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Abstract. A common problem of ontologies is that their taxonomic structure
is often poor and confusing. This is typically exemplified by the unrestrained
use of subsumption to accomplish a variety of tasks. In this paper we show
how a formal ontology of unary properties can help using the subsumption
relation in a disciplined way. This formal ontology is based on some meta-
properties built around the fundamental philosophical notionislenftity,

unity, essenceand dependenceThese metproperties impose some con-
straints on the subsumption relation that clarify many misconceptions about
taxonomies, facilitating their understanding, comparison and integration.

1 Introduction

Ontologies are becoming increasingly popular in practice, but a principled methodolo-
gy for building them is still lacking. Perhaps the most common problem we have seen
in practice with ontologies is that, while they are expected to bring order and structure
to information, their taxonomic structure is often poor and confusing. This is typically
exemplified by the unrestrained use of subsumption to accomplish a variety of reason-
ing and representation tasks. For example, in previous work [5] several unclear uses of
theis-arelation in existing ontologies were identified, such as:

1. a physical object is an amount of matter (Pangloss)
2. an amount of matter is a physical object (WordNet)

This striking dissimilarity poses a difficult integration problem, since the standard ap-
proach of generalizing overlapping concepts would not work, and shows that even the
most experienced modelers need some guidance for using subsumption consistently.

Our answer to problems like this lies in a better understanding of the nature of the
properties corresponding to taxonomic nodes. To facilitate this understanding, we first
introduce some meta-properties resulting from a revisitation of the fundamental philo-
sophical notions aflentity, unity, essengeanddependenceand we show how they im-
pose some natural constraints on taxonomic structure that facilitate ontology under-
standing, comparison and integration. We then explore in a systematic way how these
meta-properties can be combined to form diffekémdsof properties. The result of this
analysis is a meta-level ontology of properties, which helps to make explicit the mean-
ing every property has within a certain conceptualization.

Our formal ontology of properties is part of a methodologyfaology-driven con-
ceptual analysisvhich combines the established traditiofiasmal ontologyin Philos-
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ophy with the needs of information systems design [4]. An more detailed overview of
the methodology can be found in [7].

2 Background

This section provides an overview of previous work, intuitive descriptions of the basic
meta-properties used to form our ontology of properties, and a discussion of related no-
tions from other information systems fields.

2.1 Previous Work

The need of distinguishing among different kinds of property is recognized only spo-
radically in the vast literature on knowledge representation, knowledge engineering,
database conceptual modeling, and object oriented modeling.

We briefly discuss in this section a few papers belonging to the knowledge engi-
neering and knowledge representation area. A more complete treatment of previous and
related work can be found in [7].

Uschold and Gruninger [17] describe their methodology as a skeleton, acknowl-
edge places in which “flesh” needs to be added. In our experience, one such place is in
the area of organizing principles for taxonomies: there are in general a multitude of
ways to represent the same knowledge, and there exists very little guidance for judging
when one approach is better than another.

Some effort to accomplish this was made several years ago by the IDEF group in
establishing the IDEF5 ontology capture method [1]. Of particular relevance to this pa-
per, the IDEF5 method attempts to clarify the difference betkieels, classes, types,
attributes,andproperties The specified differences, however, become vague and con-
fused in a number of places. For example,

“[Kinds] should not be identified with types or classes. [They share
characteristics that are, however] distinguishing features of what are
typically calledproperties Because properties are already a part of
[IDEF5], it will ... be convenient to take kinds to be properties of a
certain distinguished sort.” (p. 16).

This definition still leaves completely open the questioma# to distinguish kinds

from other properties. The authors are clearly aware of subtle differences here, but did
not precisely specify what those differences are. We have attempted to do this by first
identifying the formal tools required to make such distinctions, and placing these dis-
tinctions within our methodology.

