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Abstract. UML class diagrams can be used as a language for expressng a
conceptual model of adomain. In a series of papers[1,2,3] we have been using
the General Ontologicd Languege (GOL) and its underlying upper level
ontology, proposed in [4,5], to evaluate the ontologicd corredness of a
conceptual UML classmodel and to develop gudelines for how the mnstructs
of the UML shoud be used in conceptual modeling. In this paper, we focus on
the UML metacmncepts of classes and oheds from an ortologicd point of
view. We use aphilosophicdly and psychdogicadly well-founded theory of
classfiers to propcse a UML profile for Ontology Representation and
Conceptual Modeling. Moreover, we propose adesign pattern based on this
profil eto target areaurrent problem in role modeling dscussed in the literature.
Finally, we demonstrate the relevance of the todls propased by applying them
to solve reaurrent problems in the pradice of conceptual modeling.

1 Introduction

Conceptual modeling is concerned with identifying, analyzing and describing the
esential concepts and constraints of a domain with the help of a (diagrammatic)
modeling language that is based ona small set of basic meta-concepts (forming a
metamodel). Ontologicd modeling, onthe other hand, isconcerned with capturingthe
relevant entities of a domain in an ortology d that domain wsing an ortology
spedficaion language that is based on a small set of basic, domain-independent
ontologicd categories (formingan upger level ontology). While conceptual modeling
languages are evaluated onthe basis of their successul use in (the ealy phases of)
information systems development, ontology spedfication languages and their
uncerlying upper level ontologies have to be rooted in principled phlosophicd



theories abou what kinds of things exist and what their basic relationships with eadh
other are.

Recently, it has been proposed that UML shoud be used as an Ontology
Representation Language [6]. Moreover, in this paper the aithors argue that although
UML ladks a predse definition o its formal semantics, this difficulty shall be
overcome with the airrent devel opments made by the predse UML community [7].
We believe, however, that defining UML constructs only interms of its mathematicd
semantics, although esentia, it is not sufficient to make it a suitable ontology
representation language. The paosition defended hereisthat, in arder to model redity,
a conceptual modeling language shoud be founded onformal upper-level ontologies.
In ather words, it shoud have bath, formal and ortologica semantics.

In a series of papers we have been employing the General Ontologica Language
(GOL) and its uncerlying upper level ontology, propcsed in [4,5], to evaluate the
ontologicd corredness of UML conceptual models and to develop gudelines that
assgn well-defined ortologicd semantics to UML modeling constructs. In [1], we
have discussed the meaning d the UML metaconcepts of classes and ohjeds,
powertypes, asgociation and part-whole relations (aggregatiorn/composition). The
UML metacncepts of abstract classes and datatypes are aldressed in a companion
paper [2]. In[3], we have employed some of the resultsin [1] and[2] to evaluate and
improve the aonceptual corredness and clarity of UML models in the aea of
Moleaular Biology. The work presented here can be seen as a continuation d this
work in which we focus on ore apeda of the philosophicd problem between
universals and particulars (rougHy, classes and instances).

Although the Class (entity type, concept) meta-construct is fundamental in
conceptual modeling (being present in all major conceptual modeling languages)
there is gill a deficiency of methoddogicd suppat for helping the user of the
language dedding hav to model the dements of a given damain. In pradice, a set of
primitives are often used to model distinctions in dfferent types of classes (Type,
Role, State, Mixin, among dhers). However, the choice of how the dements that
dencte universal properties in a domain (viz. Person, Student, Red Thing, Physicd
Thing, Deceaed Person, Customer) shoud be modeled is often made in ad hac
manner. Likewise, it is the judgment of what are the admissble relations between
these modeling meta-constructs. Finally, an inspedion d the literature shows that
thereis gill much debate onthe meaning d these caegories[8,9,10,13].

This paper propases a phil osophicdly and psychologicaly well -founded typology
of classfiers, which isfurther used to generate aUML profil e of Classtypes. We dso
propcse aset of methoddogicd guidelinesthat shoud govwern the use of this profil e.
Moreover, we demonstrate the relevance of the toadls propased by applying them to
solve reaurrent problems in the pradice of conceptual modeling. In particular, we
addressareaurrent problem in role modeling presented by Steimannin[10,11,12] and
show how the techniques presented here (the profile and a design pettern based onit)
acount for a proposal which is philosophicaly better justified bu requires no
changesto be made in the UML meta-model.

