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Basic terms

e Conceptualization - is set of objects which an observer thinks that they exist in target world (world
of interest). It provides backbone of the conceptual structure of such world.
e Ontology - “explicit specification of conceptualization” (Gruber)
o It contains hierarchically organized structure of concepts and relations between them. Such
structure defines meaning of objects appearing in the target world.

o ltis declarative description of fundamental understanding of the target world.



What is Unified Foundational Ontology (UFO) ?

e a foundational ontology developed by Giancarlo Guizzardi et al.

e a descriptive ontology representing universals and particulars, endurants and perdurants

e ontology/theory to contribute to the general goal of serving as a Foundation for Conceptual
Modeling

e based on theories from Formal Ontology, Philosophical Logics, Philosophy of Language,
Linguistics and Cognitive Psychology

e incorporates ideas from GFO, DOLCE and the Ontology of Universals underlying OntoClean



UFO modules

UFO-S (Services) < UFO-L (Legal Relations)

UFO-C (Social Reality)

Dependency

<_____________

UFO-A (Endurants) UFO-B (Perdurants)



UFO-A, UFO-B, UFO-C




UFO modules overview (1/2)

UFO-A — an ontology of endurants dealing with aspects of structural
conceptual modeling such types and taxonomic structures, part-whole
relations, particularized intrinsic properties, attributes and attribute value
spaces, particularized relational properties and relations, roles
[quizzardi20050ontological].

UFO-B - an ontology of perdurants (events, processes) dealing with dynamic
aspect including perdurant mereology, temporal ordering of perdurants, object
participation in perdurants, causation, change and the connection between
perdurans and endurants via dispositions [guizzardi2013towards].



UFO modules overview’ (2/2)

e UFO-C - an ontology of intentional and social entities addressing notions
such as beliefs, desires, intentions, goals, actions, commitments and claims,
social roles and social particularized relational complexes (social relators)
[quizzardi2008grounding].

e UFO-S - on ontology for commitment-based services [nardi2013towards].

e UFO-L — an ontology representing legal domain [griffo2015towards].

! For detailed overview of all modules see also [guizzardi2015towards, guizzardi2008grounding]



OntoUML
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Basic structure of Endurants

2.* existentialy depends on
Endurant
1 inheres in
| " ? )
Object Intrinsic Moment Relator
Mode Quality

Note: Existentially dependent endurants (i.e. Intrinsic Moments and Relators) are also called Aspects.



Objects - examples

Per§on I\/Iein Adult Man
; R4

Living -

Dl » Young Boy

British Citizen  Singer Economist



Quality - examples

«NominalQuality»
Product Code

«NonPerceivableQuality»
Value

«1Characterization1»

«1Characterizatioq »
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1« Characterization»1

«PerceivableQuality»
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«PerceivableQuality»
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Quality - properties and constraints
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Mode - examples

Agent
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Mode - constraints

X «Mode»
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Relator - examples
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Person ~ L/ Person
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Relator and material relations
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Meta-properties of endurant types

e So far we classified endurant types according to ontological nature

e Alternative way to classify endurant types is according to its meta-properties:
o ldentity
o Rigidity
o Relational dependance
O



|dentity

e How are following concepts different ?

o Blue thing, Physical object, Entity
o Person, Table

o Student, Wooden Table



Identity




Identity




How to differentiate following endurants ?

Pergon I\/IaAﬂ Adult Man
; v

Living

Dl » Young Boy

British Citizen  Singer Economist



Identity (owner)
I\/Iein Adult Man

Supplies
identity

Living -
Person

» Young Boy

British Citizen  Singer Economist



Rigidity
Per§on I\/Iein Adult Man

--...»YOUNg Boy

British Citizen  Singer Economist



Relational dependance
Pergon I\/Iein Adult Man

--...»YOUNg Boy




Classification of the example
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Meta-properties of endurant types

Let's T, T' be endurant types, R relation.

e |dentity
IT(T) — carries identity
O"(T) - owns (supply) identity

e Rigidity
R™(T) =0(vx T(x) = O(T(x))) (Rigid)
R (T)=—-R"(T)=03x T(x) AO—~T(x)) (Non-Rigid)
R™(T)=0(VxT(x) - 0(—T(x))) (Anti-Rigid)
RS(T) =R (T)A—R™(T) (Semi-Rigid)

e Relational Dependance

DY (T, T',R) =4¢er O(Vx T(x) — Iy T'(y) A R(x, y))



Classification based on meta-properties

Endurant Type
I+ I | -
Sortal NonSortal
R+ | | R~
RigidSortal AntiRigidSortal
O+| | | D+
Kind Subkind Phase Role

Person
Woman

Man
Teenager
Living Person
Student
Husband



How to model Man/Woman concepts ?
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How to model The Beatles ?

