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Abstract. UML class diagrams can be used as a languagexfoessing a conceptual model of a
domain. In a series of papers [1,2,3] we have lisarg the General Ontological Language (GOL) and
its underlying upper level ontology, proposed in5[4to evaluate the ontological correctness of a
conceptual UML class model and to develop guidslifee how the constructs of the UML should be
used in conceptual modeling. In this paper, we doma the UML metaconcepts of classes and objects
from an ontological point of view. We use a philpkizally and psychologically well-founded theory
of classifiers to propose a UML profile for OntolodRepresentation and Conceptual Modeling.
Moreover, we propose a design pattern based onptoifie to target a recurrent problem iole
modeling discussed in the literature. Finally, vamdnstrate the relevance of the tools proposed by
applying them to solve recurrent problems in thecpce of conceptual modeling.

1 Introduction

Conceptual modeling is concerned with identifyiagalyzing and describing the essential concepts
and constraints of a domain with the help of agdisnmatic) modeling language that is based on & sma
set of basic meta-concepts (forming a metamodeijoldgical modeling, on the other hand, is concérne
with capturing the relevant entities of a domainan ontology of that domain using an ontology
specification language that is based on a smalbkdtasic, domain-independent ontological categorie
(forming an upper level ontology). While conceptoaddeling languages are evaluated on the basheof t
successful use in (the early phases of) informatimtems development, ontology specification laggsa
and their underlying upper level ontologies havebéorooted in principled philosophical theories @hbo
what kinds of things exist and what their basiatiehships with each other are.

Recently, it has been proposed that UML shoulddsaias an Ontology Representation Language [6].
Moreover, in this paper the authors argue thatoaljh UML lacks a precise definition of its formal
semantics, this difficulty shall be overcome witie tcurrent developments made by the precise UML
community [7]. We believe, however, that definindMU constructs only in terms of its mathematical
semantics, although essential, it is not sufficteniake it a suitable ontology representation lagg. The
position defended here is that, in order to modality, a conceptual modeling language should beded
on formal upper-level ontologies. In other wordsHould have both, formal and ontological semantic

In a series of papers we have been employing theei@ke Ontological Language (GOL) and its
underlying upper level ontology, proposed in [4,8], evaluate the ontological correctness of UML
conceptual models and to develop guidelines thatgaswell-defined ontological semantics to UML
modeling constructs. In [1], we have discussedriganing of the UML metaconcepts cbsses and
objects powertypes association and part-whole relations &ggregation/compositign The UML
metaconcepts dadibstract classeanddatatypesare addressed in a companion paper [2]. In [3]hewee
employed some of the results in [1] and [2] to ea&d and improve the conceptual correctness anitdycla
of UML models in the area of Molecular Biology. Tiverk presented here can be seen as a continwgdtion



this work in which we focus on one aspect of thiéggbphical problem between universals and pasisul
(roughly, classes and instances).

Although the Class (entity type, concept) meta-traugs is fundamental in conceptual modeling (being
present in all major conceptual modeling languatfeske is still a deficiency of methodological sapfor
helping the user of the language deciding how tdehthe elements of a given domain. In practicssteof
primitives are often used to model distinctionsdifferent types of classes (Type, Role, State, Mixi
among others). However, the choice of how the efesnthat denote universal properties in a domain (v
Person, Student, Red Thing, Physical Thing, DeceBgeson, Customer) should be modeled is often made
in ad hoc manner. Likewise, it is the judgment bfvare the admissible relations between these Ingde
meta-constructs. Finally, an inspection of theditere shows that there is still much debate onrtbaning
of these categories [8,9,10,13].

This paper proposes a philosophically and psychcddy well-founded typology of classifiers, whigh
further used to generate a UML profile of Classetyp/Ne also propose a set of methodological guieeli
that should govern the use of this profile. Morepovee demonstrate the relevance of the tools prexghby
applying them to solve recurrent problems in thecpece of conceptual modeling. In particular, werads
a recurrent problem in role modeling presented tgingann in [10,11,12] and show how the techniques
presented here (the profile and a design pattesedban it) account for a proposal which is phildsoally
better justified but requires no changes to be nratlee UML meta-model.

