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Abstract. Despite the relevance of the conceptalé for conceptual modeling
and agent-orientation, there is still in the litara a lack of consensus on the
meaning of this notion and how it should be incoaped in existing conceptual
modeling languages and frameworks. In this paperpoffer a contribution to
this problem by employing a well-founded referenoelogy (UFO) to analyze
and reconcile two competing notions of role exgtin the conceptual model-
ing literature. Moreover, a modeling solution basedthis ontology is pro-
posed, which incorporates the benefit of the twaraaches analyzed.

1 Introduction

Roles represent a fundamental notion for our coedigation of reality. This notion
has received much attention both in philosophicakstigation [20,32] and in the
conceptual modeling literature [2,31,34]. In parté, in the sub-area of conceptual
modeling concerned withgent-oriented conceptual modeljithe concept of role is
considered of fundamental relevance [5,25,26].

In a comprehensive study on this topic, FriedriéhirBman [31] defends that the
role concept naturally complements thoselbjectandrelationship standing on the
same level of importance. However, Steimann alsogeizes thatthe role concept,
although equally fundamental, has long not receitredl widespread attention it de-
served’, and that‘although there appears to be a general awarenésd toles are
an important modelling concept, until now no corssenhas been reached as to how
roles should be represented or integrated intoghltablished modeling frameworks”
[ibid., p.84]. The last statement can be verifigdrspecting the diversity and incom-
patibility of the several conceptualizations ofelcurrently co-existing in the litera-
ture [2,18,31,34].

Recently, not only has the interest in roles grawntinuously, but also has the in-
terest in finding a common ground on which the atight notions of role can be
judged and reconciled [20,22]. In this paper, wepkey the foundational ontology
developed in [11,12] to provide real-world semasjtiend to harmonize two compet-
ing notions of role present in the conceptual miodeiterature.

In section 2 we present the theoretical backgrafrttie work presented here, i.e.,
the foundational ontology which is employed in thest of the paper. A discussion on
the categories of this ontology is continued irtisec3, in which we formally define
the notion ofrole that is adopted in our ontological framework. &ctson 4, we dis-



cuss a second notion of role that deviates fromt mibthe proposals in the literature.
This second notion of role has been initially pregdin [34] to address a philosophi-
cal problem known a¥he Counting Problerbut it has been later adopted by other
modeling approaches. In section 5, by using the@dational ontology presented in
section 2, we manage to provide an ontologicalpnatation for both notions of role
discussed. Moreover, we propose a conceptual nmepstilution based on this ontol-
ogy that is able to harmonize these two competistgpns of role while maintaining
the benefits of the two approaches. Section 6 ludaes the article by presenting
some final considerations.

2 Background: The Unified Foundational Ontology (UFO-A)

In this section, we present a fragment of a phpbszally and cognitively well-
founded reference ontology (foundational ontologlyat has been developed in
[11,12]. In particular, in [12], this ontology immed UFO (Unified Foundational On-
tology) and is presented in three compliance $#tse, we focus on the first of these
sets (UFO-A), which is aantology of endurant?\s demonstrated in [12], this ontol-
ogy comprise a humber of core ontological categdtiat can be extended to provide
a foundation forAgent Modeling Concepi{®FO-C). In the sequel, we restrict our-
selves to a fragment of UFO-A, depicted in Figurésde aforementioned references
for details).

In what follows, we offer a formal characterizatioh some of the notions dis-
cussed by using a language of quantified modakttogiith identity. The domain of
guantification adopted is that pbssibilig which includes all possible entities inde-
pendent of their actual existence. Therefore wdl giantify over a constant domain
in all possible worlds. Moreover, all worlds areually accessible. As a result we
have the simplest language of quantified modalc®dQS5) with identity [9]. Fi-
nally, all formulas described are assumed to heltbssarily.
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Figure 1. Excerpt of the Foundational ontology UFO-A.

A fundamental distinction in this ontology is beemethe categories dhdividual and
Universal. Individuals are entities that exist in realitysgessing a unique identity.
Universals, conversely, are space-time indepengattérn of features, which can be
realized in a number of different individuals. Tbere of this ontology exemplifies
the so-calledAristotelian ontological squareomprising the category paiBibstan-
tial-Substantial Universal, Moment-Moment Universal. From a metaphysical point



of view, this choice allows for the constructionabparsimonious ontology, based on
the primitive and formally defined notion ekistential dependeng#1]:

Definition 1 (existential dependence)Let the predicate denote existence. We have
that an individuak is existentially dependemtn another individuay (symbolized as
ed(x,y) iff, as a matter of necessity,must exist whenevex exists, or formally(1).

ed(X,y) =uer 0(E(X) — £(y)). n
2.1 Moments

The wordMomentis derived from the germavlomentein the writings of E. Husserl
and it denotes, in general terms, what is sometima@sedtrope, abstract particular
individual accident or property instancg21]. In the scope of this work, the term
bears no relation to the notion of time instanbidinary parlance. The origin of the
notion of moment lies in the theory of individualcadents developed by Aristotle.
According to him, an accident is an individualizemperty, event or process that is
not a part of the essence of a thing. We herehestetm “moment” in a more general
sense and do not distinguiatpriori between essential and inessential moments.

As pointed out by [28], there is solid evidence feoments in the literature. On
one hand, in the analysis of the content of pereepmoments are the immediate ob-
jects of everyday perception. On the other haneljdea of moments dsuthmakers
underlies a standard event-based approach to hitngaage semantics.

