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Abstract 1996; Fridman Noy & Hafner,1997) for an overview of
current work in ontology design (not only confined to lin-
The purpose of this paper is to explore some semamtb-  guistic ontologies).
lems related to the use of linguistic ontologies in informationynfortunately, the taxonomic structure @frrentontolo-
systems, and to suggest some organizing principle®d to  iag js often quiteomplicatedand hard tounderstand, es-
solve suchproblems. The taxonomic structure of current on- pecially for what concerns the upper levels. This séems to

tologies is unfortunately quite complicatedd hard to under- . . . .
stand, especially for what concerns the upper levels. | will fo-be in contrast with thevidespreachelief that theupper

cus here on the problem BA overloading which Ibelieve  |€Vel of these ontologies should be: i) largiigependent
is the main responsible of these difficulties. To tpisrpose,  Of particular applicationsii) possibly language-indepen-
I will carefully analyze theontological nature of thecatego-  dent, at least within a common cultusediii) easily un-
ries used in current upper-level structures, considering the nelerstandable by everybody, in order to be extensheely-

cessity of splitting them according to more subtlgistinc- able.
tions orthe opportunity ofexcluding them because ofieir  This paper intends tshow how the theoreticabols of
limited organizational role. so-called Formal Ontology (Guarino, 19%Gmith, 1998)
can help to formulate a number of ontological distinctions
Introduction anddesign principles able tproducecleaner,more gen-

eral, more rigorous and at the same time nun@erstand-
able top-level ontologies.

| will focus here on a single problem, which is the main
responsible, in my opinion, of thdifficulties of current
upper levels:ISA overloading To this purpose, Mill

Currently, a number of efforts in therea oflanguage en-
gineering are aimed to thdevelopment obystems of ba-
sic semanticategories (oftercalled "upper-level ontolo-
gies"), to be used as main organizatidoatkbonessuit-

able to impose a structure darge lexical repositories. . X
Examples of such systenasethe PenmarUpper Model carefully analyzehe ontological nature of theategories

(Bateman et al., 1990), recently evolved into the PanglodéS€d in currentipper-level structuresonsideringthe ne-
ontology (Knight & Luk, 1994)and the RevisedUpper cessity of splitting the_m accordmg to more suldtigtinc-
Model (Bateman,1995), the Mikrokosmos ontology UONS Or the opportunity of excluding them from apper-
(Mahesh, 1996)and the Wordnet (Miller, 1995) upper level taxonomybecause oftheir limited organizational

structure. rofle. di ion of | ill briefl
Besidesstrictly linguistic applicationsJarge lexical re- After a discussion of some examples, | will briefly present

sources are getting a high potentilevancefor informa-  the basic theoretical tools of Formal Ontology, which ad-
tion systems, as thegre being usednot only for NL in- dre_ssthe classical ontological issues of philosophical
terfacesput alsofor requirementsinalysisand specifica- 109iC: the theory of parts (mereology), the theory of
tion (Burg, 1997),databaselesign(Ambrosio, Métais & Wholes (topology, in a vergeneralsense), the theory of
Meunier, 1997; Van de RieBurg & Dehne,1998), con- identity, and the theory adependence. Wwill discuss then

ceptual models validatioandenhancement (Burg & Van & feworganizing principlesbased onthese tools,which

de Riet, 1997; vanlerVos, Gulla & van de Riet, 1997), ¢@n be ofhelp in improving the semanticoherence and
conceptual schema integrati¢lirbel, 1997), informa- e reusability of upper level lexical resources.

tion retrieval and extraction (Guarino, 1997). . .

These applicationanpose ho(vveverstrict co%straints on The Main Problem: ISA Overloading

the semantics of thaierarchical structures appearing in All ontologies are centered on a taxonomy, based on a par-
current uppetevel ontologies, since in thisase anode tial orderingrelation named invarious ways, likelSA,

does not denote a lexicahtry, butrather aclass of enti- subsumption, hyperonymy/hyponymy. Such a taxonomy

ties of the domain. In other words, while apparestiyi- is the mainbackboneof the ontology, whichcan be
lar in many cases, lexical relations maydiéerent from  “fleshed” with the addition of attributes and other relations
semantic relations. amongnodes(like meronymy or antonymy). Asather