A first attempt to draw some formal distinctions among properties for knowledge
engineering purposes was made in [2], and later in [3]. The present work can be seen
as a radical extension and refinement of the latter paper, with a better account on the
underlying philosophical notions (especially identity), a complete combinatorial anal-
ysis of the space of property kinds, and more emphasis on the impact of these distinc-
tions on a general methodology for ontological analysis.

One particular kind of property we discuss here, namddyg is discussed in great
detail in a recent paper [15].



2.2 The Basic Notions

At the core of our methodology are three fundamental — and yet intimately related -
philosophical notiongdentity, unity, andessencéa fourth notiondependencewill be
discussed later). The notion of identity we adopt here is based on intuitions about how
we, as cognitive agents, in general interact with (and in particular recognize) individual
entities in the world around us. It fits therefore the paradigesdriptive metaphysics

[16], whose goal is to provide a framework in which the waddgerceived by usan

be analyzed and described. Despite its fundamental importance in Philosophy, it has
been slow in making its way into the practice of conceptual modeling for information
systems, where the goals of analyzing and describing the world are ostensibly the same.

The first step in understanding the intuitions behind identity requires considering
the distinctions and similarities betweadentity andunity. These notions are different,
albeit closely related and often confused under a generic notion of identity. Strictly
speaking, identity is related to the problem of distinguishing a specific instance of a cer-
tain class from other instances of that class by meanshafracteristic propertywhich
is unique foiit (thatwholeinstance). Unity, on the other hand, is related to the problem
of distinguishing theparts of an instance from the rest of the world by meansufi-a
fying relationthat binds them together (not involving anything else). For example, ask-
ing “Is that my dog?” would be a problem of identity, whereas asking “is the collar part
of my dog?” would be a problem of unity.

Both notions encounter problems when time is involved. The classical one is that
of identity through changen order to account for common sense, we need to admit that
an individual may remaithe samewhile exhibiting different properties at different
times. But which properties can change, and which must not? And how can we reiden-
tify an instance of a certain property after some time? The former issue leads to the no-
tion of anessential properfyon which we base the definitionragidity, discussed be-
low, while the latter is related to the distinction betwsgnchronicanddiachronic
identity. An extensive analysis of these issues in the context of conceptual modeling has
been made elsewhere [6], and further development of meta-properties based on unity
which are used by other parts of our methodology can be found in [8].

Finally, it is important to note that our identity judgements ultimately depend on our
conceptualizatiomf the world [4]. This means that, while we shall use examples to clar-
ify the notions central to our analysike examples themselves will not be the point of
this paper For example, the decision as to whether a cat remains the same cat after it
loses its tail, or whether a statue is identical with the marble it is made of, are ultimately
the result of our sensory system, our culture, etc. The aim of the present analysis is to
clarify the formal tools that can both make such assumptions explicit, and reveal the
logical consequences of them. When we say, e.g. that “having the same fingerprint”
may be considered an identity criterion RERSONwe donot mean to claim this is
the universal identity criterion () ERSON, but thaif this wereto be taken as an iden-
tity criterion in some conceptualization, what would that mean for the property, for its
instances, and its relationships to other properties?



2.3 Related Notions

Identity has many analogies in conceptual modeling for databases, knowledge bases,
object-oriented, and classical information systems, however none of them completely
captures the notion we present here. We discuss some of these cases below.

2.3.1 Membership conditions.

In description logics, conceptual models usually focus on the sufficient and necessary
criteria for classnembershipthat is, recognizing instances of certain classes. This is
not identity, however, as it does not describe how instances of the same class are to be
told apart. This is a common confusion that is important to keep clear: membership con-
ditions determine when an entity is an instance of a class, i.e. they can be used to answer
the question, “Is thad dog?” but not, “Is thamny dog?”

