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Abstract. There is a growing interest in the use of UML slasagrams as a
modeling language to represent domain ontologies $eries of papers (e.g.,
[1,2]) we have been using the General Ontologiesiduage (GOL) and its un-
derlying foundational ontology, proposed in [3,4],evaluate the ontological
correctness of a conceptual UML class model andeteelop guidelines for
how the constructs of the UML should be used inceptual modeling and on-
tology representation. This paper can be seencastimuation of this work, in
which we focus on analyzing the UML metaconceptsla$ses, attributes, data
types and associations from an ontological poirnied.

1 Introduction

The Unified Modeling Language (UML) is a languagéially proposed as a unification
of several different visual notations and modeli@chniques used for systems design [5].
UML is now ade factostandard for modeling computational systems, arglrbeently
been proposed that the language should be alsoassad Ontology Representation Lan-
guage [6]. A more explicit statement of interestapplying UML for ontology representa-
tion is made by the OMG Ontology Metamodel DeftnitiRequest for Proposals [7].
While modeling languages such as UML are evaluatethe basis of their successful

use in information systems development, ontologscEization languages and their un-
derlying upper level ontologies have to be rootedpiincipled philosophical theories
about what kinds of things exist and what theiridaslationships with each other are. We
believe that defining UML constructs only in terraf its mathematical semantics, al-
though essential, is not sufficient to make it @adile ontology representation language.
We claim that, in order to model reality, a modglianguage should be founded on for-
mal upper-level ontologies, i.e it should have Wotimal and ontological semantics.

In a series of papers (e.g., [1,2]), we have ud@bbgpphical and psychological
well-founded theories to evaluate the ontologicairectness of UML conceptual
models, and to develop methodological tools (lagguextensions, guidelines, pro-



files and design patterns) that assign principletblogical semantics to UML model-
ing constructs. In [1], we focus on the analysisthe representation gfart-whole
(mereologica) relations in UML and propose necessary extendiorke language to
represent ontologically distinct sorts of partho@dthile in [2], we present a theory of
universals, which are then used to propo&HVH_ profile representing different types
of classifiers. This paper is a continuation ofthiork, focusing on the most basic
ontology representation constructs, nanw#ssesattributes data typesandassocia-
tions Our main objective is to use a philosophicallyrsd foundational ontology to
provide: (i) an interpretation of UML constructsterms of ontological categories and
relations; (ii) principles for how these construstould be used for ontology repre-
sentation; (iii) guidelines to evaluate the ontddag correctness of a conceptual UML
class model representing a domain ontology.

The remaining of this article is structured asda#: section 2 presents a selection
of concepts from a foundational ontology that fahm theoretical basis of the analysis
conducted in this paper. The theory is further useskection 3 to examine the UML
metaconcepts of class, attributes, data type asutigions from an ontological point
of view. Section 4 provides some final considerzgio

2 Background: Ontological Categories

Figure 1 depicts some of the basic elements ofdhedational ontology, which will
be referenced throughout this work. This ontologgresents a version of the General
Formal Ontology (GFO) underlying the language GQLpaesented in [3,4]. The
General Ontology Language (GOL) and GFO are unéeeldpment as part of the
OntoMed (Ontologies in Medicine) Research GroufhatUniversity of Leipzig. The
GOL project was launched in 1999 as a collaboragiffert between philosophers,
linguists and other cognitive scientists and compaind information scientists with
the aim to, on one hand, construct a formal franmke@r building models and repre-
senting complex structures of the world, and, @ dther hand, at the development
and implementation of domain-specific ontologieséweral fields, especially medical
sciences. GFO has been proven insightful in pragich principled foundation for
analyzing and extending conceptual modeling andlogy representation languages
and constructs [1,8].

Due to our objectives in the scope of this paper,fecus our discussion on a
limited subset of the categories comprising GFOiclvtare briefly explained in the
following subsections. For a complete and detagessentation of GOL and GFO,
one should refer to [3,4]. For a comparison betw&€&® and other upper-level on-
tologies, such as the IEEE Standard Upper Ontoligfy, Sowa, Russel and Norvig
and LADSEB (that can be considered a preliminamsioe of DOLCE [10]), one
should refer to [3].
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2.1 Sets and Urelements

A fundamental distinction in this ontology is betmethe categories of urelements and
sets. We assume the existence of both urelemedtseta in the world. Urelements
are entities which are not sets. They form an altérlayer of entities without any set-
theoretical structure in their build-up. Neithee tnembership relation nor the subset
relation can unfold the internal structure of unedmts. In GFO, urelements are classi-
fied into two disjoint categories of individualscanniversals. Individuals are further
classified in substance and moments.

