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‘| have chosen to look at modelling because
't exerts the most profound and...most
important influence In the systems we

build...To build a

model Is to conce

world In a certair

delimited way...

ive of t

t1s wit

respect to these representations that

computer systems work..

they run by

e

i

manipulating representations...This can all
be summarised in a slogan: no computation

without

representation’



"Mediating bet
IS the Inevi

world]

ween the [system and the
table model...[What we have

been focusing on as a discipling]...is a study

of the relatior

ship [model-system]. What

about the relationship [model-world]?...The

answer, IS that,

at this point in intellectual

history, we have no theory of this...

relationship..

[and]...any adequate theory of

[system] correctness will have to take the
model-world relationship into account”

(

Brian Cant
Cor

rell Smith, The Limits of

rectness, 1985)
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UFO

* The goal was “Philosophy of Modeling”
in Computer Science/ Information

Systems Engineering

o Started nearly 25 years ago as a

unification (hence the name)

of GFO,

DOLCE and OntoClean-Properties™ but

then very soon became a ful
iIndependent foundational or

-blown

tology



Fundamental Requirements

* Dealing with ditferent types of types
(including higher-order types),
particularized properties, a rich
theory of relations (including reified
relations), datatypes, events

* Modeling Languages and lools

* Finitely-satistiable models,...



How

has it been developed?

~licited by conducting an ontological
analysis of several modeling languages,

reference models and standards, a
multitude of models and applications

Strongly driven by classical problems in the

area (e.g., modeling of roles with multiple

supe
card]
trans

'typing, problem of collapse of
nality constraints, problem of

tivity of parthood...)



How has it been developed?

* |t has an underlying Design Science agenda of
continuously building a set of engineering artifacts
as materializations of these ontological foundations.

These artitacts are evaluated in practice in a
number of ways



How has it been developed?

 We are also concerned about pragmatic efficiency
of the derived representations (doing the type of
empirical work that cognitive psychologies do):
Can people make sense (reason, learn, recall)
these categories” Can people effectively reason
with models produced with these foundations”?
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UFO-A (Endurants)




Endurants, their Types and
| Taxonomic Structures, Dependent |
| Entities (Qualities, Modes, Relators,
| Dispositions), (Part-Whole)
Relations, Datatypes, Multi-Level

Structures, etc... |

UFO-A (Endurants)
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Abstract

We present in this paper a novel ontological theory of events whose central tenet is the Aristotelian distinction
between the object that changes and the actual subject of change, which is what we call an individual quality. While
in the Kimian tradition events are individuated by a triple ( o, P, t ), where o is an object, P a property, and t an
interval of time, for us the simplest events are qualitative changes, individuated by a triple ( 0, g, t ), where g is an
individual quality inhering in o or in one of its parts. Detaching the individuation of events from the property they
exemplify results in a fine-grained theory that keeps metaphysics and semantics clearly separate, and lies between
the multiplicative and the unitarian approaches. We discuss then the way language refers to events, observing that,
in most cases, event descriptions refer to complex, cognitively relevant clusters of co-occurring qualitative changes,
which exhibit a synchronic structure depending on the way they are described. Contra Bennett, who famously
argued that the semantics of event names ultimately depends on “local context and unprincipled intuitions”, we
show how the lexicon provides systematic principles for individuating such clusters and classifying them into kinds.
Finally, we address some open challenges in the semantics of locative and manner modifiers.



Representing a Reference Foundational
Ontology of Events in SROZQ

Alessander Botti Benevides **, Jean-Rémi Bourguet ?, Giancarlo Guizzardi *°,
Rafael Pefialoza ® and Jodo Paulo A. Almeida?
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Abstract. In recent years, there has been a growing interest in the application of foundational ontologies, i.e., formal ontological
theories in the philosophical sense, to provide a theoretically sound foundation for improving the theory and practice of
conceptual modeling and knowledge representation. This paper addresses one particular foundational theory of events termed
UFO-B, which has been successfully employed as a reference model for addressing problems from complex media management,
enterprise architecture, software engineering, and modeling of events in petroleum exploration. Despite its success, there is still
no formalization of UFO-B in a decidable knowledge representation language that could support reasoning about complex events
and event relations. We address this gap by proposing a number of alternative translations from UFO-B’s original axiomatization
(in first-order logic and in the Alloy formal language) to the description logic SROZQ, which is the formal underpinning of
OWL 2 DL. Additionally, to support practical applications, we translated these SROZQ theories to OWL 2 DL TBoxes, which
were validated by showing that all the intended models of UFO-B (the logical models of the UFO-B specification in Alloy)
that we generated are consistent with these UFO-B TBoxes. In a sense, the specification in Alloy implements the specification
in first-order logic, while the OWL 2 TBoxes implement the SROZQ specifications. Incidentally, the methodology that we
designed for the translation from UFO-B’s original axiomatization in FOL and Alloy to SROZQ came to be a key contribution
of this work by providing us evidence of the inadequacy of DLs for the specification of comprehensive foundational ontologies.

Keywords: Ontology of Events, Description Logics, SROZQ , OWL, SAT
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Original Research | Openaccess | Published: 20 March 2024
Volume 203, article number 104, (2024) Cite thisarticle

Download PDF * @ You have full access to this open access article
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Abstract

In a number of papers, Kit Fine introduced a theory of embodiment which distinguishes
between rigid and variable embodiments, and has been successfully applied to clarify the
ontological nature of entities whose parts may or may not vary in time. In particular, he
has applied this theory to describe a process such as the erosion of a cliff, which would be a
variable embodiment whose manifestations are the different states of erosion of the cliff.
We find this theory very powerful, and especially appropriate to capture the intuition that
the same process may go on at different times. However, its formal principles have been
subject to some criticisms, mainly concerning the mereological structure of a variable
embodiment. Moreover, since the notion of variable embodiment is very general, simply
saying that processes are variable embodiments is not enough to understand their
ontological nature. To address these concerns, in this paper we proceed in two phases:
first, we propose a revised version of Fine’s original theory adapted to the case of
processes, which adopts a classical mereology instead of Fine’s hylomorphic mereology,
and a temporalized constitution relation in place of Fine’s function of variable
embodiment; second, we go deeper into the ontological nature of processes by revisiting
the notions of homogeneity, intentionality, and telicity discussed in the literature, and
propose an account based on ontological principles and not on semantic properties of
predicates. This allows us to organize processes into a novel taxonomy based exclusively on
their unity and individuation principles.
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Unified Foundational
Ontology

