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Abstract. In this paper we present a framework for the evanaand
(re)design of modeling languages. We focus hertherevaluation of the suit-
ability of a language to model a set of real-wgiegnomena in a given domain.
In our approach, this property can be systemayiealhluated by comparing the
level of homomorphism between a concrete representaf the worldview
underlying the language (captured in a metamodtiefanguage), with an ex-
plicit and formal representation of a conceptuaiaraof that domain (a refer-
ence ontology). The framework proposed comprisesnaber of properties that
must be reinforced for an isomorphism to take plaeteveen these two entities.
In order to illustrate the approach proposed, wduate and extend a fragment
of the UML static metamodel for the purpose of aptioal modeling, by com-
paring it with an excerpt of a philosophically acmhnitive well-founded refer-
ence ontology.

1 Introduction

The objective of this paper is to discuss the deaigd evaluation of artificial model-
ing languages for capturing phenomena in a givenailo according to a conceptuali-
zation of that domain. In particular, we focus @rotproperties of a modeling lan-
guage w.r.t. a given real-world domain [1]: @dmain appropriatenessvhich refers
to truthfulness of the language to the domain;d@ilnprehensibility appropriatengss
which refers to the pragmatic efficiency of thedaage to support communication,
understanding and reasoning in the domain.

The elements constitutingc@nceptualizatiorof a given domain are used to articu-
late abstractions of certain state of affairs alitg. We name them hegomain ab-
stractions Domain conceptualizations and abstractions at@ngible entities that
only exist in the mind of the user or a communityusers of a language. In order to
be documented, communicated and analyzed thegsegmtiust be captured in terms
of some concrete artifact, namelyredel Moreover, in order to represent a model, a
modeling languagés necessary. Figure 1 depicts the relation betveeeonceptuali-
zation, domain abstraction, model and modelinguagg.
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Figure 1. Relation between conceptualization, abstractiordetiog language and model.

In this paper, we propose a framework to evaluaée suitability of a language to
model a set of real-world phenomena in a given dionta our approactljomainand
comprehensibility appropriatenessan be systematically evaluated by comparing the
level of homomorphism between a concrete representaf the worldview underly-
ing the language (captured inreetamodel of the languagevith an explicit and for-
mal representation of a conceptualization of thahain (areference ontology8]).
Our framework comprises a number of properties thast be reinforced for an iso-
morphism to take place between these two entifies isomorphism can be guaran-
teed, the implication for the human agent who priets a diagram (model) is that his
interpretation correlates precisely and uniquelthvain abstraction being represented.
By contrast, in case the correlation is not an isgrhism there may be multiple unin-
tended abstractions that match the interpretation.

The framework presented here builds on existingkvitoithe literature. In particu-
lar, it considers the frameworks proposed in [Zjch focus on evaluating the match
between individual diagrams and the state of afftiiey represent, and the approach
of [3], which focuses on the system of represematias a whole, i.e., a language. Al-
though our approach is also centered in the largleagl, we show that, by consider-
ing desirable properties of the mapping of indigddiagrams onto what they repre-
sent, we are able to account for desirable pragertif the diagrams’ modeling
languages. In this way, we extend the original psap presented in [3]. We also
build here on the work of the philosopher of larggiéd.P.Grice [4] and his notion of
conversational maxinmthat states that a speaker is assumed to makébegians in a
dialogue which areelevant clear, unambiguousandbrief, not overly informative
andtrue according to the speaker’s knowledgeally, in comparison to [2] and [3],
by presenting a formal elaboration of the naturéhefentities depicted in Figure 1 as
well as their interrelationships, we manage to gmésa more general and precise
characterization of the characteristics that a uagg must have to be considered
truthful to a given domain.

The remaining of this paper is structured as folloection 2 introduces the
evaluation framework proposed here. Section 3 pitese formal characterization of
the notions of domain conceptualization and thejiresenting ontologies, as well as
their relations to modeling languages and particoladels. In order to illustrate our
approach, we evaluate and extend a fragment obUMg static metamodel for the
purpose of conceptual modeling, by comparing itivaih excerpt of a philosophically



and cognitive well-founded reference ontology. ®ect discusses the foundational
ontology employed for this purpose. Section 5 dises the evaluation of the UML
metamodel, and the extensions that we proposeder ¢o enforce suitability to con-
ceptual modeling. Section 6 presents some finasidenations.

