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The Role of Foundational Ontologies for Conceptual
Modeling and Domain Ontology Representation

Giancarlo Guizzardi
Computer Science Department, Federal University of
Espirito Santo, Vitéria, Brazil
Laboratory for Applied Ontology (LOA),
ISTC-CNR, Trento, Italy

Abstract— In recent years, there has been a growing interest

in the development and use of domain ontologies, rehgly

motivated by the Semantic Web initiative. However,as we
demonstrate in this paper, an approach for ontology
representation uniquely based on the modeling langges
adopted in the Semantic Web is insufficient to addyss a
number of semantic interoperability problems that aise in

concrete application scenarios. The main objectivef this paper
is to advocate in favor of an approach for conceptal modeling,
in general, and domain ontology representation, irparticular,

in which lightweight modeling languages such as OWland

standard UML are complemented by modeling languageand

methodologies based on theoretically principled Fodational

Ontologies.

. INTRODUCTION

as most other languages which are used for coraeptu
modeling, in general, and ontology representatiam,
particular (e.g., UML, ER, LINGO), are based on ety
simple meta-conceptualization, namely, the one ef- s
theory. For this reason, they are named Heghtweight
ontology languages, and the models produced using them are
named, accordinglyightweight ontologies.

In this paper, we demonstrate the insufficiencythafse
lightweight ontology languages to tackle a number of
semantic interoperability problems that can arrs@an open
and dynamic scenario (such as, for instance, theaSgc
Web). We then advocate that these languages shmild
complemented by a language and methodology baseal on
Foundational Ontology, i.e., a domain-independent common-
sense theory constructed by aggregating suitable

Since the word ontology was mentioned in a computegontributions from areas such as descriptive mefsips,
related discipline for the first time [1], ontolegi have been phijlosophical logics, cognitive science and lingos

applied in a multitude of areas in computer sciefi¢e first
noticeable growth of interest in the subject in M@90’s
was motivated by the need to

In the remaining of this article we will make uska
running example to demonstrate the defended argurhen

create  principledsection 2, we present a number of lightweight @uisls

representations of domain knowledge in the knowéedguysed in a typical Semantic Web application, anieresome

sharing and reuse community in Al, which motivatbé

semantic interoperability problems in the modeliagd

creation of forums such as the conference serietSFOjntegration of these ontologies reported in therditure. In

(Formal Ontology and Information SysterhsiNonetheless,

an explosion of works related to the subject orggened in
the past five years, highly motivated by the grayinterest

this section, we also show that lightweight ontidsg
equivalent to the ones discussed exist and aretiveause in
the Semantic Web, thus, demonstrating the expeeliehthe

on the Semantic Web, and by the key role played byroblem discussed here. Section 3 exemplifies how a

ontologies in that initiative. Just to illustratieig point, the
paper submission rate from the first InternatioBamantic

modeling language and methodology rooted in a taaly
principled Foundational Ontology can be used to tackle the

Web Working Symposium (SWWS) in 2001 [2] to the 4thproblems discussed in section 2. Section 4 elaksrah
edition of the International Semantic Web Confeeenc some final considerations of this article.

(ICSW) [3] has increased by around 300%.

In the scope of the Semantic Web, ontologies are Il
represented using a family of description logicsduh

LIGHTWEIGH ONTOLOGIES IN A SEMANTIC WEB
APPLICATION SCENARIO

languages which includes the languages RDF (Resourcrjos [4] proposes an architecture for an ontoloayell
Description Framework), DAML (DARPA Agent Modeling context-aware service platfofmThis platform, depicted in

Language) and, more recently, the W3C recommentlatiosigure 1 below, employs distributed and concursent|
OWL (Ontology Web Language). These languages, ds we

2 For a complete description of the proposed archite and the WASP

! hitp://www.fois.org/ platform one should refer to [4].



developed ontologieso define the semantics of syntactic There are two axioms defined for tGeatial ontology:
items which are used to compose the messages egathy 1. For every two arbitrary physical objects X and Y, i

the platform and its environment. These messagesde there are two spatial locations A, B, such that X
both context-aware applications service subscrmgtiand occupies A, Y occupies B, and A is equal to B, ten
context-information supplied by external (contgxviders. and Y are the same physical object.
Service Providers This axiom helps the users of this ontology to tifgran
object in a given time instargyfichronic identity). However,
Ap;’}’i’:;f’ons \j Context Providers it_ cannot dist_inguish_if two physical ijec_ts X and at
different spatial locations in different time insta are the
ﬁ WsP Plaorm g ! same objects d{achronic identity). For this reason, the
: o ontology prescribes the following axiom.
defined %, |accesses / define
interms of , : niems.o 2. For every two arbitrary physical objects X and Y sX
@ equal to Y if and only if they have the same pairts,
_ theidentity criteria for physical objects is determined by
Set orontologies the sum of its partextensional identity criteria).
Fig. 1. An Ontology-Based version of the WASP platform A second 0nto|ogy presented in the examp]e regmds