2.2 Substances

Substances are individuals that can exist by thimesethis implies that a Substances
is existentially independent from other individuaBxistential independence was
introduced by E. Husserl: An individual A is existially independent from an indi-
vidual B if and only if it is logically possible foA to exist even if B does not exists.
Examples of Substances include ordinary mesosaigécts such as a dog, a house, a
hammer, a car, Alan Turing and The Rolling Stongtsaltso the so-called Fiat Objects
[11] such as the North-Sea and its proper-partstapdalistricts and a non-smoking
area of a restaurant.



2.3 Moments

The wordMomentis derived from the germaviomenten the writings of Husserl and

it denotes, in general terms, what is sometimeseddmpe, abstract particular or
individualized propertyTherefore, in the scope of this work, the wordrseno rela-
tion to the notion of time instant in ordinary Earte.Momentsare individuals, which
can only exist in other individuals (in the way which, for example an electrical
charge can exist only in some conductor). In otends, we can say that moments are
existentially dependerdn other individuals. The category of momentsudek: (i)
qualities moments that are dependent on one single indivi@n individual color or
weight, an electric charge); (iiglators (or relational moments): existentially depend-
ent on a plurality of individuals such as a kisfiaadshake, a covalent bond, but also
social objects such as a flight connection, a pasehorder and a commitment or
claim. The inherence relatian- sometimes called ontic predication — glues mdsen
to the substances which are their bearers. For geaitrglues your smile to your face,
or the charge in a specific conductor to the cotatuitself. In our framework we
adopt the so-called adopt non-migration princi@k [t is not possible that an intrin-
sic momentm inheres in two different substancasandb. As a consequence, if we
have two particular substancaga red apple) and (a red car), and two momentg m
(particular redness @) and m (particular redness df), we consider mand mtobe
different individuals, although perhaps qualitalyvendistinguishable. What does it
mean then to say thatandb have the same color? In conformance with DOLCE
[10], we distinguish between the color of a patic@apple (its quality) and its ‘value’
(e.g., a particular shade of red). The latter imedquale and describes the position
of an individual quality within a certaiguality dimension The notions ofquality
dimensiornis discussed as follows.

2.4 Qualia, Quality Dimensions and Quality Domais

An attempt to model the relation between qualitied their representation in human
cognitive structures is presented in the theorgasfceptual spaces developed by the
Swedish philosopher and cognitive scientist Pegdénfors [9]. The theory is based
on the notion ofjuality dimensionThe idea is that for each perceivable or conceiv-
able quality type there is an associated qualityedision in human cognition. For
example heightand massare associated with one-dimensional structurels svizero
point isomorphic to the half-line of nonnegativemers. Other qualities, such as
color and taste, are represented by several dioenigior instance, taste can be rep-
resented as tetrahedron space comprising the diomsnef saline, sweet, bitter and
sour.

Gardenfors distinguishes betwedategral andseparablequality dimensions'cer-
tain quality dimensions are integral in the senisattone cannot assign an object a
value on one dimension without giving it a valuettws other. For example, an object
cannot be given a hue without giving it a brightealue...Dimensions that are not
integral are said to be separable, as for exampke gize and hue dimensions[9,
p.24]. He then defines gquality domainas “a set of integral dimensions that are



separable from all other dimensidn®, p.26]. Finally, he defends the idea that qual
ity domains are endowed with certain structurepdtogical or ordering structures)
that constrain the relations between its constigudimensions. In his framework, the
perception or conception of a quality individuahdae represented as a point a in a
quality domain. In accordance with DOLCE [10], thint is named hereguale

An example of a quality domain is the set of insglimensions related to color
perception. A color qualityc of an applea takes its value (quale) in a three-
dimensional color domain constituted of the dimensihue, saturation and bright-
ness. Figure 2 depicts the geometric space gedebgtéhe three quality dimensions
that form this domain. One should notice that 8tisicture constraints the relation
between some of these dimensions. In particuldgyraon and brightness are not
totally independent, since the possible variatibsaiuration decreases as brightness
approaches the extreme points of black and whige, for almost black or almost
white, there can be very little variation in satioa.

