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Abstract The Formal Tools of Ontological Analysis

The philosophical discipline of Ontology is evolving . )
towards an engineering discipline, and in this evolution the Our _methodo_logy 1S based on four_ fundamen_tal Or_‘t0|09"
need for a principled methodology has clearly arisen. In cal notions, which will be discussed in this sectidentity,

this paper, we briefly discuss our recent work towards devel- unity, rigidity, and dependenceWe shall represent the
oping a methodology for ontology-based model engineering. behavior of a property with respect to these notions by
This methodology builds on previous methodology efforts, means of a set aheta-propertiesOur goal is to show how

and is founded on important analytic notions that have been nage meta-properties impose some constraints on the way
drawn from Philosophy and adapted to Engineeraentity, subsumotion is used to model a domain
unity, rigidity, anddependenceWe demonstrate how these P )

techniques can be used to analyze properties, which clarifies
many misconceptions about taxonomies and helps bring

substantial order to ontologies. Preliminaries

. Let's assume we have a first-order langulagéhe model-
Introduction ing language) whose intended domain is the world to be
Ontologies are becoming increasingly popular in prac_modeled, and another first order languhgéthe meta-lan-

tice, and the number of poor quality ontologies have madg@U@de) whose constant symbols are the predicatés. of
clear the need for a principled methodology for buildingOur meta-properties will be represented by predicate sym-
them. Perhaps the most common problem we have seenhfls of L,. Primitive meta-properties will correspond to
practice with ontologies is that, while they are expected taxiom schemesf L. When a certain axiom scheme holds
bring order and structure to information, their taxonomicin L, for a certain property, then the corresponding meta-

structure is often poor and confusing. This is typicallyproperty holds irL,. This correspondence can be seen as a

exemplified by the unrestrained use of subsumption tQygtem ofreflection rulesbetweerl, andL,, which allow
accomplish a variety of reasoning and representation tasks)./

For example, in previous work (Guarino, 1999) several'> ©© define a particular meta-property in our meta-lan-
unclear uses of this-arelation in existing ontologies were guage, avoiding a second-order logical definition. Meta-

identified. such as: properties will be used amalysis toolgo characterize the
' o ontological nature of properties I, and will always be
1. a physical object is an amount of matter (Pangloss)

: X : defined with respect to a given conceptualization.
2. an amount of matter is a physical object (WordNet) o )
We shall denote primitive meta-properties by bolded let-

This striking dissimilarity poses a difficult integration prob- ters preceded by the sign “+”, “-* or *~" corresponding to

lem, since the standard approach of generalizing overlap= ~ = ) : A
ping concepts would not work, and shows that even th%arrylng the meta-propertyjot carryingthe meta-property,

! . -dndanti the meta-property. The latter will be used to denote
most experienced modelers need some guidance for usi : L .
subsumption consistently. sgemal restrictions that are stronger than the simple nega-

. . . tion, and will be described in more detail, when relevant,
In this paper we show how a rigorous analysis of th or each meta-property. We use the notatprto indicate
ontological meta-propertiesf taxonomic nodes can help property.

using the subsumption relation in a disciplined way. Thesg‘at the property has the meta-properly.

meta-properties are based on the philosophical notions of We shall furthermore adopt a first order logic with iden-
rigidity, identity, unityanddependencelhey impose some tity. This will be occasionally extended to a simple tempo-
constraints on the subsumption relation that clarify manyal logic, where all predicates are temporally indexed by
misconceptions about taxonomies — misconceptions thaeans of an extra argument. If the time argument is omitted
normally turn taxonomies into a tangled mess. We discusgr a certain predicatg, then the predicate is assumed to be

these misconceptions by means of real examples, and sh@we invariant, that iste(x t) — Ote(x, t) . Note that the

how our analysis can bring true order to taxonomies, faciliye ity relation will be assumed as time invariant: if two
tating their understanding, comparison and integratio