The notion of moment employed here comprisesir@nsic Momentsor Quali-
ties: an individualized (objectified) color, temperayor weight, a symptom, a skill,
a belief, an intention, an electric charge; R&lational Momentsr Relators: a kiss, a
handshake, a covalent bond, a medical treatmentalbasocial objectssuch as a
flight connection, a purchase order and a commitroenlaim [12].

An important feature that characterizesmatbmentss that they can only exist in
other individuals (in the way in which, for exampétectrical charge can exist only in
some conductor). To put it more technically, we Hst moments arexistentially
dependenton other individuals. Existential dependence cdso abe used to
differentiate intrinsic and relational moments: lifies are dependent of one single
individual; relators depend on a plurality of inidivals.

A special type of existential dependence relatiwt holds between a moment
and the individuay of which x depends is the relation ofherence (i). Thus, for an
individual x to be a moment of another individugl the relationi(x,y) must hold
between the two. For example, inherence glues smile to your face, or the charge
in a specific conductor to the conductor itself. Wemally characterize a moment as
an individual that inheres in (and, hence, is exigally dependent upon) another
individual:

Definition 2 (Moment): (2). Moment(x) =f Individual(x) OOy i(x,y) ]

In our framework, we adopt the so-calledn-migration (or non-transferability
principle. This means that it is not possible for a mommno inhere in two different
individualsa andb: (3). Ox,y,z (Moment(x) Oi(x,y) Oi(x,z) - y =2)



This characteristic of moments seems at first cnmtuitive. For example, if we
have two particulara (a red apple) anld (a red car), and two moments(particular
redness o) and p (particular redness df), we consideryand ptobe different indi-
viduals, although perhaps qualitatively indistirghdble. What does it mean then to
say thata andb have thesamecolor? Due to (3), sameness here cannot refdrith s
(numerical) identity, but only to a qualitative ofiee., equivalence in a certain re-
spect). In conformance with DOLCE [21], we distilgfubetween the color of a par-
ticular apple (its quality) and its ‘value’ (e.@ particular shade of red). The latter is
namedquale and describes a projection of an individual gyatito a certairconcep-
tual spacq11].

The unique individuay that a moment inheres in is termed theearerof x and is
defined as follows: L
Definition 3 (Bearer of a Moment): (4). B(X) =gef 1Y i(X,Y) u

Finally, the bearer of a moment can itself be amothoment. An example of moment
inhering in another moment is the individualizeddiextension, or the graveness of a
particular symptom. The infinite regress in theerégnce chain is prevented by the
fact that there are individuals that cannot inhe@reother individuals, namely,
substantials.

2.2. Substantial

Substantials are individuals that posses (direct) spatial-terabgualities and that are
founded on matter. Examples of Substances includi@ary objects of everyday ex-
perience such as an individual person, a dog, aehahammer, a car, Alan Turing
and The Rolling Stones but also the so-calied Objectssuch as the North-Sea and
its proper-parts, postal districts and a non-snplkirea of a restaurant. In contrast
with moments, substantials do not inhere in angldind, as a consequence, they en-
joy a higher degree of independence. We definecéttegory of substantials as fol-
lows:

Definition 4 (Substantial): A substantial is an individual that does imdtere inan-
other individual, i.e., which is not a moment. Faily, (5). Substantial(x) = Indi-

vidual(x) O0-Moment(x) [ |

As we have previously stated, substantials enjdyigher degree of independence
when compared to moments. Can we make a strongtmstnt? Can we say that
substantials are existentially independent fromo#tler individuals? If we take the
notion of existential dependence that we have gimeefinition 1, the answer is no.
Since, there are certainly paipsy) wherex is a substantial that satiséd(x,y) For
example, ify is any of the essential momentsxofthe particular DNA of a person).
Moreover, even if botlk andy are substantial&d(x,y)can be satisfied. Take for ex-
ample a substantial and any of éssential partge.g., a car and its chassis as an es-
sential part). Or, alternatively, a substantiaind another objegtof whichx is anin-

lThe iota operaton) used in a formula such asp was defined by B. Russel and implies both the-exis
tence and the uniqueness of an individuséitisfying predicaté.



separable part(e.g., a brain and person of which this brainnisirsseparable part).
The notions of essential and inseparable partdiacessed in depth in [11].

However, suppose that andy are two substantials that adésjoint from each
other, i.e., they are neither part of each othertin@y share a common part. The sym-
bols[ and < below represent disjointness anaper parthood, respectively:

(6). (x]'y) =ger 7(x <y)O=(y <) O~(T (z < \)D(z <y)).

Then, in this case, we can say that x and y aressacilyindependenfrom each
other (symbolized asdep:

(7). indep(x,y) zer ~ed(x,y) O-ed(y,x)

(8). Ox,y Substantial(x) 0 Substantial(y) O (x [ y) — indep(x,y)

For example, a person depends on her brain, andr adepends on its chassis.
However, a person (car) does not dependent on tmey eubstantial that is disjoint
from her (it). Notice that formula (8) also exclgdthe case of mutual existential
dependence between substantials that share a coessential part (e.g., two rooms
that share a wall as a mutual essential part).