ONTOUML

1. Primitives reflecting ontological distinctions
2. Grammar reflecting ontological axiomatization

3. Patterns retlecting ontological micro-theories
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Unified Foundational
Ontology

gUFO: A Lightweight Implementation of the Unified Foundational Ontology (UFO)

IRI
http://purl.org/nemo/gufo#
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Almeida, Jodo Paulo A.
Falbo, Ricardo A.
Guizzardi, Giancarlo
Sales, Tiago P.
Rights \
This work is distributed under Creative Commons Attribution License CC BY 4.0
Ontology Source
RDE (Turtle)
Description

The objective of gUFO is to provide a lightweight implementation of the Unified Foundational Ontology (UFO) [1-5] suitable for Semantic Web OWL 2 DL applications.
Intended users are those implementing UFO-based lightweight ontologies that reuse gUFO by specializing and instantiating its elements.

There are three implications of the use of the term lightweight. First of all, we have employed little expressive means in an effort to retain computational properties for the resulting
OWL ontology. Second, we have selected a subset of UFO-A [1, 2] and UFO-B [3] to include here. In particular, there is minimalistic support for UFO-B (only that which is
necessary to establish the participation of objects in events and to capture historical dependence between events). Third, a lightweight ontology, differently from a reference
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Categories of Object types



How many kinds of rock?

rock

\

metamorphic rock

igneous rock sedimentary rock

large rock / grey rock
/ .
grcy pet metamorphic rock
sedimentary

rock

large grey 1gneous rock

Brachman, Fikes and Levesque, 1985



General Terms and Common Nouns

(i) exactly five mice were in the kitchen last night

(ii) the mouse which has eaten the cheese, has been in
turn eaten by the cat



General Terms and Common Nouns

(i) exactly five X ...
(ii) the Y which is Z...



General Terms and Common Nouns

(i) exactly five reds were in the kitchen last night
(ii) the red which has ..., has been in turn ...



General Terms and Common Nouns

Both reference and quantification require that the thing
(or things) which are refered to or which form the
domain of quantification are determinate individuals, i.e.
their conditions for individuation and numerical identity

must be determinate



Sortal and Characterising Types (or Non-sortals)

Whilst the characterizing types supply only a principle of
application for the individuals they collect, sortal types
supply both a principle of application and a principle of
identity



The Ontological Level

SORTAL NON-SORTAL
. jApple ‘) Red

color = red sort = apple




Foundations

(1) We can only make identity and identification statements
with the support of a Sortal, i.e., the identity of an individual
can only be traced in connection with a Sortal type, which

provides a principle of individuation and identity to the
particulars it collects

Every Object in a conceptual model (CM) of the domain must
be an instance of a class representing a sortal type



Foundations

Moreover, since Non-Sortals cannot supply a principle of
identity for its instances, we have that, all Non-Sortal Types in
the model must be represented as Abstract Classes



Unique principle of Identity




Unique principle of Identity




Unique principle of Identity




Unique principle of Identity




Software?



Software?

Software Code?
Software Program?
Software System?

Software Product?



Software?

Software Code? IDENTITY = SYNTACTICAL FORM
Software Program? IDENTITY = EXECUTION CLASS
Software System? IDENTITY = REQUIREMENTS

Software Product? IDENTITY = PRODUCT
AGREEMENT



Foundations

(2) Anindividual cannot obey incompatible principles of
identity



Type

7AN

Object Type

JAN

Sortal Type Non-Sortal Type
{Person, Apple, Student} {Insurable Item, Red}




Type
Object Type
YA IDENTITY
Sortal Type + = |Non-Sortal Type

{Person, Apple, Student} {Insurable Item, Red}



Rigidity

A type T is rigid if for every instance x of T,
x is necessarily an instance of T:

Vx.T(x) = []T(x)




Anti-Rigidity

A types T is anti-rigid if for every instance x of T,
x is possibly not an instance of T:

Vx.T(x) » O T(x)



Type

/\
ObjectType
IDENTITY
/\
+ -
Sortal Type
/\

Non-Sortal Type

Rigid Sortal Type|

{Person, Organization}

Anti-Rigid Sortal Type

{Insurable Item}

{Student, Teenager,

FootballPlayer}



Type

/\
Objezgype IDENTITY
+ -
Sortal Type
7N RIGIDITY

Non-Sortal Type

Rigid Sortal Type| +

{Person, Organization}

Anti-Rigid Sortal Type

{Insurable Item}

{Student, Teenager,

FootballPlayer}



Type

Non-Sortal Type

/\
Objezgype IDENTITY
+
Sortal Type
7N RIGIDITY

Rigid Sortal Type| ++

{Person, Organization}

4+ - | Anti-Rigid Sortal Type|

{Insurable Item}

{Student, Teenager,

FootballPlayer}









A principle of identity cannot be
supplied by either of these two
anti-rigid types, since it should be
used to identify individuals
in every possible situations!




