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Final report

I ntroduction

This work is a contribution to the project on Medi€@ntology Research (MOR) at the National Library of
Medicine (NLM) [1]. The purpose of MOR is to develop methods whereby ontologies could be acquired from
existing resources, as well as validated against other knowledge sources. Our work mostly focused on
ontological features of the biomedical domain, i.e. categories and relations among them.

In practice, during the period July 2000- October 2000, we analyzed the semantics of the relationships between
co-occurring concepts. The methodology and results were presented in a previous report. This study will be
presented in September at MEDINFO’2001 [26].

In addition to it, we were involved in other studies on the Unified Medical Language Sydtm.S) at
NLM, and co-authored two papers presenting these studies:

* Semantic Grouping, the clustering of UMLS Semantic Types, that intends to provide a partition of
UMLS concepts in broad classes [27]

* Using lexical techniques for identifying hyponymic relations among medical terms [24].

However, our specific contribution mostly consisted of an ontological analysis of the UMLS, which this report
will focus on.

Background

The UMLS is intended to help health professional$ msearchers use biomedical information from different
sources [2]. The UMLS Metathesaufus a huge repository of concepts that can be represented as semantic
spaces. The UMLS Semantic Network is a limited network of semantic types that “represents knowledge about
the biomedical domain, and may be considered a basic ontology for that domain” [3]. As such, it must fulfill
ontological requirements.

Several definitions of ontologies exist, e.g., “an explicit specification of a conceptualization” [4], “a catalog of
the types of things that are assumed to exist in a domain of interest D from the perspective of a person who uses
a language L for the purpose of talking about D" [5].



From an operational viewpoint, an ontology candensas a set of concepts or types that are orghimzaich
a way that:

» whatever the formalism, the underlying structureigll-formed”, making knowledge processable.
Examples of structures are trees, lattices, octlickacyclic graphs.

» the semantics is explicit and consistent, e.g.jndiefns are provided for concepts, the nature of
interconcept relationships is explicitly stated, contradiction is allowed between definitions and
axioms that can be inferred from the taxonomy.

» design relies on formal criteria, inspired by fumdantal philosophical properties of beings, such as
identity.

Domain ontologies shall be task-independent endoadie re-usable. As far as the UMLS is concernedgrsl
attempts have been made:

» to reuse the UMLS Semantic Network in specific matiareas. The UMLS Semantic Network was
used as a starting point to build the conceptciatitn MENELAS [6]. It also provided the backbone fo
building the axes required for the representatibnmedical procedures in MAOUSSC [7]. More
recently, Yu & al integrated concepts relevant ea@nmics research with the UMLS Semantic Network
[8], and Achour & al refined the UMLS Semantic Netk for the purpose of designing a decision
support system for blood transfusion [9].

» to reuse the UMLS Semantic Network for specifiksase.g., semantic tagging of medical documents
and natural language processing. Biomedical cosceat be categorized according to the Semantic
Network for several purposes. For example, MEDTAGBvles a semantic tagset and tagger for
medical document indexing, and, in this projecticapt categorization relies on the semantic tyfes o
UMLS [10]. Semantic Interpretation of medical texisnefits from both UMLS categorization of
medical concepts and relationships among SemawpfiesT[11].

» to integrate the UMLS into large-scale ontologydities. For example, ONIONS is a methodology for
integrating domain terminologies by exploiting dréiry of generic ontologies, thus creating a
stratification of the modules [12]. The ONIONS nmdblogy was applied for integrating the UMLS
[13].

To some extent, all these projects participatedddressing several ontological issues in the UMk&ne
issues have been extensively documented, in pkatipolysemy [14].

More systematic approaches may also be fruitful for analyzing peots and testing alternate representations.

One kind of systematic approachsisuctural. An example is given by the Object-Oriented matkleloped

for the UMLS by Gu & al [15]. UMLS semantic typeseamodeled as classes, and intersection classes are
defined to model concepts with multiple Semantipds; which are removed from the initial semantjgety
classes. This modeling leads to 1,163 intersediasses, in addition to the initial 134 Semantipds/ classes.