2.3.2 Globally Unique IDs.

In object-oriented systems, uniquely identifying an object (as a collection of data) is
critical, in particular when data is persistent or can be distributed [18]. In datajlases,
bally unique id’'shave been introduced into most commercial systems to address this
issue. These solutions provide a notion of identity for the descriptions, for the units of
data (objects or records), but not for the entities they describe. It still leaves open the
possibility that two (or more) descriptions may refer to the santiy, and it is this en-

tity that our notion of identity is concerned with. In other words, globally unique IDs
can be used to answer, “Is this the same description of a dog?” but not, “Is this my dog.”

2.3.3 Primary Keys.

Some object-oriented languages provide a facility for overloading or locally defining
the equality predicate for a class. In standard database analysis, introducing new tables
requires finding unique keys either as single fields or combinations of fields in a record.
These two similar notions very closely approach our notion of identity as they do offer
evidence towards determining when two descriptions refer to the same entity. There is
a very subtle difference, however, which we will attempt to briefly describe here and
which should become more clear with the examples at the end of the paper.

Understanding this subtle difference first requires understanding the difference
between what we will calhtrinsic andextrinsic properties. An intrinsic property is
typically something inherent to an individual, not dependent on other individuals, such
as having a heart or having a fingerprint. Extrinsic properties are not inherent, and they
have a relational nature, like “being a friend of John”. Among these, there are some
that are typically assigned by external agents or agencies, such as having a specific
social security number, having a specific customer i.d., even having a specific name.

Primary (and candidate) keys and overloaded equality operators are typically based
on the latter kind of extrinsic properties that are required by a system to be unique. In
many cases, information systems designers add these extrinsic properties simply as an
escape from solving (often very difficult) identity problems. Our notion of identity is
based mainly on intrinsic properties—we are interested in analyzing the inherent
nature of entities and believe this is important for understanding a domain.

This is not to say that the former type of analysis never uses intrinsic properties, nor
that the latter never uses extrinsic ones — it is merely a question of emphasis. Further-



more, our analysis is often based on information whiely not be represented in the
implemented systerwhereas the primary key notion can never use such information.
For example, we may claim as part of our analysis that people are uniquely identified
by their brain, but this information would not appear in the final system we are design-
ing.

Our notion of identity and the notion of primary keys are not incompatible, nor are
they disjoint, and in practice conceptual modelers will often need both.

3 The Formal Tools of Ontological Analysis

In this section we shall present a formal analysis of the basic notions discussed above,
and we shall introduce a setrokta-propertieshat represent the behaviour of a prop-
erty with respect to these notions. Our goal is to show how these meta-properties im-
pose some constraints on the way subsumption is used to model a domain.

Our analysis relies on certain fairly standard conventions and notations in logic and
modal logic, which are described in more detail in [8]. It is important to note that our
use ofmeta-propertiesloes not require second-order reasoning, and this is also ex-
plained further in [8].

We shall denote primitive meta-properties by bold letters preceded by the sign “+”,
“r “=" or “~" which will be described for each meta-property. We use the notadibn
to indicate that the propertyhas the meta-propery.

3.1 Rigidity
A rigid property was defined in [3] as follows:

Definition 1 A rigid property is a property that is essential a8 its instances, i.e.
Ox @(x) - O(x) .
from this it trivially follows through negation that

Definition 2 A non-rigid propertyis a property that is not essentialsomeof its
instances, i.elx @(x) O-0@(x)

For example, we normally think BERSONas rigid; ifxis an instance ;??PERSON,
it must be an instance BERSONN every possible world. THETUDENTproperty, on
the other hand, is normally not rigid; we can easily imagine an entity moving in and out
of the STUDENTproperty while being the same individual. This notion was later re-
fined in [4]:

Definition 3 An anti-rigid property is a property that is not essentialltds instances,
i.e. Ix@(x) - ~O@(X) .

Definition 4 A semi-rigid propertyis a property that is non-rigid but not anti-rigid.

Rigid properties are marked with the meta-propeRyanti-rigid with~R, non-rig-
id with -R, semi-rigid with-R.