The purpose of thipaper is to explorsome semantic  usual, we shalfjenerically callSA the main taxonomic
problems related to the use of linguistic ontologies in intelation (not to beconfusedwith InstanceOf, whicHinks
formation systemsand tosuggest some organizingin-  a node to the class it belongs to and is not a partial order).
ciples aimed to solve such problems. See (Guarino, 1998he problem with ISA whertonsideringlinguistic on-

for a general overview dhe role of ontologies imnfor-  tologies like WordNet is that it is intended a$exrical re-
mation systemsandfor the proposal obntology-driven lation between words, whichot alwaysreflects anonto-
information systems.See also(Uschold & Gruninger, logical relationbetween classes antities of theworld.



Although this fact is well known, the tendency donfuse
the two aspects iguite high, especially wherlinguistic
ontologies are used for non-linguistic applications.

Reduction of sense.

In this case, the ISA link points to aspectof the mean-
ing of a givenconceptthat doesnot fully account for its

For instance, a common praxis in linguistic ontologies iﬁdentity: a physical object is more thirst an amount of

to rely on multiple inheritance to represemolysemy.
This results in amverloadingof the role of ISAlinks,
which, as we shall see, maguseserious semantiprob-
lems.

matter, an association is more than a group of people, as
well as a person is more than a physical object. Inate

ter case, the fact that persons\agy specialphysical ob-
jects is represented in Pangloss by the extra linkving

To eliminate these problems, the solution | propose ifihing but herethe problem is analogous to the previous
this paper is to pay more attention to the ontological imzase, with the differencihat there isnow aclearorder in
plications of taxonomic choices, limiting ISA links to the two sensesepresented byneans of multipleinheri-

connect nodesharing similaridentity criteria. In this
way, the taxonomyeflects abasic ontologicalstructure
with a clear semantics, while the extra-informatiaar-

tance: thébodysense is more basic than tiheéng being
sense, since the living beidgpendsndis constituted by
its body. In the lastexample (Fig. 4), three different

rently encoded bySA links can be represented by meansganses are collapsed together, as if a communicateet

of specialized links and attributes.
| report below some examples of whatdnsider as ISA
overloading:

Confusion of senses:
¢ A window is both an artifact and a place
(Mikrokosmaos)
Reduction of sense:
e A physical object is an amount ofmatter
(Pangloss)
* Anassociation is a group (WordNet)
A person is both a physical objeatd aliving
thing (Pangloss)

A communicative event is a physical, a mental

and a social event (Mikrokosmos, Penman)
Overgeneralization:

* A place is aphysical object (Mikrokosmos,

WordNet)
e An amount of matter is a physicabbject
(WordNet)
Suspect type-to-role link:

was just a physical event with some extra properties.

Overgeneralization.

In this case, a singleategory includesther categories
very different innature, weakeninghereforeits meaning.
For instance, WordNet's gloss fphysical objects:

“a physical (tangibleandvisible) entity; ‘it was full of
rackets, balls and other objects™

This seems to contradict the exampiegorted: i) a place
is not tangible; ii)Jamount ofmatter is anuncountable
category, while the statemergported inthe glossrefers

'to acountablenotion of physical objectTherefore, these

choices force a weaker interpretatiorpbf/sical object.

Suspect type-to-role link.

There is something disturbing in the exampkg®orted: a
person imecessarilya living thing, while her/helays the
role of causal agent only when involved in certain events.

«  Aperson is both a living thing and a causal agenf\nalogously for the apple, which is necessarily a fruit

(WordNet)
*  An apple is both fruit and food (WordNet)
Confusion of taxonomic roles:

while it canbe a food. As we shall sgggrsonandapple
aretypes while causalagentand food are roles On the
basis of ontological analysis, | shall bringemson why

«  Taxonomy of qualities in Pangloss and Penman forbidding these links.

e Separable Entity in Pangloss
The five classes of examples abowpresentdifferent
kinds of ontological misconceptions, whiahe discussed
in turn.

Confusion of senses.

Confusion of organizational roles.