The position defended here is that the notion gluality domain (and the con-
straints relating different quality dimensions eapt in its structure) can provide a
sound basis for the domain ontology representatafnthe corresponding quality
universal, constraining the possible values thgaitributes can assume. This point is
discussed and illustrated in section 3.2. We atlep as a quality domain any collec-
tion of integral quality dimensions regardlesshiéte dimensions are physically, theo-
retically or socially motivated.

White
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%1’/

Black

Fig. 2. The quality dimensions of hue, saturation andHirigss forming the color splinter [9].

Gardenfors also advocates that, from a metaphysaat of view, quality dimensions
and the relations between them as well as quabtityains are‘theoretical entities
that can be used to explain and predict various igogd phenomena concerning
concept formation[9, p.31], i.e., abstract entities. For the pugposthis article we
also take qualia to be abstract entities and repteguality dimensions as sets of
qualia (see fig.1). For instance, theassdimension can be represented as a subset the
set of Real numbers (respecting the same axiontiatigaand thehue dimension can
be represented as an enumeration of color quatjmented with a set of formal rela-
tions between its member qualia (ecgmplementaryOandcloseT9. A quality do-
main is thus defined as a subset of the cross-ptdekiween its constituent integral
quality dimensions (e.g. ColorDomain HueDimensionx SaturationDimensiorx



BrightnessDimension). The formation rule for thplés that are members of a quality
domain must obey the constraints that relate igityudimensions.

We adopt here the formal relatioassoc(x,y)with the meaning “quality dimension
X is associated with quality universal y, agf{x,y) that represents that relation be-
tween a quality individuay and its qualex. Among others, the following axiom is
stipulated for these relations:ifis the quale off thenx must be a member of the
quality dimension associated with the universalvbichy is an instance or, formally,
VXY dl(X,y)—= 3z (y::z) A Aw assoc(w,z) A (Xew).

In sum, if we have two particular substanada red apple) and (a red car), and
two moments m (particular redness o) and m (particular redness df). When
saying thata andb have the same color, we mean that their individo#dr qualities
m,; and m are different, however, they can both be mappezhtoe point in the color
quality domain, i.e., they have the same quale. rElaion between a substance, one
of its qualities and the associated quale is ilaisd in figure 3.

Substance Universal Quality Universal Quality Dimension
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(weight w of apple a) in this quality dimension)

Fig. 3. Substances, qualities and qualia

2.5 Universals

A universal is a space-time independent pattefieatfires, which can be realized in a
number of different individuals. Every individuaistantiate at least one universal.
Consequently, we account for the existence of @mtiat Universals, Quality Univer-
sals, Relational Universals and so forth.

We use the symbol :: to denote the instantiatidatios, a basic formal relation
defined to hold between individuals (first argumeabhd universals (second argu-
ment). Hence, when writing x::U we mean that xnsrstance of U or that x has the
property of being a U. For example, x can be a mdéeof DNA andu a pattern of
features shared by all exactly similar moleculdsern® the notion of exact similarity is
determined by the granularity and point of viewgehetic science.

In this article, two universals which of particuleterest arequality universals,
such as color and weight, andational universals, such as flight connection (...is
connected with...") or purchase (‘...purchases...from..Exery universal has an
intension which, in our approach, is captured bymseof an axiomatic specification,



i.e. a set of axioms that may involve a number thieo universals representing its
essential properties. A particular form of suctpecification of a universal, called
elementary specification, consists of a numbermifarsalsU,,...,U, and correspond-
ing functional relation®, ...,R which attach instances from thk to instances ofJ,
expressed by the following axiom:

Va (a:U — Je;...3e, /\_S (& =U;A Ri(a,9)))

The universaldJy,...,U, used in an elementary specification are calletlifea. A
special case of an elementary specification is aityuspecification whereJs,...,U,
are quality universals, the instances of U are tamoes and Represents the formal
inherence relation.