The notion of anti-rigidity was added to gain a further restriction. JReneta-
property is subsumed ByR, but is stronger, as the former constrains all instances of a
property and the latter, as the simple negatiofRyfconstrains at least one instance.



Anti-rigidity attempts to capture the intuition that all instances of certain properties
must possibly not be instances of that property. Consider the pr&¥spENT for
example: in its normal usage, every instance of student is not necessarily so.
Rigidity as a meta-property is not “inherited” by sub-properties of properties that
carry it, e.g. if we havBERSONRR andx STUDENT ¥ — PERSON X then we know
that all instances @TUDENTare necessarily instancesRERSONbut nothecessar-
ily (in the modal sense) instancesSAIUDENT and we furthermore may ass8&itU-
DENTR. In simpler terms, an instance®TUDENTcan cease to be a student but may
not cease to be a person.

3.2 Identity

In the philosophical literature, adentity condition(IC) for a arbitrary propertyp is
usually defined as a suitable relatpsatisfying the following formula:

o) d@y) - b (X y) = x=y) (1)

Since identity is an equivalence relation, it follows {hagstricted tap must also
be an equivalence relation. For example, the proE®RSONan be seen as carrying
an IC if relations likehaving-the-same-SSdr having-the-same-fingerprintgre as-
sumed to satisfy (1).

As discussed in more detail elsewhere [6], the above formulation has some prob-
lems, in our opinion. The first problem is related to the need of distinguishing between
supplyingan IC and simplgarryingan IC: it seems that non-rigid properties I&KEU-

DENT can only carry theilCs, inheriting those supplied by their subsuming rigid prop-
erties likePERSON The intuition behind this is that, since the same person can be a
student at different times in different schools, an IC allegedly suppli@TA\DENT

(say, having the same registration number) may be only local, within a certain student-
hood experience. It would not supply therefore a “global” condition for identity, satis-
fying (1) only as a sufficient condition, not as a necessary one.

The second problem regards the nature opttedation: what makes it an IC, and
how can we index it with respect to time to account for the difference besyeeiro-
nic anddiachronicidentity?

Finally, deciding whether a property carries an IC may be difficult, since finding a
p that is both necessaand sufficient for identity is often hard, especially for natural
kinds and artifacts.

For these reasons, we introduce below a notion of identity 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 explicitly takes two different
times into account, allowing the distinction between synchronic (same time) and diach-
ronic (different times) identity; iii) they can be only sufficient or only necessary.

Definition 5 A rigid propertyg carries the necessary IQx,y,t,t) if ' containsx,y,t,t'
as the only free variables, and:

SOxytt'(F(x,y,t,t) < x=y) (2)

E(Xx,) Oo(x,H OEW,t) O @y,t") Ox=y - T(X,ytt) 3)



SOxy(E(X,D Dox,t) DEWD O @y.t) - F(x,ytt) (4)
Definition 6 A rigid property carries the sufficient IC(x,y,t,t) if [ containsx,y,t,t'
as the only free variables, satisfies (2), and:

E(x,t) O@(x,H) OEW,t) O@(y,t) OM(x,ytt) - x=y (5)
Cxytt' T (X,y,t,1). (6)

In the formulas above, E is a predicatedotual existencat timet (see [8] for fur-
ther clarification of our usage, which is based on [9]), (2) guarantedsithhbund to
identity under a certain sortal, and not to arbitrary identity, (4) is needed to guarantee
that the last conjunct in (3) is relevant and not tautological, and (6) ensuriessthat
trivially false.

ICs are “inherited” along a hierarchy of properties, in the sense tipat) if: ¢ (x)
and, for exampld;, is a necessary IC fdy, then(3) above will hold forgreplacingd.

Definition 7 A non-rigid propertycarriesan ICrI iff it is subsumed by a rigid property
carryingl.

Any property carrying an IC is marked with the meta-propertf¢l otherwise).