2.3. Relations, Relators and Qua Individuals

Relations are entities that glue together other entitieshin philosophical literature,
two broad categories of relations are typicallysidaered, namelymaterial andfor-
mal relations [14,29]. Formal relations hold betwew tor more entities directly,
without any further intervening individual. Examslef formal relations include exis-
tential dependenceed), inherence if, part-of (<), subset-af instantiation among
many others not discussed here [11,21].

Material relations conversely, have material structure on their @md include
examples such aworking at being enrolled atandbeing connected tdVhilst a
formal relation such as the one between Paul as@trfowledgex of Greek holds di-
rectly and as soon as Paul andxist, for a material relation dfeing treated irbe-
tween Paul and the medical unit Mtd exist, another entity must exist whiotedi-
atesPaul and M. We name these entitieslators. Relators are individuals with the
power of connecting entities. For example, a médiatment connects a patient
with a medical unit; an enrollment connects a sttidéth an educational institution;
a covalent bond connects two atoms. The notioelatar (relational moment) is sup-
ported by several works in the philosophical litera [14,28,29] and, the position ad-
vocated here is that they play an important rol@nswering questions of the sort:
what does it mean to say that John is married toyM&Vhy is it true to say that Bill
works for Company X but not for Company Y?

An important notion for the characterization ofaters (and, hence, for the charac-
terization of material relations) is the notionfofindation Foundation can be seen as
a type ofhistorical dependencE8], in the way that, for instance, an instancé®ing
kissedis founded on an individuiss,or an instance dfeing punched big founded

2Formal|y, an individuak is a proper part of an individugliiff x is part ofy andx is not identical tg, i.e.,
(X<Y) =get (X y) O (x=Y).



on an individuapunch an instance dbeing connected thetween airports is founded
on a particular flight connection.

Suppose that Johie married toMary. In this case, we can assume that there is an
individual relator (relational moment) ;nof type marriage that mediates John and
Mary. The foundation of this relator can be, fastance, a wedding event or the sign-
ing of a social contract between the involved pattin other words, for instance, a
certain event gin which John and Mary participate can createnaividual marriage
m; which existentially depends on John and Mary andclvimediates them. The
event g in this case is the foundation of relator amd, m is the so-called truthmaker
of the propositions “John is married to Mary”.

Now, let us elaborate on the nature of the relatprThere are many qualities that
John acquires by virtue of being married to Marygr Example, imagine all the legal
responsibilities that John has in the context @ telation. These newly acquired
properties are intrinsic moments of John whichref@e, inhere and are existentially
dependent on him. However, these moments also deperihe existence of Mary.
We name this type of qualitiexternally dependent qualitiese., externally depend-
ent qualities are intrinsic moments that inhera isingle individual but that are exis-
tentially dependent on (possibly a multitude ofjestindividuals.

Definition 5 (Externally Dependent Quality): A quality x is externally dependent iff
it is existentially dependent of an individual whits independent of its bearer. For-

nally, (9). ExtDepQuality(x) =er Quality(x) OOy indep(yB(x)) Oed(x,y). ]

In the case of a material externally dependent nrmbméhere is always an individual
externalto its bearer (i.e., which is not one of its pamtsntrinsic moments), which is
the foundation ok. Again, in the given example, we can think of ataie event ¢
(wedding event or signing of social contract) iniethboth John and Mary participate
and which founds the existence of these exterrdgiyendent moments inhering in
John. Now, we can define an individual that bedrexdernally dependent qualities of
John that share the same external dependencietharshme foundation. We term
this particular aqua individual[22]. Qua individuals are, thus, treated here apex
cial type ofcomplex externally dependent qualitiés this case, the complex quality
inhering in John that bears all responsibilitiest thohn acquires by virtue of a given
wedding event can be naméohn-qua-husband

To continue with the same example, we can thinkualamother qua individual
Mary-qua-wifewhich is a complex moment bearing all respongiedithat Mary ac-
quires by virtue of the same foundation and thia¢idinhering in Mary are also exis-
tentially dependent on John. The qua individulden-qua-husbandnd Mary-qua-
wife are existentially dependent on each other. Nowgcare define an aggregate m
composedf these two qua individuals that share the samadation, i.e., John-
gua-husbanc my) and Mary-qua-wife< my). In this example, mis exactly the in-
stance of the relational propertyarriage that mediates John and Mary and that
makes true propositions such as “John is marrietMaoy”, “Mary is married to
John”, “John is the husband of Mary”, and “Maryhe wife of John”.

In this example, a particular instance of the refet! property marriage (i.e., a par-
ticular marriage relator) is the sum of all instargd responsibilities that the involved
parties acquire by virtue of a common foundationgéneral, a relator can be defined



as the aggregation of a number of qua individuzéé share the same foundation. A
relator is said to mediate (or connect) the retdta material relation. Formally we
have that: lek, y andz be three distinct individuals such that xa¥ a relator; (b is

a qua individual and is part ofx; (c) z inheres iny. In this case, we say thaimedi-
atesy, symbolized byn(x,y) and the following holds:

(20). Ox,y m(x,y) - relator(x) OIndividual(y)

(11). Ox Relator(x) —» Oy (m(X,y) « (O0z qualndividual(z) O(z < x)0i(z,y)))

Additionally, we require that a relator mediate$east two distinct individuals, i.e.,
(12).Ox Relator(x) - Oy,w (y #w Om(x,y) Om(x,w)).

Again, using the example above, we say that thiécpéar relator marriage pmedi-
ates the substantials John and Mary and, for #dasan, we can say that John and
Mary are married to each other.

