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Schedule

| ;-s“ 09:00 — 10:30 (First Part)
e 10:30 —10:50 (Coffee Break)
 10:50-12:20 (Second Part)
e 12:20 —13:30 (Lunch Part)
e 13:30 — 14:30 (Third Part)



Foundational

represented by

Ontology

interpreted as

Conceptual
Modeling
Language

1. The foundational ontology considered should be one that takes
seriously human language and cognition (a descriptive

metaphysics as opposed to a revisionary one);

2. Domain appropriateness should not be sacrificed for the sake of

computational efficiency;

3. Conceptual Modelers do not have to deal with the complexity of
the ontological theories necessarily.



Cognitive represented by
Foundational

Ontology (UFO

UML

interpreted as







Predicate Logics

v Syntax
# term:= constant | variable
formula:=T|F|t,=t,|P(t,..t.) | ~A|A, OA,|OA|O...
Semantica
M =<D,§ >
£c) 0D
&(Pr) U Dn
Pt ) =T <&(ty)...&(t)> O EP7)



Predicate Logics

D ={a,b,c,d}

¢(John)=a

¢(Mary) =b

¢(married-to ) = {<a,b>,<c,d>}

married-to(John,Mary) ?
[OxCy married-to(x,y)?



Modal Logics

Syntax

Extends Predicate Logics with two operators:
(necessity) e (possibility)

Semantics

M =<D,F,&>

F =<W,R> (Frame)

¢ is world-indexed (w~ OW)



Modal Logics

D ={a,b,c,d,e}
¢(John)=a
¢(Mary) =D

¢(married-to,w ) = {<a,b>,<c,d>}
¢(married-to,w” ) = {<a,b>}
¢(married-to,w”” ) = {<a,b>,<c,e>}

married-to(John,Mary) ?
married-to(John,Mary) ?



Modal Logics

((AW) =T  forallwOW [R(ww), E(AwW)=T
(AW =T  thereisaw UOW |[R(ww), EAW)=T



Modal Logics

D ={a,b,c,d,e}

¢(married-to,w ) = {<c,d>}
¢(married-to,w” ) = {<a,b>}
¢(married-to,w”” ) = {<a,b>,<c,e>}

married-to(John,Mary) ?
married-to(John,Mary) ?



Modal Logics

s O
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Modal Logics

married-to(John,Mary): yes
married-to(John,Mary): yes

s @






Modal Logics

married-to(John,Mary): yes
married-to(John,Mary): yes



Modal Logics

Examples of Systems of Modal Logics
Include:

- Temporal Logics
- Deontic Logics
- Epistemic Logics



How to make your own Non-Classical Logics

Propositional

) Predicate 22 Order
Logics Calculus Logics order
Many-Valued

Logics
Modal
Logics

Truth-
v

Values contextuality



Part || — Some Exercises...



Domain (1)

e You want to model a small description of
the domain of genealogy. In this domain, we
have concepts such as Person, Father,
Mother, Offspring, Parent, Ancestor, etc., as
well as the relations between these
concepts. People in this domain can be
either Alive or Deceased.



Domain (2)

You want to represent a small description of the
domain of agents. Agents can be either human
agents or organizations. We only consider Human
Organizations here, thus, organizations are always
groups of people. Organizations can be Active or
Extinct. Agents are said to have some mental states
such as beliefs, desires and Intentions. Beliefs are
state of affairs in reality that agents think are true.
Desires are state of affairs, they would like to be
true. Intentions (or Goals) are state of affairs Agents
commit to pursue (i.e., commit to make them true).
Sometimes an agent cannot pursue more than one
Intention at the same time. Thus, intentions must
have a priority for agents, i.e., intentions must be
more important than others. Only people who are
living and organizations that are active can have
mental states.



Domain (3)

You want to represent a small description of the
domain of the music industry. You want to represent
information about artists. Artists can be either
people or bands. Bands are composed of people.
Artists have albums composed of tracks, which are,
of course, recorded by artists. It is well known that
Guitar Players are the best paid musicians. Guitar
Players have a special insurance policy
safeguarding their hands. Different Insurance
Companies can insure a Guitar Player. In this
domain, in order to have a insurance policy
someone must be a Guitar Player and in order to be
a Guitar Player, someone must have at least a hand
(think about Stanley Jordan :-)



Domain (4)

* You want to represent a small description of the
domain of a hospital. You want to represent
information about People who are treated by the
Hospital. The Hospital is composed of several
medical units. People that are treated have a number
of symptoms. These symptoms have a duration and
there are causality relations between them. If people
have symptoms which belong to the competence
area of different medical units then they can be
treated by several medical units. The hospital hast o
know how many people are treated by each medical
unit in a certain period.



