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Abstract. In recent years, there has been a growing int@resgpproaches that
employ foundational ontologies as theoretical tdolsanalyzing and improv-
ing conceptual modeling languagétwever, some of these approaches do not
always make explicit their ontological commitment#is leads to situations
where criticisms resulting from the specific ongitml choices made by a par-
ticular approach are generalized to the enterpfi@mtology as a whole. In this
paper we discuss an example of such a case ingotie BWW approach.
First, we make explicit the ontological commitmentslerlying that approach
by relating it to other possible philosophical alives. Second, we construct
an ontological theory which commits to a differgsttilosophical position.
Third, we show how the ontology proposed here camuded to provide real-
world semantics and sound modeling guidelinesHerrodeling constructs of
Attributes, Weak Entities and Datatypes. Finallg, @ompare the ontology pro-
posed here with BWW, thus demonstrating its besefit

1 Introduction

In recent years, there has been a growing intereéke use of foundational ontologies
for: (i) evaluatingconceptual modeling languages; (ii) developing glies for their
use; (iii) providing real-world semantics for theiodeling constructs (e.qg., [5,7,18]).

A well-known example of a foundational ontology the conceptual model-
ing/information systems area is tBange-Wand-Weber (BW\Wfitology proposed by
Wand and Weber in a series of articles (e.qg., [5,@0 the basis of the original meta-
physical theory developed by Bunge in [2]. Recentfys ontology has received a
number of criticisms in the literature, mainly doethe contrast between the modeling
rules proposed by the BWW ontology, on one sidd,wahat is prescribed by linguis-
tic and cognitive studies as well as empirical isesswith practitioners on the other
(e.g.,[8,15,16]) One of the strong points of disagreement betv@&W and these
approaches is the BWW-rule that states that intripsoperties (roughly attributes)
and associations should never be modeled as éyigs in an ontologically correct
conceptual model.



In a series of papers, Veres and colleagues (8,45,16]) offer a detailed analysis
and criticism of the general assumptions of the B\&fygroach. More specifically, in
[16], they provide empirical evidence to suppociaae against the BWW treatment of
associations. The danger in many of these critgigsnthat they are formulated as
general criticisms to ontology, not as specifidicisms to BWW. In other words,
criticisms which are consequent of specific choiwesle in that ontology are general-
ized to the whole enterprise of ontological fouinata for conceptual modeling. How-
ever, in the case of Veres et al., the criticisarsnot be against ontologer se since
the authors themselves state that they “describentmiogy of conceptual structure”
or “psychologically motivated ontology” for the sampurpose.

The purpose of this article is three fold. Firsg want make explicit some onto-
logical choices made by the BWW approach, and twsthat the specific theory of
universals underlying this approach is only one mgnmany other philosophically
correct theories. Second, we want to propose amaltive foundational theory, and to
show how it can be used to provide an ontologic@rpretation for some conceptual
modeling fundamental constructs. In particular, went to create an ontology that
countenances the existence of property instancesaalerived approach for concep-
tual modeling that accepts the representation d¢f lattributes and associations as
classes. Third, we intend to demonstrate that getliased ontology such as the one
proposed here leads to better results as a foemddtiheory for conceptual modeling
from philosophical, cognitive and practical poinfsview.

In section 2, we discuss different theories of aréals and make explicit the
BWW choices regarding these theories. In sectione3propose a trope-based ontol-
ogy, which is used in section 4 to provide ontatadjisemantics for the conceptual
modeling constructs ddttribute, weak entityanddatatype In section 5, we compare
the results of section 4 with the approach propasé¢s] that uses the BWW ontology
as a foundation for UML as a conceptual modelimylege. Section 6 presents some
final considerations.

2 Universals, Tropesand Properties

Properties, their interpretation and nature hawenlBscussed at length in the western
philosophical tradition giving rise to subtle digtfions and disparate characteriza-
tions. Here, we introduce and discuss two generabs; namelyuniversalismand
trope theory and a third position that merges both univeraals tropes. The discus-
sion of these theories requires a terminologicatfifitation so our first goal is to in-
troduce a few concepts.

We use the terrparticular to refer to entities that have no instances, ithantities
that cannot be predicated of others; for instaheeTour Eiffel or the Mars planet.
Contrast this notion with the notion ohiversalwhich, on the contrary, characterizes
any entity that can have instances, e.g. the dekxd or the car model Ferrari 250
GTO. Roughly, the properties (and the relationgdus a language are generally
taken to correspond to universals since they arbuatied to other entities. The notion
of class is generally taken as a formal countempfiattie notion of universal. However,
this may be misleading. By universal we mean aatharizing qualification of entities



like “a Ferrari 250 GTQO", i.e., a property that entity may satisfy. The correspond-
ing class is the collection of entities that satigfat property. Another important no-
tion we need to include is the notiontodpe Intuitively, a trope is an instance of a
property (i.e., the instance of an objectified mnap) of a specific entity: the redness
of John’s T-shirt is a trope thetheresto John’s T-shirt (the host).