The remaining of this article is structured asda: Section 2 presents the theory of classifipesyand
its philosophical and psychological foundationsctié® 3 proposes the UML profile for Class types
derived from this theory along with examples of hthe profile can be used to improve the conceptual
quality of conceptual models. Section 4 employspteposed modeling profile to derivedasign pattern
for the conceptual modeling dfles Finally, section 5 elaborates on some conclusamusfuture work.

2 Towards a theory of classifier types for Conceptual Modelingphilosophical and
psychological foundations

In [14], van Leeuwen shows an important syntactdifference in natural languages that reflects a
semantical and ontological one, namely, the diffeeebetween common nouns (CNs) on one side and
arbitrary general terms (adjectives, verbs, masssioetc...) on the other. CNs have the singular featu
that they can combine with determiners and sena@amnent for predication in sentences such as:

0] (exactly) five mice were in the kitchen last night;
(i) the mouse which has eaten the cheese, has beateimin turn by the cat.

In other words, if we have the pattefexactly) five X..andthe Y which is Z.. only the substitution
of X,Y,Z by CNs will produce sentences which arargmatical. To see that, we can try the substitutipn
the adjectiveRedin the sentence)( (exactly) five red were in the kitchen last imigA request to ‘count the
red in this room’ cannot receive a definite ansv@rould a red shirt be counted as one or shoulglilrg
the two sleeves, and two pockets be counted sebasat that we have five reds? The problem in ¢hise
is not that one would not know how to finish thauating but that one would not know how to startein
arbitrarily many subparts of a red thing are s&dl.

The explanation for this feature unique of CNs besthe function that determinates (demonstratives
and quantifiers) play in noun phrases, which idetermine a certain range on individuals. Bothresfee
and quantification requires that the thing (or gsinwhich are referred or which form the domain of
guantification are determinate individuals, i.éeit conditions forindividuation and identity must be
determinate. In other words, if it is not deterndinBaow to count Xs or how to identify X that is theme as
Y, the sentences in the patterns (i) and (ii) dbexpress determinate propositions, i.e. propastiwith
definite truth values.

The distinction between the grammatical categod&€sCNs and arbitrary general terms can be
explained in terms of the ontological categoriesSoftal and Characterizing universals [15], which a
roughly their ontological counterparts. Whilst ttedter supply only a principle of application fdnet
individuals they collect, the former supply bottpinciple of application and a principle of idegtit A
principle of application is that in accordance withich we judge whether a general term applies to a



particular (e.g. whether something is a Personp@, @ Chair or a Student). A principle of idenstypports
the judgment whether two particulars are the same,n which circumstances the identity relatfarids.

In [16], Macnhamara, investigates the role of sartaicepts in cognition and provides a comprehensive
theory for explaining the process that a child wgdes when learning proper nouns and common nouns.
He proposes the following example: suppose a littlg (Tom), which is about to learn the meaning of
proper name for his puppy. When presented to thel 8pot”, Tom has to decide what it refers to. One
should notice that a demonstrative such as “thal’ vt be sufficient to determinate the bearertioé
proper name? How to decide that “that” which changk its perceptual properties is still Spot? theo
words, which changes can Spot suffer and stilhieeseme? As Machamara (among others) shows, answers
to these questions are only possible if Spot ignato be a proper name for an individual, whictars
instance of a Sortal universal. The principlesdgfitity supplied by the Sortals are essential tigguthe
validity of all identity statements. For examplefdr an instance of the sort8tatueloosing a piece will
not alter the identity of the object, the same dumshold for an instance aimp of Clay

The statement that we can only make identity anahtification statements in relation to a Sortal
amounts to one of the best-supported theorieseipttilosophy of language, namely, that the idemftgn
individual can only be traced in connection withSartal Universal, which provides principle of
individuationandidentity to the particulars it collects [14,16,17,18]. Tpwsition advocated in this article
affirms an equivalent stance for a theory of comegpmodeling. We defend that among the conceptual
modeling counterparts of general terms (classifiavaly constructs that represent substance soctais
provide a principle of identity and individuatioorfits instances. As a consequence, the follownigiple
can be postulated:

Postulate 1: Every Object in a conceptual model (CM) of thendin must be an instance of a CM-class
representing a sortal.