This is a first step towards a general methodologgrital- nthlngs are identical, they are identical forever. This means

ogy-driven conceptual analys{©DCA) which combines that Leibniz's rule holds with no exceptions.
the established tradition éérmal ontologyin Philosophy We also adopt a time-indexed mereological relation
with the needs of information systems design. P(,y,), meaning that is a (proper or improper) part phat
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timet, satisfying the minimal set of axioms and definitionschange, and which must not? And how can we reidentify an
(adapted from (Simons, 1987), p. 362) shown in Table 1. instance of a certain property after some time? The former
issue leads to the notion idity, discussed below, while

PPEYY Zaer Ty ) O-x=y (proper pary the latter is related to the distinction betwesymchronic
O,y =gef (2(P@z,x,) OPy.)) (overlap) and diachronic identity. An extensive analysis of these
PX,y.) - EX5 OEWY,D (actual existence of parts) issues in the context of conceptual modeling has been made
PeYD OPYX) — x=y (antisymmetry) elsewhere (Guarino & Welty, 2000D).

PX.y.) OPY.z.) — PX.z,) (transitivity) Finally, it is important to note that, while we use exam-
PP&.y.) — LZ(PPLy.) 0-O@x,)) |(weak supplementation) ples to clarify the notions central to our analytis, exam-

ples are not the point of this papdihe everyday use of
these analysis tools ultimately depend on the assumptions
Our domain of quantification will be that pbssibilia resulting from ouconceptuallzatllqrmf the world (Guarino,
That is, the extension of predicates will not be limited to1998). For example, the decision as to whether a cat
what exists in the actual world, but to what exists in anyémains the same cat after it loses its tail, or whether a
possible world (Lewis, 1983). For example, a predicate likstatue is identical with the marble it is made of, are ulti-
“Unicorn” will not be empty in our world, although no mately the result of our sensory system, our culture, etc.
instance has actual existence there. Actual existence 41€ @m of the present analysis is to clarify the formal tools
therefore different from existential quantification (“logical that can both make such assumptions explicit, and reveal
existence”), and will be represented by the temporall;?he logical consequences of them. When we say, e.g. that

indexed predicate (&,t), meaning thak has actual exist- having the same fingerprint” may be considered an iden-
ence at time (Hirst, 1991). tity criterion for PERSONwe donot mean to claim this is

the universal identity criterion f&?ERSOIN, but thatf this

ertFm(? ellg{ﬁi[cri]oﬂrsdevrvéo S?]V;)llldirt]:'vlliilitfasaessssjrr‘ngu[hrget?(;preor?'wereto be taken as an identity criterion in some conceptu-
Y ' plcitly prop yalization, what would that mean for the property, for its

variables as restricted tadiscriminating properties . . . : e
(Guarino, Carrara & Giaretta, 1994), i.e. properBesich instances, and its relationships to other properties?

that, TxP(X) O, Cx~P(X) .

Table 1.Axiomatization of the part relation.

Rigidity

The Basic Notions A rigid property has been defined in (Guarino, Carrara &
Giaretta, 1994) as a property that necessarily holds for all
is instances. For example, we normally thinkP&RSON

s rigid; if x is an instance oPERSON,it must be an
stance ofPERSONIn every possible world. Th8TU-
ENT property, on the other hand, is normally not rigid; we
¢an easily imagine an entity moving in and out of$fAd&J-
ENT property while being the same individual. This
otion was later refined in (Guarino, 1998), as shown in
able 2, where the notion of anti-rigidity was added to gain