Definition 8 A property@ suppliesan ICT iff i) it is rigid; ii) it carriesI; and iii) I is
not carried byall the propertiesubsumingp. This means that, ip inherits different
(but compatible) ICs from multiple properties, it still counts as supplying an IC.

Any property supplying an IC is marked with the meta-propetty-O otherwise).
The letter “O” is a mnemonic for “own identity”.

From the above definitions, it is obvious th&@ implies+l and+R. For example,
both PERSONandSTUDENTdo carry identity (they are therefof¢), but only the
formersuppliesit (+0).

Definition 9 Any property carrying an IGH) is called asortal [16].

Notice that to recognize that a property is a sortal we are not forced tokriolv
IC it carries: as we shall see, distinguishing between sortals and non-sortals is often
enough to start bringing order to taxonomies.

3.3 Dependence

The final meta-property we employ as a formal ontological tool is based on the notion
of dependence. This is a very general notion, whose various forms and variations are
discussed in detail in [14]. We shall introduce here a specific kind of dependence, based
on Simons’hotional dependence:

Definition 10 A property @ is externally dependentn a propertywp if, for all its
instances, necessarily some instanceyomust exist, which is not a part nor a constit-
uent ofx:

OxO(@(x) - Oyw(y) O=P(y, x) O=C(y, X)) (7)



The part and constituent relations are discussed further in [8]. An externally dependent
property is marked with the meta-propetty (-D otherwise).

Intuitively, we say that, for examplPARENTis externally dependent &@HILD
(one can not be a parent without having a child)PERSONSs not externally depend-
ent on heart nor on body (because any person has a heart as a part and is constituted of
a body).

In addition to excluding parts and constituents, a more rigorous definition must ex-
clude qualities (such as colors), things which necessarily exist (such as the universe),
and cases wherg is subsumed b (since this would make dependent on itself).

4 Constraints and Assumptions

Let us now discuss the constraints that follow from our definitions, which are largely
overlooked in many practical cases [5]. In the following, we ¢ededy to be arbitrary
properties.

@R can't subsumgy*R (8)

This constraint follows immediately from Definitions 1-3. As we shall see, this means
that if PERSONRR andAGENTHR, the latter cannot subsume the former.

¢" can’t subsumey”’! 9)
Properties with incompatible ICs are disjoint. (20)

(9) follows immediately from our definitions, while (10) deserves some comment. An
important point is the difference betwedifferentandincompatiblelCs, related to the

fact that they can be inherited and specialized along taxonomies. Consider the domain
of abstract geometrical figures, for example, where the propéty GONsubsumes
TRIANGLE A necessary and sufficient IC for polygons is, “Having the same edges and
the same angles”. On the other handadditional necessary and sufficient IC for tri-
angles is, “Having two edges and their internal angle in common” (note that this condi-
tion is only-necessary for polygons). So the two propertiesdiffeeentICs (although

they have one IC in common), but their extensions are not disjoint. On the other hand,
considelAMOUNT OF MATTERINdPERSONIf we admit mereological extensional-

ity for the former but not for the latter (since persons can replace their parts), they have
incompatiblelCs, so they must be disjoint (in this case, we can’t say that a person is an
amount of matter).

@'P can't subsumegy® (11)

This constraint trivially follows from our definitions.
Finally, we make the following assumptions regarding identity, adapted from [12]:

e Sortal Individuation Every domain element must instantiate some property car-
rying an IC ¢l). In this way we satisfy Quine’s dictum “No entity without iden-

tity” [13].



« Sortal Expandabilitylf two entities (instances of different properties) are the
same, they must be instances of a single property carrying a condition for their
identity. In other words, every entity must instantiate at least one rigid property.

5 Property Kinds

We now explore the various combinations of meta-properties discussed in the previous
section in order to characterize some basic kinds of properties that usually appear in tax-
onomies.