It provides a means for analyzing the categorimatibthe Metathesaurus concepts.

A semantic perspective on the UMLS Semantic Network is appiie Semantic Grouping [27]. The objective
was to derive from the UMLS Semantic Network a $nealarse-grained set of Semantic Type groupinge O
underlying principle was semantic validity (the gps must be semantically coherent). While about 26%e
Metathesaurus concepts are assigned two or morargienTypes in the current release of the UMLS,aluhi
deeply increases the complexity of conceptual mpr&tion, the fifteen resulting groups almostizeah
complete partition of the UMLS.

Another kind of systematic approach relies orpatological basis. There is a general agreement in Atrtificial
Intelligence on several basic principles on whictiotogies shall rely. For example, an ontology kshel
coherent, which means that defining axioms as waelldefinitions in natural language should be Idbica
consistent. If a sentence that can be inferred ftben axioms contradicts a definition or exampleegiv
informally, then the ontology is incoherent. Howevthese principles are often applied in the cantax
problem-solving tasks rather than systematicallgcadtly, a different line of research has emergatied
formal ontology, characterized by an interdiscigtin approach: while staying on the solid grounds of
computer science and logic, it is also inspiredphifosophy. In practice, formal ontology can bersas the
theory of a priori distinctions within:

» (our perception of) the entities of the real wortd, particulars (physical objects, events, regiofis



space, amounts of matter, etc)
» the categories we use to represent the real warldniversals (concepts, properties, qualitie9][6¢.
In this field, ongoing efforts are made to clatife notions on which conceptual representatioeseli
Our purpose has been to provide an ontologicailyedranalysis of the UMLS Semantic Network which:
» Reuvisits the principles on which relies the UMLSIdimg process,
» Is part of a wider-scope project (MOR),
» Aims at addressing general issues.
As part of that work, we put forward three aspects:
e The compatibility of the UMLS Semantic Network witther ontologies,
» The taxonomic relation in the UMLS,
» Some perspectives on an ontologically-driven remirgdion of the Semantic Network.
In the following sections, rather than developihgse aspects in detail, we will illustrate themhwsome

examples. Interested readers are referred togheflour publications (see below).

Compatibility with general upper level ontologies

There is no sharp division between upper-level logies, general ontologies and domain ontologigs fo
representing knowledge. Compatibility provides itieans for types defined in domain ontologies ayaneral
ontologies to inherit from their supertypes in uplevel ontologies. Compatibility also ensures thgies
defined in different contexts can be used for atigrdifferent types of ontologies. For exameseasein a
general ontology should be compatible witiseasein a biomedical ontology. Generic theories (ethipory of
spatial objects), and meta-level categories (thg.notion of role) shall be universal, thus neagssshared by
every ontology.

We analyzed the compatibility between the UMLS Setical'ypes (ST) and two general ontologies, Tyod
WordNet. This study will be presented at AMIA 2001 [28]spects specific to WordNet were presented at
NAACL Workshop on WordNet in June 2001 [25].

UML S versus Upper Cyc Ontology

While comparing UMLS STs to categories in Cyc, werfd that roughly 50 Cyc categories were used for
strictly covering the UMLS Semantic Network fieldlpproximately half of them are similar in both sysis
(e.g., Fish). For the others, there is overlap betwthe Cyc type and the UMLS ST. For example, Gguetic
Condition represents “abnormal conditions that developea@ iparticular organism due to that organism’s
genetic configuration, and are often harmful, Hebanay be beneficial”. Thus, neith&enetic Functiomor
Cell or Molecular Dysfunctiom the UMLS completely correspond to tBenetic Conditiorcategory in Cyc.

For several UMLS STs (e.g., for chemicals), thered equivalent category in the public version pper Cyc
Ontology.

On the other hand, Cyc represents categories &t ho equivalent in the UMLS. They would correspon
the UMLS Semantic Network to:

* intermediate nodes, suchRdmate betweerMammalandHuman
» generic concepts, such @snple-Repairingvhich is a supertype dfledical Treatment Event.