Part Il — Identity, Classification and
Taxonomic Structures



Main Objective

« Use a theory of conceptual modeling
universals to provide a foundation for the
different types of classifiers (types, roles,
phases, mixins, categories...) which are
used in the practice of conceptual modeling
as well as methodological guidelines that
help the user in deciding how to model
elements that denote universal properties in
a given domain



General Terms and Common Nouns

i

-

. (1) exactly five mice were in the kitchen last nigh  t

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



General Terms and Common Nouns

._ (1) exactly five X ...
e (ii) the Y whichis Z...



General Terms and Common Nouns

-

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

e (ii) the which has eaten the cheese, has been
In turn eaten by the cat



General Terms and Common Nouns

~ s Both and require that the
thing (or things) which are refered to or which
form the domain of quantification are
, 1.e. their conditions for
and must be determinate



¥ Sortal and Characterizing Universals

~ « Whilst the supply only a
for the individuals they
collect, supply both a principle

of application and a






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 (Gupta, Macnamara, Wiggins,
Hirsch, Strawson)

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



Unique principle of Identity




Unique principle of Identity




Foundations

* (2) An individual cannot obey incompatible
principles of identity (Gupta, Macnamara,
Wiggins, Hirsch, Strawson)



Sortal and Non-Sortal

Category of Type

Carry ldentity

SORTAL

+

NON-SORTAL







Rigidity

Atype Uis (+R) iff, every instance of U
IS necessarily so. Atype T is (-R) iff
every instance of T is not necessarily so.

Ex: Person v.s. Student

RIGID() = o(0x @(X) - 0@Xx))
ANTI-RIGID(@) = o(0x @(X) - = @(X))



«role»
Student

Person




Sortal and Non-Sortal

Category of Type Carry Rigidity
|dentity
SORTAL + +/-
Rigid Sortal + +
Phased Sortal + -

NON-SORTAL - +/~



Foundations

(3) 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
specializations and from which they will inherit a
principle of identity (Wiggins)



Restriction Principle

(4)

(5)

(6)

Instances of P and P’ must
have obey a principle of
identity (by 1)

The principles obeyed by the
Instances of P and P’ must be
the same (by 2)

The common principle of
identity cannot be supplied by
P neither by P’



Uniqueness Principle

(7) G and S cannot have incompatible
principles of identity (by 2). Therefore,
either:

- G supplies the same principle as S
and therefore G is the ultimate Sortal

- G is does not supply any principle of
identity (non-sortal)




Foundations

e e An Object in a conceptual model of the domain
#7 cannot instantiate more than one ultimate

( ).

A Non-sortal type cannot have direct instances.

A Non-sortal type cannot appear in a conceptual
model as a subtype of a sortal



Different Categories of Types

Category of Type Supply Carry Rigidity
|dentity |dentity
SORTAL +/- +
« kind » + + +
« subkind » - + +
Phased Sortal - + -

NON-SORTAL - - +/~



«kind» «kind»
SocialBeing Group

AN

instance of

TheBeatles




«kind»
SocialBeing

AN

«Kind»

Organization |<>

instance of

TheBeatles

Group

)l\ instance of

{John.Paul.George.Ringo}




Different Categories of Types

Category of Type Supply Carry Rigidity
|dentity |dentity

SORTAL +/- +
« Kind » + + +
« subkind » - + +
Phased Sortal - + -

NON-SORTAL - - +/~



Relational Dependence

An individual x is relationally dependent on an
individual y w.r.t. arelation R iff, at any
situation that x exists, y also exists and R(X,y)
holds

e A universal U is iff, for
all its instances, there exists something they
dependent on.

DEP(@.y,R) = o(0x @x) - Dyg(y) LR(x,y))



Different Categories of Types

Category of Type Supply Carry Rigidity Dependence
Identity |dentity

SORTAL - + +/- +/-

« kind » + + + -

« subkind » - + + -

« role » - + - +

« phase » - + - -
NON-SORTAL - - +/- +/-



«role»
Student

«role»
Student

Educationallnstitution

Educationallnstitution




+R-D
Person

AN

~R-D {disjoint,complete} ~R-D

«phase» «phase»
LivingPerson DeceasedPerson




«kind»
Person

K

JAN

Man

{disjoint, complete}

{disjoint, complete}

Woman

«phase»
Child

«phase»
Adolescent

«phase»
Adult




«role»
Student

/\

Person

A rigid type cannot be a subtype of a an anti-rigid type.