As demonstrated by Rios, the use of ontologieshis t Medical domain. (see fragment on Figure 3) This ontology

version of the WASP platform brings a number of amant ~ defines some medically related concepts suctHasan

benefits to the original proposal [5]. These beaéficlude: Organ or Human Being and Surgery Room. Rios presents a

1. More intelligent behaviour and the ability to reasbout situation, i W_h'Ch tthed|caI or_1to|ogy_ imports the
context information: concepts ofSpatial Locat|_on and Phys_|cal Object f_rom the

L ' . Soatial ontology (symbolized by the i: character in thenea

2. Reusabﬂﬂy. the platform can (re)usg aIreao!y OB of the class representing these concepts). Theisdeaallow
ontologies for the modeling of context information; for the possibility of defining applications for etking

3. Flexibility: in contrast to the original proposathe |ocation of patients, locate organs for transplamisd so
platform is not closed w.r.t. a pre-defined setcoftext forth.

modeling concepts. ’ RS patil

Location

i:Physical
Object

T

Biological Inanimate
Object Object

Due to these benefits, ontologies are being corsidén
practically all the architectural evolutions of ghplatform ’

[6].

Surgery
Room

In spite of these benefits, Rios discusses the ’—?
insufficiency of Semantic Web languages (and tlasipced ’ T o
lightweight ontologies) to prevent interoperabilijtyoblems Orgar Bete
when different ontologies are integrated in suckcanario. #—‘
This author proposes an illustrative example on the ERREE
integration of five independent domain ontologi€ke first
ontology (whose fragment is depicted in Figure 2)ai Fig. 3.  Fragment of a Medical Ontology (from [4])

Spatial ontology that defines the concepts of Sphatication
and Physical Object and their corresponding progee(e.g.,
Spatial Location includes attributes such as ldé&tuand
longitude coordinates). This ontology might be ¢deed as
a very simple generic ontology, as it does not rdefi
knowledge related to any specific domain. Thus;aih be
referred or imported by different domain ontologié%r
example, this ontology could be used by a GPS seaggnt
to provide a service to track the location of pbgbiobjects
in a context-aware platform.

A third presented ontology, i.e. a fragment ofLegal
ontology, is shown in Figure 4. This fragment reerds
legal aspects of people that can be used by buwet#nic
applications. This ontology imports the conceptdHaman
Being, Male and Female from the Medical ontology. This
import allows, for example, legal applications &er to the
medical histories of people; to have access ta thetisonal
data (e.g., blood type, skin color, fingerprintsgight,
weight); to differentiate people by sex; and to main a
record of living and deceased people in a community

Spatial

Location princludes

prislnsidc p:occupie:

Physical
Object

Fig. 2. Fragment of a Spatial Ontology (from [4])



Fig. 4. Fragment of a Legal Ontology (from [4])

Figure 5 shows a fragment of Museum ontology, which

imports theSpatial and theMedical ontology to respectively
define spatial locations like galleries within a seum, or
inanimate objects like statues. These imported logies

allow for applications to locate objects within theiseum
(e.g., statues, paintings) using tflaseum ontology.

i:Inanimate i:Spatial
Object Location
/A /A

Statue ’

| o |

Fig. 5. Fragment of a Museum Ontology (from [4])
Finally, Figure 6 represents a fragment of Musical
Ontology containing some related concepts. Riomegfas
an application for the complete ontology (to whitlis
fragment belongs) aftvent Advisor, which notifies users
about upcoming events that match their personairésts.

The Music ontology imports from the Legal ontology

concepts like person (and its possible attribuike, name,

age, sex, etc.).
Artist

’ Band }(}—‘ i:Persor

Fragment of a Music Ontology (from [4])

Fig. 6.