Theremaining d thisarticleis gructured asfoll ows: Sedion 2 pesentsthe theory
of classfier types and its philosophicd and pychdogicd foundations. Sedion 3
proposes the UML profile for Class types derived from this theory along with
examples of how the profile can be used to improve the conceptual quality of
conceptual models. Sedion 4 employs the propcsed modeling rofile to derive a



design patern for the conceptual modeling o roles. Finally, sedion 5elaborates on
some nclusions and future work.

2 Towards a Theory of Classfier Types for Conceptual
Modeling: Philosophical and Psychological Foundations

In[14], van Leeauwen shows an important syntadicd differencein natural languages
that refleds a semanticd and ortologicd one, namely, the difference between
common nours (CNs) on ore side and arbitrary general terms (adjedives, verbs, mass
nours, etc...) onthe other. CNs have the singuar feaure that they can combine with
determiners and serve & argument for predicationin sentences such as:

(i) (exactly) fivemicewere in the ktchen last night;
(i) the mouse which has eaten the cheese, has been in turn eaten hy the aat.

In ather words, if we have the patterns (exactly) five X... andthe YwhichisZ..., only
the substitution  X,Y,Z by CNswill produce sentences which are grammaticd. To
seethat, we can try the substitution bythe aljedive Red in the sentence(i): (exactly)
fivered were in the kitchen last night. A request to ‘court thered inthisroom’ cannat
receve adefinite answer: Shoud ared shirt be courted as one or shoud the shirt, the
two sleeves, and two packets be counted separately so that we have five reds? The
problem in this case is nat that one would na know how to finish the murting bu
that one would na know how to start since abitrarily many subperts of a red thing
are still red.

The explanation for this feaure unique of CNs lies on the function that
determinates (demonstratives and quantifiers) play in noun plnases, which is to
determine a cetain range on individuals. Both reference and quantification requires
that the thing (or things) which are referred o which form the domain of
guantification are determinate individuals, i.e., their condtions for individuaion and
identity must be determinate. In ather words, if it is nat determinate how to court Xs
or how to identify X that isthe same &Y, the sentences in the patterns (i) and (ii) do
not expressdeterminate propasitions, i.e. propasitions with definite truth values.

The distinction ketween the grammaticd caegories of CNs and arbitrary general
terms can be eplained in terms of the ontologicd caegories of Sortal and
Charaderizing unversals [15], which are rougHy their ontologicd courterparts.
Whil st the latter supdy only aprinciple of applicaionfor theindividualsthey colleq,
the former supdy bah a principle of applicaion and a principle of identity. A
principle of applicaion isthat in acordance with which we judge whether a general
term applies to a particular (e.g. whether something is a Person, a Dog, a Chair or a
Student). A principle of identity suppatsthe judgment whether two particularsare the
same, i.e., in which circumstances the identity relation hdds.

In [16], Mamamara, investigates the role of sortal concepts in cogrition and
provides a comprehensive theory for explaining the processthat a child undergoes
when learning proper nours and common nours. He propaoses the foll owing example:
suppcee alittl e boy (Tom), which is about to lean the meaning d a proper name for
his puppy. When presented to the word “Spat”, Tom has to dedde what it refers to.



One shoud ndice that a demonstrative such as “that” will not be sufficient to
determinate the bearer of the proper name?How to dedde that “that” which changes
all its perceptual properties is dill Spat? In ather words, which changes can Spat
suffer and till be the same? As Mamamara (among dhers) shows, answers to these
guestions are only possbhle if Spat is taken to be aproper name for an individual,
which is an instance of a Sortal universal. The principles of identity suppied bythe
Sortalsare esential to judge the validity of all i dentity statements. For example, if for
an instance of the sortal Satue loosing a piecewill nat alter the identity of the objed,
the same does nat hald for an instance of Lump of Clay.

The statement that we can orly make identity and guantification statements in
relationto a Sortal amourts to ore of the best-suppated theoriesin the phil osophy d
language, namely, that the identity of an individual can ony be traced in conredion
with a Sortal Universal, which providesaprinciple of individuaionandidentity to the
particularsit colleas[14,16,17,18]. The position advocaed in this article dfirmsan
equivalent stance for a theory of conceptual modeling. We defend that among the
conceptual modeling counterparts of general terms (classfiers), only constructs that
represent substance sortals can provide aprinciple of identity andindividuationfor its
instances. As a ansequence, the following principle can be postulated:

Postulate 1: Every Objed in a conceptual model (CM) of the domain must be an
instance of a CM-classrepresenting a sortal.