* meta-level additional knowledge about collectiofighings, such a8iological Taxonwhich provides
information about biological categories, accordinghe general taxonomy of living beings.

In summary, while one fifth of the UMLS Semantic pBg have exact mapping to standard Upper Cyc
Ontology, Cyc provides generic concepts and a tstrachat relies on more numerous categories, #e#pi
lack of depth in the biomedical domain.

UML Sversus Wor dNet

We compared terms, concepts, and semantic clasd@sridNet and the UMLS. In order to compare thg wa



concepts are categorized, semantic classes weredgbased on sets of hyponyms of selected candept
WordNet and based on Semantic Types (categorijdonhe UMLS.

The UMLS Health Disorder class contains more th&,d00 concepts, which were mapped to WordNet. 2%
were found in WordNet, and among them, 48% belorgetthe WordNet Health Disorder class. Among the
UMLS Health Disorder concepts that are found in Wt outside the Health Disorder class, many are
hyponyms of generic concepts in WordNet, mostlyeméfig to the process involved in the disorder. For
example, in WordNebronchospasns a hyponym otonstriction andabortionis a hyponym ofermination

The WordNet Health Disorder class contains 1,37#%ets. 83% were found in the UMLS, and, among them
97% belonged to the UMLS Health Disorder class. Agthe Health Disorder concepts present exclusively
WordNet, 80 are plant diseases. Other specific Wetdtems includastraphobiacrick, sword cut

Within a class, concepts may be categorized difttreeven when the categories look similar. Foareple,
Symptonhas equivalent definitions in WordNet, where itasy sensation or change in bodily function ttgat i
experienced by a patient and is associated withrticplar disease”, and in the UMLS, wh&ign or Symptom
is “an observable manifestation of a disease oditiom based on clinical judgment, or a manifesiatof a
disease or condition which is experienced by théeptand reported as a subjective observation’is Th
semantic similarity leads to a high proportion ohcepts categorized similarly in both systems, eyanosis
fever However,Symptomin WordNet is also a hypernym ehcephalitis tennis elbowand numerous other
conditions that are categorizedRisease or Syndronia the UMLS.

Respective contributions

Each ontology brings not only its own perspective the world but also, practically, different pieces
knowledge. The representation Feéverin each system illustrates the respective cortiohuof each system

(Fig 1).

Upper-level ontologies, such as Upper Cyc, progdgeeric concepts, e.Bath or Simple RepairingGeneral
lexical ontologies, such as WordNet, provide commsense knowledge — in the form of folk represeotatf

the biomedical domain. For example, in WordNet, legggy is “a disorder of the central nervous system
characterized by loss of consciousness and coowng’siwhereas, for health professionals, this dk&bim only
refers to one clinical form of epilepsy. In additjqgeneral language-oriented ontologies are patestiurces
for lay terminology (e.g. “kissing disease” is anegym of “infectious mononucleosis” which exists in
WordNet, but does not exist in the UMLS as a terflierefore, our approach of mapping between oniséog
representing expert knowledge and ontologies caygucommon-sense knowledge may be helpful for
acquiring the knowledge needed for consumer heaftbnted applications such as MEDLINIEs and
ClinicalTrials.gov.
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Figure 1 : Fever in WordNet, Cyc and the UMLS

The taxonomic relation in the UMLS

Taxonomies are commonly used for organizing knogdegbarticularly in biomedicine. The principles dide
produce taxonomies are either intrinsic to theipladrdering relation, or added to make knowledgaren
manageable (e.g., opposition of siblings or ecorjomy

Although clear theoretical basis exists for taxogatesign, several cases of unclear uses of sub&mgsn
be found in existing ontologies (e.g., ‘A physiadiject is an amount of matter’ (in Pangloss) veréus
amount of matter is a physical object’ (in WordNefjed in [17])

In the UMLS, examples of “ad hoc” or “intuitive” eof taxonomies also exist, e.g.,
» Body Junctioris aSpatial ConceptSpatial Concepis aConceptual Entity
» Contraceptive agens aMedical DeviceContraceptive ageris aPharmacologic Substance
+ Addison’s Diseases aAuto-immune disease
* Soapis aLipid
Diverse consequences on knowledge processing nmaag deom it:

* Some assertions are not always true. For exampldisAn’s Disease may have an etiology other than
auto-immunity.