The notion of identitys at the core of our methodology.
Despite its fundamental importance in Philosophy, it ha
been slow in making its way into the practice of conceptua‘nl*
modeling, although it has been recognized from time t
time by various communities. In object-oriented language
for example, uniquely identifying an object (as a collectio
of data) is critical, in particular when a system has persis=
tence or distributed components (Wieringa, De Jonge
Spruit, 1994). In databasegpbally unique id’shave been
introduced into most commercial systems to address thi§ =@ is a necessary property faall its
issue. These solutions approach the notion of identity we Rigid | % | oo

use here, but do not account for it completely, as the - .
merely provide a framework for identifying unigdescrip- FI\2||O?d @R %slfanncoetsa necessary property afl its
tions and not for understanding the nature of the identity g. : i i
relationship that holds among the entities they describe. ~ | Anti- gr|® 1S an optional property forall its

Understanding the distinctions and similarities between Rigid Instances
identity and unity appears to be of crucial importance. Table 2.Rigidity behavior for a property.

These notions are different, albeit closely related and oftenf h triction. TheR met i b db
confused under a generic notion of identity. Strictly speak 'Urther restriction. The€x meta-property 1S subsumed by

ing, identity is related to the problem of distinguishing a but is stronger, as the former.constrains QII instances of
specific instance of a certain class from other instances I§;ProPerty and the latter, as the simple negatisrRoicon-
means of acharacteristic propertywhich is unique foit rains at least one instance. Anti-rigidity attempts to cap-

(thatwholeinstance). Unity, on the other hand, is related tdure the Infurtion that_all instances of certain properties

the problem of distinguishing therts of an instance from MUst Possibly not be instances of that property. Consider

the rest of the world by means ofuaifying relationthat the propertySTUDENT for example: in its normal usage,

binds them together (not involving anything else). ForfVerY instance of student is not necessarily so.

example, asking “Is that my dog?” would be a problem of Rigidity as a meta-property is not “inherited” by sub-

identity, whereas asking ‘“is the collar part of my dog?”properties of properties that carry it, e.g. if we hB¥&R-

would be a problem of unity. SONR andx STUDENT ¥ -~ PERSON X then we know
Both notions encounter problems when time is involvedthat all instances #TUDENTare necessarily instances of

The classical one is that adentity through changein ~ PERSON but not necessarily (in the modal sense)

order to account for common sense, we need to admit thétstances ofSTUDENT and we furthermore hav@TU-

an individual may remaithe sameavhile exhibiting differ- DENT®R. In simpler terms, an instance 8TUDENTcan

ent properties at different times. But which properties camcease to be a student but may not cease to be a person.




Identity evant and not tautological, and (6) ensureslthamot triv-
ially false.

ICs are “inherited” along a hierarchy of properties, in the
sense that, ifp(x) - ¢(x) and, for example,js a neces-
sary IC ford, then(3) above will hold forgreplacingd.

In the philosophical literature, agentity condition(IC) for
a arbitrary property is usually defined as a suitable rela-
tion p satisfying the following formula:

PIEAY) = b (X Y) - x=) @) Definition 4 A non-rigid propertycarries an ICT iff it is

Since identity is an equivalence relation, it follows fhat Subsumed by a rigid property carrying
restricted tog must also be an equivalence relation. FOrq .fiqiti ; ; ;
example, the property ERSONcan be seen as carrying an t?g';'g?; p?cfp\gtﬁlr (zﬁe(;%ecs\:ggg an IC is marked with
IC if relations like having-the-same-SSHNr having-the- '
same-fingerprintare assumed to satisfy (1). Definition 6 A property@ suppliesan ICT iff i) it is rigid;

As discussed in more detail elsewhere (Guarino & Weltyii) it carriesl™; and iii) I is not carried byll the properties
2000b), the above formulation has some problems, in owWubsumingy. This means that, i inherits different (but
opinion. The first problem is related to the need of distingompatible) ICs from multiple properties, it still counts as
guishing betweesupplyingan IC and simplcarrying an supplying an IC.

