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Abstract. In a series of publications, we have proposed adational system
of ontological categories which has been succdgsfiskd to evaluate and im-
prove the quality of conceptual modeling grammang models. In this article,
we continue this work by using this foundationalabogy toprovide real-world
semantics and sound modeling guidelines for orteeomost fundamental (and
yet one of the most problematic) constructs in epteal modeling, namely,
therelationship typeln addition, we systematically compare our apphoaith

a classical ontological treatment of this constincthe literature, provided by
the BWW framework.

1 Introduction

In recent years, there has been a growing intémetste application ofFoundational
Ontologies i.e., formal ontological theories in the philobamal sense, for providing
real-world semantics for conceptual modeling lamgsa and theoretically sound
foundations and methodological guidelines for exihg and improving the individ-
ual models produced using these languages.

For a number of years, we have been developinguaditional ontology named
UFO (Unified Foundational Ontology) [1-3] by empiog theories from Formal On-
tology, Cognitive Psychology, Linguistics, Philodgpof Language and Philosophical
Logics. In a series of publications, this refereno¢ology has been successfully ap-
plied to analyze a number of fundamental conceptuadleling constructs ranging
from Roles, Types and Taxonomic Structures, Parti/IRelations, Attributes,
Weak Entities and Datatypes, among oth&he system of ontological categories con-
stituting UFO is presented in depth in [1], togethéth its empirical justifications and
formal characterization.

In this article we continue this work by addressomg of the most fundamental
(and yet one of the most problematic) constructsoimceptual modeling, namely, the
relationship type(also named “association” or “relation”Despite its importance,
empirical evidence shows that the use of this coaosis often problematical as a way
of communicating meaning in an application domdin [n pace with [5], we believe
that this is mainly due to the lack of consensus iamprecise definitions of its real-
world semantics.

The remaining of this article is organized as foko In section 2, we present the
core categories of the UFO ontology, focusing ars¢éhaspects which are germane to
the purpose of this article. In particular, in st 2.4 and 2.5 we built on the work



presented in [2] to propose an ontological thedmetations. In section 3, we employ
the theory presented in section 2 to provide amlogical analysis of relationship
types and well-founded guidelines for their repnéaion in conceptual models. In
section 4, we briefly compare the results of secBavith aclassical ontological treat-
ment of this construct in the literature, providedBWW framework.Section 5 pre-
sents some final considerations.

2 Background: The Unified Foundational Ontology (UFO)

The core of the UFO ontology is depicted in figdaréelow. A fundamental distinc-
tion in this ontology is between the categorie$nafividual andUniversal. Individu-
als are entities that exist in reality possessingnaue identity. Universals, con-
versely, are space-time independent pattern ofifesat which can be realized in a
number of different individuals. The core of thistaogy exemplifies the so-called
Avristotelian ontological squareomprising the category pai@bject-Object Univer-
sal, Trope-Trope Universal. From a metaphysical point of view, this choicknab
for the construction of a parsimonious ontologysdzhon the primitive and formally
defined notion oxistential dependendé]: Definition 1 (existential dependence):
Let the predicate denote existence. We have that an individuisl existentially de-
pendenton another individuay (symbolized agd(x,y) iff, as a matter of necessity,
must exist whenevex exists, or formally(1). ed(X,y) Ter o(€(X) — €(y)). In comple-
mentary manner, we define two individuals as indelpat from each other a).
indep(X,y) =ef med(x,y) O=-ed(y,X).
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Figure 1. Excerpt of the Foundational ontology UFO.
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2.1 Tropes and Objects

Intuitively, a trope is an instance of a properitg.( the instance of an objectified
property) of a specific entity: the redness of Jehishirt is a trope thanheresto
John’s T-shirt (the host). Both John’s T-shirt @ahd redness of John’s T-shirt are in-
dividuals. However, they are individuals of veryfelient natures. Tropes are indi-
viduals which can only exist in other individual®,, they arexistentially dependent
on other individuals in the way, for instance, twor and the weight of an appde
depend org, the electric charge of a conductodepends omr, or John's headache
depends on John. In contrast, individuals suclohs,Xhe apple, and the conductor



c do not inhere in other individuals and, hence,renteexistentially dependent entities
in this sense. In this article, we give the nabingect to the latter type of individual.