Foundations

If an individual falls under two sortals in the course of its
history there must be exactly one ultimate rigid sortal of
which both sortals are subtypes and from which they inherit
a principle of identity

S



Restriction Principle

S Instances of P and P’ must:
T obey a principle of identity
the same principle of identity

which they cannot supply
/ \ themselves
p P’



Unigqueness Principle

G

> Suppose S is not ultimate then
for any G that supertypes S:

G cannot provide a another
S principle

Either G is a Non-Sortal
T Or G is the ultimate sortal

S

PP’



Type

Non-Sortal Type

/\
ObjectType
/\ IDENTITY
Sortal Type |+ -
yAN RIGIDITY

Rigid Sortal Type| ++ + -

/\

Anti-Rigid Sortal Type

Kind subKind

{Insurable Item}

{Student, Teenager,

FootballPlayer}

{Person, {Biological Man,
Organization}  Biological Woman}
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Non-Sortal Type

/\
ObjectType
/\ IDENTITY
Sortal Type |+ -
yAN RIGIDITY

Rigid Sortal Type| ++ + -

Anti-Rigid Sortal Type

{Insurable Item}

A+ N {Student, Teenager,
Kind o FootballPlayer}
{Person, {Biological Man,

Organization} Biological Woman}
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ObjectType

AN

IDENTITY

Sortal Type

AN

==

RIGIDITY

Non-Sortal Type

Rigid Sortal Type| ++

/\

==

Kind

e =

Anti-Rigid Sortal Type

{Person,

/\_‘ subKind

{Insurable Item}

{Student, Teenager,

FootballPlayer}

{Biological Man,
Organization} Biological Woman}






Anti-Rigid Sortals



Anti-Rigid Sortals




Non-Sortals




Foundations

Since the unique principle of identity supplied by a Kind is
inherited by its subclasses, we have that:

An Object in a conceptual model of the domain cannot
instantiate more than one ultimate Kind

«kind» «kind»
SocialBeing Group

Organization

/I\ instance of

TheBeatles




«Kind»

«Kkind»
I 1 SocialBeing Group

.
-
-
L 4
-
“
U

‘f
-
-
'ﬂ
|

|1 IZ‘ Organization

instance of

{
v
11 12

ITheBeatles




«Kind»

«Kind»

SocialBeing Group

AN AN

Organgation

instance of

TheBeatles




«Kind» «Kind»
SocialBeing Group

/\ /\

«constitution»

Organization Staff

0 0

instance of | instance of

TheBeatles {John,Paul,George.Ringo}




Foundations

It is not the case that we cannot have multiple supertypes for a
given type. Only that a type cannot have multiple kinds as
supertypes!



Type

Non-Sortal Type

/\
ObjectType
Sortal Type
Rigid Sortal Type| Anti-Rigid Sortal Type
/\
,/ Kind subKind
p 7y

A Kind cannot be a supertype of another Kind




Type

Non-Sortal Type

/\
ObjectType
AN
Sortal Type
Rigid Sortal Type| Anti-Rigid Sortal Type
/\
Kind subKind
7 | \
I i
\ I

A subKind type MUST have as a supertype

a (unique) Kind




Type

Non-Sortal Type

/\
ObjectType
Sortal Type
Rigid Sortal Type| Anti-Rigid Sortal Type

/\
Kind subKind
4
’ A

I I
\~__><__,/

A subKind cannot be a supertype of a kind




Type

Non-Sortal Type

/\
ObjectType
Sortal Type

Rigid Sortal Type| . '1Anti-Rigid Sortal Type

L
“

L ’_f
Kind subKind

An Anti-Rigid type MUST have as a supertype

a (unique) Kind




Type

/\
ObjectType
Sortal Type == ——m— -X ----- -I Non-Sortal Type
Rigid Sortal Type| Anti-Rigid Sortal Type‘
/\
Kind subKind

A Sortal Type cannot be a supertype of a Non-Sortal Type



Type
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ObjectType

AN

Sortal Type

AN

Non-Sortal Type

Rigid Sortal Type|

/\

AntiRigid Sortal Type

Kind

subKind

{Perso

{Insurable Item}

{Student, Teenager,

FootballPlayer}

n}  {Biological Man,
Biological Woman}



Relational Dependence

A type T is relationally dependent on another type P via
relation R iff for every instance x of T there is an instance y
of P such that x and y are related via R:

(Vx.T(x) —» dy.P(y) A R(x,V))




Type

/\

ObjectType

AN

Sortal Type

AN

Non-Sortal Type

Rigid Sortal Type|

/\

Kind

Anti-Rigid Sortal Type

subKind

{Person,

{Insurable Item}

{Student, Teenager,

FootballPlayer}

{Biological Man,
Organization} Biological Womanj}



Type
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ObjectType
Sortal Type Non-Sortal Type
AN {Insurable Item}
Rigid Sortal Type| Anti-Rigid Sortal Type
/\
Kind subKind Phase Role
{Person} {Biological {Teenager,  {Student,
Man, LivingPerson} Husband}
Biological

Woman}
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Non-Sortal Type

Rigid Sortal Type| ++

{Insurable Item}

4+ - | Anti-Rigid Sortal Type

7\ DEPENDENCE
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Kind /\_‘ subKind Phase Role
{Person} {Biological {Teenager, {Student,
Man, LivingPerson} Husband}
Biological

Woman}



Roles

«roley»
Student

enrolled-at

School




Roles

«roley» enrolled-at

Student X

The Relational property in this case is part of
the very definition of the Role:

School

Student(x) =def Person(x) A dy School(y)
A enrolled-at(x,y)



Roles

Defined as a (anti-rigid) specialization of a kind such that the
specialization condition is a relational one (correlated with
derivation by participation)

«kind» Person

/\

enrolled-at
«role»Student «kind»School




«kind» Person

/\

enrolled-at

«role»Student

«kind»School

PERSON ()

SCHOOL

STUDENT
O

WORLD W




«kind» Person
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enrolled-at

«role»Student «kind»School

1.” 1.7

PERSON ()

O

WORLD W’




«kind» Person

/\

enrolled-at

«role»Student «kind»School

PERSON SCHOOL

STUDENT

O

S
rd

WORLD W”