«Kind» «Kind»
SocialBeing Group

Organization

’l\ instance of

TheBeatles
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How to model Customer ?
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We run into a logical contradiction!
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Any alternative ? Role with multiple allowed types ?

Person Organization

X X

«role»Customer




«roleMixin»
Customer




«roleMixin»

Custgmer
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«role» «role»
PersonalCustomer CorporateCustomer
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RoleMixin pattern
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Classification based on meta-properties
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What possible restrictions for sub-typing exist ?



Rigid endurant types

Kinds Rigid Mixins




Anti-rigid endurant types

Anti-Rigid Sortals (Phase, Role) Anti-Rigid Mixins

W1

W2




Summary
(meta-property vs. ontology nature based classification)
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Examples of sortal moment types

< <roleMixin> >
Insurance Provider

-« involves

<<relatorKind> >

Y involves

A

< <roleMixin> >
Insurance Customer

< <subkind> >

< <subkind>>
Fixed Benefit

< <subkind> >
Variable Benefit

<<phase>>

Life Insurance

<<relatorKind> >

Standard Benefit

<<phase>>

<<category>> | ginvolves
Insurance Agreement (@———— | Legal System Legal Recognition
i <<mixin>> involves
E :,(sum:";d) i LAY Necigiv I <<relatorKind> >
mp loyment Insurance
Conjugal RelationsXp Civil Partnership
S ins <<relatorl(lnd>?
Insurance Commitment Marriage {?isj oint,|complete}
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q 4 A Long-Term Relationship
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Examples of non-sortal universals

< <category>>

<<roleMixin> >
Involved Part
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<<category>> P involves
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< <phaseMixin> >
Unfulfilled Commitment

1
<<phaseMixin> >
Fulfilled Commitment

1
<<phaseMixin> >

Broken Commitment

<<roleMixin> >
Insurance Item




OntoUML example (1/2)

<<ca[egory>> 4
Legal Entity
<<quality>> AN {disjoint)
Age 1 <<characterization>> 1 [ ]
<<kind>> <<kind>>
<<mode>> -__<<characterization>> 1 Person Organization
Skil {disjoint.complete} ZP JAN ﬁk 4&
<<subkind>> <<subkind>> <<role>> <<mediation>> | <<relator>> <<mediation>> <<role>> Cuitomer
Man Woman Employee |1 1..*| Employment |1.* 1| Employer
{disjoint}
 Te——
<<phase>> <<phase>>
Child Adult

An example of UFO based model in OntoUML taken from [carvalho2017muilti].



OntoUML example (2/2)

¢, «CGI'QQOI'Y» A ,—¢ «kind» 4 «subkind» 4 «subkind»
BiologicalOrgan Heart Man Woman
+ «ki!d» {disjoint,c«implete}
Brain ! :
* sphases * wphaxes {disjoipt,complete}
NonfunctionalHeart FunctionalHeart
{disjoint,cqmplete} 1 v
4 «kind»
¢ «phase» Person
NonfunctionalBrain
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1 1
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LivingPerson DeceasedPerson
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1.7 1;:* Child Teenager | Adult

+ «elator» . 1 _ _ L 4 «material» 4 «kind»
Enrollment

derived_study study Organization

1.."* {disjoint,cq‘mplete}

¢ «role» < «phase» < «phase»
School T “ActiveOrganization ExtinctOrganization

4 «mediation»

1

school



UFO-B



Small UFO Fragment with Events
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Complex Events as Sums of Object’s Participations

4 /participationOf
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Situations, Events as Changes
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Atomic Events as Manifestations of Object Dispositions

™ Endurant
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Detailed model
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Example

1964°s

Brazilian Cup
Semifinal

Game

Santo’s
Participation

Gremio’s
Participation

Pele’s
Participation#2
---------- (as goalkeeper)

Performance
Quality: 7.0

Performance
Quality: 10.0

Pele’s
Participation#1
(as a midfielder)

Brings about

1 —D>
during . during i Complex has-part
E i Event
i . / depends ory
L\ Pele’s
N === Goal at t2

Allen relation
Ballisinside Gremio's | | N\ A e »

Goalpost, Santos wins

3X1 and Pele becomes the top causes
scorer in the Cup... \ ------ >
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