2 A Framework for Language Evaluation

Following [2], we define four properties that shebiiold for an isomorphic correla-
tion to take placelucidity, soundnesslaconicity and completenesg¢see Figure 2).
Each of these properties is discussed below.
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Figure 2. Examples ol ucid (a) andSound(b) representationamappings fromAbstractionto
Modet Examples ofLaconic(c) andCompleteg(d) interpretationmappings fronModelto Ab-
straction

2.1 Lucidity and Construct Overload

A model 1 is calledlucid w.r.t. a domain abstractionif a (representation) mapping
from 4to M isinjective i.e., iff every construct in the mod®i represents at most one
(although perhaps none) concept of the domainatigin 2. An example of an injec-
tive mapping is depicted in Figure 2(a).

The notion of lucidity at the level of individualagirams is strongly related to the
notion of ontological clarity at the language level [3]. The ontological claritya
modeling grammar is undermined by what is termeB]na construct overloadA
construct overload occurs when a single languagstogct is used to represent two or
more domain concepts. These notions albeit relatedot identical. A construct can
be overloaded at the language level, i.e., it camuded to model different concepts,
but every manifestation of this construct in indivél models is used to represent only
one of the possible concepts. Figure 3 exempldie®mn-lucid representation. In this
case, the construct X is used to represent twdienf the abstraction, namely the
numbers 2 and 3. In this case, although the repratsen system does not have a case
of construct overload (since labeled boxes onlyasgnt numbers and arcs only rep-
resent the less-than relation between numbersye$dting model is non-lucid. In
summary, the absence of construct overload in guiage does not directly prevent



the construction of non-lucid representations is thnguage. Additionally, construct
overload does not entail non-lucidity. Neverthelessn-lucidity can also be mani-
fested at a language level. We say that a langisagen-lucid according to a concep-
tualization if there is a construct of the langu#iggt when used in a model of an ab-
straction (instantiation of this conceptualizati@iands for more than one entity of
the represented abstraction. Non-lucidity at timglege level can be considered as a
special case of construct overload that does embaHlucidity at the model level.

A » X » D

{1 {2.3} {4}
Figure 3. Example of a Non-Lucid Diagram

Construct overload is an undesirable property ofagleling language since it causes
ambiguity and, hence, undermines clarity. When mstract overload exists, users
have to bring additional knowledge not containethi& model to understand the phe-
nomena which is being represented. Additionallgpa-lucid representation language
entails non-lucid representations which clearlylat® the Gricean conversational
maxim that requires contributions to be neither igonus nor obscure. In summary,
a modeling language should not contain construetload and every instance of a
modeling construct of this language should repriesely one individual of the repre-
sented domain abstraction.

2.2 Soundness and Construct Excess

A modela/is calledsoundw.r.t. a domain abstractiomif a (representation) mapping
from 4 to 9/ is surjective i.e., iff every construct in the model represents at least
one (although perhaps several) concept of the doafzstractioms. An example of a
surjective representation mapping is depicted gufg 2(b).

An example of an unsound diagram is illustratedrigure 4. The arc connecting
the labeled boxes D and A does not correspond yoreation in the represented
world. Unsoundness at the model level is stronglgted to unsoundness at language
level, a property that is termewnstruct excess [3]. Construct excess occurs when
a language construct does not represent any datoaicept. Although construct ex-
cess results in the creation of unsound modelg)dsmss at the language level does
not prohibit the creation of unsound models. Faregle, there is no construct excess
in the language used to produce the model of Figure

Al w» B| w» C| —» D
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Figure 4. Example of an Unsound Diagram.

An unsound diagram violates the Gricean coopergiiveciple because any repre-
sented construct will be assumed to be meaningfulders of the language. Since no
mapping is defined for the exceeding construct,nitsaning becomes uncertain,



hence, undermining the clarity of the model. Usénnodeling language must be able
to make a clear link between a modeling constract its interpretation in terms of
domain concepts. Otherwise, they will be unablart@ulate precisely the meaning
of the models they generate using the languageTf8refore, a modeling language
should not contain construct excess and every rinstaf its modeling constructs
must represent an individual in the domain.

2.3 Laconicity and Construct Redundancy

A modela/is calledlaconicw.r.t. a domain abstractiomif an interpretation mapping
betweerm/ and 4 isinjective i.e., iff every concept in the abstractians represented
by at most one (although perhaps none) construtteirepresentation/. An exam-
ple of an injective interpretation mapping is dégicin Figure 2(c).