Another source of troubles (less seridwsveverthan the
previous ones, since it onbffectsthe overallorganiza-
tion) is the tendency to express all the unary properties of
a certain class oéntities in terms ofuperclasses to in-
herit from. Take for instancehe hierarchy of qualities in

The example reporteshows acase where different senses the PenmaruUpper Level (inherited byPangloss): all the

of a word are collapsed into a single class, inheritiom
multiple superclasses. In Wordnet, taifferent “synsets”
are associated tthe termwindow one is subsumed b
opening while the other bypanel While the choice of us-
ing multiple inheritance tohandlepolysemy mayappear

as economical at a firstight, it presents obvious onto-

logical inconveniences: ihere anentity that isboth a
paneland anopening? Acleanersolution is torepresent

various formal properties of qualities (like staticipglar-

ity, etc.)correspond to nodes dhe ontology, which of
course gets quite tangled. The problem is thate is no
distinction betweenthe nodes carrying anajor organiza-
tional role in the taxonomy, and those that simply express
a particular property. Another example is thadedecom-
posable objecin Penmarand Pangloss, which subsumes
a number ofdifferent classes generatingtagh degree of

the two senses as disjoint concepts, expressing the intrifRngleness. My suggestion is &void including these

sic links existingbetweenthem by means oéxtra rela-
tions. For instance, an opening needs to exigirder for
a window to function properly.

Y It is interesting tocompare this withWordNet, where an
amount of matter is a physical object.

nodes inthe taxonomy, relying on attributes &xpress
these properties. In other wordgt all unary properties
need to be expressed by means of ISA links.

Most of the exampleaboverefer to cases ofpolysemy
represented byneans of ISA links. In the following, |



will briefly introduce some theoretical tools whichn be
adopted tobetter understandthe systematicontological

structureunderlying polysemy, with a goal similar to that ¢

of (Pustejovsky, 1995; Pustejovsky, 1998).

The Methodology: Formal Ontology

* How is the whole isolated from théackground?
What are its boundaries?
What role do the parts play with respect to the whole?

Notice that inorder to understanthe various forms of
partwholerelation (Winston, Chaffin & Herrmann, 1987;

In the current practicethe engineering process of ontol- Artale etal., 1996) thegeneraltheory of parts must be

ogy building lackswell-established principleand meth-
odologies. Some methodological proposalave been

supplemented with a theory of wholes. Together, the two
theories form what may bealled mereotopology(Varzi,

made in recent times (Bateman et al., 1990; Gruber, 1993996; Varzi, 1998).
Mahesh, 1996; Uschold & Gruninger, 1996), but most of ) .
the ontologies currently in use seem to be the result of &heory of identity.

mixture of ad-hoccreativity andnaive introspection. Re-

cently, however, aifferent line of researchbegan to

The theory of identity builds up on the theorypairthood
andthe theory of wholes, studying the conditioursder

emerge, characterized by a highly interdisciplinary perspeavhich two entities exhibitingdifferent properties can be
tive. The philosophical field inspiring this trend is that of considered athe same. Relevant questions that must be

formal ontology which has beedefined as‘the system-
atic, formal, axiomatialevelopment ofthe logic of all
forms and modes of being” (Cocchiarella, 1991).

In practice, formal ontologgan be seen as tlikeory of
distinctionswithin:

» the entities of the world to biacluded inour domain
of discourse, oparticulars

» the propertiesand relationsused totalk aboutsuch
entities, ouniversals’

The study of formal ontological distinctions can drgan-
ized around a number of cotigeories (or, bettetheoreti-
cal tools), whichhave always been #te basis of philo-
sophicalresearch. khall briefly reporthere the relevant
guestionsaddressed byhese theories; segmith, 1998)
for a further introductory account.

Theory of parts.

addressed are:

* How can an entity change while keeping its identity?

* Do entities have any essential properties?

* Underwhat conditiongdoes arentity loose itsiden-
tity?

» Does a change of parts affect identity?

» Does a change of topological or morphologipedp-
erties affect identity?

» Does a change of “point of viewchangethe identity
conditions?

The last question is especially relevant for our discussion.
For instanceconsiderthe classical example of a vase of
clay. Should we consider the vamedthe clay it ismade

of as two separatandividuals, orjust as two different
points of view about the samadividual? The answer
may be difficult, but acareful analysis tells us that the
two views imply differentidentity criteria: when thease

The theory of parts is at the basis of any form of Ontolooses |tS |dent|ty by CraShing to the ﬂOOl’:, the Clay is still
logical analysis. Relevant questions that must be addressiere. This is because the clay hazatensionakriterion

are:

* What counts as a part of a given entity?
e What are the properties of the parthood relation?
e Are there different kinds of part?

