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Abstract. Formal ontological analysis is a methodology that uses ideas
from philosophy in order to guide the process of building ontologies with
a correct and as untangled a structure as possible.

This paper presents an ontology model that aims to facilitate formal
ontological analysis, by providing a set of meta-properties which char-
acterise the behaviour of concept properties in a concept definition, to
provide a richer semantics of the concept. We describe concepts in terms
of their attributes (characterising features) and we also describe the
role played by these features in the concept definition: whether they are
prototypical or exceptional; whether they are permitted to change over
time, and if so, how often this happens; how likely is a concept to show
these features, etc. We show that these meta-properties, besides enrich-
ing concept descriptions, can be used to determine whether the notions
of identity and rigidity hold, thus supporting in part the OntoClean [31]
methodology.

1 Introduction

Many current applications such as e-commerce and the semantic web rely on
the ability of different resources or agents to interoperate with each other and
with users. In some cases, interoperation becomes quite complex, because agents
may have been independently developed, and so the assumption that agents use
the same communication language and the same terminology in a consistent
way cannot be made. When dealing with independently developed agents, their
interoperability with humans and others depends on their ability to understand
each other.

Ontologies are an explicit, formal specification of a shared conceptualisation,
where a ‘conceptualisation’ refers to an abstract model of some phenomenon in
the world by having identified the relevant concepts of that phenomenon. ‘Ex-
plicit’ means that the type of concepts used, and the constraints on their use
are explicitly defined. - ‘Formal’ refers to the fact that the ontology should be
machine-readable. ‘Shared’ reflects the notion that an ontology captures consen-
sual knowledge, that is it is not private to some individual, but accepted by a
group [27]. That is, ontologies provide a formally defined specification of the
meaning of those terms that are used by agents to interoperate.



Agents can differ in their understanding of the world surrounding them, in
their goals, and their capabilities, but they can still interoperate in order to
perform a task, provided they can reach agreement on a shared understanding,
mainly obtained by reconciling the differences. This kind of reconciliation might
be accomplished by merging the ontologies to which the agents refer, that is, by
building a single ontology that is the merged version of the different ontologies,
which often cover similar or overlapping domains [4].

Ontology merging starts with the attempt to find the places in which the
source ontologies overlap [18], that is the coalescence of two semantically identical
terms in different ontologies so that they can be referred to by the same name in
the resulting ontology. This is the only step of the merge process which is relevant
to the scope of this article. The coalescence of terms in diverse ontologies has
to be accomplished despite heterogeneous agent ontologies and heterogeneity
has to be reconciled in order to share knowledge. Defining the different types
of heterogeneity is out of the scope of this article, although we recognise that
it can hinder attempts to coalesce terms, especially when it is the semantics
that is heterogeneous. Ontology or semantic heterogeneity occurs when different
ontological assumptions about overlapping domains are made [30].

The ontologies involved in the merging process, be they heterogeneous or
not, are usually assumed to be either built according to some kind of engineer-
ing methodology, such as Methontology [3], or their ontology taxonomic struc-
tures are validated according to some methodology such as OntoClean [31]. Both
methodologies aim to ensure that the ontology obtained after applying them is
correct, that it does not contain cycles or recursive definitions, and it has a
taxonomic structure that is as untangled as possible.

Methontology and OntoClean are complementary methodologies in that the
former provides the guidelines for building or re engineering ontologies, whereas
the latter can be used either in the validation step (when ontologies are engi-
neered or restructured) or simultaneously with the ontology construction (when
ontologies are built from scratch). These two methodologies are currently un-
dergoing an integration process [2] as part of the activities of the OntoWeb spe-
cial interest group on Enterprise-standards Ontology Environments (SIG’s home
page: http://delicias.dia.fi.upm.es/ontoweb/sig-tools/index.html).

Methodologies to obtain well-built ontologies, however, are not sufficient
to support a semi-automatic coalescence process. In fact we cannot recognise
whether two concepts (that can be heterogeneous) are similar, only on the basis
of the terms denoting them, the relationships with other terms, and their de-
scriptions, but we need to have a full understanding of the concepts. As noted
by McGuinness [17], an explicit representation of the semantics of terms would
be a step towards understanding whether two concepts are similar. It emerges
that the current ontology models are not expressive enough to provide such an
explicit representation. Even when heavyweight ontologies are used (that is, con-
cepts described in terms of attributes, linked by relations, organised into an Is-a
relationship and constrained by axioms), their expressiveness does not allow a
full account of the semantics of the concepts described. The ontology model we



present in this paper is enriched by attribute meta-properties which account for
the behaviour of attributes in the concept definition.