The notion of laconicity at the model level is tetdto the notion ofonstruct re-
dundancyat the language level in [3]. Construct redundamogurs when more than
one language construct can be used to represergatne domain concept. Once
again, despite of being related, laconicity andstrutt redundancy are two different
(even opposite) notions. On one hand, construaindaincy does not entail non-
laconicity. For example, a language can have tWergint constructs to represent the
same concept, however, in every situation the cocists used in particular models it
only represents a single domain element. On therdtand, the lack of construct re-
dundancy in a language does not prevent the creafimon-laconic models in that
language. An example of a non-laconic diagramlistitated in Figure 5. In this pic-
ture, the same domain entity (the number 3) isesgmted by two different constructs
(C, and @) although the representation language used ddesontain construct re-
dundancy.

Figure 5. Example of a Non-laconic Diagram.

Non-laconicity can also be manifested at the lagguavel. We say that a language is
non-laconic if it has a construct that when used imodel of a domain abstraction,
causes an entity of this abstraction to be modelede than once in the resulting rep-
resentation. For instance, take a version of theléal boxes language used so far and
let the less-than relation between numbers be septed both as theansitive clo-
sure of the is-arrow-connecteahd by theis-smaller-thanrelation between labeled
boxes. All models using this representation (é=ggure 6) are deemed non-laconic.
Non-laconicity at the language level can be coneides a special case of construct
redundancy that does entail non-laconicity at tioelehlevel.
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Figure 6. Example of a Non-laconic Diagram generated by a-Naeonic Language

In [3], the author claims that construct redundatexyds unnecessarily to the com-
plexity of the modeling languagepossibly confusing the users. Therefore, construc
redundancy can also be considered to undermineegeptation clarity. Non-
laconicity also violates the Gricean principle,cgira redundant representation can be
interpreted as standing for a different domain eletnin sum, a modeling language
should not contain construct redundancy, and el&ninthe represented domain
should be represented by at most one instance datityuage modeling constructs.

2.4 Completeness

A model 2/ is calledcompletew.r.t. a domain abstraction if an interpretation map-
ping betweem/ and 4 is surjective i.e., if each concept in a domain abstraction (in
stance of the domain conceptualization) is reprtesehy at least one (although per-
haps many) construct in the representatioh An example of asurjective
interpretation mapping is depicted in Figure 2(d).

The notion of completeness at the model levelleted to the notion obntologi-
cal expressivenesand, more specificalljgompletenesat the language level, which
is perhaps the most important property that shhold for a representation system. A
modeling language is said to bempletef every concept in a domain conceptualiza-
tion is covered by at least one modeling constafiche language. Language incom-
pleteness entails lack of expressivity, i.e., theam be phenomena in the considered
domain that cannot be represented by the languslgernatively, users of the lan-
guage can choose to overload an existing congtruarider to represent concepts that
originally could not be represented, thus, undemmgirclarity. Thus, unless some ex-
isting construct is overloaded, an incomplete miadelanguage is bound to produce
incomplete models. However, the converse is n@&, tre., a complete modeling lan-
guage can still be used to produce incomplete nsoele example in Figure 7). In
Figure 7, a domain element (the 3 < 4 relationnigtted in the representation.

Al » B | » C D

{1} {2 {3} {4}
Figure 7. Example of an Incomplete Diagram

In accordance with the detailed account of Griogsperative principle (specifically,
that all necessary information is included), maoaiedl language designers should at-
tempt to ensure completeness. In summary, a mapklimguage should be complete
w.r.t. a domain conceptualization and every elenmeatdomain abstraction (instance
of this domain conceptualization) must be represgtbly an element of a model built
using this language.



3 Conceptual M odeling, (M eta) Conceptualization and Ontology

According to Figure 1, a modeling language delimitspossible specificatiohghat
can be constructed using this language, i.e., térdenes all grammatically valid
specifications of the language. Likewise, a congalptation delimits all possible
domain abstractions (representing state of affalra) are admissible in that domain
[5]. Therefore, for example, in a conceptualizatarthe domain of genealogy, there
cannot be a domain abstraction in which a persdmisiown biological parent, be-
cause such a state of affairs cannot happen ifiyreatcordingly, we can say that a
modeling language is truthful to this domain ihés as valid (i.e., grammatically cor-
rect) specifications only those that represenestétaffairs deemed admissible by a
conceptualization of that domain. In the sequélpfang [5], we present a formaliza-
tion of this idea. This formalization compares agpicializations asitentional struc-
turesand meta-models as represented by logical theories

