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Abstract — Taxonomies are commonly used for organizing knogéedparticularly in
biomedicine where the taxonomy of living organisersl the classification of diseases are
central to the domain. The principles used to ptedaxonomies are either intrinsic (properties
of the partial ordering relation) or added to mikewledge more manageable (opposition of
siblings and economy). The applicability of thesingples in the biomedical domain is
presented using the Unified Medical Language Sys{eiMiLS) and issues raised by the
application of these principles are illustrated.ilVimtrinsic principles are not challenged, we
argue that the opposition of siblings brings torbmaessive constraints on a domain ontology
and that the adverse effects of economy may outwitsgenefits. The two-level structure used
in the UMLS is discussed.
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1 Introduction

Taxonomies are useful artifacts for organizing masgects of knowledge, much of which can
be expressed mathematically with partial ordersxofiamies are used for representing
information at appropriate levels of generality andomatically making it available to more
specific concepts by means of a mechanism of itamee [18]. As components of ontologies,
taxonomies can provide an organizational model dbmain (domain ontologies), or a model
suitable for specific tasks (application ontoloyies

The principles used to produce taxonomies arerdititinsic (properties of the partial ordering
relation) or added to make knowledge more managdabplosition of siblings and economy).
In biomedicine, taxonomies such as the taxonomijvioiy organisms and the classification of
diseases are central to the domain. However, thmicability of these principles in the
biomedical domain needs to be assessed.

This study is a contribution to the Medical Ontgldgesearch project currently developed at the
U.S. National Library of Medicine [2]. The majorjebtive of this project is to develop methods
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whereby biomedical ontologies could be acquiredhfexisting resources, as well as validated
against other knowledge sources. The objectiviisfgaper is to study how principles derived
from the theory of hierarchies fit the biomedicahthin. Understanding the taxonomic relation
in the biomedical domain can be seen as an irstieyp towards acquiring and validating
biomedical ontologies. As a source of biomedicabvidedge, we will use in particular the
Unified Medical Language Syst&nfUMLS®), developed and maintained by the U.S. National
Library of Medicine since 1990.

2  Background

In this section, we briefly present the principlasderlying the production of taxonomies,
particularly in the biomedical domain. An overviefthe UMLS follows.

2.1  Taxonomic relation

The ability of systems to reason from taxonomigsetiels on the definition, identification and
organization of taxonomic information [6]. Taxon@®ican be examined from three different
perspectives: structurally, ontologically and seficafly.

From a structural perspective, the way knowledgepsesented is not always formal enough
for computers to reason from it. Additional strueficonstraints have been suggested in order
to make taxonomies more usable in application casiteOne such constraint is that two
sibling categories be incompatible. For example, ¢bncepts “physical state” and “mental
state” are children of “state” and incompatibletfBooncepts are incompatible in the ontology
because the former involves a physical object wasetiee latter involves a mental object [3].
From the perspective of formal ontology, Guarineegi several examples of isa overloading.
For example, “a physical object is an amount ofteréatreflects a reduction of sense, since a
physical object is more than just an amount of endtt0]. Guarino & Welty focus on meta-
properties that help formalize constraints on tee@homic relation. For example, “group of
people” carries the meta-property +ME, which metinat such entities have as a necessary
identity condition that the parts of their instamaaust be the same. According to the rule
+ME cannot subsume properties with -MBroup of people” cannot subsume “organization”,
which is —=ME, since people in organizations chaigé

From the standpoint of semantics, Brachman descideeeral meanings of thiga relation
that may exist between two generic concepts in samanetworks (subset / superset,
generalization / specialization, kind-of, conceptoantainment, role value restriction, set /
prototype) [4]. He also suggests using those sémanbcomponents as the primitives of a
representation system.

In practice, taxonomic knowledge is complex andaies partially intuitive in many existing
ontologies. This may lead to ruptures in knowledgpresentation, and thus impair the
capability of reasoning from the system. For examphccording to the taxonomic
relationships linking the hypernyms of “fever” in dniNef (1.6), “fever” ends up being
categorized as Rsychological Feature [7] (Figure 1).