As discussed in [1], there is solid evidence fopés in the literature. On one hand,
in the analysis of the content of perception, teopee the immediate objects of every-
day perception. On the other hand, the idea okesa@sruthmakersunderlies a stan-
dard event-based approach to natural language siemahhe notion of tropes em-
ployed here comprises: (antrinsic Tropes or Qualities: an individualized
(objectified) color, temperature, or weight, a syomp, a skill, a belief, an intention,
an electric charge; (Hyelational Trope®r Relators: a kiss, a handshake, a covalent
bond, a medical treatment, but akmial objectssuch as an enrollment, an employ-
ment, a purchase order and a commitment or claim.

Existential dependence can also be used to difietenintrinsic and relational
tropes: qualities are dependent on one single iV, relators depend on a plurality
of individuals. More technically, a special typeedfistential dependence relation that
holds between a trope and the individualy of which x depends is the relation of
inherence (i). Thus, for an individuak to be a trope of another individugl the
relationi(x,y) must hold between the two. For example, inherghaoes your smile to
your face, or the charge in a specific conductoth® conductor itself. We then
formally characterize a trope as an individual tlalteres in (and, hence, is
existentially dependent upon) another individiefinition 2 (Trope): (3). Trope(x)
=qef INdividual(x) OOy i(x,y).

Inherence is irreflexive, asymmetric and intransitrelation. Moreover, in our
framework, we adopt the so-calledn-migration(or non-transferability principle.
This means that it is not possible for a trop#& inhere in two different individuais
andb: (4). Ox,y,z (Trope(x) Oi(x,y) Oi(x,z) - y = z).The unique individuay that a
tropesx inheres in is termed tHeearer of x and is defined as follow®efinition 3
(Bearer of a Trope)l: (5). B(X) =ger Y i(X,y). The bearer of a trope can itself be
another trope. Examples include the individualitete extension, or the gravity of
John’s headache. The infinite regress in the imferehain is prevented by the fact
that there are individuals (nameDpjects) that cannot inhere in other individuals

2.3 Qualia and Quality Structures

The feature of tropes defined by the non-migragianciple (formula 4) seems at first
counterintuitive. For example, if we have two pautarsa (a red apple) and (a red
car), and two tropes K(particular redness &) and p (particular redness df), we
consider rand s to be different individuals, although perhaps quairy indistin-
guishable. What does it mean then to say ghand b have thesamecolor? Due to
(4), sameness here cannot refer to strict (numitbentity, but only to a qualitative
one (i.e., equivalence in a certain respect). Wis tlistinguish between the color of a
particular apple (its quality) and its ‘value’ (e.g particular shade of red). The latter
is namedjuale and describes a projection of an individual gyatfito a certain value
space or measurement structure nameuadity structure[1].

lThe iota operaton) used in a formula such asp was defined by Bertrand Russel and implies both the
existence and the uniqueness of an individisatisfying predicaté.



An attempt to model the relation between properéied their representation in
human cognitive structures is presented in therthebconceptual spaceatroduced
in [6]. The idea is that for several perceivableconceivable quality universals there
is an associatequality structurein human cognition. For example, heigind mass
are associated with one-dimensional structures wittero point isomorphic to the
half-line of nonnegative real numbers. Other prtpersuch as color and taste are
represented by multi-dimensional structures. Moeepy6] defends that this notion
should be understood literally, i.e., quality stuawes are endowed with certain geo-
metrical properties (topological or ordering stures) that constrain the relations be-
tween its constituting dimensions. For examplehltbe dimensions of height and
mass are totally ordered structures. For an inhddjgtcussion on the topic of quality
structures and their role in conceptual modeling simould refer to [1,2].

2.4. Relations and Relators

Relations are entities that glue together other entitieerizvelation has a number of
relata as arguments, which are connected or retated The number of a relation’s
arguments is called its arity. In the philosophidafrature, two broad categories of re-
lations are typically considered, namely, mateaiad formal relations [7,8].

Formal relations hold between two or more entities directly, withamy further
intervening individual. In principle, it includesidse relations that form the mathe-
matical superstructure of our framework. Exampladude existential dependence
(ed), inherencei}, subtype-of, part-of, subset-of, instantiation@mong many others
not discussed here [1]. We name these relatioreshaesic formal relationg7]. How-
ever, we also classify as formal those domainimlatthat exhibit similar characteris-
tics, i.e., those relations of comparison suchsataller than, is older than, knows
more Greek than. We name these relataoraain formal relationsAs pointed out in
[8], the entities that are immediate relata of stgthtions are not objects but qualities.
For instance, the relation heavier-than between dtoms is a formal relation that
holds directly as soon as the relata (atoms) arengiThe truth-value of a predicate
representing this relation depends solely on tleen&t number (a quality) of each
atom and the material content of heavier-than is&ere distributed between the two
relata. Moreover, to quote [8], “once the distribnthas been effected, the two relata
are seen to fall apart, in such a way that thejonger have anything specifically to
do with each other but can serve equally as temas potentially infinite number of
comparisons”.