Finally, in the theory present here, qua individuae alwayiessentiailmoments.
In other words, if a qua individual inheres in a substantiglthen it does saontin-
gently, i.e., only in certain situations. To see thas tiiiust be the case, suppose the
contrary. By definition 5, a qua individuglthat inheres i is also existentially de-
pendent on a individuaJ which is independent from, i.e., ed(q,y) and —ed(x,y)
However, ifq is a essential ta then we have thatd(x,q) Now, since existential de-
pendency is a transitive relation, wild(x,g)anded(qg,y)we have thaed(x,y) which
is a contradiction. Hence, we have that qua indiaisl cannot inhere in its bearer
necessarily.

2.4. Universals

A Substantial Universal is a universal whose instances are substances tfgeeguni-
versal Person or the universal Apple)Quality Universal is a universal whose in-
stances are individual qualities (e.g., the objiecticolor of this apple is an instance
of the universal color, a particular headache ignatance of the universal Symptom),
and aRelator Universal is one whose instances are individual relationaments
(e.g., the particular enrollment connecting Johth aertain University is an instance
of the universal Enrollment). Both quality and tetauniversals are moment univer-
sals.

In general, conceptual specifications (such as W\diss diagrams and ER specifi-
cations) represent conceptualizations only at ype tevel, i.e., only universals and
relations among universals are typically represkntéus, we define the formal rela-
tions of Characterization andMediation as the counterparts at the type level of the
relationsinheres inand mediates respectively. In these definitions, the symbol ::
represents the formal relation of instantiation.

Definition 6 (Characterization): A universal U is characterized by a moment urive
sal M iff every instance of U bears an instancéMofFormally, (13). charac(U,M)
=¢ef Universal(U) 0 MomentUniversal(M) O0x (x::U - Oy y:M 0Oi(y,x)) [ ]



Definition 7 (Mediation): The mediation relation holds between a universaind a
relator universal Y iff every instance of U imediated by{m) an instance of kI For-
mally, (14). mediation(U,k) =4¢t Universal(U) O RelatorUniversal(Ug) O 0Ox (x::U
- Orr:U g Om(r,x)) [

Figure 2 below exemplifies the ontological categsriliscussed in this section. It de-
picts thesubstantial universalBerson, Patient and Medical Unit, tipgality universal
Symptom, theelator universalTreatment. Moreover, it represents thelity univer-
sal Duration which characterizes the quality univeiSgainptom, and the correspond-
ing formal relationsconnecting these entities. As argued in [11], mmex quality
universal such as Symptom in figure 2 is the omgjiglal counterpart of the concept of
Weak entity typeisi EER diagrams.

In this figure and in the remainder of this article use a UML classtereotype
«quality» and «relator» to represent quality ardtoe universals. Additionally, we
use the UML association stereotypes «charactesizatand «mediation» to represent
the respective formal relations. The classes stgred as «kind» and «role» repre-
sent substantial universals and will be discussete next section. These stereotyped
constructs belong to an ontologically well-foundgMIL profile defined in [11] for
the purpose of conceptual modeling and ontologyesmtation. For UML extension
mechanisms and, in particular, stereotypes, we tefR4].

In the conceptual models represented in this artige only represent as UML as-
sociations the stereotyped existential dependeoced relations discussed above,
i.e., characterizationand mediation Material relations are represented by explicitly
representing their founding relators. As discussedepth in [11], this approach in-
troduces many benefits to conceptual modeling wb@mpared to the traditional
modeling of relational properties associations

«kind»
Person

«characterization» «quality»
Symptom

d:Duration

1

1 «mediation» 1% 1> «mediation» 1%
«role» «relator» «kind»
Patient Treatment MedicalUnit

Figure 2. Conceptual model exemplifying some of the ontolab@ategories discussed.

3 Roles as Substantial Universals

In [23], cognitive psychologist John Macnamara stigates the role cdubstantial
universalsin cognition and provides a comprehensive theoryekplaining the proc-
ess that a child undergoes when learning propeesand common nouns. He pro-
poses the following example: suppose a little bbgnt), who is about to learn the
meaning of a proper name for his puppy. When pteseto the word “Spot”, Tom
has to decide what it refers to. A demonstrativehsas “that” will not suffice to de-
terminate the bearer of the proper name. How tiddebat “that”, which changes all
its perceptual properties is stBpof In other words, which changes can Spot suffer
and still bethe sam@ As Macnamara (among others) shows, answers se tpges-



tions are only possible Bpotis taken to be aroper namefor an individual that in-
stantiates a special type of substantial universahely, one that supplies a principle
through which we can judge whether two individuaisthe samei.e., aprinciple of
identity. The principles of identity supplied by these @mngals are essential to judge
the validity of all identity statements. For examgf for an instance of the universal
Statueloosing a piece will not alter the identity of tbbject, the same does not hold
for an instance dfump of Clay

Let us take another example. Consider a statenueht &s‘Exactly five X were in
the kitchen last night” This statement is only determinate (i.e., haseterchinate
truth value) if X stands for a universal that suigpla principle through which we can
individuate and, thus, count individuals, i.e.prénciple of individuation To verify
this, we can substitute X in the sentence abovildyiniversal3 hing Objector Red
A request to “count the red in this room” cannateige a definite answer: Should a
red shirt be counted as one or should the shietiwo sleeves, and two pockets be
counted separately so that we have five reds? Tdtdem in this case is not that one
would not know how to finish the counting but tlegie would not know how to start,
since arbitrarily mangubparts of a red thing are still red

