALOS ERA Chair Al for SSH - Project n° 101087269 “Ontology” Christophe Roche CCBY-NC-ND [((9@OC 21



5. Representation Languages: W3C Languages

W3”' RDFis a standard for representing and exchanging data on the Web.

OWL is a Semantic Web language designed to represent rich and complex knowledge about

things, groups of things, and relations between things. OWL is a computational logic-based Foe A Lo R
i i 9y
language such that knowledge expressed in OWL can be exploited by computer programs, e.g., /O % 30 K

to verify the consistency of that knowledge or to make implicit knowledge explicit.

ex:Naval_Battle

ex:Lysander

rdfs:subClassOf 'rxw_ ex:Aegospotami_battle

3?;‘5

rdf:type ex:livesin

ex:subEvent ex:agent

e:Battle
= ex:Sparta

]

rdfs:subClassOf

Las PR ox:Peloponnese war
. ex:Ground_Battle /¢

ex:subEvent

ex:Athe Bpstene i
STl

rdf:type ex:locatio

ex:livesin 4 N ex:Andros
) A
ex:Andros_battle Wz,

ex:locatedIn ex:Gaurium

P2

ex:Alcibiades ex:agent

TALOS ERA Chair Al for SSH - Project n® 101087269 “Ontology” Christophe Roche
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6. Environments: Protégé U

T)(ALNC
Active ontology x Entities x Classes x Object properties x Individuals by class x DL Query x
httDS//D I’Otege.Sta nfO rd -ed U/ Class hierarchy Class hierarchy (inferred) Annotations | Usage
Class hierarchy: Calyx_krater 1D = ®m [ § Annotations: Calyx_krater 2101 E ® %]
t: G-I- & O Asserted « Annotations
v @ owl:Thing rdfs:label [language:fr]
- @ Concept cratére en calice
- @ Function
L o ~ @ Greek_God rdfs:label [language: en]
prO teg e v @ Krater calyx krater
-~ Bell_krater
@ skos:definition [language: en)
0 Column_krater Krater without neck, with upward curling handles placed low on the body.
- Volute_krater
. v Part rdfs:seeflso [language: en]
\/ Fl’ee enV| I’OI"I ment @ Foot hitp:imww.beazley.ox.ac.ukitools/pottery/shapesicalyx.htm
»- ) Handle
@ Lp Description: Calyx_krater ANEDOE
v i » @ Mouth -
Large Community @ ot
...... . Term
/ Deflnltlon based On relatlons D||'ect instances: EH]]EEE LtUk:is of
Krater
. 4+
between objects (Class) ¢
For: @ Calyx_krater General class axioms
N . @ Beazley-215424
/ D eS C rl pt I O n L0g| C Rea SO n e rS SubClass Of (Anonymous Ancestor)
0 hasFunction value for_mixing_wine_and_water
v' W3C Standards compliant o
@ Beazley-215424

o How to represent essential characteristics (Concept)?
o How to represent the linguistic dimension?
® o Howtotake into account the way of thinking of Experts?
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6. Environments: Tedi o
Concept Editor T E D I

$o Tedi - Concept system editor - [u] K

<Emotion pasitive event-related
displeasant consequence non
occured event>

ONTOTERMINOLOGY EDITOR
Distributed by the University of Crete (TALOS)

COncept Editor Terminology: Ontoterminology of seats user Christophe

. author Christophe .
SIS Neorcias NGt ObkD begin period: 0 - attribute editor

of Cpts: of Objs I DTl ot SRS on Condiec Term Editor
@@©e008 QQ e

T - 0O X
Woerarciical | aighabiatical] abaied Concept ) <Seat with feet for one person with back with arms> begin period: 0 SR S
% <Material> i aseaiaaa) el uhts Wk Kconapeeon Wik ek endperiodt 0 |i0r Chiitophe By clicking 'accept' you accept the | Tedi Licence
% <Par> i ((cEmotin evene-rerea- )
ke Comment ob or objs: 3 [thOr Christophe for academic non-commercial use only @ Christophe Roche <Emeren
S <Seat for one perso tion  Condillac

finks-illustration

<Emation negative event-related
displeasant consequence current

proper name editor

/

Isa inherited and ov

own aftributes

<Seat with feet for one person v external link editor

fauteuil

4 - inherited differences -~ & --- inherited attributes - <Emotion positive> X
e poate st of preferred
/ /  Status pr d -
pontet) e DT
P 9 PoS noun noun
/with back/ ~-- own attributes --------
~-- own differences -------- . Gender  neuter V pT l
: b e/ SR Cmaplools
displeasant consequence prospect
- event>
g comfortable chair <Emation object-related> subconZept
I . : on each side for
= doste L) felets add delare new . . I subconcent. <Emotion positive agent-related
k2 G inked 1o (r: dictionary.com/dict other agent low>
s chair G SUDCONCEPT.
-== inherited -- - g —
= > ()
dd add [quivalent terms more x
a .

eS| delete [pergére
v moAuBpdva <Emotion positive agent-related
— " St agents
LI— <Emotion negative agent-related
with feet for o + ith arm: D other agent strong>
# <Seat without feet> Definition T <Emation negative agent-related
Hokad b l— <Emotion negative event-reiated other agent> subconcept
material (preferred) m pleasant consequence non
Lang.  Associated Term List Status: preferred change  begin period: 0 I ST
fr R, - Term cefinition il T BX <Emation negative agent.
E,_ et Seat with feet, for one person, with back, with arms. LTS
zh
new delete  rename fast add delete edit Source
fast update delete edit g y
i comme H H H " — " <?XF"1
ack> + Mith arm Tedi Onto-Dictionary on "Emotions" (en) o
new rename  delete “ ier 2023 - Time: 11:03:59 - Version: 3.0 - www.ontoterminology.com/tedi : .
<!-- Author:
search relief <l-- février 2823
Vlrtual Exhlbltlon CEITSEED © Definition: Positive emotion that i has not el-- tobre 2824 18:38:83
CTR—
See also: appeasement (alternative), <l--
Notefs): I tedi
Object Collection of "Ontoterminology of seats” (en) 1) Relief: (pleased about) the disconfirmation of the prospect of an undesirable event (OCC model) <h-- S tedl -->
P Vi 1 S SO R AN 2) a feeling of happiness that something unpleasant has not happened or has ended (Cambridge Dictionary) AL . 0 e . e
e R st — - - <rdf: w.ontologia.fr/OTB/Emotions#
‘ s x .ontologia.fr/0TB/Emotions™
Equivalent(s): * Wow3.ore/1999/82/22 -rdf-sy c-ns#"
= e el (ratarad) X i.wW3.org/1999/82/22-rdf-syntax-ns#
v o CETEEED - oo (profered) x w.w3.org/2002/07 /owl#"
. : BB coocopt <emoon positve ovent.roiaod displeasant Gonsequence fon occred even .
e M essential isti Ipositivel, fevent-relateds, /di Inon occured event/,
Couch 6MT 21268 Chaie T507 € _ a kind of: <Emotion event-related>, <Emotion positive>, X
S rdfs:seeAlso https://en.wikipedis. org/iki/Emotion ="http://purl.org/dc/elements /
hitps:/len.wikipedia X wW.w3.org/XML/1998/namespace”
ol X w3.org/2081/XMLSchema#”
e e e i &\ 7z ¢ X ww.w3.org/2000/01/rdf-schema#” D
- X wa.ontologia.fr/0TB/otv#" Protége
% & X w3.org/2003/06/sw-vocab-status/ns#"
[reproach ] Z % vann,
bourw 5574 COD b org/ns/lemon/ontolex#">
- v
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