Material relations, conversely, have material structure on their @md include
examples such aworking at being enrolled atandbeing connected tdVhilst a
formal relation such as the one between Paul asd@trfowledgex of Greek holds di-
rectly and as soon as Paul andxist, for a material relation dfeing treated irbe-
tween Paul and the medical unit Mtd exist, another entity must exist whiotedi-
atesPaul and M. We name these entitieslators Relators are individuals with the
power of connecting entities. For example, a médi@atment connects a patient
with a medical unit; an enrollment connects a sttidéth an educational institution;
a covalent bond connects two atoms. The notiorelatar (relational tropes) is sup-
ported by several works in the philosophical litara [7,8] and, the position advo-
cated here is that they play an important rolensmaering questions of the sort: what



does it mean to say that John is married to Maryy W it true to say that Bill works
for Company X but not for Company Y?

An important notion for the characterization ofaters (and, hence, for the charac-
terization of material relations) is the notionfofindation Foundation can be seen as
a type ofhistorical dependencfl], in the way that, for instance, an instancdeihg
kissedis founded on an individu&iss,or an instance dbeing punched big founded
on an individuapunch an instance dbeing connected thetween airports is founded
on a particular flight connection.

Suppose that Johie married toMary. In this case, we can assume that there is an
individual relator (relational trope) ;nof type marriage that mediates John and Mary.
The foundation of this relator can be, for instarcevedding event or the signing of a
social contract between the involved parties. Imepbtwords, for instance, a certain
event g in which John and Mary participate can create ratividual marriage m
which existentially depends on John and Mary anitivmediates them. The event e
in this case is the foundation of relator. m

Now, let us elaborate on the nature of the relatprThere are many qualities that
John acquires by virtue of being married to Margr Example, imagine all the legal
responsibilities and rights that John has in thetext of this relation. These newly
acquired tropes are intrinsic qualities of Johnalihtherefore, inhere and are existen-
tially dependent on him. However, these qualititso alepend on the existence of
Mary. We name this type of qualitiexternally dependent qualitiese., externally
dependent qualities are intrinsic tropes that iahiera single individual but that are
existentially dependent on (possibly a multitudg ather individuals:Definition 4
(Externally Dependent Quality): A quality x is externally dependent iff it is existen-
tially dependent of an individual which is indepentl of its bearer. Fornally6).
ExtDepQuality (x) =¢er Quality(x) OOy indep(y B(x)) Oed(x,y).

In the same manner, there are also a number ofichail qualities (e.g., rights and
responsabilities) that Mary acquires by virtue efnlg married to John. Now, we can
define an aggregate;momposedf all these externally dependent qualities tharsh
the same foundation. In this exampleg,imexactly the sum of all qualities (rights and
responsabilities) acquired by John and Mary dudag¢osame foundational event, i.e.,
m, is the instance of the relational propentarriage that mediates John and Mary
and that is théruthmakerof propositions such as “John is married to Mafilary is
married to John”, “John is the husband of Mary'd &Mary is the wife of John”.

A relator is said to mediate (or connect) the eelait a material relation (symbol-
ized bym(x,y)) As discussed above, mediation is a special tymxistential depend-
ence relation or, more specifically, a sort of mxeiusive inherence (see [1] for for-
mal details). Finally, we require that a relator dia¢es at least two distinct
individuals, i.e.(7). Ox Relator(x) - Oy,w (y #w Om(x,y) Om(x,w)).

2.5. Universals

An Object Universal is a universal whose instances are objects (#1g.universal
Person or the universal Apple). @Quality Universal is a universal whose instances
are individual qualities (e.g., the objectified @obf this apple is an instance of the
universal color, a particular headache is an ircgtaf the universal Symptom), and a
Relator Universal is one whose instances are individual relationapes (e.g., the



particular enrollment connecting John and a certhiiversity is an instance of the
universal Enroliment). Finally, a Relation is aversal whose instances are n-tuples
or related elements (e.g., being older than, beiagied to, being the father of).