In summary, a sentence such“@e X which is the same as ¥§ only be determi-
nate if X and Y can supply a principle of idenfity its instances, and a sentence such
as“Exactly five X" is only determinate if X can supply a principleioflividuation
and counting. Substantial Universals such as PefSan Dog, Student that carry a
principle of identity, individuation and countingrfits instances are namé&wbrtal
Universals In contrast, universals such as Thing, Red, Fdlavy are name@har-
acterizing Universalssince they only attribute properties to (chandot® individuals
which have already being individuated by sortalgdigg principles. The distinction
between sortal and characterizing universals Iscefd in natural language in the dis-
tinction between common nouns and other generaist¢e.g., adjectives, verbs), re-
spectively. Notice that only the substitution ofadd Y in the sentences above by
common nouns will render sentences which are graioahaFor a fuller formal the-
ory of substantial universals that propose furtllistinction among both sortal and
characterizing universals one should refer to [1D,1

The statement that the identity of an individuah @mly be traced in connection
with a Sortal Universal, which providegénciple of individuatiorandidentityto the
particulars it collects amounts to one of the lsegiported theories in the philosophy
of language [13,19,23,32]. The position advocatethis article affirms an equivalent
stance for a theory of conceptual modeling. We ntthat every substantial individ-
ual in a conceptual model of the domain must bimstance of a conceptual modeling
type representing a sortal universal.

As argued by Kripke [16], a proper name such ag 8pdvick Jagger are rigid
designators, i.e. they refer to the same individoalll possible situations, factual or
counterfactual. For instance, the proper name Magger refers to the same individ-
ual both now (when he is the lead singer of RollBignes and a sexagenarian) and in
the past (when he was the boy Mike Philip living<ent, England). Moreover, it re-
fers to the same individual in counterfactual sitwres such as the one in which he de-
cided to continue in the London School of Econonaind has never pursued a musi-
cal career. For this reason, a proper name mustpegl by a sortal that applies to its
instancemecessarilyi.e., in all possible situations. In this cade tortal Person is



the sortal that defines the validity of the clainatt Mick Jagger ishe sameas Mike
Philip or, in other words, that Mike Philip persighrough changes in height, weight,
age, appearance, etc., as the same individual.

Once more, person can only be the sortal that stgpgte proper name Mick Jag-
ger in all possible situations because it apptiesessarilyto the individual referred
by the proper name, i.e., instances of Person ¢tammase to be so without ceasing to
exist. This meta-property of universals is nanidddal Constancy{13] or rigidity
[10] and can be formally characterized as infttenula schembelow:

Definition 9 (Rigidity): A universal U is rigid if for every stancex of U, X is neces-
sarily (in the modal sense) an instance of U. leotwords, ifx instantiates U in a
given worldw, thenx must instantiate U in every possible wond (15). o(0Ox x::U
- o(x:U)). ]

In summary, since principles of identity apply nalividuals in all possible situations,
we have that onlyigid sortals can supply principles of identities for their iastes.
A rigid sortal universal that supplies a principlieidentity for its instances is hamed
here aKind. Examples of sortal universals that apply to tlestances onlgontin-
gently (i.e., possibly only in certain situations) inobudniversals such &Boy and
Adult Man but also Student Employee Caterpillar and Butterfly, Philosopher
Writer, Alive andDeceasedSortals that possibly apply to an individual odlyring a
certain phase of its existence are narpkdsed-sortalsContrary to kinds, phased-
sortals aranti-rigid universals:

Definition 10 (Anti-rigidity): A universal U is anti-rigid if fo every instance of U, x

is possibly(in the modal sense) not an instance of U. Inrotfeds, ifx instantiates
U in a given worldw, then there is a possible workd in whichx does not instantiate
U: (16).o(0x x::U - O(=x::U)). [

Being anti-rigid, phased-sortals canrsatpply a principle of identity for their in-
stances. However, since they are sortals, they caust a principle of identity, which
they inherit from a Kind. Therefore, we have thaemy phase-sortal PS must be a
subtypeof Kind such that PS inherits the principle ofritley supplied by K. In other
words, every instance of PS is necessarily a K #mgh, obeys the principle of iden-
tity supplied by K. For example, for an individuldhn instance of Student, we can
easily imagine John moving in and out of the Studgpe, while being the same in-
dividual, i.e. without loosing his identity. This because the principle of identity that
applies to instances of Student and, in particulaat can be applied to John, is the
one which is supplied by kind Person of which thage-sortal Student is a subtype.
If PS is a phased-sortal and K is the substandaelspecialized by PS, there is a
specialization conditiog such thak is an instance of PS iis an instance of K that
satisfiesd [32]. A further clarification on the different tgg of specialization condi-
tions allows us to distinguish between two differgmes of phased-sortals which are
of great importance to the practice of conceptuadi@ing, namelyphasesandroles
Phases (also namedtatesin [2]) constitute possible stages in the histofya sub-
stance sortal. Examples include: (a) Alive and Beed: as possible stages of a Per-
son; (b) Catterpillar and Butterfly of a Lepidogter (c) Town and Metropolis of a
City; (d) Boy, Male Teenager and Adult Male of alM#&ersonUniversals repre-
senting phases constitute a partition of the kihdyt specialize For example, if