As argued by Kripke [19], a proper name is a rigggignator, i.e. it refers to the same individuadli
possible situations, factual or counterfactual. iRgtance, it refers to the individual Mick Jaggeth now
(when he is the lead singer of Rolling Stones ahgears old) and in the past (when he was the bikg M
Philip living in Kent, England). Moreover, it refeto the same individual in counterfactual situagisuch
as the one in which he decided to continue in thedon School of Economics and has never pursued a
musical career. We would like to say that the bdlg@WPhilip is identical with the man Mick Jaggeatthe
latter became. However, as pointed out by Wigght§ pnd Perry [21], statements of identity only mak
sense if both referents are of the same type. Mreigould not say that a certain Boy is the samg &oa
certain Man since the latter is not a Boy (and wieesa). However, as Putnam put it, when a manixtgo
to a boy in a picture and says “I am that boy”, inenoun “I" in question is typed not by Man but &y
supertype of Man and Boy (namely, Person) whichraods x's entire existence [22]. A generalizatibn o
this idea amount to a thesis, proposed by Wiggiased thesis D [20]: If an individual falls undam
sortals in the course of its history there mustelzactly one ultimate sortal of which both sortate a
specializations. Griffin elaborates Wiggins’ theBisn terms of two correlated principles:

a) The Restriction Principle: if an individual falls under two distinct sortefis F’ in the course of
its history then there is at least one sortal witidnd F’ are both specializations.

b) The Unigueness Principle if an individual falls under two distinct sortdfs F’ in the course of
its history then there is onlyne ultimate sortalvhich F and F’ are both specializations. A soal
is ultimate if there is no other sortal F’ distificim F which F specializes.

It is not the case that two incompatible principtésidentity could apply to the same individual x,
otherwise x would not be a viable entity (deterrténgarticular) [14]. Imagine an individual x whichan
instance of both Statue and Lump of clay. Now, dhewer to the question whether loosing a piece will
alter the identity of x is indeterminate since eaéhthe two principles of identity that x obeys iip@
different answer. As a consequence, we can sayifthab sortals F and F’ intersect (i.e. have commo
individuals in their extension), the principlesidéntity contained in them must be equivalent. Mees, F
and F’ cannot supply a principle of identity for since both sortals apply to x only contingentlyd an
principle of identity must be used to identify % pbssible worlds. Therefore, there must be a EGttat
supplies the principle of identity carried by F &fid This proves the restriction principle. The gquéness
of the ultimate sortal G can be argued as folldy<5 is a sortal, since it supplies a principled#ntity for



all the things in its extension; (ii) if it resttica sortal H then, since H cannot supply a incdibiga
principle of identity, H either: is equivalent to (©e. supply the same principle of identity) aherefore
should be ultimate or does not supply a princigledentity for the particulars in its extension ésext on
dispersive classifiers below). This proves the ueitgss principle. The unique ultimate sortal G that
supplies the principle of identity for its instasde named aubstance sortal

As a consequence of thaeiqueness principleve define a second postulate:

Postulate 2: A Object in a conceptual model of the domain carinstantiate more than one CM-Class
representing an ultimate Substance Sortal.