Phases

Person

/N

{disjoint,complete}

«phase» «phase»
LivingPerson DeceasedPerson




Person

JAN

{disjoint,complete}

«phase» «phase»
LivingPerson DeceasedPerson

LivingPerson O

Deceased
Person

PERSON

WORLD W




Person
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{disjoint,complete}

«phase»
LivingPerson

«phase»
DeceasedPerson

®

LivingPerson

O

Deceased
Person

PERSON

WORLD W’
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«phase»
LivingPerson

«phase»
DeceasedPerson
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WORLD W”




{disjoint,complete}

«phase»

«kind»
Person

<

/\

LivingPerson

{disjoint,complete }

«Subkind»
Man

«subkind»
Woman

«phase»
DeceasedPerson




{disjoint,complete}

«phase»

«kind»
Person

<

/\

LivingPerson

{disjoint,complete }

«subkind»
Man

«subkind»
Woman

«phase»
DeceasedPerson

Living
Person

O

PERSON

Deceased
Person

WORLD W




{disjoint,complete}

«phase»

«kind»
Person

LivingPerson

<

/\

«phase»
DeceasedPerson

{disjoint,complete }

«subkind»
Man

«subkind»
Woman

Living

Person

Deceased
Person

® O

PERSON

WORLD W’




«phase»
Child

{disjoint,complete}

«phase»
Teenager

{disjoint,complete }

«phase»

-

«kind»
Person

<

LivingPerson

«phase»
Adult

/\

{disjoint,complete}

«subkind»
Man

«subkind»
Woman

«phase»
DeceasedPerson




«role»
Customer

/\

«kind»
Person




«role»
Customer

/\

«Kind» «Kind»
Person Organization




«role»

Customer
«Kind» «Kind»
Person Organization

An anti-rigid type cannot be a supertype of a Rigid Type
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We run into a logical contradiction!



Type
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ObjectType
Sortal Type Non-Sortal Type
Rigid Sortal Type|----X—) Anti-Rigid Sortal Type
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Kind subKind Phase Role

An anti-rigid type cannot be a supertype of a Rigid Type



Meta-types Identity Rigidity Dependence

kind

Subkind

Phase

2{e][:]
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JAN JAN
Rigid Sortal Typel AntiRigid Sortal Type‘ Rigid NonSortal Type| | AntiRigid NonSortal Type
Kind subkind Phase Role
{Person} {Biological {Teenager,  {Student,

Man,
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Categories

«category»

Rational Entity

AN

{disjoint}

«kind»

«Kkind»

Person Artificial Agent

“"PERSON

ARTIFICIAL |
AGENT / -~

RATIONAL ENTITY



Categories
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ObjectType
Sortal Type Non-Sortal Type
JAN JAN
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Categories

«category»
PhysicalObject

JAN

{disjoint

«kind» Person

«kind»Car

«kind» Bridge
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JAN
Sortal Type Non-Sortal Type
JAN AN
Rigid Sortal Type| AntiRigid Sortal Type| Rigid NonSortal Type| |Anti-Rigid NonSortal Type
JAN /N AN Z%
Kind subkind Phase Role Category RoleMixin
{Person} {Biological {Teenager, {Student, {Physical Object} {Crime Weapon}

Man, LivingPerson} Husband}
Biological

Woman}




A Classic Problem

1. Suppose that | want to represent that the ROLE
Customer can be played by entities of different
KINDS, namely, People and Organizations. How to
relate the ROLE and its allowed types using
subtyping relations?



A Classic Problem

«role»
Customer

/\

«kind» «Kind»
Person Organization




«role»
Customer

«Kind» «Kind»
Person Organization




A Possible Alternative”

Person Organization

/\ /\

«role»Customer




«roleMixiny»
Customer




«roleMixin»

CustRmer
7 \

«role» «role»
PersonalCustomer CorporateCustomer




Person

/\

«roleMixiny»
CustRmer

L\

Organization

/\

«roley

PersonalCustomer

«roley»

CorporateCustomer




Participant

participation

AN

Person

SIG

Forum




«kind»
Person

JAN

«roleMixin»
Customer

/N

«Kind»
Social Being

T

Organization

T

«roley»

PrivateCustomer

CorporateCustomer

«roley»

«kind»
Person

7AN

«roleMixin»
Participant

JAN

«kind»
Social Being

AN

SIG

JAN

«roley»

IndividualParticipant

«roley»

CollectiveParticipant




RoleMixin

Supplier

ORGANIZATION

WORLD W
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ORGANIZATION

WORLD W’
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Kind subkind Phase Role Category Anti-Rigid NonSortal Type
{Person} {Biological {Student, {Teenager, {Physical Object} A
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{FunctionalDevice, {Customer}

Non-Functional Device}
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Anti-Rigid Non-Sortals

An Anti-Rigid Non-Sortal cannot be a super-type of a Rigid

one

Type

Q

ObjectType

AN

Sortal Type

Rigid Sortal Type

Non-Sortal Type

AN

AntiRigid Sortal Type|

Rigid NonSortal Type

AN

|

|

/N
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subkind
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Anti-Rigid NonSortal Type
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Sortal Type Non-Sortal Type
JAN JAN
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JAN | /N | /\ /\
Kind subkind Phase Role Category AntiRigid NonSortal Type| | Semi-Rigid NonSortal Type
o Oh /\ /\
{Person} {Biological {Student, {Teenager, {Physical Object}

Man, Husband} LivingPerson}

Biological PhaseMixin RoleMixin Mixin

Woman}

{FunctionalDevice, {Customer} {Insurable Item}

Non-Functional Device}




Alls........None

Some Not All

~

Some but not All



All cats No cat
arewhite °*° " °°*° is White

Some cats Not all cats
are White are White

~ /

Some cats are White but
nhot all Cats are White
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MixXin
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Meta-types Identity Rigidity Dependence

Kind + -
Subkind + + -
Phase + - -
Role + - +
Category - + -
PhaseMixin - - -
RoleMixin - - +
Mixin - +/- _