Let us first define @onceptualizatiorC as arintentional structuréW, D, R) such
that W is a (non-empty) set of possible worldsshie domain of individuals arw
is the set of n-ary relations (concepts) that amesidered in C. The elemenise R
areintentional relationswith signatures such @8:W — (D", so that each n-ary re-
lation is a function from possible worlds to n-teplof individuals in the domain. For
instance, we can hayeaccounting for the meaning of the natural kindlapm this
case, the meaning of apple is captured by thetiotead functionp, which refers to
all instances of apples in every possible world. &gery world we W, according to
C we have antendedworld structureS,C as a structuréD,R,C) such that RC =
{p(w) | p € R}. More informally, we can say that every intendearld structure $C
is the characterization of some state of affaireranld w deemed admissible by con-
ceptualization C. From a complementary perspectivelefines all the admissible
state of affairs in that domain, which are représgy the set S {S,,C | we W}.

Let us consider now a languagevith a vocabulary V that contains terms to repre-
sent every concept in C. lagical modelfor £ can be defined as a structd&l): S is
the structuréD,R), where D is the domain of individuals and R isad extensional
relations; I:'\\»>D U R is an interpretation function assigning elemeasit® to con-
stant symbols in V, and elements of R to predisgtebols of V. A model, such as
this one, fixes a particulaxtensional interpretation of language Analogously, we
can define an intentional interpretation by meahshe structurg/C,3), where C =
(W, D, R) is a conceptualization arielV—DUR is an intentional interpretation func-
tion which assigns elements of D to constant symifiolV, and elements AR to
predicate symbols of V. This intentional structisenamed thentological commit-
mentof languager to a conceptualization C. A mod@,l) of £ is said to be com-
patible withontological commitmer = (C,3) if: (i) S € §; (ii) for each constant c,
I(c) = J(c); (iii) there exists a world w such that for ey@redicate symbol p, | maps
such a predicate to an admissible extensidi(pf, i.e. there is an intentional relation

1 We have so far used the temodelinstead of specification since it is the most comrewm in concep-
tual modeling. In this section, exclusively, we adtpe latter in order to avoid confusion with tkeen
(logical) model as used in logics and tarskian seicgrA specification here is a syntactic notioogical
model is a semantic one.



p such that3(p) = p andp(w) = I(p). The set (L) of all models of2 that are com-
patible with K is named the setiotended modelsf £ according to K.

In order to exemplify these ideas let us take ttemle of a very simple concep-
tualization C such that W = {w,w'}, D = {a,b,c} ant = {person, father}. Moreover,
we have that person(w) = {a,b,c}, father(w) = {gerson(w’) = {a,b,c} and fa-
ther(w’) = {a,b}. This conceptualization acceptsotyossible state of affairs, which
are represented by the world structurg€ S {{a,b,c}, {{a,b,c},{a}} and S,,C =
{{a,b,c}, {{a,b,c},{a,b}}. Now, consider a language. whose vocabulary consists of
the termsPer son andFat her with an underlying metamodel that poses no restric
tions on the use of these primitives. In other wgoitthe metamodel of has the fol-
lowing logical rendering(T,): {3x Person(x), 3x Father (x)}. Clearly, we can
produce a logical model af(i.e., an interpretation that validates the logreaidering
of £) but that is not an intended world structure of Kar instance, the model
D'={a,b,c}, person = {a,b}, father = {c}, and Rer son) = person and Kat her) =
father. This means that we can produce a spedditasingZ whose model is not an
intended modehccording to C.

We now extend the metamodel of languagby adding one specific axiom and,
hence, producing the metamode})({ 3x Person(x), 3x Father(x), V¥x Fa-
ther(x) — Person(x)}.In comparison withe, the resulting language’ with the
amended metamode} fias the desirable property that many moritsofalid specifi-
cations have logical models that are intended wettdctures of C.

A domain conceptualization C describes the seflgiassible state of affairs that
are considered admissible in the subject domai Depresentation O that has as
valid specification®nly those which represeatimissible state of affaiccording to
conceptualization C is named @mtologyof domain D according to C. With ax-
plicit representation of a conceptualizatiom terms of adomain ontology one can
measure the truthfulness (domain appropriatene¥f a languager to domain D,
by observing the difference between the set oflvalodels of the metamodel M of
and the set of valid models of the ontology O ofsBe Figure 8). In the best case,
these two specifications argomorphicand, thus, they share the same set of logical
models. Therefore, not only every entity in conaaptation C must have a represen-
tation in the metamodel M of language but these representations must obey the
same axiomatization.