In the example above, the sortal Person isutiique substance sort#that defines the validity of the
claim that Mick Jagger is the same as Mike Philipin other words, that Mike Philip persists thrbug
changes in height, weight, age, residence, etc.hesdme individual. Person can only be the sdntl t
supports the proper name Mick Jagger in all poss#iiluations because it applies necessarily to the
individual referred by the proper name, i.e. instmof Person cannot cease to be so without cetsing
exist. As a consequence, the extension of a sutestaortal is world invariant. This meta-property of
classifiers is namellodal Constancy18] orrigidity [23] and can formally stated as follows:

Let W be a non-empty set of possible worlds andiuét W be a specific world. The extension function
ext,(G) maps a classifier G to the set of its instariceworld w. Let ext(G) be an extension function
mapping to the set of instances of the classifi¢ha® exist in all possible worlds, such that

1. ext(G) =Oyow exty(G)

and for any classifiers F and G such that F isegigfization of G and, for av 0 W
2. exty(F) O exty(G)

if G is a substance sortal then we have that

3. exty(G) = exty (G), for anyw,w’ 0 W and consequently,
4. ext(G) = ext,(G), for allw O W

Sortals such as Boy and Adult Man in the examptevapbut also Student, Employee, Caterpillar and
Butterfly, Philosopher, Writer, Alive and Deceasedhich possibly apply to a continuant during a a@iert
phase of its existence, are named phased-sorf20lnAs a consequence of tRestriction Principlewe
have that for every phased-sortal PS that apmi@scontinuant, there is a substance sortal S @ha®S is
a specialization.

Contrary to substance sortals, phased-sortals apphdividuals contingently and, thus, do not gnjo
modal constancy. For example, for an individualnJatstance ofStudent we can easily imagine John
moving in an out of th&tudenttype, while being the same individual, i.e. withdoosing his identity.
Moreover, for every instance x of Student in a @on, there is another world w' in which x is not an
instance of Student. This meta-property of cléasifis nameanti-rigid in [23]. Formally,

Let PS be @phased-sortand S be a substance sortal restricted by PS. Let
5. exty(~PS) = exi(S) / ext,(PS)

be the complement of the extension of PS in world'len for all worldsv O W, there is av’' W such
that

6. ext(PS)n exty(~PS)#

Putting (2), (4) and (6) can derive another postula



Postulate 3: A CM-Class representing a rigid classifier cannetabsubclass a CM-Class representing an
anti-rigid classifier

To see that is the case suppose there is a rigasiier G which specializes an anti-rigid clagsifr.
Let {a,b,c,d}and{a,b} be the extension of F and G in wovidrespectively. By (10), there is a wordd in
which a O ext,(F) is in ext,(~F) and thusa O ext,(F) . By (4), however, ex(G) = ext(G) and, by (2),
ext, (G) O ext, (F), ergo,a O ext, (F) which is a contradiction. We therefore we codel that there cannot
be the case that a rigid classifier specializeardiarigid one.

If PS is a phased-sortal and S is the substandal specialized by PS, there is a specialization
condition@ such that x is a PS iff x is a S that satisfp44]. A further clarification on the different tgs
of specialization conditions allows us to distiljuibetween two different types of phased-sortaliEhwh
are of great importance to the practice of conaphodeling, namelyphasesandroles

Phases (also named dynamic subclasses [13] os §#d}econstitute possible stages in the historg of
substance sortal. Examples are: (a) Alive and Dstkaas possible stages of a Person; (b) Cattarpifid
Butterfly of a Lepidopteran; (c) Town and Metropotif a City; (d) Boy, Male Teenager and Adult Mafe
a Male PersorClassifiers representing phases constitute a partibf the substance sortal they specialize
For example, if <Alive, Deceased> iphase-partitionof a sustance sortal Person then for every world w
every Person x is either and instance of Alive fobeceased but not of both. Moreover, if x is astamce
of Alive in world w then there is worlév' such that x is not an instance of Aliveviry which in this case,
implies that x is an instance of Deceased’in

Contrary to phases, roles do not necessarily fopartition of substance sortals. Moreover, thefedif
from phases in terms of the specialization condigioFor a phase R represents a condition that depends
solely on intrinsic properties of P. For instancee might say that if Mick Jagger is a Living Persben
he is a Person who has the property of being alivdf Spot is a Puppy then it is a Dog who has the
property of being less than a year old. For a Jeconversely,@ depends on extrinsic (relational)
properties of R. For example, one might say thahJe a Student then John is a Person who is edroil
some educational institution or that, if Peter i€astomer then Peter is a Person who buys a Prgduct
from a Supplier z. In other words, an entity play®le in a certain context, demarcated by itgicdavith
other entities. In general, we can state the faligwlLet R be role that specializes a sortal S @artie
allowed typefor R [9]) andg be a n-ary relation defined between R and the) (imiversals on which R is
externally dependefi23]. For instance@unroimentd Studentx School,@uyrchase-ron] Customerx Supplier or
(variage LI Husbandx Wife. Moreover, let the domain of a relation inndow (Dom,) be define as follows:
Dom,(@) = {x | <x,y>0 ext,(@)}. Then for an for all worldsv O w we have that