*this typology is based on and
evolves the theory of types behind OntoClean (Guarino and Welty)
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Meta-types

Kind
Subkind
Phase

2{e][:]

Category

PhaseMixin

RoleMixin

Mixin

Identity

Rigidity

Dependence



Proplem

1. Characterize the difference between the
following types:

* Person, Apple, Car, Dog, Organization

e Student, Singer, President, Employee
* Adult, Puppy, Metropolis

 Crime Weapon, Insurable ltem, Sharp Object,
Rational Agent, Cultural Heritage ltem



Solution

1. Characterizing the difference between:
« NATURAL TYPE/KIND (e.g., PERSON) = RIGID SORTAL

* ROLE (e.g., SINGER, ECONOMIST, BRITISH CITIZEN,
KNIGHT OF THE BRITISH EMPIRE) = ANTI-RIGID +
RELATIONALLY DEPENDENT SORTAL

* PHASE (e.g., LIVING PERSON, ADULT MAN) = ANTI-RIGID
+ RELATIONALLY INDEPENDENT SORTAL

* NON-SORTAL (e.g., CULTURAL HERITAGE ENTITY,
PHYSICAL ENTITY, INSURABLE ITEM)” = CLASSIFYING
THINGS OF MULTIPLES KINDS



How many kinds of rock?

rock

\

metamorphic rock

igneous rock sedimentary rock

large rock / grey rock
/ .
grcy pet metamorphic rock
sedimentary

rock

large grey 1gneous rock

Brachman, Fikes and Levesque, 1985
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How many kinds of rock?

rock

kind %\d \ kind

metamorphic rock

igneous rock sedimentary rock

large rock grey rock
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sedimentary
rock

pet metamorphic rock

large grey 1gneous rock
phase

Brachman, Fikes and Levesque, 1985



How many kinds of rock?

rock

kind Ad \ kind

metamorphic rock

igneous rock sedimentary rock

large rock grey rock

role
pet metamorphic rock

phaég
sedimentary
rock

large grey 1gneous rock
phase

Brachman, Fikes and Levesque, 1985



How many kinds of rock?

rock
kind %\d \ . kind
K phase I \ehase metamorphic rock

igneous roc sedimentary roc

MIMN / IN
large rock oh e __— grey rock
grcy pet metamorphic rock
sedimentary
rock

large grey 1gneous rock
phase

Brachman, Fikes and Levesque, 1985



8 Model

@ REST Service
i Note

{essential, inseparable}

<<kind>>

Organization

®@ o OntoUML introduction * - Visual Paradigm Modeler

Dash Project ITSM Agile Diagram View Team Tools Modeling Window Help Plugin |

0 @ Ty Export toJSON £X Settings

Export to gUFO @ Report Error

Check Check U0 Exp < P

Model Diagram (& Update Plugin

OntoUML introduction D\‘@
@ | ) Cursor | <default package>| ..

A
2 | <¢— Generalization 4
<<category>>

U2 Usage Physical Object
1 | — Association 4 A\

<> N-ary Association

= Association Class A

| ficiDependency 4 1 ~<<kind>>
1 <33 Abstraction p <<kind>> @ 1 Heart

Person 1

i @ Collaboration < <<BkrI:icr||>>

&— Containment

<<phase>>
Living Person

<<phase>>
Deceased Person

<<mediation>>

4 Package 4

Diagram Overview

— Generic Connector <<phase>> <<phase>> <<phase>>
Child Adolescent Adult

[ User Story

A Image Zﬁ

@) Screen Capture <<role>>

_ Employee 1

= Ccallout

| Rectangle

v

1.

*

<<relator>>

<<mediation>>

i

<<phase>>

Active Organization

<<role>>

Employment

*

1 Employer

<<phase>>
Extinct Organization

Log

OntoUML




Role

- All instances of a given ROLE are of the same KIND (e.g., all
Students are Person)

- All instances of a ROLE instantiate that type only contingently
(e.g., no Student is necessarily a Student)

- Instances of a KIND instantiate that ROLE when participating
in a certain RELATIONAL CONTEXT (e.g., instances of

Person instantiate the Role Student when enrolled in na
Educational Institution)

- A ROLE cannot be a supertype of a Rigid Type



«role»
Student

«role»Student

JAN

‘NO!

«kind »
Person

«kind»
Person

JAN

«roley»
Student

enrolled at

NO!

«kind»

Educational Institutio




The Emerging Role Pattern
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enrolled at




The Emerging Phase Pattern

«kind»
A

T

{disjoint,complete}

«phase»X «phase»Pn




I'he emerging
RoleMixin Pattern
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< <category>>
Named En tity

i <<role>>
- R P> is parent Of S
Parent .
1.¢ s [
<<mixin>>
Performer Artist
? {disjoint}
<<role>> P> is member Of <<subkind> >

Band Member 2 1.+ Band

{disjoint}

<<phase> > | | <<phase>> | | <<phase> >
Child Teenager Adult

<<phase> > <<phase>>
Young Elderly
Adult Peson




< <category>>
Named Entity

i <<role>>
s 3 P> is parent Of s
Parent .
1.° 1.
<<mixin>>
Performer Artist
? {disjoint}
<<role>> P> is member Of <<subkind>>

Band Member 2 1.+ Band

{disjoint}

<<phase> > | | <<phase>> | | <<phase>>
Child Adult

<<phase> > | | <<phases>
Young Elderly
Adult Peson




< <category>>
Named Entity

P> is parent Of

<<mixin>>
Performer Artist

? {disjoint]

<<role>>
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<<subkind>>




< <category>>
Named Entity

P> is parent Of <<role>>

<<role> > OffSpring
Parenmt .
A 1.
<<mixin>>
Performer Artist
? {disjoint}
P> is member Of <<subkind>>




< <category>>
Named En tity

P> is parent Of <<role>>
<<role> > OffSpring
1.* s [

P> is member Of <<subkind>>




< <category> >
Named En tity

e P> is parent Of
Parent L+ 1+
<<mixin>>
Performer Artist
e

<<role>>

OffSpring
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< <category>>




Person?