In the example above, we address the domain ofadgieal relations. This ex-
emplifies what is namedraaterial domainin the literature. Accordingly, a modeling
language designed to represent phenomena in thigidois named @omain-
Specific Modeling Languad&]. However, we illustrate our approach here bgsid-
ering a (domain-independentjeneral conceptual modeling language.g., EER,
ORM, UML). What should be real-world conceptualiaatthat this language should
commit to? We argue that it should be a systemeolegal categories and their ties,
which can be used to articulate domain-specific mom sense theories of reality.
This meta-conceptualization should comprise a nurobelomain-independent theo-
ries (e.g., theory of parts and wholes, types asthntiation, identity, existential de-

2 Given a specification S in a modeling languagéhe logical rendering of S is defined as thedabthe-
ory T that is the first-order logic descriptiontbht specification [12].



pendence, etc.), which are able to characterizecéspf real-world entities irrespec-
tive of their particular nature. The developmensoth general theories of reality is
the business of the philosophical discipline=ofmal Ontology[8]. A concrete arti-
fact representing this meta-conceptualization methaFoundational Ontology9].

State of Affairs represented by
the valid models of metamodel
M2 of language L2

State of Affairs represented by
the valid models of metamodel

M1 of language L1 \

State of Affairs represented by
the valid models of Ontology
OofC

Admissible state of affairs
according to
conceptualization C

Figure 8. Measuring the degree dbmain appropriatenesst modeling languages via an on-
tology of a conceptualization of that domain.

4  The Unified Foundational Ontology (UFO-A)

In this section, we present a fragment of a phjbsmally and cognitively well-
founded reference ontology (foundational ontolothgt has been developed in [10,
12, 13, 14]. In particular, in [14], this ontologg/named UFO (Unified Foundational
Ontology) and is presented in three compliance. $é¢se, we focus the first one
(UFO-A), which is arontology of endurantdn the sequel, we restrict ourselves to a
fragment of UFO-A, depicted in Figure 9. Moreovduge to space limitations and the
focus of the paper we briefly present the ontolagategories comprising UFO-A
(see aforementioned articles for details).

A fundamental distinction in this ontology is betmethe categories dhdividual
andUniversal. Individuals are entities that exist in realityspessing a unique iden-
tity. Universals, conversely, are space-time indeleat pattern of features, which can
be realized in a number of different individualfieTcore 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 constructionaoparsimonious ontology, based on
the primitive and formally defined notion ekistential dependency

Definition 1 (existential dependence): We have that an indaligus existentially
dependenbf another individuay iff, as a matter of necessity, y must exist whemev
X exists.m

Existential dependence is a modally constant alati.e., if X is dependent of vy,
this relation holds between these two specificvilials in all possible worlds that x
exists.

Substances are existentially independent individuals. Exarspdé Substances in-
clude ordinary mesoscopic objects such as an ihg#li person, a dog, a house, a
hammer, a car, Alan Turing and The Rolling Stonetsdiso the so-calleBiat Ob-
jectssuch as the North-Sea and its proper-parts, pditaicts and a non-smoking
area of a restaurant.
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Figure 9. Excerpt of the Foundational ontology UFO-A.

The wordMoment denotes, in general terms, what is sometimes ndropd, ab-
stract particular, individualized property or prdgen particular [9]. Therefore, in the
scope of this work, the word bears no relationhi® notion of time instant in collo-
quial language. A moment is an individual that cary exist in other individuals.
Typical examples of moments are a color, a conoecind a purchase order. Mo-
ments have in common that they are all dependeothefr individuals (their bearers).
Some moments are one-plaQealities (e.g., a color, a headache, a temperature); oth-
ers are relational moments Relators (e.g., a kiss, a handshake, a medical treatment,
a purchase order), which depend on several sulestanc

A Substantial Universal is a universal whose instances are substances ileeg
universal Person or the universal Apple). Withie dategory of substantial univer-
sals, we make a further distinction based on thedb notions ofrigidity andanti-
rigidity:

Definition 2 (Rigidity): A universal U is rigid if for every stance x of U, x is
necessarily (in the modal sense) an instance & Other words, if x instantiates U in
a given world w, then x must instantiate U in eveogsible world w'a

Definition 3 (Anti-rigidity): A universal U is anti-rigid if fo every instance x of U,

x is possibly(in the modal sense) not an instance of U. Inroflads, if X instantiates
U in a given world w, then there must be a possigeld w’ in which x does not in-
stantiate Um

A substantial universal which is rigid is namedéhaKind. In contrast, an anti-
rigid substantial universal is termedRale. The prototypical example highlighting the
modal distinction between these two categorieBadifference between the universal
(Kind) Person and the (Role) universal Studenthbpstantiated by the individual
John in a given circumstance. Whilst John can ceabe a Student (and there were
circumstances in which John was not one), he caceade to be a Person. In other
words, in a conceptualization that models Persoa &snd and Student as a Role,
while the instantiation of the role Student hasmpact on the identity of an individ-
ual, if an individual ceases to instantiate thedkiterson, then it ceases to exist as the
same individual. Moreover, in [13], we have formgairoved that a rigid universal
cannot have as its superclass an anti-rigid onas€juentlya Role cannot subsume
a Kind in our theory

A Quality Universal is a universal whose instances are individual iiesl(e.g.,
the objectified color of this apple is an instafe¢he universal color), andRelator
Universal is one whose instances are individual relationainents (e.g., the particu-
lar enroliment connecting John and a certain Usitgis an instance of the universal



Enroliment). Both quality and relator universals anoment universals. The relation
between a substantial universal and quality unaldéssone ofCharacterization. If a
quality universal Q characterizes a substantiatensal S, then every instance of Q is
existentially dependent of an instance of S. Lileyia relation between a set of sub-
stantial universals and a relator universal is @nilediation. If a relator universal R
mediates the substantial universals..S,, then every instance of R is existentially
dependent of a plurality of entities, namely, martr instances of;S.S,.

Relations are entities that glue together other entitiesthi philosophical litera-
ture, two broad categories of relations are typjcadnsidered, namelynaterial and
formal relations [15,16]. Formal relations hold betwean br more entities directly,
without any further intervening individual. The griormal relations considered in
this article are the existential dependence relatiaforementioned. Other examples
include relations such gmart-of, subset-gfinstantiation among others not discussed
here [10]. Material relations, conversely, haveariat structure on their own and in-
clude examples such as kisses, conversationss figitt commitments. The relata of a
material relation are mediated by relators. Fomgla, an individuapurchaseis a
relator that connects a customer and a suppliet,saneatmentis a relator which
connects a patient with a medical unit. The notbrelational moments is supported
in several works in the philosophical literatureg(e[15,16,17]) and, the position ad-
vocated here is that, relators play an importalet iroanswering questions of the sort:
what does it mean to say that John is married to/RM&Vhy is it true to say that Bill
works for Company X but not for Company Y?

In this paper, we only countenance as relationsetlub existential dependency dis-
cussed above, i.e., characterization and mediafions, by a relation here we mean a
formal relation of existential dependency. Materaktions are represented by ex-
plicitly representing their founding relators. Téfare, according to this theory, for-
mal and material relations are entities of différentological nature. Whilst a formal
relation such as the one between John and his kdgek of Greek holds directly
and as soon as John andkxist, the relation of John being treated in atipalar
Medical Unit MU, is a contingent one, and must rely on the exigterfca founding
entity, such as, for instance, a treatment t inclitioth John and Miparticipate.

5 Evaluating and extending UML for Conceptual Modeling

In this section we start by constructing repreg@mand interpretation mappings be-
tween the concrete metaclasses of the UML metanmdsknted in theML 2.0 Su-
perstructure Specificatioand the ontological categories comprising the fiagional
ontology employed here.

We start our discussion by focusing on the metasttoot Class. We assume for
now a specific notion of class, namely one whostainces are single objects (as op-
posed to tuples of objects). In this sense, thelogical interpretation of a UML
Class is that of anonadic universalHowever, by carrying on this process, we realize
that in UML there are no modeling constructs tlegiresent the leaf ontological cate-
gories specializingnonadicuniversal namelykind, role, quality andrelator. In other
words, there are ontological concepts prescribeawyreference ontology that are
not represented by any modeling construct in thguage. This is a case @fnstruct
incompletenesat the modeling language level.