This paper is organised as follows: Section 2 presents the OntoClean method-
ology and the notions of formal ontological analysis, while Section 3 introduces
our proposal for an ontology model encompassing a set of meta-properties for
attributes which are then discussed in the following subsections. This ontology
model was also presented in [29]: in this paper we do not discuss any implementa-
tion issues and we concentrate on the meta-properties, clarifying the relationship
with the concept meta-properties used in OntoClean and the role attribute meta-
properties play in associating senses to concepts. Section 4 discusses the attribute
meta-properties and relates them with two notions (identity and rigidity) of for-
mal ontological analysis and with roles. Finally, Section 5 draws conclusions.

2 Identity, Unity, Essence, and Dependence and their use
in OntoClean

OntoClean [31] is a methodology to perform a formal ontological analysis on tax-
onomies in order to verify which formal meta-properties hold, thus making clear
and explicit the modelling assumptions made while designing the ontologies. The
clarification and explication of the modelling assumptions is a necessary step in
evaluating ontologies, since it permits knowledge engineers to detect and rec-
oncile ontological conflicts that may affect one or more ontologies. Ontological
conflicts may become apparent when two ontologies are compared in order to
coalesce terms, and they reveal cases of ontological heterogeneity. For example,
two well known ontologies ! (Wordnet [19] and Panglos [11]), present the fol-
lowing conflict: one models Physical Object as subconcept of Amount of matter
wheres the other models Amount of matter as subconcept of Physical object.
This is a case of ontology heterogeneity due to different modelling of the con-
cepts. Such ontological conflicts need to be detected and resolved if terms are to
be coalesced.

OntoClean is firmly based on the philosophical notions of identity, unity,
essence (rigidity), and dependence. The attribute meta-properties we present in
this paper are related to these notions, and we discuss them below.

Identity: Identity is the logical relation of numerical sameness, in which a thing
stands only to itself. Based on the idea that everything is what it is and not
another thing, philosophy has tried for a long time to identify the criteria which
allow a thing to be identified for what it is even when it is cognised in two dif-
ferent forms, by two different descriptions and/or at two different times [32, 9].
This comprises both aspects of finding constitutive criteria (which features a
thing must have in order to be what it is), and of finding re-identification crite-
ria (which features a thing has to have in order to be recognised as itself by a
cognitive agent).

! Strictly speaking, neither Wordnet nor Panglos are ontologies. However, they are
often used and referred to as ontologies.



OntoClean does not make any difference between identity and re-identification,
but we believe that these are distinct, although equally important aspects of
identity. It happens to be the case the fingerprints are unique to individuals.
This means that, in the actual world, fingerprints can serve as re-identification
criteria. But it is possible that everyone had the same fingerprints: in such a
possible world, fingerprints would not provide re-identification criteria. More-
over, fingerprints cannot be used to discover identity across possible worlds, and
cannot be a criterion constitutive of such identity.

Although the problem of identifying what features an entity should have in order
to be what it is and recognised as such has been central to philosophy, it has
not had the same impact in conceptual modelling and more generally AI. The
ability to identify individuals is central to the modelling process; more precisely,
it is not the mere problem of identifying an entity in the world that is central
to the ontological representation of the world, but the ability to re-identify an
entity in all its possible forms, or more formally, re-identification in all possible
worlds. That is, the problem is related to distinguishing a specific instance of a
concept from its siblings on the basis of certain characteristic properties which
are unique and intrinsic to that instance. Intrinsic properties are usually mod-
elled as attributes.

Identity is, of course inherently time dependent, since time gives rise to a partic-
ular system of possible worlds where it is highly likely that the same instance of
a concept exhibits different features This problem is known as identity through
change: an instance of a concept may remain the same while exhibiting differ-
ent properties at different instants of time. Therefore it becomes important to
understand not only which features or properties can change and which cannot
[31], but also, we add, the situations that can trigger such changes.