5.1 A systematic analysis

Analyzing properties based exclusively on the meta-properties discussed in the previ-
ous section gives us 24 potential categoitie®,(D are boolearR partitions into three
cases;+R, ~R, =R). Since+0O - +| and+0O - +R we reduce the number to 14, shown

in Table 1, that collapse into the 8 relevant classes of properties discussed below. Each
class is labelled with what we consider as the prototypical kind of property belonging
to that class. In some cases (for the non-rigid properties), these labels may not be pre-
cise, in the sense that further investigation is needed to understand the nature of non-
prototypical properties belonging to a certain class.

Table 1: Formal ontological property classifications.

+D
+0 | +l | +R Type
-D
(@] | R D i
- + + ) Quasi-type 5
O [+ [~-R|+D Material role 3
-O |+ | ~R | -D Phased sortal
+D
-O | +I | =R Mixin
-D
+D
-O | -l | +R ) Category =
-0 -1 | ~R | +D Formal Role E
~R | -D o g
-0 -| R +D Attribution
-D
-1
+0O " ~R incoherent
-R

The taxonomic structure of these classifications is shown in Figure 1. At the top lev-
el (the left), we distinguish betwesartal andnon-sortalproperties, based on the pres-
ence or absence of ICs (the meta-propeljyRolesgroup together anti-rigid, depend-
ent properties§R+D), and split intcformal roles(-I) andmaterial roles(+l). Sortals



are divided intaigid (+R) andnon-rigid (-R), and non-rigid sortals have a further spe-
cialization foranti-rigid (~R). This taxonomy refines and extends the work presented
in [2] and [3].

The next sections describe the meta-properties of each of the classes above, as well
as the intuitive definition, where properties of that kind should appear in a taxonomy
(see Figure 2), and examples of the property kind.

5.1.1 Categories
Categories are proper-
ties that are rigid but
do not carry identity.
Since they can not be
subsumed by sortals,
categories are normal-
ly the highest level | property
properties in an ontolo-
gy. They carve the do-
main into useful seg-
ments, and they are of-
ten primitive, in the
sense that no necessar, Rigid < Type
and sufficient member- _
ship conditions can be Quasi-type
defined for them. Figure 1: Taxonomy of properties.

According to our
constraints, categories
can be subsumed by other categories and attributions, and they can subsume any other
kind of property. In our experience, categories tend naturally to form. &\feerecom-
mend that at least the topmost categories be disjoint. The archetypal category may be
ENTITY, other examples may I@ONCRETE ENTITANndABSTRACT ENTITY

Category

Non-
Attribution

Formal Role

Material
role

Phased

.. sortal
Non-rigid

Sortal Mixin

5.1.2 Types

Types are rigid properties that supply their own identity. They are the most important
properties in an ontology, being the only ones sigiplyidentity +O), and as a con-
sequence of the Sortal Individuation assumpweery domain element must instantiate

at least one typdntuitively, types should be used to represent the main properties in an
ontology — not the highest level nor the lowest, simply the properties that will be used
the most when describing the domain.

Types can only be subsumed by categories, other types, quasi-types, and attribu-
tions. They can subsume any kind of sortal property, and can not subsume any non-sor-
tal properties. We recommend that types by subsumed by at least one category.

Types in general should represent the major properties in an ontology, in our meth-
odology we recommend starting by enumerating the types in a system, since again they
should account for every entity. Examples mapBRSONCAT, andWATER



Top-typesare types that are directly subsumed by categories, and are therefore the
highest level (most general) properties that supply identity. We recommend that top-
types be subsumaemhly by categories, and furthermore that all top-types be disjoint to
the degree possible. Examples may.BANG-BEINGor AMOUNT-OF-MATTER.

5.1.3 Quasi-Types

Quasi-types are sortals that do sigpplyidentity, but nevertheless carry it and are rigid.
They often serve a highly organizational purpose by grouping entities based on useful
combinations of properties that do no affect identity. Often they tend to introduce new
necessary and sufficiemembershigonditions (see the Related Notions section).