A. Concrete Examplesin the Semantic Web

In the original scenario proposed by Rios, the used

ontologies are created for the purpose of exergplifin,
with the aim of representing stereotypical problémeases
found in the WASP platform. The objective of thex8on is
to demonstrate that real ontologies exist in cur@smantic
Web efforts which are structurally similar to thenes
proposed by the author, and which are used by ipoaers
in concrete semantic web applications. Moreover, algn
show that there are concrete efforts to unify thesgarate
lightweight ontologies in context-aware applicaiom a

manner analogous to the one described in the soenar

proposed by Rios.

A fragment of aviusic Ontology such as the one presented
in Figure 6 can be found in practice in thksicBrainz Il
Metadata proposal®. A simplified version of the
MusicBrainz database structure is presented inrEigu In
this model, like in the one of Figure 6, the intentmight be
to represent that Artists can be either people mupms.
However, due to the semantics of the subsumptitatioa,
what actually is represented is that every persoani artist
(and analogously, every group is an artist).

p:creatorOf
Album

p:track

p:creatorOf

Artist Track

‘ Person ‘ ‘ Group ‘

partOf

Fig. 7. Fragment of the MusicBrainz metadata proposal

In fact, the model excerpt depicted in Figure 7 lsarseen
as an extension of a more general pattern fourldeif OAF
(Friend-of-a-Friend) ontology’ shown in Figure 8 below.
The FOAF ontology is a proposal for capturing cqise
related to the representation of personal inforomatand
social relationships. Its purpose is to serve dsasis for
developing computational support for online comrtiesi
The FOAF ontology is also used by the SOUPA ontplog
(see discussion below) to support the expressiod an
reasoning about a person’s profile and social cotions in
pervasive computing applications.

p:memberOf
AN
B Person | | Group |
:khows
P A

Fig. 8. Fragment of the FOAF (Friend of a Friend) Ontology

LocationCoordinates

longitude
latitude
altitude

p:hasLocation

SpatialThing
/\

GeographicSpace

p:spatiallySubsumedBy p:spatiallySyibsumes

Fig. 9. Fragment of the SOUPA (Standard Ontology for theguitous
and Pervasive Applications) dealing with spatiai@pts and relations

The conceptualization modeled in the fragment gfuFé 8
has an analogous representation in the SOUPA (&tdnd
Ontology for the Ubiquitous and Pervasive Applioajf

3 MusicBrainz is a large database of music metadata
(http://www.musicbrainz.org/).

4 See The FOAF Project (http://www.foaf-project.praid the FOAF
Vocabulary Specification (http://xmins.com/foaf/.1

® http://pervasive.semanticweb.org.



Ontology [8]. The SOUPA ontology also includes aatsyd
Ontology (such as the one of Figure 2), whose fegnis
presented in Figure.9

effect, the ontology also states that every persona
performer artist”;
3. “Since Musical ontology imports the Legal ontology,

SOUPA is a proposal for a standard ontology fothich imports the Medical ontology, the heart (afidother

supporting pervasive and ubiquitous computing aptbn.
It integrates parts of several other ontologiehsas FOAF,
DAML-Time [9], OpenCyC and OpenGIS [10] (Spatial
Entities), Rei Policy ontology [11], and COBRA-ONI2],
but also an ontology defining agent related coreepimed
MoGATU BDI ontology (see Figure 10)

p:believes

Agent

p:higherThan

p:hasPriorityLevel
E ProrityLevel H

p:morelmportantThan  p:asimportantAs

F _ p:hasPriority
<] Intention \I'l Prority
p:lessl antThan

Fragment of the MoGATU BDI ontology

p:desires

desire |

printends

Fig. 10.

B. Interoperability Problems

In [4], Rios highlights the following problems thedn occur
with the integration of these ontologies:

1. “An application using the Medical ontology can deri
the following wrong information: if a human beingceives a
heart transplant, he/she becomes a different hulpeamg.
This is due to the extensional identity criteriahigh is
defined for physical objects in the Spatial ontglotf the
identity of an object is defined by the sum ofptts, then
changing one of the parts changes the identithefabject.
Similarly, consider a tourist route planner appglma that
plans a route including tourist points of interestevents
never seen by the user of the application. Duentaceident,
a human statue known by the user has lost a heladirjg in
mind that such application commits to the spatiabtogy of
Figure 2, it] will consider this statue differembin the one
the user visited; therefore it will be includedtie route plan
by error. This example uses a physical objectys)afor the
purpose of illustration of the problem, but an agalus
situation can be imagined with events such as @ ptaa
concert”;

2. “Suppose an application for the obituary sectionaof
music newspaper, which sends information aboustartvho
die. It uses the Musical ontology, which importe thegal
ontology (to reuse the concept of person). The iegidn
will malfunction and it will send information abowvery
person who dies, since [according to the ontologiFigure
6] every person is a performer artist. The intantio the
ontology represented in Figure [6] is to repredbat either
persons or bands are performer artists. Howeven sisle

© http://www.opencyc.org/.
" http://mogatu.umbc.edu/bdi/.

parts) of a person can be inferred to be parthdrad, due to
transitivity of the “partOf’ relation, which can gse
undesirable inferences to be derived”.