<Alive, Deceased> is ahase-partitionof the kind Person then for every wond
every Persoix is either an instance of Alive or of Deceased it of both. More-
over, if x is an instance of Alive in world then there is a world’ such that x is not
an instance of Alive inv', which then implies that x is an instance of Deszd inw’.
Contrary to phasefoles do not necessarily form a partition of kinds. Mwrer,
they differ from phases with respect to the spezatibn conditiond. For a phase Ph,
¢ represents a condition that depends solely omngitr properties of Ph. For in-
stance, one might say that if Mick Jagger is angvPerson then he is a Person who
has the property of being alive or, if Spot is gButhen it is a Dog who has the
property of being less than one year old. For a Ri| converselyp depends on ex-
trinsic (relational) properties of RI. For exampbse might say that if John is a Stu-
dent then John is a Person who is enrolled in sedneational institution, if Peter is a
Customer then Peter is a Person who buys a Praduarin a Suppliey, or if Mary is
a Patient than she is a Person who is treatecc@rtain medical unit. In other words,
an entity plays a role in a certain context, demiga by its relation with other enti-
ties. This meta-property of Roles is nanfeelational Dependencand can be for-
mally characterized as follows [10,11]:
Definition 11 (Relational Dependence): A universal U is relaibndependent on
another universal W via relation R iff for everysiancex of U there is an instange
of W such thak andy are related via R17).o(0Ox x::U - Oy y:W OR(X,y)). u

In figure 1 we show the refinements in the categidrgubstantial universals proposed
in this section. Thus, the materibles employed both in conceptual modeling and
natural language (e.g., Student, Customer, Suppdflesband, Patient) are defined
here asnti-rigid andrelationally dependergubstantial sortals

4  Roles as Qua Individual Universals

In [34], Wieringa and colleagues discuss the needefaborating on the distinctions
among the types of universals used in conceptuaefing and propose three type
categoriesstatic classesdynamic classeandroles The first two of these correspond
to our categories okinds and phases respectively. However, differently from our
proposal, in their approach a role universal is ag@hased-sortal. Conversely, their
roles arerigid universals whose instances are said tplaged byinstances of ordi-
nary (static and dynamic) types. Thiayed byrelation (also termethheritance by
delegationby the authors) between a rol@nd an object implies thatr is existen-
tially dependenbn o. This means that can only be played by, and that r can only
exist when played byp. However, in contras can possibly be associated via the
play by relation to many instances of the role class (amdnany different role
classes). Moreover, role universals are respon$iblsupplying a principle of iden-
tity for its instances, which is different from tbae supplied by the universals instan-
tiated by their players. Figure 3 depicts an exangplan ordinary and a role universal
according to Wieringa et al.

Student

1 * |averageGrade
Figure 3. Example of Role and Role Player Universals.




An inspection of the role literature shows, howewtkat most authors conceive role
universals in a way which is akin to the notiongaosed in section 3, i.e., as substan-
tial universals. This includes authors both in gédiphy [32] and in conceptual mod-
eling in computer science [2,7,15,31]. Moreovevgesal authors share the view spon-
sored in section 3 that the identity of a role anse is supplied by a (kind) universal
subsuming the role type that it instantiates [RI], Finally, there are authors that
explicitly share both views [10,31]. In fact, in amtensive study about the topic of
roles in the conceptual modeling literature, Steim§31] deems the approach of
Wieringa and colleagues to be a singular case inhwthe identity of role instances is
not supplied by a universal subsuming the role they instantiate.

The motivation for such a view proposed by Wieriraged colleagues lies in a
philosophical problem known &he Counting Problerfi3]. Consider the following
argument:

KLM served four thousand passengers in 2004
Every passenger is a person
Ergo, KLM served four thousand persons in 2004

Thus, as Wieringa et al. write [34]f we count persons, we may count 1000, but if
we count passengers, we may count 4000. The rdasdms difference is that if we
count things we must identify those things, so #matcan say which things are the
same and which are different. But in order to idfgnthem, we must classify them.”
In other words, the counting problem is that, byofeing the premises in the argu-
ment above, one can derive a mistaken conclusion.

Although, we appreciate and share the view of cctimg counting with identity
andidentity with classificationwe do not agree with the conclusion the authcasvd
from this example, namely, that since person asdgreger do not share a principle of
counting then they must not share a principle ehtdy either. Since, a principle of
identity can only be supplied by a rigid univergais must be the foundation of the
authors’ conclusion that a role universal therefarest be a rigid universal.

Why do we think the conclusions made by the authoesnot warranted? To start
with, in line with [32], we defend that the courgiproblem is actually a fallacy. Take
the argument posed by its defenders: “The persanhbibarded flight KL124 on April
22" 2004 is a different passenger from the person bdavded flight KL256 on No-
vember 18, 2004, but the two passengers are the same peisntio not agree that
it can be correctly said th#tte two passengers are the same personalternatively,
that a singleperson is distinct passengdia different times), if we are truthful to our
commonsense use of tbemmon nouassenger. However, let us suppose that this is
the case, i.e., that person and passenger obeyetiffprinciples of identity. In this
situation, the second premise of the argument inger valid, i.e., one cannot say
anymore thaevery passenger is a persoma reading in which the copula “is” is in-
terpreted as a relation of identity. This is beeaukie to the so-callddeibniz Rule of
Identity [32], the identity relation holds necessarilytihblds at all. Moreover, since
identity is an equivalence relation, we would héhe