Identity is an absolute notion (whereas re-identification is not), although we
recognise that applying identity to certain concepts, such as those representing
artifacts, is not always straightforward.

Unity: the notion of unity is often included in a more generalised notion of
identity, although these two notions are different. While identity aims to charac-
terise what is unique for an entity of the world when considered as a whole, the
goal of unity is that of distinguishing the parts of an instance from the rest of
the world by means of a unifying relation that binds them together (not involv-
ing anything else) [31]. For example, the question ‘Is this my car?’ represents a
problem of identity, whereas the question ‘Is the steering wheel part of my car?’
is a problem of unity. Also the notion of unity is affected by the notion of time;
for example, can the parts of an instance be different at different instants of time?

Essence: The notion of essence is strictly related to the notion of necessity
[10]. An essential property is a property that is necessary for an object, that
is, a property that is true in every possible world [15]. Based on the notion of
essence, Guarino and colleagues [8] have introduced the notion of rigidity. A rigid
property is a property that is necessary to all instances in any instant of time,
that is a property ¢ such that: O(Vz, td(x, t) — OVt ¢(x, t')). For this for-



mula, and in the remainder of this paper, we use the modal notions of necessity
O and possibility ¢ quantified over possible worlds (in Kripke’s semantics [13]),
meaning that the extension of predicates concerns what exists in any possible
world. We use these operators according to the following meanings: O ¢ means
that ¢ holds in all possible worlds ¢ ¢ means that ¢ is possible, i.e. that ¢ holds
in at least one possible world, which might be accessible from the actual world.
Rigidity strictly depends on the notions of time and modality [29]; this point is
further elaborated in Section 4.2. It is important,however, not to confuse modal
necessity with temporal permanence. Modal necessity means that the property is
true in every possible world. Time is undoubtedly one partition of these worlds,
but temporal permanence means that the property is true in that world (time),
with no information concerning the other possible worlds, and this might happen
by pure chance. For example, fingerprints are temporally permanent, but might
differ in other possible worlds.

Dependence: In OntoClean [31], the notion of dependence is considered related
to concept properties. In this context, dependence permits us to distinguish
between eztrinsic and intrinsic properties based on whether they depend on
objects other than the one they are ascribed to or not.

In order to establish which of these meta-properties hold, OntoClean is sup-
ported by a description logic based system that can help knowledge engineers to
assign the meta-properties to concepts and to verify the taxonomic structure on
the grounds of the modelling methodology. In this paper we focus our attention
on the process of assigning the meta-properties. OntoClean guides knowledge en-
gineers in this process by asking them to answer some questions such as “Does
the property carry identity”. Knowledge engineers can answer yes, no or unsure,
in this latter case more specific questions can be asked, such as “Are instances
of the property countable?”.

The OntoClean methodology depends on the knowledge engineer’s understand-
ing of the ontologies being analysed and can thus be problematic if used to
evaluate independently designed ontologies. Moreover, OntoClean does not take
into account the structure of concept definitions, as it does not consider the char-
acteristic features (or attributes) that might have been used to define concepts.
This work proposes an enriched ontology model whose aim is to complement
the OntoClean methodology, by providing an additional way to determine meta-
properties to concepts. In our proposal we describe concepts in terms of their
attributes, which are in turn described not only in terms of their structural fea-
tures (such as range, domain, cardinality etc.), but also in terms of their meta-
properties, which describe the contribution given by the attributes to the concept
definition. We describe the enriched ontology model and the meta-properties for
attributes in the next sections.



3 Enriched ontology model

The ontology conceptual model 2 we propose comprises concepts, attributes, re-
lations, and instances. We do not consider here axioms. Concepts represent the
entities of the domain and the tasks we want to model in the ontology. Concepts
are described in terms of defining properties, which are represented by associ-
ating an attribute with either a single value or a set of values. Concepts are
organised into an Is-a hierarchy, so that a concept attributes and their values
are inherited by subconcepts. Multiple inheritance is permitted, so attributes
and their values can be inherited from multiple parents. The values associated
with an attribute can be restricted in order to provide a more specific definition
of a concept [14].