Asargued by Kripke[19], aproper nameisarigid designator, i.e. it refersto the same
individual in all possble situations, factual or courterfactual. For instance, it refersto
the individual Mick Jagger bath now (when he is the lead singer of Rolli ng Stones
and 60 eas old) and in the past (when he was the boy Mike Phili p living in Kent,
England). Moreover, it refersto the same individual in counterfacual situations such
as the one in which he dedded to continue in the LondonSchod of Econamics and
has never pursued amusica carea. We would like to say that the boy Mike Philip is
identica with the man Mick Jagger that he latter becane. However, as pointed ou by
Wiggins [20] and Perry [21], statements of identity only make sense if bath referents
are of the same type. Thus, we could na say that a cetain Boy isthe same Boy asa
certain Man sincethe latter is not a Boy (and vice-versa). However, as Putnam pit it,
when aman x pantsto aboyin apicture andsays“| am that boy’, the pronoun®l” in
guestion is typed na by Man bu by a supertype of Man and Boy (namely, Person)
which embraces x's entire existence [22]. A generalizaion d thisidea anourt to a
thesis, proposed by Wiggins, named thesis D [20]: If an individual falls under two
sortals in the course of its history there must be exadly ore ultimate sortal of which
both sortals are spedali zaions. Griffin elaborates Wiggins' thesis D in terms of two
correlated principles:

a) The Restriction Principle: if anindividual fall sunder two dstinct sortalsFandF
in the course of its history then there is at least one sortal of which Fand F' are bath
spedalizations.

b) The UniquenessPrinciple: if an individual falls under two dtinct sortals F and
F' inthe course of its history then there is only one ultimate sortal of which Fand F
are both spedalizations. A sortal F is ultimate if there is no aher sortal F distinct
from F which F spedalizes.



It is not the case that two incompatible principles of identity could apply to the same
individual x, otherwise x would nd be aviable entity (determinate particular) [14].
Imagine an individual x which is an instance of bath Statue and Lump of clay. Now,
the answer to the question whether loosing a piecewill alter the identity of x is
indeterminate since eab o the two principles of identity that x obeys imply a
different answer. As a consequence, we can say that if two sortals F and F' intersed
(i.e. have common individualsin their extension), the principles of identity contained
in them must be equivalent. Moreover, Fand F' canna supdy a principle of identity
for x, since both sortals apply to x orly contingently and a principle of identity must
be used to identify x al possble worlds. Therefore, there must be asortal G that
supdies the principle of identity caried by F and F'. This proves the restriction
principle. The uniquenessof the ultimate sortal G can be agued asfollows: (i) Gisa
sortal, sinceit suppiesaprinciple of identity for all thethingsinitsextension; (i) if it
restricts a sortal H then, since H canna supgy an incompatible principle of identity,
H either is. equivalent to G (i.e. does supdy the same principle of identity) and
therefore shoud be ultimate, or does not supdy a principle of identity for the
particulars in its extension (seetext on dspersive dassfiers below). This proves the
uniqueness principle. The unique ultimate sortal G that supgies the principle of
identity for its instances is named a substance sortal.
As a onsequence of the uniquenessprinciple we define asecond patulate;

Postulate 2: An Objed in a conceptual model of the domain canna instantiate more
than ore CM-Classrepresenting an utimate Substance Sortal.

In the example above, the sortal Personisthe unique substance sortal that definesthe
validity of the daim that Mick Jagger is the same & Mike Philip ar, in ather words,
that Mike Phili p persiststhroughchangesin height, weight, age, residence, etc., asthe
same individual. Person can orly be the sortal that suppats the proper name Mick
Jagger in all posshle situations because it applies necessrily to the individual
referred by the proper name, i.e. instances of Person canna cease to be so withou
ceaing to exist. As a mnsequence, the extenson o a substance sortal is world
invariant. This meta-property of classfiersisnamed Moda Constancy[18] or rigidity
[23] andisformally stated as foll ows:

Let W be anonempty set of possble worlds and let w [0 W be aspedfic world. The
extension function extw(G) maps a dassfier G to the set of itsinstancesin world w.
Let ext(G) be an extension function mapping to the set of instances of the dassfier G
that exist in all passble worlds, such that

1. ext(G) = 0,0, ext(G)

and for any classfiers F and G such that F isa spedalization o G and, for all w OW
2. ext (F) O ext (G)

if G isasubstance sortal then we have that



3. ext,(G) = ext,,(G), for any w,w' [0 W and consequently,
4. ext(G) = ext,(G), for all w O W

Sortals such as Boy and Adult Man in the example éowe, but also Student,
Employee Caterpill ar and Butterfly, Phil osopher, Writer, Alive and Deceaed, which
possbly apply to a cntinuant during a cetain phase of its existence, are named
phased-sortal in [20]. As a ansequence of the Restriction Principle we have that for
every phased-sortal PSthat applies to a mntinuant, there is a substance sortal S of
which PSisa spedalizaion.

Contrary to substance sortals, phased-sortals apply to individual s cortingently and,
thus, do nd enjoy modal constancy. For example, for an individual Johninstance of
Student, we can easily imagine John moving in an ou of the Student type, while
being the same individual, i.e. withou loosing Hs identity. Moreover, for every
instance x of Student in a world w, there is another world w' in which x is nat an
instance of Student. This meta-property of classfiers is named anti-rigid in [23].
Formally,

Let PSbhe aphased-sortal and S be asubstance sortal restricted by PS Let
5. extw(~P9 = extw(S) / extw(PS

be the mmplement of the extension d PSin world w. Then for all worldsw O W,
thereisaw’ 0O W such that

6. ext, (P9 n ext, (~P9 # O
Putting (2), (4) and (6) together derives ancther postulate:

Postulate 3: A CM-Classrepresenting a rigid classfier canna be asubclassa CM-
Classrepresenting an anti-rigid classfier.

To seethat isthe cae suppcse there isarigid classfier G which spedalizes an anti-
rigid classfier F. Let {a,b,c,d} and {a,b} be the extenson d F and G in world w,
respedively. By (6), thereisaworldw’ inwhichaO ext (F) isin ext,(~F) andthusa
O ext, (F). By (4), however, ext,(G) = ext,,.(G) and, by (2), ext,.(G) O ext,.(F), ergo, a
O ext,,.(F), which is a mntradiction. We therefore mnclude that there caana be the
case that arigid classfier spedalizes an anti-rigid ore.

If PSis aphased-sortal and S is the substance sortal spedalized by PS thereisa
spedalization condtion ¢ such that x isa PSiff x isaSthat satisfies ¢ [14]. A further
clarificaion onthe diff erent types of spedalization condtionsall owsusto distinguish
between two dfferent types of phased-sortals which are of grea importance to the
pradice of conceptual modeling, namely, phases and roles.

Phases (also named dyramic subclasses [13] or states [9]) constitute posshble
stages in the history of a substance sortal. Examples are: (a) Alive and Deceaed: as
possble stages of a Person; (b) Catterpill ar and Butterfly of aLepidoperan; () Town
and Metropdis of a City; (d) Boy, Male Teenager and Adult Male of a Male Person.
Clasdfiers representing phaes constitute a patition o the substance sortal they
spedalize. For example, if <Alive, Dece&ed> isaphase-partition of a sustance sortal



Person then for every world w, every Person X is either and instance of Alive or of
Deceaed bu nat of both. Moreover, if x isan instance of Alive in world w then there
isworld w' such that x is nat an instance of Aliveinw', which in this case, implies
that x isan instance of Deceaed inw'.

Contrary to phases, roles do nd necessarily form a partition d substance sortals.
Moreover, they differ from phases in terms of the spedalizaion condtion ¢. For a
phase P, ¢ represents a condtionthat depends lely onintrinsic properties of P. For
instance, one might say that if Mick Jagger isaLiving Personthen heisaPersonwho
has the property of being alive or, if Spat is a Puppy then it is a Dog who has the
property of beinglessthan ayea old. For arole R, conversely, ¢ dependsonextrinsic
(relational) properties of R. For example, one might say that if Johnisa Student then
Johnis a Person whois enrolled in some educdional ingtitution a that, if Peter isa
Customer then Peter is a Person who buys a Product y from a Supgier z. In aher
words, an entity playsarolein a cetain context, demarcated byitsrelationwith ather
entities. In general, we can state the following: Let R berolethat spedalizesasortal S
(named the all owed type for R [9]) and ¢rbe an-ary relation defined between R and
the (n-1) universals onwhich R isexernally dependent [23]. For instance, ¢enroliment [
Student x Schod, ¢purchasefrom [0 Customer x Supgier or ¢pmariage 0 Husband x Wife.
Moreover, let the domain o a relation in world w (Domw) be defined as foll ows:
Domw(¢r) = {x |<x,y> O extw(dr)}. Then for al worldsw O W we have that