Ill.  ADDRESSING THE SEMANTIC INTEROPERABILITY
PROBLEMS WITH AN ONTOLOGICALLY WELL-FOUNDED
ONTOLOGY REPRESENTATION LANGUAGE

The main objective of this section is to illustratew a
foundational ontology can help in: (i) making exfilithe
underlying ontological commitments of the ontolagigsed
in the examples of the previous section as wellthas
fragments of MusicBrainz Il, FOAF, SOUPA and MoGATU
BDI presented above; (ii) producing an adequateeptual
model representation that integrates these sanwogigs.
To reach our objective, we make use of the ontokby
well-founded version of UML, as well as the modglin
techniques proposed in [7]. Thus, from now on, wid w
apply concepts of these language and methodologgh S
concepts will be defined along with the presentatid this
running example, to facilitate their comprehension.

The result of redesigning the integrated modehsas in
Appendix A. In producing this conceptual specificat we
were forced to make a number of assumptions, giving
particular interpretations of the represented cptsceThis is
due to the lack of information provided by some the
integrated ontologies w.r.t. the real-world sen@néssigned
to these concepts. We emphasize, nonethelessthéhafoal
here is to demonstrate the suitability of the psgmb
modeling language. Thus, the underlying conceptattin
which results from the set of assumptions made igsser
relevance.

A. Principles of Identity

The problem (1) discussed by Rios in the previadien
originates from the assumption that there is on®lsi
principle of identity which all entities should oheA
principle of identity is a principle that supports the judgment
whether two particulars are the same, i.e., in thic
circumstances the identity relation holds. Moreovér
defines which changes an entity can undergo aridbsti
considered the same. In this case, particularlis #ssumed
that all entities can obey an extensional princgflédentity,
i.e., two entities are the same iff they are corepgosf the
same parts.

One famous puzzle in the philosophical literatineg tan
be used to illustrate the notion of principle oénity is the
puzzle whether, for instance, a certain statuthéssame as
the material it is made of. Take a statue of théaDlaama
and a portion of metal that constitutes this statua given
circumstance. Suppose that the statue is createdfabis
portion of metal at instant.tAdditionally, suppose that at t
an accident causes the right hand of this statuebeo
destroyed. Alternatively, we can suppose that satan



accident causes the statue to be melted presetivingxact
portion of metal but completely altering its shaNew, how
can we answer the following questions: “Is the tgrdj that
we have in4 (t3) the same as the entitythe one we had in
t,?” A response to such question can only be givewaf
determine the principle of identity that é) should obey,
and consequently, which are its essential progeriie., the
properties that this entity must have in all pogsib
circumstances. These are, in turn, determined é¥itid of
thing an entity is. The notion of Kind used hera ichnical
notion which is fully described in a complete theamf
identity and of conceptual modeling classifiers eleped in
[7, chap.4]. In summary, kinds are classifiers tlame
instantiated by its instances necessarily (in tloelath sense)
and are able to supply the unique principle of itgiobeyed
by these instances. Examples of kinds in the madel
Appendix A includePerson, Statue andPhysical Objects

body parts, and the statue of the Dalai Lama istthe same
entity even if constituted by a different portioihnoetal.

The foundational ontology adopted in this work
incorporates both the theory of identity aforemameid, as
well as a theory of classifiers that acknowledgée t
ontological distinctions among different types ddssifiers
previously discussed. In the great majority of @ptoal
modeling and ontology representation languages (the
semantic web languages included), all these impbrta
ontological distinctions (as well as the constmiderived
from them) collapse into one single notion of typegh a
semantics which is basically that of a unary praidic Here
in contrast, these constraints and distinctionsrepeesented
in the UML profile employed in the model of AppeRrdi.

B. Roles with Digjoint Allowed Types
The problem described by Rios in (2) is a recuragiat much

(quantities) such as portion of metal, and lump of clay. Othediscussed problem in role modeling in the literatand is

types of classifiers admitted by this theory ingsdoles,
phases, mixins andcategories.