Quasi-types can be subsumed by categories, types, attributions, and mixins, and
they must be subsumed by at least one type (in order to inherit identity). Quasi-types
can subsume any sortal property, and can not subsume non-sortal properties. Like types,
we do not recommend subsuming quasi-types by mixins, and recommend minimizing
the subsumption of quasi-types by attributions. Examples mai\WERTEBRATE-
ANIMAL, orHERBIVORE

5.1.4 Backbone Properties

Collectively, the rigid properties in an ontology (categories, types, and quasi-types)
form what we call théackbone taxonomirhis is of high organizational importance in

any ontology, since it identifies the properties that can not change. Backbone properties
are also considerable value in understanding a ontology, as they form a subset of all the
properties in the ontology and carry a relevant structural information. The backbone
carves the domain into useful segments through the categories, identifies every kind of
entity in the domain through the types, and contains the most useful groupings of enti-
ties through the quasi-types.

5.1.5 Formal Roles

In general, roles are properties expressing#replayedby one entity in an event, of-

ten exemplifying a particular relationship between two or more entities. All roles are
anti-rigid and dependent (compare this with [2]). In additiormal roles do not carry
identity, and intuitively represent the most generic roles that may form the top level of
role hierarchies. For example, the property of beindPtREIENTof an action is a for-

mal role, since there are no common identity criteria for recipients in general (they may
be objects, people, etc.).

Formal roles can be subsumed only by other formal roles, attributions, or catego-
ries, and can subsume any non-rigid dependent property, therefore dependent attribu-
tions, dependent mixins, and material roles. We recommend that formal roles be used
only to organize role taxonomies, i.e. that they not subsume mixins or attributions. Ex-
amples includ@ATIENTandINSTRUMENT

To capture our intuitions about formal roles (and roles in general) we may need
more than the simple combinations of meta-properties presented here. There might be
properties likeBEING LOVED BY JOHRhat seem to belong to the same class as for-
mal roles, without sharing their intuitions. A precise characterization of roles is proba-
bly still an open issue (see [2], [15]).



5.1.6 Material Roles

Material roles are anti-rigid and dependent, but inherit identity conditions from some
type. Material roles represent roles that are constrained to particular kinds of entities.
Intuitively, when a property is recognized to be a role, there should be some event that
the role corresponds to.

Material roles can be subsumed by anything, and must be subsumed by at least one
type (to inherit identity). They can subsume other material roles, and dependent mixins.
We recommend that material roles only subsume other material roles, and that they be
subsumed only by roles and backbone properties.

The prototypical material role STUDENT,which would be subsumed BER-

SON and corresponds to the eveiroll, other examples may HdARRIED and
FOOD.

5.1.7 Phased Sortals

Phased sortals [19] are an interesting kind of property that come from combining a re-
quirement for carrying identity with anti-rigidity and independence. Although they do
not supply aylobalIC, they supply #cal IC, corresponding to a certain temporal phase

of their instances. Intuitively, they account for entities which naturally, yet fundamen-
tally, change some of their identity criteria over time and in discrete phases. For exam-
ple, an individual may at one time b€ ATERPILLARand at another time beBUT-
TERFLY Some local ICs change across these phases, but it is still the same entity and
this fact should be reflected in some global ICs.

Phased sortals can be subsumed by anything independent, and can subsume any-
thing non-rigid. According to the Sortal Expandability principle, we have that phased
sortals must be subsumed by a type, because it must be possible to determine that they
are the same entity at these two times. We recommend that phased sortals be subsumed
by backbone properties and that they subsume other phased sortals and material roles.
Furthermore we strongly recommend that all the phases of a phased sortal be subsumed
by a type or quasi-type that subsumes only them.

Phased sortal properties should never appear alone, each phased sortal must have at
least one other phase into which it changes, but note that this does not make it dependent
—the properties for each phase will not be instantiated by different entities.