In general, conceptual specifications (such as W\diss diagrams and ER specifi-
cations) represent conceptualizations only at ype tevel, i.e., only universals and
relations among universals are typically represkntéus, we define the formal rela-
tions of Characterization andMediation as the counterparts at the type level of the
relationsinheres inand mediates respectively. In these definitions, the symbol ::
represents the formal relation of instantiati@efinition 5 (Characterization): A
universal U is characterized by a trope universif &very instance of U bears an in-
stance of T. Formally(8). charac(U,T) = Universal(U) O QualityUniversal(T)
OOx (x:U - Oy y:=T Oi(y,x)); Definition 6 (Mediation): The mediation relation
holds between a universal U and a relator univegaff every instance of U isne-
diated by(m) an instance of kl Formally,(9). mediation(U,k) =4¢¢ Universal(U) O
RelatorUniversal(Ug) O0Ox (x::U - O r::U g Om(r,x)).

Relator universals constitute the basis for defjmmaterial relations R whose in-
stances are n-tuples of entities. In general, @mahtelation R can be defined by the
following schemaDefinition 7 (Material and Formal Relations): Let ¢ay,...,a)
denote a condition on the individuals.a,a,

[a,...a]:RU,...U) o 0. a:U, 0¢(,...a)

A relation is callednaterialif there is a relator universalglsuch that the conditiop
is obtained from Y as follows:@(&;...a,) « [k (k:: Ur O <, m(k,a&))). In this case,
we say that the relation R is derived from thetcelaniversal i, or symbolically,
derivation(R,\$). Otherwise, if such a relator universak does not exists, R is
termed a formal relation.

We can summarize this discussion as follows: (1)we&ke a fundamental distinc-
tion between formal and material relations. Whilst former hold directly between
two entities without any further intervening indivial, the latter are induced by medi-
ating entities called relators. Moreover, matergtions are founded by material en-
tities in reality, typically events, which are extel to their relata. Domain formal re-
lations, in contrast, are founded in qualities vahéee intrinsic to the their relata and,
hence, can be reduced to relations between thesl#ieg) (2) Relators are special
types of (relational) tropes, i.e., particularizedational properties and are aggrega-
tions of externally dependent qualities; (3) Ex&disndependent qualities exemplify
the properties that an individual has in the somfp@ certain material relation; (4) We
explicitly differentiate a relator universal frorhet material relations (classes of tu-
ples) derived from that relator universal.

3. An Ontological Foundation for Conceptual Modeling Relations

In this section, we employ the set of ontologicaflegories proposed is section 2 to
analyze and provide foundations for conceptual riegeelationship types or rela-
tions. These modeling concepts are representechutigally all conceptual modeling
languages. Thus, the conclusions drawn in whabvalcan be extended to all these



languages. However, with the sole purpose of exiéingiion, we shall refer in the
sequel to these concepts as they are representdiib\s modeling primitives.

In most conceptual modeling languages, n-ary kaiahip types are taken to rep-
resent sets of n-tuples. In UML, the ER concepa oflationship type is called asso-
ciation:“an association defines a semantic relationshipttt@n occur between typed
instances...An instance of an association is calldthla..An association declares
that there can be linksetween instances of the associated types. Adiakuple with
one value for each end of the association, wheoh ®alue is an instance of the type
of the end...An association describes a set of tuphesse values refer to typed in-
stances.[9, p.81]. The OMG UML Specification is somehow aguwmus in defining
associations. An association is primarily considexebe a ‘connection’, but, in cer-
tain cases (whenever it has ‘class-like propeitiesi association may be a class: An
association class fga] model element that has both association anassl properties.
An AssociationClass can be seen as an associdigtraisohas class properties, or
as a class that also has association propertiesottonly connects a set of classifiers
but also defines a set of features that belonge¢arélationship itself and not to any of
the classifiers.[9, p.118].

3.1 Representing Formal and Material Relations

An association A between the classgs.CC, of a conceptual model can, in princi-
ple, be understood in our framework as a relaRdpetween the corresponding uni-
versals ,...,U, whose extension consists of all tuples correspanth the links of
A. However, current conceptual modeling languagedyding UML) do not distin-
guish between formal and material relations. lfégg2, an example of a formal rela-
tion is the relation ofemporalprecedencéetween Symptoms. In this model, the un-
stereotyped classes (Person, Patient and Medidglidpresent object universals; the
quality universal Symptom is represented by a claisis the corresponding stereo-
type; Finally, the intrinsic propertgtart dateof a symptom (a universal whose in-
stances are qualities of a quality) is not repreeskdirectly but instead by its associ-
ated quality structure, the tridimensioizdteDomain The representation rules used
in this model amount to the modeling profile progabsn [1,2] and are discussed in
depth there.

1. «characterization» 4

«datatype» 1 N
DateDomain m pr di ‘ treatedin
d:DayValue ;(qua IAY» | Patient l— i Jnit
m:MonthValue startDate . 1.* 1.+
y:YearValue

preceeded
Figure 2. Representing Objects, Qualities, Quality Structamred Relations.