Both John’s T-shirt and the redness of John’s Ttsine particulars. However, they
are particulars of very different natures. Tropesarticulars which can only exist in
other individuals, i.e., they aexistentially dependein other individuals in the way,
for instance, the color of an ap@elepends om, and the electric charge of a conduc-
tor ¢ depends ou. In contrast, particulars such as John, the apped the conductor
¢ do not inhere in other individuals and, hence,raxreexistentially dependent entities
in this sense. In this article, we give the nadigectto the latter type of particular.

This brief and rough discussion of objects, unigkxsclasses and tropes tells us
that these concepts correspond to different caiegof entities. However, which of
these entities as well as the relations betweem thkich are countenanced in one’s
ontology depend very much on one’s philosophicaltmn w.r.t. the so-calleérob-
lem of Universald1,7]. This problem can be summarized as follow& know that
proper names (e.g., Noam Chomsky or Spot) reféndividual entities, but what do
general terms (or universal properties) refer targiything at all)? We classify objects
as being of the same type (e.g., person) and @seaime predicate or general term
(e.g., red) to different objects. What exadighe samén different objects that justify
their belonging to the same category?

Figure 1 illustrates three different representatiohthe fact: “the particulars a and
b share the property being redJniversalismclaims that a and b bothstantiate(l)
the being red (Red) universal, i.e. the universghd red is a spatiotemporal inde-
pendent entity which is somehow wholly presentdathba and b (fig.1-left). The trope
theory denies the existence of universals as rapkaentities, and considers only
tropes and classes of tropes. An important feghaecharacterizes all tropes is that
they can only exist in other individuals, namedirtheearers A formal relation of
inherencesymbolized as(x,y) is defined to hold between a trope x and its breare
Inherence is an irreflexive, asymmetric and intitirestype of existential dependence
relation. Moreover, it satisfies theon-migrationprinciple [7]. This means that it is
not possible for a trope to inhere in two different individuala and b. In other
words, if we have two particulaes(a red apple) and (a red car), and two tropega
(particular redness &) and kg (particular redness df), we consider @gand heyto
be different individuals, although perhaps qually indistinguishable. What does it
mean then to say thatandb have thesamecolor? Due to the non-migration princi-
ple, sameness here cannot refer to strict (numgrdentity, but only to a qualitative
one (i.e., equivalence in a certain respect). amddrd Trope theory, a relation of
resemblancg=) is defined between tropes. Hence, tropes camit@sesach other to a
certain degree and, as in the example above,yifare qualitatively indistinguishable,
we say that they exactly resemble each other.Wajs Trope theory does not have to
commit to the existence of universals as a sepaedttgory of abstract entities, since
equivalence classes of resembling tropes are enfougitedication: a and b have the
common property obeing redbecause there are two red tropgsamd heqboth be-
longing (@) to the red class (|reyljpf tropes that inhere in a and b, respectivélpnl



the one hand by accepting tropes one does nottbaaecept universals, on the other
hand, these two theories are not incompatible actdially, they can be merged: a and
b have the property being red because thetrape and the fy trope both are in-
stances of the universal Red. In this case, urdl®exist but they are instantiated only
by tropes.

Universalism Trope theory Universals+Tropes
I . i , i I ) instantiation| I |particular x universal
i ——= Red 0 <——tred —= |red|L 6 <—— Qred —= Red ! ‘
= inherence i|trope x particular
= resemblance |=|trope x trope
I I E -

membership |=|trope % class

b b= byed b “71. bred

b

Fig 1. Different philosophical positions on Universals

2.1 Making Explicit the Ontological Position behind BWW

In BWW, we have a fundamental dichotomy betweennibions ofsubstantial indi-
vidual (or thing) andsubstantialproperty. A thing is defined as a substantial individ-
ual with all its substantial properti€ts thing is what is the totality of its substantial
properties” [2, p.111]. Despite of apparently equating a thiigch the sum of its
properties, Bunge himself does not embraces adipaiversalism named tigundle
of Universalstheory. In fact, he explicitly rejects this theagd, instead, holds an-
other (universalist) position that can be bettemiffied with thesubstance-attribute
view [1].