2.6 Relations and Relators

Relations are entities which glue together othdities. We divide relations into
two broad categories, calledaterial andformal. Formal relations hold between two
or more entities directly without any further intening individual. Examples of for-
mal relations are: & greater thar, this day igart-of this month, and Né subset of
Q but also the relations of instantiation (::), énénce i, quale of a qualityd]),
asso¢ dependenceamong others. In principle, the category of fdrmedations in-
cludes those relations that form the mathematiopesstructure of our framework
[1,3]. However, we also classify as formal thosendm relations that exhibit similar
characteristics, i.e. those relations of comparsach ags taller than is older than
know more greek tham\s pointed out in [12], the entities which aremediate relata
of such relations are not substances but momeatsinBtance, the relationeavier-
than between two atoms is a formal relation which haldtectly as soon as the relata
(atoms) are given. The truth-value of a predicafgresenting this relation depends
solely the atomic number (intrinsic moment) of eatbm and the material content of
heavier-thans as it were distributed between the two relata.

Material relations, conversely, have material dtreeeon their own and include ex-
amples such as kisses, conversations, fights amchitents. The relata of a material
relation are mediated by individuals which areezhitelators Relators are individuals
with the power of connecting entities; a flight ceotion, for example, is a relator that
connects airports, an enrollment a relator thaneots a student with an educational
institution. For the purpose of this article weidefa relator simply as andividual r
which is one-sidedly existentially dependent on twanore individuals x and y, dis-
crete from r and from each other; r is saideiate x to y [12]. The notion of relators
is supported in several works in the philosophiitatature [4,8,12] and, the position
advocated here is that, relators play an impontalet in answering questions of the
sort: what does it mean say that John is marrieday? Why is it true to say that Bill
works for Company X but not for Company Y?

A relator universal is a universal whose instararesrelators. If r connects the enti-
ties a,...,a&, then this yields a new individual which is dembt®y (r: a,...,a,). Indi-
viduals of this latter sort are called materiakt$a¢-or every relator universals R there
exists a set of facts, denoted fagtgR), which is defined by the instances of R and



their corresponding arguments. We assume the attiatfor every relator universal
R there is a factual universal F(R) whose extensipurels the sdactgR). The factual
universal F(R) is the basis for the material relatR(F) whose instances are n-tuples
of entities.

In general, a relation universal R(F) can thus &fndd as follows. Lei(a,,...,a,)
denote a condition on the individuals.a,a,

[a;...an): R(F) (U;...Up) & /\isn aj:Ui A ¢ (ag...ap)

A relation is callednaterial if there is a relator univers®& such that the condition
¢ is obtained from R as follow§(a;...a,) « Ik (k::R A (k:a;...a)::F(R)).
Otherwise, R(F) is a formal relation whose instanaee formal facts of the form
(R(F):a,b.
Example: Let Connbe binary relator universal whose instances atwvigtual flight
connections. Then we may form a factual universgl,/= F(Conn) having the mean-
ing “An airportX is connected to a airport whose instances are all facts of the form
(c: a,b where c is an individual flight connection and aje individual airports. A
relation universal Rnnectedto = R(Fconn) IS defined as such that its instances are pairs
of the form [a,b].

3 Ontological Foundations for UML Class Diagrams

In the sequel, we refer to tl@MG UML Superstructure Specification %], when
quoting text in italics. For simplicity, we writdML-ontologywhen we mean domain
ontology in the form of &ML class modelWhenever the context is clear, we omit
the name space prefix UML and simply say ‘objetffass’, etc., instead of ‘UML
object’, ‘UML class’, etc.

3.1 Classes and Objects

In the UML specification;an object represents a particular instance of asd. It
has identity and attribute valuesWhile in the UML objects are instances of classes,
individuals are instances of universals in GFO'(lass describes a set of Objects
sharing a collection of Features, including Opeaaits, Attributes and Methods, that
are common to the set of Objectfp?2-26]“The model is concerned with describing
the intension of the class, that is, the rules tteftne it. The run-time execution pro-
vides its extension, that is, its instancdg.’3-35]

We may observe a direct correspondence betweerrsaig and classes of a cer-
tain kind, as stated in the following principle:

Principle 1: In aUML-ontology any universal U of the domain may be represeased
a concrete classCConversely, for all concrete classes (dfL-ontology whose
instances are basic objects or links (represertidiyiduals), there must be a corre-
sponding universal in the domain.



In aUML-ontology any individual of the domain that is an instante universal
may be represented as an object (or link) of thesctepresenting the universal. For
every universal there is a sdExt(U), called its extension, containing all instances of
U as elements. Even if two universalg &hd U have identical extensionExXt(U,) =
Ext(U,)), they are considered as different universalsaA=nsequence, we can ac-
count for concomitant (co-extensional) universsigh as fluid and viscous and living
and mortal but, which clearly have different intens.