IC: it seems that non-rigid properties liIEsFUDENTcan

only carry theidCs, inheriting those supplied by their sub- Definition 7 Any property supplying an IC is marked with
suming rigid properties likEERSONThe intuition behind the meta-propertyO (-O otherwise). The letter “O” is a
this is that, since the same person can be a student at diffeftnemonic for “own identity”.

ent times in different schools, an IC allegedly supplied by

; ; g From the above definitions, it is obvious th& implies
STUDENT(say, having the same registration number) may ’
be only local, within a certain studenthood experience. If| @nd+R. For example, botRERSONandSTUDENTdo

would not supply therefore a “global” condition for iden- carry identity (they are thereford), but only the former

tity, satisfying (1) only as a sufficient condition, not as aSUPPliesit (+O). Supplying an IC is analogous to defining
necessary one. the equality predicate for a class in an object-oriented lan-

The second problem regards the nature optredation: guage, except that ICs can not be “overridden” by a sub-

. : s roperty, merely augmented. See the “Identity constraints”

what makes it an IC, and how can we index it with respe : : . .

to time to account for the difference betwesymchronic (gectlon below for further discussion of this.

anddiachronicidentity? Definition 8 Any property carrying an ICH) is called a
Finally, deciding whether a property carries an IC maysortal (Strawson, 1959).

be difficult, since finding p that is both necessaand suf- Notice that to recognize that a property is a sortal we are

gﬁlgr:rmgé?sntlty is often hard, especially for natural I('ndsr]ot fqrced to knowvhichIC it carries: as we s_haII see, dis-
For these reasons. we introduce below a notion of ide tinguishing between sortals and non-sortals is often enough

: " ' : o o start bringing order to taxonomies.

tity conditions that have the following characteristics: i)

they can only be supplied by rigid properties; ii) they re- .

formulate thep relation above in terms of a formula that UNity

explicitly takes two different times into account, allowing Before addressing what it means for a certain property to

the distinction between synchronic (same time) and diackearry a unity condition (UC), we must first clarify what it

ronic (different times) identity; iii) they can be only suffi- means for a certain object tmvea UC, that is to be a

cient or only necessary. whole.

Definition 1 Let ¢ be a rigid property, and(x,y,t,t) a for-  Definition 9 Let w be an equivalence relation. At a given
mula containing,y,t,t'as the only free variables, such that timet, an objeck is acontingent whole unde if:

SOxytt' (MY, L) o Xx=y) 2 Oy(Py,x,) — Uz(P@Ex) « w(z,y))) (7)
We say thatp carries the ICT iff one of the following con- We can read the above formula as followstime t,
ditions is verified: each part of x must be bound &yto all other parts and
o _ _ nothing elseln other words, (7) expresses a condition of
Definition 2T is anecessary IC carried bywhen: maximal self-connectednesscording to a suitable relation

; , _ of “generalized connectiong. Depending on the ontologi-
Eo) Do) DEYH U oly.t) Dy - Tyt - (3) cal nature of such a generalized connection relation, we

- N may distinguish three main kinds of unity for concrete enti-
UXy(EC Do) DEGD T 6yt) — Fxyt)  (4) ties (i.e., those having a spatio-temporal location):

» Topological unity based on some kind of topological
connection (a piece of coal, a lump of coal)
E(x,) O@(x,0) DEW) Ogly,t) OF(xytt) - x=y () ° I\_/Ior)phological unity based on shape (a ball, a constella-
tion
Okytt' T (x,y,t,1). (6) + Functional unity(a hammer, a bikini)
As the examples show, nothing prevents a whole from
In the formulas above, (2) guarantees fha bound to having parts that are themselves wholes (with a different
identity under a certain sortal, and not to arbitrary identitylJC). This can be the foundation of a theoryphfralities,
(4) is needed to guarantee that the last conjunct in (3) is relhich is however out of this paper’s scope.