Person?

1. Human Being?
2. Legally Recognized Human Being?
3. Cognitively Capable Human Being?

4. Legal Person?



Person?

. Human Being? KIND
. Legally Recognized Human Being? ROLE
. Cognitively Capable Human Being? PHASE

. Legal Person? MIXIN



< <category>>
Legal Person

£\
<<kind>> <] <<kind>>
Person Organization
<<phase>> <<role>>
Living Person Legally Recognized Person
T ©
<<phase>>

Cognitively Capable Living Person




< <category>>
Legal Person
£\
<<kind>> <] <<kind>>
Person Organization
<<phase>> <<role>>
Living Person Legally Recognized Person
T T ©
<<role>>

Cognitively Capable Living Person




Yet another alternative: Legal Person
classifies both organizations and cognitively

capable living people. In that case, it would

be a...
<category> >
Legal Person e
£\
<<kind>> < <<kind>>
Person Organization
< <phase>> <<role>>

Living Person Legally Recognized Person
T T ©

<<role>>
Cognitively Capable Living Person




Yet another alternative: Legal Person
classifies both organizations and cognitively

capable living people. In that case, it would

be a
<category> >
Legal Person e
£\
<<kind>> < <<kind>>
Person Organization
< <phase>> <<role>>

Living Person Legally Recognized Person
T T ©

<<role>>
Cognitively Capable Living Person




JAY

<<phase>>
Living Person

JAY

<<mixin>> <
Legal Person

<<kind>> <

<<kind>>
Organization

<<role>>
Legally Recognized Person

<<phase>>
Cognitively Capable Living Person




Relations and
Relationships
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What is in a Relationship”’

1. N-tuple®?
2. (Directional) Fact?

3. Event?



What is a Relationship”’

1. N-tuple
2. (Directional) Fact
3. Event

4. None of the above



“We need to discuss the Relationship’:
Revisiting Relationships as Modeling Constructs

Nicola Guarino', Giancarlo Guizzardi'?

'Laboratory for Applied Ontology (LOA, ISTC-CNR), Trento, Italy
'?Computer Science Department, Federal University of Espirito Santo (UFES), Brazil
guarino@1]oa.istc.cnr.it, gguizzardi @inf.ufes.br

Abstract. This paper advances our long-term research program on ontological
foundations for conceptual modeling by addressing one of conceptual model-
ing’s most fundamental constructs, namely, relationships. We investigate the
nature of relationships and present an ontological theory of relationships as en-
durants (roughly object-like entities). In this view, and in contrast with the in-
terpretation of relationships as facts or events, relationships can: qualitatively
change while maintaining their identity; be the subject of modal properties; be
characterized by having both essential and accidental properties. As we demon-
strate here, this theory has important consequences to the practice of conceptual
modeling. First, regarding the representation of relationship types and their tax-
onomic structures in conceptual models. Second, as methodological support for
understanding the relation between relationships and events and for guiding the
choices involved in the modeling and interpretation of reified relationships.
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4.5 Relationships and Instances Are Entities

Instances of relationships are things themselves, about which
we may have information 1n the system.

They have attributes. Just as you have an age, so does your
association with your department, your spouse, and your car. For
a given part (type) stocked in a given warchouse, there 1s a
certain quantity on hand.

They can be related to other things. The storing of a certain
part 1n a certain warehouse 1s approved by a certain manager.

Instances of relationships can be related to each other
(illustrated 1n section 10.2).

owns

owner roperty

Harry Spot
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of today’s semantic networks. Facts about an object can
ifrequently be stored on a "propeirty list" of the object by
specifying such attribute-value pairs as HEIGHT : 6 FEET,
HAIRCOLOR : BROWN, OCCUPATION : SCIENTIST, etc. (3uch lists
are provided, for example, for all atoms 1in the LISP

programming language.) One way of thinking of these pairs is

that the attiribute name (i.e., the first element of the
pair) is the name of a "link" or "pointer" which points to
the "value" of the attribute (i.e., the second element of
the pair). Such a description of a person named John might

be laid out graphically as:

JOHN

HEIGHT 6 FEET
HAIRCOLOR BROWN
OCCUPATION SCIENTIST



Let us consider now another example -~ "John's height
is greater than Suz’s". We now have a new set of problems.,
We can 3till think of a link named HEIGHT pointing from JOHN
to a predicate whose interpretation is "greater than Sue’s
height", but what does the reference to‘Sue’s height inside

this predicate have to do with the way that we represented

John’s height? In a functional form we would simply



but that 1is departing completely from the notion of
attribute-value links. There i3 another possible
interpretation of the thing at the end of the HEIGHT 1link
which would be capable of dealing with this type of
situation. That is, the HEIGHT link can point from JOHN to
a node wvhich represents the intensional object "John's
height"., In a similar way; we can have a link named HEIGHT
from SUE to a node which represents "Sue’'s height" and then
we can establish a relation GREATER between these two
intensional nodes. (Notice that even if the heights were

the same, ‘“he two intensional objects would be different,
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Suppose John marries Mary



/ Person \

Husband Wife

John-qua-husband-of-Mary

Mary-qua-wife-of-John
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«role» is married to «role»

Husband 1+ ' 1+ Wife
EEEE <involves 1.* «relators» 1 My involves > 1 | 141
Marriage
< Inheres In «mode» correlgtes corrglates «mode» : :
- Husband's Wife's fidelity |Mheresin &
L. fidelity claim | 1 1 claim 1+
1.* 1.*| externally depends on >
<1 externally depends on 7
Z
«mode» 1 1 «mode» 1* inh .
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; | 1. 1. externally depends on >
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What does that buy us”

. Identification and Individuation of events

. Delimiting the scope of transitivity of parthood
. Subsetting, Specialization, Redefinition