In short, in the former type of theory, particulare taken abundles of univer-
sals i.e., as aggregates of properties which themselve repeatable abstract entities.
An exemplar theory of this type was proposed bysRum [12]. For details on this
theory as well as for a discussion on the manylpro$ related to it one should refer
to [1]. In fact, among the universalist theorield, onsiders the bundle theory of uni-
versals to be the weakest one from a philosoplpoait of view. Thesubstance-
attribute view makes an explicit distinction between a thémgl the properties that the
thing has. As a consequence, the theory countesdheeexistence for every individ-
ual of a propertylessubstratumor bare particular The notion of substratum is
strongly associated with the British empiricistlphopher John Locke [1] and due to
its mysterious nature it has been the target afngtrcriticism throughout history.
Nonetheless, Bunge claims that a%teeoretical fiction” it solves some of the phi-
losophical problems existing in theindle of universaltheories [2, p.57]. Hence, for
Bunge a thing is a bare particular endowed bytalsubstantial properties, i.e., he
commits to the substance-attribute sort of univesrsaand, as consequence, denies
the existence gbarticularized properties

In principle, it seems that a thing in BWW could tieectly associated to the
concept of object in a trope-based theory (figserdter and 1.right). However, there
are some important differences between the twoldvaiBWW-thing can be thought
as a substratum instantiating a number of proge(ts repeatable abstract entities),
objects in a trope-based approach are particlatsear other particularized proper-
ties, or to borrow Simons’ phrasgarticulars in particular clothing”[14]. Thus, in a
trope-theoretical approach, one does not have teraay ontological commitment



w.r.t. the nature of theubstratumIn particular, if necessary, one can dispenshk ait
substratum of a mysterious nature. An example ofi suview is the one of Simons’
Nuclear Theory(ibid.). This approach has the benefits of thestarce-attribute view,
without having to accept its problems, since thelews is akin to a substratum, only
not a mysterious one. In BWW, the mysterious salistn cannot be eliminated with-
out putting the theory into Bundle of Universalgroup. We claim that this flexibility
is an advantage of an ontology in which tropescarstenanced.

According to Bunge, only things possess properfissa consequence, a property
cannot have properties, i.e., there are no highagrqoroperties. This dictum leads to
the following BWW modeling principleentity types in a conceptual model of a do-
main should only be used to represent substantialemsals[5]. This principle pro-
scribes the representation of types whose instaaeeparticularized properties, in-
cluding relations. This claim is not only perceivasl counterintuitive by conceptual
modeling practitioners (as shown by [8,16]), busitlso controversial from a meta-
physical point of view. For instance, Armstrong, [@ho as much as Bunge embraces
scientific realism as a theory of universals, ckithat higher-order properties are
necessaryo represent the concept ofaav. For Armstrong, a law such as Newton's F
= MA describes a second-order relation between Hreet universals involved.
Strangely enough, Bunge also defines the conceptLafv (quite a central notion is
his approach) as a relation between propertiesshwimiakes it a second-order relation
[2, p.77]. The view that there are, in fact, maehigher-order universals is also
shared by other approaches (e.g., [4]). Even sirhgeer-order relations between
universals such asedness is more like Orange than it is like yell@ahnot be dealt
with in the current version of the BWW frameworhk. dontrast, in a trope-based ap-
proach, if one wants to dispense with higher-opieperties of this kind, this relation
can be expressed in terms of first-order inexastmdlance relations between tropes.
In fact, in such an approach, traditional propsrté properties such as thee of a
certain coloror thegraveness of a certain symptaan be modeled in terms of first-
order inherence relations between tropes (se€) fig.4

If one subscribes to Bunge's theory, however, tligre much stronger reason to
argue against the representation of non-substamtigersals as types: since Bunge
denies the existence phirticularized propertiesone could simply state that proper-
ties should not be represented as entity typesusecthey should not be allowed to
have instances. However, it is important to empeatiat to accept the claims: (cl)
there are instances of propertieas well as (c2properties can have propertieoes
not amount to an ontologically incorrect positidihe claims (c1) and (c2) are only
incompatible with the very specific ontological aes made for the BWW frame-
work. As mentioned above, even if one embraceseusdlism, (c2) can be accepted.
Moreover, the denial of (c1) puts BWW in a singwasition among the foundational
ontologies developed in the realm of computer sgde.g., [4, 7, 9, 13]). As pointed
out by [13], there is solid evidence for (cl) ir thiterature. On the one hand, in the
analysis of the content of perception, particukdtiproperties such as colors, sounds,
runs, laughter and singings are the immediate tbjefceveryday perception. On the
other hand, the idea of tropes tasthmakersunderlies a standard event-based ap-
proach to natural language semantics, as initiaye@] and [11].