It is easy to see that the relationRycedenceén figure 2 is a domain formal relation
since it is completely reducible to intrinsic qtial of the involved relata. It is com-
mon in conceptual modeling and knowledge repretientéanguages that a number
of formal meta-properties (e.g., reflexivity, symnye transitivity) are defined for re-
lationships (e.g., OWL, F-LOGIC). In the specifiase ofprecedencethese meta-
properties are irreflexivity, anti-symmetry andrséivity and, hence, precedence is a
strict partial ordering relation between symptoms that depends only orstieing
date of each of them. Can we provide an explan&tiothese meta-properties?



As we have discussed in section 2, the immediddaref domain formal relations
are not objects but qualities. Take, for exampie, relations otaller than heavier
thanandprecedenceAll these relations can be reduced to relaticetsvben qualities:
x is taller than y iff height(x) > height(y); x isheavier thany iff weight(x) >
weight(y); x preceedsy iff startDate(x) < startDate(y), in whidieight weightand
startDate are attribute functions mapping the objects x gno the corresponding
qualia. All three quality structures involved iretie expressions have a linear struc-
ture orderedby the < relation. By making this analysis expliditbecomes evident
thatprecedencés an ordered relatiobecause the qualities founding this relation are
associated with ardered quality structure. In general, we can state that meta-
properties of dormal relationRg can be derived from the meta-properties of the-rel
tions between qualia associated with the qualitasding this relation R

Now, take for instance the relatioreatedinbetween Patient and Medical Unit in
figure 2. This relation requires the existence dhiad entity, namely an individual
Treatment mediating a particular Patient and aqaar Medical Unit in order for the
relation to hold, i.e., it is an example of a materelation. There is a specific practi-
cal problem concerning the representationmaiterial relationsas standard associa-
tions as depicted in figure 2. This problem, mamgit in [10], is caused by the fact
that the standard notation for associations coflapwo different types ahultiplicity
constraints In this particular example, the model represéimas each Patient can be
treated inone-to-manyMedical Units and that each medical unit can tas-to-
manypatients. However, this statement is ambiguousesimany different interpreta-
tions can be given to it, including the followin@} a patient is related to only one
treatment in which possibly several medical unégtipipate; (ii) a patient can be re-
lated to several treatments to which only one singkdical unit participates; (iii)) a
patient can be related to several treatments talwhpossibly several medical units
participate; (iv) several patients can be related treatment to which several medical
units participate, and a single patient can betedl#o several treatments. The cardi-
nality constraint that indicates how many pati€otsmedical units) can be related to
one instance of Treatment is nansdagle-tuplecardinality constraintMultiple-tuple
cardinality constraints restrict the number of tn@ants a patient (or medical unit) can

be related to.
Treatment
. d:Duration .

\
i

1 ! .-
I
i
i
\

1.
Patient i Jnit

Figure 3. Explicit representation of single-tuple and mukipuple cardinality constraints.

How shall we represent a material relation in aceptual modeling language such as
UML such that the aforementioned problem could tdressed? Let us follow for
now this (tentative) principle: a material relati®y of the domain may be repre-
sented in a conceptual model by representing théorauniversal associated with the
relation as an association class. By applying finiaciple to the treatedIn relation
aforementioned we obtain the model of figure 3this model, by modeling the rela-
tor universalTreatmentas an association class one can explicitly reptesath types
of cardinality constraints.



The reader should notice that the aforementionetlem is not at all specific to
this case. For another example of a situation wiiéseproblem arises see figure 4.a.
In this case, the (material) relation statemerihas: (a) a customgurchasene-to-
many purchase items from one-to-many suppliers;a(lupplier supplies one-to-
many purchase items to one-to-many customers; foyehase item can be bought by
one-to-many customers from one-to-many supplwschaseFronis a material rela-
tion induced by the relator universalurchase whose instances are individual pur-
chases. Therefore, we have that &,as]::R purchrrom(Customer, Purchaseltem,
Supplier) « &::Customer O ay::Purchaseltem O as::Supplier O Cp (p::Purchase
O0m(p,a;) Om(p, &) Om(p, &)). In other words, for this relation to hold between a
particular Customer, a particular Purchaseltem, apdrticular Supplier, they must
be mediated by the same Purchase instance.

:

Customer Supplier

Purchaseditem

Purchaseditem

Figure 4. Example of a material relation with ambiguous @@ lend (b) with explicit represen-
tation of cardinality constraints.

