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Introduction

Description Logics [1] are nowadays widely accepted as formalisms for
implementing rigorous domain ontologies, and have been used in biomedicine in
projects such as GONG [2] and SNOMED-CT [3]. A key feature of such ontologies
is that the associated reasoning facilities allow us to discover inconsistencies and
other problems in an automatic fashion. This is important since ontologies of
complex domains such as medicine are large and complex and have been built by
many people over long periods of time.

The DL reasoning facilities allow ontologies to be developed in modular fashion,
where changes in one module that affect other modules are propagated through the
system automatically by the reasoner in a way which helps to maintain consistency
and stability in the ontology as a whole.

Modular ontologies and normalization

For the feature of modularity to be utilized, however, requires that domain
ontologies be represented in a normalized form [4]. This means that: (i) distinct
modules must be represented as disjoint classification trees (for example by
separating an anatomy and a disease module); (ii) binary relations between classes in
distinct modules must be established (for example hasLocation, participatesin,
hasRole, isContainedlIn, causes, hasQuality, playsRole, etc.), with axioms stating for
example that pneumonia is an inflammation which hasLocation lung. This allows
the classifier to compute the subsumption hierarchy which results when the modules
are combined. Often the resulting hierarchy is not a tree.

Normalization and top-level ontologies

To normalize a domain ontology, then, we need to find (i) an appropriate set of trees
that form its skeleton and that represent ontologically significant categorial
distinctions, and (ii) an appropriate set of binary relations. We will show below that
it is the job of a top-level ontology to provide the basic categories within which the
different tree structures reside, and also to provide a list of the binary relations
together with axioms that specify their semantics.



There are currently multiple top-level ontologies under development, e.g., DOLCE
[5] or Basic Formal Ontology (BFO) [6]. In the context of this paper we will
consider the latter. Based on BFO we discuss (a) the basic categories that give raise
to the different tree structures in normalized domain ontologies and (b) the formal
relations, which establish the relationships between classes within and across
category trees.

Top-level categories

The most basic categorial distinction between entities at the top-level relates to
different modes of persistence through time. Two categories of persistent entities
can be distinguished: endurants and perdurants. Endurants are wholly present (i.e.,
all their proper parts are present) at any time at which they exist. For example, you

(an endurant) are wholly present in the moment you are reading this. No part of you
is missing.

Perdurants, on the other hand, are extended in time in virtue of possessing different
temporal parts at different times. In opposition to endurants they are only partially
present at any time at which they exist — they evolve over time. For example, at this
moment only a (tiny) part of your /ife (a perdurant) is present. Larger parts of your
life — such as your childhood — are not present at this moment.

In the context of ontological normalization it is therefore critical to distinguish
between perdurants and endurants at the very top of the classification hierarchy. In
BFO perdurants and endurants form disjoint category trees.

Endurants are divided into two major categories: independent endurants such as
organisms and organs, and dependent endurants such as body spaces, qualities, roles,
states, functions, etc. BFO distinguishes the following kinds of independent
endurants: substances, fiat parts of substances, aggregates of substances, boundaries
of substances, and cavities.

Substances are maximally connected entities, i.e., they have connected bona fide
boundaries, i.e., boundaries which correspond to discontinuities in the underlying
reality. Neither your nose nor your arm are substances. Both are fiat parts of you. In
biomedical ontologies fiat parts are usually referred to as subdivisions [7, 8].
Aggregates of substances are not substances either. Examples of aggregates are:
your family, your digestive tract, etc. Examples of cavities are the lumen of the lung
or bladder, and the thorax cavity.

Dependent endurants are entities that cannot exist without some other entity or
entities upon which they depend. They include: qualities, functions (the function of
the heart is to pump blood), states (Mary is in the state of being pregnant), roles
(Roger has the role of being a medical doctor), etc. A disease is a dependent
endurant as is a quality such as temperature.

Processes, the second top-category in BFO, are perduring entities. BFO
distinguishes processes, their fiat parts, aggregates, and boundaries. Your life is a
process, as is the course of a disease. Your youth is a fiat part of your life. The lives
of your family members is an aggregate of processes.



Formal relations

A top-level ontology such as BFO provides also systematic means to identify the
relations between the classes which are organized in the separate tree-structures.
These include not only those listed above, all of which are recognized in BFO,but
also structural relations such as isDependentOn, isRealizedIn, etc. The resultant
methodology then complements the BFO-based methodology for integrating
ontologies in systems such as LinkSuite [9]. Within the framework of a top-level
ontology also the axioms, which specify the semantics of these relations, can be
provided along the lines set out in [10].
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