3 A Trope-Based Ontology

Figure 2 illustrates the main categories that ¢aretthe ontology proposed in this
article. The category of particulars comprises lllects and Tropes. The relation of
inherence is defined between tropes and othercp&ats, which are not necessarily
objects. In other words, we admit that tropes cduelie in other tropes. We also con-
sider the categories abject kindandtrope kindas two possible sorts &nds We
use the term kind here in a broader sense thatetireuniversal, without necessarily
committing to the existence of universals, i.e.thauit choosinga priori between
position (b) or (c) in figure 1. A kind thus can densidered here simply as something
(i) which can be predicated of other entities dijdt{at can potentially be represented
in language byredicative termsWe also use the relation :: of classificatioresn
particulars and kinds. Likewise, classification dam interpreted as instantiation or
membership depending on the ontological commitmémth is made.
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Fig 2. The Categories composing a simple trope-basedamyol

Object Kinds classify objects and Trope Kinds dfgssopes. Examples of object
kinds include Apple, Person and Ferrari 250 GTCQargples of trope kinds include
Color, Electric Charge and Headache. This distimcis also present in Aristotle’s
original differentiation between what $aid of a subjecf{de subjecto digj denoting
classification and what iexemplified in a subjedin subjecto e$t denoting inher-
ence. Thus, the linguistic difference between the teanings of the copula “is”
reflects an ontological one. For example, the agfichl interpretation of the sentence
“Jane is a Woman” is that the object Jane is diadsby the object kind Woman.
However, when saying that “Jane is tall” or “Jasdaughing” we mean that Jane
exemplifieghe trope kind Tall or Laugh, by virtue of her sifie height or laugh.

Here, we capture the intension of a kind by medrencaxiomatic specification,
i.e., a set of axioms that may involve a numbestbér kinds representing its essential
features. A particular form of such a specificatadra kindU is called arelementary
specification(ES). An ES of a kindU consists of a number of trope kings...,T, and
the inherence relation which attaches instancem filee T, to instances ofJ, ex-
pressed by the following schemaaa::k - Ctpt, [, (6 T Cict, ) .The relation

between a kind U and the trope kinds in its eleamgrgpecification is one afharac-
terization A kind U is characterized by a trope kind T iffegy instance of K exem-
plifies T, i.e., iffOx (x::U - Oy y::T Oi(y,x)).



An attempt to model the relation between propedias their representation in human
cognitive structures is presented in the theorgasfceptual spaceistroduced in [6].
The theory is based on the notioncpfality dimensionThe idea is that for several
perceivable or conceivable trope kinds there isassociated quality dimension in
human cognition. For example, heigrd mass are associated with one-dimensional
structures with a zero point isomorphic to the Hial of nonnegative numbers. Other
properties such as color and taste are represbpteulti-dimensional structures.

Gardenfors [6] distinguishes betwegregral and separablequality dimensions:
“certain quality dimensions are integral in thessethat one cannot assign an object a
value on one dimension without giving it a valuetbe 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 exanm@esize and hue dimensions.” He
then defines guality domainas “a set of integral dimensions that are sepaifaie
all other dimensions” and eonceptual spacas a “collection of one or more do-
mains” (ibid.). Finally, he defends that the noti@hconceptual space should be un-
derstood literally, i.e., quality domains are enddwwith certain geometrical struc-
tures (topological or ordering structures) thatstmain the relations between its con-
stituting dimensions. In his framework, the percapbr conception of a trope can be
represented as a point in a quality domain. Thistps named here guale[9].

An example of a quality domain is the set of in&glimensions related to color
perception. A color qualitg of an applea takes it value in a three-dimensional color
domain constituted of the dimensions hue, saturagiod brightness. The geometric
structure of this space (tlelor splinter[6]) constrains the relation between some of
these dimensions. In particular, saturation anghbmiess are not totally independent,
since the possible variation of saturation decreasebrightness approaches the ex-
treme points of black and white, i.e., for almoktck or almost white, there can be
very little variation in saturation. A similar cdraint could be postulated for the rela-
tion between saturation and hue. When saturatimeng low, all hues become simi-
larly approximate to grey.

We adopt in this work the terguality structuredo refer to quality dimensions and
quality domains, and we define the formal relat@fnassociationbetween quality
structure and a trope kind. Additionally, we use tbrmsquality kindsfor those trope
kinds that are associated with a quality domaid, the ternquality for a trope classi-
fied under a quality kind. We also assume thatityustructures are always associated
with a unique quality kind, i.e., a quality struetuassociated with the kind Weight
cannot be associated with the kind Color.