7. ext,(R) O Domy(@)

Although Frege argued at length that “one cannanhtavithout knowing what to count”, in artificial
logical languages inspired by him, natural languggeeral terms such as CNs, adjectives and veebs ar
treated uniformly as predicates. For instance,dfwant to represent the sentence “there are tail',ne
the fregean approach of classical logic we wouldenwrx Man(x) O Tall(x). This reading puts the count
noun Man (which denotes a Sortal) on an equal &dmoting with the predicate Tall. Moreover, irigh
formula, the variable x is interpreted into a “sapedly” universal kind Thing. So, the natural lange
reading of the formula should be “there are thiwhgch have the property of being a man and the gntgp
of being tall”. Since, by postulate 1, all indivla must be instances of a substance sortal we must
conclude that Thing is a unique universal ultimsdetal which is able to supply a principle of idgnfor
all elements that we consider in our universe atalirse. Moreover, by postulate 2, this principie o
identity must be unique. Can that be the case?

In [25], Hirsch argues that concepts such as THiBgtity, Element, among others) afispersivei.e.
they cover many concepts with different principtédgdentity. For instance, in the extension of Thine
might encounter an individuals x which is a cow amdindividual y which is a watch. Since the prles
of identity for Cows and Watches are not the sareecanclude that Thing cannot supply a principle of
identity for its instances. Otherwise, x and y vebobey incompatible principles of identity and, ghu
would not be determinate individuals. Thereforedatended in [14,17,18,25], dispersive conceptsato
denote sortals (despite the fact that they areideresi CNs in natural languages) aheérefore cannot
have direct instancedviore than that, since a principle of identity supglby a substance sortal G is



inherited by all classifiers that specialize Gtorput in another way, all subtypes of G carry phiaciple
of identity supplied by G. Thus, all subclassea gbrtal are themselves sortals, ergo,

Postulate 4: A CM-Class representing a dispersive universainod be a subclass of a CM-Class
representing a Sortal

3 An Ontologically well-founded profile for UML class diagrams

The Unified Modeling Language (UML) has built-intersion mechanisms that allow one to modify
the language elements to suite certain modelinglsidéxtensions to the language can performed in two
different ways: (i) by specializing the UML metansbdlayer 2) to add new semantics to UML modeling
elements; (ii) by changing the MOF model (layert@)add new elements to the UML metamodel. The
former mechanism is namdidhtweight extensiomnd the latteheavyweight extensiod coherent set of
such extensions, defined accordingly to a spepifipose or domain, constitute&/ML profile [26].

In this section we propodéhtweight extensioio UML that represents finer-grained distinctions
between different types of classifiers. The propogeofile contains a set obtereotypedclasses
(specializations of the meta-construct class) thapport the design of ontologically well-founded
conceptual models according to the theory propasedction 2.

It is important to emphasize that the particulaassks chosen to exemplify each of the proposed
categories are used for illustration purposes drby. example, when stereotyping clédrsonas aKind
we are not advocating that Person should be inrgkmensidered as a kind in conceptual modeling.
Conversely, the intention is to make explicit tlemgequences of this modeling choice. The choiedf,its
nonetheless, is always left to the model designer.

3.1 Kinds and Subkinds

A UML class stereotyped as a « kind » represerdgsibstance sortathat suppliesa principle of
identity for its instances. Kinds can be speciaiZze otherrigid sybtypes that inherit their supplied
principle of identity named subkinds. For instariteje take Person to be a kind then some of itkiswls
could be Man and Woman. In general, the stereotygebkind » can be omitted in conceptual models
without loss of clarity.