“passengex on flight KL124" is (necessarily) identical to peny

“passenger on flight KL256" is (necessarily) identical to peny

Ergo, “passengex on flight KL124" is (necessarily) identical to “gsengerz on

flight KL256”



This conclusion contradicts the initial premisetttiee two passengers were different.
Therefore, if we have the second premise intergrgtehe strong reading, one must
conclude that passenger carries the same prinofpldentity as person and, hence,
that “passengex on flight KL124” and “passenger on flight KL256" are indeed
numerically the same. In this case, though, tts firemise ceases to be true, i.e., one
can no longer say that “KLM served four thousandspagers in 2004”. We must
conclude then that the second premise should haveaker reading in which the
copula does no represent a relation of identitydmat ofcoincidenceg21]. But, if this
interpretation is taken the whole argument is ¢jeiavalid, since the conclusion can-
not be expected to follow from the premises.

In summary, the conclusion that different principte identity must be supplied
by role types and the types instantiated by thieiygys cannot follow from this argu-
ment. However, despite disagreeing with the commhss we think there is an impor-
tant truth highlighted by the argument of Wieriragad colleagues. If not instances of
passengers, what does one count when stating khal ‘served four thousand pas-
sengers in 2004"? Let us analyze the concept efpmposed by Wieringa et al [34]:

1. arole universal is a rigid classifier;

2. role instances are (one-sidely) existentially dejee of a unique object,

which is said tglay the role;

3. objectsplay these roles only contingently, i.e., thtay relation is only a

contingent relation for the player. As a consegeereasing to play the role
does not alter the identity of the player object.

A recent work that has a concept of role similathi® one of Wieringa et al [34] is the
one of Frank Loebe [18]. However, Loebe’s rolesratonlyexistentially dependent
on their players, but they also depend on the exit of another entity (distinct from
their players), in the way, for instance, thaing a studentlepends on the existence
of an education institution, dreing a husbandepends on the existence of a wife;
ing an employedepends on the existence of an employer, etcs féhature of roles is
recognized in our analysis in section 3. In facis generally accepted in the literature
that roles only exist in a certain context, or e tscope of a certain relation
[2,4,6,10,20,30,31]. Thus, Loebe’s notion of rajgeses with that of Wieringa et al. in
the points (1), (2) and (3) above, but it also ehterizes role instances as existen-
tially dependent on each other.

It should be clear by now that the concept of iolgVieringa et al [34] and Loebe
is equivalent to our notion afua individualdiscussed in section 3. We can interpret
their play byrelation as a sort of inherence. Both relationq@esent a one-side mo-
nadic existential dependence relation. Thus wesegnthat, like their notion of role,
our qua individuals are: instances of a rigid dfass(1); one-side existentially de-
pendent on objects, which are related to theiryg@la’ via a contingent sort of exis-
tential dependence relation (2)(3). Furthermorqua individual is a complex of ex-
ternally dependent qualities (e.g., in figuresgydent id average grad§, which, by
definition, depends also on the existence of amodigect extrinsic to its bearer
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To see that, for example, having a particsadent idis an externally dependent moment, the reader
should imagine a person that is registered in wiffe departments of a university, having a differstot
dent id for each department.



(player). Thus, as in Loebe’s concept of role, @siftom the inherence (play) rela-
tionship with its bearer (player), ogua individualsstand in parthood relationship
with a unique relator in the scope of a materiddtien. Since relators consist of at
least two distinct qua individuals (formula 12), wenclude that the qua individuals
composing a relator are existentially dependerdamh other.

5 Harmonizing the Two Notions

Now, how can we relate the notion of role as aigdévidual discussed in section 4
with the one proposed in section 3? Let us retmsit example depicted in figure 3
above. To start with, a point that can be arguesdrst) this model is the representa-
tion of optional cardinality constraints. In fasince no restriction is defined for the
kind subsuming a role classifier, optional cardiieg must be represented in both
Wieringa's and Loebe’s approaches. As argued,rfstaince, in [33], from an onto-

logical standpoint, there is no such a thing asgional property and, hence, the rep-
resentation of optional cardinality leads to unsbamodels, with undesirable conse-
guences in terms of clarity. Moreover, as empilycdemonstrated in [3], conceptual

models without optional properties lead to betterf@rmance in problem-solving

tasks that require a deeper-level understandintpefrepresented domain. To put it
simply, not all persons bear a student momentphlyt those persons that, for exam-
ple, are enrolled in an educational institution. ¢éa then define a restriction of the
universal Person, whose instances are exactly timubeiduals that bear a student
momenti.e., that are enrolled in an educational insttu(see figure 4).

/\
- «quality»
. «characterization» Student
? stiD
1 1.*  |averageGrade

Figure 4. A Role universal, its subsuming kind and an exefiggliion relation to a qua indi-
vidual universal.

Now, the universal stereotyped as «role» in figlig exactly what we mean by a role
in section 3 and it is the one idea of role thauaately corresponds to the common-
sense use of roles in ordinary language. For #asan, we propose to use the role
name for the role universal and to create a newenfamthequa individualuniversal
(see figure 5). Notice that the general term Stu@Passenger, Employee, etc.) in
natural language belongs to the grammatical cayegbcount nounsas it is usually
the case of substantial sortals, not to the cayegbadjectives$ as it is usually the

4Etymologically the English wordoun comes from the latin worslubstantivusmeaning expressingub-
stance The original form is still preserved in latin lareges such as Portuguese (substantivo) and Italian
(sostantivo), as well as in the English weubstantivewhich is a less familiar synonym for noun. Con-
versely, one of the meanings adjectivein English is “not standing by itself, depende(g®e, for exam-
ple, www.m-w.com).



case with substantial characterizing universalsesponding taleterminatemoment
universals (Red, Tall, Heavy).