7. extw(R) O Domw(¢r)

AlthoughFrege agued at length that “one canna court withou knowing what to
court”, in artificial logicd languagesinspired by him, natural |anguage general terms
such as CNs, adjedives and erbs are treaed uriformly as predicates. For instance, if
we want to represent the sentence ‘there ae tall men”, in the fregean approach of
classcd logic we would write (X (Man(x) O Tall(x)). This reading pus the wurt
nounMan (which denotesa Sortal) onan equal logicd foatingwith the predicate Tall.
Moreover, in this formula, the variable x isinterpreted into a “suppcsedly” universal
kind Thing. So, the natural language reading d the formula shoud be “there ae
things which have the property of being a man and the property of beingtall”. Since,
by postulate 1, all individuals must be instances of a substance sortal we must
conclude that Thing is a unique universal ultimate sortal which is able to suppy a
principle of identity for all elements that we consider in ou universe of discourse.
Moreover, by pastulate 2, this principle of identity must be unique. Can that be the
case?

In[25], Hirsch arguesthat concepts such as Thing, (Entity, Element, among dhers)
are dispersive, i.e. they cover many conceptswith dfferent principles of identity. For
instance, in the extension d Thing we might encounter an individuals x which is a
cow and an individual y which is a watch. Since the principles of identity for Cows
and Watches are nat the same we @nclude that Thing canna supy a principle of
identity for its instances. Otherwise, x and ywould obey incompatible principles of
identity and, thus, would na be determinate individuals. Therefore, as defended in
[14,17,18,25], dispersive aoncepts do nd denate sortals (despite the fad that they are
considered CNs in natural languages) and therefore cannd have dired instances.
More than that, since aprinciple of identity supdied by a substance sortal G is
inherited by all classfiersthat spedalize G or, to pu in ancther way, al subtypes of



G cary the principle of identity supgied by G. Thus, all subclasss of a sortal are
themselves rtals, ergo,

Postulate 4: A CM-Classrepresenting adispersive universal canna be asubclassof a
CM-Classrepresenting a Sortal .

3 An Ontologcaly Waeéll-founded Profile for UML Class
Diagrams

The Unified Modeling Language (UML) has built-in extension mechanisms that
alow one to modify the language dements to suite cetain modeling reeds.
Extensionsto thelanguage can be performed in two dfferent ways: (i) by spedalizing
the UML metamodel (layer 2) to add rew semanticsto UML modeling elements; (ii)
by changing the MOF model (layer 3) to add rew elements to the UML metamodel.
The former mecdhanism is named lightweight extension and the latter heavyweight
exension. A coherent set of such extensions, defined acordingly to a spedfic
purpaose or domain, constitutes a UML profil e [26].

In this ®dion we propcse lightweight exension to UML that represents finer-
grained ddtinctions between dfferent types of classfiers. The proposed profile
contains a set of stereotyped classes (spedali zaions of the meta-construct clasg that
suppat the design o ontologicadly well -founded conceptual models acarding to the
theory proposed in sedion 2

It isimportant to emphasizethat the particular classes chosen to exemplify ead of
the proposed categories are used for ill ustration puposes only. For example, when
stereotyping class Person as a Kind we ae nat advocating that Person shoud be in
general considered as a kind in conceptual modeling. Conversely, the intentionisto
make eplicit the onsequences of this modeling choice The doaice itself,
noretheless is always left to the model designer.

3.1 Kindsand Subkinds

A UML class sereotyped as a « kind » represents a substance sortal that suppies a
principle of identity for itsinstances. Kinds can be spedalized in aher rigid sybtypes
that inherit their suppied principle of identity named subkinds. For instance, if we
take Person to be akind then some of its sibkinds could be Man and Woman. In
general, the stereotype « subkind »can be omitted in conceptual models withou loss
of clarity.