Following [9], we take that whenever a quality kiQds related to a quality domain
D, then for every individual quality x::Q there anglirect qualitiesinhering in x for
every quality dimension associated with D. Foransge, for every particular quality ¢
instance of Color there are quality individualsshp which are instances of quality
kinds Hue, Saturation and Brightness, respectiaiyg that inhere in c. The qualities
h, s, bare namedndirect qualitiesof c’'s bearer. Qualities such as h, s, b are named
simple qualitiesi.e., qualities which do not bear other qualitiescontrast, a quality
such as c, is namedcamplex quality Since the qualities of a complex quality x::Q
correspond to the quality dimensions of the qualdynain associated with Q, then we
have that no two distinct qualities inhering a ctermuality can be of the same type.



For the same reason, since there are not multidiimeal quality dimensions, we have
that complex qualities can only bear simple queditiMoreover, we use predicate
gl(x,y)to represent the formal relation between a qualitvidual y and its quale.x

Finally, we make a distinction between qualitiesl amother sort of trope named
heremodes Modes are tropes whose kinds are not directigtedl to quality struc-
tures. Gardenfors [6] makes the following distiontbetween what he cak®ncepts
andproperties “Properties...form as special case of conceptgfihd this distinction
by saying that propertyis based osingle domainwhile aconceptmay be based on
several domairfs We claim that only trope kinds that are concefiaed w.r.t. a
single domain, i.e., quality kinds, correspond toperties in Gardenfors sense. How-
ever, there are trope kinds that as much as obijed$ can be conceptualized in terms
of multiple separable quality dimensions. Examgledude beliefs, desires, inten-
tions, perceptions, symptoms, skills, among marerst Like objects, modes can
bear other tropes, and each of these tropes cantoeteparable quality dimensions.
However, since they are tropes, differently fronjects, modes are necessarily exis-
tentially dependent of some particular.

4 A foundation for Attributes, Weak Entities and Datatypes

Suppose that we have an object kilygble whose elementary specification contains
the trope kindWeight Thus, for an instanca of Apple there is an instanae of the
quality kind Weight inhering i, i.e., Oa (a::Apple - Owv (w::Weight Oi(w,a))).

Associated with the quality kind Weight we haveualigy dimensionWeightDim
and, hence, for every instaneeof Weight there is a quale denoting a particular
weight value, i.e., a point in the weight qualifynénsion such thajl(c,w) holds. We
take here the weight quality domain to be a oneedsional structure isomorphic to
the half-line of non-negative numbers, which canrdresented by a set. The map-
ping between a substanteland its weight quale can then be representedefutic-
tion: weight: Ext(Apple) -» WeightDim such thatweight(x) =y | [z z::Weight O
i(z,x) Oql(y,z), andExt(Apple) represents the set extension of the kind Apple.

In general, let K be a (object or trope) kind aeid® ...,Q, be a number of quality
kinds. Let E be an elementary specification charang the kind U:0Ox (x::U -

My....,0n [isn (gi::Q Oi(q;,x))). If D; is a quality domain directlgissociated withg,

we can define the function;(Ext(U) - D; (named arattribute functionfor quality
universal @ such that for every x::U we have tt@(x)=y |y O D; O::Q; Oi(q,x)
Oal(y.a)-

Let us suppose for now a situation in which everypf@sent in the elementary
specification of a kind U is a simple quality kineé., Q is associated to a one-
dimensional quality domain. In this simplest cabe, quality kinds appearing in the
elementary specification & can be represented in a conceptual model via toeir
respondingattribute functionsand associateduality dimensionsn the following
manner: Principle 1: Every attribute function derived from the elemeytspecifica-
tion of the kind U may be represented as an at&ibiithe clas€, (representation of
the kind U) in a conceptual model; evepyality dimensiorwhich is the co-domain of



one of these functions may be represented asyfsa of the corresponding attributes
in this conceptual model. Finally, relations coasting and informing the geometry of
a quality dimension may be represented as conttriaithe corresponding data type].
In UML “a data type is a special kind of classifisimilar to a class, whose in-

stances are values (not objects)... A value doéshane an identity, so two occur-

rences of the same value cannot be differentigte@l’ p.95]. A direct representation

of Apple’s elementary specification in UML accorgito principle 1 maps the attrib-

ute functionweight: Ext(Apple) - WeightDim to an attribute weight with data type
WeightValue in class Apple (figures 3.a-b)

«quality»
«characterization» Color «datatype»
hue:HueDim «kind» color ColorDomain
1 [saturation:SatDim Apple hue:HueDim
brightness:BrightDim \weight:WeightDim * 1 [saturation:SatDim

brightness:BrightDim
«kind»
Car

Fig 3.(a, left) - Representing Quality Universals and Indirect Qiedjt (b) Representing
Qualia in a Multi-Dimensional Quality Domain

ColoredObject
/\

«kind»
Apple
weight:WeightDim

Suppose now that we have the following extensiothefelementary specification of
the kind Apple:0a (a::Apple — k0w (c::Color Oi(c,a)) O (w::Weight Oi(w,a))).