2.2 Taxonomies in biomedicine

Taxonomies are ubiquitous in biomedicine. A typiealample is the taxonomy of living
beings. Taxonomies have also been developed faddscin order to organize biomedical
subdomains, where categories may be fuzzier thasetheferred to as natural kinds. The
hierarchical relations implemented in medical dfastions may be pragmatically driven.
Since it has been established that the charadéteridtliving organisms are coded for in genes,
differences in their genetic code become the mdansorganizing living beings in a
taxonomy. Before it was possible to rely on genitypharacteristics, the creation of
taxonomies used to rely upon phenotypic charatiesjsi.e. external features. Part of the
classification of micro-organisms is still based external features, such as the shape of
bacteria — cocci are spherical, bacilli are rodpsgltbbacteria — and whether they are stained by



standard techniques or not, e.g., the Gram tecknithis leads to four categories: cocci Gram
positive, cocci Gram negative, bacilli Gram postiand bacilli Gram negative. For example,
bacteria of the genus Salmonella are Gram neghégdli. In fact, this classification of micro-
organisms was meant for identification purposesdiley to clusters sharing external
properties, rather than for organizing micro-orgams in a taxonomy of categories reflecting
their essential properties. Moreover, some clasgifins are driven by specific objectives that
may influence their design. For example, the Iradamal Classification of Diseases, by
design, provides a limited number of slots (termsdiseases), suitable for general purposes
(e.g., epidemiology, evaluation of health care ontes).
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Figure 2 — A two-level structure

2.3  The Unified Medical Language System

The Unified Medical Language System (UMLS) is imted to help health professionals and
researchers use biomedical information from difiereources. The UML'Scomprises two
major inter-related components: the Metathes&rashuge repository of concepts, and the
Semantic Network, a limited network of semanticetypThe current version (2001) of the
Metathesaurus integrates about 800,000 conceptsifrore than fifty families of vocabularies
such as the International Classification of Diseamad Medical Subject Headings. While the
structure of each source vocabulary is presenahs that are equivalent in meaning are
clustered into a unique concept. Furthermore, dotecept relationships, either inherited from
the source vocabularies or specifically generagipek the UMLS Metathesaurus additional
semantic structure. The UMLS building process in@go®o restrictions on the source
vocabularies prior to integrating their terms atdicture into the Metathesaurus. Therefore,
hierarchical relationships in the Metathesaurus rexe expected to represent homogeneous
taxonomic relations, but rather to reflect the salverganizational principles inherited from
the source vocabularies.

The UMLS Semantic Network is a network of 134 seficatypes used to categorize
Metathesaurus concepts. A definition is given fackesemantic type. The semantic types are
organized in two high-level single-inheritance hrehies, one for entities, one for events. The
isa link allows nodes to inherit properties from higievel nodes. In addition, associative
relationships divided into five subcategories (jitsls spatial, functional, temporal,
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conceptual relationships) are instantiated betwhersemantic types. They represent general

high-level knowledge, such as “drugs treat dis€asgzmversely, Metathesaurus inter-concept

relationships instantiate specific low-level knotde, such as “aspirin treats fever”. When
two semantic types are linked by some relationstig,relationship may hold or not for any

particular pair of concepts that have been assigodtiose semantic types (obviously, not
every drug treats every disease). Each Metathesazoncept is assigned to at least one
semantic type from the Semantic Network, provideagh concept a categorization that is

independent from its relationships to other coreépigure 2).

One major principle used for building the UMLS isomaomy, i.e. to prevent unneeded

categories from being represented. Applied to thestuction of the Semantic Network, the

Economy Principle resulted in three rules affectimg only the design of the Semantic

Network but also the way Metathesaurus conceptsaegorized [14]:

R1. Assign the most specific semantic type availabie level of granularity varies across
the UMLS Semantic Network. The intent is to es&tbl set of semantic types, which
are useful for a variety of tasks without introcdgciundue complexity. The most
specific semantic type in the semantic type hi¢nais assigned to the concept.

R2. Assign multiple semantic types if necessargtead of creating a lattice structure, with
hybrid types inheriting from two supertypes, them@atic Network has a single
inheritance tree structure. As a consequence, athetaurus concept inheriting from
two semantic types is assigned to both types.