Most classes in &ML-ontologyrepresent Substance Universals. This is due to
the fact that Substantials are prior to Momentsamy from an existential but also
from an identification point of view. For exampf&chneider [13] claims that moments
(tropes) aredentificationally dependentn substances (objects), i.e., while the latter
can be ‘single out on their own’, in order to idgna momentm of substantiak, one
has to identifys first.

The substances (belonging to the realm of concestiity) that we talk and think
about can be classified in all kinds of ways. We sart things by color (e.g. creating
the class of red things) or by shape (e.g. thesaifighings with circular form) or by
(clusters of) properties that define classes afghisuch as the classes of elephants,
oak trees, cars, europeans and students. One anpgttestion that arises at this point
is: if things can be classified in a multitude odiys how do we create the conceptual
categories used in cognition and language? Carrovéde methodological guidelines
that assist an ontology designer in evaluating fioglalternatives?

The development of a theory of substance univetbalsaddresses these ques-
tions, due to its importance and complexity, carmtdealt in here and deserves a
paper on its own. In [2], we present a philosoghicand psychologically well-
founded formal theory of substance universals frceptual modeling which is used
to propose: (a) a profile for UML whose elemenigresent finer-grained distinctions
between different types of substance universalsa(bet of constraints defining the
admissible relations between these elements. Tieg@aes in this profile provide a
foundation for a number of modeling primitives thabeit often used, are commonly
defined in an ad hoc manner in the practice of eptal modeling and knowledge
representation (e.g. kind, phase or state, rolginjniln the remaining of this paper,
non-stereotyped classes that appear in the mogj@legent substance universals.

3.2 Attributes and Data Types

Suppose that we have an extension of the situdtistrated in figure 3, i.e. a sub-
stantial universalpple whose elementary specification contains the featieight
andColor. Thus, for an instanceof Apple there are instance®f the quality univer-
sal color andwv of weight both inhering im. The intention of this universal could be
represented by the following quality specificatiota (a::Apple — 3caw (c::Color
Ali(c,a) A (w::Weight A i(w,a)))

Associated withw there is a qualg denoting a particular weight value, i.e. a point
in the weight quality dimension such tligfg,w) holds. We assume the weight quality
domain to be a one-dimensional structures isomorfghihe half-line of nonnegative
numbers represented by the ¥éeightValue. The mapping between a substaace



and its weight quale can be represented by theviaglg functionweight_in_grams:
Ext(Apple) —» WeightValue such thatwweight_in_grams (x) = {y e WeightValue |
3z::Weight i(z,x) A dl(y,2)}.

In general, let U be a substance or quality unalesiad Q be a quality universal.
Let E be a quality specification capturing the miten of universal U¥x (x::U — 3y
(y::Q Ai(c,a))). If D is a quality dimension associated with Q,eea define the func-
tion f:Ext(U) —» D (named arattribute function for S such that for every x::U we
have thaff(x) = {y | 3z::Q i(z,X) A dl(y,2)}. Analogousattribute functions cabe de-
fined for every quality universal;@ a quality specification of universal U’.

In the simplest case, quality universals appearintpe quality specification df
can be represented inML-ontologyvia their correspondingttribute functionsand
associatedjuality dimension# the following manner:

Principle 2: Every attribute function associated to the elenmgrapecification of the
universal U may be represented as an attributbeotlassCy (representation of the
universal U) in dJML-ontology every quality dimension which is the co-domain of
one these functions may be represented as datafplee corresponding attributes in
this UML-ontology

In UML, “a data type is a special kind of classifier, siamito a class, whose in-
stances are values (not objects)...A value doeshawé an identity, so two occur-
rences of the same value cannot be differentia{&¢’p.95]. A direct representation
of Apple’s elementary specification in UML accordito principle 2 maps the attrib-
ute function weight_in_grams:Ext(Apple}»WeightValue to an attribute
weight_in_grams with data type WeightValue in clapple (figure 4(a) and 4(k))