Once more, we can see that the specification urdigl.a collapses single-tuple and
multiple-tuple cardinality constraints. For thissen, thereare several possible ways
of interpreting this model, including the following) In a given purchase, a Cus-
tomer participates by buying many items from mamyp@Biers and a customer can
participate in several purchases; (ii) In a givemchase, many Customers participate
by buying many items from many Suppliers, and aausr can participate in only
one purchase; (iii) In given purchase, a Custonagtigipates by buying many items
from a Supplier, and a customer can participatseiveral purchases; (iv) In given
purchase, many Customers participate by buying nitemys from a Supplier, and a
customer can participate in several purchases. épjcting the Purchase universal
explicitly (such as in figure 4.b), we can make leipthe intended interpretation of
the material PurchaseFrom relation, namely, tha& igiven purchase, a Customer
buys many items from a Supplier. Both customer suggblier can participate in sev-
eral purchases. Although a purchase can includerakytems, each item in this
model is a unique exemplar and, hence, can onsplztonce.

Now it is important to emphasize that this problisnspecific to material relations.
Formal relations are represented by sets of tupgesan instance of the relation is it-
self a tuple with predefined arity. In formal rétats, cardinality constraints are al-
ways unambiguously interpreted as bemgltiple-tuple since there is no point in
specifying single-tuple cardinality constraints farrelation with predefined arity.
Hence, formal relations can be suitably represeatedtandard UML associations.
One should notice that the relations between Radieth Treatment, and Medical Unit
and Treatment are formal relations between unil@(gzediatior). This is important
to block the infinite regress that arises if materelations were required to relate



these entities. The same holds for the pairwisecéssons between Customer, Sup-
plier and Purchaseltem, on one hand, and Purcheemther.

3.2 An alternative to Association Classes

At first sight, it seems to be satisfactory to eEnt a material relation by using an
association class to model a relator universal ithduices this relation. Nonetheless,
the interpretation of this construct in UML is quiambiguous w.r.t. defining what

exactly counts as instances of an association.dféissclaim that the association class
construct in UML exemplifies a case adnstruct overloadn the technical sense dis-

cussed in [11]. This is to say that there are twgtirett ontological concepts that are
represented by this construct.

To support this claim, we make use of the follow{pgerloaded) semantic defini-
tion of the term as proposed by the pUML (preci$éLly community: “an associaton
class can have as instances either (a) a n-tupdatdfes which classifiers are end-
points of the association; (b) a n+1-tuple contajrtime entities which classifiers are
endpoints of the association plus an instanceebtijectified association itself” [12].
Take as an illustration the association depictefigure 3. In case (a)reatedincan
be directly interpreted asralation, whose instances are padjiesb], whereas is pa-
tient andb is medical unit. In this casfg,b] is an instance of TreatedIn iff there is a
relator Treatment connectirrgandb. In interpretation (b)Treatedlnis what is named
in [3] a Factual Universal In short, if the relator r connects (mediate® éntities
&,...,& then this yields a new individual that is dendbgdr: &,...,&,). Individuals of
this latter sort are callemhaterial facts For every relator universal R there is a set of
facts, denoted byactgR), which is defined by the instances of R andrtherre-
sponding arguments. Therefore, an instancEr@atedInin this case could be the ma-
terial fact(t;: John, MedUnj;), whereas John is a Patient, MedWnig a Medical
Unit and { is a treatment relator.

As a trope, a relator can bear other tropes. Femgie, in figure 3 the temporal du-
ration of a Treatment is a quality of the latteroriglover, a relator can also be medi-
ated by other relators such as, for instance, aareluniversalPaymentwhose in-
stances connect particular Treatments and Payersh&se reasons, between the two
aforementioned interpretations for associationsgdaswe claim that interpretation (b)
should be favored, since it allows for the expligipresentation of relators and their
possible intrinsic and relational properties. Hoamthere is still one problem with
this representation in UML. Suppose that treatntentediates the individuals John,
and the medical units MedUgitand MedUnif,. In this case, we have as instances of
the association class Treatment both féggtsJohn, MedUnjt) and({t;: John, Me-
dUnity,). However, this cannot be represented in such aneran UML. In UML, §
is supposed to function as an object identifierdamique tuple. Thus, if the fagt:
John, MedUnity) holds then(t;: John, MedUnijt) does not, or alternatively, John and
MedUnit;, must be mediated by another relator. These arestheless, unsatisfactory
solutions, since it is the very same relator Tremtirthat connects one patient to a
number of different medical units.