An important example of a theory of parts is givendsy
tensional mereologyuch work must beddressethow-
ever in order to come up to a satisfactory theorintan-
sional mereologywhereintegrity and identity are taken
into account. See (Simons, 1987) for a thorotejarence
to the problems of mereology.

Theory of wholes.

of identity, since it alwaysoincideswith the sum of its
parts, while the vasequires gparticular arrangement of
its parts inorder to be avzase.Therefore, we are ipres-
ence of two different individuals. See (Hirsch, 1982) for an
account ofthe identity problems obrdinaryobjects, and
(Noonan, 1993) for a collection of philosophical papers in
this area.

Theory of dependence.

The theory of dependence studibe various forms of ex-
istential dependence involving specific individuals that be-
long to different classes. We refer here to the notion of ex-
istence as “actual existence”, not as “logical existence”. In
this sense, existence can be represented by a spmeiic
cate (like in (Hirst, 1991)) rather than by a logigahnti-

A given entity (like a collection oflisconnected pieces) fier, Relevant questions that must be addressed are:
can have parts without being considered as a single whole.

The theory of wholes (or theory @ftegrity) studies the
ways of connecting togethatifferent parts to form a
whole. Relevant questions that must be addressed are:

* What counts as a whole? What does make it a whole?
e In which senseare the parts of a wholeonnected?
What are the properties of such a connection relation?

2 Just forsimplicity, we assume thauniversalsare not in-
cluded in the domain of discourse.

» Does the actual existence of an individoatessarily
imply the actual existence of another spedifidivid-
ual?(Rigid dependence)

Does the actual existence of an individnatessarily
imply the actual existence of sorralividual belong-

ing to a specific clasg&eneric dependence)

Does the fact that an individual belongs to a particular
class necessarily imply the existence dfiféerent in-
dividual belonging to another clasg€lass depend-
ence)



An example of rigiddependencenay be the relationship

property: according to (Strawson, 1959), a sort “supplies a

between a person and his/her brain, while the relationshiprinciple for distinguishingand counting individual par-

between a persoandhis/herheart is an example of ge-
neric dependence (because the heart can be subsiitited
another heartand the identity of the persomloes not
change) Finally, anexample of classlependence is the
relationship existingoetweenthe class‘Father” and the
class “Child”.

The Role of Identity Criteria

After this quick overview of the main tools of formal on-
tology, let usfocus on the notion ofdentity criterion,
which plays a fundamental role in our discussiBniefly,

ticulars which it collects”j.e., it carries anC. The no-
tion of sort will be discussed in greater detail below.

A Minimal Ontology of Particulars

In order to address th@roblemsdiscussed irthe introduc-
tion, we need tomake someminimal assumptiongbout

the basic ontological distinctions among particulars and
universals, in the light of the methodological suggestions
presentedabove. | quickly present below whatconsider
the “basicbackbone” ofthe ontology ofparticulars and
universals, with the only purpose of makidlgarthe dis-

we can say that an identity criterion (IC) for a property Pcussion on the design principles, which is the goahusf

is a binary relationplsuch that (Noonan, 1993)
PxOPy Olxy - X=y

If, for a given property P, we are able to define such.an |
then we say that €arries anlC for its instances.

We see thereforthat an ICdetermines a&ufficientcondi-
tion for identity. In practice, ICs for classesrresponding
to natural languagevords aredifficult or impossible to
express. Rather, it is relatively ea@ndquite useful) to
identify somenecessanconditions for identity, which al-
low one to:

» individuate an entity as an instance of a class C
re-identifyan instance of C across time (persistence)
countthe instances of C

It is important to take in mind that thdecision of ascrib-
ing an IC to acertain class ighe result of ouconceptu-
alization of the world, i.e. of ouontology While we can
assume that for theery basicthings of ourworld, like
particles of matter, the ICare basically the same for
every human being, beirgrounded omotions of spatial
and temporal continuity somehdvardwired” in our sen-
sorial apparatus, the presencewfergent propertielike a
particular structure or a particular shape may result in
change oflCs depending on a&pecific bias ormoint of
view.