In order to model the relation between the qualifgolor) and its quale, there are
other issues to be considered. As previously meetipthe quality dimension associ-
ated with the Color universal is a three-dimensiplinter (fig.2) composed of quality
dimensions hue, saturation and brightness. In DQL&se dimensions are consid-
ered to be indirect qualities, i.e., there are igualdividuals h, s, b instances of qual-
ity universals Hue, Saturation and Brightness, @espely, that inhere in the color
quality ¢ (which in turn inheres in substance ay. fhis reason h, s,dye named indi-
rect qualities of a. The intention of the univer€allor could then be represented by
the following specification: Vc (c::Color — 3h3dsdb (h::Hue A i(h,c))
A(s::Saturation A i(s,c)) A(b::Brightness A i(b,c)))

In this case, we can derive the following attribfuactions from the features in
this specification: (ahue: Ext(Color) — HueValue, (b) saturation: Ext(Color) —»
SaturationValue; (c) brightness: Ext(Color) — BrightnessValue Together these
functions map each quality of a colotto its corresponding quality dimension. One
possibility for modeling this situation is a diresgiplication of principle 2 to the Color
universal quality specification. In this alternatjvdepicted in figure 4(a), the class
Color directly represents the quality universalocchnd, its attributes the attribute
functionshug saturationandbrightness

Another modeling alternative is to use the UML doint of a data type to repre-
sent a quality domain and its constituent qualityeshsions (figure 4(b)). In this case,
first we define for the universal Apple an attribdunctioncolor: Ext(Apple) —
HueValue x SaturationValue x BrightnessValuesuch thatcolor(x) = {<y,z,w> e



HueValue x SaturationValue x BrightnessValue | 3c::Color i(c,x) A (y = hue(c))
A (z = saturation(c)) A (w = brightness(c))}.

In figure 4(b), the data type fieldsie staturation brightnessdo not represent at-
tribute functions but values (qualia) that form tiata type tuple so that the “in-
stances”(members) of ColorValue are tugbey,z) where xe HueValue, ye Satura-
tionValue and z BrightnessValue (and it is unfortunate, in thisse that UML uses
the same notation for both). Thavigable end nameolor in the association between
Apple and ColorValue represents the attribute fonctolor described aboveNavi-
gable end nameare a suitable alternative mechanism for reprasgattribute func-
tions since in UML they are semantically equivalenattributes [5,p.82].

«quality»
Color

«inheresln»
ColoredObject| hue:HueValue
|saturation: SaturationValue
1 1 |brightness:BrightnessValue|

Apple
\weight_in_grams:WeightValuel

Fig. 4(a). Representing Quality Universals and indirect djieeli

«datatype»
ocdor ColorValue
Apple hue:HueValue
Weight_in grams:WeightValue saturation: SaturationValue
JLng * 1 |brightness:BrightnessValue]

Fig. 4(b). Representing Qualia in a multi-dimensional qualitynain

One should notice that these two forms of represiemt do not convey the same in-
formation (a fact which we highlight by the use different stereotypes): in figure
4(a), color objects are one-sidedly existentialypendent on the individuals they are
related to via thenheres inrelation. These objects abmnafideindividuals with a
definite numerical identity. In figure 4(b), contrsise, the members of the Color-
Value arepure valuesthat represent points in a quality domain. Theskies can
qualify a number of different objects but they éxislependently of them in the sense
that a color tuple is a part of quality domain evfeno object “has that color”. Both
representations are warranted, in the sense thalbgitally consistent interpretations
can be found in both cases and, which alternatie#l be pragmatically more suitable
is a matter of empirical investigation.

Notwithstanding, we believe that some guidelinesletdoe anticipated. In situa-
tions in which the qualities of a quality all tatkesir values (qualia) in a single quality
domain (e.g. color), the latter alternative shooédpreferred due to its compatibility
with the modeling tradition in conceptual modeliagd knowledge representation.
However, there are cases in which we want to direepresent the quality associated
with a substance, not its qualia. An example ohsusituation is depicted in Figure 5,