Definition 3 T is asufficient IC carried by when:



We define a stronger notion of whole by assuming that &or example, a castle and the lump of bricks it is consti-
UC must hold for an object throughout its existence, i.e. byuted of are formed of the same constituent parts, and the
assuming unity as assentiaproperty: castle cannot exist without the lump of bricks also existing
(but not vice-versa). A property which is externally depen-
dent on some other property will be marked with the meta-
property+D.

Definition 10 Let w be an equivalence relation. An objgct
is anintrinsic whole undew if, at any time where exists,
it is a contingent whole undex.

An important remark is that, if an object is always atomic Constraints and Assumptions
(i.e., it has no proper parts), then it is an intrinsic whole

under the |dent|ty relation. We are now in the position to Let us now discuss the constraints that follow from our
state the following: definitions. We distinguish between four kinds of con-

. . . " straints, which are largely overlooked in many practical
Definition 11 A property¢ carries a unity conditior+U)  cases (Guarino, 1999), (Guarino & Welty, 2000). Concrete
iff there exists an equivalence relatiansuch that all its  examples will be discussed at the end of this paper. In the
instances are intrinsic wholes under following, we takep andy to be arbitrary properties.

Notice that the above definition does not imply a second . . )
order existential quantification in order to get the relatiorRigidity constraints
w: simply, if such relation is part of our ontology, thgH. @R can't subsumes*R (8)

It is important to make clear that carrying a UC does not
imply carrying a necessary IC. This is due to the way Defi- This constraint follows immediately from the definitions
nition 2 is formulated. To see that, suppose ¢hedrries a reported in Table 2. As we shall see, this means that, if
UC. We may think that theersistenceof such condition PERSORR and AGENTR, the latter cannot subsume the
across time could be a good candidate for a necessary t6rmer.
for @, since it satisfies (3). However, it fails to satisfy (4),
and does not qualify as a necessdentity condition: thus, ; ;
a UC is a persistence condition, but not an identity condil—demlty constraints

tion. @"' can’t subsumes’ 9)
As with rigidity, in some situations it maybe important to ) L . L
distinguish properties that do not carrg@mmonUC for Properties with incompatible ICs are disjoint. (10)

all its instances, from properties all of whose instances are
not intrinsic wholes. As we shall see, an example of th ons. while the second one deserves some comment. An
former kind may be Legal Agent, all of whose instances ar ’ '

intrinsic wholes (some people, some companies), howevdPorant point is the difference betweelitferent and
there is not a sin(gle relagimpf)or all of them (Fs)ince gersons incompatiblelCs, related to the fact that they can be inher-

and companies may have different UCs). Amount of Matteped r_:md specialized alon_g taxonomies. Consider the
is usually an example of the latter kind. since none of it omain of abstract geometrical figures, for example, where

instances can be intrinsic wholes. Therefore we define: € propgﬁ;POLYGONsubsumg§F\:|ANQLEA necessary
and sufficient IC for polygons is, “Having the same edges
Definition 12 A property hasanti-unity (~U) if every  and the same angles”. On the other handdalitional nec-

The first constraint follows immediately from our defini-

instance of the property is not an intrinsic whole. essary and sufficient IC for triangles is, “Having two edges
L and their internal angle in common” (note that this condi-

Of course~U implies V. tion is only-necessary for polygons). So the two properties
havedifferentICs (although they have one IC in common),

Dependence but their extensions are not disjoint. On the other hand,

The final meta-property we employ as a formal ontologicafonsider AMOUNT OF MATTERand PERSON If we

tool is based on the notion of dependence. This is a ve mit mere(_)logical extensionality for the f_ormer but not for
general notion, whose various forms and variations are di€P€ latter (since persons can replace their parts), they have
cussed in detail in (Simons, 1987). We shall introduce herf@compatiblelCs, so they must be disjoint (in this case, we

a specific kind of dependence, which we aalternal ~Ccan'tsay that a person is an amount of matter).