Every obea in a conceptua model using this profile must be a instance of a
Kind, diredly or indiredly (postulate 1). Moreover, it canna be an instance of more
than ore ultimate Kind (postulate 2). Figure 1-a shows an excerpt of a cmnceptual
model that violates the second patulate (extraded from the CY C'). Here, we a3ume
that the kinds Sccial Being and Group supdy different principles of identity.
Moreover, it isconsidered that Groupsupgies an extensional principle of identity, i.e.
two goups are the same iff they have the same members. This is generally

1 http://www.opencyc.org/



incompatible with a principle supdied by Sacial Being: we can change the members
of a mmpany, foaotball team or music band and still have the same social being.
Moreover, the same group can form different social beings with dfferent purposes.
One shoud ndicethat if “The Beales’ would be an instance of both Kinds, it would
not be adeterminate objed (an answer to the question whether it was dill the same
thing when Ringo Star replacal Pete Best, is baoth affirmative and regative!). Figure
1-b shows aversion d the model of fig.1-athat obeysthe aonstraints of this profil e.

« kind » |/« kind » « kind »

Social Being Group Social Being
LF Zr Lﬁ « kind »
Organization Organization Group

ko———

T instance of /I\ instance of /I\ instance of

The Beatles The Beatles {John, Paul,
George, Ringo}
(@) (b)

Fig. 1. (a) Example of an instance with conflicting principles of identity; (b) an ortologicdly
corred version d the same model

By postulate 3 (sec?2), rigid classes canna be supertyped by anti-rigid ores.
Therefore, kinds canna appea in conceptual models as subtypes of phases, roles
(3.3), androle mixins (3.4).

3.2 Phases

UML classes gereotyped as « phase » represent the phased-sortals phase. Figure 2
depicts an example with the kind Person, its subkinds Man and Woman and the
phases Child, Addescent and Adult. The dasses conreded to ore single halow
arrowhead symbad in UML (concrete syntax for the subtyping relation) define a
generalizaionset [27]. A generali zaion set congtitutes a partition d the dasspointed
by the symbadl (superclasg. A classwith an italicized nameisan abstrad class i.e. a
classthat canna have dired instances.



Man

&« kind »
Person <F
Woman
JaN
« phase » « phase » « phase »
Child Adolescent Adult

Fig. 2. Two partitions of the same kind: a subkind-partiti on and a phase-partition

3.3 Roles

UML classes dereotyped as « role » represent the phased-sortals role. Roles and
Phases are anti-rigid universals and canna appea in a cnceptua model as a
superclass of a Kind (postulate 3). Sometimes subtyping is wrongy used in
conceptual modeling to represent alternative all owed types that can fulfill arole. For
instance, in figure 3-a, the intention o the model is to represent that customers are
either persons or organizations. Ancther exampleis srown in figure 3-b. However, in
general being a austomer is assumed to be a ontingent property of person, i.e. there
possble worlds in which a Person is not a austomer but still the same person.
Likewise, a participant can stop participating in a Forum withou ceaing to exist.
Figure 3-b contains yet anather conceptual problem. In this model, a participant can
take part in zero-to-many forums. It is common in Database and Objea-Oriented
Designto use aminimum cardinality equal to zero to expressthat in certain state of
the system, for example, an dbjed of type Participant is nat related to any oljed of
type Forum. However, from a conceptual viewpaint, the involvement in this relation
is part of definition d the role type. In thisexample, the assciation participationisa
spedalizaion condtion (sec2), which is part of the ocontent of the concept
Participant, i.e. a Participart is a Person or SG that takes part in a Forum. As a
consequence of formula (7)-sedion 2, the following constraint must hald for classes
stereotyped as « role »:

Let X be a class sereotyped as « role » and r be an assciation representing X's
restriction condition. Then the minimum cardinality of X.r must be at least 1
#X.r 21)

Insedion 5 in dscussng some related work w.r.t. role modeling, we present adesign
pattern that can be used to produce ontologicdly correa versions for the models of
figure 3-a and 3b.