R3. Assign a less specific semantic type (supertypejpifmore specific semantic type
(subtype) is availableRather than proliferating the number of semaryioes to
encompass additional subcategories, concepts dhabt be categorized by any sibling
semantic type are simply assigned their commonrsye

Our study investigates how principles derived fribva theory of hierarchies are implemented

in the UMLS. We explore the following three axe$) Categories, also called types, are

abstract specifications whose extensions are $etsngs, also called classes. In a taxonomy

of types, thdsa relationship between two types entails that theesponding classes are in a

relation of inclusion; (2) Taxonomies are basedfmisa relation, a partial ordering relation

that is reflexive, antisymmetric and transitive} A& additional principle commonly suggested
is that siblings be organized in a system of ogjmrs. When principles fail to be applied, or
when their application raises issues, we invesigetether discrepancies are related to the
principles in their definition or in their implemeion, or to the characteristics of the
biomedical domain.

3 The principles, their implementation, and the bio  medical domain

In this section, we examine the principles mentibméove, and their application to the
representation of the biomedical domain.

3.1 Subordination of categories is equivalent to in clusion of classes

By category is meant a type, i.e. an abstractiab dpplies to objects. By class is meant a set
of objects that are considered equivalent andufadler a category. Taxonomies are systems in
which categories are related to one another by measubordination, or, in class parlance,
systems in which classes are related to one anttheneans of class inclusion. When a
category K has subcategorieg, K, ... K, its extension, the classcGs the union of the
classes for each of its subcategories, i\, Cq,, ... Ccn. Applied to the UMLS, the higher-
level Semantic Network constitutes a taxonomy ohaetic types, in which each semantic
type T is a category that subsumes concepts inatver-level Metathesaurus. The set of
Metathesaurus concepts that are assigned to a gemantic type T is the UMLS clasg.C
The process of categorization involves UMLS edjtaissisted by guidelines included in the
Semantic Network (intension), and by referencetb@ioconcepts already assigned to a given
semantic type (extension). In practice, however,WMLS classes often contain far too many



concepts for the editors to examine in detail. Urrdée R3 of the Economy Principle, and as
illustrated in Figure 3, the classAMUFACTURED OBJECT, Cyo, i.€. the set of Metathesaurus
concepts that are assigned the semantic Mapefactured Object, is the set of manufactured
objects that cannot be assigned a subtypMaafifactured Object. Instances of o are, for
example, “45 inch calibre bullet’, “magnetic tapeiihd “corridor”. As a consequence, the
class Gyo, extension of the categoManufactured Object contains instances that do not belong
to the union of the classes for each of its sulgoates, i.e. Gp (Medical Device), Cgp
(Research Device), and Gp (Clinical Drug). AlthoughMedical Device andResearch Device may be
thought of roles, an equivalent phenomenon woutineven ifDevice andDrug were the only
two subcategories. In the example above, some ptaae G0 (e.9., “corridor”) cannot be
categorized by any subtypes Méanufactured Object, which could justify the creation of an
additional subtype, called, for exampléher Manufactured Objects.

Categories
Manufactured Object
@prerrsrrerreniititsessrstesrrsrsrerrrtrsssrssessres
physical object made by human beings
Medical Device Resear ch Device Clinical Drug

Manufactured object used primarily in the
diagnosis, treatment, or prevention of
physiologic or anatomic disorders

Manufactured object used primarily in
carrying out scientific research or
experimentation
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(

Figure 3 — Categories and classes in the UMLS

Classes

A different situation occurs in thnimal category, whose subtypes provide complete coverage
of the subdomain. Therefore, the classviL is expected not to contain concepts other than
those corresponding to the union of the classesdch of its subcategories. However, 41
Metathesaurus concepts are assigned the semaipiic Atjmal. Some of them clearly
correspond to roles (e.g., “pests”, “domestic amddlivestock”). Other concepts, however,
correspond to a dimension orthogonal to that usedréate the taxonomy. For example,
transgenicity (in “transgenic animal”) or genden (male animal”) correspond to essential
properties, not roles. Moreover, not only are themecepts useful and valid, but they also are
licitly categorized adnimal, since the categories necessary to representpheserties are not
available in the Semantic Network taxonomy.