Every object in a conceptual model using this peofnust be an instance of a Kind, directly or
indirectly (postulate 1). Moreover, it cannot beiastance of more than one ultimate Kind (postuljte
Figure 1-a shows an excerpt of a conceptual mddeltiolates the second postulate (extracted fiiwen t
CYCY). Here, we assume that the kinBlscial Beingand Group supply different principles of identity.
Moreover, it is considered th@&roup supplies an extensional principle of identity, iwo groups are the
same iff they have the same members. This is ginémaompatible with a principle supplied 8ocial
Being we can change the members of a company, footbath or music band and still have the same
social being. Moreover, the same group can forrfeifit social beings with different purposes. One
should notice that if “The Beatles” would be antamee of both Kinds, it would not be a determiraigect
(an answer to the question whether it was stillghame thing when Ringo Star replaced Pete Bebttls
affirmative and negative!). Figure 1-b shows a ier®f the model of fig.1-a that obeys the constabf
this profile.

lhttp://www.opencyc.org/



«kind» «kind» «Nnd{
SocialBeing Group SocialBeing

JAN

L «kind»
Organization 0rganw Group

instance of instance of instance of

TheBeatles TheBeatles John,Paul,George.Ringo

Figure 1-a (left):Example of an instance with conftting principles of identity and
(fig.1-b) an ontologically correct version of the ame model.

By postulate 3 (sec.2), rigid classes cannot bersyped by anti-rigid ones. Therefore, kinds cannot
appear in conceptual models as subtypes of phades,(3.3), and role mixins (3.4).

3.2 Phases

UML classes stereotyped as « phase » represephttsed-sortalghase Figure 2 depicts an example
with the kind Person, its subkinds Man and Womad #re phases Child, Adolescent and Adult. The
classes connected to one single hollow arrowheasbslyin UML (concrete syntax for the subtyping
relation) define a generalization set [27]. A gafieation set constitutes a partition of the clasited by
the symbol (superclass). A class with an italicireane is an abstract class, i.e. a class that ténave
direct instances.

Man

«kind»
o |
«phase» «phase» «phase»
Child Adolescent Adult

Figure 2 — Two partitions of the same kind: a subkid-partition and a phase-partition

3.3 Roles

UML classes stereotyped as « role » representhhequ-sortalsole. Roles and Phases are anti-
rigid universals and cannot appear in a conceptoafiel as a superclass of a Kind (postulate 3).
Sometimes subtyping is wrongly used in conceptuadieting to represent alternatiadlowed typeghat
can fulfill a role. For instance, in figure 3-agtintention of the model is to represent that austs are
either persons or organizations. Another examplshiswn in figure 3-b. However, in general being a
customer is assumed to be a contingent properpersfon, i.e. there possible worlds in which a Reiso
not a customer but still the same person. Likewasparticipant can stop participating in a Forurnthaiit
ceasing to exist. Figure 3-b contains yet anotbeceptual problem. In this model, a participant take
part in zero-to-many forums. It is common in Datband Object-Oriented Design to use a minimum
cardinality equal to zero to express that in cartstiate of the system, for example, an object péty
Participant is not related to any object of typeruro. However, from a conceptual viewpoint, the
involvement in this relation is part of definitioof the role type. In this example, the association
participationis a specialization condition (sec.2), which istjpdi the content of the concept Participant, i.e.
a Participantis aPersonor SIGthat takes part in Borum As a consequence of formula (7)-section 2, the
following constraint must hold for classes sterpetyas «rolex»:

Let X be a class stereotyped as « role » and r ben association representing X's restriction
condition. Then the minimum cardinality of X.r must be at least 1 (#X..2 1)




In section 5, in discussing some related work wole modeling, we present a design pattern that c
be used to produce ontologically correct versiamgtie models of figure 3-a and 3-b.