Customer Participant Forum
1

-.n *

participation

| T | T |

Person Organization Person sIG

(a) (b)

Fig. 3. (aleft) and (b) Problems on modeling d roles and their all owed types; (b) mistaken
cardinality spedficaionfor roles

3.4 Mixins

Mixins represent dispersive universals and are perceived to be of grea importancein
structuring conceptual models [28,29,30]. They can represent top-types such as
Thing, Entity, Element (discussd in sedion 2 but also concepts such as
RationdEntity, which represent an abstradion d properties that are common to
different classes (fig4-a). In this case, the mixin RationdEntity can be judged to
represent an esential property that iscommonto all it sinstancesandit isitself arigid
class We use the stereotype «category» to represent a rigid mixin that subsumes
different kinds.

In contrast, some mixins are ati-rigid and represent abstradions of common
properties of roles. These dasss are stereotyped as «roleMixin» and represent
dependent anti-rigid nonsortals. Examples of role mixinsinclude formal roles sich as
whole and part and initiatior and responcer. Further examples are discussd in the
design pattern propcsed in sedion 5

« category » — "
RationalEntity ¢ sgtxa"llnle ? ¢ c}:(:—r;?e »
« kind » « kind » Chair « phase » « phase »
Person \Artificial Agent SolidCrate BrokenCrate

(a) (b)
Fig. 4. (aleft) Examples of caegories and (b) semi-rigid mixins

Moreover, some mixins represent properties which are esential to some of its
instances and acddental to athers. In [23], this meta-property is named semi-rigidity
(as oppased to anti-rigidity). An example is the mixin Seatable (fig4-b), which
represents a property that can be aonsidered essential to the kinds Chair and Stod but



acddental to Crate, Paper Box or Rock. We use the stereotype « mixin » (without
further qualificaion) to represent semi-rigid nonsortals.

Finally, by pcstulate 4, we have that mixins canna appea in a conceptual model as
subclasses of kinds, phases or roles. Moreover, since they canna have dired
instances, a mixin must always be depicted as an abstrad classin a UML conceptual
model.

Table 1 below summarizes the profil e propased in this ®dion.

Table 1. Summary of propcsed profil e for diff erent types of classfiers

Stereotype Constraints
«kind » | supertypeisnot amember of {« subkind » « phase », « role »,
«roleMixin »}
«subkind » | supertypeisnot a member of {« phase », « role », « roleMixin »}
« phese» | Always defined as part of partition.
Let X be a ¢ass sereotyped as « role » and r be an association
representing X's restriction condtion. Then, #X.r > 1
«cdaegory » | supertypeisnot amember of {« kind » «subkind » « phase »,
« role», « roleMixin »}
«roleMixin» | supertypeisnot a member of {« kind » « subkind » « phase »,
«role»}. Let X be a ¢ass sereotyped as « roleMixin »andr be an
association representing X' s restriction condtion. Then, #X.r> 1
«mixin » | supertypeisnot a member of {« kind » « subkind » « phase »,
«role», « roleMixin »}

«role»

4 A Design Pattern for M odeling Roles

Infigure 3-a, the role Customer is defined as a supertype of Personand Organization.
As previously mentioned, this modeling choice violates postulate 3 and groduces an
ontologicdly incorred conceptual model. Firstly, nat al personsare austomers, i.e. it
isnot the cae that the extension o Personisnecessrily included in the extension o
Customer (formula 2, sec.2). Moreover, an instance of Person is not necessarily a
Customer. Both arguments are dso valid for Orgarization.

In a series of papers [10,11,12], Steimann dscusses the difficulties in spedfying
admissble types for Roles that can be filled by instances of digoint types. As a
conclusion, the aithor claimsthat the solutionto this problem liesin the separation o
role and type hierarchies which leadsto aradicd revision o the UML meta-model (a
hearyweight extension).

In the remaining d this £dionwe intend to show that thisclaim is not warranted.
Moreover, we propose adesign pdtern based onthe profile introduced in sedion 3
that can be used asan ortologicdly corred solutionto thisreaurrent problem. Finally,
this lution has a smaller impad to UML than the one proposed bythe aithor, since
it does not demand hearyweight extensions to the language.