which models the relation between a Hospital, asdnts, and a number of symptoms
reported by these patients. Suppose an individagégmt John is suffering from head-
ache and influenza. John’s headache and influerzgualities inhering in John. Even
if another patient, for example Paul, has a heagéudt is qualitatively indistinguish-
able from that of his, John’s headache and Paabslache are two different individu-
als. Moreover, instances of Symptoms can have tigsathemselves (such as duration
and intensity) and can participate in relations fof, example, causation or prece-
dence. In figure 6, the quality universal Symptamwapresented by a class construct
decorated with the «quality» stereotype. The forreddtion between Symptom and
Patient is mapped to ttieherencerelation in the instance level, representing tkis-e
tential dependence of a Symptom on a Patient. hierotvords, for an instanceof
Symptom there must be a specific instapad Patient associated wighand in every
situation thats existsp must exist and the inherence relation betweenvioemust
hold. One should notice that this formal relati@s la semantics which is outside the
usual interpretation of the association construactUML. According to its standard
usage, the multiplicity 1 in the Patient end onbntands that, in every situation,
symptoms must be related tan instance of Patient. The inherence relation, hewnev
requiress to be always related to tlome and the same instangEPatient. The differ-
ence between these two sorts of requirements lsgms to those marking the differ-
ence between essential and mandatory part-whalgaes [1].

Finally, quality domains are composed of integriah@hsions, which means that
the value of one dimension cannot be representduti representing the values of
others. By representing the color quality domairterms of a quality universal (or
data type) we can reinforce (via its constructothoé) that its tuples will always have
values for all the integral dimensions. Additiogalthe representation of a quality
domain should account not only for its quality diveiens but also for the constraints
on the relation between them imposed by its strectlio mention another example,
consider the Gregorian calendar as a quality doff@mposed of the linear quality
dimensions days, months and years) in which dasditips can be represented. It is
clear that the value of one dimension constraiasvdiue of the others in a way that,
for example, the points [31-April-2004] and [29-edry-2003] do not belong to this
quality structure. Once more constraints represente the constructor method of a
«quality» class (or data type) can be used toicedtre possible tuples that can be
instantiated.
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Fig. 5. Representing Quality Universals and Formal RefaidJniversals




In the sequel, we observe the following principktvieen quality domains and
their representation in terms of data types:
Principle 3: Every quality dimension D associated to a qualitversal Q may be
represented as a data type DT ibML-ontology A set of integral dimension .
D, (represented by data types DT DT, constituting a quality domain QD can be
grouped in data type W representing QD. In thiecasery quality dimension; f
QD may be represented by a field of W of type.DMoreover, the relations between
the dimensions Dof QD may be represented by constraints relatiegatitributes of
data type W.

3.3 Associations

In the UML, the ER concept of a relationship typecalled association. “An associa-
tion defines a semantic relationship between dlassi The instances of an associa-
tion are a set of tuples relating instances of ¢kessifiers.... An instance of an asso-
ciation is a link, which is a tuple of instances@n from the corresponding classifi-
ers”. The OMG UML Specification is somehow ambiguousiéfining associations.
An association is primarily considered to be a fwetion’, but, in certain cases
(whenever it has ‘class-like properties’), an agg@n may be a class: “An associa-
tion class is an association that is also a clasgt only connects a set of classifiers
but also defines a set of features that belondpé¢or¢lationship itself and not any of
the classifiers.”

An association A between the classes.CC, of a UML-ontology can be under-
stood in our framework as a relation (relationaversal) R between the correspond-
ing universalsUy,...,U, whose extension consists of all tuples correspantlh the
links of A. In figure 5, an example of a formalatbn isprecedencePrecedence is a
partial order relation between symptoms that depemdy on the starting moment of
each of them. The relatianeatedIn betweenPatient and MedicalUni, contrariwise,
requires the existence of a third entity, nameljr@atmentprocess, in order for the
relation to hold. This latter case can be modefedur framework as follows: Let
treatedIinbe a binary material association corresponding telator universalreat-
mentwhose instances are individual treatmprdcesses. These individuatatment
processes connect two individualspatient sayJohn and aMedicalUnit, sayTrau-
maunit#1l Thus, [John, TraumaUnit#1]:R yeaean(Person, MedicalUnit). Since
John::Personand TraumaUnit#1::MedicalUnit and there is a specific treatment
procesg::Treatmentwe have the factt:John, TraumaUnit#1).

We obtain the definition for the tup[ai,a] being a link of the associatidreate-
din betweenPerson and MedicalUnit [a; &]:R yearean(Person, MedicalUnit) <>
a;::Person A a::MedicalUnit A 3t(t::Treatment A (t:a; a)::F(Treatment)).