* Some assertions lead to contradiction. For exanwlepnceptual entity shall satisfy the following
axioms: no conceptual entity has a location in spao conceptual entity occurs at a point in tifiteat
does not apply foEsophagogastric Junctiomlthough in the UMLS it is Body Junctiorand thus, by
transitivity, is aConceptual Entityln this example, inference results in contraditti

We investigated in [29] how principles derived froine theory of hierarchies are implemented in thélS,,
and how the principles used in the UMLS buildinggass are compatible with the theory of hierarchiethis
section, as an example, we will show how the ecgnprimciple, used for building the Semantic Netwar&n
have infelicitous effects on knowledge represeotati

By category is meant a type, i.e. an abstractiahdpplies to objects. By class is meant a sebjefcts that are
considered equivalent and fall under a categoryomfiamies are systems in which categories are tetatene
another by means of subordination, or, in claskapee, systems in which classes are related t@aoather by
means of class inclusion. When a category K hasatabories K K, .... K, its extension, the class @ the
union of the classes for each of its subcategories, G, Cqa...... C«n. The UMLS Semantic Network
constitutes a taxonomy of semantic types, in wieiabh Semantic Type T is a category that subsumespts

in the lower-level Metathesaurus. The set of Mets#lurus concepts that are assigned to a given 8eman
Type T is the UMLS classC

Under economy principle, and as illustrated in Féga, the class Manufactured Objecf,cCi.e. the set of
Metathesaurus concepts that are assigned thda®itifactured ObjecfMO), is the set of manufactured objects
that cannot be assigned a subtyp®ahufactured Objecte.g., 45 inch calibre bullet, magnetic tape, idor:
As a consequence, the clasgoCextension of the category MO contains instanbas do not belong to the
union of the classes for each of its subcategoriesGyp (Medical Devicg, Cyp (Research Devigeand Gp
(Clinical Drug).

Although Medical Deviceand Research Devicenay refer to roles, an equivalent phenomenon woaltur
even ifDeviceandDrug were the only two subcategories.

In the example above, some concepts i (2.g., corridor) cannot be categorized by anyypéds of MO,
which could justify the creation of an additionabgype, called for example “Other manufactured cigje A
different situation occurs in thenimal category, whose subtypes provide complete coveshtiee subdomain.
Therefore, the class Animal is expected to notaontoncepts other than those corresponding taitien of

the classes for each of its subcategories. HowéileMetathesaurus concepts are assigned the Serigpg
Animal Some of them clearly refer to roles (e.g., PeBigmestic animals, Livestock). Other concepts,
however, correspond to a dimension orthogonal & tfsed to create taxonomy. For example, Transgenic



animal or Male animal refer to essential propeyties roles, and, not only are these concepts Liaaflivalid
concepts, but also are they licitly categorizedAagmals since these properties are not represented in the
Semantic Network taxonomy.
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Figure 2: Categories and classes in the UMLS.

The economy principle may have even more unprduaetzonsequences. A vascular dementia is a disgtse
both mental and somatic features. Logically, itdtiobe categorized with a subtype commonMental
Diseaseand Somatic DiseaseAs mentioned in the introduction, the economyngiple prevents hybrid
subtypes from being created in the Semantic Netwamk prescribes a multiple categorization instddmls,
“vascular dementia” is expected to be assignedth Kental Diseaseand Somatic DiseaseHowever, since
the only subtype available in the Semantic NetwlmrkDisease or Syndromis Mental Disease“vascular
dementia” ends up being categorized directlyDésease or Syndromevhich is the only way its somatic
features can be represented. As a detrimental qoasee, through the Semantic Network, “vascularetéia”
appears not different from, for example, “diabeteslitus”, a typical somatic disease. Moreover, ¢igension
of Mental Diseaseloes not contain “vascular dementia”, thus cotifiggwith its intension.