3.2 Hierarchical relation and partial ordering rela  tion

In this section, we examine the three propertieshefpartial ordering relation: reflexivity,
antisymmetry and transitivity.



3.2.1 Reflexivity

Although no reflexiveisa relationship is explicitly implemented in the UMLSemantic
Network, theisa relation is reflexive, and a reflexivsa relationship is needed for semantic
processing. For example, in the Metathesaurusydbeip is a non-steroidal anti-inflammatory
(NSAI) substance. Both “ibuprofen” and “NSAI" aretegorized with thePharmacologic
Substance semantic type. However, there is isa relationship ofPharmacologic Substance to
itself represented in the Semantic Network to suptiee isa relationship between the two
concepts in the Metathesaurus (Figure 4).

UMLS Semantic Network UML S Semantic Network
isa .
Pharmacologic
Substance
Concept ) . .'-, :
categorization Isa 1sa _ '-.. expected *
1sa . X .
& *. categorizatiory
Non-steroidal oy :
anti-inflammatory :
substance C,
\-’ isa C,
sa Ibuprofen
UML S Metathesaurus UML S Metathesaurus
Figure 4 — Implicit reflexive Figure 5 — Transitivity of the isa
hierarchical relationship in the relation between semantic types
UMLS Semantic Network and Metathesaurus concepts

3.2.2 Antisymmetry

The antisymmetry property is present throughoutikearchy of semantic types in the UMLS
Semantic Network. In the UMLS Metathesaurus, thmkoation of hierarchical structures is
also expected to result in a directed acyclic graphtterns that lead to antisymmetry
violations have been studied extensively in [1]eyWhare mostly related to the fact that,
although recorded and used at the concept levehynigerarchical relationships in the
Metathesaurus were defined at the term level.

3.2.3 Transitivity

Theisa relation is found in the UMLS at three differeatéls: between semantic types in the
Semantic Network, between concepts in the Metathrasa and between a concept and a
semantic type through the categorization. Assurtiirag thisisa relation represents the same
kind of abstraction at different levels in the UMLSansitivity is expected to apply not only
between semantic types, or between Metathesauncepts, but also between semantic types
and Metathesaurus concepts. Thus, the semanticofypay ancestor of a concept €is
expected to be a supertype of the semantic ty@® (Figure 5).

In practice, however, inconsistencies may be cabgeithe fact that Metathesaurus concepts
are clusters of terms, which makes it difficult dstinguish among generic concepts and
prototypical forms. The Metathesaurus provides sgvexamples of confusion between the



generic concept represented by a term X and thealyimstance of the class, also referred to
with X. This phenomenon is extremely frequent i thiomedical domain, where many
qualifiers are implicit in medical terms. For exdep‘hip dislocation” is represented as a
synonym of “acquired hip dislocation”, because thast frequent form for hip dislocation is
traumatic (i.e., acquired, as opposed to cong@nitatquired hip dislocation”, the typical
form, is clustered together with “hip dislocatiorthe generic concept. Therefore, in the
Metathesaurus, “congenital hip dislocation” is alctlof “[acquired] hip dislocation”. The
consequences of this phenomenon in terms of caragjon are illustrated in Figure 6: “hip
dislocation”, considered by default an “acquirep dlislocation”, is assigned the semantic type
Injury or Poisoning; “congenital hip dislocation”, although a child dfacquired] hip
dislocation”, is assigned the semantic tyjoagenital abnormality; and Congenital Abnormality is
thus expected to be a subtypelgéry or Poisoning, but only non-taxonomic relations are
stipulated between these two semantic typas-fesultcomplicates

UML S Semantic Network Autoimmune

) . 1 diseases
Injuryor o Congenital false . true
Poisoning no Abnormality isa ¢ isa
isa _-' is
relationship g generally
S a
. Concept .
Isa categorization 1sa .
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X disease (AD)
[Acquired] :
Hip dislocation
: isa isa
isa\) Congenital Y

hip dislocation
Tuberculous AD due to
UML S Metathesaurus AD autoimmunity
Figure 6 — Generic concept vs. Figure 7 — False predicate produced
typical form by using the is-generally-a relation

A somewhat different problem occurs when the taxaioorelation is used to represent
empirical knowledge. In such cases, tisa relationship may mears-generally-a For
example, according to the Metathesaurus, “Addisdizease isa autoimmune disease”, which,
nowadays, is true in many cases, but not in alesa¥hus, despite transitivity, even if
“tuberculous Addison’s disease” is an “Addison’ssadise”, the predicate “tuberculous
Addison’s disease isa autoimmune disease” is {&ligire 7).