The prototypical examples of phased sortal<Cs&k@ERPILLARMNABUTTERFLY
True phased sortals seem rare outside of biology, and often properties classified as
phased sortals are single properties into which multiple meanings have been collapsed
(see for instance the example@DUNTRYdiscussed in (7), which might be—mistak-
enly—classified asR thinking that a region may become a country and cease to be a
country, while a further analysis reveals that geographical regions and countries are dis-
joint—although related—entities).

Other properties that belong to the same class as phased sortals might be those re-
sulting from a conjunction of attributions and types, like for inst&t€D APPLE de-
spiteREDis usually conceived as semi-rigid (since it may be essential for some instanc-
es but not for all), it seems plausible to assume that its restrictiRbE becomes
anti-rigid (because every red apple might become brown, for instance). In this case,
RED APPLEs ~R +I -D, being therefore a phased sortal.



5.1.8 Attributions

Attributions are the most relevant example of non-sortal properties that are either semi-
rigid, or anti-rigid and independent. They intuitively represent valuagtributes(or
qualitieg like color, shapegtc.

The possibility exists that attributions should be always anti-rigid, but we have left
it open for now, pending further analysis of cases where types have attributions as es-
sential properties. One might say that e.g. instances of thé&l3eMER necessarily
have the propertd ARD, whereas other types suchS30ONGEhave the property con-
ditionally (a dry sponge is hard, a wet sponge is soft).

Attributions can subsume anything, and can be subsumed by any non-sortal prop-
erties. We recommend that attributions subsume only mixins, discussed below, or other
attributions, and that they be subsumed only by categories.

Examples includ®ED, TRIANGULARandMALE (assuming that it is possible to
change sex).

5.1.9 Mixins

We generically calnixinsall the properties that carry identity and are semi-rigid. These
properties intuitively represent various combinations (disjunctions or conjunctions) of
rigid and non-rigid properties.

Mixins can be subsumed by anything, and can subsume any sortal property. They
must be subsumed by at least one sortal. We recommend that mixins not subsume rigid
properties. In a sense, mixins should “hang off” the backbone.

Mixins are a difficult kind of property because they are so weakly constrained by
our meta-properties. For example, the prop€Ay-OR-WEAPONsubsuming the type
CAT and the rol®/EAPON is semi-rigid; some of its instances (instanceSAf) are
necessarily so, others (instanceSMEEAPONand notCAT) are not. We strongly dis-
courage the use of these artificial properties, and in general recommend minimizing the
use of mixins. While they may seem useful in large ontologies for organization, we have
found unrestrained proliferation of this kind of property to generate confusion more
than order.

6 Methodology

Our methodology at the moment focuses mainly on precisely describing properties and
clarifying their taxonomic structure. One result of this analysis is what we believe to be
“cleaner” taxonomies. In this section we briefly discuss the part played by the formal
ontology of properties in the methodology, and then present a short example that uses
our meta-property analysis to “clean” a taxonomy.



6.1 The role of property kinds
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achieve strictly, but approaching it is desirable.

In addition to providing this idealized structure, our formal ontology of properties
also adds to a modeler’s ability to specify the meaning of properties in an ontology,
since the definition of each property kind includes an intuitive and domain-independent
description of what part that kind of property should play in an ontology.

Phased Sortals ‘

Figure 2: Ideal taxonomy structure.

7 Conclusions

We have presented here the basic steps of a methodology for ontology design founded
on a formal ontology of properties, which is itself built on a core set of meta properties.
These meta-properties are formalizations of the basic notions of identity, rigidity, and
dependence. We have seen how a rigorous analysis based on these notions offers two
main advantages to the knowledge engineer:

« It results in a cleaner taxonomy, due to the semantic constraints imposed on the

is-arelation;
¢ The backbone taxonomy is identified.

It forces the analyst to make ontological commitments explicit, clarifying the in-
tended meaning of the concepts used and producing therefore a more reusable on-
tology.
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