Student

Person

© N OhwWDhE

Substance and Phased-Sortals

[Ox Person(x) - Person(x)
[Ix Student(x) - = Student(x)
(Person(x) - Student(x))
Person(John)

Student(John)

Person(John)

Student(John)

Student(John) [
- Student(John)



Different Categories of Types

Category of Type Supply | dentity Rigidity Dependence
| dentity
SORTAL - + +/- +-
«kind » + + + .
« subkind » - + + -
«role» - + - +
« phase » - + - -
NON-SORTAL - - +/~ +/-
« category » - - + -
«roleMixin » - - - +

«mixin »




«wcategory»
Rational Entity

JAN

«Kind» «kind»
Person Artificial Agent




«Mmixin»
Seatable

VAN

Crate

«kind» ‘

FAN

wkind»
Chair

«phase»
Solid Crate

«phase»
Broken Crate




Different Categories of Types

Category of Type Supply | dentity Rigidity Dependence
| dentity
SORTAL - + +/- +-
«kind » + + + .
« subkind » - + + -
«role» - + - +
« phase » - + - -
NON-SORTAL - - +/~ +/-
« category » - - + -
«roleMixin » - - - +

«mixin »




represented by

Cognitive
Foundational
Ontology (UFO

UML

interpreted as




Reinforcing an Isomorphism

J—U]

Ontology UML 2.0
(UFO) Metamodel




NamedElameant

name: String0..1]

1.7

fsource

frelatedElement

GeneralizationSet

Relationship
DirectedRelationship
FaY
Type
. % specific generalization
m I" |Gnnnral|:atlnn
; | isAbstract: Boolean = false i *
enera .ﬂ\
1 general
Class

scwaﬂng:ﬁmlun = false
sDisjoint-Boalean = rue




gander

i

gender

MalePerson

(a)

Person

éFl gendear

FemalePerson

MalePerson

FemalePerson

MalePerson

FemalePerson

(k)

(ch




Universal

{disjoint} Z‘k

Monadic Universal Relation

{disjoint} %

Substantial Universal Moment Universal
ol ", P {disjoint, complete}
SortalUniversal MixinUniversal
{disjoint, complete} {disjoint, complete}
AntiRigidSortal RigidMixin NonRigidMixin
RigidSortal A A A

A {disjoint, complete}

{disjoint, complete}

{disjoint, complete}
AntiRigidMixin SemiRigidMixin

Substance Sortal SubKind Phase Role Category RoleMixin Mixin

AN

{disjoint, complete}

Kind Quantity Collective




Non-Isomorphic Mapping

 Regarding the modeling of Object Types,
UML has a serious case of Ontological
Incompleteness (it could also be seen as a
case of Non-Lucidity)

 Moreover, the UML metamodel allows for a
number of grammatically valid models
which do not represent ontologically valid
abstractions



gl NamedElement

/general

GeneralizationSet

Classifier

isAbstract:Boolean = false

general

>

1“*

/source

specific

1

IrelatedElement

Element <
1.x

target

Relationship

iDirectedReIationship

generalization

Generalization

isCovering:Boolean = false
isDisjoint:Boolean = true

Object Class

>I

{disjoint, complete}

Sortal Class

{disjoint, complete}

{disjoint, complete}

| Rigid Sortal Class

|Anti Rigid Sortal Class |

| Rigid Mixin Class | | Non Rigid Mixin Class |

{disjoint, complete}

JAN

2\

{disjoint, complete}

{disjoint, complete}

| Anti Rigid Mixin Class | | Semi Rigid Mixin |
/\

Substance Sortal || SubKind | |

Phase

| | Role

| Category | | RoleMixin |

{disjoint, complete}

Collective

Kind | | Quantity

isExtensional:Boolean




Postulates of the Theory

e Postulate 1: Every Individual in a
conceptual model (CM) of the domain must
be an instance of a conceptual modeling
type representing a sortal.

e Postulate 2: An individual represented in a
conceptual model of the domain must
Instantiate exactly one Type representing
an ultimate Substance Sortal.