Opposition of siblings

The opposition principle is derived from the reprastion of a hierarchy as a system of
differences. A category is differentiated from iitsmediate parent and its siblings by some
differentia, while all share a common genus. Inrsulting tree, siblings are organized in a
system of opposition, each child being opposechéodther children of the same type. For
example, the first subdivision of the UMLS Semaritietwork oppose®hysical Object and
Conceptual Entity. As we mentioned in the introduction, differeribat between biomedical
concepts may be based on external features. Ara #ige criteria used for identifying
differentia cannot always be defined with precisiétor example, the differentiation of



elementary skin lesions is based on descriptiveprégise criteria (Table 1). The
representation of macules is based on a protogrpthematous macula, which blanches when
pressed, while purpura does hddowever, what is true for the prototype is noetfor some
other kinds of macules, such as hyperpigmented lesicwrhich do not blanch when pressed.
Differentiation between elementary lesions is bame@mpirical features that are quite vague,
or at least variable. For example, one referéigicates that a papule is less than 1 cm in
diameter (if greater, it is referred to as a plagudile anothet mentions .5 cm. Even if both
references use a precise criterion to define the af the lesion, the public predicate “large”
remains vague. Finally, the existence of hybridoemts, such as maculo-papule or vesiculo-
pustule, makes the differentiation between elenmgrigsions even more difficult. As shown
in this example, the opposition principle does alotays seem applicable in the biomedical
domain. More generally, some concepts must relypowbabilistic approaches for their
definition, due to biological variability (e.g., éthyed puberty”, defined as an unusually late
sexual maturity). As a consequence, formally, cpteesuch as normal and pathologic are
better represented on a scale rather than thropjgbsdion.

Using a Unique Semantic Axis Principle for taxonomelationships is a possible way to
enforce the opposition princip[@]. Many existing taxonomies in medicine, however,ndo
rely on this principle. Moreover, when applied e classifications, this principle fails to
represent the necessary complexity of the domdia.Ifiternational Classification of Diseases
attempts to build a unique tree. For each nodédreim are opposed, using a unique semantic
criterion. Some diseases, however, end up beingsepted more than once in the tree. For
example, “pulmonary tuberculosis” is both a “pulrapn disease” (due to tuberculous
bacillus) and an “infectious disease” (locatedhia tung). This dual representation is clearly
identified by means of cross-reference relatiorship

4 Discussion

This study involves two major aspects that requomment. First, the taxonomic relation is
examined in the particular context of the biomeldétamain whose characteristics may have
an influence on it. Second, we challenge someeptinciples on which this relation is based.
In addition, the two-level structure used in the LB/s discussed.

4.1 Domain characteristics

The biomedical domain is characterized by the coatimn of the following three features: it
is a very broad domain, whose concepts cannot allwaydefined with precision, and where
taxonomic relationships sometimes reflextdatisknowledge rather thaex principiis

With some 800,000 concepts, the UMLS offers a nealSle coverage of the biomedical
domain. However, the integration of a new termigglinto the UMLS results in the creation
of new concepts, not only new terms. Drugs and g@mne typical examples of ever growing
areas. The progress of medical science affectsmgtthe number of items being represented
but also the taxonomy used for representing tharmohtrast to application ontologies that are
constrained for specific tasks and to domain owgjief® representing a more limited view or a
smaller area, it is understandable that an ontolafgthe biomedical domain may show a
certain lack of consistency throughout the domain.