We can now state the following principles regardihg representation of formal
and material relations in@ML-ontology
Principle 4: In aUML-ontology any formal relation universal:Rf the domain may
be represented as a standard association whoseréipkesent the tuples in the exten-
sion of R. Conversely, a material relation,Rf the domain may be represented in a



UML-ontologyby representing theelator universalassociated with the relation as an
association class.

There is a specific practical problem concernirgrispresentation ahaterial re-
lations as standard associations that supports the mgdehioice represented in this
principle. This problem, pointed by Bock and Odel[14], is caused by the fact that
the standard notation collapses two different typlesultiplicity constraints Let us
take, for instance, the associatiogatedindepicted in figure 6. The model states that
each Patient can be treated in one-to-many Medloék and that each medical unit
can treat one-to-many patients. However, this state is ambiguous since many
different interpretations can be given to it, irihg the following: (i) a patient is
related to only one treatment to which particigatesibly several medical units; (ii) a
patient can be related to several treatments tahwily one single unit participates;
(iii) a patient can be related to several treatsi¢atwhich possibly several medical
units participate; (iv) several patients can batezl to a treatment to which several
medical units participate, and a single patienttoamnelated to several treatments. The
cardinality constraint that indicates how many guats (or medical units) can be re-
lated to one instance of Treatment is narsiedle-tuplecardinality constraintdViul-
tiple-tuple cardinality constraints restrict the number oatreents a patient (or medi-
cal unit) can be related to. By modeling the relataiversalTreatmentas an associa-
tion class one can explicit represent both typesawistraints. A version of figure 5
adopting this principle is presented in figure 6.

This problem is specific to material relations. éhdional formal relations are sets
of tuples, i.e. an instance of the relation islitaetuple with predefined arity. In for-
mal relations, cardinality constraints are alwapsrobiguously interpreted as being
multiple-tuple(since there is no point in specifying single-tupédinality constraints
for a relation with predefined arity). Hence, fotmelations can be suitably repre-
sented as standard UML associations. One shouldentitat the relations between
Patient and Treatment, and Medical Unit and Treatraee formal relations between
universals ifiheres in. This is important to block the infinite regreet arises if
material relations are required to relate thesiiest

1.*

Treatment

d:Duration 1.%

1 1.*
1. i 1.

I —
«role» L MedicalUnit
Patient

Fig. 6. Representing Material Relational Universals

In the same way as qualities, relators can havedkae inhering moments (e.g. Dura-
tion, as a quality associated to the universal fhmeat, in fig.6) or they can be used as
a foundation for other relations such as, for ims¢a a relator universaivoicewhose
instances connect particular Treatments and Payers.



4 Final Considerations

The development of a well-grounded, axiomatizedenpevel ontology is an impor-
tant step towards the definition of real-world setie for ontology representation
diagrammatic languages. In this paper, we use #eef@l Formalized Ontology un-
derlying the language GOL to evaluate the ontollg@orrectness of UML as an
ontology representation language, and to develigetioes that assign well-defined
ontological semantics to UML constructs. In patacywe focus on the ontology
representation most basic primitives: class, attebdata types and association.

However, despite the importance of these modelorgstructs, there is still a defi-
ciency of methodological support for helping themsf the language deciding how to
model the elements of a given domain. For exangdereported in [15], the same
real-world phenomena (e.g. Marriage) can sometimeasiodeled as a class, a relation
or an attribute. This situation is made worse gy fdct that there is not in the litera-
ture a shared agreement on the ontological measfitigese constructs. To cite one
example: in a series of papers (e.g. [15,16]) trep@nents of the BWW (Bunge-
Wand-Weber) approach claim that universals whostamtes are properties (mo-
ments) should not be modeled as classes in a coratepodel of the domain. This
claim is contested by Veres and Hitchman in [17pwmploy Jakendoff's Semantic
Structures [18] as well as empirical results fromdeling sections with practioneers.
In this paper, by presenting a principled interatien for what an association is sup-
posed to denote, we show that representing reldtimoments as classes is not only
ontologically correct but also beneficial from agtical point of view.

In sum, the work presented here is part of larffertehat aims at developing: (i) a
formal ontological framework that can be used aystem of domain-independent
meta-level categories to provide ontological semanfor ontology representation
languages [3,4]; (ii) a set of well-founded methlodéal tools (language extensions,
guidelines, profiles and design patterns) thatriloumte to the discipline of ontological
engineering [1,2].
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