After these clarifications, let us skew ICs mayaffect a
taxonomic organization. Consider tthis purpose the
beautiful examplereported in(Lowe, 1989): shouldor-
dered-sebe subsumed bgef? Obviously not.exactly be-
cause the two classes haliferent ICs (two different or-
dered-setsnay correspond tahe sameordinary set). For
the same reasoassociationor queue of peoplshould not
be subsumed bgroup, andpersonshould not besub-
sumed byphysical objectas a physical object, a body has
persistence conditions different fronlidng being). Yet,
all these ISA links exist in WordNet.

In conclusion, Lowe proposes the following principle,
which we assume as the basic principle tcattepted for
well-founded ontologies:

“No individual caninstantiate both of two sorts if
they have different criteria of identity associated
with them”.

(Lowe, 1989)

Notice thatLowe refers here tahe technicalnotion of
sort, which is not the same as arbitrary class ounary

paper.
Particular
Location
Space (a spatial region)
Time (a temporal region)
Object

Concrete object

Continuant (an apple)

Occurrent  (the fall of an apple)
Abstract object (Pythagoras’ theorem)

Figure 1: The basibackboneof the ontology of
particulars.

A minimal ontology of particulars igresented irFig. 1.
The first distinction isbetweenobjects and locations.
Without assuming locations as primitive entities distinct
from objects, the notion of object becomes too general for
our purposeandthe distinctions within objectbecome
difficult to explain (seethe previougemarks onovergen-
eralization).

A locationis either a region of (absolutspace or an in-
terval of (absolutejime. Objectsareassumed to beon-
creteor abstractaccording totheir possibility of having a
pcation in time and/or in space.

Within concreteobjects, | assumdere for granted the
classical distinctiorbetweencontinuantsand occurrents
They correspond towhat are usually called objects and
events but wehavealready usedhe term“object” in a
more generalsense,and this terminology(suggested in
(Simons, 1987)) is less ambiguous.

Continuantshave alocation in space, but this location
can varywith time. Theyhavespatial parts, but they do
not have a temporalocation, nor temporal partShey
always have other continuants as parts.

Occurrentsare “generated” by continuants, according to the
ways they behave in time. In order for @eccurrent to ex-
ist, a specific continuant musake part to it. If the con-
tinuant changes its identity, the occurrent atkanges its
identity, so that continuantrerigidly dependenbn con-
tinuants. Examples afccurrentsarethe change ofloca-
tion of a body, but also thpermanence of a body in a
given location for a given time (a state occurrence). Occur-
rents always have otherccurrents agarts (continuants
take parts to occurrentsut arenot part of them).They
have a unique temporldcation, while theirexact spatial
location is less obviousand it ishowever bound to the
location of the participating continuants. For a thorough



review of the ontology of occurrents, see (CasaW&zi,  scribedisjoint sets of entities, iraccordancavith Lowe’s
1996). principle. Theyareorthogonalto the distinctions among
Abstract objectsdo not have alocation in space or in particularsintroduced inthe previous section. In our ex-
time. They are includeterejust for completeness, as we amples, we refer however mostly to continuants.
shall not mention them. Notideoweverthat | refer here

to abstractparticulars such as Pythagoras’ theorem or |Atomic

(maybe?) the number “1”. Most of entities oftelassified Individuation: minimal size
as abstract objects are howeuniversalgsee below). Persistence: spatio-temporal continuity
Static
Ontological Levels Individuation: mereological sum of atoms

Let us seeow how the application of Lowe’s principle | Persistence: same properties
makes it possible tantroduce systematic distinctions |Mereological

among ontologicakategoriesthat seem to explain — at | Individuation: mereological sum of entities
leastprima facie— some of the phenomena sfstematic Persistence: same parts

polysemy discussed in(Pustejovsky, 1995;Buitelaar, Topological

1998), andimplicit in the examples of ISAoverloading Individuation: self-connection

considered before. Persistence: similar topology

Take for instance an animal, whichn be conceptualized |Morphological o

as an intentional agent, as a biological organism or just ag Individuation: proximity

a piece of matter. | argue that, since these conamyply Persistence: similar shape

different ICs, theycorrespond talisjoint categoriesthree Functional

distinct individuals, instances of the three concepts above] Individuation: purpose