Moreover, representing the biomedical domain aleams dealing with vague concepts. The
notion of unsharpenable vagueness is discussedhtingC& Varzi [5]. In biomedicine, along
with many others, an example of a vague concegpan”. It has vague boundaries, as
illustrated by the fact that there are two distinehcepts, “abdominal pain” and “abdominal

2When a glass slide is placed over a lesion bauérpressure is applied, the lesion loses colbisfa
macule, and remains colored if a purpura
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discomfort”, for representing meanings whose redapiosition in a hierarchy is not obvious.
Not surprisingly, in the UMLS Metathesaurus, the moncepts stand in a circular hierarchical
relationship. In addition, “pain” is typical of pate language as defined by Wittgenstein, since
it refers to what can be known only to the speaker,to objects that are his immediate,
private sensationfl7]. It also refers to predicates that cannot be svedesince they are
associated not only with objects (e.g. instancepaif) but also with subjects (originators).
Moreover, multiple predicates may contribute to tledinition of a concept such as “pain”.
Vagueness may also be related to the frequent fusstensive definitions in some areas of
biomedical knowledge, in particular semiology (ttedy of symptoms and signs). Using
ostension to give the meaning of a concept doeseasuflt in a definition, and thus does not
allow for accurate discrimination with other contsefi-or example, pallor, one sign of anemia,
is easier shown than defined. Analogously, apptedhe organization of a domain, these
mechanisms result in aex datisrepresentation, while definitions would allow fan ex
principiis one.

The taxonomic relation represents predicates thetalvays true. In practice, however, the
taxonomic relation is often used to represent peads that are generally true. For example,
“Addison Disease isa Endocrine Disease” is alwayse,t while “Addison Disease isa
Autoimmune Disease” is not, only reflecting the mégquent etiology nowadays. This
phenomenon can be compared to the use of a geteent for representing prototypical
knowledge, as mentioned above.

4.2  Validity of principles

While basic properties of taxonomic relations miostimposed without restriction to create
hierarchies in the biomedical domain, the validifyadditional principles, such as opposition
of siblings or economy is arguable.

4.2.1 Opposition of siblings

In the context of an application ontology representknowledge for Natural Language
Processing in the limited domain of cardiac cattiediion, Bouaud advocates the principle of
sibling opposition as a way to ensure unambiguepsesentationf3]. Rector, on the other
hand, argues that this principle is not genergligliaable to a broader domain and suggests
that orthogonal representations be used insfg6§l Also addressing issues concerning the
opposition of siblings, Jones & Paton give examgtesn neurobiology and formalize this
issue in terms of sortal predicates. We arguettisitissue is more general in biomedicine and
cannot be easily resolved. Their example, citefd 2], presents three subcategories of remote
signalling cells: “endocrine cell”, “paracrine cetind “nerve cell”. They point out that the
most accurate representation for “neuroendocrifi eecell having the properties of both
“nerve cell” and “endocrine cell”, is as the commeubtype of “endocrine cell” and “nerve
cell”. In this representation, however, “nerve ‘tedind “endocrine cell” are no longer
opposable since they have a common subtype. Thggestithat the original representation
may be wrong, i.e. that “endocrine cell” and “pairae cell” correspond to functional
descriptions while only “nerve cell” represents @ssence. According to them, endocrine
describes the behavior of the cell rather thastitscture, which is not sufficient for the type to
have the identity property. We argue that, althoitghame suggests a role, “endocrine cell” is
more than just a functional concept. In fact, emisheccells are specialized cells with structural
features that allow them to secrete hormones. @presentation is compatible with the
properties defined for roles by Pustejovsky. Theonfuction of functional types “generates a
functional description for an entity without of ase creating a new entity in the world’5].
Back to our example, both “endocrine cell” and Sreecell” do carry identity and must be
represented in the taxonomy. Beyond this example point here is that, in the biomedical
domain, outside a limited, constrained domain, spgpsiblings is not a valid principle.