The kinds statue and portion of metal supply défer
principles of identity. For instance, while thetéatsupplies
an extensional principle of identity, the formeredmot. As a
consequence, we have that for an instance of pouio
metal, all its parts are essential, since it cachange any of
its parts without altering its identity. In contragor an
instance of statue some of its parts can be ingakée.g.,
the hand). These two kinds are characterized nbt oy
different types of essential parts but, more gdheray
different types of essential properties. So, whilea statue
its shape is essential, this is not the case fdigoof metal.
Thus, we must conclude that the statue and therialaiteis
made of are numerically distinct entities.

Now, let us return to the model of Appendix A. We

known as the problem of Roles with Disjoint Allow@gpes.
However, it can be rephrased as the problenole that can
be played by instances of multigtands. For example, take
the roles student, husband and exporting agencye Th
individuals that can play these roles are supgigdhe kind
Person, in the first two cases, ar@rganization, in the last
one. For each of these roles, there is always glesikind
supplying the instances that can play that rolds T not
always the case. Take, for example, the rGlestomer,
illustrated in Figure 11. Instances Gfistomer can be both
of the kindPerson or the kindOrganization. The problem
is how to represent the relation between the @lstomer
and the kindsPerson and Organization? At first, two
possible alternatives are the ones presented is ey and
(b) of Figure 11.

assume that, in contrast with physical obje@mlogical [organization| | Person |
Entities, Persons and Inanimate Entities do not carry

extensional principles of identity. Therefore, we |

acknowledge the ontological distinction between the [organization] | _person_]

instances of these types and the physical objelust t
for example, an

constitute them. We recognize that,

(@) (b)

Fig. 11. Problems of modeling roles with disjoint alloweg¢g

Inanimate Object, such as a statue, and the raw material

that constitutes it (e.g., a lump of clay) obeyfatiént
principles of identity and, consequently, the iielatbetween
them is not one of identity but one of constitutibikewise,

In the model of Figure 11(a), the roustomer is defined
as a supertype dferson and Organization. This modeling
is ontologically incorrect since: (i) not all perso (or

we differentiate @&iological Entity, such as a heart, from the organizations) are customers, i.e., it is not thsecthat the

quantity of cellular tissue that constitutes thigity, and a
Person from her body.
A Person is composed of a number diological

extension ofPerson is necessarily included in the extension
of Customer; (ii) an instance oPerson (or Organzation)
is not necessarily a&ustomer, i.e., whilst Person (or

Entities that amount to the person’s body and its constitue organization) are instantiated by its instances necessarily,

turn is derived from the spatial location of itsnetituent
Physical Objects. The same holds fdnanimate Entities.
However, by separating in the model of Appendix he t
classifiers that carry different principles of idigyy we avoid
the problems mentioned by Rios in (1), i.e., nas$ the case
that the identity of a person is altered by replgany of her

the semantics of the subtyping relation, (ii) letmis logical
contradiction. In the model of Figure 11(b), theemsion of
Customer is empty, since, according to this model, every
instance of customer is botiP&rson and arOrganization.

By employing the theory of universals mentioned in
sectionA above, we propose amtological design pattern
capturing a standard solution to this problem. @ilequacy



of this design pattern is demonstrated by sevewangles in  derived relation betweeHuman Heart andBand does not
[7]. In Figure c below we illustrate how this dasigattern is  exist. This solves the problem (3) above for thisec

used to so_Ive thi_s problem both for the case of rie — _ — [ — o]
Customer just discussed as well for the case of the i 0 3 i
Performer Artist type in Appendix A. The applicaton of e

this design pattern solves the problem mentioned?2jn @ ®
Performer Artist has as instances individuals that obey Lt <+ <] L= ‘
incompatible principles of identities, nameBands (which % ______________________________ i o
are kinds ofOrganizations) and Individual Artists (which © v
are Persons). However, each of subtypésdividual Artist - (;)
andBand that partition this type have extensions populated T
by individuals of one single kind. oL ]

N\

«kind»
Person

©
Fig. 13. Visual Patterns for isolating contexts of trangtgivn functional
part-whole relations: the patterns of figures (B),and (c) represent cases
in which a derived transitive parthood relation teninferred. Intransitive
cases are shown in figures (d) and (e).