In order to model the relation between the qualitfcolor) and its quale, there are
other issues to consider. As previously mentiotieel Color quality kind can be asso-
ciated with a tri-dimensional quality structure qmeed of quality dimensions hue,
saturation and brightness. These dimensions catoh&dered to be indirect quality
kinds exemplified in an appla, i.e., there are quality individuals h, s, b whefe
instances of quality universals Hue, Saturation Brightness, respectively, that in-
here in the color quality ¢ (which in turn inheiesobjecta). The elementary specifi-
cation of quality universal Color could then be dfied as follows:Oc (c::Color -
Chkb (h::Hue Oi(h,c)) O (s::Saturation Oi(s,c)) O (b::Brightness O i(b,c))). In
this case, we can derive the following attributections from the features in this
specification: hue: Ext(Color) - HueDim; saturation: Ext(Color) - SatDim;
brightness: Ext(Color) — BrightDim. Together these functions map each quality of
a color c to its corresponding quality dimensiomeCpossibility for modeling this
situation is a direct application of principle 1ttee Color kind specification. In this
alternative, depicted in figure 3.a, the UML cl&xslor directly represents the quality
universal color and, its attribute functions husugation and brightness.

Another modeling alternative is to use directly dmmstruct of a data type to rep-
resent a quality domain and its constituent qualityensions (figure 3.b). That is, we
can define the quality domain associated with thizarsal Color as the s€olor-
Domain O HueDim x SatDim x BrightDim. Then, we can define the followirad-
tribute functionfor the object kind Applecolor: Ext(Apple) - ColorDomain such
that color (x) = {¢h,sb) O ColorDomain | Ck::Color i(c,x) O (h = hue(c)) O (s =
saturation(c)) O (b = brightness(c))} where hue, saturation and brightness are the
attribute functions previously defined. In figurdb3we use the UML construct of a
structured datatypeo model theColorDomain. In this representation, thdatatype
fields hue, saturation, brightness are placeholdershircbordinates of each of the



(integral) quality dimensions forming the color d@m In this way the “instances”
(members) of ColorDomain are quale vectoy,z) where xO HueDim, yO SatDim
and z0O BrightDim. Thenavigable end nameolor in the association between Apple
and ColorDomain represents the attribute functidor described above

The two forms of representation exemplified in figgi 3.a and 3.b do not convey
the same information, which we highlight by the o$elifferent stereotypes. In figure
3.a, color instances are one-sidedly existent@digendent on the particulars they are
related to via annherencerelation. These instances are genuine individwétls a
definite numerical identity. In contrast, the memsbef the ColorDomain arpure
valuesthat represent points in a quality domain. Thedaes can qualify a number of
different objects but they exist independentlytafm in the sense that a color tuple is
a part of quality domain even if no object “hast ttalor”.

Both representations are warranted in the sense ahi®logically consistent
interpretations can be found in both cases. Nostatding, we believe that some
guidelines could be anticipated regarding whiclerakitive should be pragmatically
more suitable in different cases. In situationsvirich the tropes of a trope all take
their values (qualia) in a single quality domalmg tatter alternative (shown in figure
3.b) should be preferred due to its compatibilitithwthe modeling tradition in
conceptual modeling and knowledge representatidnis i the case with quality
kinds. Additionally, since the conceptualization thfese tropes depends on the
combined appreciation of all their quality dimemsipwe claim that they should be
mapped in an integral way to a quale vector in ¢beresponding n-dimensional
quality domain.

In the sequel, we observe the following principévieen quality domains and their
representation in terms of data typdéx:ificiple 2: Every quality dimension D directly
associated to a quality kind Q may be represergea datatype DT in a conceptual
model; Relations constraining and informing thergetry of a quality dimension D
may be represented as operators in the corresgpuiditatype DT. A collection of
integral dimension R.. D, (represented by data types DT DT,) constituting a
quality domain QD can be grouped in structured tgpea W representing quality
domain QD. In this case, every quality dimensiqroDQD may be represented by a
field of W of type DT. Moreover, the relations between the dimensionsf @D may
be represented by constraints relating the fieldtat type W].

Principle 2 is a generalization of principle 1 irder to account for quality do-
mains. In summary, every quality kind Q that isoatsted to a quality domain in an
elementary specification of kind U can be represgnh a conceptual model via at-
tribute functions mapping instances of U to quaetors in the n-dimensional domain
associated with Q. The n-dimensional domains shbaldepresented in a conceptual
model as an n-valued structured data type.