In the example aowe, Customer has in its extension individuals that belong to
different kinds and, thus, that obey different principles of identity. Customer is hence



a dispersive type (a nontsortal) and, by definition, canna suppy a principle of
identity for its instances. Since a (determinate) individual must obey one and orly
one principle of identity, every instance of Customer must be an instance of one of its
subtypes (forming a partition) that carry that principle of identity. For example, we
can define the sortals PrivateCustomer and CorporateCustomer as subtypes of
Customer. These sortals, in turn, cary the (incompatible) principles of identity
supdied by the kinds Person and Organizaion, respedively. In sum, if x is a
Customer (abstrad clasg then x must be an instance of exadly ore of its subtypes
(e.g., PrivateCustomer) that carriesthe principle of identity supgied byan appropriate
substance sortal (e.g., Person). Figure 5 shows how this slution can be incorporated
in a cnceptual modeling design pattern. In this picture the abstrad classA istherole
mixin that covers different role types (e.g., Customer, Participant). Classes B and C
are the digoint subclasses of A that can have dired instances, representing the sortal
roles that carry the principles of identity that govern the individuals that fall in their
extension. Classs D and E are the ultimate substance sortals (kinds) that supdy the
principles of identity carried by B and C, respedively. The assciationr representsthe
common spedalization condtion d B and C, whichisrepresented in A. Finally, class
F represents a type that A is externally dependent on.

« roleMixin » r
A 1.n

@

kind

»

A

ZIB.

G

kind

»

L

G

role
B

»

[

role
o3

P

Fig. 5. A design pattern for the problem of spedfyingroleswith multi ple disjoint all owed types

An application d this pattern isill ustrated in figure 6 in which it is used to produce
ontologicdly correa versions of the models presented in figures 3-a and 3b,
respedively. In bah cases, the entity the role mixin depends on, and the asciation
representing the spedali zation condtion are omitted for the sake of brevity.



«roleMixin»

Participant SocialBeing
AN

«roleMixiny
Customer

«kind»
SocialBeing
A

«kind»
Person

T

«rolex «role»
PrivateCustomer| |CorporateCustomer|

«kind»
Person

«rolex «rolex»

Individual Participant| |CollectiveParticipant|

Fig. 6. Ontologicdly corred versions of the models of fig. 3-a and fig. 3-b oltained by the
applicaion d the Design Pattern

5 Final Considerations

The development of a well-grounced, axiomatized upper level ontology is an
important step towardsthe definition o red-world semanticsfor conceptual modeling
diagrammatic languages. In this paper, we use aphil osophicdly and pychadogicdly
well-founced theory of universals to addressthe problem of classfiersin conceptual
modeling.

The work presented in sedion 2 tas been strondy influenced by the pioneaing
work of the OntoClean methoddogy, which proposes a number of guidelines to
evaluate the conceptual correanessof generalizaion relationships [23,24]. Ancther
key influenceisthe series of psychologica claimspropased by cogritive psychalogist
John Mamamara in [17]. Mcnamara defends that some universals are conceptually
more salient and psychologicaly more privil eged than athers andthat thereisalogic
uncerlying the fad that we can understand certain propasitions. A paosition analogos
to the one defended by Chomsky, i.e., that there is a dose fit between the mind's
lingustic properties and properties of natural languages and, that natural languages
have the properties they do becaise they can be recogrnized and manipulated by
infants withou the meta-lingustic suppat, which is available to second-language
leaners.

Still i n sedion 2 we have sketched a formalization o the cdegories proposed by
using extension sets indexed by worlds. The ideawas to puposely avoid a modal
logic goproach with urrestricted quantification. In a subsequent article, we shall
present the semantics of the proposed categories in a logic of sortals (modal logic
with guantification restricted to sortal universals) in the spirit of Gupta's logic of
Common Nouns [20] or Montague's yystems as presented in [16].

In sedion 3 this theory is used in the definition o a UML profile for Ontology
Representation and Conceptual Modeling. The profile comprises of: (i) a set of
stereotypes representing dstinctions on types of classfiers proposed by the theory
(e.g., Kind, Role, Phase, Category, Mixin); (i) Constraintsonthe possblerelationsto
be established between these dements, representing the postulates of the theory. By
using this profile, we were &le to propose adesign pettern to target a reaurrent
problem in role modeling dscussd in the literature. We believe that these results
contribute to the task of defining sound engineeaing tools and principles for the
pradiceof conceptual modeling. Nevertheless the profile shoud na beregarded asa



final propaosal. In particular, we recognize that further discusson and elaboration on
the isaue of role modelingisrequired, atopic that shall be addressed in afuture paper.
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