Attributes can be described in terms of their structural characteristics, such
as the concepts that they are defining, their allowed values, the type of the val-
ues (string, integer, etc.), and the maximum and minimum values (if attributes
are numeric). Attributes can also be described in term of the following meta-
properties:

— Attribute’s behaviour over time: The meta-properties Mutability, Mutabil-
ity Frequency, Fvent Mutability and Reversible Mutability provide a better
description of attributes by characterising their behaviour over time, that
is, whether they are allowed to change their value during the concept life-
time (Mutability); and how often the change occurs (Mutability Frequency);
whether the change is reversible (Reversible Mutability); and what triggers
change (Event Mutability);

— Modality: this meta-property is a qualitative description of the degree of
inheritability of a concept property by its subconcepts;

— Prototypes and Ezxceptions: the meta-properties Prototypical and Exceptional
aim to describe properties that are prototypical for a concept, that is the
properties that obtain for the prototypical (from a cognitive viewpoint, fol-
lowing Rosch [21]) instances of a concept. Exceptions are those properties
which can be ascribed to a concept although being highly unusual;

— Inheritance and Distinction: inherited meta-properties regard those prop-
erties that hold because inherited from an ancestor concept, although they
may be overruled in the more specific concept in order to accommodate in-
heritance with exceptions. Distinguishing properties are those that permit
us to distinguish among siblings of a same concept. In other words a distin-
guishing property ¢ is a property such that o3z ¢(x) A oJx —¢(zx), that is
there is possibly something for which the property ¢ holds, and there is pos-
sibly something for which the property does not hold, and these are neither
tautological nor vacuous [31]. Distinguishing properties can lead to disjoint
concepts in the ontology’s taxonomic structure.

2 by conceptual model we mean the knowledge engineer’s evolving conception of the
domain knowledge. It is the knowledge that actually determines the construction of
a formal knowledge base. A conceptual model is an intermediate design construct,
a template to begin to constrain and codify human skill, it is neither formal nor
directly executable on a computer [16]



These meta-properties provide means to distinguish between necessary and suf-
ficient conditions for class membership. Indeed, the modality meta-property and
those describing the behaviour over time permit the identification of essential
(or rigid) properties and necessary properties are those that are essential to all
instances of a concept. Prototypical properties are good candidates to identify
sufficient conditions, as discussed in Section 3.3.

Relations between concepts are supported by the model as are instances.
Finally, the ontology model supports roles. Concepts are also used to represent
roles, which can be thought of describing the part played by a concept in a
context, (a more complete discussion on roles is postponed to Section 4.3). Roles
are described in terms of their context, and the formal role relationship holds,
that is, roles are related to concepts by a ‘Role-of’ relations.

This ontology model has been used to model a medical condition Dissem-
inated Intravascular Coagulation (DIC) [28], whose evolution depends on the
changes over time of its symptoms. This ontology model is proving quite promis-
ing since it permits physicians to fully capture the changes in the attribute values,
how these affect the hierarchy formed by the different types of DIC, and to make
explicit most of the modelling assumptions. However, its use is not restricted to
medical domains.

This ontology model enriches the traditional model proposed initially by

Gruber [6], in that it permits the characterisation of the properties of a concept.
From this viewpoint it should be considered more expressive. The solution of
adding information characterising concept properties is a controversial one. In-
deed, any number of meta-properties could be used to characterise attribute’s
behaviour. Here we focused our attention on those meta-properties that support
formal ontological analysis.
Although we do realise that often it is not true that ‘more is better’, this work
claims that an ontology model which include this type of property characteri-
sation is helpful to deal with ontology heterogeneity problems in two ways. On
the one hand the model complements the set of formal ontological properties
proposed in [31], and can guide in assigning them to concepts in a way which
depends on concept definitions in terms of attributes. This is particularly useful
when knowledge engineers need to assign formal properties to ontologies they
have not designed.

Additionally, this conceptual model for ontologies facilitates a better under-
standing of the concepts’ semantics. Currently ontology merging is performed by
hand based on the expertise of the knowledge engineers and on the ontology doc-
umentation. Even in this case the ontology model we propose can prove useful by
providing a characterisation of the properties, which can help to identify seman-
tically related terms. The following subsections describe all the meta-properties
for attributes except Inheritance and Distinction (which are trivial) in more
detail:

3.1 Behaviour over time

The meta-properties which model the behaviour of the attributes over time are:



Mutability, which models the liability of a concept property to change. A
property is mutable if it can change during the concept’s lifetime;

— Mutability Frequency, which models the frequency with which a property can
change in a concept description;

FEvent Mutability, which models the reasons why a property may change;

— Reversible Mutability, which models reversible changes of the property.