Customer

/\

Person | |0rganization

Figure 3: Problems on modeling of roles and theiallowed types (fig-a, left) and (fig-b);
Mistaken cardinality specification for roles (fig-b)

3.4 Mixins

Mixins represent dispersive universals and are gpeed to be of great importance in structuring
conceptual models [28,29,30]. They can represemtyipes such as Thing, Entity, Element (discussed i
section 2) but also concepts suchRagionalEntity which represent an abstraction of properties #nat
common to different classes (fig4-a). In this cdbe, mixin RationalEntitycan be judged to represent an
essential property that is common to all its ins&nand is itself a rigid class. We use the stgpeot
«category» to represent a rigid mixin that subsudifésrent kinds.

In contrast, some mixins are anti-rigid and repmeabstractions of common properties of roles. €hes
classes are stereotyped as «roleMixin» and reprefendent anti-rigid non-sortals. Examples oé rol
mixins include formal roles such aghole and part andinitiatior and responder Further examples are
discussed in the design pattern proposed in sebtion

Moreover, some mixins represent properties whiehessential to some of its instances and accidental
to others. In [23], this meta-property is named isegidity (as opposed to anti-rigidity). An example is the
mixin Seatablgfig4-b), which represents a property that can dresiered essential to the kinds Chair and
Stool but accidental to Crate, Paper Box or Rocle Wge the stereotype « mixin » (without further
gualification) to represent semi-rigid non-sortals.

Finally, by postulate 4, we have that mixins canaopear in a conceptual model as subclasses of
kinds, phases or roles. Moreover, since they cahae¢ direct instances, a mixin must always beategi
as an abstract class in a UML conceptual model.

«category» «mixiny «kind»
RationalEntity| Seatable Crate
«kind» «kind» «kind» «phase» «phase»
Person Artificial Agent Chair SolidCrate BrokenCrate

Figure 4. Examples of categories (a-left) and semigid mixins (b)



Table 1 below summarizes the profile proposedimgaction.

Stereotype Constraints

«kind » supertype isot a member of {« subkind »,
« phase », « role », « roleMixin »}

« subkind » supertype it a member of {« phase », « role », « roleMixin »}

« phase » Always defined as part of partition.

~

«role » Let X be a class stereotyped as « roled> rabe an association representing
restriction condition. ThemX.r > 1

S

« category » supertype i@t a member of {« kind »,
« subkind », « phase », « role », « roleMixin »}

« roleMixin » | supertype inot a member of {« kind »,
« subkind », « phase », « role »}. Let X be a ckteseotyped as « roleMixin » and r
be an association representing X's restriction ¢ Then#X.r> 1

« mixin » supertype igot a member of {« kind »,
« subkind », « phase », « role », « roleMixin »}

4 A Design Pattern for modeling Roles

In figure 3-a, the rol€ustomeris defined as a supertype Bérsonand Organization As previously
mentioned, this modeling choice violates postuiatend produces an ontologically incorrect concdptua
model. Firstly, not all persons are customers, iteés not the case that the extension R¥rson is
necessarily included in the extension@fstomer(formula 2, sec.2). Moreover, an instancePefsonis
not necessarily @ustomer Both arguments are also valid forganization

In a series of papers [10,11,12], Steimann discuse difficulties in specifying admissible types f
Roles that can be filled by instances of disjoypiets. As a conclusion, the author claims that theatisn to
this problem lies in the separation of role ancetiaerarchies which leads to a radical revisiothefUML
meta-model (a heavyweight extension).

In the remaining of this section we intend to shibzt this claim is not warranted. Moreover, we
propose alesign patterrbased on the profile introduced in section 4 ttzat be used as an ontologically
correct solution to this recurrent problem. Finathyis solution has a smaller impact to UML thaa tne
proposed by the author, since it does not demaadyleeight extensions to the language.