notional dependencdor simply external dependenye

based on Simonsiotional dependencéntuitively, we say  Unity constraints

that a property is externally dependermn a property if,

#U ' -U
for all its instanceg, necessarily some instanceypmust ¢ can't subsumey (11)
exist, which is not a part nor a constituentkofFor exam- @Y can't subsume*V (12)
ple, PARENTiIs externally dependent ddHILD (one can
not be a parent without having a child), REERSONs not Properties with incompatible UCs are disjoint. ~ (13)

externally dependent on heart nor on body (because any
person has a heart as a part and is constituted of a body). Again, constraints (11-12) trivially follow from our defi-

A formal account of this definition requires a definition nitions. As an example of (12), suppose we wondéASE
of the constitutionrelationship, which in turn is based on is subsumed bAMOUNT OF CLAYWe may think of a
non-extensional mereology (see again Simons’ book). Nase as an amount of clay that has “just” the property of
will suffice here to say that constitutesy if x andy share  being a whole, satisfying a suitable UC for vases. In this
the samébasic parts, andg is existentially dependemin X, case however it would not be artrinsic whole, since it
that is,x cannot actually exist withowt actually existing. would remain the same amount of clay after the vase is



crashed. This analysis of UCs brings to light a very com- the terms.
mon misuse of the subsumption relation, the fact is that
vases areonstitutedof amounts of clay, not subsumed by
them.

Entity -1-U-D+R

Location Amount of matter

_U- Group
. +0-U-D+R Red Agent
Dependence constraints JU-B-R —I-Ug+D~R +O+l_/J—D+R
Physical object| Living bein
@'P can't subsumgs® (14) YO,,U_D,,RJ +0+%_D+Rg Group of people

+|-O+U-D+R
This constraint trivially follows from our definitions.

Social entit
+0+U+D+R

Legal agent
+0-U+D~R

Fruit Food
+0+U-D+R  +I-O~U+D~|

Animal

Assumptions +O+U-D+R

Finally, we make the following assumptions regarding
identity, adapted from (Lowe, 1989):
 Sortal IndividuationEvery domain element must instan-
tiate some property carrying an I€l}). In this way we

Vertebrate
I-O+U-D+R

Organization
+O+U+D+R

Caterpillar

. . i . . . . Red le +0+U-D~
satisfy Quine's dictum “No entity without identity” +8?3£‘§YR +._§+S_‘.§‘3§ OrU-D-R Butterfly Person
(1969). +0+U-D~R +O+U-D+R
» Sortal Expandabilitylf two entities (instances of differ- Figure 1: A messy taxonomy.

ent properties) are the same, they must be instances of a . : .
property carrying a condition for their identity. In the next steps, the consistency of these assumptions will

be validated on the basis of our meta-properties and their
constraints. We give here a necessarily brief account of
The backbone taxonomy these assumptions, recalling that the point here is not to
One of the principal roles of taxonomies is to impart struc€!&im that they are correct (though we believe them to be
ture on an ontology, to facilitate human understanding, an[fasonable), but to explore the consequences of making
to enable integration. We have found that a natural result §f€S€ assumptions within a particular ontology.
our analysis is the identification of special propertieq ocations can be spatial or temporal regions. Since they
(nodes) in a taxonomy that best fill this role. These propeian be either connected or not, we don’t assume a unity
ties form what we call thibackbone taxonomy condition for them. For amounts of matter, we assume that
The backbone taxonomy consists only of rigid propernone of them has a unity condition, thu. Agent is
ties. We divide these backbone properties into three kindsissumed to be anti-rigid to capture the intuition that some-
categories which do not carry identity-), typeswhich  thing is an agent only while it is involved in an action (we
supply identity ¢0), andquasi-typeswhich carry but do are therefore not thinking gbotential agents). Physical
not supply identity {O+1). A complete analysis of the objects are taken to be isolated material entities (so an
property kinds that result from our meta-properties is givempple is a physical object, but an undetached part of it is
in (Guarino & Welty, 2000a). not). Vertebrates are thought of as vertebeatienals not
Categories can not be subsumed by any other kinds fst as arbitrary things having a spine. Social entities are
properties, and therefore represent the highest level (mogtought of as pluralities of living beings exhibiting some
general) properties in a taxonomy. They are usually takekind of “social unity”. Legal agents are conceived as being
as primitive properties because defining them is too diffiinvolved in a legal contract. Finally, countries are (quite
cult (e.g. entity or thing). naively) conceived as geographic regions that have a (not
Types are critical in our analysis because according tpecessarily permanent) political status. We now continue
the assumptions presented abevery instance (element of with the next step of our methodology:
the domain) instantiates at least one of these propertie ¢ heck the consistency of each set of meta-propewies