These meta-properties describe the behaviour of fluents over time, where the
term fluent is borrowed from situation calculus to denote a property of the world
that can change over time. Modelling the behaviour of fluents corresponds to
modelling the changes in properties that are permitted in a concept’s description
without changing the essence of the concept.

Fluents are used to characterise time dependency in processes. Hence, here and
in [28] we take the view that changes in concept properties can be modelled as
processes [25].

Describing the behaviour over time also involves distinguishing properties whose
change is reversible from those whose change is irreversible.

Property changes over time are caused either by the natural passage of time or
are triggered by specific event occurrences, and so, they need to be represented
by a suitable temporal framework that permits us to reason with time and
events. In [29] we chose Event Calculus [12] to accommodate the representation
of changes. Event calculus deals with local event and time periods and provides
the ability to reason about change in properties caused by a specific event and
also the ability to reason with incomplete information.

We mentioned above that processes model changes in concept properties
(which correspond to changes in the values associated with attributes). Pro-
cesses can be described in terms of their starting and ending points and of the
changes that happen in between. We can distinguish between continuous and
discrete changes, the former describing incremental changes that take place con-
tinuously while the latter describe changes occurring in discrete steps called
events. Analogously we can define continuous properties as those changing reg-
ularly over time, such as the age of a person, versus discrete properties which
are characterised by an event which causes the property to change. If a property
mutability frequency is regular (that is it changes regularly), then the process is
continuous, if it is volatile the process is discrete, and if it changes once only in
the concept’s lifetime, then the process is considered discrete and the triggering
event is set equal to time-point="T.

Any regular occurrence over time can be, however, expressed in form of an
event, since most of the forms of reasoning for continuous properties require
discrete approximations. Therefore in the ontology model we present here, con-
tinuous properties are thought of as discrete properties where the event triggering
the change in property is the passing of time from the instant ¢ to the instant ¢'.
Events are always thought of as point events, and we consider durational events
(events which have a duration) as being a collection of point events in which
the property whose mutability is modelled by the set of meta-properties hold as
long as the event lasts.



3.2 Modality: Weighing the validity of attribute properties

The term modality is used to express the way in which a statement is true or false,
which permits us to establish whether a statement constitutes a necessary truth
and to distinguish necessity from possibility [13]. The term can be extended to
qualitatively measure the way in which a statement is true by trying to estimate
the number of possible worlds in which such a truth holds. This is the view
we take, by denoting the degree of confidence that we can associate with the
property holding in a given world with the meta-property modality. This notion
is analogous to the rankings defined by Goldszmidt and Pearl [5]: Each world is
ranked by a non-negative integer k representing the degree of surprise associated
with finding such a world (in which the property does not hold).

Here we use the term modality to denote the degree of surprise in finding a
world where the property P holding for a concept C' does not hold for one of its
subconcepts C'. The additional semantics encompassed in this meta-property is
important to account for statements that have different degrees of credibility.
Indeed there is a difference in asserting facts such as “Cats are pets” and “All
felines are pets”, the former is generally more believable than the latter, for which
many more counterexamples can be found. The ability to distinguish facts whose
truth holds in more or less possible worlds is important in order to find which
facts are true in every possible world and therefore constitute necessary truth,
which permits us to establish rigidity.

Furthermore, the ability to evaluate the degree of confidence in a property
describing a concept is also related to the problem of reasoning with ontologies
obtained by merging. In such a case, mismatches can arise if a concept inherits
conflicting properties. In order to be able to reason with these conflicts some
assumptions have to be made, concerning on how likely it is that a certain
property holds. In case of conflict the property degree of credibility can be used
to apply some forms of non monotonic reasoning or belief revision. For example,
we could rank the possible alternatives on the grounds of the degree of credibility
following an approach similar to the one presented in [5].

3.3 Prototypes, exceptions, and concepts

A full understanding of a concept includes not only the set of properties generally
recognised as describing a typical instance of the concept, but also the known
exceptions. In this way, we partially follow the cognitive view of prototypes and
graded structures, which is also reflected by the information modelled in the
meta-property modality. In this view all cognitive categories show gradients of
membership which describe how well a particular subclass fits people’s idea or
image of the category to which the subclass belong [21]. Prototypes are the
subconcepts which best represent a category, while exceptions are those which
are considered exceptional although still belonging to the category.