share acommon spatial location. Since the animal de-| Persistence: persistence of functionality
pends onthe underlying biologicabrganism, as well as B|0|0_9!Ca| . _

the biological organism depends on the underlying amount  Individuation: presence of life

of matter,there is arintrinsic orderwithin thesecatego- Persistence: persistence of life

ries, which belong therefore to differeatological levels.  |Intentional

A dependence relatiolinks higher levels tdower levels: Individuation: intentional behavior

an animaldepends orits body, whichdepends on body Persistence: persistence of intentional behavior

parts having acertain functionality, which depend on  [Social _
pieces of matter having specific properties, and so on. Nof Individuation: inter-agent connections .
tice that thisdependence is of generickind: a vase de- Persistence: persistence of inter-agent connectiops
pends orsomeamount of clay, but not necessardiwvays
the same specific clay (it can loose parts, it can be repair
with a different piece of clay).

é:d'gure 3: different conditions (onlgecessanfor identity)
associated to ontological levels.

At the atomic level, weconsiderentities having minimal

Atomic (a minimal grain of matter) spatial or temporal dimensionsiccording to a certain
Static (a configuration) granulantydependent ormur Congeptuallzano_n. Asnen-

. tioned before, we assume spatio-tempomaitinuity as a
Mereological (@n amount of matter) necessary condition for the identity of these entities.
Physical At the static level, all the non-temporal properties of a

Topological (a piece of matter) particular contribute toits identity: if one of these
Morphological (a cubic block) changes, identity isost. In this level onlyery peculiar
Functional (an artifact) objects are defined, namadgnfigurationsof atoms in the
Biological (a human body) case ofcontinuantsand situations (i.e., occurrences of
Intentional (a person or a robot) configurations) in thecase ofoccurrents. Such objects

Social (a company) may play a crucial role.ln a formal axmmauzat_@ee for
instance (Borgo, Guarino &asolo, 1997), sincehey

Figure 2: Ontological levels corresponddisjoint setsof  ,\5id the introduction of modal framework.
particulars,according tothe differentICs adopted to con- ¢ the mereological levelthe IC isextensional two enti-
ceptualize them. Examples are reported in parenthesis. o arethe same ifandonly if they havethe sameparts

We shall introduce therefore a classification of ontologicafmgrr\?;lso %ﬁglifnsgg::?shg? mF;;atgLoB:Iooggs&a?ﬁin?g\%?l The
levels based on differefinds of IC (Fig. 2),correspond- o prities belonging to theubsequent levels have Buten-

ing to different sets ahdividuationandpersistencecondi-  gjona| criterion of identity, in the sense thatereological
tions (Fig. 3). I N identity is neither sufficient nor necessary for identity.

The idea of levels (ostratg) of reality is looselyinspired  tpe physical levelcorresponds tdCs bound to spatial

to Husserl_s work (Poll_, _1996). The noti@doptedhere, configuration of matter (i.e., to topo-morphologigabp-
however, is more explicitlyelated .tothe theory ofiden- erties). It can be split into two separate layers.

tity, andmakes use of some notions of mereotopologya; the topological layer the IC is bound to topological
Th_e presentation below has to ""?e“ded as rathepre- properties: for instance, topological self-connection can be
Ilmllnary and Qellberately non-technlcal,' anéxpands and  congidered as Bpecessary property tmaintain identity: a
refines some ideas introduced in (Guarino, 1997). pieceof matter belongs to this layer, while a (possibly

Each of the levels of Fig. 2 corresponds to a clad€sf  gigconnectedamountof matter belongs to theereologi-
as explained irFig. 3. These classeare assumed to de-



cal level. The two things adistinct entitiessince a piece
of matter can cease to exigfenerating new pieces) while
the same amount of matter is still thereddughnut be-

domain. See on this poi{Guarino & Giaretta,1995;
Guarino, 1998), where the standard strateggaoisidering
intensional relations as functions from possible world into

longs to the same level, but with a more sophisticated 1Gsets is adopted.

since its identity changes when the hole is destroyed while

the dough remains self-connected.