We therefore propose to represent relator universaplicitly as in figure 5. This
model explicitly distinguishes the two entitieslater universals are represented by
the stereotyped class «relator»; material relatamesrepresented by a derived UML



association stereotyped as «material». The dagmebdétween a material relation and
a relator universal, represents that the formeteisved from the latter (sederived
from relation in section 2.5). To mark this differertoethe similar graphic symbol in
UML, we attach a black circle in the relator unsa@rend of this relation. In this fig-
ure, a particular Treatment is existentially deparicbn a single Patient and in a (im-
mutable) group of medical units. This would meatJML that for every association
representing an existential dependency relatiowds a trope and the individual it
depends on, the association end should havérakenmeta-attribute set tsue on
the side of the latter. This compound modeling troies should replace the ambigu-
ous association class construct in UML. Unlikeigufe 3, the entities representing a
relator universal (the stereotyped class that ogglaan association class), and the ma-
terial relation (the association itself) are distientities. In fact, the latter is com-
pletely derived from the former (see definition Far instance, the relator universal
Treatment and the material relation TreatedIn gmedistinct entities and can pos-
sibly have different cardinalities, since the samlator § can connect both the enti-
ties in [John, MedUnjt] and [John, MedUnjt]. Nonetheless, the cardinality con-
straints of TreatedIn can be completely deducedhftbe existential dependency
relations fnediatior) between Treatment and the universals whose icestaare the
relata of TreatedIn, namely, Patient and MedicalUni

«mediation» «relators «mediation»
Treatment
1.* 1.0

|
I
1 ! 1.0

«ma(inal»

— [Treafedin M
Patient i Jnit

1 1

Figure 5. Model with explicit representation of a Relator Warisal, a Material Relation, and a
(formal) derivation relation between the two.

The benefits of this approach are even more evidethie case of n-ary relations with
n > 2. Take the UML representation of a ternarytiatain figure 4. In this specifica-
tion, we are forced to represent the minimum cailityn of zero for all association
ends. As explained in the UML specification [9, 3]:8'For n-ary associations, the
lower multiplicity of an end is typically 0. If thewer multiplicity for an end of an n-
ary association of 1 (or more) implies that oneklifor more) must exist for every
possible combination of values for the other endss recognized by the UML speci-
fication itself, n-ary associations in which thare tuples for every possible combina-
tion of the cross-product of the extension of tinolved classes are atypical. Thus, in
the majority of cases, the UML notation for n-asgaciations completely looses the
ability of representing real minimum cardinalitynstraints. Furthermore, as empiri-
cally demonstrated in [13], conceptual models withaptional properties (minimum
cardinality constraints of zero) lead to betterfgenance in problem-solving tasks
that require a deeper-level understanding of theesented domain.

The results of this section can be summarized énfollowing principle regarding
the representation of formal and material relations conceptual model: In a concep-
tual model, any domain formal relation universalrRay be directly represented as a
standard association whose links represent theeguipl the extension of RCon-
versely, a material relation,Rof the domain may be represented by a complex con-
struct composed of: (& classstereotyped as «relator» representingréiator uni-



versal The relator universal is associated to clasggesenting mediated entities via
associations stereotyped as «mediation»; (ii) adstal association stereotyped as
«material» representing a material relation whosesIrepresent the tuples in the ex-
tension of k; (iii) a dashed line with a black circle in onetbk ends representing
the formal relation of derivation betweeg, Bnd the relator universal it derives from.

4 A Critical Comparison to the BWW Approach

The approach found in the literature that is closeshe one presented here is the so-
called BWW approach presented in (e.g., [5,11,14]these articles, the authors re-
port their results in mapping common constructsaiceptual modeling to an upper
level ontology. Their approach is based on the B\&Wwblogy, a framework created
by Wand and Weber on the basis of the original ptetsical theory developed by
Mario Bunge in [15].

In BWW, a property whose existence depends only @mngle thing is called an
intrinsic property A property that depends on two or more thingsaited amutual
property. These concepts are analogous to our notioirgrafsic andrelational trope
universals Nevertheless, in our approach properties aramtisted. Thus, our intrin-
sic properties can be better defined as univemshisse instances inhere in a single
individual, while relational properties are univasswhose instances mediate multiple
individuals. This marks an important distinctiortween the two approaches.