Prototypes show all the sufficient conditions for class membership. For exam-
ple, let us consider the biological category mammal: a monotreme (a mammal
who does not give birth to live young) is an example of an exception with respect
to the property of giving birth to live young. Prototypes depend on the context;



there is no universal prototype but there are several prototypes depending on
the context, therefore a prototype for the category mammal could be cat if the
context taken is that of animals that can play the role of pets but it is lion if the
assumed context is animals that can play the role of circus animals.

The context is in part determined by the task for which the ontology is built,
even in those cases where the ontology is intended to be task neutral, because
of the interaction problem [1]. Thus, attributes considered prototypical are very
likely to differ in ontologies constructed for different tasks.

The ability to distinguish between prototypes and exceptions helps to deter-
mine which properties are necessary and sufficient conditions for concept mem-
bership. In fact a property which is prototypical and that is also inherited by
all the subconcepts becomes a natural candidate for a necessary condition. Pro-
totypes, therefore, permit the identification of the subconcepts that best fit the
cognitive category represented by the concept in the specific context given by the
ontology. On the other hand, by describing which properties are exceptional, we
provide a better description of the membership criteria in that it permits us to
determine which properties, although rarely holding for that concept, are still
possible properties describing the cognitive category.

Prototypes and exceptions can prove useful in dealing with conflicts arising
from ontology merging. When no specific information is made available about
a concept and it inherits conflicting properties, then we can assume that the
prototypical properties hold for it.

In the ontology model presented above the context can be partially described
by the roles applicable to the concept for which prototypical and exceptional
properties are modelled. Ontologies typically presuppose context and this fea-
ture is a major source of difficulty when merging them, since information about
context is not always made explicit.

4 Discussion

The ontology model presented in previous section could be implemented in any
kind of ontology representation formalisms. In [29] we presented an implementa-
tion of the ontology model above in a frame-based representation formalism, and
so attributes were described by associating values to slots, and their structural
description and meta-properties were modelled by the slot’s facets.

By adding the meta-properties to the ontology model, we provide an explicit
representation of the attributes’ behaviour over time, their prototypicality and
exceptionality, and their degree of applicability to subconcepts. This explicit
representation may be used to support and complement the OntoClean method-
ology [31], in that they can help in determining which meta-properties hold for
concepts, as we will illustrate in the sub-sections of this section.

Furthermore, the enriched ontology model we propose forces knowledge engi-
neers to make ontological commitments, that is the agreement as to the meaning
of the terms used to describe a domain [7] explicit. The extent of knowledge
shared depends on the extent of the different agents’ ontological commitment
made explicit. Real situations are information-rich events, whose context is so



rich that, as it has been argued by Searle [23], it can never be fully specified.
When dealing with real situations one makes many assumptions about mean-
ing and context [22], and these are rarely formalised. But when dealing with
ontologies these assumptions must be formalised since they are part of the onto-
logical commitments that have to be made explicit. Enriching the semantics of
the attribute descriptions with things such as the behaviour of attributes over
time or how properties are shared by the subconcepts makes some important
assumptions explicit.

The enriched semantics helps to recognise and reconcile cases of ontology
heterogeneity. By adding information on the attributes we are also aiming to
measure the similarity between concepts more precisely and to disambiguate
between concepts that seem similar while they are not. Indeed, two concepts
are to be considered similar if they have similar names, if they are described by
similar attributes and if these attributes show the same behaviour in the concept
description [28].

A possible drawback of enriching the ontology model is that knowledge en-
gineers are required a deeper analysis of a domain. We realise that it makes
the process of building an ontology even more time consuming but we believe
that a more precise ontological characterisation of the domain at least balances
the increased complexity of the task. Indeed, in order to include the attribute
meta-properties to the ontology model, knowledge engineers need to have a full
understanding not only of the concept they are describing, but also of the con-
text in which the concept is used. Arguably, they need such knowledge if they
are to perform the modelling task thoroughly.