4.2.2 Economy Principle

In the UMLS, the Economy Principle is applied te themantic Network with consequences
for the categorization of Metathesaurus concepyslifBiting the number of categories, the
Economy Principle is expected (1) to reduce thepterity of the domain, making it more
manageable, and (2) to maximize the contrast betwategories, making it easier to predict
under which category a given item falls. Althougioomy in the UMLS and parsimony in
ontologies may appear similar in their goals, iceprevent unneeded categories from being
represented, the Economy Principle does not reqthieg all necessary categories be
represented. However, as we mentioned earlier, whbtypes fail to be represented, there is
no longer an equivalence between inclusion of elssd subordination of categories. One
simplistic solution to this problem consists of idafg, as needed, an additional subclass,
regrouping all the items that are an instance efsiliperclass but are not an instance of any of
the other subclasses. Such an approach is comrmplgmented in many coding systems in
biomedicine. In the International Classificationiteases, for example, each major disease
slot has a subdivision for diseases that cannatdssified in other slots. Creating classes by
reference to sibling categories does not resutiensional definition. The definition for the
resulting categories is necessarily extensionaltect-dependent and unstable.

The Economy Principle may have other infelicitooagequences, as illustrated in Figure 8. A
vascular dementia is a disease with both mentalsanthtic features. Logically, it should be
categorized with the common subtypeMehtal Disease andSomatic Disease. As mentioned in
the introduction, rule R2 of the Economy Princigleevents hybrid subtypes from being
created in the Semantic Network, and prescribesuliiple categorization instead. Thus,
“vascular dementia” is expected to be assignedotb Kental Disease and Somatic Disease.
However, since the only subtype available in then&#ic Network forDisease is Mental
Disease, “vascular dementia” ends up being categorizedctly asDisease, which is the only
way its somatic features can be represented. Astdntntal consequence, based on its
categorization in the Semantic Network, “vasculaméntia” appears not different from, for
example, “diabetes mellitus”, a typical somaticedise. Moreover, the extension Méntal
Disease does not contain “vascular dementia”, thus cotifigcwith its intension.

Table 1 — Defmmo_n criteria for skin UML S Semantic Network
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4.3 Advantages and limits of a two-level structure

Most of the ontologies that have been developadaela unique structure. In contrast, a two-
level structure made of, on the one hand, a smafilber of semantic types and on the other a
huge collection of concepts, has been developederUMLS. A two-level structure may be
justified when considering operational requiremens two-level approach allows for
organizing a small, stable, high-level taxonomydobsequent use in reasoning activities. On
the other hand, it allows for classifying the hugeount of lower-level concepts so that the
most specific applicable knowledge can be inheffiteh the upper-level taxonomy.

An example of use of the two-level structure isegiin[13]. Relationships defined between
semantic types in the UMLS Semantic Network arelusenfer the possible semantics of the
relationship between concepts in the UMLS Metathesa Inferring lower-level knowledge
from a higher-level structure may be an alternativestoring all the properties explicitly
where they apply. In practice, however, the infém&ationship is reported to be ambiguous in
one third of the cases (e.g., a chemical can ethase or treat a disease), which constitutes an
important limitation of this method.

Some attempts have been made to represent the dawmponents of the UMLS as a
homogeneous system. Gu, for example, representedtiMdeaurus concepts as instances of
classes derived from the semantic typ8% Using this interpretation of the relationship
between a higher-level item and a lower-level itétmis not possible to obtain a unified
taxonomy by merging the two levels. Although stasatly homogeneous, the resulting
structure, combiningsa andis-an-instance-ofelations, remains semantically heterogeneous.
In ONIONS, by contrast, the relation between a eph@nd a semantic type is interpreted as
anisa relation[8]. The semantics of the relation between the tweltewof the structure is
interpreted differently in these two studies, aithsisa or is-an-instance-ofin fact, most
Metathesaurus concepts are subtypes of their sargpe (e.g., “Salmonella” is a kind of
Bacterium), while some are instances (e.g., “American Mddiszociation” is an instance of
Professional Society).

5 Conclusion

The principles used to produce taxonomies are rittiensic or added to make knowledge

more manageable. We studied the applicability eS¢hprinciples in the biomedical domain
using the UMLS and pointed out many issues raigethb application of these principles.

While intrinsic principles are not challenged, wgue that the opposition of siblings brings to
bear excessive constraints on a domain ontologytlaatdhe adverse effects of economy may
overweigh its benefits. Despite some limitatior® two-level structure used in the UMLS

represents a simple way to broadly classify a fargeunt of biomedical concepts.
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