Therefore considering only the elements of the backbone paye seen that our meta-properties are not independent,
gives someone a survey of the entire universe of possible

instances.

Entity -1-U-D+R

. Location Amount of matter
A Taxonomy Cleaning Example +0-U-D+R Red Agent Group
+0+U-D+R
. -I-U-D-R  -I-U+D~R
We present now an example of how these meta-properti Physical object Living being A I
can be used tmmake modeling assumptions cleand to +0+U-D+R +0+U-D+R Group of peopl

+|-O+U-D+R

producewell-founded taxonomies. _ _

Figure 1 shows a messy taxonomy, which has most Erit Food ng'i'_gfgt
been drawn from examples of overloaded relationships +0+U-D+R +-0-U+D-R /Animal | egal agent
in existing ontologies. Our methodology proceeds as fo +0+U-D+R 40.U+D-R
lows:

Apple Organization
1. Make cle_ar the ontological a_lssumptions about eacl +O+U-D+R Vertebrate +8+U_D+R
property in the taxonomy to in terms of the relevan Geographical Caterpillar [**O*UD*R | country
meta-properties To save space, this step is already region +-0+U-D~R +O+U-D+R

shown in Figure 1. The assignment of meta-propertie +o+u-p+r Red apple Butterfly Person
was made based on deliberately naive — but believable *-O+U-D-R *HO*U-D-R - +O+U-D+R
assumptions regarding the most common meanings of Figure 2: The COUNTRYcase fixed.



Entity -1-U-D+R

Entity -I-U-D+R

Location ~ Amount of matter Amount of matter Phvsical object
+0-U-D+R +0~U-D+R Group +0-U-D+R JYOJ,U_DJ,RJ Red
+0-U-D+R P Agent --U-D-R
~ _ | Food _l_U%%'IR Social entit
Physical object Living belng Group of people +-O~U+D~R |_|V|ng being +0O+U-D+R
+0+U-D+R +0+U-D+R +-0-U-D+R +0+U-D+R / Group
; : +0-U-D+R :
icglﬁtgrlt";y Location Legal agent +grng
Fruit Animal +0-U-D+R +0-U+D~R )
+O+U-D+R nima Animal
+0+U-D+R \
\ +0+U-D+R Grfll_Jg_SpofROple Country
Apple \ o Geographical +O+D+R
bp Vertebrate Organization region Apple
+0+U-D+R -
+1-0+U-D+R +O+U+D+R +O.D+R Vertebrat Organization +0-D+R
Country -O+I-D+R fO+D+R
Geographical \ +0+U-D+R /
Region Person Person  Butterfly Caterpillar Red apple
+O+U-D+R +0O+U-D+R +0-D+R  +I-O+U-D~R +-O+U-D~R +I-O-D~R

Figure 4: Restricting to rigid properties.
since “own identity” ¢0O) is only defined for rigid«R)

Figure 5: Adding other properties — backbone highlighted.
5.