In UML, the association meta-construct is usedcepreésent both formal and mate-
rial relations. As discussed in Section 4, formrad anaterial relations are considered
here as entities belonging to disjoint ontologizatiegories. Therefore, the representa-
tion mapping from both formal and material relaido associations in UML can be
considered a case obnstruct overloadHowever, in a different perspective, there are
refinements on the category of relations in UFOhAtthave no representation in the
UML metamodel (characterization and mediation). efeve have another case of
construct incompleteness the modeling language level.

According to the UML specification, an interfaceaigleclaration of a coherent set
of features and obligations. It can be seen amd &f contract that partitions and
characterizes groups of properties that must bi#lédl by any instance of a classifier
that implements that interface. In an interpretatinapping from the UML meta-
model to the ontology of Figure 9, an interfacelifjes as a case aonstruct excess
This means that since the UML interface is meretiesign and implementation con-
struct, there is no category in the conceptual fegleontology proposed here that
serve as the ontological interpretation for thisstouct.

In order to solve the cases of construct incompkss in reference to the category
of monadic universals, we propose a (lightweigkteesion to the UML class meta-
construct by introducing the stereotypes « kind mle », « quality » and « relator »,
representing the respective ontological finer-gedinlistinctions. The profile formed
by these newly introduced stereotypes must alstagoa number of constraints that
restrict the way the modeling constructs can batedl The goal is to have a meta-
model such that all syntactically correct spectfmas using the profile have logical
models that arentended world structuresf the conceptualizations they are supposed
to representThus, for instance, in a conceptual model using fviofile, a class
stereotyped as « kind » must not include in itsestipss collection one class stereo-
typed as « role », since it is a postulate of beoty that anti-rigid universals cannot
subsume rigid ones.

In general, qualities can be atomic or complex.nditoquality universals are typi-
cally not represented in a conceptual model explitiut via attribute functions that
map each of their instances to points in a gigaality dimensionFor example, sup-
pose we have the universal Apple (a substantialensal), characterized by the uni-
versal Weight. Thus, for an arbitrary instaxoaf Apple there is a quality (instance
of the quality universal Weight) that is existelyialependent ok. Associated with
the universal Weight, and in the context of a giveeasurement system (e.g., the
human perceptual system), there is a quality dilenseightValue which is a set
isomorphic to the half line of positive integerdeging the same ordering structure.
In this case, we can define atiribute functionweight(Kg) which maps for every in-
stance of apple (and in particubgrto a point in a quality dimension, i.e., its dbal
value. Due to space limitations we do not discese lthe case of atomic qualities and
related notions A formal treatment of this subject can be foumdi2].

An example of a complex quality universal is thévarsal Symptomcharacteriz-
ing the rolePatient every individual Symptom is existentially dependef an indi-
vidual patient. Thus, even if the patients John Badl experience headaches which

8 We emphasize, nonetheless, that the same ontolaginakpt ofttribute functionss represented in the
UML grammar both by the constructs atfributesandnavigable end namethus, amounting to a case
of construct redundanciyn the language.



are qualitatively indistinguishable, the headaché&obn is an individual which is only
dependent of John. A complex quality universahis ontological counterpart of the
concept ofWeak entity typesn EER diagrams. We propose that they should be ex
plicitly represented in class diagrams (via a ckeseotyped as « quality »), or, to use
an object-orientation ternopjectified

We advocate that associations in UML for the puepo§ conceptual modeling
should only represent formal relations. Consisyentle extend this construct in the
UML metamodel by proposing the stereotypes « cliarzation » and « mediation »
representing the two types of existential depengerunsidered here. Associations
stereotyped as « characterization » must have énabrits association ends a class
stereotyped as « quality » representing the cheniaictg quality universal.

In contrast, we propose to express relational ptzeexplicitly via classes stereo-
typed as « relator », representing the ontologied¢gory of relator universals. The
formal relation of mediation that takes place betmvéehe relator universal and the
universals it mediates is explicitly representedahyassociation stereotyped as « me-
diation ». In addition, associations stereotypee asediation » must have in one of
its association ends a class stereotyped as errelat