«mixin» «kind»
PerformerArtist Organization
/\ JAN

<<k|nd>> «roIeMlxln» «kind»
Person Customer Organlzanon

«role» «role»
PrivateCustomer CorporateCustomer

«role»
Individual Artist

| (b)

Fig. 12. Application of an Ontological Design Pattern

«mixXin»
Performer Artist

1 1
«kind» «kind»
Human Heart Person

d1

C. Transitivity of Parthood

the issue raised by the transitivity of tbertOf relation. The
problem of transitivity of part-whole relations & much
debated topic not only in conceptual modeling ltew én the
linguistic and cognitive science literatures. In nya
conceptual modeling languages (e.g., UML), partd&ho ZAN

relations are always considered transitive. Howew&s  Fig. 14. Instantiation of the pattern that exemplifies dits in which
discussed in [7, chap.5], examples of fallaciousesaof transitivity does not hold across functional padthoelations.

transitivity among part-whole relations abound. The problem of transitivity is also manifested iigufe 15,

In [7], we developed a foundational theory of cataal  which shows another fragment of the integrated rmodle
part-whole relations, which among other things aeddrthe  aAppendix A. APerson can be a member of Band. For
problem of transitivity. We show that if we consideunique  example, Eric Clapton is a member of the Britishit@u
general sense of parthood, transitivity cannotdié ® hold Players. However, Clapton’s hands are not membletisio
unrestricted, but only with respect to certaontexts. The  pand. That is, also in this case, transitivity does hold
delimitation of contexts, however, typically rewsr 5cross the two represented meronymic relationgesine

extensive knowledge of the domain being modeledréfer  combination of componentOf and memberOf relations is
to provide methodological assistance to the com@pt never transitive [7, chap.5].

Let us focus now on the problem earlier mentiome¢8), i.e, !

modeler in this task, we derive from this theorguember of _ 1 1 _
. . «Kind» «Kind»
language elements and methodological tools. Fdarics, Human Heart

we define a typology of different sorts of part-wdo N
relationships gubQuantityOf, subCollectionOf, memberOf, e
componentOf) and demonstrate which combinations of these
different types of relationships are transitive. ristover, we v
were able to define a number wifsual patterns, whose
CorreCtr_‘ess is formally proven_, _that_can be u_sehﬂemify Fig. 15. Although a human heart can be part of an individamist,
and delineate contexts of transitivity in clasgydiems for the  which in tum is part of a group of artists, a huneart is never a part of a
most complex and also most common sort of part-ejhol group of artists. This is because the combinatibrcamponentOf and
relation, namely, theomponentOf relation. These visual MemberOf parthood relations is never transitive.
patterns are depicted in Figure 13. D. Moments and Quality Sructures

Figure 14 presents an excerpt of the specificatidn o
Appendix A that focuses on the meronymic relatietween In our theory, we make a fundamental distinctiotwieen
aHuman Heart of aBand Member on oneBand, and the two different categories of concrete entities, nigme
As this figure shows, this model is an exemplificatof the ~ €Xist by themselves, i.e., independently of othetities.

pattern of Figure 13(d). As a consequence, thegafle Examples of substantials include a person, a bar/roon,
an electron. Moments, in contrast, are entitiesclvhéare




existentially dependent on other entities, in thaywfor
example, the electric charge of a conductor dependthe
conductor, John’s headache depends on John,
knowledge of greek depends on Paul, the color ohmrie
depends on the apple. In other words, moments riites
which are parasitic to other entities named thearbrs. The
relation of existential dependence can be usedetivel a
further specialization within the category of monsen
moments which are dependent on a single indivicurel

instance, everyntention has an inheringriority quality,
which is modeled in Appendix A via an attribute ¢tion

Paulteat mapdntentions to a priority value in @riority Level

quality dimension. This quality dimension is a tiniset of
values ranging fromevel O to level 10 and totally ordered
under thenigherThan andlowerThan relations.