Add other properties, checking for possible constraint

properties. In our case, it seemed natural to assume forviolations.In this case, we find th&«GENTandLEGAL-

COUNTRYboth+0O and~R, but this is inconsistent with
Definition 7. The inconsistency forces a closer inspection
which reveals that two sensescolntry(political region

and geographical region) have been merged into one,
while their identity conditions are pretty different. This
property is therefore split into two rigid properti€gO-
GRAPHICAL REGIONand COUNTRY carrying their
own identity and unityCOUNTRYis classified under
SOCIAL ENTITYandLEGAL ENTITY(Figure 2).

.Remove all properties except for the rigid an&he
result of this process, shown in Figure 3, is the first step
towards identifying théackbone taxonomy

.Check the constraints imposed on each taxonomic reld-
tionship as a consequence of the meta-properties
assigned to its arguments. The two links connecting
PHYSICAL OBJECHENILIVING BEINGto AMOUNT
OF MATTERhave been deleted because they violate the
unity constraints. The link betwe@NIMAL andPHY SI-

CAL OBJECTis removed because of incompatible ICs:

when an animal dies it ceases to exist, however the phys-

ical body remains.ORGANIZATION, similarly, are

AGENTare not allowed to subsurmERSONORGANI-
ZATION andCOUNTRY since~R can not subsumeR.

It may appear that this results in lost information: previ-
ously we had thatRERSONs aLEGAL-AGENTwhere
did this go? The answer is that, altholfBRSONis a
valid kind of LEGAL-AGENT it is not the casehat all
persons are legal agents. The is-a relation is not the
proper way to represent this, a partition of tHeGAL-
AGENT property, or a specific relation would be more
appropriate. The same analysis holds F@OD. The
result of this step is shown in Figure 5.

Check for missing conceptd/e have seen that identity
incompatibilities imply disjoint sortals. The reverse may
be not necessarily true; for instance, in our case, we
know thatBUTTERFLYandCATERPILLARare disjoint

from PERSON although no identity incompatibility
accounts for that. Moreover, we know that caterpillar and
butterfly are not disjoint, since the same insect (a lepi-
dopteran) can be a caterpillar at an earlier stage and a
butterfly at a later stage. We have therefore good reasons

more than just a group of people, since the same group ofto add a new concepL,EPIDOPTERAN which sub-

people can make different organizations. The result of
these operations gives the prelimin&gckbone taxon-
omyreported in Figure 3.

Entity -1-D+R

Amount of matter - )
Physical object

Amount of matter

sumes both of them. It supplies its own IC, which will be

different from those of persons. A more detailed account
of the lepidopteran case is given in (Guarino and Welty,
2000a).

Entity -I-U-D+R

Physical object Rred

TOTUDR +0+U-D+R +O;U'D+R *O+U-D+R  Ly.DR
- ) Food _Q%%’IL Social entit
Living being Group  Sgocial entity +-0~U+D~R Living being +0+U-D+R
i +O+U-D+R - X
Location / +O-U-D+R  +0+U-D+R +0+U-D+R / +(S[JC—’BER .
+O-U-D+R ) Location Legal agent +gr;'+tR
Animal Fruit +0-U-D+R +0-U+D~R -
*O+U-DHR  Group of people +O+U-D+R \ Animal Group of people
I +|-0-U-D+R +0+U-D+R +|_8_U_EE’+R P Country
Vertebrate Aopl Geographical +0+D+R
+ -0+U-D+R pple region ; Apple
+0+U-D+R +opR Vertebrate Lepidopteran ooy aiion Lo pig
-O+-D+R +0+U-D+R +O+D+R
Geographical  pgrsan Country  Organization Ve TTT—
Region +O+U-D+R +0+U-D+R +0+U-D+R Person  Butterfly Caterpillar Red apple
+0+U-D+R +0-D+R  +-0+U-D~R  +-O+U-D~R +-0-D~R

Figure 3: The preliminary backbone taxonomy

Figure 6: The final taxonomy with highlighted backbone.



The final cleaned taxonomy is shown in Figure 6. Note that References
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