Now, let us consider a case where one of the tkipds M that characterizes a
kind U in its elementary specification is a modackiWe defend here that these are
the cases in which we want to explicitly represettope kind in a conceptual model.
An example of such a situation is depicted in Fégdr which models the relation
between a Hospital, its Patients, and a numbeyraptoms reported by these patients.
Suppose that an individual patient John is suftefiom headache and influenza.



John’s headache and influenza are modes inheridghn. Even if another patient, for
example Paul, has a headache that is qualitativelistinguishable from that of
John’s, John’s headache and Paul’'s headache ardifferent particulars. Instances
of Symptoms can bear tropes themselves (such atiaturand graveness) and can
participate in relations of, for example, causatioprecedence.

In figure 4, the mode kind Symptom is representga lzlass construct decorated
with the «mode» stereotype. The formal relatioralfaracterization» between Symp-
tom and Patient is mapped to the inherence relatidine instance level, representing
the existential dependence of a Symptom on a Ratrenther words, for an instance
s of Symptom there must be a specific instance Patient associated with s, and in
every situation that s exists p must exist anditherence relation between the two
must hold. A mode kind such as Symptom in figurea# be seen as the ontological
counterpart of the concept WWeak entities typeim EER diagrams, which has been
lost in the UML unification process [17].

1..* «characterization» 4

«datatype»

. 1 * .
DateDomain amoder preceeding Pationt treatedin Medicalumit
G:Dayvalue Symptom edicaluni
mionthvalie | starpate . ] Leoe
y:YearValue

preceeded *

Fig. 4. Representing Object and Mode Kinds and Quality&tires

To summarize this section we can provide the fdlhgwprocedure to represent in
conceptual modeling the elementary specificatiokinfls and their associated trope
kinds and quality structures: Take an object kindvith its associated elementary
specification E. For every trope kind Q charactaga) do: (1) If Q is a simple qual-
ity kind then principle 1 can be applied; (2) Ifi€a complex quality kind then princi-
ple 2 can be applied; (3) If Q is a mode kind titeshould be explicitly represented
and should be related to U in a model vieharacterizationrelation. Moreover, this
procedure can be re-applied to the elementary fépagn of each trope kind Q in E.

5 A Comparison with the BWW Approach

One of the most defended principles of the BWW apph is the one that states that
“properties cannot have properties’So, a question that comes to the mind is: how
would one model in the BWW approach situations sagthe ones depicted in figures
3 and 4? Take for example, the model in figurend5l, Color is one of the examples
used for a property. However, if both Color and HSaturation, Brightness) are
properties, how can this conceptualization be rmextiel an approach that proscribes
the representation of properties of properties?

According to [5], in BWW, the intrinsic (as oppose&drelational) properties of a
thing mustbe modeled as attributes of the type instantibethat thing. Since, only
substantial types can have attributes, we haveirl@sic properties must be mod-
eled as attributes of substantial types. Thus, latiso to the problem mentioned
above is to consider Hue, Saturation and Brighttedse direct properties of Apple,



not of Color. The latter, in turn, is then consitkto be a conjunction of these three
properties, i.e., to instantiate a specific supgedninate shade of red is to instantiate
the specific values of Hue, Saturation and Brigksnéhat compose this color. How-

ever, in order to be complete, such a solution ralsst account for the constraints that
restrict the possible values that these three diinaa together can assume.

In BWW, a type is represented by a model naméghational schemaA func-
tional schema comprises a finite sequence of fanstF =(F;..F,), such that each
function F (named arattribute) represents a property shared by the memberseof th
type described by the functional schema. For eatribute Fthere is a co-domain;V
of values. Bunge defines a functi&i(t) as thestate functionof the thing, such that
F(t)= (Fy(t)..Fy(t)) is said to represent thetate of a thingat time t'. The set
Vx...xV, is termed thestate space of a thingNow, there are certain sorts of types
namedNatural Kindswhose instances have properties which are lawfelgted. For
these types, it is not the case that the coordraftéhe state vectors representing their
properties can vary freely. The subset qkV.xV, constrained by the laws of that
type being described is named by Bunge |#veful state spacef a thing. In other
words, the lawful state space associated with aralakind defines all possible states
that instances of that kind can assume.