As the discussion above shows, a modeling langbaged
on a foundational ontology in which these categoidee
considered can allow for the representation of moire

namedqualities or modes, moments which are dependent onelaborated and semantically precise structureseMar, the

multiple individuals are namedéelators. We will not
elaborate on the distinction between qualities amabes
here. For a comprehensive theory on the subjeetrahder
should refer to [7]. Relators are discussed in scii@nE.

explicit identification of existentially dependesmtities has a
direct consequence even for design and implementati
since existential dependence relations betweenctshja a
conceptual level will typically give rise to lifeycle coupling

The special type of existential dependence relatiobetween objects in design and implementation. Aigfo

connecting a moment to its bearer (nannglterence) is a
functional relation. Thus, for example, if we hawveo red
objects x and y, the coloy of x and the colorcof y are two
numerically distinction entities. However, of ¢, can be
qualitatively indistinguishable when consideredaingiven

measurement structure. We, therefore, distinguish between a

moment inhering in an object, and the value of thiament
when projected into a given measurement structlinese
structures, named hegeality dimensions, are endowed with
geometrical and topological properties (e.g., darder
properties) that organized the possible values tiaat be
assigned to individuals of a particular moment typge
quality dimension can be a one-dimensional strecierg.

these problems have not been identified by Riosim
analysis, these are criteria which can be usedrgaeain
favor of an ontologically well-founded conceptuabaeling
and ontology representation language.

E. Formal and Material Relations

In the foundational theory adopted in this worltatiens are
divided into two broad categories, calledterial andformal
relations.Formal relations hold between two or more entities
directly without any further intervening individua special
type of formal relation considered here are thati@hs of

comparison such as is taller than, is older than, knows more

greek than. Comparison relations are logical cootbns

the possible weight values of an object), or a mult which are completely reducible to intrinsic momerttse

dimensional structure ultimately composed of ofrémitive
dimensions (e.g, the color structure, which is coseg of
the quality dimensions of hue, saturation and hngss.

values these moments take in a certain qualitysire, and
the relations between these values induced by rigepties
of these structures. For instance, the relatiorvieeghan

Measurement structures such as this one are name hpetween two atoms is a formal relation that holideatly as

quality domains).

soon as the relata (atoms) are given. The truthevalf a

In the model of Appendix A, we separate physicapredicate representing this relation depends sabelythe

spaces such &urgery Room, Gallery andMuseum from
their spatial location (as informed by a GPS sy3téris is
analogous to the approach adopted in the SOUPAamyto
(Figure 9), as opposed to the solution used inntbeel of
Figure 2. One reason behind this choice is thetfattsome
Geographical Spaces (e.g., Museum) can have several
Location Coordinates, but also

atomic number of each atom: an atanis heavier-than an
atomb iff the atomic number od (the projected value @f's
weight in the weight dimension) is bigger than #temic
number ofb. As discussed in [7, chap.6], since comparison
formal relations are founded in intrinsic momerita @ertain
type, the formal meta-properties of these relatioan be

because different derived from the properties of the quality struetassociated

Geographical Spaces can be associated with a particularwith those moment types. In this example, the ictat

set of Location Coordinates in different circumstances.
Thus, whereas the physical spaces are represegteadeb
general category o$patial thing, the spatial location of
these physical spaces is modeled here as a quaalitain

composed of the quality dimensiolagitude, longitude and

altitude.

heavier-than is totally ordered because the wedglglity
dimension in which this relation is based is altotder.
Examples of formal relations of this type in Append
include the relations morelmportantThan,
lessimportantThan and aslmportantAs. These relations
defined to hold between individubdtentions (moments) are

Examples of intrinsic moments in Appendix A are thecompletely reducible to the relations between tigividual

different types ofMentals States. Mental States are
existentially dependent entities. For example, Balief
depends rigidly on a specific bearer active agéeet, a

priority levels of these intentions. The first twelations are
anti-symmetric and transitive. The last one is quivelence
relation. Here again these meta-properties arevetbrirom

particular Belief cannot exist without inhering one (and the properties oPriorityLevel quality dimension.

always the same) active agent. By explicitly repréisig
(objectifying) intrinsic moments, we can also reganet their
attributes and the relations in which they partogp For

Unlike formal relations, material relations are fmtnded
on intrinsic moments of the involved relata. Madéri
relations are induced by mediating entities calieldtors.



Thus, for a material relation to hold between twtitees a
andb, another entity needs to exist, namely, an ingtaria
relator which is existentially dependent on bathand b,
hence, connecting the two. Take, for example, tlation

that, in case a track is part of an album, thenctieator of
the track must be same as the creator of that all$tithin

this interpretation, in the case that differeniststparticipate
in the recording of different tracks of the sameuah (a song

being married to between John and Mary. This relationcollection) they would all be considered creatofstlmat

cannot be reduced to intrinsic properties of Jomah lslary.
For this relation to hold, a certain wedding evinblving
John and Mary must have taken place which creates
individual relatommarriage connecting the two. Similarly, we
can say that Lisa works for the UN because theranis
employment contract connecting them, and that Baudies
at the University of Twente because there is arlinent
relator connecting the two. It is important to emgiae that a

album. The problem is that this interpretation doesallow
for the situation in which an artist participates the
aecording of one of more tracks of a given albumt, ib not
considered an author of that alboum. Take, for exemp2’s
Rattle & Hum. Although B.B.King participates in the
recording ofAngel of Harlem, he is not considered an author
of that album. We therefore assume that the reldietween
an artist and an album is onelefal rights. This is modelled

relator such the marriage ;nbetween John and Mary is in Appendix A by arAuthorship relator universal.