. Incompatible Predication

. The Counting Problem

. Intentional versus Extensional Meta-Properties
. The Collapse of Cardinality Constraints

. Modularization

. The Representation of Anadyc Relations
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How to interpret 1..* 7

* Given a treatment, there is exactly one patient, exactly one healthcare provider
but both patient and healthcare provider can participate in many treatments



How to interpret 1..* 7

* Given a treatment, there is exactly one patient, exactly one healthcare provider
but both patient and healthcare provider can participate in many treatments

* Given a treatment, there are possibly many patients, exactly one healthcare
provider but both patient and healthcare provider can participate in many
treatments



How to interpret 1..* 7

* Given a treatment, there is exactly one patient, exactly one healthcare provider
but both patient and healthcare provider can participate in many treatments

* Given a treatment, there are possibly many patients, exactly one healthcare
provider but both patient and healthcare provider can participate in many
treatments

* Given a treatment, there is exactly one patient, possibly many healthcare
providers but both patient and healthcare provider can participate in many
treatments



How to interpret 1..* 7

* Given a treatment, there is exactly one patient, exactly one healthcare provider
but both patient and healthcare provider can participate in many treatments

* Given a treatment, there are possibly many patients, exactly one healthcare
provider but both patient and healthcare provider can participate in many
treatments

* Given a treatment, there is exactly one patient, possibly many healthcare
providers but both patient and healthcare provider can participate in many
treatments

* Given a treatment, there are possibly many patients, possibly many healthcare
providers and both patient and healthcare provider can participate in many
treatments



How to interpret 1..* 7

* Given a treatment, there is exactly one patient, exactly one healthcare provider
but both patient and healthcare provider can participate in many treatments

* Given a treatment, there are possibly many patients, exactly one healthcare
provider but both patient and healthcare provider can participate in many
treatments

* Given a treatment, there is exactly one patient, possibly many healthcare
providers but both patient and healthcare provider can participate in many
treatments

* Given a treatment, there are possibly many patients, possibly many healthcare
providers and both patient and healthcare provider can participate in many
treatments

* Given a treatment, there are possibly many patients, possibly many healthcare
providers and both patient and healthcare provider can participate in exactly
one treatment



purchases

«roleMixin» «roleMixin»
Customer | + * Supplier

«roleMixin»
Purchasedlitem



In a given purchase, a Customer participates by buying many
items from many Suppliers and a customer can participate in
several purchases;

In a given purchase, many Customers participate by buying many
items from many Suppliers, and a customer can participate in
only one purchase;

In given purchase, a Customer participates by buying many items
from a Supplier, and a customer can participate in several
purchases;

In given purchase, many Customers participate by buying many
items from a Supplier, and a customer can participate in several
purchases
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Anadyc Relations

play-with(dohn,Paul)
play-with(John,Paul,George)

play-with(John,Paul,George,Ringo)
play-with(John,Paul,George,Ringo, Yoko)
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<<mediation> > c<relator>> | <<mediation> >
- Trea:nent -
1.7
1 1.7
v * 1.7 * L
<<role>> L. L. <<role>>
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<<kind>>
Person

JAN

<<role>>
Patient

P> treated in

<<kind>>
Hospital

JAN

/N1

<<mediation>>

|
|
|
l
‘ 1..*

<<subkind>>
Healthcare
Provider

1.* | <<relator>>

Treatment

/N1

<<mediation>>

A {disjoint, complete}

Inpatient Treament

<<subkind>>

<<subkind>>

Outpatient Treament




<<kind>>
Person

i

P> treated in

<<kind>>
Hospital

i

|
|
|
|
* 1..*

<<role>>
Patient 1%
/N1 N1 1
1..%
<<mediation>>
1 <<characterization>>
<<characterization>>
<<mode>> . 1
Payment <
Duty
1
1
<<mode>> | ~ ¢
Care Right

<<relator>>
Treatment

*

*

<<subkind>>
Healthcare
Provider

/N1

<<mediation>>

4 {disjoint, complete}

<<subkind>>
Inpatient Treament

<<subkind>>
Outpatient Treament




<<kind>> <<kind>>

Person Hospital
P treated in :
<<role>> <<subkind> >
Patient 1% I 1 * Healthcare
- | - Provider
1 1 1 | N
Ly

<<mediation>>

1..* 1.
<<mediation>>
1 <<characterization>>
<<characterization>>
<<mode>> | ., 1 <<phase>>
Payment < Active Treatment
Duty <<relator>>
Treatment :]
1 <<phase>>
1 Suspended Treatment
<<mode>> | * ®
Care Right
4 {disjoint, complete}
<<subkind>> <<subkind>>

Inpatient Treament Outpatient Treament




<<kind>>
Person

JA

L.x <<mediation>>
<
<<kind>>
Organization
<<role>> A
- %*
Patient | | 1 1.
<<subkind>> <<subkind>> P <<relator>>
Hospital Insurance Company | <<mediation>> 0..* Health Insurance
A .
P treated in <<roless
1 * : 1L* H:altlT;are
" rovider
/N1 N /N . I
| 1..* —
4 <<mediation> > <<mediation>>
1.* 1.*
<<mediation>> 1 <<creation>>
<<event>>
1 <<characterization>> 1 Admission
<<characterization>> 1 <<termination>> <<event>>
<<mode>> 1 ¢ )
Payment Duty 1 Discharge 0
<<role>>
<T< relator>> <<phase>> |1 Insured Treatment
1 reatment Active Treatment
1
<<mode>> | © PN <
Care Right
<<phase>>
Suspended Treatment