At the morphological layerthe IC isbound to morpho-
logical properties (or, in generajestaltic properties re-
lated to spatial proximity), like spatial shapes or tempora
patterns. Achange othese propertiesan influenceden-
tity. A cube-shaped block is an example of an instance of
this level: if its shape changes (above a certain limit) it ig
not the same cubany more, while still being theame
piece of matter. Another example is a constellation,
whose IC does not require topological self-connection.
The levels above the physical levate related to ICs
bound to the way objects interact with tlernal world.

At thefunctional levelthe IC isbound to functional and
pragmatic properties: identity idestroyedvhen function-
ality is destroyed. At thbiological leve] the IC isbound

to properties related to life: identity is destroyed when bio
logical activity ceases. At thiatentionallevel the IC is
bound to capability of intentional behavior: identity is de-
stroyed whersuch capability ceases. At tlsecial level
the IC is bound to social rulemdconventions involving
the interaction of intentional object&lentity is destroyed
when some of these rules change.

In conclusion, wecan seeéhow the introduction of onto-
logical levels leads to simplend (I believe) moreunder-
standabldaxonomies, as shown by Fig. #the costs of
this choice are: i) anoderateproliferation (by a constant
factor corresponding to the number of levels) of the num
ber of entities in the domain; ii) the necessity to taite
account different relations besides ISA, such as co-
localization and dependence.

social-event w—__

communication-event
mental-even(

perceptual-event
physical-eve

socia]-event<— communication-event
mental-evenie—— perceptual-event

M
physical-event

Figure 4: Above: communicatiorand perceptual
events in Mikrokosmos. Below: the simplification re-
sulting from the assumption of ontological levels.
Dashed arrows denote the dependence relation.

A Minimal Ontology of Universals

Besidesdistinctions among particulars, formal ontology
addresses also distinctions amammgversals briefly intro-
ducedpreviously as “the propertieand relationsused to
talk about the entities of our domain aitcourse”.Before
discussing their ontology, we mukbwever clarifythat
properties and relatiormrenot to beintended here in the

Universal
Property
Type (person) (+1 +R)
Category (location, object) (-1 +R)
Role (~-R +D)
Material role(student) (+1)
Formal role (patient, part) (-1
Attribution  (red, decomposable)-I -R -D)
Relation (part-of)

Figure 5. The basidackboneof the ontology of
universals. | = identity, R = rigidity, D = dependence.

A minimal ontology of universals, based on a revision of
(Guarino, Carrara & Giaretta, 1994), is reportefFig. 5.

The first distinction is the usual ormetweenproperties

andrelations according tathe number of arguments. We
only focus onprimitive properties, whictare not obtain-
able by Boolean combination of other properties.

The purpose of studying the distinctions am@ngperties
is twofold. On one hand, ware interested irassessing
their organizational rolein a taxonomy, that is theprac-
tical relevance atxons i.e.nodes of a taxonomy; on the
other hand, we want to study their attitude generate
clean and understandaltieerarchieswith a minimum de-
gree of“tangleness”. With the help of formalntology,
we can characterizeuch distinctions on the basis of the
following meta-properties:

1.
2.

Identity (+1). The property of carrying an IC.

Rigidity (+R). A property P igigid if, when PX) is
true in one possible world, then it is also true in all
possible worldsPersonandlocation arerigid, while
studentandtall are not.

Anti-rigidity (~R)>. A property P is anti-rigidf, for
each x, P{) is true in one possible world, and false in
a differentpossible world.Studentand tall are both
nonrigid (-R) and anti-rigid (~R).

Dependencé+D). A property P isdependenif, nec-
essarily,whenever PY) holds, then Q( holds, with
x# yand Pz Q (seethe classdependencenentioned
before).Fatheris dependenpersonis not.