More generally, design of ontologies in the biongatidomain has been based mostly on pragmatic® thil
could benefit from recent theoretical development amtology. In this area of research, formal orgglo



appears a promising approach.

Some per spectives on an ontologically-driven reorganization of the Semantic Networ k

In Artificial Intelligence, mostly concerned by tedcal aspects for developing applications, ontelsglay “a
software specification role” for establishing agnemts about knowledge. In order to do so, genenatiples
have been put forward. Most of them were initiglisoposed by Gruber and include clarity, coherence,
extendibility, and minimal encoding bias [18].

A more recent, formal approach, inspired by fundatalephilosophical properties of beings, identimpity,
rigidity and dependence, has been developed byi@ug9, 20]. For example, rigidity refers to propes that
are essential to all the instancBgrsonis a rigid propertyPatient on the other hand, is not a rigid property,
since we can easily imagine someone moving in anndhe patient property while being the same irdliei.
Dependence means that, for all the instances xssadly some instance of Z must exist, which isanpart of
X, nor a constituent of x. For example to be a fgs is related to the fact there are patientsisTIphysician
is dependent. By contrast, person is not dependéms. approach can be used to support formal disbin
between roles and essential types in the UMLS, slistinction being a central issue in ontology dade.g.,
19, 20, 21]. Essential types, also called sortpksy(or “types” for Guarino), represent essenceanicepts.
Personis an essential type, since it carries identityei€ is a property that is both necessary andcserfti for
identifying an instance of “person”) and it is dgRoles, e.g. “physician”, are anti-rigid and degbent.

Practically, ontological issues in the UMLS Semahtetwork have been classified according to twesaxe
* Whether or not the modification is supported byarsl theoretical basis,

* Whether the modification involves only the UMLS Seitic Network or concepts from the
Metathesaurus need to be re-categorized.

Some modifications have sound theoretical basisimvmive the only Semantic Network. For examplenso
UMLS Semantic Types that have been consid€edceptual Entitiebut refer to physical entities, since they
have existence in time or space, must be moveletBhiysical Objechierarchy. Benefits are of several kinds:
compatibility with generic theories (widely sharddfinitions of Abstract and Physical), compatilyilivith
specialized ontology (Digital Anatomist), interraherence, and semantic validity (semantic groyping

Other modifications have sound theoretical baseswould result in major transformations of the USILFor
example, formal properties support distinction lesw sortal types and roles. However, in the exjstersion

of the UMLS, Metathesaurus concepts that are asdignly to roles with no sortal Semantic Type reprt a
numerous set of entities (e.§oodis a role, and 95% of the Metathesaurus concéptsare categorized as
Food are not assigned to another Semantic Type). Maere@ategorizing some Metathesaurus concepts with a
Semantic Type that is not a role can be a challengat least raises other ontological issuesHertiomedical
domain. For example, which alternate Semantic Twpeld be appropriate for signs or symptoms such as
Heart murmur, innocenOveractive childor Early waking Further research on modelisignsandfindingsis
required to address that issue.

In addition to the lack of a model for representswne areas in the biomedical domain, some uppet-le
types are required as solid hooks for domain types.example, the representation of unity and fityres a
fundamental issue while, in the UMLS, there is a&dcdor generic theories of groups, collections, and
individuals.

Future plans

Several other projects have emerged from theserpnalry results, e.g.,

» Addressing compatibility among ontologies, a corgmar of definitions in WordNet and in the UMLS
will follow the initial comparison of terms, condspand classes. It is planned as part of MOR, with
potential interest for consumer health applications

» Alignment of the Semantic Network and the Metathesa will be performed in the next months.
Besides auditing the UMLS, it will provide an alative to the representation of Semantic Types as
classes of concepts, as well as a framework fdiyzing the limits and interests of two-level stuigs.

Moreover, formal constraints appear to us essefialdesigning the upper levels of domain ontolsgie
Contacts with N. Guarino from LADSEB-CNR will gives the opportunity to initiate collaboration with



formal ontology researchers.

Considering these complementary projects, we expather collaboration with the CgSB researchers,
including the possibility of a new appointment.
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