In the example above, Customer has in its extansidividuals that belong to different kinds and,
thus, that obey different principles of identityus€omer is hence a dispersive type (a non-sontal) y
definition, cannot supply a principle of identitgrfits instances. Since an (determinate) individuakt
obey one and only one principle of identity, evarstance of Customer must be an instance of orits of
subtypes (forming a partition) that carry that pijihe of identity. For example, we can define toetas
PrivateCustomer and CorporateCustomer as subtypeSustomer. These sortals, in turn, carry the
(incompatible) principles of identity supplied betkinds Person and Organization, respectivelgum, if
X is a Customer (abstract class) then x must bdnatance of exactly one of its subtypes (e.g.,
PrivateCustomer) that carries the principle of tdgrsupplied by an appropriate substance sorta).,(e
Person). Figure 5 shows how this solution can berporated in a conceptual modeling design pattern.
this picture the abstract class A is the role mifat covers different role types (e.g. Customer,
Participant). Classes B and C are the disjoint Isglses of A that can have direct instances, reptiege
the sortal roles that carry the principles of idgnthat govern the individuals that fall in theiktension.
Classes D and E are the ultimate substance s¢kbatks) that supply the principles of identity dad by B
and C, respectively. The association r represéetsdmmon specialization condition of B and C, \hg
represented in A. Finally, class F represents a tigpt A isexternally dependern.



«roleMixin» r
A *

«kind» «kind»
D E

T T

«role» «role»
B Cc

Figure 5: A Design Pattern for the problem of speifying roles with multiple disjoint allowed types

An application of this pattern is illustrated imgdires 6 in which it is used to produce ontologicall
correct versions of the models presented in fig@rasand 3-b, respectively. In both cases, thayetite
role mixin depends on, and the association reptiegethe specialization condition are omitted foe sake
of brevity.

«kind»
SocialBeing

«kind»
SocialBeing

«roleMixin»
Participant

«roleMixin»
Customer

«kind»
Person

i

«roley «role»
PrivateCustomer| |CorporateCustomer|

«kind»
Person

T

«role» «role»
IndividualParticipant| [CollectiveParticipant

/\

Figure 6: Ontologically correct versions of the modls of fig.3-a and
3-b obtained by the application of the Design Pagtn

5 Final Considerations

The development of a well-grounded, axiomatizedenpgevel ontology is an important step towards
the definition of real-world semantics for concegdtmodeling diagrammatic languages. In this paper,
use a philosophically and psychologically well-fded theory of universals to address the problem of
classifiers in conceptual modeling.

The work presented in section 2 has been stronfjlyeinced by the pioneering work of the OntoClean
methodology, which proposes a number of guidelinesevaluate the conceptual correctness of
generalization relationships [23,24]. Another kafluence is the series of psychological claims pemul
by cognitive psychologist John Macnhamara in [17]cnsimara defends that some universals are
conceptually more salient and psychologically meréesileged than others and that there is a logic
underlying the fact that we can understand cegaipositions. A position analogous to the one daden
by Chomsky, i.e., that there is a close fit betwdenmind’s linguistic properties and propertieqafural
languages and, that natural languages have theenpiexp they do because they can be recognized and
manipulated by infants without the meta-linguistipport, which is available to second-languagenkerat

Still in section 2, we have sketched a formalizatid the categories proposed by using extension set
indexed by worlds. The idea was to purposely avaidmodal logic approach with unrestricted
guantification. In a subsequent article, we shedspnt the semantics of the proposed categoriaddgic
of sortals (modal logic with quantification restdd to sortal universals) in the spirit of Guptbigic of
Common Nouns [20] or Montague’s systems as predentd 6].

In section 3, this theory is used in the definitimha UML profile for Ontology Representation and
Conceptual Modeling. The profile comprises ofaiet of stereotypes representing distinctionypest of
classifiers proposed by the theory (e.g., Kind, éRdPhase, Category, Mixin); (ii) Constraints on the
possible relations to be established between thkeseents, representing the postulates of the th&yry
using this profile, we were able to propose a depittern to target a recurrent problenrate modeling



discussed in the literature. We believe that thesalts contribute to the task of defining soendineering
tools and principles for the practice of conceptoadeling. Nevertheless, the profile should not be
regarded as a final proposal. In particular, wegeze that further discussion and elaborationhenigsue

of role modeling is required, a topic that shalldoielressed in a future paper.
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