Postulates of the Theory

 Postulate 3. A Type representing a rigid
universal cannot specialize a Type
representing an anti-rigid one.

 Postulate 4: A Type representing a mixin
cannot specialize a Type representing a
Sortal.




Substance Sortal Substance Sorfal is an abstract metaclass that represents the general
properties of all substance sortals, 1.e., rigid, relationally independent object
universals that supply a principle of identity for their instances. Substance

Sortal has no concrete syntax. Thus, symbolic representations are defined

Iji each of its concrete subclasses.

1. Every substantial object represented in a conceptual model using this profile must be an
instance of a substance sortal, directly or indirectly. This means that every concrete element
of this profile used in a class diagram (isAbstract = false) must include in its general
collection one class stereotyped as either «kind», «quantity= or «collective=. This constraint
is a refinement of postulate 4.1 in chapter 4;

2. A substantial object represented in a conceptual model using this profile cannot be an
instance of more than one ultimate substance sortal. This means that any stereotyped class
in this profile used in a class diagram must not include in its general collection more than
one substance sortal class. Moreover, a substance sortal must also not include another
substance sortal nor a « subkind » in its general collection, i.e., a substance sortal cannot
have as a supertype a member of {«kind», «subkind», «guantity», <collective-}. This
constraint is a refinement of postulate 4.2 in chapter 4;

3. A Class representing a rigid substantial universal cannot be a subclass of a Class
representing an anti-rigid universal. Thus, a substance sortal cannot have as a supertype
(must not include in its general collection) a member of {«phase=, «role=, «roleMixin=1}.
This constraint is a result of postulate 4.3 in chapter 4.




wsubkinds
A

A

A «kind- represents a subsfance sorfal whose instances are funclional
complexes. Examples include instances of Natural Kinds (such as Person,
Dog, Tree) and of artifacts (Chair, Car, Television).

A «subkind- is a rigid, relationally independent restriction of a substance
sortal that carries the principle of identity supplied by it. An example could
be the subkind MalePerson of the kind Person. In general, the stereotype
«Subkind- can be omitted in conceptual models without loss of clarity.

1. Following postulate 4.3, a «subkind- cannot have as a supertype (must not include in its
general collection) a member of {«phases, «role=, «roleMixin=}.




A «phase- represents the phased-sortals phase, i.e. anfi-rigid and
refationally independent universals defined as part of a partition of a

substance sortal. For instance, {Catterpillar, Butterflyy partitions the kind
Lepdopterum.

1. Phases are anti-rigid universals and, thus, a «phase» cannot appear in a conceptual
model as a supertype of a rigid universal (postulate 4.3);

2. The phases {P,...P,} that form a phase-partition of a substance sortal S are represented
in a class diagram as a disjoint and complete generalization set. In other words, a
GeneralizationSet with  (isCovering = true) and (isDisjoint = true) is used in a

representation mapping as the representation for the ontological concept of a phase-
partition.




«role» A «role- represents a phased-sortal role, i.e. anti-rigid and relationally
A dependent universal. For instance, the role student is played by an instance
of the kind Person.

1. Roles anti-rigid universals and, thus, a «role» cannot appear in a conceptual model as a
supertype of arigid universal (postulate 4.3);

2. Let X be a class stereotyped as «role- and r be an association representing X's restriction
condition. Then, #X.r = 1. This constraint is elaborated in the next section, after additional
elements of the UML metamodel are considered.




Mixin Class Mixin Class is an abstract metaclass that represents the general properties of
all mixins, i.e.. non-sortals (or dispersive universals). Mixin Class has no
concrete syntax. Thus, symbolic representations are defined by each of its
concrete subclasses.

1. Following postulate 4.4 we have that a class representing a non-sortal universal cannot be
a subclass of a class representing a Sortal. As a consequence of this postulate we have that
a mixin class cannot have as a supertype (must not include in its general collection) a
member of {«kind», «quantity», «collective», «subkind», «phase», «role=}.

2. Moreover, as a consequence of postulate 4.1, a non-sortal cannot have direct instances.
Therefore, a mixin class must always be depicted as an abstract class (isAbstract = true).




acategory»
A

A «category- represents a rigid and relationally independent mixin, i.e., a
dispersive universal that aggregates essential properties which are common
to different substance sortals. For example, the category RationalEntity as a
generalization of Person and IntelligentAgent.

1. As a consequence of this postulate and of postulate 4.3, we have that a «category» cannat
have a «roleMixin= as a supertype. In other words, together with condition 1 for all mixins we
have that a «category> can only be subsumed by another «categorys or & «mixins.