/\
- «quality»
«role» «characterization» PersonQuaStudent
Student stiD
1 1.*  |averageGrade

Figure 5. A Role universal, its subsuming kind and an exeficgliion relation to a qua indi-
vidual universal (revised version).

Although an improvement of figure 4, figure 5 il shcomplete in the sense that it
does not express the additional dependence rel#timnaqua individualhas with
other objects external to its bearer. This probisnsolved in figure 6, in which
relators (as aggregates of qua individuals) areesgmted explicitly and in which the
externally dependent moments of a qua individu@ espresented asesultant
moments of the relator. In this figure, the associationstWeen Student and
Enrolment and between Education Institution and offnent stand for formal
relations of mediation.

«kind»
Person
/\

«relator»

«mediation» L% «mediation» 1 _
«role» Enrollment «kind»
Student stiD Education Institution

1 1.*  laverageGrade

Figure 6. A Role universal, its subsuming kind and an assediRelator universal.

Now, let us return to the “counting problem” pravéty discussed:
500 students graduated from the University of Tweént2004
Every student is a person
Ergo, 500 persons graduated from the Universifivaénte in 2004

In this argument, if the first premise is true thha wordstudentrefers to the mode
Person qua studenThe counting of these entities in a given sitwais equal to the
cardinality of the extension of the PersonQuaStuderiversal in figure 5 (i.e.,
#exi(PersonQuaStudent)) or the cardinality of the esitanof the Enrollment univer-
sal in figure 6 (i.e.#ex{Enrollment)), since there is always a 1-1 corresience be-
tween relators and their composing qua individudtswever, if this interpretation for
student is assumed, the second premise is sim|sly, faince the relation between a
student and a person would be one of inherencepm®bf identity. Alternatively, if
the word student is interpreted (in the more n&tuey) as in figure 5, then the count-
ing of students is equal to the cardinality of éxtension of the Student universal in

5
Resultant properties of an object are propertiasa whole inherits from one of its parts.



this figure (i.e.#ex{Student)). Though, in this case, premise one tsnegessarily
true.

In both cases, the alleged “counting problem” digsgps. Nonetheless, with the
model of figure 6 we are still able to represemttfoth kinds of entities (roles and qua
individuals) and their respective counting in arambiguous manner. Additionally,
this solution is able to make explicit and harmenikze two diverse senses of Role
which have been used in the conceptual modelialitire.

Finally, we can refine the characteristicretational dependencdefined for roles
in section 3by explicitly relating the two notions of role disgsed in this article.
Roles, as substance sortals, are always defingdeircontext of material relations
[11]. Thus, the relation R in definition 11 can tether analyzed as being derived
from a certain relator universak{lL1]. Consequently, we can state that a role univer
sal as a substantial sortal (in the first sensseofion 3) is always characterized by a
qua individual universal (role in the second sesfsgection 4):

(18). Ox Role(x) - Oy QualndividualUniversal(y) O charac(x,y)

Or alternatively, we can state that a role univetaa a substantial sortal) bears al-
ways a mediation relation to a relator universal.

(19). Ox Role(x) - Oy RelatorUniversal(y) O mediation(x,y)

As a consequence of formula (19), we have thahenUML profile employed in fig-
ures 2 and 6, a UML class stereotyped as «role% ahays be connected to an asso-
ciation end of a «<mediation» relation [11].

5 Final Considerations

The development of a philosophically well-foundgzper level ontology is an important
step towards the definition of real-world semanfias conceptual modeling and agent-
oriented concepts. In this article, we focus ondbecept oRole Despite its fundamental
relevance to conceptual modeling and, in particutaragent-orientation, there is still a
lack of consensus on the meaning of this categodyom how it should be incorporated in
the metamodels of existing conceptual modelinglagegs.

In this paper, we use a fragment of the Unifiedietation Ontology (UFO) proposed
in [11,12] to analyze two competing notions of rebdsting in the conceptual modeling
literature. In particular, we consider the notidrrae offered by Wieringa et al. in [34],
which proposes the complete separation of roles andt&xmhomies, therefore, devi-
ating from most of the approaches in the literature

The proposal of Wieringa et al. is motivated byhdlgsophical problem known as
The Counting ProblemAs we demonstrate in this article, this problenadtually fal-
lacious and, thus, the separation of role and fdmdnomies cannot be argued for on
this basis. Nonetheless, there is an importanh thighlighted by their argument
which is generally neglected in most conceptual @liad approaches, namely, that in
different situations one might want to count “roistances” in different senses.

By relying of the ontological category gia individualdiscussed in this article,
we manage to provide an ontological interpretatarrthe notion of roles proposed by



Wieringa and colleagues. Moreover, we manage tmbaize it with the more com-
mon view of roles taken in the literature, and eéhe which more naturally represents
the commonsense use of roles in ordinary languagiaely, the conception of roles
asrelationally dependent and anti-rigid substantialiversals

Finally, by explicitly representing roles as botlbstantial universals argha indi-
vidual universals, we can account in an unambiguous wathéalternative senses of
counting “role instances” previously mentioned.
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