The evaluation of the price to pay for this enriched expressiveness and of the
kind of reasoning inferences permitted by this model are strictly dependent on
the domain and the task at hand. We can imagine that the automatic coales-
cence of terms might require more sophisticated inferences whose cost we cannot
evaluate a priori. In some other cases, the simple matching between properties’
charactersiations might help in establishing or ruling out the possiblity of seman-
tic relatedness. For example, if two concepts are described by the same properties
but with different characterisations, this might indicate that the concepts have
been conceptualised differently.

4.1 Identity

The idea of modelling the permitted changes for a property is strictly related
to the philosophical notion of identity. The meta-properties modelling the be-
haviour over time are, thus, relevant for establishing the identity of concepts [31],
since the proposed ontology model addresses the problem of modelling identity
when time is involved, namely identity through change, which is based on the
common sense notion that an individual may remain the same while showing
different properties at different times [10]. The knowledge model we propose
explicitly distinguishes the properties that can change from those which can-
not, and describes the changes in properties that an individual can be subjected
to, while still being recognised as an instance of a certain concept. Properties



that do not change over time are those that are good candidates to become
re-identification criteria.

Prototypical and exceptional properties and the modality meta-properties
describing how the property is inherited in the hierarchy can all contribute to
determine what are the necessary and sufficient conditions for class membership.
Necessary and sufficient conditions are ultimately the conditions that permit us
to define the properties constitutive of identity and to distinguish them from
those that permit re-identification.

In order to find suitable identity criteria (which permit to identify a concept),
knowledge engineer should look at essential properties, that is those properties
which hold for an individual in every possible circumstance in which the indi-
vidual exists. It is important to note that essential properties should also be
intrinsic if they are to be used to determine identity.

Also inheritance and distinction contribute to identify identity criteria, in
that identity criteria have to be looked for among the distinguishing properties.

4.2 Essence and rigidity

Identity through change is also relevant to determine rigidity, which derives from
the notion of essence we defined in Section 2. There we defined a rigid property
as a property that is essential to all its instances.

In [29] and in [28] we have related the notion of rigidity to those of time and
modality; and, by including in our ontology model a meta-property modality
and those concerning the behaviour over time, we can precisely identify rigidity
in the subset of the set of possible worlds. Indeed, since an ontology defines a
vocabulary, we can restrict ourselves to the set of possible worlds which is defined
as the set of maximal descriptions obtainable using the vocabulary defined by
the ontology [20]. By characterising the rigidity of a property in this subset
of possible worlds we aim to provide knowledge engineers the means to reach
a better understanding of the necessary and sufficient conditions for the class
membership. However, this does not mean that the rigidity of a property depends
on any account of whether the property is used to determine class membership
or not. That is, the final aim is to try to separate the properties constitutive
of identity from those that permit re-identification. Under the assumption of
restricting the discourse to this set of possible worlds, rigid properties are those
properties which are inherited by all subconcepts, and thus which have a certain
degree of belief associated with the meta-property modality and that cannot
change in time.

It is important to note that, although in [29] we have modelled this informa-
tion as a facet which can take value in the set {All, Almost all, Most, Possible,
A Few, Almost none, None}, the choice of such a set is totally arbitrary, and it
is intended only as an example of a possible way to represent this meta-property.
Alternatively, knowledge engineers should be able to associate with this meta-
property either a probability value, if they know the probability with which the
property is inherited by subconcepts, or a degree of belief (such as a s-value,
as in [5], which depends on an € whose value can be changed according to the



knowledge available, thus causing the k function to change), if the probability
function is not available.

4.3 Roles dependence on identity and rigidity

Rigidity is not only central in order to distinguish necessary truth but also to
distinguish roles from concepts.

A definition of role that makes use of the formal meta-properties and includes
also the definition given by Sowa [24] is provided by Guarino and Welty. In
[31] they define a role as: ‘ the properties expressing the part played by one
entity in an event, often exemplifying a particular relationship between two or
more entities. All roles are anti-rigid and dependent... A property ¢ is said to
be anti-rigid if it is not essential to all its instances, i.e. OA(Vz, to(z, t) —
o3 t' = ¢(x,t'))... A property ¢ is (externally) dependent on a property ¢ if,
for all its instances x, necessarily some instance of ¥ must exist, which is not
a part nor a constituent of x, i.e. VO (P(x) — Ty (y) A =P(y,z) A —-C(y, x))’,
where P(y,z) denotes that y is a part of z while C(y,z) denotes that y is a
constituent of x. In other words a concept is a role if its individuals stand in
relation to other individuals, and they can enter or leave the extension of the
concept without losing their identity. From this definition it emerges that the
ability to recognise whether rigidity holds for some property ¢ is essential in
order to distinguish whether ¢ is a role.