As demonstrated in [2], the ontological positiomine the BWW approach (inher-
ited from Bunge) is thesubstance-attribute viewvhilst ours is arope-theoretical
one. Two consequences of their particular ontoklgiboice are: (i) the denial of the
existence of instances of properties; (ii) and ¢besequence denial of properties of
properties (i.e., higher order properties). ThaBWW, only things (objects) possess
properties. In particular, for the case of relatioproperties, this dictum leads to the
following modeling principle: “Associations shouhdt be modeled as classes” (rule 7
in [14]). This claim is not only perceived as cantuitive by conceptual modeling
practitioners (as shown by [16,17]), but, as disedsin depth [1,2], it is also contro-
versial from a metaphysical point of view and pB&/W in a singular position
among the foundational ontologies developed in rtb@m of computer science.
Moreover, even if both ontological choices werendeé equivalent, there are a num-
ber pragmatic reasons for defending the acceptahpeoperty instances and, hence,
in favor of accepting also the representation afi-object universals as conceptual
modeling types [1,2]. Examples include the proggresentation of weak entities and
structured datatypes [2] and, to cite an exampieafstrated here, the explicit repre-
sentation of relator universals (relational projgs)t which allows for the disam-
biguation of single-tuple and multiple-tuple camlity constraints in associations.

To provide one more example of the importance taftoes in conceptual model-
ing, suppose the situation in which one wants talehthatstudentsareenrolledin
universitiesstarting on a certain date. Following the prog@ipof mutual properties
being modeled as entity types, Wand and colleagumsose an alternative model for
this situation depicted in Figure 6.a [5].

We claim that it is rather counterintuitive to tkiabout a model of this situation
in these terms. According to [5], relationshipsresenting mutual properties are
equivalent to n-ary attribute predicates. In thése; what is startDate supposed to



stand for? Is it a binary predicate that holds,dxample, for John and UFES, like in
startDate (John, UFES) This seems to be an absurd conclusion. ThugDstar
should at least be a ternary predicate applietbtdnstancestartDate (John, UFES,
14-2-2004).Now, suppose that there are many predicates Hikedne relating a stu-
dent and a university. For example, #dtart-date of writing the thesishe start-date
of receiving a research granetc. We believe that, in this case, the authavalev
propose to differentiate the startDate depictedfigmre 6.a by naming itstart-
DateofEnrollmentBut does not this move make it obvious thartDateis actually a
property of the enrollment? In our approach, tkis be explicitly modeled such as in
figure 6.b. In contrast to figure 6.a, the modebds makes an explicit distinction be-
tween a closed-linked relation between studentuanidersity and an indirect relation
between student and start date.

startDate
«datatype»
DateDomain
* 1

«mediation» «relator» «mediation»

Enrollment

1.0 ! 1
«mat%rial»

Student fattengls Uni ity

1.0 1.0

Figure 6. (a-left) An alternative modeling of “properties of propestién the BWW approach
(from [5]); (b) The representation of “properties of propertiesbur approach.

5 Final Considerations

This article proposes an ontological theory of tietes which makes a fundamental

distinction between two different categories, namérmal and material relations.
This theory shows that only material relations dtdor bonafide ontological rela-
tional properties (relational tropes or relato3pmain formal relations, in contrast,
are simply useful logical constructions which da stand for genuine properties of
the things themselves but, instead, for the wayalleabout these things. It is impor-
tant to highlight that the theory presented hemdsdeith domain relations as opposed
to relations that form the meta-level structureaoinodeling framework such as
parthood generalization/specializatigrparticipation (in processes)existential de-
pendenceamong others. In our approach, these meta-ratatimve been formally
treated elsewhere [1,3].

Making the aforementioned distinction explicit mportant from an ontological
point of view since the very nature of these categois uncovered. However, this
also bears important consequences from a modedirgppctive. Deciding whether an
n-ary term in the universe of discourse standsaféormal or material relation and,
deciding which is the foundation of these relatjoasounts to eliciting the very
meaning of these terms. On one hand, uncoveringnthasic tropes and associated
quality structures underlying a domain formal rielatcan explain which are the for-
mal meta-properties which should be describedtiat telation. On the other hand,
recognizing and representing the relator univeusderlying a material relation helps



to disambiguate different sorts of cardinality doaisits (a problem which is specific
to material relations). Contrariwise, as demonsttah [1], by not clearly represent-
ing relators and, due to the ambiguity of cardigatonstraints, the standard notation
for associations can collapse in a single reprasient multiple relational properties

with even contradictory semantics, which can beomapurce of interoperability

problems. Furthermore, as discussed in depth iy {i8 explicit representation of re-
lator universals and their corresponding existérégpendency relations provides a
suitable mechanism for consistency preservatiowdst static and dynamic concep-
tual models - an issue which we intend to give atological treatment in future

works.
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