{disjoint, complete} ZP

< <subkind>>
Inpatient Treament

< <subkind>>
Outpatient Treament




<<mediation>> <<mediation>>

; P> involves employer
<<kind>> <<role>> <involves employee <<relator>> ploy <<kind>>
Person < Employee 1 1. |Employment | 0..* 1 | Organization
LifeStatus
{complete,
disjoint}
Gender <<subkind>>
{complete, Car Agency
. disjoint} .
<<‘S;bkmd>> <<subkind>> <<phase>> <<phase>> R <<_L‘I’|ez> : <<£ole:4|X|n>> 1
CIuELC Man Living Person Deceased Person CEELELE EUlm A 1 CELeluldr | .
A CustomerNature <<mediption>>
4& 4& JAN AgePhase 1 {complete, A involves owner
disjoint
<<role>> <<role>> {complete, J }
Wife Husband disjoint} <<mediation>> .
A involvds customer 0..
1 1 <<relator>>
dots Car Ownershi
<<medigation>> : <<phase>> <<phase>> <<phase>> A A <<role>> <<role>> i
A involves wife <<med|ation>> : <l
A involves husband Child Teenager Adult Personal Customer Corporate Customer T
<<relator>> <<mediation>>
1 Marriage 1 A involves mediator
<<kind>> 1
1.* Car <<mediation>>
<<relator>> CarStatus dinvolves property
1..* Car Rental {complete,
disjoint}
1.* |
<<phase>> <<phase>>

<<medidtion>> Available Car Under Maintenance Car

V involvgs rental [ﬁ

<<role>>
1 Rental Car




Car Rental A
<<kind>>
Person LifeStatus
{complete,
disjoint}
<<role>> <<phase>> <<phase>>
<<kind>> Employee Deceased Person Living Person
Car Z% N
JA CarStatus | AgePhase
{complete, R <<_|r;|) eE> I {complete,
disjoint} esponsible tmployee disjoint}
1
<<phase>> <<phase>> <_<medi?ti°">_> <<phase>> | | <<phase>> <<7\TSI(:>>
Under Maintenance Car A involves mediator Child Teenager u
A

Available Car

<<role>>

<<mediation>>
<qinvolves rental

oo™

<<relator>>

<<mediation>>
P> involves customer

Rental Car |1

Car Rental (1 =

oo™

<<kind>>
Organization

<<roleMixin>>

1 Customer
CustomerNature
{complete,
disjoint}
<<role>>

Corporate Customer

<<role>>

Personal Customer

Employment A
<<kind>>
Person
ﬁk <<mediation>> <<mediation>>
<<role>> | <involves employee |<<relator>> | P> involves employer <<kind>>
Employee 1 1..* |Employment | 0. * 1 | Organization
Car Ownership
<<kind>>

Organization

T

<<mediation>>

<<subkind>>
Car Agency

<qinvolves owner

<<mediation>>

1

0.*

<<relator>>

P> involves property

<<kind>>

Car Ownership | 1

1 Car

]

Marriage
<<kind>> Gender
Person
{complete,
disjoint}

o

<<subkind>>
Man

i

<<role>>
Husband

1

<

<<mediation>>
A involves husband

<relator>>

<<subkind>>
Woman

7

<<role>>
Wife

1

Marriage

1

<<mediation>>
A involves wife




What does that buy us”

. Truthmaking and Explanation

2. Makes justice to the complexity of the relational
ohenomena (Precision)

3. Helps to elicit tacit knowledge that would
otherwise remain tacit (Completeness)

4. Disambiguation (Semantic Clarity)



Possible Intended
Interpretations Interpretations
of a of that
Model Model



Contraints
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The Emerging Anti-Pattern

<<kind>>
K

JAN

<<role>>
R2

N 1

<<mediation>>

1 N
"
-

<<role>> < 1 L.* | <<relator>> 1.7 1 S <<role>>

R1 R N R3
<<mediation>> <<mediation>>




Anti-Pattern Catalogue

Association Cycle

Binary Relation Between Over. Types
Deceiving Intersection

Free Role Specialization

Imprecise Abstraction

Multiple Relational Dependency
Part Composing Over. Roles

Whole Composed by Over. Parts
Relator Mediating Over. Types (RelOver)
Relation Composition

Relator Mediating Rigid Types
Relation Specialization

Repeatable Relator Instances

Relationally Dependent Phase
Generalization Set With Mixed Rigidity
Heterogeneous Collective
Homogeneous Functional Complex
Mixin With Same Identity

Mixin With Same Rigidity

Undefined Formal Association
Undefined Phase Partition



Relation Specialization

(RelSpec)

<<kind>>
Heart

JA\

Rell
Typel € N Type2
|
|
JAN | JAN

|
|
I
|
l

Rel2 !

Subtypel = . Subtype 2

<<role>>
Heart as
Blood Pump

<<kind>>
Ventricle

JA\

<<role>>
Ventricle as
Blood Pump

16



hasPart hasPart

Ventriclel

VentricleO



hasPart |pumpsWith

hasPart

VentricleAsPumpO VentricleAsPump1



What if we went big...
(searching for Anti-
Patterns on WikiData)



Multi-Level Modeling

=" [ Profession ](—

.
' |
: A i

subclass of : subclass of I

ﬂ . [ Creator ) |
| instance of
|
i A
A Instance of subclass of

subclass of [ Scientist

—
l
S A

Computer
Scientist

l
l
l
l
l
| subclass of
l
l
l
l
l

h - .

\\instsnce of
.
T

Tim Berners-Lee




What if we went big...

Number of classes in any taxonomic hierarchy 337,102

Number of classes in taxonomic hierarchies

. 17,819
spanning more than one level

Number of classes involved in AP1 15,177




Person

N

Living Deceased
Person Person

Vx LivingPerson(x) — Person(x)

Vx DeceasedPerson(x) — Person(x)
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D.Person

D.Person

'k’ Person
/ AT

L.Person .

'n" _.p{ Person

L.Person
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i) Person 4—@ i) Person L

Living Deceased ; Living Deceased
Person Person J Person Person

Vx LivingPerson(x) — Person(x)

Vx DeceasedPerson(x) — Person(x)

Vx Person(x) — LivingPerson(x) V DeceasedPerson(x)

—dxLivingPerson(x) A DeceasedPerson(x)



Validation
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