considered here a genuine ontological entity and loa
thought as the aggregation of all social
responsibilities that John and Mary acquire byudrbf their
participation in that relation.

There are several material relations representethén
model of Appendix A. As discussed in depth in [fag.6],
the meaning of these relations is made evidenh&ekplicit
representation of their founding relators. Take iftstance
the relationparentOf betweerParent andOffspring. In this
case, we assume that parent is considered
conceptualization in the legal not in the biologi®anse, and
that in legal terms a person is a parent of andibféspring)
iff the former is registered and legally recognizesl such.
Therefore, we explicit represent th&egistration relators
that connect parents to their offsprings. Anothenddit of
this approach is to allow for the unambiguous regnéation
of the cardinality constraints of material relatiothus,
avoiding what is known as the problem of collapssingle-
tuple and multiple-tuple cardinality constraintd.[This is

rights and

in thisunded

V.

The objective of this paper was to demonstrate the
insufficiency of lightweight conceptual modelingnguages
(such as the representation languages typicalthenrealm
of the Semantic Web), to address semantic inteadyiléy
problems that arise when one has to integrate coatly
developed conceptual models (or domain ontologi&s).
particular, we argue for the need of ontologicalell-
representation  languages and  modeling
methodologies such as the one proposed in [7].

In other to make the case for our argument, wesosee
semantically interoperability problems highlightegt Rios
[4], which can happen in the integration of lighigie
ontologies. These problems happen exactly becafiskeeo
inadequacy of the used modeling language (OWL)aking
explicit the underlying ontological commitments tifie
conceptualizations involved.

The conceptual modeling language employed here was

FINAL CONSIDERATIONS

the case for theecords relation between the universals proven useful in addressing these problems. Fibst,
Performer Artist and Track. The multiplicity one-to-many precisely representing the (modal) meta-propertéshe
from Track to Performer Artist leaves open several possible underlying concepts, it allows for an explicit aunbof their

interpretations for the meaning of this relationoed this
multiplicity means that a track likéeorgia on my mind can
have several recordings (e.g., one by Ray Chades,
another by Jerry Lee Lewis)? By explicitly represan the

ontological commitments. Second, by providing Soha to
classical and recurrent problems in conceptual tiogle
(e.g., representation of roles with multiple allatgpes, the
problem of transitivity of parthood relations, theoblem of

Recording relator, the model makes clear that what is meardollapsing single-tuple and multiple-tuple multgbtyy

by a track is the result of specific recording. Huwer,
several artists can participate in one sirfigkeording (e.g.,
both Clapton and B.B.King participate in tRecording of
Riding with the King). Thus, the traclkGeorgia on my mind
recorded by Ray Charles, and the one recorded oy lee
Lewis are different tracks.

Looking back at the ontologies previously exemetifi
in section Il, the model of Figure 7 duplicates tiedation
creator between artist and album, and artist aacktrThe
intention is to allow for the representation ofcks that are
not parts of albums (i.e., that only exist as digiracks).

constraints in the representation of associaticarsong
others), it allows for the production of conceplyatlean
and semantically unambiguous integrated models.

This case study exemplifies the approach defenddd,i
chap.3] for semantic interoperability of conceptuaddels,
namely, that in a first phase of off-line meaniregatiation,
an ontologically well-founded modeling language idbdbe
used. The main requirements for this languagedanaain
and comprehensibility appropriateness [7, chap.2]. Once this
meaning negotiation and semantic interoperations@ha
complete, then a lightweight representation languean be

This situation is modeled in Appendix A by havingused to express the results produced on this pfiagemain

AlbumTrack as a restriction of the typerack, in which the
restriction condition is to be a part of aAlbum. However, it
is unclear in the original model whether these tefations
have the same real-world semantics. One interjoatas

requirements for such a language instead include
computational efficiency in supporting automatiagening,
machine-understandability, and easy mapping todstah
design and implementation technologies.
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