Compared to the approach advocated in this artideclaim that the solution just
discussed has two drawbacks. First, as exempiifiddjure 3.a, the constraints relat-
ing the properties of Hue, Saturation and Brighgrea® not intrinsic to the type Apple
but to the geometry of the Color quality structarel, thus, are reflected in all colored
objects. Moreover, these properties form a closatew.r.t. to mutual dependence
and, thus, define a quality domain. In other wottlese properties aiategral and
one“cannot assign an object a value on one dimensi@hout giving it a value on
the other” For these reasons, we claim that the proposaramd here of explicit
representation of quality domains as datatypesiges\vthe following modeling bene-
fits: (i) a further degree of structuring on lawkithate spaces by acknowledging that
the co-domains V of attribute functions can alsonmdtidimensional. In fact, this
allows for the representation of richer concepsiaictures such as the one modeled
in figure 5 in which the same Color trope can besoeed (take its value) in alterna-
tive quality domains; (ii) a structured datatyppresenting a quality domain can rein-
force (via its constructor method) that its tupkeli always have values for all its
integral dimensions, and only values which obeydbestraints imposed by the ge-
ometry of that domain; (iii) it also allows for atential reuse of specifications of
multidimensional value co-domains. In this examplae the constraints representing
the geometry of the color domain are capturedensitecification of the ColorDomain
datatype, this specification can be consistentlysed for all colored objects.

The second problem with the solution previouslcdssed can be defined as fol-
lows. If Hue, Saturation and Brightness and itatieQ) constraints are represented in
the specification of all types whose instancescalered objects, then by the BWW
definition of a natural kind, we can define a natlind whose instances are all par-
ticulars that exemplify the lawfully related propes of Hue, Saturation and Bright-
ness. This allegedly natural kind would be analsgtmuthe typeColoredObjectde-
picted in figure 3.a. However, the typical notidmatural kinds in philosophy implies



that [7]: (i) they are rigid designators, i.e. thia¢y classify necessarily (in the modal
sense) their instances; (ii) that they afford testbnductive generalizations, i.e., that
knowing that a particular x is of a kind A also imnjpnowing that x has all essential
properties which are common to instances of A) iiat they are associated with a
criterion of individuation. These characteristi¢sii{ can all be found inApple but
none of them irColoredObject

/color {union}

«characterization» -
«quality» «Datatype»
il Color ColorDomain
1 1 * 1.

* |
«Datatype» «Datatype»
hsbColor HSBColorDomain equivalentvalue | RGBColorDomain
hue:HueValue % r:RedValue
1 saturation:SaturationValue 1 1 |9:GreeValue
brightness:BrightnessValue b:BlueValue
rgbColor 1

Fig. 5. Explicitly representing quality universals and lifysspaces

Let us now consider the case depicted in figuréleére, once more, the trope kind
symptom can be modeled by having its propertiestsst directly to the type Patient.
However, take the property of graveness. “Beingejtés not a property of a particu-
lar Patient but a property of a symptom of thateuat Suppose that graveness can be
valued in a range 0-5. It is still possible to egEnt the values in this range as differ-
ent sets of values of other attributes of symptout,the introduction of a graveness-
space is conceptually clearer. The latter is onlysible with a reification of symptom,
as illustrated in figure 4 using tropes.

A similar case regards the expression of relatimiaieen tropes as the relation of
precedence (but also causality) between symptompistdd in figure 4. According to
this model, a symptom such as headache or fevebearaused by another one, for
example, influenza. However, differently from theeses mentioned above, these rela-
tions cannot be described in general terms; theyraleed relations between instances
of these properties. To put it differently, it ishi’'s fever which has been caused by
his influenza of a certain graveness. Paul’s faveurn has been caused by his pneu-
monia.

6 Final Considerations

Despite the perceived usefulness of ontologicaili-founded principles and tools
for the practice of conceptual modeling, a numiereoent results have pointed out
the incongruence between what is prescribed bBW&V ontology, on one side, and
what is indicated by cognitive and linguisticallyptivated theories, as well as empiri-
cal results of experiments with conceptual modefingctitioners, on the other. The
position defended in this paper is in line with soof these criticisms to the BWW
ontology. In particular, we reject the BWW-rule tha conceptual modeling only
substantial universals should be represented asedaHowever, as we have pointed
out, it is a mistake to generalize these criticisimshe enterprise of ontology-based
conceptual modeling as a whole. As we have showherpaper, the modeling princi-



ples advocated by the BWW framework are a consexguehthe very particular type
of ontological theory sponsored by its proponeatg] their ontological view is only
one among many other alternatives.

Furthermore, in this paper we have proposed amnalige ontology which has
been used as a foundation for the conceptual nrggplimitives of attribute, datatype
and weak entities. The ontology presented heralis @ fragment of a larger theory
which has been extended elsewhere to accountlier atodeling constructs, such as,
classifiers (kinds. roles, phases, mixins), assiotia part-whole relations, among
others [7]. In particular, as demonstrated theteemwrelational properties are consid-
ered, a trope-based approach such as this onenlyoescapes the criticisms pointed
out in [8,15,16], but it also brings a number ofltidnal benefits from a modeling
point of view.
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