«roleMixin» A «roleMixin=- represents an anti-rigid and externally dependent non-sortal,

A i.e., a dispersive universal that aggregates properties which are common to
different roles. In includes formal roles such as whole and part, and initiatior
and responder.

1. Let X be a class stereotyped as <roleMixin= and r be an association representing X's
restriction condition. Then, #X.r = 1. The latter constraint is elaborated in the next section,
after additional elements of the UML metamodel are introduced.

«Mixin» A «mixin= represents properties which are essential to some of its instances

A and accidental to others (semi-rigidity). An example is the mixin Seatable,
which represents a property that can be considered essential to the kinds
Chair and Stool, but accidental to Crate, Paper Box or Rock.

1. Due to postulates 4.3, we have that a «mixin= cannot have a «roleMixin- as a supertype.




Role Modeling with Multiple Allowed Types

“*how would one model the customer entity

conceptually? The Customer as a supertype
of Organisation and Person? The Customer
as a subtype of Organisation and Person?

The Customer as a relationship between or
Organisation and (Organization or Person)?”

(van Belle, 1999)



Roles with Disjoint Admissible Types

«role»Customer

JAN

Person Organization




Roles with Disjoint Admissible Types

Person Organization

X A

«role»Customer




Roles with Disjoint Admissible Types

«roleMixin»
Customer




Roles with Disjoint Admissible Types

«roleMixin»

Custg\mer
L\

«role» «role»
PersonalCustomer CorporateCustomer




Roles with Disjoint Admissible Types

«roleMixin»
Custg\mer

Person o Organization

AN /\

«role» «role»
PersonalCustomer CorporateCustomer




Roles with Disjoint Admissible Types

1 *
B «role»
— Supplier
«roleMixin» 1.*
Custgmer
Person o Organization

AN /\

«role» «role»
PersonalCustomer CorporateCustomer




Participant

participation

JAN

Person

SIG

Forum




wrolehdixin: akind»
Participant Social Being
akind» SIG I

Person %

droles «roles
IndividualParticipant || CollectiveParticipant




Psychological Evidence




Formalization

A language L of quantified modal logics with identi ty —
accessibility relation is universal, domain of quan tification
IS possibilita and the elements that constitute the domain

D of quantification are snapshots (momentary states ) of
continuants

The intention of a unary predicate is represented b ya
property P, i.e., a function P: W - [ (D) that maps from
each world w to the set of objects to which the pro perty
applies

Example: The predicate Rational can be represented by
the property R such that

R(w) = {a,b,c}
a,b and c are rational in w

This represents the principle of application  supplied by
the classifier Rational



Formalization

The intention of Sortal classifiers, such as Person and
Student, are represented as intentional properties , such
that for a sortal universal Person there is a funciti on A that
maps every world w to a set of individual concepts

associated with that universal Person

AW) = {J,M,L} St(w) = {J,M}
AW = {I,M,L} Stw’) = {M,L}



Formalization

The intention of the proper name is represented by an
individual concept J, i.e., a function that maps to a
snapshop of a continuant in each world w:

(J:W - D)

Jw)=a;JWw)=Db
anda,b OD

An individual a 0D is a Student in w iff there is an
individual concept k [0 St(w) such that k(w) = a



Formalization

Individual Concepts represent the principle of iden tity
supplied by the universal Person such that if J(w) =aand
J(wW’) = b then we say that a is the same personas b



Ontology Metamodel  Concrete
Visual Syntax



™

«phase»
DeceasedPerson

{disjoint,complete}

«role»
Ancestor

> «kind»
Person

<

Z%{disjoint,complete}

«SubKind»

«subKind»

Man Woman
/\ /\
A «role»
Parent «role»
0 I Offspring
1.2 A 1%
motherOf
«role»
Mother .
0.1 1.
«role»
Father
| fatherOf
0.1
{disjoint,complete}
/parentOf \V4 1 %
/ancestorOf v
«role»

* Descendent




Language composri]tion of |
O is-arrov_v- path-connecte
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2 A

D

(a) (b) (c)




Final Considerations

Foundational ontologies can bring important
benefits to the theory of Conceptual Modeling

 Ontology-based conceptual modeling languages
and tools should reinforce consistency, not the

truth !

 The theory of universals is completely
formalized and, thus, is also used to provide
semantics for semantics for the profile