By representing relational properties explicitha wheir founding relator univer-
sals, we not only remove the case of constructloaérmrelated to associations, but we
also produce a representation that is more expeessbnceptually clear and semanti-
cally unambiguous. Consider, for example, the nodelpicted in Figure 10. In the
standard UML representation of associations, thdimality multiplicity of one-to-
many betweerraduate Studernb Supervisoris ambiguous and can be interpreted in
a multitude of incompatible ways. For example, wikéating that'a supervisor su-
pervises one to many studenthat exactly is being stated? (i) that in a giassign-
ment there is one supervisor advising many stu@eots(ii) that only one supervisor
and one student are involved, but a supervisorscgervise many assignments? An
analogous situation takes place when trying torfmé this association in the con-
verse direction. In particular, due to the lackespressivity of the traditional UML
association, the model of Figure 10(a) cannot difidate the two different conceptu-
alizations, which are explicitly modeled in Figurgg(b) and 10(c). Finally, as dis-
cussed in [12], the problem of ambiguity of mulifily constraints exemplified in
these models only takes place in the case of maatetations, in which two different
types of constraints are collapsed.

Both characterizationand mediationare directed relations. In the case of the for-
mer, the source is a quality universal, and inddme of the latter, the source is a rela-
tor universal. In both cases, the target is a suitisi universal. Moreover, these two
relations are mapped at the instance level t@xdstential dependenaglation be-
tween the corresponding source individuals and thearer objects. This has the fol-
lowing consequences for the extended UML metamd@ethe association end con-
nected to the target (substantial) universal mustehthe minimum cardinality
constraint of at least one, since moments are diegegrentities; (ii) In the case of a
« characterization » relation, the association emthected to the target (substantial)
universal must have the maximum cardinality comstsaof at most one, since quali-
ties inhere in a unique bearer [10]; (iii) the asation end connected to the target
(substantial) universal must have the meta-atteimreadOnly = true since existen-
tial dependency is modally constant; and (iv) exisal dependency relations are al-



ways binary relations. Finally, sinceelator individualis dependent (mediates) on at
least two numerically distinct entities, we have fbllowing additional constraint: (v)
let R be a relator universal, let {C.C,} be a set of substantial universals mediated
by R (related to R via a « mediation » relation}l det lowerg; be the value of the

«mediation» «mediation»

i=1
«relator»
Assignment
«mediation» «mediation»
«role» «relator» «role»
Figure 10.(@) Ambiguous representation of material relations gisive standard UML notation

minimum cardinality constraint of the associatiod e&onnected to Gn a « media-
GraduateStudent Supervisor
1.* 1. 1. 1
1 1. 1.* 1
(b)(c) Exemplification of how relators can disambiguaie tconceptualizations that in the

tion » relation to R, then) lowerg) > 2.
1* (@) 1.
«role» «role»
GraduateStudent Supervisor
(b)
()
standard UML notation would have the same reprasient

In order to solve the problem of construct excestheé case of UML interface meta-
class, we propose to remove this construct fromettiended UML metamodel, im-

plying that the use of this construct would be [dsited in order to ensure that the re-
sulting models are ontologically well-founded.

6 Final Considerations

In this paper, we present an ontology-based framlefeo evaluating thelomainand
comprehensibility appropriateness modeling languages. The framework defines a
systematic method for comparing timetamodebf a language with a concrete repre-
sentation of a conceptualization of a given subjexrhain, termed eeference ontol-
ogy. Moreover, the paper illustrates the applicatibthe method by evaluating and
extending a fragment of tH8ML metamodel This has been achieved by comparing
this metamodel with dundational ontologythat is considered as a suitable meta-
conceptualization for domain independemnceptual modelingand proposing
stereotypes and usage constraints that make tremodel isomorphic with the foun-
dational ontology.

The framework presented here builds on existingkvilorthe literature, extending
them in important ways. For instance, the approacii¢2] and [3] address solely the
relation between ontological categories and the etiog primitives of a language,
paying no explicit attention to the possible caogisiis governing the relation between
these categories. Moreover, it does not considerngtessary mapping from these
constraints to equivalent ones, to be establisleddden the language constructs rep-
resenting these ontological categories. AdditigndB] addresses only the design of
general conceptual modeling languages. In contitestiramework and the principles
proposed here can be applied to the design of pomalemodeling languages irre-
spective to each generalization level they belaomg, they can be applied both the



level of material domains and corresponding donsgieeific modeling languages,
and the (meta) level of a domain-independent (meiateptualization that underpins
a general conceptual modeling language. Finallydissussed in [11], by explicitly
representing the subject domain of a languagermgsef a well-founded ontology,
we can account for important pragmatic aspectsstatild be preserved in the design
of concrete visual syntaxes
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