A typeis a property that isigid and carries anlC. Types
play the most importanbrganizational role in @axon-
omy. Assuming thaeachtype has a distinct set dCs,

we havethat, according toLowe’s principle, a taxonomy

of types is always fxee. When atype specializeanother
type, it adds further ICs to those carried by the subsuming
type. For instance, when the typeangle specializes
polygon it addsthe ICsbased orthe equivalence of two

® See (Guarino, 1992; Guarino, Carrara & Giaretta, 1994) for a
technical account of ontological rigiditgndfor a characteri-

usualextensionalvay (i.e., respectively, as subsets of thezation of roles as non-rigicentities. The notion of anti-

domain orsets of tuples), butather in their intensional
meaning, as conceptual primitives usednodel a certain

rigidity, introduced here for the first time, seems however to
better account for th@ntological nature ofroles, and ex-
plains the issue discussed in Fig. 6.



sides and one angle (two anglesandoneside) tothose
proper of polygons (same sides and same angles).
A categoryis a property that is alsogid but does not

carry aspecific IC. Since theycannot be subsumed by

types (otherwise thewould have arlC), categoriesonly
appear in the uppermost levels of a taxonomy. Thoddr
is to make clear the most general distinctions.
Typesand categoriesare both rigid, andcan be either de-
pendent or independemggrsonis independengventis de-
pendent). Arole is a property that isnti-rigid and is al-
ways dependerit Material roles like studentdo have an
IC, while formal roles like part do not. However, the IC
of material roles is onlyndirect, since they daot intro-

duce any specific IC, but rather they inherit it from a sub-
suming type. No explicit mutual disjointness assumption

is madefor roles, as theyend to generate tangléukrar-
chies. Theyhave forthis reason dimited organizational
relevance. It seems therefore advisablexplicitly distin-
guish roles from types iorder toeasily isolate the main
backbone of a taxonomy, and to perfanferenceselated

Conclusions:
Some Basic Design Principles

In conclusion, let us summarize the ontolatpsign prin-
ciples emerging from this discussion, which can solve the
ISA overloading problems wehave mentioned irprece-
dence.

1. Be clear about the domaiAny formal theory is dhe-

ory about a domain. Suchdmmainmust beclarified in
advance. In particular, in our case, it is very important to
makeclear whethethe entities we speak di.e., the in-
stances of our classes) are:

* particulars, i.e. either
(a) individuals of the actual world;
(b) individuals of any possible world (including
the actual one);
* universals, i.e. conceptual properties and relations;
« linguistic entities like nouns, verbs or adjectives.

to mutual disjointness (Fig. 6). Notice that, as shown byyhat | have suggested is to haweo separatentologies

Fig. 6, a role cannot subsume a type, sincefdhaer is
anti-rigid and the latter is rigid.

Finally, anattributior® is a property that igiot rigid, is
not dependent, and doest carry any IC. Attributions do

tology of particulars, as they may hold fdisparate kinds
of entity. Hence,they should noappear asaxonsthere,
while therelatedinformation can be containedithin the

definitions of taxons whose instances exhibit such attrib

tion. We see therefore how withis choice wesolve the
problems of confusion of organizational roleentioned
at the beginning of this paper.

entity

life-form * causal-agent
person

African European * worker

Figure 6. Typesand roles in WordNet (roles marked
with *). While it is OK for a type to subsume a role,
the viceversa isforbidden according tthe semantics
we havegiven. Notice that, being typegfrican and
Europeanare assumed as disjoint.

* This account of roles in terms of rigidity seemswork
well, but it requires somghilosophical care with concepts
like child: in order forchild to be anti-rigid, therenustexist
for each person world where such @erson is not ahild.
This world can beimagined as the oneherethis person is
the first person on the Earth.

® This term is introduced in order @void confusion with the
term attribute, largely used inknowledgerepresentation and
modelling languagesColor, part, father may beattributes,
while red is an attribution (in this case, attribute-valug.

for particulars(underoption (b)) and universals,keeping
lexical items out of the domain.

2. Take identity seriouslyWe have seehow the notion

"5f identity criterion(and especially Lowe’s principle) can

play a crucial role in clarifying ontological distinctions.

3. Isolate a basic taxonomistructure We have seen how

Uthe notion of‘basic backbone’acquires aigorousmean-

ing, beingconstituted by categoriemdtypes. Under the
assumption of havingachone adifferent set of ICs,
types form a tree of mutually disjoint classes. vda rea-
sonably assume, as a design principle, that edgegories
form a (very shallow) tree of mutually disjoint classes.

4. 1dentify roles explicitly.We have seethat an explicit
tag for roles has twadvantages: iyou can easily hide
them inorder toisolate the basic backboni&) you can
perform inferencesnvolving mutual disjointnesswhile
avoiding explicitdeclarationsunless forcaseslike son-
daughter where two roles are linked by antonymlink.
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