Roles may be ‘naturally’ determined when social context is taken into ac-
count, and the social context determines the way in which a role is acquired and
relinquished. For example, the role of President of the country is relinquished
differently depending on the context provided by the country. So, for example,
in Italy the role may be acquired and relinquished only once in the lifetime of an
individual, whereas if the country is the United Sates, the role can be acquired
and relinquished twice, because a president can be re-elected. Social conventions
may also determine that once a role is acquired it cannot be relinquished at all.
For example, the role Priest in a catholic context is relinquished only with the
death of the person playing the role. The ability to distinguish roles gives also a
deeper understanding of the possible contexts in which a concept can be used.
Recognising a role can be equivalent to defining a context, and the notion of
context is the basis on which prototypes and exceptions are defined.

In [26] Steimann compares the different characteristics that have been as-
sociated in the literature with roles. From this comparison it emerges that the
notion of role is inherently temporal, and roles are acquired and relinquished
dependent on either time or a specific event. For example the object person ac-
quires the role teenager if the person is between 13 and 19 years old, whereas
a person becomes student when they enroll for a degree course. Moreover, from
the list of features in [26] it follows that many of the characteristics of roles are
time or event related, such as: an object may acquire and abandon roles dynam-
ically, may play different roles simultaneously, or may play the same role several
time, simultaneously, and the sequence in which roles may be acquired and relin-
quished can be subjected to restrictions. Indeed, what distinguishes a role from
a concept, in the modelling process, is that a role holds during a specific span of



time in which some property holds. For example, the role ‘Student’ is applica-
ble only if the property of being registered to a university holds. Therefore, the
meta-properties that model the behaviour over time permits the representation
of the acquisition and relinquishment of a role.

For the aforementioned reasons, ways of representing roles must be supported
by some kind of explicit representation of time and events. Indeed the proposed
model provides a way to model roles as fluents; moreover, by modelling the
reason for which a property change, we provide knowledge engineers the ability
to model the events that constrain the acquisition or the relinquishment of a
role.

5 Conclusions

Sharing ontologies independently developed is a burning issue that needs to
be resolved. This paper presents a set of meta-properties describing concept’s
characteristic features (attributes) that can be used to support both the process
of building correct ontologies (by complementing and supporting the formal
ontological analysis performed by the OntoClean methodology [31]) and the
disambiguation of cases of ontology heterogeneity. Formal ontological analysis
is usually demanding to perform and we believe that the set of meta-properties
for attributes we propose can support knowledge engineers in determining the
meta-properties holding for the concepts by forcing them to make the ontological
commitments explicit.

The meta-properties we propose, namely Mutability, Mutability Frequency,
Reversible Mutability, Event Mutability, Modality, Prototypicality, Exceptional-
ity, Inheritance and Distinction encompass semantic information aiming to char-
acterise the behaviour of properties in the concept description. We have argued
that such a precise characterisation can help to disambiguate among concepts
that only seem similar, and in turn can support mappings across the structure
of multiple shared ontologies that we have devised as alternative to the current
approaches to knowledge sharing. We claim that this characterisation of the con-
cept properties is also very important in order to provide a precise specification
of the semantics of the concepts. Such characterisation is essential if we want
to perform a formal ontological analysis, in which knowledge engineers can pre-
cisely determine which formal tools they can use in order to build an ontology
which has a taxonomy that is clean and not very tangled.

The novelty of this characterisation is that it explicitly represents the be-
haviour of attributes over time by describing the permitted changes in a prop-
erty used to describe a concept. It also explicitly represents the class membership
mechanism by associating with each attribute (represented in a slot) a qualita-
tive quantifier representing how properties are inherited by subconcepts. Finally,
the model does not only describe the prototypical properties holding for a con-
cept but also the exceptional ones. By providing this explicit characterisation,
we are asking knowledge engineers to make more hidden assumptions explicit,
thus providing a better understanding not only of the domain in general, but
also of the role a concept plays in describing a specific domain.
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